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Editorial on the Research Topic

Global Control and Eradication Programmes for Cattle Diseases

The disease status for a range of cattle diseases differs between countries and even between regions
within countries. In Europe, several countries have implemented national or regional surveillance,
control, or eradication programmes for infectious diseases that are not mandatory regulated in a
harmonized way by the European Union (EU). Such diseases are listed under category C, D, or E in
the NewAnimal Health Law (1) or are not listed at all (e.g., Bovine Viral Diarrhea (BVD), Infectious
Bovine Rhinotracheitis (IBR), Salmonellosis, Paratuberculosis Johne’s disease (JD), Enzootic Bovine
Leukosis (EBL), Q-fever, Trichomonosis). Disease control programmes bring tangible benefits
including improved animal health and welfare, reduced antibiotic use, and reduced direct and
indirect farm production losses (2–5). Therefore, development and participation of farmers in
disease control programmes at regional or national level are to be strongly recommended.

Trade has the potential to introduce infectious agents into regions where disease freedom has
been achieved or where control measures have resulted in low disease prevalence. While there is a
good overview and description of regulated diseases at the European level and control programmes
are published on European websites, there is a lack of control programmes for cattle diseases
that are not mandatory regulated by European regulations. Further, information on prevalence
and control of such diseases outside Europe is fragmentary. Approaches and procedure of these
control programmes, such as herd management, screening, surveillance or use of vaccines, vary
widely between, and within countries. Knowledge of the experience gained in existing control
programmes provides invaluable help to continuously improve them, and they can also serve as
background knowledge for regions or countries that plan the design of new programmes. The aim
of this Research Topic was to improve the knowledge of control and eradication programmes for
cattle diseases in Europe and beyond with a special focus on “cattle diseases subject to no or limited
mandatory regulation.” In total, 29 papers from 37 countries were published in this Research Topic,
covering 31 different cattle diseases. Some of the papers in this special issue were submitted by
researchers who participated in a European Cooperation in Science and Technology (COST) Action
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named SOUND-control, which runs from 2018 to 2022
[www.sound-control.eu (6)]. SOUND-control focuses on the
topic of output-based surveillance for cattle diseases with either
no or limited regulation under EU legislation. Limited regulation
means that EU countries are not required to control the disease
in their country. This COST Action provides an overview of
national and regional control programmes for several cattle
diseases. The contents of the New Animal Health Law [(EU)
2016/429 (1)] became available subsequent to the COST Action
commencing. Therefore, many diseases formerly not included
in the regulation are now listed as category C, D, or E in the
New Animal Health Law, set into force in April 2021. For
category C diseases, “measures are needed to prevent the disease
from spreading to parts of the Union that are officially disease-
free or that have eradication programmes” [2018/1882 (7)]. For
category D diseases, “measures are needed to prevent the disease
from spreading on account of their entry into the Union or
movements between member states.” For category E diseases,
surveillance within the Union is required (7). In practice, this
means that there are no mandatory requirements to eradicate
diseases listed as category C, D or E, nor input-based standards
to demonstrate that a country is free from infections. However, in
some situations, countries can set additional trade requirements
depending on their national disease status for specific cattle
diseases. Because of the absence of international standards,
member states have either developed their own specific control
programme or have no control programme at all. An output-
based evaluation of these country-specific control programmes
may support the validity of programme design and thus safe
trade within Europe. Therefore, cattle diseases listed as category
C, D, and E are included in SOUND-control and also within
this Research Topic, as it remains relevant to obtain an overview
of the existence and design of control programmes for cattle
diseases across Europe. We refer to these diseases as diseases with
“no mandatory regulation.” Although it was not the aim of the
COST Action to include diseases listed in category A or B, some
partners reported them. We have not excluded them from this
Research Topic.

BVD and IBR with 20 and 10% of all papers, respectively, were
the most discussed diseases in this special issue. The studies can
be grouped into the following broad research areas: (i) overview
of country specific control and eradication programmes and
prevalence of cattle diseases (n = 22), (ii) development of online
data tools to collect and/or assess epidemiological data for cattle
diseases (n = 3), (iii) systematic reviews of risk factors for the
disease introduction to cattle herds (n= 1), and (iv) effectiveness
of different sampling materials to detect infected animals and
immune responses of animals after vaccinations (n= 3).

The most comprehensive overview was provided by Hodnik,
Acinger-Rogić et al. covering cattle diseases listed under
categories C, D, or E in the Animal Health Law for which
control programmes are in place within Europe. In this context,
a survey in 33 countries was performed regarding country-
specific control programmes for 23 diseases. The results show
that the median number of control programmes implemented
per country was six, ranging from one (Albania, Greece, and
Macedonia) to 13 in Denmark. Overall, Norway had with 12

diseases the highest number of officially or perceived free statuses.
EBL was the most frequently controlled disease (31 countries),
whereby 22 countries were officially or perceived to be free.
Approximately 86% of the programmes are implemented at
national level, 75% covering both dairy and non-dairy cattle and
33% are implemented as voluntary programmes. Waldeck et al.
contributed with a systematic literature review regarding risk
factors for the introduction of bovine herpes virus 1 (BoHV-
1) into cattle herds at EU level. The review covered 12 studies
and showed that herd size, purchase of cattle, cattle density, age
of cattle, distance to neighboring cattle herds and professional
visitors were the most relevant factors for entrance of BoHV-1
into cattle herds.

Within the SOUND-control Cost Action, an online data
collection tool was developed to evaluate data availability and
quality and to collect outputs of different control programmes.
The developed tool includes demographics of the cattle sector,
risk factors for disease introduction, disease control programmes,
and diagnostic strategies. BVD was used as the initial case disease
for which the tool was developed. The authors describe the key
learnings during the development of the tool (van Roon et al.).
The study concludes that data requirements for different diseases
can be generalized and readily addressed. Nonetheless, a high
variability regarding data availability and comparability across
European countries represents a challenge for integrating such
data into standardized tools to assess freedom from infection in
cattle herds (van Roon et al.). The online data collection tool
was subsequently applied to assess the existence and quality of
data and was evaluated for JD, IBR and BVD in 24 countries
(Rapaliute et al.). The quality and quantitative availability of data
on cattle demographics were better andmore frequently available
(70%) compared to risk factors (24%). Data related to control
programmes for BVD were most commonly available (72%),
followed by IBR (66%) and JD (34%).

Roch and Conrady provided an overview of prevalence,
control and eradication programmes for EBL, IBR/infectious
pustular vulvovaginitis (IPV), BVD, and bluetongue disease (BT)
in Austria. The authors retraced regulations over a period of 42
years (1978–2020) to analyse the changes of legislation, focusing
on sampling, testing and control activities, which were then
linked to the diagnostic testing results of sampled animals. In this
context, the modification of the legislation for these four cattle
diseases related to their epidemiological situations over time was
illustrated. Another study provides an overview of the control
of 10 cattle diseases that were never detected in, or eradicated
from, Finland and the control of a further 13 endemic or sporadic
diseases (Autio et al.). For instance, <0.5% of the cattle herds are
infected with Salmonella per year and 2% of the cattle herds were
classified as infected with Streptococcus agalactiae at the end of
2020 (Autio et al.).

Nielsen et al. described the differences in purpose, principles,
and design of control activities for JD, BVD and Salmonella
enterica serotype Dublin in the Danish cattle population (Nielsen
et al.). In contrast to the JD programme, the mitigation activities
against S. enterica Dublin are mandatory, while BVD switched
from an active control programme to a surveillance programme
after successful eradication of the virus (BVDV) in 2006. Another
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overview study by Koleci and colleagues describes the available
information and gaps in cattle disease control in Albania (Koleci
et al.). In summary, most control activities exist for zoonotic
diseases such as bovine brucellosis, bovine tuberculosis, and
anthrax but no national mandatory control programmes are
available for cattle diseases without mandatory regulation, only
voluntary activities for IBR and BVD at regional level. Another
study by Hodnik, Knific et al. focused on two voluntary control
programmes for endemic cattle diseases (IBR and BVD) and
three compulsory programmes for EBL (free status), anthrax
(sporadic) and BT (currently perceived free) in Slovenia. The
voluntary programmes are based on increased biosecurity, testing
and culling or vaccination. The control of EBL is based on
serological testing of a number of cattle herds and inspection
of carcasses at slaughter or necropsy, whereas anthrax and BT
are mainly controlled by application of vaccines. The principles
of the voluntary programme for the control and eradication of
BVD from infected herds in Slovenia is described in the study by
Toplak et al. In total, 25% of tested cattle herds (n = 348) were
positive for antibodies to BVDV. A detailed overview from 1976
to 2020 regarding BoHV-1 infections and associated surveillance
in Slovenia is provided by Hostnik et al. In total, 204,662 sera
of cattle older than 24 months were tested and BoHV-1-positive
cattle were detected in 1,287 (3.6%) of the tested cattle herds in
2006 (Hostnik et al.).

Mandelik et al. described 10 years of the voluntary IBR control
programme in Slovakia (from 1996 to 2006), in which only
limited numbers of farms participated before it changed to a
mandatory programme for all cattle herds at the end of 2006. In
total, 60% of the cattle herds were IBR free in Slovakia in 2020.
Another study from Romania provided a data report of the EBL
surveillance programme between 2017 and 2020 (Irimia et al.).
The outbreak incidences were significantly higher in the Danube
Delta area compared to mainland area but with an observed
reduction in the number of outbreaks during the study period
in both areas (Irimia et al.).

The purpose of the study by Luzzago and Decaro was to
provide an overview of the genetic diversity of pestiviruses
circulating in the Italian cattle population. All three pestivirus
species associated with BVD, BVDV1 (pestivirus species A),
BVDV2 (pestivirus species B) and HoBi-like viruses (pestivirus
species H; HoBiPeV) have been detected in cattle herds with
different frequency and geographical occurrence. For instance,
BVDV-1b and 1e have a wide distribution nationally, with a
high frequency of 69.5% compared to other sub genotypes
BVDV-1a, 1d, 1h, and 1k. BVD and others such as IBR and
Streptococcus agalactiae are regulated at regional level. Tamba
et al. highlighted in their study that EBL is almost eradicated,
bovine tuberculosis and brucellosis are only present in southern
Italy, while BT is endemic throughout the country. Mainly BTV-
1, BTV-3, and BTV-4 are present in Italy (Tamba et al.). A
further study described that four subgenotypes (BVDV-1a, 1b,
1c, and 2a) are circulating in the cattle population in Mexico
(Gomez-Romero et al.). In general, the information for Mexico
is limited because there is no requirement to notify BVD cases
to the authorities and only voluntary control activities are
implemented. By conducting a review, Bauermann and Ridpath

presented the epidemiology and control of pestiviruses in Brazil.
At least five subgroups (a–e) of the Pestivirus H are present,
with subgroup-a of HoBiPeV being identified to date only in
Brazil. Thus, the authors conclude that based on the reduced
genetic variability, the opportunity exists to control the virus
by using a vaccine with a single HoBiPeV subtype. The study
by Tajima presents control activities for JD, EBL and BVD as
well as associated prevalence from 2000 to 2019 in Japan. While
JD is a regulated disease in Japan with compulsory surveillance
activities, BVD and EBL are non-regulated and control activities
are based on voluntary trials at regional level including usage of
BVD vaccine.

The study by Van Duijn et al. evaluates the efficacy of the
Dutch BVD control programme by evaluating the testing results
regarding BVDV and/or antibodies of all cows >1 year of age
from non-BVDV-free herds that are introduced into herds. The
study shows that testing of cattle and their offspring is beneficial
for the management of the risk of BVDV introduction, indicated
by the detection of 67 BVDV-positive animals in 44 cattle herds in
2019. Santman-Berends et al. described the control programmes
for six endemic cattle diseases in the Netherlands between
2009 and 2019 (i.e., BVD, IBR, Salmonellosis, JD, Leptospirosis,
and Neosporosis). In the first step, the within-herd prevalence
of infections is estimated when a herd enrolls in a control
programme. In the second step, where infection is found, the
herd enrolls in the control phase with elimination activities of the
infection with a subsequent surveillance phase tomonitor the free
or low prevalence status. Most control programmes are tailored
to dairy herds and participation for non-dairy herds is voluntary.
The progress of the different control programmes in reducing the
nationwide prevalence of the six diseases is monitored through
regular prevalence surveys of which the results are presented in
the paper as well.

For Northern Ireland, control programmes are available for
BVD, JD, IBR, Leptospirosis and Neosporosis (Strain et al.). For
more than 97% of all cattle alive at the end of 2020, a BVD
test status could be assigned. The annual incidence of BVDV
positive calves has decreased by 56% since 2016, mainly due to
voluntary culling of PI animals by herd owners and a voluntary
ban to slaughter BVDV positive animals in abattoirs to avoid
rearing PI animals to reach the dead weight. A BVD Dashboard
is available to graphically illustrate to Irish farmers the BVDV
status of all animals currently in the herd, and also professional
vet practices can use it to get an overview of the status of all herds
to which they have been granted access (Guelbenzu-Gonzalo et
al.). In addition to that, the authors described the associated
data collection process in order to gain information about
epidemiology including BVD prevalence and biosecurity practice
of the farmers. In this context, the most widely identified
plausible sources of infection included retained BVD-positive
animals, trojan births (i.e., introduction into a herd of a pregnant
animal unknowingly harboring a fetus persistently infected with
BVDV), trade and indirect contact through farmers and other
personnel in the absence of hygiene measures. Another study
by Graham et al. described the organization, funding, challenges
and progress of the Irish BVD programme. For instance, the
prevalence of PI calves was reduced from 0.66% within 11.30%
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of cattle herds in 2013 to 0.03% within 0.55% of herds in 2020.
The Irish JD control programme covers testing of the whole herd
by ELISA on blood or milk samples and it is described in another
study in this special issue (Gavey et al.). In total, 11% of the Irish
dairy herds (n=1,750) were registered in the programme (as of
end of December 2020) and more than 224,300 ELISA tests were
conducted. The diagnostic results indicated that 8,466 (3.8%)
ELISA tests were positive or inconclusive (Gavey et al.).

Schweizer et al. described the Swiss BVD mandatory
eradication programme. In the first year of the programme,
all animals were tested for evidence of being PI, followed by
testing of all newborn calves for the next 4 years with antigen
testing. Prevalence of calves being born PI decreased from 1.4%
to <0.02%, followed by a change in the control activities to
serological surveillance with a prohibition on vaccination. More
than 99.5% of all cattle farms in Switzerland were free of BVDV,
as of 2020. One of the main challenges described is to efficiently
protect the cattle population from re-infection, e.g., due to the
endemic presence of border disease virus (BDV) in the Swiss
sheep population. It was estimated that approximately 10% of

the Swiss cattle population are positive for antibodies to BDV.
One benefit of BVD eradication in the Swiss cattle population is
that BVD seroprevalence in sheep significantly decreased (Huser

et al.).
The collection of the articles in this Research Topic nicely

illustrates that a combined effort across borders is required
to control these types of diseases, involving, e.g., basic and
applied research and development, diagnostics, epidemiology,
veterinarians, database management, legal authorities and last
but not least, the farmers concerned. All the published papers in
this Research Topic reflects the major efforts to improving the
knowledge and filling gaps in the literature regarding control and
eradication programmes for cattle diseases, in particular for cattle
diseases without mandatory EU regulation i.e. categorized as C,
D, E or not listed in the new Animal Health Law.
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Various European Member States have implemented control or eradication programmes

for endemic infectious diseases in cattle. The design of these programmes varies

between countries and therefore comparison of the outputs of different control

programmes is complex. Although output-based methods to estimate the confidence

of freedom resulting from these programmes are under development, as yet there is no

practical modeling framework applicable to a variety of infectious diseases. Therefore,

a data collection tool was developed to evaluate data availability and quality and to

collect actual input data required for such a modeling framework. The aim of the

current paper is to present the key learnings from the process of the development of

this data collection tool. The data collection tool was developed by experts from two

international projects: STOC free (Surveillance Tool for Outcome-based Comparison

of FREEdom from infection, www.stocfree.eu) and SOUND control (Standardizing

OUtput-based surveillance to control Non-regulated Diseases of cattle in the EU,

www.sound-control.eu). Initially a data collection tool was developed for assessment

of freedom of bovine viral diarrhea virus in six Western European countries. This tool

was then further generalized to enable inclusion of data for other cattle diseases i.e.,

infectious bovine rhinotracheitis and Johne’s disease. Subsequently, the tool was pilot-

tested by a Western and Eastern European country, discussed with animal health

experts from 32 different European countries and further developed for use throughout

Europe. The developed online data collection tool includes a wide range of variables

that could reasonably influence confidence of freedom, including those relating to

cattle demographics, risk factors for introduction and characteristics of disease control

programmes. Our results highlight the fact that data requirements for different cattle
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diseases can be generalized and easily included in a data collection tool. However, there

are large differences in data availability and comparability across European countries,

presenting challenges to the development of a standardized data collection tool and

modeling framework. These key learnings are important for development of any generic

data collection tool for animal disease control purposes. Further, the results can facilitate

development of output-based modeling frameworks that aim to calculate confidence of

freedom from disease.

Keywords: data collection, output-based, control programmes, freedom from disease, cattle, sound control

INTRODUCTION

Surveillance and control of cattle diseases in Europe is essential
to protect human and animal health and to facilitate safe trade
between member states. This is supported by the Animal Health
Law adopted in March 2016. Within the Animal Health Law
(EU 2016/429), diseases are listed and categorized (A, B, C, D
or E) according to their relevancy for Union intervention (EU
2018/1882). This relevancy depends on their impact on public
or animal health, the economy, society or the environment.
Diseases listed as category A or B must be eradicated by
all Member States and therefore mandatory requirements are
legislated within the EuropeanUnion (EU). Examples of category
A or B cattle diseases are foot and mouth disease and Bluetongue.
For diseases listed as category C, D, or E, there are only
few or no mandatory requirements legislated within the EU
(referred to as non-regulated diseases in the remainder of
this paper). Examples of non-regulated diseases include bovine
viral diarrhea (BVD), infectious bovine rhinotracheitis (IBR)
and Johne’s disease (JD). Numerous countries in Europe have
implemented control programmes (CPs) for these so-called non-
regulated cattle diseases. The CPs aim to eradicate, control or
monitor infectious diseases in the cattle population. Although
these diseases are not regulated by the EU, these CPs are
beneficial for farmers, the industry, and national economy as they
increase animal health and welfare and reduce direct losses (e.g.,
production loss, morbidity, and mortality) as well as indirect
losses (e.g., constraints to trade) (1). Each country develops
CPs to fit their specific situation, e.g., infection status and
cattle demographics, and therefore these are very heterogeneous
between countries, which is for example the case for BVD (2).
This variety causes difficulties for intra-community trade as the
outcomes of these CPs are difficult to compare. For example, the
confidence that herds deemed to be free from specified infections
by a given CP are truly free from infection, and the uncertainty
associated with this, may vary between CPs. There are methods,
such as scenario tree analysis and Bayesian latent class modeling,
that can be used to estimate the confidence of freedom resulting
from CPs. However, a transparent, standardized and practical

field-based tool is not yet available (3–5).
Two projects were started to fill this gap: the STOC free

project (Surveillance Tool for Outcome-based Comparison
of FREEdom from infection, www.stocfree.eu) (6) and the

COST action SOUND control (Standardizing OUtput-based
surveillance to control Non-regulated Diseases of cattle in the

EU, www.sound-control.eu) (1, 7). The STOC free project aims to
develop an output-based framework to compare the probability
of freedom from infection for herds (or animals) assigned
an infection-free status in heterogeneous CPs. In this project,
partners from six European countries (Germany, France, Ireland,
the Netherlands, Sweden, and Scotland) have worked together
to develop a framework consisting of a model to calculate the
confidence of freedom for the case disease bovine viral diarrhea
(BVD) and a data collection tool to collect the data needed to run
the model. The aim of SOUND control is to stimulate initiatives
to explore innovative methods to substantiate confidence of
freedom from infection and describe requirements for an
objective and standardized output-based framework for several
non-regulated cattle diseases in Europe. In this COST Action,
more than 100 researchers from 32 countries collaborate. Both
projects have the ultimate aim to develop a set of tools, which
also includes a generic data collection tool that can be used by
different countries with different CPs to collect the data that
are needed for the assessment of confidence of freedom. This
is challenging because data are collected, stored and interpreted
in different ways in different countries. As an example, national
BVD eradication programmes can differ substantially in their
approaches to datamanagement and interpretation (2). The same
was earlier described for IBR (8). Therefore, consensus is needed
on both the data required, and the definitions of these data, to
allow assessment of confidence of freedom. In existing methods
aimed at demonstrating freedom from disease such as scenario
tree modeling, the sensitivity of each surveillance component is
assessed by including data on test sensitivity and frequency, the
number of herds and animals present and tested within the cattle
population, the expected prevalence, and risk factors for infection
(5). Further, information is needed on what data are available
in different countries and the comparability of these data. The
latter is, amongst others, influenced by the quality of the available
data (9), which in turn is most commonly assessed based on its
completeness, accuracy and timeliness (10).

Tools have been developed to assist in designing CPs, support
decision-making and implementation of control strategies.
Example include the RISKSUR (Risk-based animal health
surveillance systems) project in which decision support tools
were developed to assist in the design of surveillance programmes
(11) and the HOTLINE (Harmonization Of Transmissible
disease Interpretation in the EU) project which sought to make
disease information from different countries comparable and
interpretable (12). As part of this latter project, guidelines
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were developed for the reporting of animal health surveillance
(AHSURED: Animal Health Surveillance Reporting Guidelines)
(13). A list of key surveillance items, such as geographical
area, susceptible population, historical situation etc., has been
published to guide the reporting of surveillance activities, such as
confidence of freedom from infection or prevalence estimation
(https://github.com/SVA-SE/AHSURED/wiki). Another project
that has common ground with STOC free and SOUND control
is the SIGMA project that aims to harmonize data models and
automate the process of data submission, validation, analysis,
and reporting of EU member states to EFSA (14). These
projects are very valuable and have aspects relating to our goal,
which is comparison of the outputs of CPs. However, in our
project we do not aim to harmonize the input but rather to
investigate ways to compare heterogeneous input and generate
homogeneous output.

Our objective was to develop a simple and practical online
data collection tool that could act as part of an output-based
framework that is seeking to model freedom from infection of
cattle diseases in different countries. The data collection tool was
initially developed for BVD, IBR, and JD. These three diseases
were selected because there aremany different CPs within Europe
(1) and they differ in terms of disease transmission dynamics,
accuracy of diagnostic methods etc. The aim of this paper is to
present the key learnings from the process of the development of
the online data collection tool.

MATERIALS AND METHODS

A stepwise process was followed to obtain the current version
of the online data collection tool (Figure 1). This work was
performed within the STOC free and SOUND control project
which are summarized in Table 1.

Step 1: Data Requirements and Availability
for Comparison of Freedom From BVDV
Infection in Six Western European
Countries
A draft data identification tool was developed using Microsoft
Excel for BVD in six western European countries (Germany,
Ireland, Sweden, Scotland, the Netherlands, and France). In

TABLE 1 | Overview of the STOC free and SOUND control project.

Project STOC free SOUND control

Start date March 2017 29 October 2018

End date December 2021 28 October 2022

Number of countries

involved

6 32

Geographical scope Western Europe Europe

Aim To develop and validate a

new framework (STOC

free: Surveillance Tool for

Outcome-based

Comparison of FREEdom

from infection) that

enables a transparent

and standardized

comparison of

confidence of freedom

for control programmes

of both non-regulated

and regulated diseases in

the EU.

The aim of SOUND

control is to coordinate,

stimulate, and assist with

the initiatives to explore

and implement a widely

adaptable output-based

framework applicable to

substantiate the

confidence of freedom

and cost-effectiveness in

current surveillance,

control, or eradication

programmes for

non-regulated cattle

diseases in the EU.

More information

(progress, news,

output)

http://www.stocfree.eu https://sound-control.eu/

FIGURE 1 | Stepwise process that was followed to come to the final online data collection tool.
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this draft tool, the required aspects that could influence the
confidence of freedom from infection in a BVD CP were
identified. This tool was based on an earlier study (2) in which
the differences between various BVDCPs with respect to freedom
of infection for six European countries were identified using
the RISKSUR tool (15) as a starting point. The RISKSUR tool
was initially developed to build and/or optimize surveillance
programmes but this tool has also been used to describe different
CPs in a consistent manner (2).

Further work with the tool was conducted by animal health
experts from the six afore-mentioned countries, each of whom
were partners in the STOC free project (https://www.stocfree.eu/
partners). Specifically, information was sought to identify data
considered essential for comparison of freedom from BVDV
infection, the availability of these data on a quantitative basis,
the quality of these data, and the most optimal format of the
data. The experts were asked whether the data foreseen to be
included in the data collection tool would be available in their
country and to evaluate the requested format of all variables and
their definitions. Within the tool, there was the possibility to
add comments. The experts consulted with other animal health
experts in their country when needed, for example when the
data were not available at their institute. Before the experts
started with their evaluation of the tool, a plenary session
was held in which the structure of the tool was explained in
detail and they also received this explanation in a separate
word file (“Guidelines for the identification and sources of
data”: www.stocfree.eu/results/deliverables). Questions that arose
during evaluation of the tool could be directed to the developers
by email or videocall.

The tool consisted of three sections addressing cattle

demographics, the BVD CP and risk factors for introduction
of BVD, respectively. All sections were displayed on one sheet

within Microsoft Excel, in the format of a single large table. Each

section included all variables for which quantitative data were

requested, a definition of the variable, the requested format of
the data, and indications of the availability and strengths and
limitations of the data (Figure 2). The availability of quantitative
data was separated into columns specifying whether the available

data included all cattle (dairy and non-dairy) or whether more
detailed data on subcategories of cattle were also available: dairy
cattle, non-dairy cattle and beef breeding cattle. For BVD it
was decided to only include dairy and non-dairy breeding herds
(herds where calves are born), given that these populations are
considered epidemiologically most relevant for BVD.

Step 2: Data Requirements When
Extending the Tool to Different Cattle
Diseases
The tool was subsequently reviewed for possibilities to extend it
to other cattle diseases. A different group of experts was involved
from the SOUND control project in which more than 100 animal
health experts from 32 participating European countries are
involved (1, 7). The data collection tool was further extended to
JD and IBR in agreement with the animal health experts.

Step 3: Data Comparability Across a Range
of Countries
The next step was to generalize the tool so that it could be
applied to all countries throughout Europe. Therefore, the tool
was pilot tested by two researchers from two countries with,
respectively, developed and developing agricultural sectors i.e.,
the Netherlands (author ISB) and Albania (author XHK). The
results of the pilot test were subsequently presented to 42
animal health experts from 32 different European countries,
in a workshop organized for members of the SOUND control
consortium. The participants were divided into groups of six
people from different countries and were asked to provide
feedback on predefined items such as data quality and data
availability in their respective countries (Table 2).

Step 4: Data Quality Assessment
A data quality evaluation tool was discussed during the above-
mentioned SOUND control workshop and developed based on
four criteria common in the evaluation of health-related data
i.e., accessibility, completeness, accuracy, and timeliness (9, 10).
It was envisaged that this tool would enable a standardized and
objective evaluation of the quality of each data entry. Within this

FIGURE 2 | Column headings of the initial Microsoft Excel data collection tool developed for BVD, including an example for the variable “Number of cattle” within the

section “Demographics.” The first four columns (section, variable, definition, type of data) are given. Column five “data availability” should be answered with yes/no per

group of cattle (all cattle, only dairy cattle, only beef cattle) by the user of the tool. Column six (data strengths and limitations) should also be answered by the user of

the tool. An example could be census data.
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TABLE 2 | Groups within the SOUND control workshop that discussed specific

aspects of the data collection tool.

Groups Guiding discussion points

All groups - Do you understand what data are required?

- Do you think the data are available in your country?

- Can you say something about the quality of the

data?

- Do you think all these variables are “MUST KNOW”

variables for calculating confidence of freedom?

- Do you have any recommendations to improve

the tool?

Group 1:

Functionality of the

tool

- Is it clear how the tool works and what data are

required? Are all the variables clear? Do you feel

confident about filling in this tool?

- What would be a good way to ask about the

quality of the data? Keep in mind that it should be

objective, comparable between countries and easy

to analyze.

- Could you provide data for the dairy and beef

sector separately? What would be the definitions

of dairy and beef in your country?

Group 2 and 3:

Demographics

- Do you think that the cut-off value of cattle older

than 1 year is satisfactory? Would your country

have these data available? Do you think this is the

most relevant age group?

- Would you be able to answer calving pattern with

“yes, seasonal calving”/“no, year-round calving”?

Another option for this variable would be to ask

for the percentage of calvings in each quarter of

the year. Would these data be available in your

country? Can you suggest better options?

Group 4 and 5:

Control programmes

- How should we define a positive herd or positive

animal? This can be different for different diseases

and different countries.

Group 6: Test

strategies

- Do you think we should ask for the sensitivity and

specificity of the tests used in your country? Do

you think the data are available? And would you

prefer sensitivity and specificity given by the

manufacturer or from field studies? We could also

include default values for commonly used tests or

provide you with ranges of the sensitivity and

specificity to choose from. Can you think of any

other options?

Group 7 and 8: Risk

factors

- Do you think it is important to know how many

(pregnant) animals are traded? How would you

gather these data?

- In many variables we ask you for the percentage

of herds, but we give you different options in a

drop-down list, including “none,” “0–20,” “20–40”

etc. Do you like this or do you prefer

exact numbers?

study, such a tool was developed and incorporated in the data
collection tool.

Step 5: The Online Data Collection Tool
In the final step, the feedback of the workshop was incorporated
in a new version of the data collection tool which was
subsequently digitalized into an online data collection tool. This
was performed with the program Limesurvey (https://www.
limesurvey.org/en/). All data entered into the online tool are

saved into a database that at this point is only accessible by the
authors of this manuscript [Manuscript in preparation: (16)].

RESULTS

The results section describes the development of the online
data collection tool and the key lessons that were learned
during this process in three main sections: data requirements
for different cattle diseases, data availability and comparability
between countries, and data quality.

Data Requirements for Different Cattle
Diseases (BVD, IBR, JD)
The first version of the tool was developed for BVD
(“Guidelines for the identification and sources of data”:
www.stocfree.eu/results/deliverables). To facilitate inclusion of
other cattle diseases, each section (cattle demographics, the BVD
CP and risk factors for introduction) was evaluated to ensure
that all variables were included that are essential for each of
the diseases. No changes were made to the cattle demographics
section, as these are similar regardless of the disease evaluated.
Small changes were made to the CP section to reflect different
test strategies for the different diseases. It was decided to create
a single table that can be used for the three selected diseases
and, in the future, expand it to all cattle diseases (Table 3).
For example, feces and nasal swab samples were not initially
included as sample types as these are not regularly used for
BVD. However, for JD and IBR, respectively, these samples are
also relevant for diagnostic purposes and thus, they should be
included in a generalized tool. Also, all variables in the tool
include an open answer option which allows for inclusion of
answers that were not predefined. The latter is useful when
evaluating the completeness of the tool, but in a modeling
framework CPs can only be compared using the predefined
closed answers. Also, when generalizing the tool to JD and
IBR, expansions were made to the risk factor section. Table 4
shows the list of risk factors that were evaluated for inclusion in
the tool.

Data Availability and Comparability Across
a Range of Countries
To enable application of the tool in all countries throughout
Europe, an understanding of data availability and comparability
is crucial. When (almost) none of the countries have data
available for a variable, the respective variable cannot be used to
estimate freedom from infection and thus could not be included
in the tool. And when (almost) none of the countries had data
available in the requested format, this should be adjusted (e.g.,
ranges instead of exact numbers).

Data Availability Across Six Western European

Countries
Data availability in six western European countries (Germany,
Ireland, Sweden, Scotland, The Netherlands, and France) was
evaluated for all variables included in the first version of the
data collection tool developed for BVD. Table 5 shows the
availability of quantitative data for some of the variables in
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TABLE 3 | Test strategy variables with answer options for BVD, JD, and IBR.

Fields Answer options

Target group Older than 2 years, newborn calves,

lactating cattle, non-lactating cattle, cattle

with clinical signs, purchased cattle, at

slaughter, other

Type of sample Bulk milk, individual milk samples,

blood/serum/plasma, tissue (biopsy),

tissue (post-mortem), body fluid swabs,

fecal smears, feces, environmental

samples, slurry

Frequency of testing per year –

Number of animals tested per

test moment

All animals in the target group,

representative group of animals (please

specify)

Data collection point Farm, Abattoir, Livestock assembly

centers, AI center, Diagnostic laboratory,

Market, Other

Collector Farmer, Veterinarian, Abattoir personnel,

other

Test method Pathogen or antibody detection: ELISA,

culture, PCR tests, other

Individual or pooled Individually tested, Pooled, both possible

If pooled: average number of

animals per pool

–

TABLE 4 | Risk factors for introduction of infectious cattle diseases that were

evaluated for inclusion in the data collection tool.

Risk factor

Herd size

Calving pattern

Presence of small ruminants (sheep/goat)

Presence of beef cattle on dairy farms

Introduction of cattle in the herd

Introduction of calves

Introduction of pregnant cattle

Grazing

Communal grazing

Nose to nose contact with cattle from neighboring herds

Contact with wildlife

Farm fragmentation

Natural breeding

Attendance at shows

Housing calves separately from pregnant cattle

Housing calves in individual pens

Sharing transport vehicles between farms

Sharing equipment between farms

Farm clothes for visitors

Compulsory disinfection at entrance

Rodent control

Vector control

Applying manure from other farms on farmland

Feeding colostrum from own dams

the different sections i.e., cattle demographics, CP and risk
factors. The first two columns show the requested data in the
tool and the remaining part of the table shows a summary
of the availability of data as indicated by six countries. As
it can be seen in Table 5, most variables related to cattle
demographics and the BVD CP are available in (almost) all
countries. Very little quantitative data are available for herd-
level risk factors such as grazing practices, attendance at cattle
shows, vaccination, housing features, and biosecurity practices.
More data are available for variables regarding purchase as
registration of cattle movements is mandatory in all of the
selected countries. The results indicate that for most risk factors
no detailed quantitative information is available and thus cannot
be included quantitatively in a model.

In the workshop, data availability on risk factors for all three
infections were discussed. The discussions confirmed that most
risk factors are interesting to know but as there is often no
data available, or only qualitative data, they probably cannot
be included in the data collection tool. At this point, the risk
factors considered most important, regardless of data availability,
were chosen to be included in the current version of the tool
(Appendix 1) to further determine data availability on these risk
factors in more different countries. The latter is further studied
within SOUND control [Manuscript in preparation: (16)] in a
similar way to the initial comparison of six countries (Table 5).

Data Comparability in the Netherlands and Albania
To enable comparison of confidence of freedom between
countries it is essential that the collected data are comparable.
Defining variables in such a way that they cannot be
misinterpreted and are workable for different countries within
Europe is very challenging. In the first step, the tool was
optimized for use in western European countries. For some
variables it was impossible to have one definition that fits all
countries. As an example, “dairy herds” were variously defined as
herds that deliver milk, herds that include a certain percentage
of cattle of a dairy breed, herds with newborn calves etc, and
“beef herds” could include fattening herds, veal herds, and suckler
herds. In this case it was decided that users of the tool should
define the population that is covered by their data. For many
variables, data were not available at the level of detail requested
in the tool e.g., the number of purchased cattle instead of the
number of purchased pregnant cattle or the number of cattle per
km2 land area instead of the number of cattle per km2 farm land.
For these variables, the definitions were updated into definitions
that could be delivered by all countries.

In the next step, the evaluation of the tool for the Netherlands
and Albania, showed that both countries are fairly similar in land
area, but Albania is more sparsely populated with cattle. The
average herd size differs markedly as herds in the Netherlands
consist of on average 130 cattle, where the vast majority of herds
in Albania consist of<5 animals. An important finding regarding
herd size was that the herd size in Albania was registered as the
proportion of herds per herd size category and not like in the
Netherlands (andmost other countries in western Europe) where
for each herd the exact number of animals is known. Therefore,
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TABLE 5 | Data availability in six European countries for variables on cattle demographics, control programmes and risk factors regarding confidence of freedom from

BVDV infection.

Variable Definition Quantitative (Yes/No)

All cattle

(dairy +

non-dairy)

Dairy Non Dairy Beef

breeding

CATTLE DEMOGRAPHICS

No. of cattle Cattle > 1 year All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

No. of cattle herds Total no. of cattle herds All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

Calving pattern % of all calvings by month within the

past 12 mo.

All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

Average no. of births per herd Within the past 12 mo. per herd All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

Cattle density No. of cattle per km2 All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

% of dairy cattle herds with beef

cattle on same location

All dairy herds with also beef cattle IE, SE, FR,

UK

CONTROL PROGRAMME

% of cattle herds participating in CP % of herds that participate in the CP

at the beginning of the year

All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

% of animals tested % of cattle tested for BVD in the

territory, during the year

NL, IE, SE,

DE, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

UK

NL, IE, SE,

UK

No. of herds that identified one or

more PI’s.

PI: animal that tested pos. in the initial

test or the initial test and re-test,

during the year

All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

Age at which PI animals were culled Age at which PI animals were culled

during the year

NL, IE, SE,

DE, UK

NL, IE, SE,

UK

NL, IE, SE,

UK

NL, IE, SE,

UK

% of free cattle herds % of cattle herds participating in the

CP that have any free status

according to the CP, at the beginning

of the year

NL, IE, SE,

DE, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

UK

NL, IE, SE,

UK

% of free cattle herds that had a

breakdown

% of herds participating in CP that

had a free status at start of the year

but breakdown (ab or virus pos test)

during that year.

All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

RISK FACTORS

% of cattle herds practicing zero

grazing

No grazing during the whole yr SE SE SE SE

% of cattle herds involved in

communal grazing

Grazing animals from different cattle

herds together

IE IE IE IE

No. of neighbors at pasture per herd Pasture where cattle from different

herds can have nose to nose contact

NL, SE NL, SE NL, SE NL, SE

% of herds that purchased cattle All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

% of cattle that was purchased from

markets/traders

% of purchased cattle NL, IE, FR,

UK

NL, IE, FR,

UK

NL, IE, FR,

UK

NL, IE, FR,

UK

No. of purchase moments in the

territory

A purchase event on a specific day to

one specific herd

All NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

NL, IE, SE,

FR, UK

% of purchased animals that were

pregnant at the moment of purchase

NL, IE, FR NL, IE, SE, FR NL, IE, FR NL, IE, FR

% of herds that quarantine purchased

animals that have not been tested

before arrival in the herd

% of herds that purchased cattle FR FR FR FR

% of herds that have animals

attending shows

NL, UK UK UK UK

% of herds that vaccinate cattle

against BVD

SE, DE NL, SE SE SE

(Continued)
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TABLE 5 | Continued

Variable Definition Quantitative (Yes/No)

All cattle

(dairy +

non-dairy)

Dairy Non Dairy Beef

breeding

% of cattle herds with goat and/or

sheep on same location

Cattle herds with goat and sheep on

same location

IE, SE, DE,

UK

IE, SE IE, SE IE, SE

% of cattle herds that could possibly

have contact with wild ruminants

Cattle herds with possible contact

with wild ruminants

SE None None None

% of herds that house calves

separately from pregnant cattle

% of herds that breed None None None None

% of herds that share transport

vehicles with other cattle herds

None None None None

NL, The Netherlands; IE, Ireland; SE, Sweden; FR, France; DE, Germany; UK, United Kingdom (here Scotland). Dark green, all six countries have data available. Light green, five countries

have data available. Orange, three or four countries have data available. Pink, two countries have data available. Red, at most one country has data available. Gray, not applicable.

the data collection tool was adapted and requests the percentage
of herds per herd size category as this could be delivered by
both countries. This highlights that cattle demographics can be
very different between countries and knowledge of the extremes
is needed to decide how to define and structure data requests
in a data collection tool. Disease control and monitoring is
further developed in the Netherlands compared to Albania. In
the Netherlands, there are many CPs, both compulsory and
voluntary, but in Albania there are only a few voluntary CPs.
Also, large volumes of high quality data are collected routinely in
the Netherlands, whereas there is only limited quantitative data
available in Albania. However, semi-quantitative or qualitative
data was often available, which could be facilitated in a data
collection tool. For example, it is not exactly known how many
cattle farms purchased cattle, but experts could give an estimate.
This shows the need of including a data quality assessment tool
within the data collection tool and including uncertainty in an
output-based framework.

Assessment of Data Quality
The needs of a data quality assessment tool were discussed
during the workshop. All participants agreed that an objective
assessment of data quality is essential to compare the confidence
in the probability of freedom. Aspects that were considered
important were data sources and accessibility, completeness of
data, timeliness of data, and data accuracy. These aspects were
incorporated in a data quality evaluation tool (Table 6). For each
variable, the participant is asked to score each of these criteria
with a score from 1 to 3, meaning poor, fair, good. To ensure
objectivity in this scoring, the meaning of each score for each
criterion is described in Table 6.

The overall data quality is calculated per variable by adding up
the individual scores for accessibility, completeness, timeliness
and accuracy. The four criteria are equally weighted, but the
individual scores per criterion are also available e.g., evaluation
of accessibility of all cattle demographic data. The quality
score can be used to evaluate comparability of data quality
between countries.

The Online Data Collection Tool
The current version of the tool is available online through
Limesurvey only for testing purposes by the COST participant
countries (https://sound-control.eu/). The online tool includes
some general participant information and three main sections
that need to be filled: cattle demographics, risk factors and disease
CPs. The cattle demographics section includes 11 variables, the
risk factors section 18 variables and the disease CPs section 8
variables and a separate section about the test strategy per target
group of animals tested within the CP. The CP section includes
JD, IBR, and BVD. All variables and the format of the requested
data that are included in the tool can be found in Appendix 1.
The focus of the tool is on data availability, data quality and
data sources (Figure 3). Each question in the tool is structured
in the same way to make it easy to fill (Figure 4). Any additional
explanation that was made available before in a separate word
file, is now included per question in green text. Depending on
the availability and accessibility of data it may take 4–5 h to fill in
the tool.

DISCUSSION

The data collection tool was developed to collect data required
for an output-based framework for estimation of freedom of
infection for a range of cattle diseases and countries within
Europe. In this paper, we presented the key learnings from
the development process of the data collection tool from the
beginning, when it was built for a single disease and six countries,
to an online tool that can be applied to multiple cattle diseases
and for a large number of countries.

The tool was developed to be self-explanatory and easy to use.
Depending on the number of different CPs for which the user
wants to use the tool, the amount of work can be substantial.
However, the demographics and risk factors section will be
similar regardless of the disease within a country and therefore,
only needs to be filled in once. Additionally, within a country
many of the demographic parameters are already known and data
is readily available. When this tool is incorporated in a modeling
framework to actually calculate the confidence of freedom, data
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TABLE 6 | Data quality evaluation tool.

Evaluation

Quality criteria
Accessibility Completeness Timeliness Accuracy

POOR score−1 The variable is not routinely

collected AND you only

have access to this

information via indirect

sources (e.g., research

studies)

The variable is not

mandatory to enter in the

database AND

completeness of data is

unknown OR lower than

80%

It is unknown when

data is updated

The variable is entered manually

to the dataset AND No data

validation is performed (e.g., the

data are not used for any other

purpose).

FAIR Score−2 The variable is not readily

available but can be

obtained by combining

multiple sources AND/OR

data is available, but access

is associated with

fee/approval of data-owner

The variable is not

mandatory to enter in the

database AND

completeness of data set is

>80%

The data are updated

once or twice per year

The variable is entered manually

AND data validation procedure is

sometimes implemented (e.g.,

variable is used on a regular

basis for creating reports, or

combined with other data

sources)

GOOD Score−3 The variable is obtained

from one data source AND

can be extracted when

needed

The variable is mandatory to

enter in the database OR

The variable is not

mandatory to report, AND

completeness of data set is

close to 100%

The data are updated

real time

The variable is collected and

entered by an automatic

system/robot OR The variable is

entered manually AND data

validation procedure is always

implemented (e.g., variable is

used on a regular basis for

creating reports, or combined

with other data sources)

FIGURE 3 | Schematic overview of the question structure of the online data collection tool. For each variable within the data collection tool this structure is followed

from top to bottom.
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FIGURE 4 | Format of each question within the online data collection tool.
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can be saved and can be easily changed or supplemented when
there are changes in the cattle demographics, CPs or risk factors.

The results indicate that extending the data collection tool
to different cattle diseases is achievable. At most, the cattle
population of interest could differ e.g., different age groups or
production types. Also, the variables regarding the CPs do not
differ substantially between diseases, being mainly a matter of
including a wide range of answer options in, for example, the
test strategy. The risk factor part could vary, however the most
important risk factors, such as cattle movements and direct
and indirect contact between animals originating from different
herds, are relevant for all infectious cattle diseases.

The biggest challenge was to request data in such a way that
the tool could be filled in by experts from different European
countries. The partners agreed with the initial version of the
tool but when people actually filled the tool they encountered
unforeseen difficulties, e.g., the definition was not as clear as
thought, the data were not available, data were available but in
a different format, data were not accessible or people felt that
the entered data needed additional explanation. Therefore, it
is extremely important to clearly define the variables to ensure
that users understand what data should be delivered, why the
specific format is requested and to have pilot test runs in which
the tool actually has to be filled. To obtain a broad overview
of the data availability and format in many different countries,
international collaboration in projects such as STOC free and
SOUND control was crucial. In a follow up study, partners from
all countries involved within SOUND control were asked to fill
in the tool for their country. The results of this study can be used
to further optimize the online data collection tool and to decide
on how to change the online tool into a publicly available tool
(16). After the tool is finalized the SOUND control consortium
has to discuss on the maintenance and sustainability of the
tool. The tool will be made available on the SOUND control
website and will be kept up to date throughout the SOUND
control project. The website will remain available after the end
of the project. For sustainability, the tool will be advertised to
EFSA and European stakeholder organizations such as FESASS
(The European Federation for Animal Health and Sanitary
Security), to show the merit of keeping the tool up to date. The
plan on maintenance and sustainability is still under discussion
within work group 2 “Data requirements and availability” of
the SOUND control project (https://sound-control.eu/about/wg/
wg2/).

For some variables, such as the number of dairy and beef
cattle, standardization was neither possible nor desired because
an output-based framework should be flexible and each CP
is set to the country-specific definitions. For these variables,
each country’s definition should be captured, which should
in this case be the population covered by the CP. Seemingly
easy to collect data on variables, such as herd size, were more
difficult to query for inclusion in an output-based framework
than expected. For example, in this case, some countries only
count adult cattle while other countries also include calves in
this number. And even with only asking for the number of
adult cattle, comparison can be problematic because in some
countries cattle are counted as adult at 1 year of age compared

to 2 years of age or from the moment their first calf is born
in other countries. Therefore, we evaluated for each variable
whether standardization was desired and then whether the
format of data could be delivered by all countries. In the
example of the variable “cattle density,” a definition of the
number of cattle per km2 in the country was agreed. However,
some countries can provide more detailed data at regional
level in their country. Such detailed information provides
the opportunity to distinguish low cattle density areas from
high cattle density areas and their respective risks. Another
disadvantage of the applied definition was that it did not
correct for land area less suitable or not used for cattle farming
e.g., mountainous or urban areas. Nevertheless, the chosen
definition could be calculated for each country in a similar
way which enabled comparison of the value of this variable
between countries.

Another challenge was to find a balance between the amount
of detail that could potentially be sought and what was actually
needed. Up to this point, the inclusion of variables was mainly
driven by the availability of data, while the data collection tool
is intended to be linked to an output-based model. For the
latter, only data should be requested that is needed to populate
the model to calculate freedom from infection for different
cattle diseases in different countries. At present, there is a
first version of an output-based model available for BVD, the
STOC free model (17), which is a Bayesian Hidden Markov
model that incorporates test results and risk factors. The model
performance was evaluated for BVD control programmes in six
European countries. The current version of the data collection
tool requests a lot of data to obtain a complete overview
of the cattle demographics, the CPs and risk factors in a
country. However, the STOC free model only incorporates
a limited number of these parameters when generating an
output. Consideration should be given to the added value
of including an extra variable within the model. Herd-level
risk factor information such as the possibility of nose-to-nose
contact between herds, herds attending cattle shows, the use of
quarantine facilities etc. are of epidemiological interest at herd-
level but may not have major influence on the confidence of
freedom at country level, and would substantially complicate
the model. Even where they are deemed important, their
incorporation is constrained because in most countries only an
approximation can be given for these variables. Therefore, it
seems challenging to include most of the risk factors. One of
the questions that was raised during this study was whether
qualitative data should be collected with the data collection
tool when no quantitative data were available, with this being
particularly relevant for many of the risk factors. Within the
data collection tool, this could be facilitated together with the
quality assessment tool. However, this requires further study
to determine whether this is useful in the context of assessing
confidence of freedom through an output-based model. The data
collection tool can be further improved in an iterative process at
the same time as model development. This would apply to the
STOC free model, but also to any other output-based model that
might subsequently be developed for estimating the confidence
of freedom.
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The current data collection tool requests data about
cattle demographics, CP test results and risk factors. Other
aspects that could influence confidence of freedom calculations
include biosecurity measures and socioeconomic considerations,
however, these are not currently included in the model.
Currently, limited data are available to accurately quantify
the concept of biosecurity. As one example, the quarantine
of purchased animals could be effective means to prevent
introduction of infection in the herd, but to obtain reliable
data on this is very difficult. The same challenges apply with
respect to data on hygiene measures, grazing practices, housing
practices etc. For socioeconomic aspects, such as farmer behavior
and farm costs, more research is needed into which aspects are
important and how these could be incorporated in an output-
based framework. Further work on this is currently performed in
the SOUND control project.

The data collection tool was developed to collect data for
three relevant cattle diseases in a wide range of countries within
Europe as input for output-based methods to calculate freedom
of infection. In this study, we can conclude that the initial
seemingly easy task of development of a data collection tool
was far more complex than foreseen. Key aspects that need to
be considered in such a tool are alignment and clarification of
variable definitions, data availability, a clear distinction between
data essential for comparison of freedom of infection vs. data that
are interesting to know, and an objective means for data quality
assessment. These key learnings can support studies in which
data on infectious diseases in livestock from different countries
should be collected to compare freedom of infection.
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The cattle industry is a major driving force for the Italian agricultural sector totalling about

5. 6 million heads for dairy and meat production together. It is particularly developed

in the northern part of the country, where 70% of the whole Italian cattle population

is reared. The cattle industry development in the rest of the country is hampered by

the hard orography of the territories and a variety of socioeconomic features leading to

the persistence of the traditional rural farming systems. The differences in the farming

systems (industrial vs. traditional) also affect the health status of the farms. Whereas,

Enzootic Bovine Leukosis (EBL) is almost eradicated across the whole country, in

Southern Italy where Bovine Tuberculosis and Brucellosis are still present and Bluetongue

is endemic due to the presence of the competent vector (Culicoides imicola), less

investments are aimed at controlling diseases with economic impact or at improving

farm biosecurity. On the other hand, with the eradication of these diseases in most

part of the country, the need has emerged for reducing the economic burden of

non-regulated endemic disease and control programs (CPs) for specific diseases have

been implemented at regional level, based on the needs of each territory (for instance

common grazing or trading with neighboring countries). This explains the coexistence of

different types of programs in force throughout the country. Nowadays in Italy, among

cattle diseases with little or no EU regulations only three are regulated by a national

CP: Enzootic Bovine Leukosis, Bluetongue and Paratuberculosis, while Bovine Genital

Campylobacteriosis and Trichomonosis are nationwide controlled only in breeding bulls.

For some of the remaining diseases (Infectious Bovine Rhinotracheitis, Bovine Viral

Diarrhea, Streptococcus agalactiae) specific CPs have been implemented by the regional

Authorities, but for most of them a CP does not exist at all. However, there is a growing

awareness among farmers and public health authorities that animal diseases have a

major impact not only on the farm profitability but also on animal welfare and on the use of

antibiotics in livestock. It is probable that in the near future other CPs will be implemented.
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INTRODUCTION

The European Union (EU) animal health policy covers all
animals in the EU kept for food, farming, sport, companionship,
entertainment and in zoos. It protects human and animal health
and welfare as well as food safety as it is working toward high
animal health status of livestock, poultry and fish by controlling
animal disease outbreaks and by surveillance and eradication
programmes. It ensures smooth and safe internal EU market of
live animals and products of animal origin (including animal
by-products) (https://ec.europa.eu/food/animals/health_en).

Recently the EU Animal Health Policy has been revised and
a new Animal Health Law (AHL) was published in March 2016
(Regulation 2016/429/EU). The AHL enters into force on April
2021 and is based on the EU Animal Health Strategy “Prevention
is better than cure.” However, only a list of priority diseases is
included in the AHL, excluding several diseases with a significant
impact on cattle farms profitability. Besides EU regulations,
there is a plethora of national and regional requirements as well
as private initiatives which vary among countries. Hence, the
regulatory landscape in the EU includes a mixture of animal
diseases control activities managed by the public sector, private
sector or both (1).

The implementation of disease control programs (CPs)
provides benefits for animals, farmers, the industry and the
consumers, because CPs increase animal health and welfare and
decrease antibiotic use. Control programs reduce direct disease
losses (e.g., by decreasing the number of diseased animals and
increasing production performance) and indirect disease losses
(e.g., consequences of trade constraints) (2).

In this paper we report the current Italian situation on 24
cattle diseases selected in the framework of the SOUND-control
project (https://sound-control.eu/) for which specific national or
regional surveillance programs have been implemented in other
countries throughout Europe (2, 3). All these diseases have little
or no EU regulations, because not listed in the AHL as diseases to
be eradicated from the whole EU territory (2).

This report does not include data on water buffaloes (Bubalus
bubalis), because in Italy this species is not considered as cattle
regarding CPs.

THE CATTLE REARING SYSTEM IN ITALY

More than half of the Italian livestock holdings is represented by
cattle farms, with 140,105 active holdings rearing over 5.6 million
animals were registered in the National Livestock Register at 30th
June 2020 (4).

Cattle farms are not homogeneously distributed throughout
the Italian territory, which is divided into 21 administrative units
(19 regions and two Autonomous Provinces), grouped in four
geographical areas (North, Central, South and islands) (5).

Almost half of the cattle farms (45.8%; 64,174/140,105) is
located in the nine northern regions, particularly in the Po
Valley, counting for 70.0% of the whole Italian cattle population.
Analyzing data in detail (Table 1), it emerges that the highest
number of cattle farms (11.1%, 15,505/140,105), is located in

Lombardy region, where 26.7% (1,498,742/5,613,386) of the
whole Italian cattle population (4) is farmed.

The remaining 30% of the national cattle livestock is held in
the 12 regions of Central and South Italy and in the two main
islands (Sicily and Sardinia). Among these regions, Lazio holds
the highest number of farms and Sicily rears the highest number
of animals, 8.0 and 6.4%, respectively (4).

Lombardy and Emilia-Romagna regions show the highest
herd size, with an average number of heads per farm of 96.7 and
87.0, respectively (Table 1).

Figure 1 shows that the density of herds and heads per square
kilometer of Utilized Agricultural Area (UAA) is not uniform
throughout the country. The density of heads is much lower in
the regions of central and Southern Italy, including the islands,
where extensive grazing farms are prevalent.

The Italian cattle population is composed of: 26,255 dairy
farms (18.7%) with a total of 2,626,812 animals (46.8%), 95,478
beef farms (68.2%) with 2,468,849 animals (44.0%) and 18,360
mixed cattle farms (13.1%), rearing 517,709 (9.2%) animals (4).

The last 11 years (2010–2020) have shown a decreasing trend
in the number of cattle farms (Figure 2A), mainly dairy farms
(from 44,109 to 26,255; −40%). The same scenario has also
been observed for both beef and mixed cattle farms, even if
at a minor extent (−24 and −35%, respectively). Despite the
reduction in the number of holdings, the cattle population has
not proportionally decreased (Figure 2B). As a consequence in
Italy the average herd size has increased in the same period from
29.2 to a 40.1 heads.

Friesian and Brown Swiss are the most frequent breeds kept
in dairy farms, with 1,972,165 (75.1%) and 99,157 heads (3.8%),
respectively, while in beef farms the most frequent breeds are
mixed-breed and Piemontese, with 950,859 (38.5%) and 313,252
(12.7%) heads, respectively.

Three types of farming method are recorded in the National
Cattle Database (4): intensive, extensive, and farms doing
transhumance (seasonal movement to pasture). Unfortunately,
over half of the Italian farms (58.1%; 81,457/140,105) have
not a registered farming method because this information
is not mandatory. However, among those (49.1%) for which
the farming method is registered, 22.2% are intensive farms,
16.1% are extensive farms and only 3.6% are farms doing the
transhumance (mostly located in the alpine area).

Different geographical, social and economic characteristics
could explain why some farming methods are more common in
some areas of the country. The predominance of mountainous
territory can justify the necessity of doing transhumance while in
regions with abundant pasture, it is common to raise animals in
extensive farms, in contrast to those regions where the UAA is
limited, and only intensive farming is feasible.

Cattle Trading
Italy is a strong importer of live cattle for fattening and beef
meat (fresh, chilled or frozen, intended for consumption or
subsequent industrial processing). In 2013 the import value
covered, approximately 42 and 58% of the total national demand
of live cattle for fattening and beef, respectively.
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TABLE 1 | Cattle distribution in Italy at 30th June 2020.

Geographical area Regions N◦ herds N◦ heads % Herds % Heads Average herd size

North Aosta Valley 2,084 32,384 1.5 0.6 15.5

Piedmont 11,987 814,248 8.6 14.5 67.9

Liguria 1,079 12,562 0.8 0.2 11.6

Lombardy 15,505 1,498,742 11.1 26.7 96.7

AP Bolzano 8,172 124,888 5.8 2.2 15.3

AP Trento 1,537 44,719 1.1 0.8 29.1

Veneto 15,033 752,962 10.7 13.4 50.1

Friuli Venezia Giulia 2,203 74,395 1.6 1.3 33.8

Emilia-Romagna 6,574 571,955 4.7 10.2 87.0

North Subtotal 64,174 3,926,855 45.8 70.0 61.2

Central Tuscany 3,780 88,259 2.7 1.6 23.3

Umbria 3,229 55,461 2.3 1.0 17.2

Marche 3,521 46,878 2.5 0.8 13.3

Latium 11,989 199,753 8.6 3.6 16.7

Central Subtotal 22,519 390,351 16.1 7.0 17.3

South Abruzzo 4,090 63,107 2.9 1.1 15.4

Molise 2,486 38,570 1.8 0.7 15.5

Campania 10,591 163,338 7.6 2.9 15.4

Apulia 4,226 176,910 3.0 3.2 41.9

Basilicata 2,714 100,456 1.9 1.8 37.0

Calabria 8,777 117,246 6.3 2.1 13.4

South Subtotal 32,884 659,627 23.5 11.8 20.1

Islands Sicily 11,187 358,744 8.0 6.4 32.1

Sardinia 9,341 277,809 6.7 4.9 29.7

Islands Subtotal 20,528 636,553 14.7 11.3 31.0

Total Italy 140,105 5,613,386 100 100 40.1

Trading trends from other countries are mainly characterized
by: (i) a decrease in the import of live animals for both fattening
and slaughter, (ii) an increase in the import of fresh meat, (iii)
a reduction in import of frozen and preserved meat from all
countries (6).

In 2019, 1,147,307 live cattle have been imported in Italian
holdings, mainly located in Veneto (51.9%; 595,545/1,147.307),
followed by Lombardy (18.9%), Piedmont (17.7%) and Emilia
Romagna (4.8%) (Figure 3). The majority of the imported
cattle came from France (943,867 heads; 82.3%). The remaining
animals were introduced from Austria, Ireland, Germany,
Poland, Lithuania, Romania and Spain.

Moreover, cattle (mainly beef calves) moved between Italian
farms are primarily destined to Lombardy and Veneto regions
(Figure 3).

Relative to movements for pasture, 430,819 animals were
moved in 2019, mainly in the alpine regions. These figures have
been constant, on a yearly basis, in the last 10 years.

Export of cattle is almost insignificant: in 2019, only 17,077
heads were exported, a yearly rate constant in the last decade.
Veneto and Lombardy are the most exporting regions with 41.9
and 38.9% of total exported cattle, respectively. Almost half of
the cattle has been exported to Romania (30.9%) and Spain
(15.5%) (4).

Welfare and Biosecurity on Cattle Farms
Welfare and biosecurity assessment are performed regularly by
official veterinary services in beef and dairy cattle according to
the national plan for welfare in farm animals. The assessment is
performed by mean of a specific checklist that includes: animal
management, housing and feeding systems, and animal based
measures (ABMs). ABMs evaluation is performed according to
the methodology developed by the National Reference Center
for Animal Welfare (CRENBA), and include several scores
relative to animal conditions as: cleanliness, body condition
score, lameness score and integumentary system lesions (7). The
minimum number of herds to be controlled are defined by the
“national plan for animal welfare assessment,” and in the last
years the target was fixed at 10% of the entire Italian farms.
Recently the Ministry of Health has introduced a ranking system
for cattle herds, based on voluntary adhesion by the farmers,
called “Classyfarm.” The farmers that apply to “Classyfarm”
should perform an assessment of animal welfare and biosecurity
conditions through the checklist developed by CRENBA filled
by veterinary practitioners specifically trained for this activity.
For each adhering farm, the data are recorded and analyzed to
provide a rank of the animal welfare and biosecurity condition
of the farm. Data about drugs consumption are also recorded
in the same system. Official veterinary authorities use all these
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FIGURE 1 | Average density of Italian cattle population per km2 of Utilized Agricultural Area (UAA) as of 30th June 2020.

data to perform herd risk assessments and to plan risk-based
official controls.

Diseases Controlled in Breeding Bulls
Specific programs are provided for breeding bulls. Bulls approved
for natural breeding shall belong to farms officially free from
Bovine Tuberculosis, Brucellosis and Leukosis. Before breeding
they have to be negative to the following tests:

• an intradermal tuberculin test for Bovine Tuberculosis;
• a serological test for Bovine Brucellosis;
• a serological test for Enzootic Bovine Leukosis;
• a serological test for Infectious Bovine Rhinotracheitis

(whole virus);
• a serological test for Bovine Viral Diarrhea;
• a microscopic test for Trichomonosis.

These checks are repeated every year.
There are only a few bulls (males older than 24 months) in

Italian cattle farms. At 30th of June 2020 there were, respectively,
8.142 bulls in dairy holdings (one bull every 3.2 farms) and 51,864
in beef and mixed operations (one bull every 2.2 farms). In Italy
it is not customary to exchange bulls between farms, and neither
public nor private stations for natural breeding are working.

Artificial insemination is widely applied. In Italy there are 87
semen collection centers (1,178 heads). Within 28 days before
entering the semen collection center, bulls, belonging to farms
officially free fromBovine Tuberculosis, Brucellosis and Leukosis,
are checked for the following diseases, according to Directive
88/407/EEC (8):

• an intradermal tuberculin test for Bovine Tuberculosis, with a
negative result;

• a serological test for Bovine Brucellosis, with a negative result;
• a serological test for Enzootic Bovine Leukosis, with a

negative result;
• a serological test for Infectious Bovine Rhinotracheitis, with a

negative result;
• a virological test for Bovine Viral Diarrhea, with a

negative result;
• a serological test for Bovine Viral Diarrhea;
• no signs of skin infectious diseases (Mange,

Papillomatosis, Trichophytosis);
• a serological test for Paratuberculosis to the dam of the bull,

with a negative result.

Upon arrival at the semen collection center, bulls are kept in
quarantine and checked for the following diseases:
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FIGURE 2 | Trends in cattle populations (A herds, B animals), Italy 2010–2020.

• an intradermal tuberculin test for Bovine Tuberculosis, with a
negative result;

• a serological test for Bovine Brucellosis, with a negative result;
• a serological test for Enzootic Bovine Leukosis, with a

negative result;
• a serological (whole virus) test for Infectious Bovine

Rhinotracheitis, with a negative result;
• a virological test for Bovine Viral Diarrhea, with a

negative result;
• a serological test for Bovine Viral Diarrhea, applied only to

animals resulted seronegative to the check before entering,
with no seroconversion detected;

• a virological and a serological test for Bluetongue, with
negative results;

• a microscopic test on a sample of preputial washing for
Trichomonosis, with negative results;

• a bacteriological test on a sample of preputial specimen for
Bovine Genital Campylobacteriosis.

The same program is carried out every year on bulls kept in
the artificial insemination centers. Bulls with a positive result are
removed from the center.

THE CONTROL SYSTEM OF CATTLE
DISEASES IN ITALY

The Directorate-General for Animal Health and Veterinary
Medicine (DGAHVM) of the Ministry of Health is the
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FIGURE 3 | Distribution of import and internal cattle movements, by region of destination, Italy 2019.

Italian Central Competent Authority (CCA) for animal health.
DGAHVM is responsible for drawing up national plans, which
must then be implemented by the 21 regional authorities of
the country. The CCA carries out a systematic verification and
monitoring of the financial aspects of the national surveillance
(control and/or eradication) programs, currently covering
the following cattle diseases: Bovine Brucellosis, Enzootic
Bovine Leukosis, Bovine Tuberculosis, Bluetongue, and Bovine
Spongiform Encephalopathy.

The Italian Regions are coordinated and administratively
controlled by the CCA, even if the CCA does not have the
authority to modify regional policies. Thus, Regions may adopt
their own programs on animal diseases not regulated at national
level, providing only an informational notification to the CCA.
Consequently, Italy has a plethora of control programs for cattle
diseases put in place to address different regional interests such
as: export of local animal products, grazing, trade of live animals
with neighboring countries where a national control plan is
already mandatory (e.g., Austria, Switzerland, France).

A network of ten public laboratories called Istituti
Zooprofilattici Sperimentali (IIZZSS), in which all the National
Reference Centers for Animal diseases are set, provides the
diagnostic services to the official veterinary services, which are

responsible for the implementation of animal diseases control
programs (9).

CATTLE DISEASES WITH A CONTROL
PROGRAM IN ITALY

The following diseases are covered by a control program at
least at regional level. According to the Italian regulation they
are divided into two categories: (i) notifiable diseases and (ii)
non-notifiable diseases. For notifiable diseases, specific sanitary
measures are compulsorily applied in case of an outbreak (10).
As a general rule, in Italy only cattle farms with breeders are
included in the control programs, whereas farms consisting only
of fattening animals (calves and steers) are excluded.

Enzootic Bovine Leukemia
Enzootic Bovine Leukemia (EBL) is a notifiable disease. Since
1996, Italy has adopted an eradication program in compliance
with EU regulations (Council Directive 97/12/EC). The program
is based on the “test and removal” strategy; which is the only
one applicable as neither a vaccine nor an effective therapy is
available (11).
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The eradication program is mandatory and fully financed by
the Government. Every year in breeding farms, all cattle older
than 12 months are tested by serological tests. In the past the
reference test was the agar gel immunodiffusion (AGID), but
currently an enzyme-linked immunosorbent assay (ELISA) is
used, due to its higher sensitivity (12).

Positive animals are considered infected and promptly culled
with compensation to the farmer. Moreover, the infected herds
are repeatedly controlled to confirm the absence of further
cases (10).

A territory achieves the status of officially free from EBL
if the herd prevalence decreases below 0.2%. In 2017, the
European Commission declared Italy as EBL officially free
country (Implementing Decision 2017/1910/EU), despite the
presence of some infection clusters located in four regions of
Central-Southern Italy (Latium, Apulia, Campania, Sicily). In
these clusters, specific additional programs have been applied: all
animals older than 6months are tested andmore severe measures
are adopted in terms of biosecurity and animal registry (e.g.,
electronic identification of animals). In these clusters in fact,
some factors are delaying the eradication process: free ranging
animals, promiscuous breeding of herds, lack in the collaboration
of breeders and unrecorded animal movements.

Currently EBL virus complete eradication (0% prevalence)
is close to be achieved in South Italy, while only a cluster in
the region of Latium is still active (13). In 2020, in Italy 11
EBL positive farms out of 16,960 (0.06%) tested were registered
(Table 2).

After the EBL official free status achievement in 2017, each
region has issued its own surveillance program, which, once
approved by the Ministry of Health, has been carried out in the
area of competence. The application of surveillance programs
on a sampling basis and adapted to the regional situation has
resulted in significant economic savings. The Ministry of Health
has issued some guidelines to be applied in the 5-years period
2018/2023, in order to standardize the surveillance activities
at the national level. All regions must carry out surveillance
activities giving evidence of absence of EBL circulation. For this
purpose the Ministry of Health has also implemented a dedicated
information system collecting, at national level, all the data on
EBL control activities (4, 14).

Bluetongue
BT is a notifiable disease in Italy, and 13,641 outbreaks, out
of which 2,287 in cattle farms, have been officially notified in
the last 10 years (2011–2020). BT was first detected in 2000,
and is currently considered endemic in South Italy and islands,
where the highly competent vector Culicoides imicola is present.
Some BT incursions were registered over time also in North and
Central Italy (Table 3). Several Bluetongue virus (BTV) serotypes
have been circulating in Italy since the first incursion. In the last
5 years BTV-1, BTV-3 and BTV-4 circulation was confirmed, but
only monovalent and/or bivalent vaccines against serotypes 1 and
4 are available at themoment. Considering the available resources
and the cost-benefit analyses made by the regional veterinary
authorities, the vaccination against the circulating BTV serotypes
was carried out in compliance with regional programs. In 2019,

vaccination against BTV-4 of all the restocking sheeps was
performed only in Sardinia in order to reduce the impact of
the mortality due to the disease. The other Italian regions have
limited the vaccination of the susceptible animals to those to
be moved toward free territories or areas under restriction for
different serotypes. The BT Italian surveillance system includes a
passive surveillance and a serological program based on sentinel
animals. Since 2002, a robust and organized network of sentinel
animals has been established in Italy to monitor BTV circulation.
The Italian territory has been divided in square grids of 20 ×

20 km. In each square, around 58 susceptible animals are selected
and used as sentinels. The network was based on more than
30,000 sentinels, checked every month. Since 2019, in response
to the new epidemiological situation a new surveillance program
was established. The entire Italian country has been divided in
square grids of 45 × 45 km and in each cell 59 seronegative
animals have been selected and used as sentinels, and quarterly
serologically tested. About 9,000 sentinels are periodically tested
by c-ELISA. Positive results are confirmed by virus neutralization
assay against 10 BTV serotypes (BTV-1, BTV-2, BTV-3, BTV-
4, BTV-6, BTV-8, BTV-9, BTV-14, BTV-15, BTV-16). From
serologically positive animals, EDTA blood samples are also
collected and tested by RT-PCR for the presence of BTV RNA.
Virus isolation and typing is also performed in all RT-PCR
positive sentinels and animals showing clinical signs.

Confirmed seroconversions of sentinel animals as well as
confirmed clinical cases cause an outbreak notification and the
establishment of a restriction zone. Movements of unvaccinated
animals are strictly regulated, in restriction zones, to avoid the
spreading of the disease.

Moreover, an entomological surveillance system focused on
the detection and quantification of Culicoides spp. is carried out
through fixed black light traps distributed in the whole country
and activated on a weekly basis. This surveillance system is
used to define seasonal free areas, useful to facilitate animal
movements, and to monitor vector dynamics.

Bovine Paratuberculosis (Johne’s Disease)
Bovine Paratuberculosis (JD) is widespread in Italy, where
over 50% of bovine dairy herds are infected (15). In order to
improve the health status of dairy herds and to protect the dairy
export market, the Italian Ministry of Health issued in 2013 the
“National guidelines for the control of Bovine Paratuberculosis
and for assigning the health ranking of herds.” The guidelines
have been adopted by all the Italian regions.

The program has been initially industry-driven and is
managed through the collaboration of official veterinary services,
bovine practitioners and the network of IIZZSS laboratories. The
main components of the program are (16):

• A passive surveillance system with mandatory reporting of
clinically affected cows to the official veterinary services.
Following the notification, a serological control on all animals
older than 36 months is carried out by the official veterinary
services free of charge for the farmer.

• The voluntary adoption of herd control programs by the
farmers, aimed at gradually reducing within-herd prevalence

Frontiers in Veterinary Science | www.frontiersin.org 7 April 2021 | Volume 8 | Article 66560729

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Tamba et al. Control of Cattle Diseases in Italy

TABLE 2 | Number of Enzootic Bovine Leukosis notified by area. Italy, 2011–2020 (updated to 13/01/2021).

Year North Italy Central Italy South Italy Islands Italy

Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks

2011 6 14 13 33

2012 1 13 17 31

2013 6 11 5 22

2014 6 23 11 40

2015 2 12 3 17

2016 7 10 2 19

2017 4 7 11

2018 5 5 10

2019 5 4 9

2020 10 1 11

Total 0 52 100 51 203

TABLE 3 | Number of Bluetongue outbreaks notified in cattle farms, by area. Italy, 2011–2020 (BT serotyes involved are in brackets). Updated to 13/01/2021.

Year North Italy Central Italy South Italy Islands Italy

Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks

2011 1 (2) 10 (2, 9) 11

2012 6 (1) 10 (1, 2, 9) 16

2013 1 (1) 37 (1) 5 (1, 2, 4) 366 (1, 2, 16) 409

2014 13 (1) 136 (1) 385 (1, 4) 85 (1) 619

2015 1 (1) 24 (1, 4) 105 (1, 4) 37 (1, 4) 167

2016 342 (4) 51 (1, 4) 197 (1, 4) 92 (1, 4) 682

2017 25 (4) 21 (1, 4) 35 (1, 4) 130 (1, 4) 211

2018 4 (1, 4) 3 (1) 13 (1, 4) 34 (1, 3, 4) 54

2019 3 (4) 15 (1, 4) 29 (1, 3, 4) 47

2020 1 (4) 11 (4) 46 (4) 13 (1, 4) 71

Total 390 283 808 806 2,287

by adopting biosecurity measures and a standardized testing
scheme. The Guidelines provide some tools facilitating the risk
assessment of the herd and suggesting the most appropriate
measures to be adopted.

• A ranking of bovine herds based on the risk of JD infection
in the herd. There are seven JD status levels, the first two
are assigned by the official veterinary services on the basis
of presence (PTC) or absence (PT0) of confirmed clinical
cases of Paratuberculosis. The PTC level identifies those herds
that, having had a clinical case in the last 12 months, are not
allowed to sell milk for production of export dairy products.
The achievement of the further levels (from PT1 to PT5) is
obtained upon a specific request of the farmer. The health
status of the herd is based on results of a standardized
serological testing scheme voluntarily applied every year.
PT1 rank corresponds to a seroprevalence <5%; PT2 to a
seronegative herd. The higher levels PT3-PT5 are assigned
to herds considered free from JD with an increasing level
of confidence.

The voluntary certification process is not yet widely applied,
more precisely in North Italy at the end of 2019 there were 980
farms certified as JD-free (Table 4).

Infectious Bovine Rhinotracheitis
Infectious Bovine Rhinotracheitis (IBR) is not a notifiable
disease in Italy, but the disease is widely diffused in the
Italian cattle population. Currently, several regional control
programs are in place in the country. IBR control programs
started in North Italy at regional or provincial levels in
the last decade of the past century, to facilitate trading
and face restrictions on seasonal movements to the alpine
pastures. These territories include four regions, out of which
two (Friuli Venezia Giulia and the autonomous province
of Trento) have eradication programs approved by the
European Commission and are close to IBR eradication.
The remaining ones (Valle d’Aosta and the autonomous
province of Bolzano) have been recognized as officially
IBR-free territories since 2017 (Commission Implementing
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TABLE 4 | Report of the Paratuberculosis status of cattle farms, by area, Italy, 2019.

JD Status

of the farm

JD status Code North Italy Central Italy South Italy Islands Italy

Number of farms Number of farms Number of farms Number of farms Number of farms

With JD

clinical cases

PTC 25 2 0 9 36

Without JD

clinical cases

PT0 28,240 642 571 10,957 40,410

JD low risk

(P < 5%)

PT1 1,291 26 0 49 1,366

JD negative PT2 3,965 40 4 311 4,320

JD free PT3 519 3 0 0 522

PT4 307 4 0 0 311

PT5 147 0 0 0 147

Not Classified 29,560 21,960 32,493 9,051 93,064

Total 64,054 22,677 33,068 20,377 140,176

Decision (EU) 2017/888 amending Dec. 2004/558/EC,
Annex II). Since then, other Italian territories developed
voluntary control programs. In the region of Piedmont, a
voluntary CP started in 2003 partially funded by the regional
authority. The CP was updated in 2017 and different sampling
schemes are now applied depending on the type of the cattle
farm involved:

• In dairy herds, pooled (30–40 cows) milk samples are collected
and tested every 5–7 months. Moreover, bulls and other non-
producing-milk cattle older than 24 months are serologically
checked once a year.

• In beef herds rearing the Piemontese breed, individual blood
samples are collected from breeding cattle older than 12
months once a year.

• In the other types of farm, individual blood samples are
collected from breeding cattle older than 24 months once
a year.

All collected samples are tested by ELISA, and only the use of gE
deleted marker vaccines are allowed. At the end of 2018 about
80% (7,219/8,970) of farms joined the regional program, and an
IBR prevalence of 15.3 and 3.8% were registered at herd and
animal level, respectively, while IBR free herds were the 76.3%
of the adherent farms (17).

A similar voluntary program is in place in the region of
Lombardy. The program started in 2005 and was updated in
2016. There are some differences with the Piedmont program:
pooled milk samples are composed by a maximum of five cows,
and the minimum age for serological test is 9 months.

Moreover, in all the territory of the Lombardy region a
pre-moving IBR test is compulsory and seropositive animals
cannot be moved to another farm. A surveillance program is
yearly carried out on non-adherent farms through bulk milk
test or individual serological testing of a sample of animals
(expected prevalence 5%, confidence intervals 95%). At the end
of 2019 in Lombardy a IBR prevalence of 18.3% (1,322/7,218)
and 6.0% were registered at herd and animal level, respectively
(source: IZSLER).

Furthermore, in 2015 and 2016, the Italian Ministry of
Agriculture, Food and Forestry (MIPAAF) and the Italian
Ministry of Health approved two surveillance voluntary
programs for controlling IBR at national level in farms registered
in the two National Herd Books of some indigenous beef cattle
breeds: (i) Marchigiana, Romagnola, Podolica, Chianina, and
Maremmana breeds; (ii) Piemontese breed. In 2019, the two
National Herd Books contained 9,407 herds, representing 6.5%
of all cattle herds.

Farmers voluntarily joining the program must test all their
breeding cattle aged more than 12 months. Individual blood
samples are collected by the official veterinary services, submitted
to an IIZZSS laboratory, and tested for the presence of antibodies
to glycoprotein E (gE) of BoHV-1 or antibodies to the whole virus
of BoHV-1 using commercial enzyme-linked immunosorbent
assay kits. There is no IBR confirmation test in the plans.
The farmers have to pay for the sampling and testing; but a
monetary reward is provided if they achieve the annual target
seroprevalence (18). These programs do not include aggressive
measures such as culling of positive animals or vaccination.
In 2019 in the framework of these programs, 2,972 herds and
132,995 animals were tested; herd seroprevalence was 30.6%,
while animal seroprevalence was 8.1%. Herd prevalences were
higher in South (64.3%) and Central (43.4%) than in North
Italy (25.3%).

The annual results of the above voluntary programs are
available at the following link: http://www.izsum.it/IZSUM/
Common/pages01/wfEventLink.aspx?IDMAP=631.

Bovine Viral Diarrhea
Like IBR, Bovine Viral Diarrhea (BVD) is not a notifiable disease
in Italy, but it is widely diffused in the Italian cattle population
and controlled by farmers through vaccination.

Currently in Italy only a few provinces/regions of the North
of Italy have implemented local BVD control or eradication
programs funded by competent authorities. They are voluntary
or compulsory, depending on regional regulations. In most cases,
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they have been implemented for trading with neighboring BVD-
free countries. These programs are focused on the detection and
removal of persistently infected (PI) animals.

Control programs for BVD were first carried out at territorial
level by Bolzano and Trento Provinces (north-east of country) in
the years of 1999–2000, in order to obtain disease eradication. In
these compulsory programs, in fact, vaccination is not allowed.
For testing purpose, an antigen detection test (ELISA or PCR) is
performed by using ear-notch samples at birth (or serum samples
in alternative) in all breeding herds, and positive animals are
slaughtered within 3 weeks. In order to move among provincial
farms, as well as to participate in cattle shows, a virological test
must be performed for all animals, with negative results.

Since 2002 another compulsory program has been
implemented in Friuli Venezia Giulia Region (north east of
Italy). It provides carrying out an antigen detection test (ELISA)
in ear-notch samples at birth (or serum samples in alternative)
in all breeding herds and culling of positive cattle as soon as
possible. Only breeding cattle that tested negative for antigen
detection can be moved from the farm. In infected herds,
vaccination is allowed in the 2 years following the removal of the
latest PI animal.

Over time, other regions have implemented monitoring
programs aimed at estimating the BVD prevalence.
Unfortunately, no data have been published. Generally, all
epidemiological data about local BVD control programs are
collected by Regional authorities, but neither the CCA nor the
National Reference Centre are aware of the current status of the
obtained results.

Streptococcus agalactiae
The disease caused by S. agalactiae (STAG), called in Italy
Contagious Catarrhal Mastitis, is a notifiable disease, but despite
its high occurrence in the cattle population, only 28 outbreaks
have been officially notified in the last 10 years (2011–2020)
(Table 5). In infected herds, cows with clinical mastitis shall
be isolated and treated until full recovery. During this period
their milk is not allowed for selling on market and for feeding
calves (10).

Although STAG infection has a high economic impact for
dairy farms, only two regions in the north of Italy have currently
implemented a CP. In the region of Lombardy, a control program
was started in 2012, and was updated in 2015 with the aim to
reduce the STAG herd prevalence below 8%. All dairy herds are
controlled by the official veterinary services. Bacteriological tests
are yearly performed on bulk milk and herds with at least five
consecutive negative tests are classified as free. In positive farms a
voluntary herd eradication program can be applied by the farmer
at his own expenses. At the end of 2018, 368 dairy farms (7.3%),
out of 5,049 tested, resulted infected (19).

A similar program has been implemented for a 2-year
period (2019–2020) by the region of Emilia-Romagna with the
following goals:

- estimating the prevalence of STAG in dairy herds of the region;
- reducing of at least 10% the prevalence of STAG

infected farms;

- reducing the antimicrobial use in dairy farms.

The program is compulsorily performed by the official veterinary
services and funded by the regional authority. Bulk milk of
all dairy farms is tested every 6 months for STAG presence.
In positive farms a voluntary herd eradication program can
be applied by the farmer at his own expenses. However, in
infected farms producing milk for direct human consumption,
it is mandatory to stop the sale of raw milk until the successful
treatment of all infected cows.

Only bulk milk negative farms which have carried out an
individual bacteriological check of all the cows with negative
results could be certified as free from STAG infection. At the
end of 2019 (first year of the program) a STAG prevalence of
8.1% (325/2,848) was scored in the dairy herds of the region of
Emilia-Romagna (source: IZSLER).

CATTLE DISEASES WITHOUT A CONTROL
PROGRAM IN ITALY

The following diseases do not have a control program. According
to the Italian regulation they are divided into two categories: (i)
notifiable diseases and (ii) non-notifiable diseases. For notifiable
diseases, specific sanitary measures are compulsorily applied in
case of an outbreak (10).

Anthrax
Anthrax is a notifiable disease in Italy, and 52 outbreaks, out of
which 38 in cattle farms, have been officially notified in the last 10
years (2011–2020). The disease is sporadic in regions of Central
Italy, islands and south of the country (Table 6). In contrast, in
North Italy only a few cases were recorded and genotyping of
isolated strains related this occurrence to animal introductions
from abroad (20).

A vaccine based on attenuated strain Sterne 34F2 is produced
by the National Reference Centre for Anthrax (IZSPB, Foggia,
Italy) and used for immunization of at risk animals under the
Ministry of Health authorization (10, 21).

Bovine Genital Campylobacteriosis
Bovine Genital Campylobacteriosis (BGC) is not a notifiable
disease in Italy. There are no official data about the prevalence
of Campylobacter fetus subspecies fetus.

In Italy, all breeding bulls before entering a reproductive
center for semen collection must be kept in quarantine and must
test negative to a cultural test for the detection of BGC in samples
of preputial material. During the quarantine, bulls younger than
6 months are tested once for BGC, while bulls older than 6
months are tested three times at 1-week intervals. All infected
bulls are removed from the semen collection centers. In addition,
bulls approved for natural breeding must be yearly tested for the
detection of BCG.

Several commercial vaccines are available for BGC, but they
are not licensed in Italy and their use in farmsmust be authorized
by the Ministry of Health.
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TABLE 5 | Number of outbreaks of clinical mastitis caused by Streptococcus agalactiae notified in Italy, 2011–2020 (updated to 13/01/2021).

Year North Italy Central Italy South Italy Islands Italy

Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks

2011–2015 14 3 17

2016–2020 5 4 1 1 11

Total 19 4 1 4 28

TABLE 6 | Number of Anthrax outbreaks notified in Italy, 2011–2020 (updated to 13/01/2021).

Year North Italy Central Italy South Italy and Islands Italy

Number of Anthrax outbreaks

All animal species Cattle only All animal species Cattle only All animal species Cattle only All animal species Cattle only

2011 26 20 26 20

2012 1 1 2 1 3 2

2013 0 0

2014 3 3 3 3

2015 1 1 0

2016 1 6 4 7 4

2017 1 1 1 2 1

2018 1 1 3 2 4 3

2019 3 3 3 3

2020 3 2 3 2

Total 0 0 4 3 48 35 52 38

Trichomonosis
Bovine Trichomonosis is a notifiable disease in Italy, and no
outbreaks have been officially notified in cattle in the last 10
years (2011–2020). However, in infected herds natural breeding
is stopped and only artificial insemination can be performed.
All infected animal must be detected, treated and excluded
from natural breeding until the full recovery (10). All bulls
approved for public or private breeding must be yearly tested,
showing negative results to microscopic and cultural tests for the
detection of Trichomonas foetus, in samples of preputial material
or artificial vaginal liquid lavage (10).

Salmonella
Clinical Salmonellosis is a notifiable disease in Italy; in case of
an outbreak all animal movements are officially blocked until the
recovery of all the affected animals (10).

In the last 10 years (2011–2020) 118 outbreaks have been
officially notified in cattle, showing an increasing trend starting
from 2018 (Table 7); nevertheless it is not possible to exclude that
the effectiveness of notifications varies among different regions,
thus underreporting is possible.

In Italy there is not a national control program for Salmonella
in cattle, thus data on the occurrence of Salmonellae in cows
are collected in the framework of Directive 2003/99/EC. Data
collected derive from research activities, official controls and
clinical investigations, therefore, the general epidemiological
situation may vary considerably over time.

The 2019 data uploaded by the IIZZSS network to the National
Information System for Zoonosis (SINZOO) show a frequency
of Salmonella detection of 0.3% (8/2,685) in official samples
collected from cattle at the slaughterhouse, while a frequency of
10.1% (148/1,461) was recorded in samples (including organs,
feces, milk and environmental samples) collected at farm level.

More than 80% of identified Salmonella strains belongs to
three serotypes: S. Typhimurium (50.6%), S. Dublin (25.3%), and
S. Typhimurium monophasic variant (9.6%).

The occurrence reported at slaughterhouse level (national
data) is lower than what was observed in 2016 by Bonardi and
colleagues (22), who detected Salmonella in 1.6% (95% CI: 0.4–
5.6) of dairy cow carcasses randomly sampled at slaughterhouse.

Considering the increasing importance of salmonellosis in
cattle and its potential impact not only on animals but also on
public health, it is of pivotal importance to optimize the data
collection system, as well as to standardize the methods used for
epidemiological investigations in case of outbreaks.

Q-Fever
Q-fever is a notifiable disease in Italy, but sanitary measures in
infected herds must be applied only following the occurrence of
human Q-fever cases (10). Despite the wide diffusion of Coxiella
burnetii infection in the Italian cattle population, only five
outbreaks of Q-fever have been officially notified in cattle in the
last 10 years (2011–2020). A cross-sectional survey carried out
to estimate the seroprevalence of Coxiella burnetii in extensively
grazed cattle from Central Italy has detected a seroprevalence at
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TABLE 7 | Number of Salmonella outbreaks notified in cattle, Italy, 2011–2020 (updated to 13/01/2021).

Year North Italy Central Italy South Italy Islands Italy

Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks Number of outbreaks

2011 1 1

2012 1 2 1 4

2013 1 1 2

2014 1 1

2015 3 3

2016 5 1 6

2017 6 6

2018 14 1 15

2019 26 1 27

2020 52 1 53

Total 107 3 2 6 118

the animal-level of 12.0, and 68.5% at animal- and herd-level,
respectively (23). Large herd size, age and mixed breed scored as
risk factors themselves for seropositivity in cattle (23). In North
Italy a survey carried out using a PCR test on bulk milk samples
reported a herd prevalence of infection of 43 and 60% if one or
two checks are, respectively, applied (24).

Q-fever vaccines are available in Italy, but not frequently used.

Neosporosis
Neosporosis is not a notifiable disease in Italy. There are no
official data for the prevalence of this parasite, but Neospora
caninum is widely present in the Italian cattle population. A
serological survey carried out in Italy has detected a herd-level
prevalence of 44.1%, and an animal-level prevalence about 11%.
Neosporosis seroprevalence resulted higher in North Italy (25).

Leptospirosis
Leptospirosis is a notifiable disease in Italy, and 45 outbreaks have
been officially notified in cattle in the last 10 years (2011–2020),
but the disease is probably underreported. In Italy about 10% of
cattle with abortion are seropositive, and the prevalent serovar
is Leptospira Hardjo (26). The disease is sporadically detected
during diagnostic procedures on aborted fetuses and controlled
with antibiotic treatments and/or autovaccines.

In case of a leptospirosis outbreak, all animal movements are
officially blocked until the detection, treatment and full recovery
of affected animals (10). Moreover, it is not allowed selling
raw milk for direct human consumption produced by positive
cows (10).

The National Reference Center for Leptospirosis has
issued a draft guideline to standardize the approach to
outbreak management.

Epizootic Haemorragic Disease
Epizootic haemorrhagic disease has never been reported in Italy,
however incursions of this disease in Italy are possible because
EHD shares the same arthropod vectors (Culicoides spp.) with
BT (27).

Vaccination is not allowed in Italy, because EHD is considered
an exotic disease.

Liver Fluke
Ruminant distomatosis (infestation caused by Fasciola hepatica
or Dicrocoelium dendriticum) is a notifiable disease in Italy,
however no outbreaks have been notified in the last 10 years
(2011–2020). Liver fluke is present in the alpine area and in South
Italy (4% prevalence in sheep flocks) where cattle are reared on
pasture during the summer (28).

Staphylococcus aureus
Staphylococcus aureus is the most important causative agent
of subclinical mastitis in cattle, resulting in reduced milk
production and quality. S. aureus infection is not a notifiable
disease in Italy. There are no official data about the prevalence
of this pathogen, but S. aureus is widely present in the Italian
cattle population. A survey carried out in bulk tank milk in the
region of Lombardy detected S. aureus in 47.2% of the tested
dairy herds (29).

Mycoplasma bovis
The Mycoplasma bovis infection is not a notifiable disease in
Italy. There are no official data for the prevalence ofMycoplasma
bovis, however we consider this disease endemic. A survey carried
out on suckling dairy calves with respiratory disease detected a
31% prevalence of M. bovis infection (30); outbreaks of clinical
mastitis have been reported as well (31).

Mycoplasma mycoides
Contagious Bovine Pleuropneumonia (CBPP), caused by
Mycoplasma mycoides, is a notifiable disease in Italy. Between
October 1990 and October 1993, 94 CBPP outbreaks were
notified in Italy (32), and the disease was eradicated thanks
to a program, funded by the Government, based on active
surveillance and a stamping out policy. Active surveillance
activities had been in place until the end of 1995. Currently the
country is considered free from Mycoplasma mycoides and is
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TABLE 8 | Presence of Control programs in Italy for 24 cattle diseases with little no EU regulations.

Disease Listed in AHL Notifiable in Italy Control program in place

(level)

Sector involved by the CP

(dairy, beef, both)

1. Viral

Enzootic Bovine Leukemia Yes Yes Yes (national) Both

Bluetongue Yes Yes Yes (national) Both

Infectious Bovine Rhinotracheitis Yes No Yes (national)

Yes (regional)

Beef

Both

Bovine Viral Diarrhea Yes No Yes (regional) Both

Epizootic Haemorragic Disease Yes Yes No

Aujeszky’s Disease Yes Yes Yes (national)

Bovine coronavirus No No No

Bov. Respiratory Syncytial Virus No No No

2. Bacterial

Bovine Paratuberculosis Yes Yes Yes (national) Both

Streptococcus agalactiae No Yes Yes (regional) Dairy

Anthrax Yes Yes

Bov. genital Campylobacteriosis Yes No Breeding bulls Both

Salmonella No Yes No

Q-fever Yes Yes No

Leptospirosis No Yes No

Staphylococcus aureus No No No

Mycoplasma bovis No No No

Mycoplasma mycoides Yes Yes No

3. Parasitic

Trichomonosis Yes Yes Breeding bulls Both

Neosporosis No No No

Liver fluke No Yes No

Surra (Trypanosoma evansi) Yes No No

4. Mycotic

Trichophyton verrucosum No No No

5. Other

Bovine digital dermatitis No No No

waiting for the status of officially free territory according to Reg.
(EU) 2016/429. Vaccination against CBPP is forbidden.

Surra (Trypanosoma evansi)
Surra sustained by Trypanosoma evansi has never been reported
in Italy, and it is not a notifiable disease. However, other species
belonging to the Trypanosoma genus were detected in the Italian
cattle population. Trypanosoma (Megatrypanum) theileri was
first reported in 1982 in healthy cattle of Central Italy (33),
and more recently was incidentally detected in two sicilian
cattle showing only a reduction in body weight (34). Infection
with T. theileri in cattle normally results in a low parasitaemia
probably limited by the host immune system and signs of disease
are infrequent. However, parasite numbers in infected livestock
can rapidly increase in immunocompromised, ill, or stressed
animals (35).

Aujeszky’s Disease
In Italy a national control program for Aujeszky’s disease (AD) is
in place, based on compulsory vaccination of pigs. The disease is
notifiable, and prevalence of infection in pigs has been decreasing

in the last 5 years. AD also occurs in the wild boar population.
No cases of clinical AD have been officially reported in cattle
during the last 10 years (2011–2020), however sporadic cases, in
particular in areas where pigs and cattle are grazing together, were
recently reported (36).

Trichophyton verrucosum
The disease is not notifiable in Italy. There are no official data
about the prevalence of this dermatophytosis, however limited
studies estimate a herd prevalence between 20 and 30% in North
Italy (37), and much higher (60%) in Central Italy (38, 39).

An attenuated live vaccine is available in Italy, but its use is not
extensive (38, 39).

Bovine Coronavirus
The disease is not notifiable in Italy. The Bovine coronavirus
was first detected in South Italy in 2008 (40), and recently it has
been reported in the same area associated to a severe respiratory
syndrome (41). Bovine coronavirus is probably endemic in
the cattle population, but no official data are available about
its prevalence.
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Bovine Respiratory Syncytial Virus
The disease is not notifiable in Italy. There are no official data
for the prevalence of BRSV, however we consider this disease to
be endemic since different BRSV strains are circulating in Italy
(42, 43). Vaccination is widely used to control the disease, mostly
in the beef sector.

Bovine Digital Dermatitis
The disease is not notifiable in Italy. There are no official data for
the prevalence of bovine digital dermatitis, however we consider
this disease endemic, mainly in the dairy sector, and there are
several veterinary practitioners expert in the treatment of this
disease (44). Generally lameness is only considered an infectious
problem of the single herd, but within the Classyfarm system
described above, lameness is one of the animal-based measures
of welfare assessment of cattle farms (7, 45).

DISCUSSION AND CONCLUSIONS

The EU represents a huge market where live animals and animal
products are exchanged between Member States without health
barriers other than those defined by common rules, such as
the Animal Health Law. Community regulation, however, covers
only a part, considered as a priority, of the numerous infectious
diseases affecting cattle and it may happen that within the 27
Member States there are other diseases with no or little EU
regulation for which resources have been invested for their
control for local interest. This is the case of the diseases selected in
this report, for which there are CPs in at least two regions within
the EU (2).

In Italy some of these diseases are covered by national or
regional programs (Table 8). Currently the Italian Government
has implemented national CPs only for EBL, BT, AD (in the pig
sector) and JD. Because the Italian cattle population is not equally
distributed throughout the country, it is not surprising that
regional disease CPs (against IBR, BVD, Streptococcus agalactiae)
have been implemented in regions of northern Italy, where 70%

of the entire Italian cattle are raised. However, it should be noted

that, generally, Italian farmers enroll in voluntary programs at a
very low rate.

Although infectious diseases have a significant economic
impact on cattle farms, until now both Italian farmers and Italian
Health Authorities have given little importance to the control
of non-zoonotic diseases. Recently, the market is increasingly
requiring certifications on animal welfare and on the prudent use
of antibiotics that cannot disregard the control of transmissible
diseases. Following the implementation of a risk-based Official
Control System and the increasing demand for antibiotic-free
food, produced with respect for animal welfare, Italian farmers
are probably going to invest more resources in farm biosafety and
animal health in the near future. The recent developments and
improvements of the national veterinary information systems
will support this process by providing data on the health status
of cattle farms.
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INTRODUCTION

Nearly 4 million cattle are fed in Japan as dairy and beef cattle. More than 50% of dairy cattle
(800,000 cows) and 20% of beef cattle (500,000) are fed in Hokkaido, Japan. Young and adult cows
in addition to dairy products are delivered throughout Japan from Hokkaido. Moreover, many
dairy cows are brought to Hokkaido as calves, and return to their home farm when pregnant.
Vaccinations for some diseases are compulsory to prevent infectious diseases when cows move
feeding places and particularly when they are introduced to common grazing farms.

Twenty-seven ruminant, equine, swine, avian, and bee diseases are designated as regulated
domestic animal infectious diseases (1) as is paratuberculosis (Johne’s disease; JD). Another 71
diseases in domestic animals have been monitored as non-regulated diseases since 1998 (2).
Bovine viral diarrhea (BVD) and enzootic bovine leukemia (EBL) are non-regulated diseases. The
prevalence of JD has been periodically monitored for a long time, and eradication programs are
ongoing and also being developed.

Typical clinical symptoms are exhibited by JD-affected animals, and its spread in farms is a
serious issue. In Hokkaido, a compulsory examination for the antibody against Mycobacterium
avium spp. paratuberculosis, the pathogen of JD, is performed once every 5 years by all farms
including dairy and beef cattle. Surveillance for a few decades cannot eradicate JD because the
pathogen may remain latent in herds for long periods of time and difficulties are associated with its
detection in the early stage of the disease. Although bovine leukemia virus (BLV), the pathogen of
EBL, is latent in herds, preventive management is possible.

Bovine viral diarrhea virus (BVDV) is associated with various subclinical to fatal diseases.
Persistent infection (PI) has been recognized as a serious threat to the cattle industry. PI animals
can then subsequently develop mucosal disease which is often fatal. The immune dysfunction
associated with BVDV infection has been associated with bovine respiratory disease complex
and hemorrhagic syndrome. These disease syndromes have a serious economic impact on
cattle producers.

Vaccines are useful tools for the protection of infectious diseases. BVDV is the only one of the
three endemic diseases (BVD, EBL, and JD) that cattle are vaccinated for in Japan. The control of
PI by BVDV is a key point for its eradication; however, difficulties are associated with detecting PI
animals because not all infected animals exhibit the typical clinical symptoms and fetal infection
cannot be estimated. Moreover, it is difficult to discriminate whether the immunization status was
achieved by vaccination or infection. An update on BVD in Japan is presented in this review.

PREVALENCE

The number of reported cases of BVD, JD, and EBL in Japan between 2000 and 2019 varied by
pathogen (Figure 1) (1, 2). The number of cattle affected with JD has remained relatively constant
every year, ranging between 405 and 1,179 cases in 2012 and 2006, respectively, with a mean of 746
cases per year. The reported number of EBL cases has increased more than those of the JD and
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FIGURE 1 | Changes in the number of reported cases of three diseases.

Fluctuation of three diseases during 20 years are indicated with different kind

of lines, respectively. Plots were based on the reported numbers in MAFF

(1, 2). BVD, bovine viral diarrhea; EBL, enzootic bovine leukemia; JD, Johne’s

disease.

FIGURE 2 | Changes in the number of reported cases of bovine viral diarrhea

(BVD). Reported numbers are the same as those in Figure 1. The scale of the

Y-axis is adjusted.

BVD, from 161 cases in 2000 to 4,113 cases in 2019, with a mean
of 1,693 per year. The number of BVD cases varied between 31
cases in 2000 to 406 in 2016, with a mean of 198 cases per year.
The number of BVD cases has also slightly increased in recent
years (Figure 2). More than 300 PI cattle per year have been
identified since 2015 due to aggressive surveillance, such as the
bulk tankmilk test, examinations of newborn calves, and regional
surveillance (3, 4). Aggressive surveillance may identify BVD and
EBL cases without clinical signs. The detection of infected cattle
in the early stage of infectionmay contribute to protection against
the spread of the pathogen.

BVDV-1 and -2 (pestivirus A and B) have both been
isolated from field cases in Japan. Few sub-genotypes have
been recognized in field isolates; however, the HoBi-like virus
(pestivirus H, BVDV-3) has not been detected in Japan. Genetic
diversity may not vary to the same extent as in European cases
(3, 5, 6).

Officially reported BVD cases are PI animals only, which are
confirmed cases based on twice positive BVDV results using

antigen-ELISA or RT-PCR in over a 3-week interval. Some
farmers are reluctant to keep BVDV-positive cows on their own
farms for 3 weeks after the first examination, and these cows
are culled without confirmation before the second examination.
These cases are not recorded in official reports. Acute infections
are also not recorded. In long-term infection by acute infection of
BVDV, viremia can persist and be defined as persistent positivity
for infection with at least 3 weeks in between the tests, and those
cases can be classified as PI (7). Thus, these cases are recorded in
official reports.

VACCINE

The first BVDV vaccine introduced in 1973 contained NCP type
1 No. 12 strain. It was initially used to protect against BVD
(fatal diarrhea and mucosal disease), particularly for calves and
primipara cows. Due to limited information on the pathogenicity
of the disease, the accidental production of PI animals occurred
following the vaccination of pregnant cows with the modified live
virus (MLV). Due to these PI safety issues; the use of vaccine
was infrequent. A combination viral respiratory disease MLV
vaccine containing bovine herpesvirus 1 (BHV-1) and bovine
respiratory syncytial virus (BRSV), along with other viruses
was subsequently developed in the 1990’s (Table 1). Inactivated
vaccine was introduced in Japan in 2002 (Table 1).

The development of an inactivated BVDV vaccine and
the recognition of respiratory disease complex in herds have
expanded the use of the vaccine. However, some veterinarians
and farmers have considered that vaccination provides complete
PI protection, and sometimes have not been performing BVDV
PI detection in vaccinated herds. This has resulted in the failure
to identify newborne PI calves. These PI animals could then
introduce BVDV into the home herd or other herds.

CONTROL TRIAL

A regional voluntary eradication trial has been performed since
the 2000’s in Japan. The bulk tank milk test to detect PI is
conducted to confirm the BVDV status of the farm. In Japan, an
estimation of the antibody against BVDV is not an effective tool
for the confirmation of infection in farms because the majority of
cattle are vaccinated for respiratory disease complex, including
BVDV. All examinations for BVDV are based on the detection
of the viral gene or antigen using RT-PCR or ELISA. The bulk
tank milk tests have been performed on dairy farms for local
screening. This test facilitates the detection of PI milking cows.
The monitoring of grazing places is effective for detecting PI
calves. More recently, in addition to vaccination, calves are often
tested for viral infection before being moved to public or private
grazing places. Prior to this, vaccination was considered sufficient
for protection against BVDV.

There is currently no national eradication program for BVD in
Japan. In 2016, the Japanese government recommended projects
for BVDV eradication at the herd level as a voluntary program.
These projects provided financial support to farms at which
PI animals have been detected, which has encouraged farmers
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TABLE 1 | Commercially available vaccines for BVDV in Japan in 2020.

Vaccine (since) Type BVDV1 strain BVDV2 strain Combined viruses

5 combi. MLV vaccine (1994) L No.12 1a NCP – BHV1, BRSV, PI3, AD7

Stockguard* (2002) K Singer 1a CP 5912 CP BHV1, BRSV, PI3

Cattlewin 6 (2005) K Nose 1a CP KZ CP –

L – – BHV1, BRSV, PI3, AD7

Bovivac 5 (2011) K HK003 1a CP HK060 CP BHV1, BRSV, PI3

Bovivac B5 (2014) K HK286 1b CP HK060 CP BHV1, BRSV, PI3

Calfwin-6 (2014) L No.12 1a NCP KZ12 NCP BHV1, BRSV, PI3, AD7

Cattlewin 5K (2015) K Nose 1a CP KZ91 CP BHV1, BRSV, PI3

L, modified live virus; K, killed virus; BVDV, bovine viral diarrhea virus; BHV1, bovine herpes virus 1; BRSV, bovine respiratory syncytial virus; PI3, bovine parainfluenza 3; AD7, bovine

adenovirus type 7.

-: not included *: imported vaccine from the USA (original name Pyramid).

to not only clean their farms, but also to identify PI animals
by continuously performing virus examinations. It also covers
examination fees for all animals in the farm, product loss due to
PI, and virus examinations for newborn calves for a few months
after the detection of PI animals. However, the cost of the first
examination for the detection of PI animals is not included. In
contrast to the JD program, this program does not mandate
surveillance. However, given that the cost is partially covered,
farmers are more likely to participate in the program. The anti-
BVD efforts recommended by the government are test-and-cull
and vaccination. The necessity of a periodic examination for
BVDV PI has recently been recognized.

In summary, BVDV infections as reported by the Japanese
government have increased over the last 20 years and peaked
in 2016. There is no mandatory Japanese BVDV eradication
program. The Japanese government financed a program in 2016
to increase BVDV surveillance to identify PI and to the cull PI
animals from the herd. This program has resulted in fewer PI

animals being identified in the past few years. BVDV vaccination
is a useful tool to aid in BVDV control. A BVDV NCP live virus
vaccine was introduced in Japan in 1973. Although infrequently
used, this vaccine had safety issues including producing BVDVPI
calves. Inactivated BVDV vaccines have been available since 2002.
In conclusion, BVDV control in Japan is dependent on voluntary
programs using surveillance and vaccination.
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As for other European countries, IBR is a significant cause of financial losses in cattle in

Slovakia. The State Veterinary and Food Administration of the Slovak Republic prepared a

voluntary IBR control program for cattle farms in 1995, which was implemented in 1996.

In subsequent years, 48-119 farms/year enrolled in the voluntary IBR control program.

Since the end of 2006, the IBR control program became compulsory by law for all cattle

farms in Slovakia. Serology was used to identify infected animals using a conventional

ELISA amongst non-vaccinated cattle and a gE specific ELISA in cattle vaccinated

with marker vaccine. Eradication is based on culling when the serological prevalence

of IBR in a herd is below 15%. When the prevalence is higher than 15%, the culling is

combined with the application of a marker vaccine. A radical method where all animals

are slaughtered is used with the agreement of the farmer when appropriate, especially

for very small herds. Depending upon the selected eradication method, the antibody

positive cattle can be gradually replaced in the herds to eliminate financial losses due to

the disease. The movement of cattle is under strict control requiring a health certificate

issued by the state veterinary authority and themovement must be recorded in the central

livestock registry. The next step for herds is monitoring to achieve official IBR-free status.

Based on the official figures from The State Veterinary and Food Administration, 60.2%

herds were free of IBR in Slovakia in 2020.

Keywords: IBR, control program, cattle, Slovakia, marker vaccine

INTRODUCTION

Bovine herpes virus 1 (BoHV-1) is the causative agent of infectious bovine rhinotracheitis (IBR)
and was first reported in dairy cattle in California 70 years ago. IBR was later diagnosed worldwide
(1). In the 1950s, a newmanifestation of BoHV-1 infection, infectious pustular vulvovaginitis (IPV),
was described in cows and bulls. At present, IBR/IPV causes a wide range of clinical signs (including
abortion, infertility, respiratory problems, encephalitis, conjunctivitis, enteritis, and dermatitis) due
to inflammatory processes affecting the respiratory, genital and other organ systems (2). BoHV-1
may establish latency and virus can be shed intermittently (3). The triggering factors for shedding
in latent infection, which is a potential source of BoHV-1 infection in the herd, may include cattle
movement, unfavorable weather conditions, and poor husbandry or diet (3–5). Virus shedding at
reactivation can be reduced but not eliminated by vaccination (6).

Big differences in seroprevalence and disease incidence were observed worldwide (5, 7).
Veterinarians and farmers in Europe recognized the danger of BoHV-1 infection in cattle farms
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and started to implement control programs to eradicate IBR/IPV
in several countries since the 1980s. All programs, voluntary
or compulsory, were based on the removal of wild-type virus
seropositive animals from the herds with or without the
application of vaccination. Some European countries or regions
are already declared as IBR-free, many others have introduced
control programs1 (5).

As for other European countries, IBR/IPV can be a significant
cause of financial loss due to respiratory and reproduction
problems in Slovakian cattle. Virus infection has been detected
by serology in all regions of Slovakia. However, clinical cases are
rarely detected, for example, 14 cases with clinical signs of IBR
were observed in 2003.2

The State Veterinary and Food Administration (SVFA) of
the Slovak Republic has prepared an IBR control program (IBR
CP) for cattle farms for all ages of animals in 1995, which was
introduced the next year and has been continuously updated.2

The aim of this study is to summarize the basic principles of the
IBR control program and its progress in Slovakian cattle farms.
We also concentrate on specific problems of farmers in Slovakia
with introduction of IBR CP on small and large farms.

MATERIALS AND METHODS

Veterinary Organizations and Partners
Involved in the CP
SVFA is the main organization in Slovakia dealing with all
veterinary aspects and it is responsible for the IBR CP. There
are 40 Regional Veterinary and Food Administration Offices
responsible for the organization of the CP at the regional level.
Of the four State Veterinary and Food Institutes with diagnostic
laboratories, the State Veterinary Institute in Zvolen (central part
of Slovakia) is the reference laboratory for IBR. All partners
involved in the CP and their responsibilities are summarized in
Table 1.

Cattle, Herds, and the IBR CP
In February 2021, 451,257 cattle were registered in Slovakia. The
animals were distributed in small (1-10 animals), medium (11-
100 animals), and large farms (more than 101 animals). Density
of cattle is 0.27 animal/ha of grass area (8).

The IBR CP prepared by SVFA was officially approved by
the Ministry of Agriculture and Rural Development of the
Slovak Republic and is published on its website2. The basic
information on the IBR CP presented in this paper was taken
from this document.

Diagnostic Methods
Serological diagnosis of IBR/IPV is carried out in four diagnostic
laboratories of the State Veterinary and Food Institutes. When
seropositive herds are identified, all further laboratory analysis is
carried out at the reference laboratory in Zvolen. The diagnosis of
IBR/IPV is made using Ab-ELISA (IDEXX, Sweden) in samples

1Commission Decision 2004/558/EC, Commission implementing decision (EU)

2020.
2Plan eradikacie infekcnej bovinnej rinotracheitidy (IBR) na Slovensku na rok

2020 (in Slovak language) (2020): https://www.svps.sk/dokumenty/zvierata/2020/

1554_001.pdf (Accessed January 28, 2021).

TABLE 1 | Role of partners in IBR control program.

Ministry of Agriculture and Rural Development of the Slovak Republic

• Approval of national plan for the CP

• Decision on funding for the CP

State Veterinary and Food Administration in the Slovak Republic

• Preparation of the CP and incorporation of important changes

• Informing and educating the partners involved in the CP

• Regular evaluation of progress of the CP

• Preparation of the CP’s economic plan for the ministry

Regional Veterinary and Food Administrations

• Direct transfer of information to farmers

• Education of veterinarians and farmers on the CP

• Classification of herds

• Evaluation of individual CP on a farm

• Preparation of a report on the CP

State Veterinary and Food Institutes

• Laboratory diagnosis of IBR

• Qualified advice for Regional Veterinary and Food Administrations

Reference laboratory for IBR

• Preparation of laboratory diagnostic method for the diagnosis of IBR

• Qualified advice to other diagnostic laboratories

Farmers

• Discuss and agree with the private veterinarian on the method used in the CP

• Preparation of conditions for the introductory monitoring of the CP

• Short reports on the running of the CP on a farm

• Identification and registration of animals and transport of animals

• Maintaining biosecurity measures, especially against reintroduction of infection

from non-vaccinated cattle and Ab-gE-ELISA (IDEXX, Sweden)
in samples from cattle vaccinated with a marker vaccine. In rare
cases when clinical signs are observed, various methods are used
for the detection of BoHV-1, such as Ag-ELISA (accredited in-
house method), virus neutralization test,3 virus cultivation on
MDBK and BT cell cultures3 and viral DNA detection with
PCR (9).

Eradication Methods Used in the CP
The herds involved in the CP have to be serologically screened for
BoHV-1 specific antibodies to choose between available methods
for IBR eradication on a farm.

Depending on the seroprevalence in the herd one of three
methods are used in the CP:

(a) Elimination method combined with vaccination. This
approach is used when the seroprevalence of IBR is over
15%. This threshold indicates more extensive infection
requiring vaccination of the herd. Animals are vaccinated
by a marker vaccine with a deleted glycoprotein, gE.
Vaccination is not compulsory but highly recommended.
Animals that are seropositive for the wild-type virus are
gradually culled from the herds and replaced with new virus
negative animals.

(b) Elimination method without vaccination. This method is
used when the seroprevalence in the herd is under 15%.
Seropositive animals are systematically eliminated from
the herds as soon as possible and replaced with healthy
serologically negative cattle.

3OIE Terrestrial Manual 2010.
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(c) A radical method is used in the case of small herds where
applying long-term systematic elimination methods is not
economically sensible and a better solution for the farmer is
the culling of the entire herd.

Vaccination of Cattle
Inactivated and live vaccines against IBR are used in the IBR CP,
according to the producers’ instructions.

In the case of inactivated vaccines (Bovilis IBR marker
inactivatum inj. susp., Intervet International B.V., Netherlands or
Rispoval IBR marker inactivatum inj., Zoetis R©, Czech Republic),
the animals are first vaccinated when over 3 months old and
revaccinated after 4 weeks. Subsequently revaccination is done
after 6-months to maintain immunity. Administration of vaccine
is i.m. (Bovilis) or s.c. (Rispoval).

When Bovilis live vaccine (Bovilis IBR marker live, Intervet
International B.V. R©, Netherlands) is used, the calves are
vaccinated i.n. from 2 weeks to 3 months of age, the second
dose being given i.m. at the age of 3-4 months, and subsequent
revaccination after 6 months. If Rispoval live vaccine is used
(Rispoval IBR marker vivum, Zoetis R©, Czech Republic), the first
dose is administrated i.n. to animals over 2 weeks in age, the
second dose i.m., once animals are over 3 months, and then
revaccination is after 6 months.

Replacement of Cattle
Replacement of cattle in the recovery herd is under strict
restrictions. All new animals for further breeding and production
have to originate from officially IBR-free herds or IBR-free
herds (see classification and definition of herds in Table 2)
which are under state veterinary control. All animals from
officially IBR-free herds older than 24 months must be confirmed
serologically negative at 12 months intervals. The transferred
animals can also originate from herds where cattle older than 6
months are vaccinated and regularly revaccinated with marker
vaccine if they are intended for recovery herds. Replacement
animals older than 6 months have to be serologically tested
negative for antibodies against gE of BoHV-1 within the last
12 months and within the last 21 days before transfer to the
recovery herd.

Monitoring
For monitoring of officially IBR-free herds, animals older
than 9 months are sampled twice for serological testing at
5-7 months intervals. Subsequently, serological testing of all
animals older than 24 months is performed at 12 months
intervals. The monitoring of IBR-free herds is based on the
analysis of five randomly selected animals older than 24
months from each stable to check for negative serological
results. When samples are positive, further serological analysis
or bulk tank milk (BTM) surveys on dairy farms continue.
Confirmed positive farms must follow the procedures of
the CP.

Payment of Costs
Two partners bear the costs of the CP. SVFA pays for the
initial screening, monitoring in recovered farms, final tests before

TABLE 2 | Classification of the herds.

Officially IBR-free herd

Definition: Herd with no BoHV-1 and no antibodies against wild-type virus and no

antibodies after vaccination with a marker vaccine

• No clinical signs of IBR/IPV were observed in the last 6 months

• Herd has no contact with animals of lower IBR status

• Insemination is under strict control with bull semen originating from officially

IBR-free bull herds

• Introductory and final monitoring for specific antibodies were negative

• Herd is under control regime (monitoring)

IBR-free herd

Definition: Herd with no BoHV-1 and no antibodies against wild-type virus but

antibodies after vaccination with a marker vaccine can be present (recovered

herd)

Herd in recovery

• Herd with introductory screening

• Herd running individual control (eradication) program

Herd with unknown health status

• Herd with no screening and no data on IBR prevalence

ending of the recovery program, and final tests for detection of
antibodies in farms recognized as officially IBR-free. The farmers
pay for vaccination of animals and serological monitoring during
the recovery program and costs of replacement animals.

RESULTS

Flowchart of the CP on a Farm
An overview flowchart of IBR CP on the cattle farms in
Slovakia is presented in Figure 1. A herd with specific antibodies
detected is declared as infected and selects one of the three
CP methods available (see M&M). The Regional Veterinary and
Food Administration Office prepares a control mechanism for
individual CP, within the frame of the official IBR CP. This
will include a vaccination program, a plan for the replacement
of animals, and an identification of the animal groups for
serological monitoring, which are tested under the responsibility
of mandated private veterinarians. Depending on the selected
methods for eradication, the positive cattle are gradually culled
and cattle are replaced by animals originating from officially
IBR-free or IBR-free herds respecting the economic situation
of the farmer. After replacement of all infected animals, the
monitoring starts to maintain the classification as an IBR-
free herd.

Results of CP
At the start of the voluntary phase, 48 farmers implemented
the program in 1996, 119 farmers joined the next year, and this
number varied yearly but never reached more than a hundred
farmers per year thereafter, until 2004.

Significantly more farmers implemented the CP when it
became compulsory at the end 2006. Data on results of the IBR
control program for the years 2000, 2013, 2019, and 2020 are
summarized in Table 3. They indicate that despite two thirds to
three quarters of the holdings being classified as recovered or
involved in the recovery process, the remainder of the holdings,
mostly small farms, with prepared individual CP still have to start
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FIGURE 1 | Overview flowchart of Infectious bovine rhinotracheitis control program in Slovakia.
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TABLE 3 | Numbers of holdings involved in IBR control program in Slovakia.

Officially IBR-free IBR-free In the recovery process Not examined

Small Medium Large Small Medium Large Small Medium Large Small Medium Large

2010 3,950 552 129 15 28 53 311 342 907 2,314 142 6

2013 2,810 501 161 81 113 118 226 346 784 2,561 208 54

2019 3,001 563 197 93 101 413 195 330 345 1,869 185 52

2020 2,982 559 182 94 101 443 195 329 307 1,811 185 57

Small holding: 1-10 animals, medium holding: 11-100 animals, large holding: 101 and more animals.

and finish the program. When looking at large holdings only,
all together 1,019 were registered in Slovakia till March, 2021.
By the end of 2020, 625 large farms (61.3%) were free of IBR,
307 (30.1%) were in the recovery process and 57 (5.6%) were not
tested yet.

Official figures from the SVFA from January 1, 2020
indicate that of 7,245 cattle farms, 3,723 farms (51.4%) were
officially IBR-free, 638 farms (8.8%) were declared as IBR-
free and 831 farms (11.5%) were in the recovery process. All
together 60.2% farms were registered without IBR in Slovakia.
However, at the beginning of 2020, 2,053 herds had yet to be
tested (28.3%).

DISCUSSION

Many countries in Europe have applied IBR eradication
programs based on different strategies (5), such as Scandinavian
countries (10, 11), Switzerland (12), Germany (13), The
Netherlands (14), Estonia (15), Hungary (16), and others. All
the CPs are based on the removal of seropositive cattle from
the herds with or without vaccination. Although live, attenuated
or inactivated vaccines have been used in eradication of IBR
(17–19), at present, the live and inactivated marker vaccines
with deleted gE encoding genomes of BoHV-1 are used in
these programs, as the marker vaccine helps to discriminate the
infected animals within vaccinated herds (20).

Based on positive experiences in other European countries,
the farmers in Slovakia also decided to introduce IBR CP
in their farms. The basic aim of the CP was formulated as
(i) to eradicate IBR/IPV in cattle farms, (ii) to improve the
health status of animals, (iii) to decrease the losses in the
cattle farm industry, (iv) to prevent eventual restrictions on
internal and international trade of live cattle and their food
commodities. The control program started as a voluntary project
but farmers joined it too slowly. To achieve better progress,
SVFA supported by state authorities, decided to change the
voluntary program to one that is compulsory by law. This
act has drastically changed the situation in control of IBR,
leading to an approximately more than 10-fold increase in the
number of holdings that joined the program each year. The
progress of IBR eradication programs in Europe also indicates
that compulsory programs are more effective than voluntary
approaches (7, 14).

However, the progress in control of IBR in Slovakia has
not been as fast as expected because the initial prediction
was to finish the program in 7 years. Here, as in most
other Eastern European countries with re-structured economies,
the main problem with running the IBR CP is insufficient
financial income and support for farmers due to economic
problems in the country, especially in the agricultural sector.
The costs for running the control program, i.e., price for
laboratory investigation, vaccination, replacement of animals
are too high for farmers. Despite IBR CP being compulsory
and farms receiving customized IBR CPs, the economically
weaker farms have problems to follow all the rules of
the program.

When analyzing the IBR CP in Slovakia we see different
motivation of farmers with small and large holdings. Most
farms are very small with not more than 10 animals, 90%
of them house 1-2 animals only. Production of these farms
is focused for individual consumption of food products by
the farming family and production of cattle dung. These
farmers have no strong motivation to join the CP and
bear the program costs. In their experience, when cattle are
negative for IBR, the animals remain healthy for a long
time as new cattle that might introduce infection are rarely
introduced. In infected farms, the replacement of animals
is rather slow. Vaccination is not welcomed without visible
additional production value. However, despite the slow recovery
process, the numbers of infected animals in small farms have
diminished due to gradual recovery of commercial farms
which are the main source for new animals bought by
small farmers.

On the other hand, farmers with larger farms are more
motivated to join the CP. They expect and usually achieve
better health status, higher reproduction indicators and lower
numbers of abortions and mortality rate in their herds. Export
of animals is an additional incentive for farmers to join the
program, but avoidance of restrictions on international trade
was less important for those that do not export cattle or their
food commodities.

It is logical to ask why some farms have been more successful
with the CP than others. A critical analysis revealed several
factors. The progress with CP depends not only on financial
support for the program, which is, of course, very important,
but also on education of farmers about animal health, the
organization of work on the farm, the coordination of the
program by the regional veterinary offices and the local level of
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veterinary health care for cattle. These factors vary from farm to
farm and significantly influence the running of the CP.

Education about the CP for small farmers is carried out by
private veterinarians who provide advice on the diagnosis and
control of IBR (and other diseases), make recommendations
on vaccination, and provide details on customized CP options.
Farmers with medium and large holdings are better informed
about the national CP by the farmer union organization and
through the regional veterinary offices and by education from
workshops and conferences focused on virus transmission,
clinical signs, reproductive problems due to virus infection etc.

The reintroduction of infection is a big danger for
recovered or IBR-free herds. The main risk factors for disease
reintroduction are the purchase of animals, direct contact
between different herds, especially with those of unknown
status, and via contaminated semen (21–24). Reintroduction
of infection has been recorded by OIE Reports in several
IBR-free countries, such as Austria, Denmark, and Switzerland
(5). Despite strict conditions for movement of animals for
herds involved in the IBR CP in Slovakia, reinfection has
been observed where more than one farm is owned by
the same owner, usually co-located in a common region.
The recovery process in these farms was not synchronized,
including vaccination and replacement of animals, providing
an opportunity for direct and indirect contacts between
animals of differing health status, e.g., through animal
movements or uncontrolled traffic and common personnel.
In some cases, despite vaccination having been completed,
the reintroduction of infection was observed in herds in
several months. Similar mistakes were observed in fattening
herds. Again, the reinfection occurred due to uncontrolled
mixing and movement of animals between vaccinated and
infected cattle.

The experiences of farmers with the IBR CP in Slovakia
can provide some recommendations for farmers in other
countries considering similar programs. If possible, the CP
should be compulsory with significant financial support from
the government or other commercial partners. Special attention
should be paid not only to big farms but particularly
to small farms where motivation to participate in joint
programs is usually low or negative. Attention should also
be paid for harmonization of work on different farms
and by partners involved in the CP to ensure that best
practices are followed uniformly at least at regional level but
better still at national level. The control of movement of
animals, especially between farms under common ownership, is
essential to prevent uncontrolled mixing of herds with different
health status.

The successful eradication and attainment of official IBR-free
status has already been achieved in Scandinavian countries
(Denmark, Finland, Norway, and Sweden), Switzerland,
Germany, Province Bolzano and Valle d’Aosta in Italy and
on the island of Jersey in the UK.4 Of countries surrounding

4Provadeci rozhodnuti komise (EU) 2020/1663 ze dne 6. listopadu 2020

(2020): https://eur-lex.europa.eu/legal-content/CS/TXT/PDF/?uri=CELEX:

32020D1663&from=CS (Accessed January 28, 2021).

Slovakia, Austria is already an IBR-free country. The Czech
Republic obtained the status of an IBR-free country in November
2020.4 Hungary, Ukraine, and Poland also run IBR CPs.5

The IBR CP is a big challenge for the Slovakian farmers and
the program runs more progressively in large farms than in
small herds. The farms involved in international trade are
naturally forced to have an approved eradication program or to
become IBR-free to benefit from additional EU guarantees for
cattle trade according to articles 9 and 10 of the EU Directive
64/432/EEC, respectively.

In conclusion, the IBR CP in Slovakia is in progress with
specific problems, especially in small farms, where the program
runs slowly. Despite the complicated economic situation in
the country, which significantly influences the running of the
program, the successful recovery of most large holdings provides
encouragement that the IBR CP in Slovakia can be finished in a
short time.
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A mandatory national Irish bovine viral diarrhoea (BVD) eradication programme,

coordinated by Animal Health Ireland, commenced in 2013. Key decisions and

programme review are undertaken by a cross-industry Implementation Group (BVDIG)

supported by a Technical Working Group. Ear notch tissue is collected from all

new-born calves using modified official identity tags, supplemented by additional blood

sampling, including for confirmatory testing of calves with initial positive results and

testing of their dams. Testing is delivered by private laboratories in conjunction with

the National Reference Laboratory, with all results reported to a central database. This

database manages key elements of the programme, issuing results to herdowners by

short message service messaging supplemented by letters; assigning and exchanging

animal-level statuses with government databases of the Department of Agriculture,

Food and the Marine to enable legislated restrictions on animal movements; assigning

negative herd status based on test results; generating regular reports for programme

management and evaluation and providing herd-specific dashboards for a range of users.

Legislation supporting the programme has been in place throughout but has not thus far

mandated the slaughter of persistently infected (PI) calves. A key challenge in the early

years, highlighted by modeling, was the retention of PI animals by some herd owners.

This has largely been resolved by measures including graduated financial supports to

encourage their early removal, herd-level movement restrictions, ongoing programme

communications and the input of private veterinary practitioners (PVPs). A framework

for funded investigations by PVPs in positive herds was developed to identify plausible

sources of infection, to resolve the status of all animals in the herd and to agree up to three

measures to prevent re-introduction of the virus. The prevalence of PI calves in 2013 was

0.66%, within 11.3% of herds, reducing in each subsequent year, to 0.03 and 0.55%,
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respectively, at the end of 2020. Recent regulatory changes within the European Union

for the first time make provision for official approval of national eradication programmes,

or recognition of BVD freedom, and planning is underway to seek approval and, in due

course, recognition of freedom within this framework by 2023.

Keywords: Bovine viral diarrhoea virus, eradication, tissue tag, database, retention, model

INTRODUCTION

Bovine viral diarrhoea virus (BVDV) is recognized to be an
economically important pathogen that, with few exceptions,
is endemic in most countries of the world (1, 2). In some
European countries, there has been a focus on control and
eradication for more than two decades. In the early 2000’s there
was extensive debate on the optimum approach to eradication,
with this largely characterized by an emphasis on either zoo-
sanitary (i.e., identification and removal of persistently infected
[PI] animals) or vaccine-led options. A Thematic Network on
Control of Bovine Viral Diarrhoea Virus, funded by the European
Union (3), brought together researchers from across Europe, who
concluded that the key to eradication was not in the debate
between these two positions, but rather in the adoption of a
systematic approach, comprising identification and removal of
PI animals, the application of appropriate biosecurity measures
(potentially including vaccination) and ongoing monitoring to
ensure that uninfected herds remained free from infection (4, 5).

This systematic approach was pioneered by the Scandinavian
countries where programmes based on serological screening of
herds through bulk tank milk, first lactation and young stock
check tests were used to categorize herds as being likely to be free
of infection or, alternatively to contain one ormore PI animals. In
the latter case, whole herd testing to identify and remove any PI
animals was then conducted (6–10). This approach, commonly
referred to as the Scandinavian model, has also been adopted
on a voluntary or compulsory basis in other countries at either
a regional or national level, including Austria (11), Scotland
(12, 13), France (14), and the Netherlands (15, 16). More recently,
a different systematic approach, based on direct testing of all
new-born calves for viral antigen (by antigen-capture ELISA
[AC-ELISA]) or RNA (by RT-PCR) has been developed and is
commonly known as the Swiss model, since this was the first
country in which it was implemented. Its emergence reflected
both technological advances, including the development
of modified official identity tags capable of collecting ear
tissue for testing and the availability of cost-effective virus
tests, and epidemiological considerations, including the
widespread mixing of cattle from different herds at summer
pastures and an associated high seroprevalence within the
cattle population (17, 18).

Programmes based on this Swiss approach have subsequently
been adopted in other European countries or regions, including
Germany (16, 19), Ireland (20), Northern Ireland (21), and
Belgium (22).

While many countries in Europe are now in the process
of either implementing eradication programmes, or running
surveillance programmes to provide ongoing evidence of

freedom, these are heterogeneous in nature (16), reflecting
differences not only in the context in which they operate (e.g.,
in prevalence, aims, population size and structure, availability
of vaccines, presence of a legislative basis and extent of
importation) but also in the testing requirements for enrolment
and subsequent surveillance.

Animal Health Ireland (AHI; www.animalhealthireland.ie), a
not-for-profit public-private partnership, was established in 2009
(23) to improve the profitability and sustainability of the Irish
farming and agri-food sector through improved animal health.
Stakeholders include dairy and beef processors, farmer and breed
society representative organizations, AI companies, providers
of professional, advisory and support services and government
and state agencies. An AHI-led BVD Steering Group reviewed
options for a possible programme (24), while an economic
assessment estimated annual losses to farmers due to BVD of
∼e102 million (25). This led to the establishment of a voluntary
national BVD eradication programme in 2012, adopting a Swiss-
type approach and co-ordinated by AHI [reviewed by (20)]. A
compulsory programme commenced in January 2013. This paper
provides an overview of the compulsory programme, with a
particular focus on its organization, challenges and progress.

PROGRAMME INFORMATION

Governance
Governance structures in the compulsory programme are similar
to those that were in place during the voluntary programme.
The decision-making body for the programme is a cross-industry
BVD Implementation Group (BVDIG), with membership open
to representatives of all AHI stakeholder organizations. Currently
(early 2021), this comprises the Department of Agriculture,
Food and the Marine (DAFM), Glanbia (dairy processor),
the Irish Cattle Breeding Federation, the Irish Cattle and
Sheep Farmers’ Association, the Irish Co-Operative Society,
the Irish Creamery Milk Suppliers’ Association, the Irish
Farmers’ Association, the Irish Holstein Friesian Association,
the national reference laboratory (NRL), the Pedigree Cattle
Breeders Council of Ireland, Teagasc (the national agriculture
and food development authority) and Veterinary Ireland. The
BVDIG meets regularly, on an approximately monthly basis. A
separate Technical Work Group (TWG), with an independent
chair (who also sits on the BVDIG), is tasked with providing
ongoing scientific advice to the BVDIG and responding to queries
generated by it.

Legislation
The first legislation relating to the programme was
introduced in 2012, with new regulations, and amendments
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to these, introduced subsequently. Each of these is
summarized below.

The Bovine Viral Diarrhoea Order 2012 (Statutory

Instrument [S.I.] 532 of 2012)
The transition from a voluntary to a compulsory programme was
enabled by the introduction of this legislation (26), key elements
of which comprised:

• Defining tissue tags permitted for use, either as an
approved tag (for the purposes of official identification
and capable of collecting a tissue sample marked with the
identity of the animal sampled) or as a supplementary
tag (not an approved tag but otherwise capable of
taking a sample marked with the identity of the
animal sampled).

• A duty on the farmer to take samples within 20 days of birth
from all calves born after 1st January 2013 and to submit these
for testing.

• A requirement to submit a repeat sample (collected using a
supplementary tag or by blood sampling) where the initial
sample was inadequate or missing.

• A requirement to submit a tissue sample from aborted,
stillborn or dead calves.

• Provision of the option to re-test after at least 21 days, by
supplementary tag or blood sample, any animal that returns
an initial positive or inconclusive result, to determine if it is PI
or transiently infected (TI).

• A requirement to sample (by supplementary tag or blood) and
test animals notified as being suspected of being affected with
BVD virus (e.g., dams of calves with positive results).

• A prohibition on the movement of animals born after 1st
January 2013 except for disposal as an animal by-product,
to slaughter or under permit, unless they has a negative
test result.

• A schedule of laboratories designated to provide test results to
the programme.

The Bovine Viral Diarrhoea Regulations 2014 (S.I. 118

of 2014) (27)
The main changes relative to the BVD Order (2012) were:

• Inclusion of a prohibition on the movement to slaughter of
animals that had not been subject to a required test.

• Provision of further detail for the basis of
laboratory designation.

• Formalizing the role of the National Reference Laboratory.

The Bovine Viral Diarrhoea Regulations (2017) (S.I. 30

of 2017) (28)
The main change relative to the BVD Regulations (2014) was
the requirement to conduct re-testing of animals with an
initial positive or inconclusive result, or testing of animals
notified as being suspected of being affected with BVD,
by blood sample only (withdrawing the option to use a
supplementary tag).

The Bovine Viral Diarrhoea (Amendment) Regulations

(2020) (S.I. 182 of 2020)
This amendment (29) provided for the compulsory testing of all
bovines born before 1 January 2013, with the exception of those
female bovines for which a valid BVD virus test result is recorded
for one or more offspring.

Testing Regime
Details of this, and other programme elements, have been
described elsewhere (16). A tissue tag sample must be collected
from all calves born since 1st January 2013 and submitted by the
farmer for testing to the designated private laboratory of their
choice and at their expense.

Laboratories are designated for each test method (AC-ELISA
or RT-PCR) and sample matrix (tissue, blood, milk) on the
basis of applications submitted to the BVDIG and evaluated
primarily by the NRL. These include conditions related to
accreditation, turnaround times (currently set at 95% and 99%
within 4 working days and 7working days, respectively, of sample
reception) and transfer of results to the programme database in a
standard format.

Where a positive or inconclusive result was reported, the
animal was considered to be PI until shown otherwise by
confirmatory testing (hereafter, these animals, which have been
confirmed as PI by re-testing or removed following an initial
positive or inconclusive result without re-test, are collectively
termed BVD+). Analysis of programme data by the NRL
indicated the potential for false negative results in blood
samples tested by AC-ELISA due to the interference of maternal
antibodies (“diagnostic gap”) in calves <75 days of age and this
was therefore set as a lower age limit for testing of this matrix by
this method (30, 31). Therefore, blood samples for confirmatory
testing were directed to the NRL for testing by methods which
addressed this problem (20). Conversely, where tissue samples
collected by the farmer using a supplementary tag were submitted
for confirmatory testing and returned a negative result, the
designated testing laboratory(ies) generating the results were
requested to submit the tissue samples to a further laboratory for
DNA analysis to confirm that both samples were from the same
animal. The confirmatory test was only reported as negative when
identity was confirmed. Where this was not possible, including
where it was not possible to generate a DNA profile from one or
both tissue samples, a blood sample was required to validate the
negative tissue sample (20). The dams of animals considered to
be PI were themselves deemed to be suspected of being affected
with BVD, and as such, they are assigned a DAMPI status (“dam
of a PI,” Table 1) and are required to be tested. Between 2013
and 2016 the rules around assigning andmanagingDAMPI status
became increasingly stringent, with a final revision in May 2016
such that all dams with a registered BVD+ calf were assigned
a DAMPI status, independent of their previous test history,
including a negative tissue tag test as a calf, with a requirement for
a subsequent direct negative test to revoke their DAMPI status.
Furthermore, any offspring of animals considered to be PI and
whose status was not known were also deemed suspect, being
assigned an OFFPI status (“offspring of a PI,” Table 1) and are
also required to be tested.
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TABLE 1 | Summary of the 13 possible statuses assigned to each animal in the programme database in relation to its BVD status, and the interpretation and action

recommended with each one.

Status Interpretation Action

DAMPI Dam of an animal with a current positive (or inconclusive) result Test to clarify dam status

Empty No tissue in submitted sample (unsuitable for testing) Re-test required. Tissue or blood

Inconclusive Current inconclusive result on database where initial result was not

positive/inconclusive (e.g., initial empty result)

Isolate; option to re-test after 3–4 weeks to confirm PI

INDINEG 1, 2, 3, N Dam that has produced 1, 2, 3, N negative calves (not PI) –

INIINC Initial test result is inconclusive, no re-test result Isolate; option to re-test after 3–4 weeks to confirm PI. Isolate and

remove as soon as possible

INIPOS Initial test result is positive, no re-test result Isolate; option to re-test after 3–4 weeks to confirm PI. Consider

removal without retest

Invalid Result not valid Re-test required. Tissue or blood

NEGATIVE Tested negative (most recent) –

NONCOMP35 Animal without any test result 35 days after date of birth Re-test

required. Tissue or blood

Test required by legislation

OFFPI Untested offspring of a dam with a current positive (or

inconclusive) result

Isolate and remove as soon as possible

PI Initial and confirmatory positive (or inconclusive) result Isolate and remove as soon as possible (<3 weeks of first test)

Positive Current positive result on database where initial result was not

positive/inconclusive (e.g., initial empty result)

Isolate; option to re-test after 3–4 weeks to confirm PI. Consider

removal without retest

Unknown (1) Born before 1st January 2013 and has not been tested and

has not calved OR (2) a calf that has been born <35 days ago

without any test result

(1) Test to clarify status (result required for Negative herd status if it

remains in herd)

(2) Test required by legislation

Whilst it is not possible to definitively state based on a single
inconclusive or positive test result whether an animal is PI or TI,
analysis of the outcomes of confirmatory testing of calves, related
to their initial ear notch test values generated by ELISA and PCR
test values, indicated that the initial test values were predictive
of the outcome of confirmatory testing (32). This analysis
was included in the training of private veterinary practitioners
(PVPs) for delivery of herd investigations (see section Herd
Investigations), enabling them to advise farmers on the merits
or otherwise of waiting 3 weeks to conduct a confirmatory test
rather than disposing of the animal immediately.

Financial Supports
Beginning in the voluntary period in 2012, and evolving over the
course of the programme, a series of financial supports have been
provided by DAFM to farmers, following removal of certain types
of BVD+ animals, subject to the terms and conditions for each
year. Details of the levels of supports for the years 2012–2015 have
been described previously (33). In each of the years 2012–2014,
these were paid at a flat rate for removal according to the breed
of the calf (dairy or beef) without a specified maximum period of
time for removal. Beginning in 2015, the value of these supports
was increased but became both graduated and time bound in
an effort to promote earlier removal of BVD+ calves, with the
maximum level of support available when the BVD+ animal
removed within 5 weeks of the initial positive result (e140 and
e100 for beef breed calves and dairy breed heifers, respectively),
a lower rate paid for removal between 5 and 7 weeks (e90 and
e50 for beef breed calves and dairy breed heifers, respectively),
and ceasing if removed after 7 weeks.

These supports were maintained at the same level in 2016, but
revised in 2017 in terms of their scope, value and time limits,
providing e185 or e60 for beef breed animals and e150 or
e35 for dairy and dairy cross-breed heifers removed within 3
and 5 weeks, respectively, and introducing a payment of e30 for
removal of dairy breed bull calves within 3 weeks.

The levels of supports were unchanged in 2018, but further
revised for 2019 and 2020 to provide e220 or e30 for beef
breed animals and e160 or e30 for dairy and dairy cross-breed
heifers removed within 10 and 21 days, respectively, and e30 for
removal of dairy breed bull calves within 14 days.

Programme Database
The programme database has been developed for AHI by the Irish
Cattle Breeding Federation (ICBF1). The basic unit within the
database is the individual animal, identified by its official identity
number assigned by ear tagging and recorded in the Animal
Identification andMovement System (AIMS) database of DAFM.
Each animal in turn is located within a specific herd, which again
has a unique identifier assigned by DAFM, with all movements
of animals also recorded on AIMS, which on this basis maintains
a current listing of all animals in each herd. These animal- and
herd-level data (including dam details) are also shared with ICBF
on a daily basis to enable programme management.

Test Results
These are received on a daily basis from designated laboratories
and associated on the database with the relevant animal and
herd. Based on these results, the database assigns one of 13

1Available online at: www.icbf.com.
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possible, mutually exclusive statuses, to each individual animal
(Table 1), taking into account both its own test results and those
of its offspring and dam (e.g., assigning an indirect negative
status [INDINEG] to a dam on the basis of a direct negative
result for a calf). For each animal, all test-associated information
is retrievable, including the date of test, the sample type, the
testing laboratory, the test method, the test value generated
and the interpreted result. Test results and animal statuses are
also passed back to AIMS, with these enabling the movement
controls laid down in legislation. The database also manages
communication of results to herd owners, with these typically
being issued as short message service (SMS) messages to their
mobile telephones on the day of receipt. In addition, the database
automatically generates a series of result-driven letters e.g.,
following an initial positive or inconclusive result, providing
more detailed information and guidance, along with a pre-
populated submission form in cases where further testing may
be appropriate.

Dashboards
For each herd-owner, a dashboard has been developed, providing
access to all results in the database for the farm in question,
a real-time summary of the entire herd by status, and an
archive of all letters issued over the course of the programme.
These dashboards are also available to AHI and PVPs for
programme management.

The dashboards also provide a series of additional options,
with these being particularly useful for herd investigations
following positive results. These include:

Purchase History
For either a selected or all years of the programme, and for
each introduced animal, this option lists the date of birth, date
of introduction, current age, date of departure from the current
herd (where relevant), birth herd, most recent test date and status
and whether in calf at purchase (based on first recorded calving
date after introduction) and, where relevant, the test status of
this calf.

Investigate Function
Based on a window of susceptibility (WOS) of 30–120 days
of gestation for establishing persistent infection in utero,
and on the recorded date of birth, this option presents the
following information for each animal with an initial positive or
inconclusive (INIPOSINC) result (for either a selected or all years
of the programme): data of birth, date of 30th day of gestation,
date of 120th day of gestation, date and results of first and any
subsequent tests and, where relevant, the date of removal from
the herd. For the dam of each INIPOSINC animal, the following
are listed: date of birth, whether homebred or not, date of entry
to the herd, entry date, the interval from entry to calving, and
test history. In addition, this screen gives access to a family tree
function showing the ancestors or descendants of a given animal
by sex, date of birth, date of death, and status.

Contiguous Herds
For herds with BVD+ animals, this option provides details of the
total number of contiguous herds (i.e., those with which the case

herd shared a common boundary), the number of these that have
had animals with INIPOSINC results, and the dates of birth and
death of each of these animals.

Programme Reports
In addition to the functionality already described, the database
also provides access to a series of additional outputs that are used
for programme management and monitoring and are generated
as standard outputs that are available to download, are issued as
regular reports, or both. These include:

Daily List of INIPOSINC Results
Telephone calls to herdowners following their first positive
or inconclusive result in a given year are made by the BVD
Helpdesk, which is staffed by DAFM personnel. These calls
are complementary to the other programme communications
already described (SMS, letter) and are intended to ensure
that the herdowner is aware of the result, its implications,
available financial supports, and the requirements for a herd
investigation (see below), including recording the details of the
PVP nominated to conduct this.

Weekly Updates at Animal and Herd Level
These updates provide the basis for a weekly programme
summary2 including summary annual figures and key statistics
for the current year alongside those for the equivalent week
during the preceding year. In addition, monthly maps showing
the distribution and number of BVD+ births, the number
of identified BVD+ animals alive and the number retained
(see section Herd Restrictions for definitions of retention) are
published on a monthly basis.

Weekly List of Animals With Apparent False Negative

(AFN) Results
In the context of the programme, an AFN result occurs when an
animal returns a positive or inconclusive result having recorded
a previous negative result. The database identifies each such
occurrence and generates a cumulative report, including details
of any further testing, for further analysis. The profile of the
results or the statuses recorded by the database for each animal
with an AFN result is determined and updated as further
results become available, using the following signifiers for each
result/status: N, negative; P, positive, I, inconclusive; D, DAMPI.
For example, a profile of N-P-P signifies an animal with an initial
negative result and two subsequent positive tests.

Laboratory Performance
For each designated laboratory and test method, the database
provides the percentage of results that have been returned within
4 and 7 days, and highlights where these exceed those specified in
the designation criteria.

Assignment and Management of Negative Herd Status (NHS)
While the programme focuses on the status of individual
animals, it also assigns NHS to herds which satisfy the following
3 conditions:

2Available online at: https://animalhealthireland.ie/?page_id=229.
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• completion of a minimum of 3 years of tissue tag testing on
calves born into the herd,

• existence of a negative BVD status for every animal currently
in the herd (on the basis of either “direct” or “indirect” results),

• absence of any BVD+ animal(s) from the herd in the 12
months preceding the acquisition of NHS.

Maintaining NHS requires herds to continue to satisfy the
second and third of these requirements. NHS is withdrawn
after a defined period following the purchase of one or
more animals with an UNKNOWN status (unless tested
for BVD after purchase, with a negative result); failure to
conduct any testing required following notification of suspicion
of infection with BVDV (e.g., introduced animals assigned
a DAMPI or OFFPI status) or animals with empty or
invalid results from initial testing, or the detection of a
PI animal.

Herd owners are notified by SMS when NHS is first assigned,
and subsequently the database issues a series of SMS alerts and
reminder letters to herdowners prior to withdrawal of NHS due
to failure to conduct necessary testing.

While acquisition of NHS is a milestone for each herd in terms
of disease control, it also affords access to testing at reduced
cost through a number of designated laboratories, reflecting the
greatly reduced likelihood for a positive result when testing
pooled samples by RT-PCR with the consequent requirement for
further testing of individual samples.

For analysis purposes, herds without NHS are considered as
either NHS-U (satisfy the first and last requirements but contain
one or more animals whose status is not known) or NHS-P
(currently contain one or more BVD+ animals, or have done so
in the preceding 12 months, with or without additional animals
whose status is not known).

Herd Investigations
Beginning in 2016, herds with BVD+ animals were required
to undergo an investigation within 3 months of the initial
positive result. These are coordinated by AHI and delivered
by a cohort of more than 540 trained private veterinary
practitioners (PVPs). The investigations are co-funded by
DAFM and the European Commission through the Rural
Development Programme (2014–2020) as one component of a
Targeted Advisory Services on Animal Health (TASAH). These
investigations have the 3-fold purpose of seeking to identify one
or more plausible explanations for the BVD+ birth, ensuring
that all BVD+ animals in the herd have been identified and
removed (including testing of any animals whose status is
not known) and to review herd biosecurity. Based on the
findings, up to three measures are agreed to be implemented
by the herd owner to reduce the risk of re-introduction
of infection.

Beginning in 2019, these investigations were enhanced by
requiring targeted testing of not only those animals that did not
have a known BVD status, but also those that had only one
negative result (direct or indirect) recorded on the programme
database and that were present in the herd during the WOS of
the dam(s) of the BVD+ animal(s).

Further details of the structure and findings of these
investigations will be reported elsewhere (Guelbenzu-Gonzalo
and Graham, Front Vet Sci submitted).

Retention of BVD+ Calves and
Development of a National Model
A review of the voluntary phase of the programme indicated that
while the majority of herd owners removed BVD+ calves, 26.5%
of those born in the study period (1st January to 15th July, 2012)
were still alive at its end (20), with a disproportionate number
of these in beef herds. A subsequent study highlighted the non-
removal of these calves as one factor significantly associated
with retaining herds having further BVD+ births the following
year (34). The importance of prompt removal of BVD+ animals
to the progress of the compulsory programme was therefore
a key feature of programme communications. From 2013 to
2016, a BVD+ animal was deemed to retained if it was still
alive more than 49 days after the date of its initial positive or
inconclusive test. During this period the proportion of BVD+
animals removed within 7 weeks increased each year from 43.7%
in 2013 to 70.3% in 2015 (33), but still fell well short of the
100% target.

To further explore the impact of retention, and assist decision
making by the BVDIG, an expert system model (FarmNet-BVD)
was developed (35) and used to model the impact of scenarios
with various times to removal, implemented from 2017 onwards,
on projected times to eradication. Key findings from this work
were that eradication was not achievable within a realistic time
window if retention continued at the levels seen in 2015, in
contrast to the outcomes under various scenarios whereby all
BVD+ were removed within 7 weeks or less.

Vaccination
At the beginning of the eradication programme, two inactivated
vaccines Bovidec (Novartis Animal Health) and Bovilis BVD
(MSD Animal Health) were licensed for use in Ireland (although
the former is no longer marketed). A live vaccine (Bovela,
Boehringer Ingelheim) was subsequently licensed in 2016. The
BVD TWG has issued guidance on the role of vaccination in
the programme, but decisions on whether to begin, maintain
or cease vaccination against BVD rest with the herd owner and
their PVP. While vaccination history is explored in the context
of herd investigations, there is not currently a mechanism to
routinely record vaccination at either herd or animal level on
the database. However, details of total annual vaccine sales were
obtained through a market research company3 and analyzed for
changes over time.

Additional Measures to Prevent Spread
Herd Restrictions
Beginning in 2016, DAFM began imposing restrictions on both
inward and outward movements (except to slaughter) on herds
retaining BVD+ animals (not removed with 49 days of the initial
result), with these being lifted immediately on removal of the
retained animal(s). The initial focus was on herds with retention

3Available online at: www.Kynetec.com.
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periods exceeding 12 months, but from 2017 onwards, these
restrictions were automated and applied as soon as the herd
was determined by the database to be a retention herd. In 2017,
aligned with changes to the financial supports, animals were
considered to be retained if not removed within 35 days, with a
further reduction to 21 days from 2019 onward.

Neighbor Notifications
Associated with the imposition of movement restrictions, herds
contiguous to the retaining herd were notified that a BVD+
animal was being retained in a neighboring herd and advised to
ensure that biosecurity measures were in place to minimize the
risk of accidental introduction of infection.

PROGRESS TOWARD ERADICATION

Cattle Population, Testing Profile, and
Outcomes
At the end of 2020, the programme database contained
information on 82,211 herds containing a total of 5,525,732
cattle. These were categorized as beef (59,501), dairy (17,708) or
dual (dairy and beef enterprise; 5,002). The mean and median
number of cattle in each of these three herd types was 44 and 29
(beef), 154 and 124 (dairy) and 99 and 64 (dual), respectively.

A total of 2,381,730 calves were registered with a date of birth
in 2020 (accessed 28.01.21), with a BVD test result recorded for
99.5% of these (2,366,532). Consistent with the predominantly
spring-calving profile of Irish cattle herds, there was marked
seasonal variability in the number of samples tested each week,
with an overall peak of 179,471 in week 7 (Figure 1), coinciding
with the peak week of testing for calves born in dairy herds
(152,138). This spring-calving profile was also evident in data
from beef herds, although the curve was flatter and the peak

(44,252) occurred later, in week 14. Except for week 40 (15,152
total tests in 2020), weekly numbers were below 15,000 from
week 27 onward. This pattern was consistent throughout the
programme, although absolute numbers were higher in 2020
(with a total of 2,095,892 calves tested in 2013), reflecting a 33%
increase and an 8% decrease in tests on calves born in dairy herds
and beef herds, respectively.

Despite this marked seasonality in test volumes, laboratory
performance was consistently within agreed targets, with (for
2020) a median interval from receipt to reporting of 1.1 days,
and 99.5 and 99.8% of results reported within 4 and 7 working
days, respectively.

The numbers of BVD+ calves detected on a weekly basis in
each year of the programme reflected the calving profile, with
highest numbers born each spring. For example, in 2013 over 700
BVD+ calves were born in weeks 6 and 8, declining to around 100
from week 29 onwards (Figure 2).

However, when the incidence of BVD+ calves detected each
week was assessed, it was found that this was lowest in the spring,
while the highest incidence occurred, independent of herd type,
later in the year around weeks 30–35. This pattern was most
pronounced in the early years of the programme (illustrated for
2013 in Figure 3) but was evident each year in both dairy and
beef herds.

In 2013, 13,877 BVD+ calves were detected, representing a
prevalence of 0.66%. This figure decreased in each subsequent
year, to 0.03% in 2020 (Table 2). The spatial changes associated
with this reduction in prevalence are illustrated for the years
2013, 2016, and 2020 in Figures 4–6, respectively. A similar
pattern of reduction was observed at herd level, with positive or
inconclusive results recorded in 9,484 herds (11.27%) in 2013,
declining to 0.55% in 2020. The recorded animal-level prevalence
was higher in beef herds than in dairy herds each year (beginning

FIGURE 1 | Number of tests conducted per week in 2013 (solid lines) and 2020 (broken lines) for all calves and, separately, for calves born in either dairy herds or

beef herds.
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FIGURE 2 | Weekly number of calves tested (left y-axis) overall, and from dairy and beef herds in 2013 (solid lines), and the corresponding number of BVD+ calves

(right y-axis) detected each week (broken lines). BVD+ calves are those with an initial positive or inconclusive result without a negative retest result.

FIGURE 3 | Plots of weekly number (left y-axis) overall, and from dairy and beef herds in 2013 (solid lines), and the corresponding weekly incidence of BVD+ births

(right y-axis) detected each week (broken lines). BVD+ calves are those with an initial positive or inconclusive result without a negative retest result.

at 0.78 and 0.55%, respectively, in 2013), while the herd-level
prevalence was higher in dairy herds than in beef herds each year
(beginning at 20.34 and 8.75%, respectively, in 2013) (Table 3).

Most commonly, herds with BVD+ calves had only one such
detected (64.2%, 2020), with the majority of herds (93.5%, 2020)
having 5 or fewer, with this pattern being relatively consistent
from 2013 onwards (Figure 7).

While the majority of BVD+ animals detected were calves,
smaller numbers of older animals were also detected, including

several born prior to 2013 whose ages ranged from 7 to 15 years
at the time of detection and which were primarily located in beef
herds. The oldest detected was a 15 year old female born in 2001
identified in 2016 when tested as a DAMPI subsequent to its calf
testing positive.

Vaccine Sales
Data on vaccine sales in 12 month periods from July 2016 to June
2020 were available. During 2016/17, a total of 895,450 doses were
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TABLE 2 | Summary of full-year results for calves born in each year of the programme.

2013 2014 2015 2016 2017 2018 2019 2020

Tested 2,095,892 2,131,970 2,264,881 2,325,281 2,347,597 2,346,947 2,343,531 2,366,532

% Negative 98.03% 98.54% 98.85% 99.20% 98.85% 98.58% 98.96% 99.10%

% (Number)

Positivea
0.77% (16,193) 0.50% (10,758) 0.36% (8,247) 0.20% (4,540) 0.12% (2,843) 0.07% (1,531) 0.05% (1,111) 0.03% (790)

% (Number)

Inconclusivea
0.03% (661) 0.01% (119) 0.01% (207) 0.00% (59) 0.01% (118) 0.00% (47) 0.00% (15) 0.00% (15)

% (Number)

Empty

1.13% (23,750) 0.92% (19,676) 0.73% (16,637) 0.59% (13,721) 1.01% (23,715) 1.33% (31,132) 0.94% (22,065) 0.81% (19,013)

% (Number)

BVD+b

0.66% (13,877) 0.46% (9,733) 0.33% (7,427) 0.16% (3,808) 0.10% (2,397) 0.06% (1,325) 0.04% (987) 0.03% (707)

% (Number)

of positive

herdsc

11.27% (9,484) 7.63% (6,191) 5.9% (4,770) 3.25% (2,549) 2.03% (1,613) 1.13% (865) 0.78% (571) 0.55% (392)

Median

days to

removal of

BVD+

53 42 32 29 13 12 7 6

% BVD+

retainedd

52% 42% 27% 20% 15% 17% 24% 18%

aBased on initial tag test result, prior to any confirmatory testing.
bCalves with an initial positive or inconclusive result without a negative retest result.
cBased on one or more initial positive or inconclusive tissue tag results for calves born each year in breeding herds.
dRetained if not removed within 49 days (2013–2016), 35 days (2017, 2018), and 21 days (2019, 2020), respectively.

sold, of which 96.0% were inactivated. Total doses sold decreased
in each subsequent period by 7.4, 22.0, and 12%, respectively
(32.2% overall; 607,415 doses), with the proportion of
inactivated doses sold decreasing slightly from 96.0% in 2016 to
92.4% in 2020.

Apparent False Negative Results
At the end of 2020, a total of 260 animals born between 1st
January 2013 and 31st December 2020 had been identified
as AFNs, of which only the 3 most recently detected
(15th October 2020 onwards) remained alive. Their years
of birth and detection are summarized in Table 4, with
the highest number (57) born in 2013 and detected (48)
in 2017.

Most commonly (n = 155) these had a test profile of N-P,
indicating a single positive result recorded following an initial
negative result, with smaller numbers having an N-P-P profile
(n = 23) or a N-P-P-P profile (n = 4). Fifty one animals had
an N-D-P profile recorded, indicating an initial negative result
followed by a DAMPI status and a single positive result on a
subsequent test, while 9 had a N-D-P-P profile. All 60 of these
animals were detected from 2016 onwards, of which 15 were
identified in 2016, 27 in 2017, 13 in 2018, 2 in 2019 and 3 in
2020. The profiles of the remaining 18 AFN animals comprised
a range of other test combinations, with a most recent positive or
inconclusive result.

Overall, during these 7 years a total of 472,544 animals had
an initial positive or inconclusive result; when added to these
figures, these 260 AFN animals would represent 0.55% of the
overall total.

Time to Removal and Retention
The median interval between initial positive result and removal
for calves born in 2013 was 53 days, with 52% of BVD+ calves
born in 2013 being retained (Table 2). The median days to
removal decreased in consecutive years, to 6 days in 2020. The
proportion of BVD+ calves born each year that were retained
followed also declined over this period, though less regularly
(Table 2). The lowest proportion of 15% was a achieved in 2017,
with values of 17, 24, and 18% in 2018–2020, respectively.

Confirmatory Testing
The proportion of calves with an initial positive result that were
subject to confirmatory testing decreased over the course of the
programme (from 74% in 2013 to 35% in 2020), as did the
proportion of these that were confirmed as positive (Table 5),
decreasing from a maximum of 86% in 2014 to 61–64% from
2016 onward.

Negative Herd Status (NHS)
By the end of 2020, the majority of animals in the national
breeding herd (96.8%) had a direct negative result recorded on
the database, while a further 2.8% had an INDINEG status.When
considered at the herd level, and taking into account the date of
removal of any previous BVD+ animals, 95.3% of these herds
had been assigned NHS, with a further 4.2% assigned NHS-U due
to the presence of one or more animals aged more than 35 days
whose status was not known (Table 6). Collectively, across herds
with either NHS-U or NHS-P, there were 10,109 such animals (a
mean of 2.6 per herd), the majority of which (75%) were born
in 2020 and distributed approximately equally between male and
female and beef (50%) vs. dairy/dual (40%/10%) herds. Seventeen
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FIGURE 4 | Distribution of BVD+ calves born in 2013. Each hexagon ∼10 km2.

percentage of these animals were born prior to 2013 and were
predominantly male (75%) and located in beef (50%) or dual
(24%) herds.

DISCUSSION

The launch of a national BVD eradication programme in Ireland
was a significant step for the Irish cattle industry, being the first
time that a diverse range of stakeholders, encompassing both
private and public sectors, had come together to take a leadership
role in addressing a prioritized endemic, non-regulated disease.
This approach is recognized as a new departure in biosecurity
governance, with a number of associated challenges (36). The

initiation and successful implementation of the programme
also required a series of logistical and operational challenges
to be addressed, particularly those relating to testing and
data handling.

Prior to the commencement of a national programme, the
laboratory capacity available on the island of Ireland to deliver
BVD virus testing to an accredited standard was limited and
inadequate relative to programme requirements. A key factor in
the success of the programme has been the response by a series
of private sector laboratories, guided by the National Reference
Laboratory, to this challenge, developing the capacity, in a short
period from 2011, to test in excess of 2.3 million tissue tag
samples each year to an ISO 17025-accredited standard. This
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FIGURE 5 | Distribution of BVD+ calves born in 2016. Each hexagon ∼10 km2.

response is particularly notable given the fluctuation seen in
sample numbers at the peak of calving in February each year
relative to the second half of each year, with this disparity in
throughput increasing from 2013 to 2020 as both absolute calf
numbers and the magnitude of the spring peak increased over
this period (Figure 1).

The challenge of successfully managing these large volumes
of data was also critical element of the programme. This was
delivered by the programme database developed by ICBF. The
reporting of results by all laboratories, in a standard format,
to this database was key to efficient data handling within the
programme. This enabled prompt reporting of results to herd
owners by SMS, within hours of upload the testing laboratory;

facilitated the delivery of any further information to be issued
following a non-negative result; assignment of a range of statuses
at both animal (Table 1) and herd levels; and the control of the
movement of animals that did not have negative test results.

As reported previously (20), the success of these programme
elements during the voluntary phase of the programme in
2012, along with the degree of participation and support from
herd owners (37), were critical to the decision by the BVDIG
to request DAFM to introduce legislation to progress to a
compulsory programme for 2013. As described, the legislation is
straightforward, reflecting the structure of the programme itself.

However, while compliance with the legislative requirements
in terms of testing was consistently high, a key challenge in
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FIGURE 6 | Distribution of BVD+ calves born in 2020. Each hexagon ∼10 km2.

the early years of the programme was the retention of BVD+
animals. Despite epidemiological studies showing that these
animals had reduced likelihood of survival and performance
(34) and the increased likelihood of additional BVD+ calves
being born in these herds in the following breeding season
(38), a proportion of farmers chose to retain these animals,
attempting to rear them to slaughter weight. Thus, while a
significant reduction in the prevalence of BVD+ births was
achieved between 2013 and 2014 (Table 3), almost as many 2013-
as 2014-born BVD+ animals were alive each month in the spring
of 2014, with this most evident in the cohorts born in beef herds
(33), with 52% and 42% of BVD+ calves born in these years
retained for 49 days or more (Table 2).

The higher incidence of BVD+ births occurring to dams that
calve in the second half of the year, as distinct from the peak
numbers of BVD+ births each spring, is consistent with these
dams being exposed to a higher infection pressure during their
WOS, which overlaps with the spring period when the majority
of BVD+ calves are born, and retained, each year.

Despite continued retention of BVD+ calves born in
2015 and 2016 by some herd owners, albeit at reducing
frequency (Table 2), further reductions in prevalence were
achieved, but at slower rates than were acceptable to the
BVDIG. The development of the individual-based model4 and

4Available online at: www.ecoepi.eu/FarmNet-BVD.
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TABLE 3 | Animal-level prevalence (%) of BVD+a calves detected each year overall, and by herd type and the prevalence (%) of herds with one or more calves with

positive or inconclusive results each year (overall and by herd type).

Calf Prevalence Breeding Herd Prevalence

Year Total Beef Dairy Dual Total Beef Dairy Dual

2013 0.66 0.78 0.55 0.80 11.30 8.75 20.30 14.05

2014 0.46 0.54 0.37 0.60 7.60 5.94 13.22 11.04

2015 0.33 0.39 0.26 0.52 5.94 4.44 10.40 9.29

2016 0.16 0.21 0.12 0.23 3.26 2.39 5.72 5.14

2017 0.10 0.13 0.08 0.17 2.03 1.36 3.90 3.54

2018 0.06 0.07 0.04 0.09 1.13 0.76 2.19 1.93

2019 0.04 0.05 0.03 0.08 0.78 0.52 1.43 1.66

2020 0.03 0.04 0.02 0.06 0.55 0.38 0.96 1.13

aCalves with an initial positive or inconclusive result without a negative retest result.

FIGURE 7 | Distribution of the proportion (%) of positive herds each year with from 1 to 6 and >6 BVD+ calves (these being calves with an initial positive or

inconclusive result without a negative retest result).

TABLE 4 | Number of animals assigned an apparent false negative (AFN) status with the programme, according to years of birth and detection.

Year of detection

Year of birth 2013 2014 2015 2016 2017 2018 2019 2020 Total

2011 4 1 5

2012 12 6 2 1 2 23

2013 14 8 16 15 4 57

2014 6 9 8 11 4 1 1 40

2015 7 6 21 7 1 1 43

2016 2 7 4 1 14

2017 3 3 10 3 19

2018 21 9 10 40

2019 4 12 16

2020 3 3

Total 30 20 35 32 48 39 26 30 260

communication of the results (35), was critical in driving change
within the programme to address this issue from 2016 onwards.
When first conceived and communicated, it was anticipated that
a significant reduction in prevalence would be achieved by the

programme within 3 years, offering herds the option to progress
from routine tissue tagging to alternative, lower cost, surveillance
strategies thereafter. While clearly not achieved, the model
outputs confirmed to the BVDIG that, with full compliance in
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TABLE 5 | Total numbers (%) of calves born each year that were subject to confirmatory testing, and the number (%) confirmed as positive.

Year of birth Initial positive Retested % retested Retest positive % Retest positive

2013 17,276 12,868 74% 9,995 78%

2014 11,109 7,871 71% 6,769 86%

2015 8,593 5,759 67% 4,796 83%

2016 4,680 3,115 67% 2,346 63%

2017 3,014 1,439 48% 873 61%

2018 1,613 772 48% 485 63%

2019 1,152 400 35% 252 63%

2020 798 280 35% 180 64%

TABLE 6 | The number (%) of breeding herds assigned negative herd status (NHS), NHS-Ua and NHS-Pb overall and by herd type at the end of 2020.

Beef (%) Dairy (%) Dual (%) Total (%)

NHS 57,179 (96.1) 16,532 (93.4) 4,658 (93.1) 78,369 (95.3)

NHS-U 2,132 (3.6) 1,045 (5.9) 307 (6.1) 3,484 (4.2)

NHS-P 190 (0.3) 131 (0.7) 37 (0.7) 358 (0.4)

Total 59,501 (100) 17,708 (100) 5,002 (100) 82,211 (100)

aA herd without negative herd status, because of the presence of one or more animals without negative BVD status, on the basis of either direct or indirect results.
bA herd without negative herd status, because of the presence of one or more BVD+ animals, either currently or during the preceding 12 months, with or without additional animals

whose status is not known.

terms of prompt identification and removal of BVD+ calves, this
would have been achievable. Further, it demonstrated that if the
level of retention seen in 2015 continued in subsequent years,
eradication would not be achieved within an acceptable time
scale. This contrasted with other scenarios which incorporated
prompt removal.

These modeling outputs were the catalyst for the introduction
of a series of measures which, alongside other changes introduced
since 2016, have largely resolved this issue, such that at the
end of 2020 only 5 herds contained BVD+ calves more than 3
weeks after their date of detection. The introduced changes to
financial supports and associatedmeasures, along with continued
programme communications have played a central role in this
change. On one hand, the levels of financial supports have
increased, being targeted toward the beef sector where retention
was particularly problematic. On the other, the period for which
these were available was reduced to 5 weeks in 2017 and again
to the current maximum of 3 weeks and front-loaded with a
lower rate after 10 days to encourage removal without retesting.
This was supported by the analysis of tissue tag test values,
demonstrating the correlation between these and the outcome of
confirmatory testing (32), enabling PVPs to advise on the merits
or otherwise of immediate removal rather than retesting.

In addition, the change in legislation to require all
confirmatory tested to be carried out on blood samples ensured
that the herd’s PVP was involved in the decision-making
process. This was further enhanced by the introduction of
the TASAH in 2016, which provided the funding for over
540 PVPs, trained by AHI, to deliver in-depth epidemiological
investigations of each herd. This ensured that best practice
advice was available to each herd, including the importance of
prompt removal.

In association with changes to financial supports, herd
restrictions were introduced for herds retaining BVD+ animals,
with the interval permitted between detection and removal before
these were implemented decreasing from 5 to 3 weeks in 2019.
From an epidemiological perspective, these restrictions reduced
the risk of further onward dissemination of infection from these
herds through trade, while also preventing the introduction to
the herd of potentially naïve, susceptible animals, either in calf or
intended for breeding.

Herds contiguous to BVD+ herds were found to be at
increased risk of themselves having BVD+ calves the following
season (39), and this informed the decision to implement
biosecurity notifications to these herds when the index herd
became a retaining herd. However, while the findings of TASAH
investigations regularly identified transboundary transmission
as a plausible transmission pathway (Guelbenzu-Gonzalo and
Graham, submitted), it is recognized that other pathways may be
involved and that neighborhood risk operates at a larger scale,
with one study reporting an increased risk related to the presence
of BVD+ animals within a 10 km radius (40).

Collectively, the impact of these changes are reflected in the
reduction in the median time to removal of BVD+ calves and
the proportion of these which were considered retained each year
(Table 2). Step changes in the time to removal aligned to changes
in the programme measures (primarily in financial supports) are
evident between 2016 (29 days) and 2017 (13 days), and again
between 2018 (12 days) and 2019 (7 days). Marked changes in
the proportion of BVD+ calves retained each year is also evident,
from 52% in 2013 to 18% in 2020. While the figures in Table 2

indicate that the proportion retained has been relatively stable
since 2016 onwards (in the range 15–24%), it is important to
note the changes in the number of days after which a calf was
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considered to be infected across this period. For example, the
15% retained in 2017 are counted after 35 days, whereas the 20%
figure in 2016 relates to calves retained for at least 49 days. The
recorded increase in the proportion of calves retained in 2019
(24%) relative to 2018 (17%) must also be considered against
the corresponding further reduction from 35 to 21 days in the
period after which a calf was considered retained. The reduction
in the proportion of calves that were subject to confirmatory
testing, evident from 2017 onwards (Table 5) contributed to the
improvement in these figures and is consistent with a shift to
the removal of a greater proportion of animals considered PI
based on their initial test values. alongside a focus on testing an
increased proportion of animals expected to be TI (reflected in
the reduced proportion of those retested that were confirmed
as PI). Indeed, of those retained in 2019, 87% had been subject
to retest, with this figure being even higher in 2020 (91%),
highlighting the benefits of immediate removal based on the
initial test result.

The quality of testing is critical to a programme of this nature
and using the programme database it was possible to monitor
for the occurrence of animals with apparent false negative (AFN)
results. The same issue was identified in the Swiss programme,
with 57% of identified sources of BVD+ calves born in Phase 3 of
that programme being attributed to false negative results (18). A
significant proportion of these, beginning in 2016, had a status
profile of N-D-P or N-D-P-P, having been detected following
the birth of a BVD+ calf to a dam with a prior negative result.
The identification of this issue was the basis for changes to the
assignment of DAMPI status, requiring all dams of BVD+ calves
to be tested independent of their having previously been assigned
either an INDINEG or NEG status on the database. This change
ensured that this cohort of AFN animals was identified more
rapidly than would otherwise have been possible. Measures to
identify AFN animals in BVD+ herds were further enhanced
from 2019, through the additional testing of all animals on the
TASAH sample list generated by the database which had either
no known status or only one prior negative (direct or indirect)
status recorded.

Despite the identification of these AFN results, the overall
quality of the testing remains high. If it is assumed that all AFN
animals are genuinely false negative results (as opposed to, for
example animals with a TI), the diagnostic sensitivity within
the programme, taking into account all steps from sampling to
reporting, is 99.45%. While accepting that not all AFN animals
will be identified through the database (e.g., some may die
without being re-sampled), the overall diagnostic sensitivity
remains high, and comparable to that reported elsewhere (18).
The specificity of testing is also very high- even if all 805 of the
INIPOSINC results recorded in 2020 (Table 2) were considered
false positives, this would give a lower limit of specificity
of 99.96%.

In contrast to programmes that have followed the
Scandinavian model (7), vaccination has not been prohibited
in the Irish programme. Genetic diversity of strains in Ireland
is limited, with the majority being BVDV-1a (>95% in three
studies) followed by BVDV-1b, with single isolates assigned
to BVDV-1d and BVDV-1e. There are no reports of BVDV-2

(41–43). Given that the inactivated vaccines predominantly used
in the programme both contain BVDV-1a strains, antigenic
divergence between field and vaccine strains should therefore
not be an issue.

No formal records of vaccine usage are available, but it is
accepted to be more frequently applied in dairy herds than in
beef herds (44, 45). Analysis of sales data indicated a decline
in the number of doses sold over the past 4 years. While these
data do not translate directly into the numbers of animals being
vaccinated (due to the requirement for two doses of inactivated
vaccines for primo-vaccination), it is evident that only a minority
of the breeding population are currently vaccinated. This is
beneficial from the perspective of the potential to introduce
serological screening to the programme at some point as it limits
the confounding effects of vaccine-induced antibody at either
individual or bulk tank level (46, 47). However, the decline in
vaccine usage, in conjunction with the increased naivety of the
national herd due to the progress made toward eradication, has
raised concerns that while the number of herds with BVD+
births is declining each year the magnitude of these outbreaks
may be increasing. The results in Figure 7 show that this is
not the case, with the numbers of BVD+ per herd remaining
relatively stable throughout the programme. Furthermore, these
data highlight that the majority of herds have only one or a
small number of BVD+ calves, with both of these findings being
considered a reflection of the rapidity with which these animals
are identified following the introduction of virus within a tag and
test programme.

The eradication programme in Ireland is now entering
its final stages. Ireland intends to seek recognition of the
programme by the European Commission under the new Animal
Health Law (48, 49), with the goal of achieving freedom
by 2023. The challenges of completing the final stages of
eradication programmes are recognized, particularly with this
type of governance structure (36, 50), and a series of further
enhancements to the programme have been introduced for 2021
to maintain progress toward this goal. These focus on resolving
infection in herds with initial positive results and preventing
any further spread from these, while ensuring that the small
proportion of herds that have not yet achieved NHS due to the
presence of animals of unknown status take the necessary steps
to address this. The introduction of legislation in 2020 to require
the testing of the small cohort of animals born prior to 2013
into herds which do not yet have NHS is a further contributor
to this effort.

As the programme moves toward eradication, the next
challenge is to develop mechanisms for post-eradication
surveillance, with this now a key focus for the TWG. In contrast
to some other EU member states (51), very low numbers of
animals are imported into Ireland each year (3,240 in 2019) (52).
The fact that the majority of imported animals come from an
adjacent country (Northern Ireland) where a tissue-tag based
mandatory eradication programme is also in place is anticipated
to be an advantage in maintaining a free status post-eradication.

In conclusion, significant progress has been made toward
eradication of BVDV in Ireland, with the benefits of this being
recognized across multiple sectors (53). This has been achieved
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through a new governance structure for animal health in Ireland,
which has required a sustained collaborative effort between a
range of private and public sector stakeholders. The issue of
retention of BVD+ calves was the central challenge faced by
the programme. A series of incremental changes were made
throughout the programme, with these decisions either informed
by, or retrospectively supported by the outputs of a series
of scientific studies and regular analysis of programme data,
highlighting the importance of an objective evidence base for
policy decision-making (54).
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Pestiviruses are widespread and economically important pathogens of cattle and

other animals. Pestivirus A (formerly known as Bovine viral diarrhea virus 1, BVDV-1),

Pestivirus B (Bovine viral diarrhea virus 2, BVDV-2), and Pestivirus H (HoBi-like pestivirus,

HoBiPeV) species are infecting primarily cattle. Like other RNA viruses, pestiviruses

are characterized by a high degree of genetic variability. This high rate of variability

is revealed by the existence of a number of viral subgenotypes within each species.

In cattle, the highest number of pestivirus subgenotypes has been documented in

European countries, particularly in Italy. The aim of this review is to report an up-to-date

overview about the genetic diversity of pestiviruses in Italian cattle herds. All three bovine

pestiviruses species have been identified in cattle population with variable frequency

and geographical distribution. The genetic diversity of Italian pestiviral strains may have

diagnostic and immunological implications, affecting the performance of diagnostic tools

and the full cross-protection elicited by commercially available vaccines. Implementation

and strengthening of coordinated approaches for bovine pestivirus control in Italy are

recommended. Therefore, it would be extremely important to increase control and

restriction measures to the trade of cattle and biological products of bovine origin,

including those containing fetal bovine serum.

Keywords: Italy, cattle, Bovine viral diarrhea virus 1, Bovine viral diarrhea virus 2, HoBi-like pestivirus,

epidemiology, genetic diversity

INTRODUCTION

Pestiviruses are widespread and economically important pathogens of cattle (1). Pestivirus
infections are associated with a wide range of clinical forms, including subclinical form,
gastroenteritis, reproductive failures, and hemorrhagic systemic disease, and with profound
immunosuppression that increases the susceptibility of infected cattle to secondary
infections (2–4).

Genus Pestivirus in the family of Flaviviridae is composed of 11 recognized species, Pestivirus A
(formerly known as Bovine viral diarrhea virus 1, BVDV-1), Pestivirus B (Bovine viral diarrhea virus
2, BVDV-2), Pestivirus C (Classical swine fever virus, CSFV), Pestivirus D (Border disease virus,
BDV), Pestivirus E (pronghorn pestivirus), Pestivirus F (Bungowannah virus), Pestivirus G (giraffe
pestivirus), Pestivirus H (HoBi-like pestivirus, HoBiPeV), Pestivirus I (Aydin-like pestivirus),
Pestivirus J (rat pestivirus), and Pestivirus K (atypical porcine pestivirus) (5).

Pestivirus A, B, and H species are infecting primarily cattle. To date, Pestivirus A, B, and H are
classified into at least 21 (1a−1u), three (2a−2c), and four (a–d) (6, 7) subgenotypes, respectively.
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The highest pestivirus prevalences were identified in
cattle-producing countries where no control measures have been
implemented, and their epidemiology in cattle is related to the
pathogenetic mechanisms through which these viruses can cause
both transient and persistent infections. Persistently infected (PI)
animals, originating from a transient infection of pregnant cows
or born from PI cows, shed large amounts of virus throughout
their lives, thus ensuring viral persistence in the host population
(2, 4).

In Italy, pestivirus infection has been reported in cattle all
around the country since 1960 (8), with an increase of BVDV
seroprevalence among dairy herds in the following years (9).
Bovine viral diarrhea (BVD) was recognized as a relevant disease
in Italian cattle herds from the beginning of 1990, as reported
by regional studies on the disease and few local voluntary
control programs (10, 11), and several BVDV vaccines were
also available with an increase of commercialized vaccines for
both beef and dairy cattle. Preliminary investigations showed a
wide genetic heterogeneity among pestivirus strains circulating
in cattle (12–14). To date, an eradication program has been
successfully applied in Bolzano province, bordering Austria. In
this area, dairy herds are prevalent and the program is based on
tissue tag testing to directly detect PI newborn calves without
using vaccination; a PI prevalence ≤0.01% has been reached so
far. A compulsory program is also ongoing in Trentino province,
whereas voluntary control programs are applied in few other
northern regions (Piedmont, Veneto, Friuli-Venezia Giulia).

The aim of this review is to report an up-to-date overview
about the genetic diversity of pestiviruses circulating in Italian
cattle herds.

Pestivirus A
BVDV-1 is the most prevalent pestivirus species in cattle
population in Italy, reaching a percentage equal or higher than
96.9% of the detected strains according to the available data (7,
15). Several genotyping studies were carried out to characterize
the pestivirus strains circulating in Italian cattle population
(6, 12, 13, 15–24).

Recently, evidence of fourth subgenotypes, namely, BVDV-1r,
BVDV-1s, BVDV-1t (6), and BVDV-1u (22), has increased
the number of circulating subtypes previously reported (15),
accounting for 15 out of 21 BVDV-1 subgenotypes recognized
worldwide (7), circulating in Italy. A conflict of designation for
BVDV subgenotypes has been reported, since indeed identical
letter codes have been used for different BVDV-1 subgenotypes,
namely, BVDV-1l and 1r, which were first described in two
countries at close intervals (7).

The probability of detection of sporadic and low prevalent
subgenotypes was likely increased due to the analysis of extensive
collections of BVDV isolates; nevertheless, it has to be noticed
that multiple BVDV-1 subgenotypes in cattle have been detected
since the preliminary studies on a small sample size (12, 16)
were carried out on 26 and 38 isolates, respectively. On the
whole, four frequency and distribution patterns of BVDV-1
subgenotypes were identified in Italy (15) and updated by
additional genotyping studies (6, 20, 23, 24): (1) high prevalent

subgenotypes with a wide temporal–spatial distribution (BVDV-
1b and 1e); (2) low prevalent subgenotypes with a widespread
geographic distribution (BVDV-1a, 1d, 1h, and 1k); (3) low
prevalent subgenotypes in restricted geographic areas (BVDV-
1f); and (4) sporadic subgenotypes detected in few herds (≤5)
(BVDV-1c, 1g 1j, 1l, 1r, 1s, 1t, 1u) in restricted areas (Table 1).

The BVDV-1 subgenotypes circulating in Italy have been
reported in other countries (7), with exception of BVDV-1r, 1s,
and 1t which were first and sporadically detected only in Italy (6)
and BVDV-1u (22) which has been identified so far exclusively
in China in different ruminant species, including cattle, water
buffalo, and yak (25).

The relationships between the genetic diversity and
geographic distribution of the BVDV-1 subgenotypes were
investigated through phylogenetic analysis that includes
spatiotemporal information in the tree inference, namely,
phylogeographic analysis, in order to reconstruct the origin
and viral dispersal routes. The largest virus dispersion occurred
between the middle 1990s and the early 2000s; northern Italy
was estimated to be a significant source area to other parts of
the country of the most subgenotypes that are widespread at
national level, namely, BVDV-1a, 1b, 1e, 1d, and 1h (19, 24)
and also BVDV-1f (20). Considering that northern Italy is the
area with the largest cattle population as well as one of the main
cattle importing areas from other European countries, a possible
gravity-like dynamic of the infection, originating in larger animal
populations then diffusing to smaller ones following patterns
of national commercial flow, has been hypothesized (19). The
most prevalent subgenotypes (BVDV-1b and 1e) showed a
common viral dispersal pattern with a continuous BVDV-1b and
1e interspersion from multiple areas, including other European
countries until the end of the last century and with no evidence
of significant geographical structure, while local circulation was
prevalent in recent years with significant regional clusters (24).
Accordingly, southern areas of the country concurred mainly
to a restricted geographical circulation of BVDV-1b and 1e,
as demonstrated by significant local transmission networks,
suggesting a local maintenance of BVDV infection (24).

Molecular epidemiology and evolutionary phylodynamics
allowed reconstructing the spatiotemporal westward dispersal of
BVDV-1f in northern Italy and its introduction in Aosta Valley
from Piedmont. Moreover, the combined approach of traditional
and molecular epidemiology showed that BVDV-1f in Aosta
Valley can be controlled only by monitoring the introduction of
cattle from the Piedmont region (20).

Pestivirus B
BVDV-2 was first identified in the USA (26) and then detected in
several countries (27–30). Contaminated fetal calf sera or other
biological products likely contributed to BVDV-2 introduction
into Europe (31), where it circulates at lower rates than BVDV-
1 (7). In Italy, BVDV-2 has been reported both in cattle (12)
and in small ruminants since the 1990s (32). Despite the
early identification in our country, BVDV-2 showed a sporadic
frequency in cattle (12, 15, 33), with BVDV-2a representing the
most prevalent subgenotype in this country (21, 22) as well as at
a global level (7). BVDV-2c strains have been recently detected in
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TABLE 1 | Frequency of BVDV-1 subgenotypes in cattle.

Subgenotype Sequence no. Years Geographic origin* References

BVDV-1a 30 2000–2014 NCSI (6, 15)

BVDV-1b 245 1995–2016 NCSI (6, 15, 22–24)

BVDV-1c 3 2008–2010 CS (6, 15)

BVDV-1d 28 1995–2010 NCS (6, 15, 23, 24)

BVDV-1e 144 1996–2013 NCSI (6, 15, 23, 24)

BVDV-1f 55 1999–2014 NC (6, 15, 20)

BVDV-1g 5 2002–2010 NS (6, 15)

BVDV-1h 28 1996–2016 NCSI (6, 15, 22–24)

BVDV-1j 1 1995 N (15)

BVDV-1k 8 2001–2011 NCSI (6, 15)

BVDV-1l 2 2007 C (6, 15)

BVDV-1r 4 2010–2012 NS (6, 23)

BVDV-1s 1 2008 C (6)

BVDV-1t 1 2013 I (6)

BVDV-1u 5 2009–2015 SI (22, 23)

*N, northern Italy; C, central Italy; S, southern Italy; I, Islands.

southern Italy in cattle and to a greater extent in small ruminants
(22). It is noteworthy that this BVDV-2 subgenotype, which was
responsible for a severe outbreak of BVDV-2c infection occurred
in Germany and the Netherlands during 2012–2014 (34, 35), had
been found to circulate in Italy since 2004 (22).

Pestivirus H
This emerging pestivirus species was first detected in South
America (36) and then reported in South America, Europe,
and Asia (37). Viruses circulating in South America, Europe,
Thailand, and China were found to be closely related, other Asian
HoBiPeV strains are highly divergent, and at least four different
subgenotypes have been identified so far (6). In Europe, HoBiPeV
was first detected in cattle in southern Italy in 2010 (14),
although retrospective analysis of archival samples dates back its
circulation in this country to 2007 (38). In Italian cattle, the virus
was responsible for respiratory distress (14, 39), abortion (40),
birth of PI calves (41, 42), mucosal disease (43), and gastroenteric
signs (42), with severe economic losses in infected herds (42).
Subsequently, an extensive collection of Italian cattle pestiviruses
was analyzed to assess the frequency of this emerging virus in
Italy. HoBiPeV strains were not further detected in cattle neither
in southern Italy, where the virus was first detected (22, 23), nor
all around the country (15).

PESTIVIRUS GENETIC VARIABILITY
WITHIN HERDS

The high diversity of circulating pestiviral strains affects also the
BVDV variability at the herd level. A unique genetic variant was
detected in the majority of herds, but co-circulation of different
genetic pestiviruses (species and subgenotypes) was also observed
in both dairy and beef herds, based on analysis of different strains
within a narrow collection period (≤3 months) (15). In addition,
the genetic variability of 5

′

UTR of the same BVDV subgenotype

circulating within herds has been observed. This finding could
indicate the introduction of a different strain or the genetic
evolution of a single circulating strain, consistent with the mean
evolutionary rate estimated for this genomic region, which is 9.3
× 10−3 substitutions/site/year, with a credibility interval between
4.8 and 14.7 substitutions for 1,000 nucleotides (19).

BOVINE PESTIVIRUSES CIRCULATING IN
NON-BOVINE RUMINANTS

BVDV-1 was detected in water buffalo (Bubalus bubalis) in
southern Italy (18, 22, 44). At the genetic typing, the strains
were characterized as of BVDV-1b subgenotype, and a role in the
etiology of abortion (44) and persistent infection in adult animals
(18) in this ruminant species was suggested.

Circulation of BVDV-1 and BVDV-2 in sheep flocks was
reported in southern Italy (22, 32). BVDV genetic typing allowed
detecting BVDV-1a and 1f in sheep in central Italy (18), as well
as BVDV-1e and BVDV-2c in both sheep and goat flocks in
southern regions (22).

BVDV detection in wild ruminants is sporadic in Europe
and analogous to BDV (45, 46), most probably dependent on
a domestic source (47, 48). High mortality outbreaks caused by
BDV infections were reported in Pyrenean chamois (Rupicapra
pyrenaica) (49, 50), and introduction from sheep into the wildlife
has been suggested for this virus (51).

Recently, BVDV-1 has been reported in wild ruminants in
Italian central Apennines (52), with subgenotypes 1a and 1c
being detected in red deer (Cervus elaphus), roe deer (Capreolus
capreolus), and Apennine chamois (Rupicapra pyrenaica ornata),
and in roe deer and Apennine chamois, respectively. No bovine
pestivirus has been detected in wild ruminants in Italian Alps
so far, and accordingly serological investigations suggest that
pestivirus circulation either is absent or occurs at low prevalence
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in roe deer and red deer (53–55). In Alpine chamois (Rupicapra
rupicapra rupicapra), no seropositivities were detected for BVDV
by the virus neutralization test (53), while seroprevalences of 18%
(55) and 25.5% (54) were observed for pestiviruses by the ELISA
test, with no differentiation between BVDV and BDV.

DISCUSSION

Pestivirus A, B, and H species have been identified in Italian
cattle population with variable frequency and geographical
distribution. Phylogenetic analysis of extensive collections of
strains of the three bovine pestiviruses has allowed to detect
several subgenotypes, accounting for 15 out of 21 BVDV-1
subgenotypes, two out three of BVDV-2, and one out of four
HoBiPeV subgenotypes (Figure 1), recognized so far.

Based on the global distribution of BVDV subgenotypes
recently reviewed (7) and integrated by other available literature
(14, 22–24, 38), Italy is characterized by the highest genetic
diversity of bovine pestiviruses among cattle-producing
countries worldwide. Recently, a better understanding of
national pestivirus distribution has been achieved, with the
most prevalent subgenotypes being represented by BVDV-1b
and 1-e (69.5%), having a wide distribution in all the country,
including islands. Several subgenotypes (BVDV-1a, 1d, 1h,
1k) showed a wide dispersion despite the lower frequency
compared to BVDV-1b and 1e. BVDV-1f is mainly restricted
in northwestern Italy, namely, Piedmont and Aosta Valley,
with evidence of the entry of BVDV-1f in Aosta Valley from
Piedmont and transmission chains among local cattle farms
(20). The remaining BVDV-1 subgenotypes were sporadically
reported in Italy, but it has to be noticed that BVDV-1
heterogenicity is increasing due to the identification of novel
subgenotypes (6) or emerging subgenotypes, such BVDV-
1u (22), which had been previously reported exclusively in
China (25).

BVDV-2 displays a very limited circulation in cattle (12, 33),
whereas a higher frequency of detection has been observed
in small ruminants in southern Italy (22, 32), where livestock
breeding is mainly characterized by semi-intensive and extensive
farming of sheep and goat flocks.

The sporadic frequency of HoBiPeV in Italy and the absence
of circulation in other European countries support the hypothesis
that HoBiPeV was introduced to southern Italian cattle herds
through contaminated biological products, rather than infected
animals (23, 36).

On the whole, the high level of BVDV-1 genetic heterogeneity
and the spatial distribution of BVDV are mainly attributable
to the cattle trade within the country and to introduction
of viral strains from other countries, in the absence of
any control measures. Northern Italy was estimated to be a
source area to other parts of the country of subgenotypes
that are now widespread at the national level (19, 24). In
addition, biological products contaminated by fetal bovine serum
have to be considered as possible source for introduction
of bovine pestivirus species and subgenotypes into new
areas (6, 31, 56).

FIGURE 1 | Phylogenetic tree based on the 5′-UTR of selected Italian

sequences representative of pestiviruses detected in cattle and reference

strains. Molecular evolutionary genetics analyses were performed with MEGA

X using NJ method. Bootstrap values >70% are shown.

A data integration of the cattle movement dataset with
the pestivirus status is advisable to optimize the outcome
of molecular characterization of pestiviruses, performing
an accurate contact tracing among farms and investigating
transmission pathways among different areas. Moreover, the
genetic diversity of Italian pestiviral strains may have diagnostic
and immunological implications, affecting the performance
of diagnostic tools and the full cross-protection elicited by
commercially available vaccines (57–59). In this respect,
implementation and strengthening of coordinated approaches
for bovine pestivirus control in Italy are recommended.
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The current European situation of eradication and control
programs for pestiviruses in cattle is rapidly evolving, with
an increased number of countries applying systematic control
measures at the national level (60, 61). For BVDV mitigation,
it would be extremely important to regulate the cattle trade
according to the disease status of a farm or a region and also
to increase control and restriction of trade of biological products
containing fetal bovine serum (4).

Dairy farms are recently identified as the key drivers of
pestivirus persistence and dispersion in Italy, and control
measures targeting these farms would lead significant
reduction in the pestivirus circulation in Italian cattle
to a higher extent than targeting other production
compartments (62).
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Antigenic differences between bovine viral diarrhea virus (BVDV) vaccine strains and field

isolates can lead to reduced vaccine efficacy. Historically, antigenic differences among

BVDV strains were evaluated using techniques based on polyclonal and monoclonal

antibody activity. The most common method for antigenic comparison among BVDV

isolates is determination of virus neutralization titer (VNT). BVDV antigenic comparisons

using VNT only account for the humoral component of the adaptive immune response,

and not cell mediated immunity (CMI) giving an incomplete picture of protective

responses. Currently, little data is available regarding potential antigenic differences

between BVDV vaccine strains and field isolates as measured by CMI responses. The

goal of the current paper is to evaluate two groups of cattle that differed in the frequency

they were vaccinated, to determine if similar trends in CMI responses exist within each

respective group when stimulated with antigenically different BVDV strains. Data from the

current study demonstrated variability in the CMI response is associated with the viral

strain used for stimulation. Variability in IFN-γ mRNA expression was most pronounced

in the CD4+ population, this was observed between the viruses within each respective

BVDV subgenotype in the Group 1 calves. The increase in frequency of CD25+ cells

and IFN-γ mRNA expression in the CD8+ and CD335+ populations were not as variable

between BVDV strains used for stimulation in the Group 1 calves. Additionally, an inverse

relationship between VNT and IFN-γ mRNA expression was observed, as the lowest VNT

and highest IFN-γ mRNA expression was observed and vice versa, the highest VNT and

lowest IFN-γ mRNA expression was observed. A similar trend regardless of vaccination

status was observed between the two groups of calves, as the BVDV-1b strain had

lower IFN-γmRNA expression. Collectively, data from the current study and previous data

support, conferring protection against BVDV as a method for control of BVDV in cattle

populations is still a complex issue and requires a multifactorial approach to understand

factors associated with vaccine efficacy or conversely vaccine failure. Although, there

does appear to be an antigenic component associated with CMI responses as well as

with humoral responses as determined by VNT.

Keywords: antigenicity, antigenic diversity, bovine viral diarrhea virus, virus neutralizing titer, cell mediated

response
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INTRODUCTION

Successful bovine viral diarrhea virus (BVDV) control strategies
generally involve a multipronged approach that incorporates
detection (testing/culling), intervention measures (vaccination),
and biosecurity (1). All approaches and implementation
strategies should be considered to determine the most
appropriate and cost-effective approach for each individual
farm or entity as it relates to control programs. The current
paper will focus on vaccination as a method of control and
antigenic differences between vaccine and field strains as a
potential gap associated with reduced protection.

Understanding the reason for reduced vaccine protection is

critical to the design of effective control programs. Because
vaccination is a relatively inexpensive and effective method of

control and it is often the first and frequently only method used

in regions with a limited BVDV control program. Further, the
highest BVDV prevalences were observed in countries that failed
to implement any intervention strategy such as vaccination (2).
The goal of vaccination, as a method for controlling BVDV
infections, is to reduce or prevent viremia in animals which
subsequently may lead to prevention of fetal infections (3, 4).
Preventing viremia is critical for reducing transmission/shedding
of the virus within a population of animals and thus reducing the
impact of infection.

BVDV vaccines have been available since the 1960’s and
studies conducted under controlled conditions have shown
vaccines to be efficacious in reducing disease and transmission
(5). While vaccination has been demonstrated to be an effective
method of control, vaccination as a stand-alone control measure
has not resulted in a significant reduction in prevalence or losses
associated with BVDV (4, 6). The limited control seen with
vaccines does not mean that vaccines cannot be an effective
control tool. However, it appears that shortfalls in control
programs based solely on vaccination are associated with the
heterogeneity of BVDV field strains, the ability of these viruses to
establish persistent infections, and the greater level of protection
needed to prevent fetal infections (3).

BVDV, belong to the Pestivirus genus and are divided into two
species, namely BVDV-1 and BVDV-2 (classified as Pestivirus A
and B, respectively) (7). Multiple regions of the BVDV genome
have been explored for genetic characterization, and recent
advancements in diagnostic methods, sequencing and phylogenic
analysis have identified 21 BVDV-1 subgenotypes (BVDV-1a
through 1u) and four BVDV-2 subgenotypes (BVDV-2a through
2d) (8). Genetic comparisons are useful for segregation of
BVDV isolates into genotypes and determination of prevalence
of those isolates within populations. However, there does
not appear to be an established measurement or criterion
that correlates the relationship between genetic and antigenic
similarities and differences. The inability to accurately determine
antigenic similarities or differences between isolates makes the
development of broadly protective vaccines difficult. Rather
than genetic comparisons, serology was initially evaluated for
classification of BVDV isolates into serological subgenotypes.
Given the heterogeneity among BVDV isolates, and cross-
neutralization among isolates, serological subgroups were not

recognized. Although, an important example of the impact
of pestiviruses antigenic diversity is the addition of BVDV-2
strains in the composition of vaccines (9, 10). Currently, the
most predominant subgenotype detected in BVDV PI calves
in the US is BVDV-1b (11, 12), and this predominance is
significant since no US licensed vaccines include BVDV-1b as
a component. In addition, other genetically diverse BVDV-1
and−2 isolates belonging to 1c, 1i, 2b, and 2c subgenotypes
that are not contained in any vaccine have also been identified
in the US (13, 14). Considering the increased genetic diversity
observed for BVDV isolates detected within the US and globally,
a better understanding of the relationship between genotypes
and antigenic divergence is critical as it relates to BVDV control
strategies, specifically vaccines and the failure to protect.

There are a limited number of studies that have evaluated the
serological relationships among BVDV subgenotypes (15–19).
These studies highlight the antigenic variability not only between
BVDV species but also between genetic subgenotypes. Although,
no discernable antigenic differences or similarity patterns could
be discerned when collectively evaluating the data from these
studies. The antigenic similarities and differences observed in
these studies appeared to be isolate and study specific rather than
a general trend among all isolates that belong to a subgenotype.
Most recently, a multivariate analysis for determining antigenic
relatedness among Pestiviruses was described (20). Using this
methodology, antigenic diversity was demonstrated not only
among BVDV species, but also among BVDV-1 subgenotypes.
Data from the multivariate analysis would suggest that some
BVDV-1 strains are as antigenically distinct from each other as
BVDV-2 strains are distinct from BVDV-1 strains (20). While
other studies were unable to discern serological subgroups (15),
the multivariate analysis appears to provide clusters of strains
that have similar VNT patterns and may be a method for better
understanding BVDV serologic subgroups.

Using serology to evaluate antigenic comparisons can be
complex and difficult to interpret. Given the diversity of BVDV
reference strains used in studies (8), lack of reference sera, and
variations in methods used to determine VNT, it is difficult to
make direct comparison among studies. Further, the practical
significance of generalizations based on VNT can be problematic
as information on level of protection required to prevent disease
and/or fetal infection is limited. Previous studies have described
a VNT ≥ 1:512 is required for marked protection (21) whereas
a VNT of 1:256 was found to be critical for the prevention
of clinical signs (22). In one study colostrum deprived calves
were fed various amount of colostrum to establish a range in
titer of passively acquired viral neutralizing antibody in the
serum (22), whereas an inactivated BVDV vaccine was used
to elicit viral neutralizing antibody in the other study (21). It
is unknown if the approaches used to generate antibodies in
each respective study could have impacted the conclusion of
titer necessary for prevention of clinical disease. Furthermore,
these studies are evaluating protection from clinical disease,
rather than prevention of fetal infection, which may require
greater protection. Previous studies utilizing currently available
modified live viral (MLV) vaccines have demonstrated fetal
protection against BVDV-1b strains, which are not currently
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included in licensed MLV vaccines (23, 24). Although, while
fetal protection was conferred using a currently available MLV
vaccine against BVDV-1b and 2a PI’s, a BVDV-1a PI was detected
in cows vaccinated with the MLV vaccine. Furthermore, it has
been demonstrated that BVDV MLV vaccines can induce cell
mediated responses (25–27), but recent fetal protection studies
only report VNT and do not measure CMI (23, 28). Therefore,
it is unknown if a potential reason associated with lack of
protection, in apparently effectively vaccinated animals, could be
associated with failure to induce CMI response to complement
the humoral response. Therefore, to better understand the role
CMI has in protection against genetically and serologically
distinct strains, two groups of non-vaccinated and vaccinated
cattle were utilized. The two groups of cattle were utilized
to evaluate if similar trends in CMI responses were observed
in cattle that differed in the frequency they were vaccinated.
CMI responses have been previously reported and generally
are characterized by the induction of IL-2, IFN-γ, and CD25
labeling in vaccinated calves as compared to non-vaccinates (25–
27, 29, 30). Therefore, these measures were used in the current
study to evaluate differences among different BVDV strains as
measures of antigenic differences in different PBMC populations.

MATERIALS AND METHODS

Animals and Sample Collection
Animals housed, and samples collected at the National Animal
Disease Center were handled in accordance with the Animal
Welfare Act Amendments (7U.S. Code §2131 to §2156). All
procedures were approved by the Institutional Animal Care and
Use Committee of the National Animal Disease Center (ARS-
2018-720).

A subset of data and whole blood samples referenced in this
study from Group 2 calves were collected during procedures by
a private party and analyzed for this publication. The samples
were generated during processing by the private party and were
submitted as diagnostic specimens resulting in no oversight by
the Institutional Animal Care andUse Committee of the National
Animal Disease Center.

Two groups of cattle (Group 1 and Group 2) were utilized
to evaluated CMI responses. Group 1 consisted of five Holstein
steers that tested negative for BVDV antigen and antibody
and were previously utilized for validation of the cell mediated
assay utilized in the current study (27) and were utilized as
assay controls to screen different BVDV strains. These steers
were used for screening purposes as previous it had been
demonstrated they had significant responses associated with CMI
(27). Briefly, three calves served as positive controls and were
administered commercially available pentavalent MLV vaccines
containing BVDV type 1 and type 2, bovine herpes virus-
1 (BHV-1), bovine respiratory syncytial virus (BRSV), and
bovine parainfluenza type 3 virus (PI-3). Each calf received
exclusively one of the following commercially available vaccines;
BoviShield Gold 5 (NADL_BVDV-1a and 53637_BVDV-2a),
Titanium 5 (C24V_BVDV-1a and 296c_BVDV-2a), or Pyramid
5 (Singer_BVDV-1a and 5912_BVDV-2a). Two calves served
as negative controls and were administered sterile PBS at the

same volume and route as the vaccinated calves. Timing of
re-vaccination and sampling are as previously described (27).
Briefly calves were vaccinated at ∼4–5 months of age and re-
vaccinated every 3–4 months, receiving a total of 3 doses of
vaccine. Beginning 12 weeks following the last dose of vaccine
(3rd vaccination; ∼10–11 months after initial vaccination) two
sequential sample collections were obtained over the course
of a 2-week period. Blood samples were collected via jugular
venipuncture in tubes containing acid citrate dextrose (BD
Vacutainer ACD, Franklin Lakes, NJ) for isolation of PBMCs
and in serum separation tubes with gel and clot activator (BD
Vacutainer SST, Franklin Lakes, NJ) for serum.

Group 2 cattle belonged to a private party and consisted of
commercial Charolais purebred cattle approximately 6 months
of age at the time of vaccination. Eight calves were administered
a commercially available pentavalent MLV vaccine (Titanium
5 R©) containing BVDV-1a (C24V) and BVDV-2a (296c), BHV-
1, BRSV, and PI-3. Eight negative control calves did not receive a
MLV vaccine and remained unvaccinated over the course of the
study period. Approximately 12 weeks post vaccination, samples
were collected to evaluate CMI responses against BVDV-1a, 1b,
and 2a isolates.

Virus
Non-cytopathic (ncp) field isolates, representing the
predominant BVDV species and subgenotypes already described
in US, were selected for this study based on the sequence
diversity observed in the open reading frame (ORF). The
ORF encodes a large polyprotein consisting of four structural
(C, Erns, E1, E2) and eight non-structural proteins (Npro, p7,
NS2, NS3, NS4A, NS4B, NS5A, and NS5B). The field isolates
were also chosen based on the previously described antigenic
diversity as determined by virus neutralization (VN) assay and
principle component analysis (20). Isolates were selected to
represent both the range of genetic diversity observed in the
phylogenetic analysis and the range of serological antigenic
diversity observed in the principle component analysis. Based
on the afore mentioned analysis 12 field isolates representing
the BVDV-1 (1a and 1b) and BVDV-2a subgenotypes. A total
of four BVDV-1a (BOAEC1190, GL760, PI34, and PI407), four
BVDV-1b (Nebraska, PI11, PI285, and PI819), and four BVDV-
2a (890, MARC-60760, PI28, and AzSpleen) were selected.
Details regarding complete genome sequencing and BVDV
isolate characterization are previously described in the literature,
in addition to GenBank accession numbers (20).

All viruses were propagated in Madin Darby bovine kidney
(MDBK) cells that had been tested and free of BVDV and HoBi-
like viruses as previously described (31). Cells were grown in
complete cell culture medium composed of minimal essential
media (MEM; Sigma-Aldrich, St. louis, MO), supplemented
with L-glutamine (1.4mM; Gibco, Life Technologies, Grand
Island, NY), 1% of antibiotic-antimycotic-100× consisting of
Streptomycin, Amphotericin B, and Penicillin (Invitrogen, Life
Technologies, Carlsbad, CA), and 10% FBS(PAA, Ontario,
Canada) that was heat inactivated. FBS was tested and found to
be free of BVDV and HoBi-like antigens and antibodies. Culture
flasks were freeze-thawed, and culturemediumwas centrifuged at
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500× g for 10min and passed through a 0.22-µmfilter to remove
any cell debris. Viral titers were determined via dilution on a
primary BTu cell line derived from fetal bovine turbinate cells
(32). Endpoints were determined based on immunoperoxidase
staining using the monoclonal antibody N2 developed in our lab,
which binds the E2 protein of the bovine pestiviruses used in this
study and previously described (9, 33).

Isolation, Culture, and Preparation of

Peripheral Blood Mononuclear Cell (PBMC)

for Flow Cytometry
Peripheral blood mononuclear cell (PBMC) isolation was
conducted as previously reported (27), with the exception that
a MuseTM Cell analyzer was used to determine the cell count
and viability function, per the manufacturer recommendation, to
standardize the total number of live PBMC cells present in each
sample. Live cells are defined as total number of PBMCs that did
not stain as dead cells with the manufacture’s propriety viability
stain (MuseTM Count and Viability Reagent; MilliporeSigma,
Burlington, MA). Total live cells values were used to adjust
samples for each calf so that all assays used the same number of
cells (∼ 1 × 106). Adjusted cell suspensions were centrifuged at
300× g for 5min and the cell pellet was resuspended in complete
RPMI-1640 supplemented with 10% (v/v) heat-inactivated FBS,
and antibiotic-antimycotic as previously described. Two hundred
µl of each PBMC suspension containing ∼ 1 × 106 cells were
added to respective wells of a 96-well round bottom plate. Cells
were plated in duplicate for each respective non-stimulation or
stimulation method for each calf. Plated cells were incubated at
37◦C in a humid atmosphere of 5% CO2 for the duration of the
stimulation period. After 24 h, 50 µl of media was removed from
the respective wells for each calf and replaced with 50 µl of each
respective BVDV virus previously described in virus preparation
at an approximate MOI of 1. Forty-eight hours after cells were
plated, 50 µl of media was removed from the wells designated for
mitogen stimulation and 50 µl of eBiosciences cell stimulation
cocktail (PMA/ionomycin; 8 µl diluted in 1mL complete RPMI-
1640) was added. The mitogen stimulated cells were included as
positive controls for the assay. Two remaining wells were not
stimulated and were used as non-stimulated controls. Two hours
after the addition of cell stimulation cocktail, all plated cells were
prepared for use in the flow cytometry assay.

The list of mAb combination for identification of PBMC
subpopulations, panel configuration and reagents used are
summarized in detail (Table 1). Briefly, the primary mAbs
used consisted of; mouse anti-bovine CD2 (Clone MUC2A,
Isotype IgG2a), mouse anti-bovine CD8 (Clone BAQ111A;
Isotype IgM), mouse anti-bovine CD25 (Clone LCTB2A; Isotype
IgG3) and mouse anti-bovine CD335 (Clone AKS1; Isotype
IgG1). All primary mAbs were purchased from Washington
State University (WSU) Monoclonal Antibody Center (Pullman,
WA) with the exception of CD335 (Bio-Rad, Hercules, CA).
All mAbs were diluted at 1:100 dilution in stain buffer (BD
Biosciences, San Jose, CA). Secondary Ab conjugates added wells
containing the respective isotypes and consisted of; goat anti-
mouse IgM-Brilliant Violet 711 (BD BioSciences, San Diego,

CA), goat anti-mouse IgG1-PE/Cy7 (Southern Biotechnology
Associates, Birmingham, AL), goat anti-mouse IgG2a-Brilliant
Violet 421 (BioLegend, San Diego, CA), and goat anti-mouse
IgG3-BUV395 (BD BioSciences). Flow cytometric analysis was
performed using a BD FACSymphonyTM A5 flow cytometer
(BD BioSciences). Compensation beads from the PrimeFlow
kit as we as CompBeads (BD BioSciences) were used to
set up compensation for each fluorochrome. While positive
signals were evident, single stain controls and fluorescence-
minus-one controls were evaluated to optimize acquisition gates
and compensation for each fluorochrome/channel. Cells were
visualized in forward and side light scatter and electronic
gates were placed on the scatter region that contained live
cells. Doublet discrimination was then used to analyze single
cells. At least 50,000 events were collected for each sample for
data analysis.

The sequence of the genomic region coding for Npro-C-Erns

(∼1,500 nt) of each respective BVDV strain used for stimulation
was provided to Thermo-Fisher Scientific (Waltham, MA) to
design gene-specific oligonucleotide (RNA) target probes for
each BVDV strain. Bos taurus-specific probes for IFN-γ, IL-2, and
CD4 were commercially available through the manufacturer.

At the end of the culture period, approximately 48 h post-
isolation, 24 h post-BVDV stimulation, and 2 h post mitogen
stimulation, cells were prepared for flow cytometry and analyzed
as previously described (27). The mitogen-stimulated and non-
stimulated PBMCs were included to; validate the functionality
and optimize acquisition gates to detect the presence of IFN-γ
and IL-2 in cultured PBMCs and control for background.

Virus Neutralization Assay
VN assays were performed according to previously described
protocol (22) using the serum collected from Group 1 calves
approximately 12 weeks post-third vaccination (10–11 months
post-initial vaccination) and ∼12 weeks post-vaccination for
Group 2 calves. Serial two-fold dilutions of each antiserum in
MEM were prepared, starting from a 1:2 initial dilution. In
cell culture 96-well microplates, using replicates of five wells
for each serum dilution, a 50-µl aliquot of diluted serum and
a 50-µl aliquot of virus containing 100 TCID50 were added
to each well and incubated for 1 h at 37◦C. At the end of
the incubation period, a primary BTu cell line derived from
fetal bovine turbinate cell was added. This was accomplished
by addition of 20,000 BTu cells (in a 100-µl aliquot of DMEM
and 10% FBS) to each well. Microplates were incubated for
4–5 days at 37◦C in a 5% CO2 incubator. Replication of the
virus was tested using monoclonal antibody N2 and horseradish
peroxidase-conjugated protein G as previously described (34) for
ncp isolates, whereas CPE was evaluated for cp strains. Wells
without any observable CPE or cell layer staining in each serum
dilution were used for the calculation of the endpoint through
Spearman-Kärber method, as previously described (35).

Data Analysis
The frequency of cells staining positive for the respective PBMC
populations (CD2+, CD4+, CD8+, and CD335+) was calculated
for each sample using FlowJo R© software (Tree Star, Inc.). Within
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TABLE 1 | Primary and secondary antibodies used for surface marker expression on PBMC’s and Primeflow probes used for cell mediated immune

response comparisons.

Primary antibody* Cell marker Clone Isotype Fluorochromes

CD2 T and NK cells MUC2A IgG2a BV421

CD8α T cell subset BAQ11A IgM BV711

CD25 IL-2 receptor/activation LCTB2A IgG3 BUV395

CD335 NK cells ASK1 IgG1 PE/Cy7

CD4 PrimeFlow probe T cell subset AF568

IL-2 PrimeFlow probe IL-2 mRNA/stimulation AF750

IFN-γ PrimeFlow probe IFN-γ mRNA/stimulation AF488

BVDV PrimeFlow probe BVDV viral RNA AF647

*CD, cluster of differentiation.

TABLE 2 | Average total frequency of CD25+ PBMCs for vaccinated and

un-vaccinated calves in Groups 1 and 2 after stimulation with BVDV 1a, 1b, and

2a strains.

Virus Non-vaccinates Vaccinates

Group 1 calves

BVDV-1a BAOEC1190 13.4 23

GL760 17.2 23.9

PI34 17.8 24.7

PI407 13.4 23.9

BVDV-1b Nebraska 15.2 23.1

PI11 15.8 22.6

PI285 16.3 21.5

PI819 15.3 21.9

BVDV-2a 890 26.7 28.4

AzSpleen 13.8 22.9

PI28 14.8 23

USMARC 60780 16.2 24.4

Group 2 calves

BVDV-1a PI407 10.3 14.8

BVDV-1b Nebraska 9.8 11.3

BVDV-2a PI28 9.2 14.2

each cell population evaluated, the frequency of positive cells for
CD25, BVDV, IFN-γ, and IL-2 was determined. The frequency
(percent positive) cells for IFN-γ and IL-2 was determined by
subtracting the background expression in the non-stimulated
cells from the BVDV stimulated cells. The increase in frequency
of CD25+ labeling were determined by calculating the percent
change by using the formula [(D-B)/B X 100], where B is the
average frequency of CD25+ PBMCs for each respective viral
strain in vaccinated calves and D is the average frequency of

CD25+ PBMCs for each respective viral strain in non-vaccinated

calves. The VNT were reported as log(2) transformed values.
Figures were generated in Microsoft R© Excel for variables of
interest and compared between vaccinated and non-vaccinated
animals. The standard error of the mean was calculated using the
standard error function in Microsoft R© Excel.

RESULTS

A higher frequency of CD25+ (IL-2α receptor) labeling was
observed on PBMCs (Table 2) for vaccinated calves in both
Groups 1 and 2 and for all BVDV strains used for stimulation,
and a lower frequency was observed for non-vaccinated calves.
For vaccinated calves in Group 1, an average of 54, 42, and
39% higher frequency than non-vaccinated calves was observed
for CD25+ PBMCs when stimulated with BVDV-1a, BVDV-
1b, and BVDV-2 strains, respectively (Table 2). For vaccinated
calves in Group 2, a 42%, 14%, and 53% higher frequency
than non-vaccinated calves was observed for CD25+ PBMCs
when stimulated with BVDV-1a (PI407), BVDV-1b (Nebraska),
and BVDV-2 (PI28) strains, respectively (Table 2). Similar IL-
2 mRNA expression cell percentages were observed in the
mitogen stimulated cells for both vaccinated and non-vaccinated
calves (after 2-h stimulation) suggestive that the PBMC’s were
responsive to a stimulant (data not shown). Although, 24 h after
stimulation with BVDV, regardless of vaccination status or BVDV
strain used for stimulation, minimal IL-2 mRNA expression was
observed. The lack of IL-2 expression in response to 24-h BVDV
stimulation was observed in all specific PBMC subsets (data not
shown). While an increase in CD25 labeling was observed in
the vaccinated calves, the lack of IL-2 mRNA expression could
be due to the timing of stimulation and analysis of the samples,
suggesting 24 h post-BVDV stimulation may not be the optimal
time to detect IL-2 mRNA expression.

As previously reported, a higher IFN-γ mRNA expression
in vaccinates and a lower expression was observed in non-
vaccinated calves for the CD4+ and CD335+ PBMC subsets (27),
therefore these two PBMC populations as well as the CD8+

subset were used for comparison in the current assessment.
When 12 BVDV strains (4 BVDV-1a, 4 BVDV-1b and 4 BVDV-
2a) were used for PBMCs isolated and stimulated from Group
1 calves, in general, higher IFN-γ mRNA expression in CD4+,
CD8+, and CD335+ cells were observed in the vaccinated
calves and lower expression the non-vaccinated calves (Figure 1).
Additionally, in the vaccinated calves, variability in the level of
expression of IFN-γ mRNA was observed for the respective 12
BVDV strains, suggesting a strain associated IFN-γ response
in the CD4+ and CD8+ cells (Figures 1A,B) and to a lesser
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FIGURE 1 | Percent positive cells for each respective PBMC subset (A) CD4+, (B) CD8+, (C) CD335+ for IFN-γ mRNA expression in Group 1 vaccinated and

non-vaccinated calves at ∼10–11 months post-initial vaccination and stimulated with 12 different BVDV strains (4 BVDV-1a, 4 BVDV-1b, and 4 BVDV-2a).
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extent in the CD335+ cells (Figure 1C). In the vaccinated calves,
the higher expression of IFN-γ mRNA was observed when
stimulating with BVDV-1a (PI407), BVDV-1b (Nebraska), and
BVDV-2a (890), and this was most pronounced in the CD4+

and CD8+ cells (Figures 1A,B) and less pronounced in the
CD335+ cells (Figure 1C). The BVDV-2a strain 890 also induced
expression of IFN-γ mRNA in the non-vaccinated calves. The
expression of IFN-γ mRNA in the non-vaccinated calves may be
due to the highly virulent nature of this strain and may be a non-
specific response (Figure 1). The strains within each respective
BVDV subgenotype, with the exclusion of 890 that was replaced
with BVDV-2a strain PI28, were subsequently used in a second
BVDV stimulation study. The 890 strain was not used in the
second stimulation study given the IFN-γ mRNA expression in
the non-vaccinated calves and the potential for a non-specific
response associated with the virulence of this strain. Therefore, all
strains used in the second stimulation study would be generally
considered typical virulent strains.

PBMCs from calves in Group 1 were utilized in a subsequent
stimulation study to corroborate results observed from the
initial 12 virus stimulation study when using BVDV strains;
BVDV-1a (PI407), BVDV-1b (Nebraska), and BVDV-2 (PI28).
Additionally, PBMCs isolated from calves in Group 2 that had
only received one dose of BVDV MLV vaccine were stimulated
with the three strains BVDV-1a (PI407), BVDV-1b (Nebraska),
and BVDV-2 (PI28). Higher IFN-γ mRNA expression in CD4+,
CD8+, and CD335+ cells were observed in the vaccinated
calves and lower expression in the non-vaccinated Group 1
calves (Figure 2). Similarly, the BVDV-1a and BVDV-2a strains
induced higher IFN-γ mRNA expression in CD4+ and CD8+

cells and lower expression was observed for the BVDV-1b strain
(Figures 2A,B). This trend in expression was not observed in the
CD335+ cells (Figure 2C). Likewise, in the Group 2 calves, higher
IFN-γ mRNA expression in CD4+, CD8+, and CD335+ cells
were observed in the vaccinated calves and lower expression was
observed in the non-vaccinated calves (Figure 3). In the Group
2 calves, the BVDV-1a and BVDV-2a strains induced higher
IFN-γ mRNA expression and lower expression was observed
for the BVDV-1b strain in all PBMC subsets evaluated (CD4+,
CD8+, and CD335+ cells; Figure 3). While higher IFN-γ mRNA
expression was observed in the vaccinated calves (Group 1 and
2), the lack of variability in addition to the lack of IFN-γ
mRNA expression in the non-vaccinated calves suggests minimal
background stimulation, indicating an antigen specific recall
response to BVDV in the vaccinated calves for the PBMC subsets
evaluated (Figures 1, 2, 3).

Serological responses as determined by VNT were also
evaluated for calves in Groups 1 and 2. VNT were evaluated
using serum from samples collected approximately 10-11months
after initial vaccination from Group 1 calves and approximately
12 weeks after vaccination for Group 2 calves. For calves in
Group 1, serum samples were analyzed against all twelve BVDV
strains and for calves in Group 2, serum samples were analyzed
against the three BVDV strains BVDV-1a (PI407), BVDV-1b
(Nebraska), and BVDV-2 (PI28) (Table 3). VNT differed from
the CMI results in the Group 1 calves, but VNT and CMI
results demonstrated similar trends in Group 2 calves. The

average VNT for all BVDV-1a, BVDV-1b, and BVDV-2a viruses
were 6.4, 6.6, and 9.9, respectively (Table 3). Regardless of all
BVDV subgenotypes used in Group 1 calves, the lowest VNT
was observed against the BVDV-1a PI407 strain and the highest
VNT was observed against BVDV-2a strain 890 (Table 3). In
Group 2 calves, the lowest VNT was against the BVDV-1b strain
(Nebraska), and the highest VNTwas against the BVDV-1a strain
(PI407) (Table 3).

DISCUSSION

Given the genetic diversity observed globally for BVDV, there is
a recurring question regarding the association between genetic
and antigenic relatedness. The basis of the question is rooted in
the limited genetic and potentially antigenic diversity represented
in currently available and licensed BVDV vaccines. While VNT
titers reflect the existence of an immune response in response to
an antigen, VNTmay not be the definitive metric for determining
efficacy and level of cross protection, As demonstrated in a
paper examining cross protection against fetal infection between
BVDV-1, BVDV-2, and a third bovine pestivirus, HoBi-like
virus (36). In this study it was shown that pregnant dams, that
had previously given birth to BVDV-1 or BVDV-2 persistently
infected (PI) calves but were not PI themselves, had titers against
HoBi-like virus that ranged from 1,448 to 5,793 at the time of
exposure to HoBi-like virus. Despite these high titers, HoBi-
like virus RNA was detected 30 days after inoculation in the
challenged fetuses in all tested tissues. This indicated that despite
a strong immune response against HoBi-like virus present in
the dam, HoBi-like virus replicated and crossed the placenta to
infect the fetus. These findings suggest that a BVDV vaccine,
even one that would induce significantly more robust humoral
immune response than those currently on the market, would
likely fail to confer the necessary protection against HoBi-like
viruses potentially due to the lack of antigenic similarity. While
CMI was not measured in this study, it could be assumed that
dams carrying a BVDV infected fetus would presumably mount
a CMI response. Collectively, this would suggest that in order to
confer fetal protection and effectively reduce viral replication, it
is important that the immune response (both CMI and humoral)
be targeted or specific to effectively reduce viral replication to
prevent fetal infections.

As previously discussed, antigenic similarity is typically
determined using serological assays such as VNT, whereas CMI
is generally determined by the induction of IL-2, IFN-γ, and
CD25 labeling (25–27, 29, 30). To date, no studies have measured
differences in CMI responses against multiple BVDV strains to
better understand if there is a strain specific component to CMI
or if it is a generalized cellular response to BVDV antigens and
contributes to a more broadly protective response. Data from the
current study would suggest that the variability in CMI response
is associated with the viral strain used for stimulation. Although,
regardless of the BVDV subgenotype, variability in IFN-γ mRNA
expression was most pronounced in the CD4+ population, this
was observed between the viruses within each respective BVDV
subgenotype in the Group 1 calves. Minimal to no detectable
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FIGURE 2 | Percent positive cells for each respective PBMC subset (A) CD4+, (B) CD8+, (C) CD335+ for IFN-γ mRNA expression in Group 1 vaccinated and

non-vaccinated calves at ∼10–11 months post-initial vaccination and stimulated with three different BVDV strains (PI407 BVDV-1a, Nebraska BVDV-1b, and PI28

BVDV-2a).
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FIGURE 3 | Percent positive cells for each respective PBMC subset (A) CD4+, (B) CD8+, (C) CD335+ for IFN-γ mRNA expression in Group 2 vaccinated and

non-vaccinated calves at ∼12 weeks post-initial vaccination and stimulated with three different BVDV strains (PI407 BVDV-1a, Nebraska BVDV-1b, and PI28

BVDV-2a).
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TABLE 3 | Average virus neutralization titers (log2 transformed) from sera from

vaccinated and non-vaccinated calves from Group 1 and 2 against BVDV 1a, 1b

and 2a strains.

Virus Non-vaccinates Vaccinates

Group 1 calves

BVDV-1a BAOEC1190 0 6.2

GL760 0 7

PI34 0 7

PI407 0 5.4

BVDV-1b Nebraska 0 7.5

PI11 0 6.3

PI285 0 6

PI819 0 6.7

BVDV-2a 890 0 10.2

AzSpleen 0 9.8

PI28 0 9.7

USMARC 60780 0 9.9

Group 2 calves

BVDV-1a PI407 0 5.7

BVDV-1b Nebraska 0 2.7

BVDV-2a PI28 0 3

IFN-γ mRNA expression in the CD4+ population was observed
for the BOAEC1190 (BVDV-1a) and AzSpleen (BVDV-2a) in
the Group 1 calves. Whereas other BVDV-1a and BVDV-2a
strains (PI407, PI28 and 890) induced the greatest IFN-γ mRNA
expression in all the PBMC subsets evaluated (CD4+, CD8+, and
CD335+) in the Group 1 calves. Although, these differences were
not observed for frequency of CD25+ cells.

While, the frequency of CD25+ cells and IFN-γ mRNA
expression in the CD8+ and CD335+ are not as notable between
strains and this may be due to timing post stimulation, or
these responses may be associated with a “general” BVDV CMI
response which is less sensitive or obvious to differentiate among
subgenotypes. This is most evident for the frequency of CD25+

cells, and the IFN-γmRNA expression in the CD335+ population
is less distinguishable between BVDV strains as compared to
the other two cell populations (CD4+ and CD8+). Given the
function of NK cells (CD335+) a more constant or magnitude
of IFN-γ expression among the BVDV strains could be likely, as
NK cells may not have an antigenic specific function but rather a
more general response (37). Additionally, theremay be an inverse
relationship between VNT and IFN-γ mRNA expression, as the
lowest VNT and highest IFN-γ mRNA expression was observed
for the PI407 strain, whereas the highest VNT and lowest IFN-γ
mRNA expression was observed for the BOAEC1190 strain, that
may be strain and perhaps genotype specific.

Given that the current assay measures mRNA expression
rather than protein accumulation over time for IL-2 and IFN-
γ, potentially different BVDV strains may have a more rapid
or delayed IFN-γ response and the lack of IL-2 response may
be a direct result of timing post stimulation and detection of
each respective cytokine, which is a limitation of the current
assay. Other studies utilizing inactivated antigens for stimulation

have reported peak IL-2 expression at ∼ 8–16 h prior to IFN-
γ expression (38). Since the current assay evaluated mRNA
expression and not protein accumulation, the timing post
stimulation is targeted at IFN-γ which is typically involved in
CMI responses and has previously been optimized for the current
assay (27). Although, this is a limiting factor of the current assay
as multiple cytokines cannot be measured, but in general, IFN-γ
is a characteristic cytokine produced bymemory T cells during an
antigen recall response (25–27, 29, 30, 39, 40). To this end, IFN-
γ mRNA expression may vary in the different PBMCs evaluated
in the current study, the timing may also vary in each respective
PBMC population, and each BVDV strain may vary in timing
of induction of IFN-γ mRNA expression. All these variables
must be considered when evaluating the data from the current
study. Given the potential variables that may impact IFN-γ
mRNA expression, this lead to the rational to include two groups
of vaccinated calves that vary in vaccination status, age, and
breed. Additionally, this is the rational for initially evaluating 12
BVDV strains and choosing the three strains from each respective
subgenotype that yielded the greatest IFN-γ mRNA expression
in calves previously reported to have significant CMI responses
as compared to non-vaccinated calves (27). Therefore, the results
observed in each respective group of calves (Group 1 and 2) were
collated to evaluate if similar trends were observed regardless of
the frequency they were vaccinated, age, breed, or strain used
for stimulation.

Group 1 calves that had received multiple doses of the
respective MLV vaccines were initially used to make comparisons
among the 12 BVDV strains. Subsequently, the BVDV strains
within each BVDV subgenotype (BVDV-1,−1b, and−2a) were
chosen to reevaluate Group 1 calves and evaluate Group 2 calves
that only received one dose of MLV vaccine to determine if
similar trends exist among calves that differ in the frequency
they were vaccinated, age, and breed. A trend existed within the
Group 1 calves that received multiple doses of BVDV vaccines
for the BVDV-1b strain (Nebraska) to have lower IFN-γ mRNA
expression, this trend was also observed in the Group 2 calves.
In the Group 2 calves that only received one dose of BVDV
vaccine, lower IFN-γ mRNA expression in the CD4+ population
for the BVDV-1b strain was observed, and to a lesser extent
in the CD8+ and CD335+ cell population and CD25 labeling.
Interestingly, similar to the cell mediated data in the Group 1
calves that receivedmultiple doses of the vaccine, potential trends
for antigenic differences were less distinguishable among the
BVDV-1 strains when evaluating VNT data. Although, similar
antigenic trends existed for both humoral and cell mediated
data with both the VNT and the IFN-γ mRNA expression being
lower for the BVDV-1b strain in the Group 2 calves. Collectively,
this data would support the existence of differences in how
the immune system responds to each respective BVDV strain,
but also indicates with regard to CMI, there may be a targeted
antigenic response rather than just a “general” CMI response.
Furthermore, a better understanding of BVDV strains used for
evaluating cell mediated responses in needed given the variability
that was observed in the current study. It is unknown what
level of cell mediated response is needed to provide a protective
immune response. While the IFN-γ mRNA expression differed
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among BVDV strains, in general, vaccinated calves tended to
have higher IFN-γ expression and lower IFN-γ expression was
observed in non-vaccinated calves. As with VNT and the titer
needed to confer protection, it is unknown if there is a level
of CMI that is needed, or if any measurable CMI response
is adequate for contributing to conferring fetal protection for
BVDV. Additionally, the IFN-γ mRNA expression in the CD4+,
CD8+, and CD335+ cell populations in vaccinated calves may
vary in each respective PBMC population, but all populations
are contributing to the collective cell mediated response and
perhaps protective responses. Therefore, the differences in IFN-
γ mRNA expression in each cell population may not have
implications on protection but these differences may be due to
epitope repertoire frequency and recognition after vaccination
and subsequent stimulation. Previous reports have demonstrated
that CD8T cell responses target mainly NS3 protein, followed
by Capsid, NS5 and NS4A/B proteins for Dengue infection
(39). Conversely, CD4T cell responses target mainly Capsid,
followed by Envelope, NS3, NS2A/B, and NS5 proteins for
Dengue infection (39). Additionally, protein immunodominance
for both CD4 and CD8T cells in Dengue virus infection is also
a function of multiple exposure of Dengue infection, and that
tends to skew protein immunodominance toward epitopes highly
conserved across different Dengue serotypes (41). Collectively,
this would suggest T cell protein/epitope immunodominance is
complex and widely focuses on multiple protein targets/epitopes.
Therefore, tomount and efficient antigen specific T cell responses
multiple proteins/epitopes are necessary for an effective response,
although it may be that immunodominant epitopes may not
completely correlate to protective epitopes.

Previous reports have suggested that BVDV E2, NS2-3, and
the N-terminal protease fragment of the Npro proteins contain
CD4+ T cell epitopes, and MHC class II DR-restricted T cell
epitopes have been identified from conserved regions of E2
and NS2-3 (42). While T cell epitopes have been suggested for
BVDV, the identification of all potential BVDV T cell epitopes
are unknown. A collection of 573 overlapping peptides spanning
82% of the amino acid sequence of classical swine fever virus
(CSFV) identified 26 peptide sequences containing T cell epitopes
(43). The T cell epitopes identified for CSFV spanned across
multiple pestivirus proteins including; Erns, E1, E2, NS2-3, NS4A,
NS4B, NS5A (43). Therefore, it would be hypothesized that T cell
epitopes would also span multiple BVDV proteins rather than
just E2, NS2-3 and Npro. While multiple T cell epitopes may span
the BVDV genome, it is unknown if there are immunodominant
epitopes or if there are BVDV species or subgenotype dominant
epitopes as observed with Dengue (39, 41). Data from the current
study suggest theremay be immunodominant epitopes or antigen
specific T cell responses, as cattle that receivedMLV vaccines that
contain BVDV 1a and 2a antigens have greater IFN-γ mRNA
expression to these two antigens post stimulation and lower
IFN-γ mRNA expression to the BVDV-1b strain not contained
in the MLV vaccines. Protective immune response may include
both “general” and “targeted species/genotype/strain” specific
antibodies and CMI responses. The immunological pressure
to induce both a general and a targeted response would be
to eliminate the infecting strain as effectively as possible and

also provide protection against infection with related strains or
mutation occurring in the original infecting virus strain. High
specific immune responses may equate with efficient clearing of
the initial infecting virus but being too specific would make the
immune response less efficient at clearing other BVDV strains.
It is unknown if this type of immune response could be due
to variability in immune response among animals, or if this
is associated with specific BVDV strains that interact with the
immune system differently?

More data is required to better understand the collective
immune responses, both humoral and cell mediated, as it
relates to protection, antigen specific responses, and potential
recommendations for vaccination practices to contribute to
control of BVDV. More work is needed to better understand
the consequences of inducing specific or general humoral
and cell mediated responses and the implications as it relates
to conferring protection against antigenically diverse BVDV
strains. Furthermore, more research is needed to understand
the differences in CMI responses induced by various MLV and
inactivated BVDV vaccines for recommendations related use of
vaccines in control programs. It is unknown if similar responses
would be observed given the strain differences and adjuvants
used in each respective licensed BVDV vaccine.
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Background: The non-mandatory regulation of animal diseases at the European

Union (EU) level enables member states to implement mitigation programs based on

their own country-specific conditions such as priority settings of the governments,

availability of financial resources, and epidemiological situation. This can result in a

heterogeneous distribution of mitigation activities and prevalence levels within and/or

between countries, which can cause difficulties for intracommunity trade. This article

aims to describe the past, current, and future mitigation activities and associated

prevalence levels for four animal diseases, i.e., enzootic bovine leukosis (EBL), infectious

bovine rhinotracheitis/infectious pustular vulvovaginitis (IBR/IPV), bovine viral diarrhea

(BVD), and bluetongue disease (BT) for Austria. Over a period of 40 years (1978–

2020), regulations concerning EBL, IBR/IPV, BVD, and BT were retraced to analyze the

changes of legislation, focusing on sampling, testing, and mitigation activities in Austria,

and were linked to the collected diagnostic testing results. The study results clearly

demonstrate the adoption of the legislation by the Austrian governments in dependency

of the epidemiological situations. Furthermore, our study shows that, related to the

forthcoming Animal Health Law on April 21, 2021, Austria has a good initial situation

to achieve disease-free status and/or free from infection status based on the current

available epidemiological situation and previously implemented mitigation activities. The

study results presented here are intended to contribute to a better comparison of the

eradication status across European countries for cattle diseases by providing information

about the mitigation activities and data of testing results over a period of 40 years.

Keywords: animal health law, bluetongue, bovine viral diarrhea, enzootic bovine leucosis, eradication, control

program, infectious bovine rhinotracheitis/infectious pustular vulvovaginitis
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INTRODUCTION

The new European Union (EU) Animal Health Law [Regulation
(EU) 2016/429] (1) will be enforced on the April 21, 2021, and
cover five categories (A–E) listed in Article 9 as follows:

A: “[. . . ] diseases that do not normally occur in the Union and
for which immediate eradication measures must be taken as
soon as they are detected [. . . ]”

B: “[. . . ] diseases which must be controlled in all member states
with the goal of eradicating them throughout the Union [. . . ]”

C: “[. . . ] diseases which are of relevance to some member states
and for which measures are needed to prevent them from
spreading to parts of the Union that are officially disease-free
or that have eradication programmes for the listed disease
concerned [. . . ]”

D: “[. . . ] diseases for whichmeasures are needed to prevent them
from spreading on account of their entry into the Union or
movements between member states [. . . ]”

E: “[. . . ] diseases for which there is a need for surveillance within
the Union [. . . ]”

The allocation of animal diseases is set out in the corresponding
Commission Implementing Regulation (EU) 2018/1882 (2).
Besides the diseases listed in categories A and B, for which
Union-wide regulations are implemented, there are animal
diseases with no or limited mandatory regulations listed in
categories C–E such as bluetongue disease1 (BT), epizootic
hemorrhagic disease2, anthrax2, surra2, paratuberculosis3, Q
fever3, infectious bovine rhinotracheitis/infectious pustular
vulvovaginitis1 (IBR/IPV), bovine viral diarrhea1 (BVD), bovine
genital campylobacteriosis2, trichomonosis2, and enzootic
bovine leukosis1 (EBL) (2).

No or limited mandatory regulation of these cattle diseases
at the EU level enables researchers to implement mitigation
programs based on country-specific conditions such as priority
settings of the governments, availability of financial resources,
epidemiological situation such as the level of prevalence, and
the importance of export for the national economy. This
results in a heterogeneous distribution of mitigation activities
and prevalence levels within and/or between countries. The
heterogeneous distribution of mitigation activities can cause
difficulties for intracommunity trade, as trade activities with
livestock can introduce infectious agents into countries that
are free from disease. Based on this background, the COST
(European Cooperation on Science and Technology) Action
“SOUND control” (CA17110) was initiated to give an overview
of the different control and mitigation programs and enable a
comparison between the member states (3).

This article aims to describe the past, current, and future
mitigation activities and associated prevalence of the four cattle
diseases in Austria (i.e., EBL, IBR/IPV, BT, and BVD), categorized
as C+D+E according to the Commission Implementing
Regulation (EU) 2018/1882, and to evaluate the potential effects
of the forthcoming Animal Health Law on April 21, 2021,
for Austrian legislation. The study presented here addresses

1Categories: 1 C+D+E, 2 D+E, 3 E.

the lack of information regarding the mitigation activities for
these four animal diseases and associated eradication status in
Austria over a 40-year period. The study presented here is
intended to contribute to a better comparison of implemented
mitigation activities and associated eradication status across the
European countries.

MATERIALS AND METHODS

Laws, ordinances, and official veterinary edicts concerning EBL,
IBR/IPV, BVD, and BT were retraced from 1978 to analyze the
historical development and changes of legislation, focusing on
sampling, testing, and mitigation activities. All versions of the
legislative documents used for the study presented here are in
the public domain in the Austrian legal information system (RIS,
www.ris.bka.gv.at). The Austrian ordinances and laws used for
this study are referenced as “AL + a consecutive number” (see
the associated references in the Supplementary Material). The
full references are provided in the Supplementary Material due
to the large number of different applied ordinances and laws
over time in order to describe the historical development of
the mitigation activities for the four cattle diseases. Information
concerning European legislation was obtained from EUR-
Lex (eur-lex.europa.eu).

The historical development of the EBL status is based on
Commission Decision 1999/465/EC (i.e., versions from 1999 to
2002) and/or 2003/467/EC (i.e., versions from 2003 to 2020).
The historical evolution of freedom from IBR/IPV including
additional guarantees is obtained from Commission Decision
93/42/EEC (i.e., versions from 1993 to 2004) and/or 2004/558/EC
(i.e., versions from 2004 to 2020). Animal population data
were collected from the Green Report (GR; i.e., annual reports,
describing the situation of Austria’s agriculture and forestry) for
the period 1979–2019 (4). Numbers of tested animals, positively
tested animals, and affected livestock focusing on EBL, IBR/IPV,
and BTVwere extracted from the GR for the period between 1979
and 1997, or from the Annual Veterinary Report (AVR) for the
period 1998 to 2019 (4, 5). The analyzed BVD data were extracted
from the AVR and by using other sources such as upon request
of the last author to the governments of all federal states via an
Excel file (see all sources listed in the Supplementary Material).
All figures were created with R 3.6.3 and GQIS 3.6.2-Noosa (6, 7).
All data collected for the four cattle diseases, i.e., EBL, IBR/IPV,
BVD, and BT, for Austria regarding the number of tested animals,
tested bulk milk, positively tested animals, affected livestock,
and changes in the sample size associated with changes of
law over a 40-year period are provided in Figures 2–8 and in
Supplementary Tables 1–3 and Supplementary Figures 1, 2.

RESULTS

Demographic Data for the Cattle Sector in

Austria
The added gross value of Austrian agriculture amounted toe7.48
billion in 2019, of which e2.17 billion can be assigned to cattle
(GR 2020) [note: ∼1.84 million cattle located in 55,751 cattle
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FIGURE 1 | Regional distribution of Austria’s cattle population [data from 2017 (9)]. The colors of the municipalities shown depend on the average number of cattle

per holding. The size of the blue dots represents the absolute cattle number per municipality. The recent available data from the year 2017 were used for this figure (4).

FIGURE 2 | Historical development of freedom of EBL (A) and IBR/IPV (B). The EU grants the member states an officially EBL-free status and additional guarantees

for IBR based on Council Directive 64/432/EEC. The concerned member states are listed in the Commission Decision 2003/467/EC (31) [since 2003, before that in

1999/465/EC (32)] for EBL and in Commission Decision 2004/558/EC (33) [since 2004, before that in 93/42/EEC (34)]. Switzerland and Norway have separate

agreements. Information about the EBL status of Switzerland was collected from Appendix 2(I)(B)(5) of Annex 11 to the Agreement between the EU and the Swiss

Confederation on trade in Agricultural Products (2004/78/EC) (35) and Norway on EFTA Surveillance Authority Decision 28/07/COL (36). IBR/IPV information for

Switzerland was obtained from Appendix 2(I)(B)(6) of Annex 11 to the Agreement between the EU and the Swiss Confederation on trade in Agricultural Products

(2004/78/EC) (35) and Norway on EFTA Surveillance Authority Decision 74/94/COL (37).

holdings (mean herd size: 33 cattle/herd) (8); most of them
are located in Upper and Lower Austria; Figure 1]. The export
volume totalede1.90 billion for cattle in 2019 (i.e., milk andmilk

products approx. e1,260 million, cattle: e88 million, beef: e450
million), while the import volume was e1.17 billion (10, 11). In
total, Austria exported 56,173 cattle (10,410 for direct slaughter)
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and 45,423 calves (672 for direct slaughter) in 2019 (12), whereby
Austria imported 97,257 cattle (95,455 for direct slaughter) and
4,071 calves (3,565 for direct slaughter) for the same year (12).
Thus, from an economic point of view, a disease-free cattle
population is highly important for the livestock trade in Austria.

Enzootic Bovine Leukosis
EBL is an infectious disease caused by the bovine leukemia virus
(BLV), a retrovirus and oncogenic member of the Deltaretrovirus
genus (13, 14). Infections are in most cases subclinical, but
∼30% of infected cattle develop a persistent lymphocytosis (15)
caused by B-cell expansion (16); fewer than 5% of the infected
animals develop tumors (lymphosarcoma), which are typically
observed in animals older than 3 years (15, 17, 18). Clinical
signs depend on the localization of the tumors and include
lymphadenopathy, inappetence, digestive malfunction, loss of
weight, debility, and sometimes neurological symptoms (19). The
transmission of BLV can be vertical, by in utero infection or
colostrum intake, or horizontal, by direct animal contact, oral or
parenteral viral uptake, iatrogenic (e.g., needles, rectal palpation),
or by hematophagous flies (20–25). Economic impacts and
consequences for animal welfare in affected herds (independently
if cases are clinical or subclinical) are reduction of milk
production, lower conception rates, and a higher susceptibility to
other infectious diseases such as mastitis, diarrhea, or pneumonia
(26–29). Some European countries started control measures
against EBL decades ago [e.g., Denmark in 1959, Finland in 1966;
(30)]; thus, most of today’s EU members are officially EBL-free
(Figure 2A).

The control of EBL in Austria started in 1979 with a
voluntary eradication program, which was financially promoted
by the federal and state governments (GR 1980), followed by a
national compulsory eradication program of EBL in 1982 (AL1).
According to the accompanying legislation, all animals older
than 2 years had to be periodically tested at intervals of 21–27
months (AL1). This resulted in ∼600,000 animals tested each
year (Figure 3). The sampling was combined with the sampling
for the control of Brucella abortus (Morbus Bang), which was
established in the year 1957 (AL2). All animals reacting to any
of the tests (positively tested animals) had to be slaughtered
(AL1), including (i) cattle with a positive antigen test, (ii) cattle
>6 months with a positive antibody test, (iii) cattle >6 months
with three inconclusive antibody tests in a row (note: exceptions
existed for pregnant animals listed in a breed register or of special
endangered breeds), and (iv) calves <6 months born or suckled
from a positively tested animal (AL1). Thus, EBL vaccination is
still forbidden in Austria (AL1, AL3).

The number of detected positively tested animals decreased
from 842 (in 318 holdings) in 1983 to 26 (in 14 holdings) in
1985 (Figure 3). In 1986, Austria declared all its federal states
disease-free, based on the definition of the law of 1982 (GR 1986).
In detail, a federal state achieved the EBL-free status when all
livestock in the federal state was tested at least two times, and
the proportion of positively tested animals was <0.2%, or the
proportion of farms with at least one positively tested animal was
<0.5% during the second testing (AL1).

However, the officially EBL-free status in Austria (according
to Commission decision 1999/465/EC) (38) was achieved in
1999, after EBL was incorporated to EU directive 64/432/EEC
(39). In this context, the sampling plan was adapted and all
animals older than 2 years were tested in 20% of all livestock
holdings each year (AL4). This sampling strategy decreased the
annual number of tested cattle from 400,000 in 1999 to 200,000
in 2000. In 2007, the nationwide already established bulk milk
testing was applied (AL5), and ∼35,000 holdings were tested
each year onward from 2007 (AVR 2007). Consequently, the
number of individually tested animals decreased to 30,000 per
year, compared to previously 600,000 tested animals (Figure 3).
A further reduction in the sample size occurred in 2013 because
of harmonization of the control of EBL, IBR/IPV, and B. abortus
in one law and sampling plan (AL6). This annual sampling
plan should ensure that <0.2% of livestock are infected with a
confidence rating of 99% (AL7) and is in accordance with EU
directive 64/432/EEC Annex D Chapter 1 F. This implied the
testing of ∼11,000 animals in 1,300 holdings and testing of bulk
milk samples (with a maximum of 50 lactating cows per bulk
milk) of 1,300 additional farms per year (AL7) (Figure 3).

The last positively tested animal was found in Austria in 2006
(AVR 2006), without consequences for the disease-free status.
The disease-free status remains as long as 99.8% of livestock has
a disease-free status. For stocks that lose their declared disease-
free status, it is forbidden tomarket animals, participate in shows,
introduce new animals into the herd, use animals for the recovery
of semen or embryos, or involve animals in mating (AL3). To
regain the EBL-free status, all positively tested animals have to
be removed, and after a monitored disinfection supervised by the
governments, all remaining animals >6 months have to be tested
negative twice within an interval of at least 6 months (AL3).

Infectious Bovine

Rhinotracheitis/Infectious Pustular

Vulvovaginitis
IBR/IPV is an infectious disease caused by the bovine herpesvirus
(BHV-1), of the subfamily Alphaherpesvirinae. In most cases, the
virus causes the respiratory disease IBR, which affects the upper
respiratory tract as rhinitis and tracheitis. The genital form shows
up as balanoposthitis (infectious balanoposthitis IBP) in males
and vulvovaginitis (IPV) and abortion in female animals. The
transmission mainly occurs through direct animal contact via
respiratory, ocular, or genital secretions or through the semen
of infected bulls (40). Economic losses are caused by abortion,
fertility disorders, decrease in milk production, and further in
costs for infection control measures and trading restrictions
(41, 42). Some European countries eradicated IBR/IPV and have
additional guarantees since the 1990s, but most EU member
states still have IBR/IPV present in their livestock (Figure 2B).

Austria’s control of IBR started in 1988, after the government
estimated a prevalence between 0.8 and 1.0%, with a nationwide
voluntary eradication program (GR 1987 and 1988). During the
first 2 years of this voluntary program, ∼9,000 positively tested
animals were culled (GR 1990). In 1990, national compulsory
eradication of IBR was established (AL8). The IBR/IPV sampling
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FIGURE 3 | Overview of the historical development of EBL control in Austria. Black dots represent the number of positively tested animals (filled) and number of herds

with at least one positively tested animal (empty), according to the primary y-axis. The red dots show the number of individually tested animals (filled) and number of

herds tested via bulk milk (empty), according to the secondary y-axis (detailed data are provided in Supplementary Table 1). The most important changes in

legislation with consequences for the sampling strategy represent the different colors within the figure. Red arrows show further essential events regarding EBL in

Austria.

was conducted simultaneously with the EBL and B. abortus
(AL9). Similar to EBL, all cattle older than 2 years had to be tested
in a period of between 21 and 27 months, and positively tested
animals had to be slaughtered (AL9). Therefore, the vaccination
against IBR is still prohibited (AL8, AL3).

The number of positively tested animals decreased from 1,989
in 1990 to 72 in 1994. A self-declared IBR/IPV-free status for
all federal states in Austria was introduced in the year 1994
(GR 1994) (Figure 4). In 1995, the number of detected animals
increased to 847, primarily caused by an increase in trade
activities because Austria became amember of the EU (GR 1995).
Consequently, the period between two samplings was reduced
to a 12- to 15-month interval in 1996 (AL10). The sampling

plan changed again in 1999 (AL11) to meet the requirements of
additional guarantees according to the EU directive 64/432/EEC
in 2007, when bulk milk testing was established nationwide (AVR
2007), and in 2013, when IBR/IPV, EBL, and B. abortus control
was harmonized (AL6), and sample size had to ensure that<0.2%
of livestock herds were infected (confidence rating of 99%) (AL7).
The EU has granted additional guarantees for most Austrian
regions since 1998 (compared to Figure 2B) and for the whole
of Austria since 1999 (43).

The last IBR/IPV outbreak was in January 2015 when an
infection was detected during an export examination (AVR
2015). As a reaction to this outbreak, the Austrian government
has tested 15,823 animals in addition to the already included
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FIGURE 4 | Overview of the historical development of IBR/IPV control in Austria. Black dots represent the number of positively tested animals (filled) and number of

herds with at least one positively tested animal (empty), according to the primary y-axis. The red dots show the number of individually tested animals (filled) and

number of herds tested via bulk milk (empty), according to the secondary y-axis (detailed data are provided in Supplementary Table 2). The most important changes

in legislation with consequences for the sampling strategy represent the different colors within the figure. Red arrows show further essential events regarding IBR/IPV

in Austria.

32,559 cattle in the surveillance program. In total, 313 positively
tested animals in 26 herds were detected and removed (Figure 4).
The additional guarantees remained unaffected (AVR 2015). The
consequences for holdings losing their status and conditions for
regaining it are the same as for EBL, but the interval between
the two tests of all remaining animals is 4 weeks instead of 6
months (AL 3).

Bovine Viral Diarrhea
BVD virus (BVDV) is a pestivirus within the family Flaviviridae,
belonging to the genus Pestivirus. BVDV can be divided into two
main genotypes, BVDV-1 and BVDV-2, and both genotypes can
also be classified by biotyping in cytopathogenic (cp) and non-
cytopathogenic (ncp) types (44–46). Because of lifelong shedding

of large amounts of virus, persistently infected (PI) animals
are the primary source of BVDV. Persistent BVDV infections
can arise by (i) transmission of ncp BVDV from an already
PI cow to the fetus (i.e., PI dam always delivers a newborn PI
calf, and thus, the removal of such animals from the herd is
essential to interrupt the infection cycle), or (ii) acute infection
of susceptible pregnant cows with ncp BVDV between ∼90
and 120 days of gestation. During this period, the fetus is not
able induce an immune response against BVDV. If the fetus
survives, the newborn calf will be PI and is usually unable to

develop virus-specific antibodies (AB) to BVDV (referred to

as immunotolerant) (47, 48). Because of the short infection

period, most acute infections will not establish PI animals in

the subsequent generation (49). Seronegative cattle will become
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FIGURE 5 | Overview of the historical development of BVD control in Austria. National report data of persistently infected (PI) animals are represented as black dots

and herds with PI animals as dark red dots. These data are not consistently available over the period. Missing data were supplemented with federal state data upon

our request, represented as lighter dots. To provide an estimation of how representative these federal state data are, the numbers of federal states (out of eight) are

included in each data point as a number (detailed data of the individual federal states are presented in Supplementary Figure 2). The most important changes in

legislation with consequences for the sampling strategy represent the different colors within the figure.

acutely (transiently) infected after contact with a PI animal
(49, 50) and produce AB against BVDV within ∼2–4 weeks
(also described as seroconversion) (51). The most frequently
observed symptom of animals after BVDV infection is growth
retardation, but the cattle can also be clinically healthy (52). The
latter is important from an epidemiological point of view and the
main reason to perform diagnostic tests to identify PI animals.
BVDV is an important infectious agent in the cattle population
and has a global economic impact both through production
losses such as reproductive dysfunction and costs of mitigation
activities (53–59).

The mitigation of BVD in Austria can be distinguished into
two phases. The first time period is between the years 1996

and 2004, when several federal states implemented voluntary
eradication programs (Lower Austria 1996, Styria 1998, Tyrol
and Vorarlberg 1999, Upper Austria 2000) (57, 60–63). Because
of relatively high seroprevalences, Tyrol and Vorarlberg focused
on individual antigen testing to detect PI animals in beef and
dairy herds, whereas federal states with lower seroprevalences
(i.e., Lower Austria and Styria) used bulk milk testing for
screening of dairy herds, followed by individual testing (milk
or blood). In all federal states, it was a strict non-vaccination
strategy combined with the elimination of PI animals. The
second time period started in 2004, when the nationwide
compulsory eradication and control program was established
(AL13). Although revised several times, the conditions for
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receiving the officially free status are still the same (AL14).
However, the conditions for keeping the status were updated
in 2018 and allowed testing based on a sampling plan for
non-dairy herds (Figure 6) (AL15). The regulation applies to
all farms except fattening farms without breeding. For the
movement of animals from the holding to locations with possible
contact to other cattle (e.g., market, shows, breeding, community
pastures), individual testing of the affected animals is mandatory.
In general, animals consigned directly to the slaughterhouse
were excluded from testing according to regulation. Further
exclusions depended on status of the holding, age of the animal,
pregnancy status, period to the last diagnostic testing, how long
the affected animal had been kept in the holding, and in which
federal state the holding was located (see detailed description
in Supplementary Figure 1). These exemptions are valid for a
period of 1 year and can be extended by reapplication by the
federal states annually. In order to get the exemption from
testing, the following requirements have to be fulfilled: (i) the
federal state should not have had any new BVD outbreaks within
the previous 2 years; (ii) the proportion of officially-free herds in
the federal state is≥95%; (iii) tests were performed properly until
the beginning of the exemption; and (iv) a proper surveillance
program exists (AL15).

Figure 5 shows that data regarding BVD testing are not
publicly available for every year. In 2005, ∼2,600 PI animals
were detected and, so far (state of 26 March 2021), the last three
PI animals in the Austrian cattle population were detected in
2017 (AVR 2017). In 2011, 92% of all holdings, subjected to the
legislation, were officially BVD-free (AVR 2011). Since then, no
detailed data have been published, and veterinary reports have
annually declared that Austria’s cattle holdings, subjected to the
legislation, are “nearly entirely officially BVD-free” (AVR 2012-
2018). Figure 6 shows that there are several ways to gain and
keep a BVD-free status for cattle holdings in Austria (AL15),
but the most common way is testing of bulk milk regarding
BVDV antibodies.

Bluetongue Disease
BT is caused by bluetongue virus (BTV), a member of the genus
Orbivirus within the family Reoviridae (64), which is assigned to
28 different serotypes (65–68). Sheep and some wild ruminants
are the most clinically affected species, showing oral erosions
and ulcers, lameness and coronitis, weakness and depression,
and facial edema, whereas clinical infections in cattle were not
observed until 2006. In 2006, BTV serotype 8 was introduced
to northern Europe for the first time (67–69). Besides recurring
outbreaks in Cyprus (since 1924) (70) and few outbreaks in
the late 1950s in Spain and Portugal (BTV-10) and 1979/1980
in Greece (BTV-4) (71, 72), BT was considered to be an
exotic disease in Europe until 1998, when it was introduced to
the Mediterranean Basin (69, 72). The introduction of BTV-8
to northern Europe in 2006 showed that not only Culicoides
imicola, the main vector of BTV in the Mediterranean Basin, but
midges of the Culicoides obsoletus complex (including Culicoides
dewulfi), widespread in northern and central Europe, are very
effective at transmitting BTV between host ruminants (70, 73–
76). In the outbreak of 2006, BTV-8 caused a high rate of

FIGURE 6 | Possible ways to gain and keep a BVD-free status for cattle

holdings in Austria, according to the BVD legislation (AL14). PI, persistently

infected animal.

abortions, still births, and fetal malformations, which indicated
a (subsequently confirmed) transplacental infection (77–82).
Direct horizontal transmission was rarely described (65, 83–
85). Economic impacts (especially in epidemic situations) are
reduced fertility, dead animals, decreased milk production, costs
for vaccines, and trading restrictions (86–88).

While EBL and IBR/IPV were eradicated in Austria, and
a reintroduction through the import of infected animals is
manageable, the control and the maintenance of the disease-free
status for BT are more challenging because of the uncontrollable
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FIGURE 7 | (A) In total, 28 sentinel regions in Austria and the stepwise established restricted zones in 2007 during the BTV-8 outbreak in southern Germany. (B)

Distribution of the restricted zones and mandatory vaccination (hatched areas) areas, as a consequence of the BTV-8 cases in western and northwestern Austria

(green dots). The restricted zones were repealed in March 2011. Locations of the 54 vector traps to analyze the distribution of Culicoides spp. (blue dots) in Austria.

(C) Development of restricted zones from 2015 to 2019, as a consequence of the BTV-4 outbreaks in 2015 and 2016 (blue dots). Green dots represent the vector

traps aiming to obtain information to estimate the seasonally vector-free periods (91).
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FIGURE 8 | Overview of BT sampling in Austria. Black dots represent the number of positively tested animals (empty) and affected herds with at least one positively

tested animal (filled), according to the left y-axis. Red dots show the number of serological (empty) and PCR tests (filled), according to the right y-axis (detailed data

are provided in Supplementary Table 3). The sampling plan is designed to detect a prevalence of 5% with a 95% confidence level. The most important changes in

legislation are represented by the different colors within the figure. In contrast to the other animal diseases, changes in the sampling plan are mainly caused by

outbreak events (in Austria and abroad).

entry of infected vectors. Thus, the control measures of BT differ
substantially from EBL and IBR/IPV.

In 1993/1994, BT was listed in the Austrian Animal Disease
Act as a notifiable disease (AL16, AL17), and in 1996/97, the
import and translocation of animals from affected regions were
forbidden (AL18). According to Council Directive 2000/75/EC
(89) and Commission Regulation (EC) No. 1266/2007 (90), in
2007 Austria established a nationwide surveillance program and
two legislative regulations for surveillance (BTÜ-V) (AL19) and
control and eradication of BT (AL20). The surveillance is fully
financed by the federal government and is based on four pillars:
(i) a sampling plan for serological examinations; (ii) the use of
sentinel animals; (iii) the surveillance of vectors via traps, all

three regulated in the BTÜ-V; and (iv) a passive surveillance by
examining suspicious clinical cases. The sampling plan aims to
demonstrate the absence of BT. Additionally, vector traps are
used to define seasonally vector-free periods. Compared to sheep
(402,658) and goats (92,504), the total stock of cattle (1,800,000
in the year 2019) is 4–19 times higher in Austria; thus, the
surveillance mainly focuses on cattle.

During the BTV-8 outbreak in northern Europe and as a
consequence of detected cases in southern Germany, Austria
established restricted zones [according to EU Commission
Regulation (EC) No. 1266/2007] in western federal territory
during 2007 (Figure 7A) (AL21-AL24). Figure 7B shows that
with introduction of the mandatory vaccination, the restricted
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zones were extended stepwise during 2008/2009 (AL25-AL27).
By the end of 2008, the whole of Austria was a uniform
restricted zone, divided into 28 sentinel regions, and by the
end of March 2009, 1,600,000 cattle, 344,000 sheep, and 65,000
goats were vaccinated in total (AVR 2010). In 2008, 46,503
samples were tested for antibodies (40,768 cattle, 2,820 small
ruminants and 218 other species), and 8,340 samples were tested
with polymerase chain reaction (PCR) (6,994 cattle, 1,293 small
ruminant, and 53 other species), whereas 11 positive animals
were detected (AVR 2008). In total, 17 animals were tested
positive for BTV in 2009, and the last positive detection of BTV-
8 in a PCR test was in March 2009 (Figure 8) (AVR 2009). The
low number of cases encouraged the government to switch from
a mandatory vaccination to a voluntary vaccination campaign
during 2009 (AL28). Only inactivated vaccines containing certain
serotypes (currently BTV-8, BTV-4 or other serotypes, if they
are a part of a polyvalent formulation with BTV-8 and/or BTV-
4) were used in Austria (AL28). Austria repealed all restricted
zones 2 years later in March 2011 and changed to a sampling plan
for a seasonal surveillance program, testing ∼1,250 susceptible
animals each year (Figure 8) (AVR 2012).

Because of BTV-4 outbreaks in southeastern Europe in
2014, Austria increased surveillance activities in spring 2015.
Additionally, a high-risk zone in southeast Austria was
implemented includingmonthly testing activities (AVR 2015). As
a consequence of detecting BTV-4–positive cattle in November
2015, a restricted zone in eastern Austria was established, and 60
animals in each of the 28 sentinel regions were tested (AL29, AVR
2015). Figure 7C shows that this restricted zone was extended in
December 2016 (AL30) when the last positive cattle were detected
(AVR 2018) and was stepwise reduced until February 2019, when
Austria repealed all restricted zones (Figure 7C) (AL31-AL33).

Currently, surveillance is based on the quarterly testing of 60
unvaccinated animals in each of 28 regional units. The sampling
plan demonstrates a disease-free status with 95% confidence
at a target of 5% prevalence (91). Additionally, nine vector
traps (Figure 7C) for vector monitoring are used to determine
the seasonally vector-free period (91). The traps are located in
regions with the periodically longest risk for BTV transmission,
based on the data of Culicoides spp. distribution, which were
collected in 54 vector traps (Figure 7B) during the years 2008 to
2010 (AVR 2010).

Different to EBL and IBR/IPV, there is no officially BTV
disease-free status for member states or individual farms.
Currently, there are no restricted zones established in Austria
and thus no restrictions on trade or transport of cattle (AL34).
In the case of an BTV outbreak, restricted zones and transport
restrictions will be set up according to EU Commission
Regulation (EC) No. 1266/2007 (AL34).

DISCUSSION

This study shows the historical development and changes
of legislation, focusing on sampling, testing, and mitigation
activities for Austria, which were also linked to the collected
diagnostic testing results. The study results demonstrate that the

adoption of the legislation by the Austrian governments occurs
in dependency of the epidemiological situations over the period.
Although the study results presented here clearly demonstrate
the adaption of the legislation by the Austrian governments in
dependency of the epidemiological situations, the adaptation of
the regulation and associated control strategy could be adjusted
faster. For instance, Marschik et al. show that an adaption of
the mandatory control and eradication program to risk-based
surveillance for BVDV would save a lot of money for the
governments and thus for the taxpayers (57). Furthermore, our
study shows that, related to the forthcoming Animal Health
Law on 21 April 2021, Austria has a good initial situation to
achieve the disease-free status and/or free from infection status
based on the current epidemiological situation and previously
implemented mitigation activities.

In detail, in contrast to the official disease-free status
and additional guarantees previously laid down in various
regulations, the Commission Delegated Regulation (EU)
2020/689, supplementing Regulation (EU) 2016/429 (Animal
Health Law), describes the conditions necessary to achieve and
maintain disease-free status or the status “free from infection”
for several animal diseases. Commission Delegated Regulation
(EU) 2020/689 covers the requirements for B. abortus, Brucella
melitensis, Brucella suis, Mycobacterium tuberculosis complex,
EBL, IBR/IPV, Aujeszky disease, BVD, rabies, and BT, as well
as for Varroa spp., Newcastle disease, and several diseases
concerning aquaculture.

The Austrian legislation and surveillance programs for EBL
and IBR/IPV do not need to be fundamentally changed to
obtain the official animal disease-free status in the future.
To maintain the EBL disease-free status after 5 years of
freedom, a surveillance program should be implemented, which
demonstrates the absence of infection by taking into account the
systems of production and the risk factors, according to what
the Commission Delegated Regulation (EU) 2020/689 requires
in Annex IV Part III Chapter 2 Section 2 (c). Austria’s EBL
surveillance program is designed to detect a prevalence of 0.2%
affected herds with a 99% level of confidence (AL7). Thus,
to the authors’ knowledge, this even meets the requirements
within the first 5 years after granting disease-free status.
Furthermore, the legislation contains provisions in case of an
outbreak and measures for the recovery of the status, which also
correspond to Commission Delegated Regulation (EU) 2020/689.
Simultaneously to EBL, the surveillance of IBR/IPV can adapt
after 5 years after the status was granted: The “[. . . ] surveillance
may be carried out to demonstrate yearly the absence of infection
with BoHV-1, taking into account the systems of production
and the risk factors identified, provided no outbreaks have been
detected for 5 consecutive years following the granting of the
status free from IBR/IPV in this member state or zone.” Austria’s
IBR/IPV surveillance program detects a prevalence of 0.2% of
affected holdings with a 99% level of confidence (AL7) and
thus meets the requirements of Annex IV Part IV Chapter 2
Section 2 1(b). Furthermore, vaccination is still forbidden, and
the legislation contains provisions in case of an outbreak and
measures for the recovery of the status, which also correspond
to Commission Delegated Regulation (EU) 2020/689.
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Recently, the Commission Delegated Regulation (EU)
2020/689 enables a BVD-free status for individual holdings and
member states (or zones). To the authors’ knowledge, Austria
will make use of this opportunity, whereby a few changes in
the Austrian BVD legislation perhaps would be necessary.
So far, the Austrian law subjected all cattle holdings except
fattening farms without breeding activities and moving animals
exclusively to abattoirs. This means these holdings have not
yet been able to obtain legal BVD-free status in Austria. On
the other hand, the Commission Delegated Regulation (EU)
2020/689 allows these establishments to hold such a status if
“all bovine animals originate from establishments free from
BVD [. . . ]” (92). For the granting of the BVD-free status for
member states, the regulation requires that “[. . . ] (a) vaccination
against BVD has been prohibited for kept bovine animals; (b)
no case of BVD has been confirmed in a kept bovine animal
for at least the previous 18 months; and (c) at least 99,8 % of
the establishments representing at least 99,9 % of the bovine
population are free from BVD” [Annex IV Part VI Chapter 2
Section 1 (a–c)] (92). Vaccination is forbidden, and the last PI
animals were detected in Austria in 2017 (state as of 27 March
2021). The authors of this study did not receive the essential
information to be able to assess whether the conditions of
point (c) are fulfilled. Not all farms fall within the scope of
the BVD Ordinance in Austria and are therefore covered by
the sampling plan. We estimate this proportion to be ∼10%
of all cattle farms in Austria. However, we also know that the
animals kept on these farms and originating from Austria
must either come from BVD-free farms or have undergone an
individual testing at animal level. Thus, we assume that it will
be possible for the majority of the Austrian cattle holdings to
obtain BVD-free status and that there will be no obstacles to
obtaining the BVD-free status for Austria. In the future, there
is a high probability that the already implemented mitigation
activities without vaccination will be maintained. BVD control
at a national level has been carried out without vaccination
for more than 15 years, and BVDV was successfully eradicated
from the cattle population. A rough estimate of the costs for
a vaccination campaign would be e3.8 million for the cattle
population in Austria, for an entire lifespan of a cattle population
with an average lactation period of 3.91. The vaccination
costs would be 10–12 times higher than the testing costs of
the blood samples of the current mandatory testing of 1,242
cattle holdings (state of 2020; 10 animals per holding) and
bulk tank testing based on the current implemented risk-based
surveillance system to control BVDV in Austria. The benefit of
the implemented control programs was that Austria is (almost)
free of diseases/infections, which not only increase animal health
and animal welfare but also strengthen Austria’s position in the
trade of cattle. For instance, Marschick et al. show that because
of the implementation of the mandatory BVDV control and
eradication programs, the trade of cattle increased compared to
the period without compulsory BVDV control and eradication

programs, and thus, a monetary gain in the trade of cattle was

reached (57).

In contrast to EBL, IPR/IPV, and BVD, no general disease-
free status is granted for BT. Instead, the Commission Delegated
Regulation (EU) 2020/689 grants two types of status: (i) status
free from infection with BTV and (ii) seasonally BTV-free.
Austria is self-declared free from BT (91), and currently, no
restricted zones exist. How the veterinary authority will act
in the future with regard to bluetongue mitigation and what
kind of disease status will be sought are unknown for the
authors of the present study. However, as the Commission
Regulation (EC) No. 1266/2007 has not yet been replaced by
the Animal Health Law and remains in force for the time being,
no adjustments to Austrian legislation are likely to be necessary,
as it is in any case aligned with the Commission Regulation
(EC) No. 1266/2007.

In conclusion, the authors assume that the Animal
Health Law will be beneficial for Austria and many other
countries with satisfactory epidemiological situations and/or
already implemented mitigation activities against these four
cattle diseases.
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Vaccination against bovine viral diarrhea (BVD) is one of the key elements to protect cattle

herds from this economically important disorder. Bovine viral diarrhea virus (BVDV) is a

pestivirus infecting animals at all ages with significant impact on reproductive, digestive,

and respiratory systems. Financial burden caused by this pathogen prompts many

farmers to introduce vaccination as the control and prophylactic measure especially

when persistently infected (PI) individuals, being the main source of the virus in the

herd, are removed after test-and-cull approach. The aim of the study was to compare

the serological response in cattle herds where new PI calves were identified without

prior removal of PI animals or despite their removal and after the introduction of whole

herd vaccination against BVDV infection. Overall seroprevalence in 5 vaccinated herds

was 91.7 and 83.3% using ELISA and virus neutralization test, respectively. Despite

high titers for both vaccine and field strains of BVDV in analyzed herds the analysis of

comparative strength of neutralization indicated that 41.4% of positive samples did not

have a predominant titer against one specific subtype of BVDV. In 3 herds BVDV-1b

subtype was identified while in 2 others it was BVDV-1d, while the vaccine used was

based on BVDV-1a which was never identified in Poland so far. To increase the success

of the BVDV eradication program, a careful approach is suggested when planning herd

vaccination. Comparison of existing field strains and their similarity with vaccine strains

at antigenic and genetic levels can be a useful approach to increase the effectiveness of

vaccination and efficient protection of fetuses from persistent infection.

Keywords: bovine viral diarrhea, BVDV, vaccination, control, genetic diversity, cross neutralization

INTRODUCTION

Bovine viral diarrhea (BVD) is one of the most important infectious viral diseases of cattle, caused
by bovine viral diarrhea virus (BVDV), with an enormous economic and animal welfare impact
on beef and dairy industries. This pathogen has a worldwide distribution and infects livestock and
wildlife ruminants. BVDV belongs to the growing Pestivirus genus, within the family Flaviviridae.
Based on the latest classification of the International Committee on Taxonomy of Viruses, genus
Pestivirus is composed of 11 recognized species with 2 species of BVDV, namely Pestivirus A
(according to former nomenclature: Bovine viral diarrhea virus species 1 – BVDV-1) and Pestivirus
B (Bovine viral diarrhea virus species 2 – BVDV-2). Molecular typing allowed distinction of at least
23 subtypes within BVDV-1 and 4 within BVDV-2 (1, 2). Additionally, both virus species occur as
two biotypes, i.e., cytopathic (cp) and non-cytopathic (ncp), according to their ability to induce cell
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damage in cell culture (3). The single positive-stranded RNA
of BVDV genome contains a single large open reading frame
encoding a polyprotein that is cleaved by viral and cellular
proteases into structural (C, Erns, E1, E2) and non-structural
(Npro, NS2-3, NS4A, NS4B, NS5A, NS5B) proteins. From all viral
proteins the non-structural protein NS3 and the glycoproteins
Erns and E2 are the immunodominant proteins of BVDV, which
induce significant and detectable antibody titers in infected
animals (4, 5).

Infections with BVDV cause a wide range of clinical
symptoms, from mild clinical signs to severe form terminated by
death, depending on the virulence of the strain, reproductive and
immune status of the animal, and its age (6). A severe clinical
form of BVD known as mucosal disease (MD) is 100% fatal.
Mucosal disease occurs only in cattle persistently infected with
BVDV when they become infected with a cytopathic strain of
BVDV, homologous to persisting strain. It may be the result of
a natural infection or post-vaccinal reaction, which occurs after
vaccination with a modified live virus (MLV) BVDV vaccine.
This phenomenon applies only to vaccines that contain the cp
biotype of the virus, but it happens very rarely (7). BVDV can
spread horizontally, usually by direct contact with other infected
animals, causing transient infection (TI) that lasts 2–3 weeks
before the animal becomes immune and high levels of antibodies
can persist even for the rest of the animal’s life. Vertical transfer
of the virus during pregnancy may result in fetal infection,
which can lead to abortions, teratogenic effects, or the birth
of persistently infected (PI) and immunotolerant calves (8). PI
animals play an important role in any control or eradication
program. PIs shed virus in high concentrations throughout their
lives and they are a main reservoir of infection in the herd (9, 10).

BVDV-1 is the most widespread ruminant pestivirus
worldwide, whereas subtypes 1a and 1b are the most common
and the most studied ones (1). Epidemiological data from Poland
indicates that BVD infection is ubiquitous, and more than 70%
of dairy herds have been found to be seropositive when bulk
tank milk was tested (11). A similar study conducted by Rypuła
et al. (12) showed a high percentage of BVDV-positive animals,
especially in large dairy herds. The most predominant subtypes
of BVDV detected in Poland were BVDV-1b and 1d (13), but
subsequent studies indicated that over time besides BVDV-1b,
also BVDV-1g and BVDV-1f subtypes are often identified (14).
Another species, namely BVDV-2, has been identified in Poland
but only in one vaccinated herd (15).

Due to the significant economic impact of BVD on
cattle production, many countries including Norway, Sweden,
Denmark, Finland, Austria, Switzerland, Germany, Ireland,
Scotland, England, Wales, Belgium, the Netherlands, and the
USA have implemented compulsory or voluntary control
and/or eradication programs. Following these countries, Poland
introduced a voluntary BVDV eradication program in early
2018. The first and fundamental principle of the successful BVD
program is strict biosecurity with reliable diagnostics, followed
by the elimination of PI animals from the herd. Next step is
the prevention of the generation of new PIs, and stopping or
limiting the transmission from infected individuals to susceptible
animals. In addition to biosecurity, there should be an effective

vaccination program designed to protect against BVDV, since it
is a relatively inexpensive and effective tool. Prior to vaccination,
PI animals should be identified and removed, as we have shown
earlier that by omitting this step, it was not possible to protect the
herd from new infections (15).

Modified live (MLV) and killed (KV) vaccines have been
available for more than 50 years. The occurrence of BVD still
remains a significant problem, implying that the vaccines need
to be improved. The deficient effectiveness of BVDV vaccines
is likely due to the huge heterogeneity among different viral
strains most likely caused by the lack of proofreading activity
of RNA polymerase during replication of viral genome and
the resulting antigenic variability. It is desirable to achieve
maximal response to vaccination at a minimal expense to
avoid reduced performance (6, 16). Although the presence
of neutralizing antibodies is frequently used as a measure
of the immune response to vaccination, the titer of those
antibodies required for protection against BVDV infection
is still under discussion (17). Some authors indicate that
1/16 dilution is enough (18) while others refer to 1/128
(19), 1/256 (20), or even 1/512 (21) as protective dilution
against BVDV-1. Additionally, cell-mediated immunity seems
to play a crucial role in protective immunity since animals
with low levels of antibodies were protected from viral
challenge (22).

Vaccination in Poland relies on several vaccines containing
mostly BVDV-1 (both MLV and KV) and only one MLV
vaccine is available, which is composed of both BVDV-1
and BVDV-2 species. It was introduced in Poland 1 year
after the first identification of BVDV-2 infection in native
cattle (15). Currently, on the Polish market, there are four
killed (inactivated virus) vaccines, one live attenuated, and one
modified live vaccine (MLV). Three of them are multivalent
with immunogens for BVDV along with parainfluenza 3
virus (PI3V), bovine respiratory syncytial virus (BRSV), and
Mannheimia haemolytica immunogens. The major objective
of BVDV vaccination is the prevention of transplacental
infection of fetuses and thus stopping the birth of PI
animals. Furthermore, an efficient vaccine should mediate
cross protection against the circulating subtypes of BVDV-
1 and BVDV-2. Although there have been multiple studies
showing efficacy of BVDV-1a vaccine against BVDV-1b (23–
25), other studies demonstrated lower antibody titers against
different pestivirus species (17, 20, 26) and differences in
antibody titers among various viral subtypes (27). Considering
the increased genetic diversity of BVDV subtypes identified
in Poland, a better understanding of the relationship between
antigenic differences of BVDV is critical for the improvement of
future vaccines.

The aim of this study was to assess the host response
of vaccinated animals in herds where PI individuals were
born despite the vaccination and to determine whether the
emergence of a new virus subtype in a herd will influence
antibody response.

The sequential aim was to assess differences in BVDV vaccine
strains vs. PI field strains by molecular typing within 5’UTR and
Npro coding region.
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TABLE 1 | Detailed information on animals included in the study.

Herd ID Herd size Number of

samples tested

Age of animals

tested in months

Duration of

vaccination in

years before

testing

PI removal

before

vaccination

Clinical signs in

vaccinated

animals

A 250 30 12 1 Yes No

OS1 409 14 12 6 No No

OS2 466 19 12 6 No No

K 300 K1=20 4 3 Yes Yes

K2=20 12

L 1,200 30 12 5 Yes No

MATERIALS AND METHODS

Animals Tested and Vaccine Used
Five dairy herds (Table 1) were included in the study. In three of
them (A, K, and L) vaccinations of whole herds were introduced
after PI animals identification and removal and vaccination lasted
for 1, 3, and 5 years, respectively. In all five herds calves and
heifers were kept in the same buildings but in separate pens. In all
herds the same KV vaccine containing BVDV-1a strain was used.
All mothers of PI calves were vaccinated before insemination
according to manufacturer’s instructions. Primary vaccination
in those herds was performed in 8 months old animals with
booster 4 weeks later. Revaccinations were done every 6 months.
Vaccine manufacturer claims that fetal protection is provided
when second vaccine dose is given to a heifer or a cow to be
inseminated 4 weeks before the start of gestation. Herd A was
the only herd where the first vaccination and booster 4 weeks
later were done and PIs in that herd were identified before
annual revaccination.

Respiratory symptoms and reproductive problems such as
embryo resorption were observed only in herd K.

BVDV Antibody Detection by ELISA
The presence of BVDV antibodies in bovine sera was tested
with a commercial enzyme-linked immunosorbent assay (ELISA)
kit. The test is based on the pestivirus envelope protein Erns

(BVDV Total Ab Test, IDEXX, Liebefeld-Bern, Switzerland)
and it was used according to the manufacturer’s instructions.
This ELISA provides specificity and sensitivity of 97.1 and
96.7%, respectively, compared with the virus neutralization test
(VNT) (28).

BVDV Antibody Detection by Virus

Neutralization Test (VNT)
Two-fold serial dilutions (from 1:5 up to 1:640) of serum
samples inactivated at 56◦C for 30min and positive in antibody
ELISA were tested for neutralizing antibodies against cytopathic
(cp) BVDV-1a strain Singer and two non-cytopathic (ncp)
field strains BVDV-1b (60-GB/11), BVDV-1d (142-GB/15), and
BVDV-2a (CS8644). Madin-Darby bovine kidney (MDBK) cells
supplemented with 10% fetal calf serumwere used for VNT. Both
cell culture and calf serum were free of BVDV and antibodies
against this virus. Two wells per dilution of each sample were

used. Fifty µL of BVDV-1 strains prepared in order to obtain
100TCID50 were added to duplicate wells. After 1 h of incubation
at 37◦C with 5% CO2, 100 µL of MDBK were added at a
density of 150,000/mL. Plates were incubated for 4 days at
37◦C in the incubator with 5% CO2. After incubation, the cells
were observed for cytopathic effect in the case of Singer strain
while ncp biotype was detected by indirect immunoperoxidase
(IPX) method with primary monoclonal antibody WB103/105
(VLA Weybridge, UK) against Pestiviruses (Group specific).
DAB substrate (SIGMA-ALDRICH, USA) was added to visualize
infected cells. The antibody titers were determined as the
reciprocal of the highest serum dilution, which neutralized
the virus in at least 50% of the wells. Positive and negative
control sera were included in each test. The calculated VN
titers and the distribution of the data were represented by box
and whisker plots. Additionally titers against different subtypes
were calculated for specific ranges and presented as percentages.
Negative samples were defined as negative in VNT or with titers
up to 10, low titers samples were between 10 and 20, medium
titers were 40–80, and high titers were 160–640. In herds K1,
K2, and L the titers for heterologous strains (BVDV-1b and
BVDV-2a) were also examined.

BVDV Antigen Detection
A commercial ELISA which detects Pestivirus A, B, and H,
based on the BVDV Erns antigen (BVDV Ag/Serum Plus,
IDEXX, Liebefeld-Bern, Switzerland) was used. Serum samples
were tested according to the manufacturer’s protocol. This test
demonstrates specificity of more than 99.7% and a sensitivity of
nearly 100% (29–31).

Virus Detection
RNA was extracted from serum samples using TRI Reagent
(SIGMA-ALDRICH, USA), according to the manufacturer’s
instructions. The RNA was eluted in diethylpyrocarbonate-
treated water (Invitrogen, Carlsbad, CA, USA).

One-step standard RT-PCR was performed using a
Transcriptor One-Step RT-PCR Kit (Roche Diagnostics
GmbH) according to the manufacturer’s instructions using the
primers pair (324F-5’-ATG CCC WTA GTA GGA CTA GCA-3’;
326R-5’-TCA ACT CCA TGT GCC ATG TAC-3’), designed to

amplify a 288-bp length fragment from the 5
′

UTR region of

Pestivirus genome (32). Additional primers pair (B32-5
′

-TGC

Frontiers in Veterinary Science | www.frontiersin.org 3 June 2021 | Volume 8 | Article 688911101

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Antos et al. Failure of Vaccinations in the Control of BVDV

TAC TAA AAA TCT CTG CTGT-3
′

; B31-5
′

-CCA TCT ATR
CAYACATARATGTGGT-3

′

) was designed to amplify a 441-bp
length fragment from the Npro region of BVDV (33). The final
volume of RT-PCR reaction mixture was 25 µl including 23 µl
of reaction mix and 2 µl of RNA template. The amplification of
5
′

UTR region was done at 50◦C for 30min and 94◦C for 7min,
followed by 10 cycles of 94◦C for 10 s, 53◦C for 30 s, 68◦C for
30 s, then 25 cycles of 94◦C for 10 s, 53◦C for 30 s, 68◦C for 33 s
with a final extension step at 68◦C for 7min, while the thermal
profile for Npro region was similar except for the annealing
temperature decreased to 50◦C.

The RT-PCR products were submitted to electrophoresis in
1.5% agarose gel in TBE buffer, stained with ethidium bromide,
and visualized under UV light.

Sequencing and Phylogenetic Analysis
The products of the standard RT-PCR were purified and
sequenced as described previously (13). Phylogenetic analysis was
done by the neighbor-joining (NJ) statistical method with the
Kimura two-parameter model using MEGA software (version
5.03). The reliability of the constructed phylogenetic trees
was evaluated by running 1,000 bootstrap replications in the
phylogeny test and bootstrap values ≥70% were considered
good support.

Data Analysis
To compare the predominance of titers against the different
BVDV subtypes, a formula established by Silveira et al. (34) was
used for determining the comparative ratio (R) for each serum
sample: RsubtypeA = (4 × titer against subtype A)/(titer against
subtype B + titer against subtype C + titer against subtype D). If
the value for one subtype was >0.231 than the value for the other
subtype, the sample was considered to have predominant titer
for the respective subtype. If the ratio value for all subtypes was
<0.231 among them, the sample was considered to be without a
predominant titer.

The Shapiro-Wilk test calculation for normality and box and
whiskers plots were made using R 4.0.4 for Windows Software,
which is an open source project that is distributed under the GNU
General Public License.

Ethics
Samples and data were collected as a part of routine clinical
examination of the animals and this survey did not involve
experimental studies. Samples were collected from animals by
local vets after verbal approvals from the owners for further
testing. No extra animal discomfort was caused for sample
collection for the purpose of this study. The approval from ethics
committee was not required according to national regulation
(“Act on the Protection of Animals Used for Scientific or
Educational Purposes” published in the Journal of Laws of 2015,
item 266 from 15 January, 2015).

RESULTS

Antibody Detection
The number of positive, doubtful, and negative samples among
the 133 sera tested by antibody ELISA was 122, 3, and 8,
respectively. All doubtful and six negative results were obtained
in herd K1, while other two negative results were identified in
herd K2. The S/P values for positive samples were very high.
All serum samples were tested also by VNT and 83.3% of them
were positive (a titer of 10 and above), for at least one BVDV
subtype used.

The ranges of antibody titers for specific subtypes of BVDV
are presented in Figure 1 (where BVDV-1b was identified) and
Figure 2 (where BVDV-1d was detected) with median values,
highest-lowest values, and percentages of antibody titers for
vaccine and field strains in respective herds separated into 4
groups as negative, low,medium, and high positive samples. High
titers (80–90% of all titers) for vaccine strain were predominant
in herds K, L, and OS1 while in herd A it was only 17%. In case
of field strains high titers for homologous subtypes were between
63 and 90%. Surprisingly in two herds with BVDV-1d high titers
against BVDV-2a were identified in 23 and 35% of all samples
with positive titers. Level of high titers in 4 months old calves
from herd K1 was the lowest reaching only 30% for both vaccine
and field strain of BVDV.

To determine the comparative strength of neutralization we
adopted the formula established by Silveira et al. (34). Within
the positive samples, 41.4% did not have a predominant titer
against one specific subtype of BVDV. Only in 16.5% of positive
samples BVDV-1a (vaccine strain) predominated and for 31.6%,
the titer against the BVDV subtype detected in PI animals was
the dominant one. Regarding 10.5% of the remaining sera, they
showed predominant titers for a subtype of BVDV different from
vaccine and PI strains. Within this last category 12 samples
(17.1%) had predominant titers for the BVDV-2a subtype.

Detection of PI Animals by RT-PCR and

Antigen ELISA
PI animals were identified in one 4-months-old heifer in herd A,
two 4-months-old heifers in herd K1, one 8-months-old heifer
in herd K2, one 4-months-old heifer in herd L, five calves and
heifers 1–6 months old in herd OS1, and in seven heifers 3–9
months old in herd OS2. PI status of all animals positive in
the first test (RT-PCR with 5′UTR primers) was confirmed by
second positive test result after 3–4 weeks from the first test
with antigen ELISA (BVDV Ag/Serum Plus, IDEXX, Liebefeld-
Bern, Switzerland). The source of infection in those herds was
not identified except herd K2, where 60 heifers were purchased
from outside, without testing for BVDV, before the time when
PIs could be generated. Soon after that respiratory signs in calves
and embryonic deaths in pregnant females were recorded. None
of the PI calves developed clinical signs of MD.

Phylogenetic Analysis
Standard RT-PCRs targeting two regions of the BVDV, namely
5′UTR and Npro, were used. Both genome regions are the most
frequently used in the molecular characterization of pestiviruses.
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FIGURE 1 | Box and whiskers plots of antibody titers juxtaposed with percentages of antibody titers against BVDV-1a and BVDV-1b for herds where PI animals

infected with BVDV-1b were identified: (A) herd A, (B) herd OS1, (C) herd OS2. The top and bottom of boxes represent 25th and 75th percentiles, respectively; the

middle line represents the median value, whiskers represent the highest and lowest values which are not outliers, outliers are indicated as circles. In a percentage

graph, samples were classified as negative (VN titers up to 10), low (titers between 10 and 20), medium (titers between 40 and 80), and high (titers between 160 and

640) titer samples. Numbers refer to percentages of negative and high titer samples.
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FIGURE 2 | Box and whiskers plots of antibody titers juxtaposed with percentages of antibody titers against BVDV-1a, BVDV-1b. BVDV-1d, and BVDV-2a for herds

where PI animals infected with BVDV-1d were identified: (A) herd K1, (B) herd K2, (C) herd L. The top and bottom of boxes represent 25th and 75th percentiles,

respectively; the middle line represents the median value, whiskers represent the highest and lowest values which are not outliers, outliers are indicated as circles. In a

percentage graph, samples were classified as negative (VN titers up to 10), low (titers between 10 and 20), medium (titers between 40 and 80), and high (titers

between 160 and 640) titer samples. Numbers refer to percentages of negative and high titer samples.
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5′UTR sequences were obtained from a total of 6 BVDV-1
positive samples. For 4 of them, the sequence of the Npro region
was also generated. BLAST search and analysis with reference
strains from GenBank showed that identified isolates belonged
to BVDV-1b (herds A, OS1, and OS2) and BVDV-1d (herds K1,
K2, and L).

A neighbor-joining tree was constructed which confirmed the
subtyping obtained by sequence analysis, clustering the strains
inter alia with the same subtypes detected earlier in Poland. To

confirm the grouping within the 5
′

UTR region, sequences of the
partial Npro region of 4 viruses were analyzed. Representative
strains from all farms are presented in Figure 3A for the 5′UTR
region and in Figure 3B for the Npro region, both along with
vaccine strains available in the GenBank and subtype specific
strains from earlier studies in Poland (identified by 2–3 digits
and followed by two letters identifying the herd of origin). The
GenBank accession numbers of sequences of virus strains used in
phylogenetic analyses are shown in the figures.

The nucleotide identity, calculated with BioEdit (version
7.2.5), for BVDV-1b and BVDV-1d strains detected in this survey
was in the range of 99.6–100 and 99.2%, respectively. Such a
high similarity of the analyzed sequences may indicate one strain
introduction into the herd.

DISCUSSION

Our study identified 5 herds where PI animals were detected
despite ongoing vaccination against BVD. Field strains from PI
individuals were of different subtypes from vaccine strain of
BVDV. In three herds (marked as K, A, and L) vaccination
followed the identification and removal of PI animals. In
remaining 2 herds (OS1 and OS2) PIs were not identified and
removed before the vaccination. The owners of those two herds
expected that natural pressure from vaccine strain of BVDV
will allow to get rid of virus source in a longer run so the
vaccination was continued for 6 years before testing the whole
herd for persistently infected animals. Despite different strategies,
in both types of herds the vaccine did not protect the fetuses
from intrauterine infection with BVDV subtypes different from
the vaccine strain leading to the birth of virus shedders.

Extensive genetic variability of different strains of BVDV-1
(23 subtypes) and BVDV-2 (4 subtypes) hampers the success
of vaccination worldwide. According to VIOLIN database (35),
currently almost 130 licensed vaccines for BVD are available
commercially and despite their common use many herds are not
free from the virus and reinfections occur frequently.

In two retrospective phylogenetic studies of BVDV positive
samples collected in Poland in years 2004–2011 and 2015–2018,
which were based on 5′-untranslated region (5′-UTR) and Npro

coding sequences, 4 and 7 subtypes of BVDV were identified,
respectively, but not BVDV-1a (13, 14). In the latter study
predominant subtypes were BVDV-1b, BVDV-1g (27% each of
all subtypes identified), and BVDV-1f (24%). BVDV-1d, which
was second predominant subtype in Poland in years 2004–2011
(37% compared to 48% of BVDV-1b) was identified in 9% of
all positive samples detected in 2015–2018. In this study two

FIGURE 3 | Phylogenetic trees based on the partial (A) 5′UTR and (B) Npro

sequences obtained from vaccinated herds. Strains reported in this study are

marked with a black circle, and vaccine strains are labeled in bold and marked

(Continued)
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FIGURE 3 | with a black triangle. The numbers close to the major nodes

indicate the bootstrap values as percentage. Reference sequences were

retrieved from GenBank and the accession numbers are given after

each strain.

subtypes of BVDV were identified in 5 vaccinated herds: BVDV-
1b in three herds and BVDV-1d in two. When evaluating the
efficacy of vaccines based on BVDV subtypes different from field
isolates one has to bear in mind that subtype classification is
usually based on sequence identity in regions of viral genome

(like 5
′

UTR or Npro) not related to coding regions of viral
immunogenic proteins like E2 or NS2-3. Therefore, significant
antigenic differences are observed even within the same subtypes
like in BVDV-1b strains from Argentina (36). While several years
ago only 2 vaccines against infection with BVDV were available
on Polish market now we have access to 6 biologicals (2 of them
are modified live virus vaccines while 4 are killed vaccines). In all
5 herds described in this study the same inactivated vaccine based
on BVDV-1a was used. Vaccination was done for six consecutive
years in herds OS1 and OS2, for 5 years in herd L, 3 years in herd
K, and for 1 year only in herd A (first vaccination and booster 4
weeks later).

Earlier, BVDV-2a was detected in one Polish herd despite
the introduction of vaccination with another killed vaccine
containing BVDV-1a after the appearance of respiratory signs
in calves and heifers (15). Additionally, deaths of newborn
calves with bloody diarrhea were recorded. Despite implemented
vaccination transient infection with BVDV-2 was confirmed
in 7 heifers. Four PI animals were identified 1 year after the
vaccination started although two of them were 1 year old heifers
so the virus could be present in that herd earlier. Similar
outcome was observed in the study of viruses isolated from PI
calves born to dams vaccinated against BVDV before breeding
(37). The genotype of BVDV most often isolated from such
animals (BVDV-2) was different from the vaccine virus (BVDV-
1). However, in that study MLV vaccine was used and the study
was done in the region where BVDV-2a was a predominant
species of the virus. Similar outcome was described in beef
herds which were also vaccinated with a modified-live BVDV-1
vaccine (38).

In another study evaluating vaccine efficacy, BVDV-1b
infected PI calves were introduced to a herd consisting of calves
coming from two sources and vaccinated against BVDV in their
farms of origin with a killed and a modified live vaccine both
containing BVDV-1a and BVDV-2a strains (39). Titers against
BVDV-1b up to 64 did not prevent viremia while titers up to
256 did not prevent 4-fold increases in BVDV-1b antibody titers
confirming seroconversion. Therefore, even when antibodies to
BVDV strain shed by a PI individual were pre-existing before
challenge but at low titer they could not protect all animals
against the infection. In our study VN titers against both vaccine
and field strains of BVDV in tested herds were quite widespread
from low (below 20) to high levels (up to 2,560 and 5,120).
Although clinical signs were observed only in one herd, all

vaccinated herds experienced the birth of PI calves, proving
lack of fetal protection from the vaccine. The majority of those
herds were closed units without purchase of animals from
outside but the introduction of replacement heifers took place in
herd K, where soon after that several abortions and embryonic
deaths were identified. Much more diverse situation with respect
to subtypes identified was described in a regularly vaccinated
Brazilian herd (40). Animals in that herd were vaccinated twice
a year with a commercial inactivated and multivalent vaccine
containing BVDV-1a. Four PI animals were identified and they
were infected with three different BVDV subtypes: BVDV-1a,
BVDV-1b, and BVDV-1d. Such a diversity of BVDV subtypes
in one herd could be related to the open cattle management
system used to raise the animals in that herd with constant
introductions of new animals from external sources. Despite
regular vaccinations in this herd repeated breeding and increased
embryonic deaths were diagnosed.

Rodning et al. (24) compared 3 commercial vaccines for
preventing PI generation, including one inactivated vaccine
containing BVDV-1a and BVDV-2. Heifers were bred by artificial
insemination and had contact with PI calves between 68 and
126 days of pregnancy. PI calves were only produced in control
group and in 2 out of 18 calves born from heifers vaccinated
with inactivated vaccine. These two PI calves were infected with
BVDV-1b and BVDV-2. Full protection against the development
of PI calves was provided by 4 vaccinations with modified-live
vaccine between weaning and breeding. On the other hand, 4
vaccinations with inactivated vaccine given also between weaning
and breeding provided 89% protection. But, when inactivated
vaccine was given according to manufacturer’s instructions (2
doses instead of 4), protection from PI generation was only
73% (41). Full protection against the birth of PI calves after
vaccination with inactivated vaccine was achieved only when
vaccine and field strains were of the same subtype (BVDV-1a)
(42). Some of the vet practitioners in the field also vaccinate
cattle with higher number of doses than advised. In one herd a
live vaccine was used every 6 months (like inactivated vaccine)
opposite to manufacturer’s advice to vaccinate every 12 months
(personal communication). The results of this approach were
satisfactory enough for the farmer to accept the higher cost
of vaccination.

Sozzi et al. (43) analyzed cross reactivity antibody response
after vaccination to other viral subtypes than those contained in
vaccines used. One inactivated and three modified live vaccines
were used harboring subtypes BVDV-1a and BVDV-1b. Cross
reactive response was assessed for two strains of subtypes BVDV-
1a and BVDV-1b each and one isolate of BVDV-1e. Only two
modified live vaccines were able to induce detectable levels of
cross reacting antibodies against at least one other subtype.
The authors confirmed previous observations (7) of low level
antibody response to BVDV-1b by BVDV-1a based vaccines.
In our study of 3 herds where BVDV-1b PIs were detected,
percentage of high VN titers (160 and above) against BVDV-
1a and BVDV-1b was similar in herds OS1 (86/79%) and OS2
(58/63%) while in herd A, where vaccination was done only for
1 year 17% of VN titers against BVDV-1a and 70% of VN titers
against BVDV-1b were high. Prevalence of PI animals in herds
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OS1, OS2, and A was 1.15, 1.5, and 0.4%, respectively. In herds K
and L, where BVDV-1d was identified prevalence of PI animals
was 1 and 0.1%, respectively.

Another approach was proposed by Mosena et al. (44). They
used a multivariate analysis to assess the antigenic relationship
between vaccine strains and field isolates of BVDV. VNT results
were interpreted using principal component analysis (PCA) to
get clustering patterns. Using this approach they identified single
BVDV-1a and BVDV-2a strains which did not cluster anti-
genetically with genetically similar subtypes. Such an approach
provides a useful tool to better understand antigenic relationships
between different isolates of BVDV even when they belong to the
same subtype, which can improve future vaccine efficacy.

Newcomer et al. (45) in a meta-analysis of previously
published studies tried to evaluate the efficacy of BVDV
vaccination in preventing reproductive losses like risk of
fetal infection, risk of abortion, and pregnancy risk. Overall
it was concluded that vaccination with any type of vaccine
(modified-live or inactivated, monovalent or polyvalent)
provided significant protection against reproductive disease.
Fetal infection could be decreased by 85%, abortion risk by
nearly 45%, and only pregnancy risk was increased by 5% when
compared with unvaccinated controls.

When analyzing vaccine failures one has to remember that
some major assumptions have to be met but usually cannot
be verified before blaming a given vaccine for the lack of
immune protection against different viral subtypes. Vaccine
has to be handled properly before and during vaccination
(especially modified live vaccines), all eligible animals should
be vaccinated, appropriate protective immunity should be
generated in all vaccinated individuals, and future revaccinations
should be continued according to vaccine manufacturer’s
recommendations (37).

In summary, the level of antibody titers against vaccine
strain of BVDV was dependent on the duration of vaccination.
Despite high titers for both vaccine and field strains of BVDV
in analyzed herds the analysis of comparative strength of
neutralization indicated that 41.4% of positive samples did not
have a predominant titer against one specific subtype of BVDV.
Only in 16.5% of positive samples vaccine strain predominated
while for 31.6%, the titer against the subtype detected in PI
animals was the dominant one. The prevalence of PI animals

was the highest (1.5%) in the herd with 6 years history of
vaccination and 7 virus positive animals identified. Percentage
of high titers for heterologous strains was much lower than
for homologous strains (40% for BVDV-1b in a herd infected
with BVDV-1d and 23/35% for BVDV-2a in two herds infected
also with BVDV-1d). Titers in 4-month-old calves (colostrum
immunity) were very lowwith 50 and 60% of negative samples for
vaccine and field strain of BVDV, respectively. Titers with values
between 160 and 640 in calves comprised only 30% for both
vaccine and field strain of BVDV. When comparing sequence

identity within 5
′

UTR region of vaccine and field strains
of bovine pestiviruses, subtype BVDV-1d is located furthest
from sequences of available vaccines which could influence
vaccine efficacy.

Low number of analyzed herds and various numbers of
subtypes tested in the herds from this study could influence the
general conclusions of vaccine efficacy, and further studies are
needed to clarify this issue.
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In the 1950s, infectious bovine rhinotracheitis/infectious pustular vulvovaginitis (IBR/IPV)

disease was clinically detected and documented in cattle for the first time in Slovenia.

The bovine herpes virus 1 (BoHV-1) was confirmed several times from infected herds by

virus isolation on cell cultures. To keep the IC virus-free, high biosecurity measures were

introduced. Before entering the IC, all calves are serologically tested and quarantined.

Bulls in Slovenian insemination centres (IC) have been negative for IBR /IPV infection since

1979. From 1985 to 1991, few large-scale studies of the prevalence of IBR/IPV were

carried out. In 1985, a high percentage (56.9%) of serologically positive animals were

found in large state farms with Holstein Friesian cattle. Epidemiological studies in farm

with bulls’ mother herds were also carried out in the farms with Simmental and Brown

cows. Antibodies against BoHV-1 were detected in the serum of 2.3% of Brown cattle

and 3.5% of Simmental cattle. In the year 2000, 3.4% of bulk tank milk samples from

13,349 dairy farms were detected BoHV-1 antibodies positive. The highest percentage

of positive animals was found in regions with an intensive grazing system (6.2% positive)

and the lowest percentage in the east part of Slovenia (0.9% positive) on farms with

mostly Simmental cattle. In 2006, a total 204,662 sera of cattle older than 24 months

were tested for the presence of BoHV-1 antibodies and positive cattle were detected

in 3.6% of tested farms. These farms kept 34,537 animals that were potential carriers

of the BoHV-1. Most of the positive farms kept Holstein Friesian cattle, descendants

from the state-owned farms, which were privatised or closed after 1990. In 2015, the

Administration of the Republic of Slovenia for Food Safety, Veterinary and Plant Protection

issued a rule that describes the conditions for granting and maintaining the status of

BoHV-1 free holdings. The rule provides a voluntary control programme for breeders

who want to obtain BoHV-1 free status and are willing to cover all the cost of acquiring

and maintaining that status. There has been very little response from breeders.

Keywords: BoHV-1, Slovenia, antibody detection, insemination centres, monitoring

INTRODUCTION

Bovine alphaherpesvirus 1 is a member of the genus Varicellovirus, subfamily Alphaherpesvirinae
in the family Herpesviridae (https://talk.ictvonline.org/taxonomy/), known as Bovine herpesvirus
1 (BoHV-1) or infectious bovine rhinotracheitis (IBR) infectious pustular vulvovaginitis (IPV)
virus. It cause severe economic losses in livestock (1, 2). It is classified into three subtypes
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(BoHV-1.1, BoHV-1.2a, and BoHV-1.2b), which are associated
with respiratory disease (rhinotracheitis, pneumonia) and
other severe conditions such as, vulvovaginitis, balanoposthitis,
conjunctivitis, genital lesions, reproductive disorders, abortions,
encephalitis, and general infections (3–5). Clinical signs vary
from severe and fatal to mild and even subclinical, and outcomes
are dependent on combinations of viral, host, and environmental
factors. Infections also cause transient immunosuppression,
which, together with damage to the respiratory mucosa, makes
BoHV-1 an important pathogen in Bovine Respiratory Disease
Complex (BRDC), the most important respiratory disease in
cattle (1, 6).

After infection, replication of the virus at the primary site
of entry, usually the respiratory or genital mucosa, followed by
infection of sensory nerve endings. BoHV-1 is then transported
by retrograde axonal flow to the ganglia or tonsils, where it
remains in a latent form (7). BoHV-1 is difficult to detect
when is in latent form (7). Infection with BoHV-1 virus usually
results in the lifelong- presence of specific antibodies. However,
some infected animals contain very low quantity of BoHV-1
antibodies. Even a seronegative animal can be a latent carrier of
the virus in the case when maternal antibodies can interfere with
a humoral immune responses following infection or vaccination
(8, 9). Latently infected animals shed less virus, they can still
infect others and therefore it can be detected. Reactivation and
shedding of virus is a distinct factor in the epidemiology of
BoHV-1 (10).

BoHV-1 is commonly shed with bovine semen. Viral load
found in bovine semen from naturally infected bulls ranged
from 101.5 to 10 5.0 TCID50/50 µl. The virus is also known
to be the most frequently present in the seminal fluid fraction
(10). Virus may be shed through mucous membrane of either
upper respiratory, genital tract or conjunctival epithelium.
Usual routes of transmission of BoHV-1 are nose to nose
contact, with droplets on short distances and by mating. Genital
transmission of BoHV-1 also occurs through infected bull
semen by artificial insemination (AI). In this manner, the virus
can be transmitted to large numbers of cows and may cause
miscarriages, infertility, endometritis, and embryonic death.
Annual systematic individual screening of bull in insemination
centres (IC) for BoHV-1 antibodies and rearing under quarantine
conditions may ensure the use of BoHV-1-free semen. In
Slovenia, bovine semen is collected only in ICs which are free
from IBR/IPV (11).

In the European Union (EU), several countries or regions
are considered BoHV-1 free, following the implementation
of EU-approved eradication programmes, including Austria,
Germany, Denmark, Finland, Sweden, Jersey (United Kingdom),
Valle d’Aosta, the Province of Bolzano (Italy), and the Czech
Republic, as of 2020 (12). Belgium, Luxembourg, France, and
the region of Friuli-Venezia Julia in Italy have approved an
eradication programme according to Article 9 of Directive
64/432/EEC [(13); new Animal Health Law it’s applicable from
21. April 2021]. The Netherlands has a compulsory eradication
programme for dairy herds and a voluntary programme
for non-dairy herds (14), which is not in accordance to
Directive 64/432/EEC.

In Slovenia, which has a total area of 20,271 km², at the
end of 2019, 466,911 cattle were registered in 29,615 holdings:
98.3% on family farms and 1.7% on agricultural enterprises
(formerly state-owned). An average Slovenian holding reared
15.8 animals. In 2018 the 29.9% of the animals were of the
Simmental breed, 16.8% Holstein, 4.4% Brown, and 0.9% of
autochthonous Cika breed. The rest of the animals (48.0%) were
either crossbred, animals with unknown pedigree, or beef breeds
(mostly Simmental, Limousin, Charolais, or Angus). Among
animals, cows predominate (34.0%), followed by calves (29.8%),
heifers (20.8%), and bulls (15.4%) (15). In 1985, 57,7206 cattle,
mainly Simmental (55.1%), Brown (31.2%), Holstein Friesian
(8.8%), and others (3.9%) were bred. State farms reared 9,412
(5.5%) cows, mostly Holstein Friesian breed, other dairy cows
were bred by family farms (16).

BoHV-1 has been clinically detected in Slovenia in 1950s. The
virus was isolated for the first time on bovine kidney primary cell
culture and antibodies detected by a virus neutralisation test in
1967 (17, 18).

The first phase of control of BoHV-1 infection was based
on the monitoring of BoHV-1 antibodies in ICs and breeding
centres for young bulls (BCYB). All bulls in both ICs were
serologically tested twice a year for BoHV-1 antibodies. Soon
there was a problem with obtaining Holstein Friesian calves
for BCYB with a serologically negative result. Since 1979, only
serologically negative bulls from serologically negative cows
have been admitted to BCYBs, except for Holstein Friesian
bulls, since it was not possible to obtain enough breeding bulls
from few BoHV-1 negative herds. The top Holstein Friesian
bull’s mothers in state farms which were BoHV-1 positive, all
bull’s mothers were vaccinated against BoHV-1 by conventional
vaccines according to the manufacturer’s instructions to prevent
the spread of infection (11, 19). Only in the event that the cow
and her calf reacted serologically negatively was the calf allowed
to enter the quarantine barn in BCYB.

Imported semen was also under laboratory control. All BoHV-
1 antibody positive bulls, as well as young bulls in BCYBs, were
culled. The last seropositive bull in IC was found in 1979. In the
same year, BoHV-1 was isolated from bull semen imported from
the USA (20).

In 1990, when there were already enough BoHV-1 negative
herds with bull’s mothers, the programme for selecting calves
for BCYB was changed. With regard to the protection of ICs
and bulls, an agreement was reached in 1995 together with
the Veterinary administration and Livestock Selection service
of Slovenia that all bull’s mother herds should be serologically
tested every year and only calves from BoHV-1-negative bull’s
mother herds may be admitted to BCYB (21). State farms with
Holstein Friesian cattle with seropositive animals were excluded
from bull’s mother herds (21).

Until 2003, bull’s mother herds were subject to annual
monitoring for the presence of antibodies to BoHV-1. The testing
included holdings designated by the Livestock Selection Service
of Slovenia. Blood samples were taken from all categories of
animals over 6 months old.

Since 2004, the breeding of bull mothers is no longer under
the annual inspection of all animals in the herd for BoHV-1
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antibodies. The process of housing calves in BCYBs changed
slightly. After approval of a genetically suitable calf for a breeding
bull candidate, a blood sample is taken from the calf and its
mother before the calf is transferred to the BCYB at the age of 4
months or less and tested for the presence of BoHV-1 antibodies.
If both calf and his mother are negative, the calf is moved to the
quarantine of BCYB. During quarantine, the calf is re-tested to
the presence of BoHV-1 antibodies. If the result is negative for
antibodies against BoHV-1, the calf may enter the BCYB. At the
age of 15 months, a quality assessment of bulls carried out; for
example, the andrological examination and examination for the
presence of BoHV-1 antibodies. Only the best bulls go to the ICs
and the rest to natural mating. A bull always enters the IC after
30 days of quarantine and re-examination for the presence of
BoHV-1 antibodies is done once per year.

The structure of farms in Slovenia changes from year to year.
The number of cattle in the country is stable, but the number of
herds is declining rapidly, and those that remain are increasing
the number of cattle. Limited data are available on the impact of
BoHV-1 in such a system, and it is important to examine whether
the effect of BoHV-1 in Slovenia is similar to that reported
previously in more intensive livestock systems.

This article presents a historical overview of the work in
the field of control of BoHV-1 virus infections in Slovenia
and the veterinary service’s efforts to keep breeding bulls free
of this infection and the adoption of a mandatory eradication
programme. The aim of this paper is chronologically to present
the results of all previous studies on prevalence of BoHV-1
in Slovenia, which should help decision-makers in preparing a
program for the compulsory eradication of BoHV-1 in Slovenia.

MATERIALS AND METHODS

BoHV-1 Infections From 1976 to 1984
Between 1976 and 1984, 6,101 blood samples from cattle were
tested for antibodies to the BoHV-1. Cattle included into testing
were bulls in ICs and young bulls in BCYBs, predominantly
calves and bull’s mothers, of which 3,403 were from state dairy
farms, ICs and BCYBs and 2,698 cattle from private breeders.
Sera were tested for the presence of antibodies to the BoHV-1
virus in a virus neutralisation test (VNT) in accordance with the
O.I.E. standards. In microplate wells (Nunc), 2-fold dilutions of
test sera (1:2 and 1:4) were prepared. Working dilutions of the
reference BoHV-1 strains ZRG (100–500 TCID50/0.05ml), were
added to the serum dilutions in the same amount (0.05ml). After
2 h of incubation of the virus-serum mixture at 37◦C, 0.05ml
of a suspension of cells of the AUBEK cell line was added to all
microplate wells. Serum and virus controls were also included in
the test. The test was read on day 3 of microplate incubation at
37◦C. A serum that neutralised the cytopathic effect of BoHV-1
in a 1:2 dilutions was declared positive.

BoHV-1 Infections From 1985 to 2005
The monitoring for the identification of BoHV-1 negative bull’s
mother herds started in 1985 with Holstein Friesian breed of the
state-owned herds, and in the following years continued with
herds of other breeds, which were in private sector herds. In

1985, 4,291 cattle from ten different state herds were included.
The investigation covered all categories of animals older than
6 months. In 1989, 3,837 cattle from 173 private herds of
Simmental bull’s mothers were tested for the presence of BoHV-1
antibodies. In 1990, 2,602 brown cattle bull’s mothers were tested.
Until 1991, the blood serum samples were tested by VNT and
later Svanova ELISA kit (Svanovir R© IBR-Ab, Svanova, Uppsala,
Sweeden) was used. The method is accredited according to the
standard ISO17025.

After the independence of Slovenia in 1991, the number of
imported cattle increased. In period from 1991 to 1995, 46,237
bovine sera were collected from quarantined imported cattle and
were tested for BoHV-1 antibodies by Svanova ELISA kit. After
1995, when Slovenia joined the EU mandatory quarantines were
banned for cattle imported from European countries.

The next epizootiological analysis for the purpose of
protection of ICs free of BoHV-1 infection was performed
in 1993. Eight thousand two hundred and eighty-one bovine
animals older than 6 months selected by the Slovenian Selection
Service for Cattle Breeding were examined in 327 private sector
herds. The next attempt to find suitable BoHV-1 negative herds
was made in 1995. In this campaign, 4,880 cattle were tested
in 207 farms. From 1996 to 2003, all herds with bull’s mothers
were under annual serological control for the presence of BoHV-
1 antibodies. Thus, from 6,205 cattle in 1996 to 14,704 cattle
in 2003 were tested from bull’s mothers herds and those which
applied for this status. For the purpose of preparing the BoHV-1
eradication program for the entire country, the first major BoHV-
1 monitoring was done in 2000. Bulk tank milk (BTM) samples
were tested for the presence BoHV-1 antibodies in all 13,349
dairy farms (4.7 cows per herd on average) producing milk for
public consumption.

BoHV-1 Infections From 2006 to 2020
For the purpose of preparing the BoHV-1 eradication program
for the entire country, the second major BoHV-1 monitoring
was done in 2006. Blood samples, which were taken to obtain
the status of a bovine brucellosis-free country, were tested also
for BoHV-1 antibodies. The investigations covered 204,662 cattle
from 35,991 farms, representing 79.9% of farms in Slovenia.
Blood samples were taken from all cattle over 24 months of
age. A total of 37,366 pools of up to 10 sera were prepared
from individual serum samples according to the instructions
of the manufacturer of the used kit Svanovir IBR ELISA ab
test (Svanova, Uppsala, Sweden). In the case that animals from
several herds were pooled and the pool was positive, the herds
were retested individually. Since 2006, bull’s mothers and their
calves have been regularly monitored for the presence of BoHV-
1 antibodies before being transferred to a BCYB, but not other
cattle in bull’s mother herds. Beside ICs and BCYBs bulls, the
remaining samples that were analysed in this period were taken
from animals that participated e.g., in the shows and individual
blood samples, which were taken at the time of cattle selling. Only
from 1,001 to 2,062 samples per year were tested for BoHV-1
antibodies in this period, of which 554–622 belonged to IC and
BCYB bulls each year. All laboratory tests for detecting antibodies
and BoHV-1 virus in Slovenia are performed in the Virology
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Laboratory of the National Veterinary Institute in Ljubljana.
Since 1991, we have been using an accredited commercial ELISA
test, Svanovir R© IBR-Ab (Svanova, Uppsala, Sweden).

BoHV-1 Infections in IC and BCYB
All bulls in ICs and BCYBs have been tested to BoHV-1
antibodies yearly since 1976. Calves intended for BCYBs were
serologically examined before entering and once again in the
quarantine of the BCYBs. In addition, young bulls before
entering ICs are quarantined and serologically examined.

RESULTS

Surveillance of BoHV-1 Infections From
1976 to 1984
The percentage of positive cattle for BoHV-1 antibodies from
1976 to 1984 varied from 2.4 to 39.6% in state and from 2.2 to
6.1% in private herds. Yearly results are shown in Table 1.

Surveillance of BoHV-1 Infections From
1985 to 2005
In 1985, within herd sero-prevalence ranging from 23.1 and
65.4% was found on six randomly selected BoHV-1-positive
state farms with Holstein Friesians (Table 2). The infection
was present in all state dairy farms. In 1989, only 3.5% of
serologically positive Simmental cattle in 15 herds with bull’s
mothers were found. In 1990, 2.3% of Brown cattle in 11 farms
were seropositive.

Since independence of Slovenia in 1991, imported cattle had
been quarantined and tested for BoHV-1 antibodies; results are
shown in Table 3. In 1993, a study of the prevalence of BoHV-
1 in herds with bull mothers was done. Out of 8,281 cattle, 281
seropositive cattle were found in 38 herds (Table 3). Of the 327
herds tested for BoHV-1 infection, 289 (88.4%) herds with bull
mothers were declared free based on the results of serological
tests. A low percentage of serologically positive animals (below
5%) was found in 14 of 38 BoHV-1 positive farms. In three
herds, however, over 80% of animals reacted positively to BoHV-
1 antibodies. Only one BoHV-1-positive animal was found in 16
farms. The highest percentage of serologically positive animals in
a herd was 57 out of 66 (86.4%).

In 1995, 4,880 blood samples from 207 herds with bull
mothers were tested. BoHV-1-positive animals were confirmed
in 11 herds, of which only one herd that was negative in 1993
was positive, and the other 10 BoHV-1-positive herds were tested
for the first time. From 1996 to 2003, 181 to 311 herds with bull
mothers and candidates for herds with bull mother were included
in yearly serological surveillance (Table 4).

In a serological study in commercial dairy farms on BTM
samples in the year 2000 (Table 5), the highest percentage of
positive herds was found in Gorenjska (6.1% of herds) and the
lowest in Prekmurje (0.9% of herds). BoHV-1 positive samples
were recorded in 447 herds, representing 3.4% of all tested herds.
In 109 BoHV-1 positive herds, the cattle were predominantly of
the Holstein Friesian, in 74 Simmental, and in 33 Brown breed.
In the other 231 farms, there were animals of different breeds, of
which 206 farms kept at least one Holstein Friesian cattle.

Surveillance of BoHV-1 Infections From
2006 to 2020
In 2006, serum samples of 204,662 cattle older than 24 months
were tested for the presence of antibodies against IBR/IPV; 79.9%
of Slovenian herds were included in this investigation. BoHV-1-
positive cattle were detected in 1,287 (3.6%) herds. The highest
herd prevalence was recorded in the region Kranj (8.8%), and the
lowest in the regionMurska Sobota (1.3%) (Figure 1). Herds who
also had Holstein Friesian cattle were positive most frequently
among all herds. These herds were most often descendants of
animals from previous state farms.

From 2007 to 2020, bulls from ICs and BCYBs were tested
systematically and at the breeder’s request also other animals
(show animals and individual animals purchased and sold).
Percentages of positive samples were from 0.1% in 2020 to 9.7%
in 2015 (Table 6). All samples of bulls from ICs and BCYBs
were negative for BoHV-1 antibodies from 2007 to 2020. Samples
with positive results belonged to cattle intended for sale or
exhibitions, etc.

BoHV-1 Infections in ICs and BCYBs
Since 1979 all bulls in ICs have been negative to BoHV-1
antibodies with the exception in 1990. An outbreak of BoHV-1
was detected in the BCYB in Murska Sobota. During the regular
serological monitoring of young bulls, 12 of 89 bulls from BCYB
had BoHV-1 antibodies. There were 28 breeding bulls in a nearby
IC, and 9 bulls had BoHV-1 antibodies. No clinical signs of
infection were observed. All animals from the BCYB and IC
were immediately culled. The source of virus introduction and
infection was never determined.

DISCUSSION

The first IC with breeding bulls in Slovenia was established at
the end of the 1950s, and the collection of bull semen and AI
was introduced, primarily in response to sexually transmitted
diseases. Through this, AI has become the breeding norm on
the majority of dairy farms in Slovenia (22). The best bulls are
used to obtain semen for AI and kept in quarantine conditions.
Calves from herds with bull’s mothers are selected by the Slovene
cattle breeding selection service. These calves are kept in BCYB
under quarantine conditions until the age of 12 months and then
transferred to IC. Two ICs and two BCYBs have been established
in Slovenia. The development of virological diagnostics in 1963
also enabled the routine diagnosis of BoHV-1 virus infections
(18). The knowledge that BoHV-1 is also very successfully
transmitted by infected semen was first introduced to control the
disease in bulls in IC in the 1970s. In epizootiological terms, the
prevention of BoHV-1 infection of bulls in ICs is very important.
ICs were supplied with new bulls by young bulls that were bred
in BCYBs or were brought from abroad. Before 1985, when VNT
on microplates was introduced, VNT techniques for detecting
antibodies did not allow testing of a large number of samples, and
surveillance was limited to bulls in ICs and BCYBs.
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TABLE 1 | Results of the BoHV-1 serological analysis in Slovenia in the period 1976–1984.

Year State farms Private herds

No. of samples No. of positive Positive (%) No. of samples No. of positive Positive

1976 197 22 11.6 ND ND ND

1977 252 6 2.4 ND ND ND

1978 171 8 4.6 ND ND ND

1979 642 154 33.3 586 18 3.0%

1980 349 18 5.1 152 9 5.9%

1981 354 38 11.8 453 10 2.2%

1982 407 96 23.6 341 21 6.1%

1983 389 31 7.9 580 7 1.3%

1984 642 254 39.6 586 18 3.1%

Total: 3,403 627 18.42 2,698 83 3.1%

TABLE 2 | BoHV-1 seroprevalence in cattle herds with bull’s mothers among three most prevalent breeds in Slovenia.

Year Breed No. of samples Positive samples Percentage of positive No. of farms Positive farms Percentage of positive

1985 Holstein Friesian 4,291 2,445 56.9% 6 6 100%

1989 Simmental 3,837 133 3.5% 137 15 10.9%

1990 Brown 2,602 61 2.3% 121 11 9.1%

TABLE 3 | Results of serological tests for BoHV-1 antibodies in imported cattle and bulls’ mother herds in Slovenia in the period 1991–1995.

Imported cattle Bull’s mothers herds

Year No. of samples IBR/IPV positive Percentage of positive No. of samples IBR/IPV positive Percentage of positive

1991 530 314 59.2% 2.353 60 2.5%

1992 7,165 5.056 42.7% ND ND ND

1993 4,599 2.181 47.5% 8.281 281 3.4%

1994 17,450 6.644 32.4% ND ND ND

1995 16,493 2.892 17.5% 4.880 1.251 25.6%

Total 46,237 17.087 36.9% 15.514 1.592 10.3%

TABLE 4 | Results of BoHV-1 serological surveillance in herds with bull’s mothers in Slovenia from 1996 to 2003.

Year No. of bull’s mother

herds

Number of BoHV-1

positive herds

Percentage of

positive herds

Number of sera Number of BoHV-1

positive cattle

Percentage of

positive cattle

1996 276 5 1.8% 6,205 75 1.2%

1997 248 18 7.3% 6,580 59 0.9%

1998 181 4 2.2% 5,366 7 0.1%

1999 265 7 2.6% 8,722 54 0.6%

2000 275 6 2.2% 10,603 146 1.4%

2001 309 2 0.6% 12,885 4 0.1%

2002 301 5 1.7% 13,686 22 0.2%

2003 311 15 4.8% 14,704 165 1.1%

Total: 2,166 77 3.5% 78,751 532 0.7%

Due to the increased milk needs in Yugoslavia in the 1960s,
the intention was to increase milk production by importing high-
milk breeds such as Holstein Friesian cows; they were imported

from various European countries and from Israel. This breed
was bred on state dairy farms, while traditional breeds such
as Brown cattle and Simmental cattle were present in private
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farms. At that time, imported cattle were not tested for BoHV-1
infection, so virus could be introduced into the country with the
import of BoHV-1 positive Holstein Friesian cattle. Herds with
Holstein Friesian cattle were later detected heavily infected with
the BoHV-1 in comparison to the lower detected prevalence in
the herds of the private sector.

TABLE 5 | Results of the study on the presence of BoHV-1 antibodies in bulk milk

samples (BTM) in dairy herds producing milk for public consumption in Slovenia in

the year 2000.

Region Number of herds Positive herds Percentage of

positive herds

Gorenjska 1,286 78 6.1%

Ljubljanska 1,611 71 4.4%

Primorska 1,126 21 1.9%

Celjska 1,569 60 3.8%

Mariborska 1,845 70 3.8%

Prekmurje 3,400 31 0.9%

Ptujska 1,050 56 5.3%

Dolenjska 1,462 60 4.1%

Total: 13,349 447 3.4%

Between 1976 and 1984, 15.5% serologically positive samples
were identified from state-owned farms, while from private
herds, only 3.6% of animals reacted positively. By 1984, all tested
state-owned herds, with from 500 to 1,500 dairy cows had been
infected the BoHV-1 positive. The reason for this can be result
of intensive traffic of breeding livestock between individual state
farms without testing for BoHV-1 infection before movements.
These results (Table 1) show that the infestation of Holstein
Friesian cattle in state herds was significantly higher than in
private sector herds, predominantly with Brown and Simmental
breeds. Serological monitoring of cattle confirmed that BoHV-
1 infection was present in all state-owned dairy farms and
uncontrolled purchases of cattle from these farms were the main
cause of infection for private herds.

Epidemiological analyses performed between 1985 and 1990
confirmed that BoHV-1 was widespread among Holstein
Friesian cattle and less so among Simmental and Brown Swiss.
After separation from Yugoslavia and the introduction of the
democratic political system in Slovenia in 1991, most state farms
with Holstein Friesian breed collapsed and were depopulated
or privatised. Many cattle were culling or sold to private herds,
uncontrollably spreading BoHV-1 to these farms (21).

After 1991 the number of imported cattle increased sharply,
especially fattening. In period from 1991 to 1995, a total
46.237 fattening cattle were imported from the Czech Republic,

FIGURE 1 | Prevalence of BoHV-1 positive herds by administrative regions in Slovenia in 2006.
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TABLE 6 | Number of samples for tests for BoHV-1 antibodies including samples

of bulls from ICs and BCYBs in Slovenia in the period 2007–2020.

Year No. of samples Number of BoHV-1

positive samples

Percentage of

positive samples

Results of tests for the presence of antibodies against BoHV-1

2007 2,062 46 2.2%

2008 1,565 21 1.3%

2009 1,464 18 1.3%

2010 1,106 19 1.6%

2011 1,139 37 3.3%

2012 1,269 14 1.1%

2013 1,797 59 3.3%

2014 1,550 37 2.4%

2015 1,411 138 9.8%

2016 1,234 15 1.2%

2017 1,259 33 2.6%

2018 1,550 26 1.7%

2019 1,215 7 0.6%

2020 1,001 1 0.1%

Total 19,622 471 2.4%

Hungary, Germany and Poland and tested for BoHV-1 in
quarantine. The percentage of detected BoHV-1 seropositive
animals from these imported countries was decreasing (Table 3).
This can be attributed to the fact that these countries have already
started with implementation BoHV-1 eradication programs
during this period, which was also reflected in exported calves
intended for further fattening. Imported cattle for fattening was
for slaughter, trading of these animals to other breeders was not
officially allowed. From the results of serological tests in the bulls’
mother herds in 1995 (Table 3), 25.6% of samples were positive
for BoHV-1 antibodies. The percentage of positives animals
was higher because herds of Holstein Friesian cattle, mostly
purchased from former large BoHV-1 positive state-owned herds,
were also included in the investigations. Because of this and
the goal to protect the bulls in ICs and BCYBs, an agreement
was reached together with the Veterinary administration and
Livestock Selection Service of Slovenia in 1995 that only calves
from BoHV-1 negative herds may enter BCYBs. Surveillance
started in 1996 with annual serological control in herds of bull’s
mothers. A BoHV-1 negative herd status was granted, after
serological examination of all breeding animals, confirmed all
animals are negative to BoHV-1 antibodies.

Annual laboratory control of herds with bull’s mothers was
carried out until 2003. During this period, 78.751 cattle were
tested with an annual incidence of positive animals from 0.03
to 1.4%. A herd in which BoHV-1 positive cattle had been
detected was no allowed to send calves to BCYB and lost status
of bull’s mother herd. In 25 herds only one positive animal
was confirmed, which was unusual according to the literature,
which shows that when the BoHV-1 virus is actively circulating
within an uninfected herd, most animals seroconvert in a short
time (23).

The results of epidemiological inquiries from BTM samples
in herds with only individual BoHV-1 serologically positive
animals showed that they were mostly highly productive Holstein
Friesian cattle purchased from state herds after their closing.
In the infected herd, we confirmed a higher percentage of
positive animals among the older animals than the young, which
is also evidenced by the literature (23). The infection spreads
particularly rapidly in the case of natural mating with a BoHV-1
positive bull (24, 25).

An important component of the dynamics of BoHV-1 in an
individual herd is the reactivation of the virus, which is often due
to stress and triggers further primary infections in the herd (26).

An interesting case was noted in a herd that consisted
predominantly of Brown cattle. The only positive cow in this herd
was Holstein Friesian, which was purchased 7 years previously
in one of the state farms and had never infected any animal in
contact. The cow was never vaccinated. Outbreaks occur due to
reactivation of the virus or new introduction of the virus from
outside of the herd (26). Several studies report extended periods
with no evidence of BoHV-1 circulation in endemically infected
herds (27).

In 2000 the veterinary service in Slovenia sought to draught
legislation for a mandatory eradication program of BoHV-1
throughout the country, following the example of Austria,
Germany and other European countries. Monitoring of BoHV-1
was carried out in BTM samples from 13,349 tested herds
producingmilk for public consumption. BoHV-1 antibodies were
found in samples from 449 (3.4%) examined herds. A total of
22,330 cattle were in positive herds. The reason for the highest
percentage of serologically positive animals in the Gorenjska
region (6.2% of positive herds), with an average 15.2 herd size
can be attributed to the method of breeding in this area. In this
region communal mountain grazing system is practised during
summer time, where the possibility of infection spread between
herds is greatly increased, especially when natural mating is
practised. While the Prekmurje region (0.9% of positive herds),
with an average size of 19.7 cows covers the flat part of the
country, with more closed type of breeding without tradition of
communal grazing, to which the lowest percentage of infection
can be attributed.

To obtain accurate data on the prevalence of BoHV-1 required
for the preparation of the national programme for the eradication
of BoHV-1, in 2006, an intensive epidemiological analysis of
BoHV-1 was performed in Slovenia. For the first time, individual
blood samples were taken from cattle over 24 months of age.
A total of 79.9% of the cattle population from 35,991 farms
was tested. BoHV-1 antibody-positive animals were found on
1,287 farms, which represents 3.6% of farms. Vaccinations
against BoHV-1 were not performed in these herds. The highest
percentage of infected farms (8.8%) was detected on region of
Gorenjska where communal mountain grazing of young stock,
grazing and mowing system of cattle breeding is practised.

In 2015, the Veterinary Administration adopted rules
on the conditions for the recognition, acquisition and
maintenance of the status of herds free from infectious
bovine rhinotracheitis/infectious pustular vulvovaginitis (Uradni
list RS, No. 55/15). This regulation specifies the conditions for
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obtaining BoHV-1 free status and for maintaining the status
in accordance with Commission Decision 2004/558/EC and
Council Directive 64/432/EEC. Slovenian legislation currently
allows breeders to obtain the status of breeding free of BoHV-1
virus infection, but on a voluntary basis. All costs of sampling
and laboratory tests are paid by the owners, without any financial
compensation. Breeders are not sufficiently aware and do not
believe in the benefits of raising cattle without BoHV-1 virus
infection. The response from breeders is very poor. Currently,
only one breeder with the official status of being free of BoHV-1
is recorded in the database of the Veterinary Administration.

BoHV1 control in Germany is based on two different
strategies, which mainly depend on the initial BoHV1 sero-
prevalences. In herds, regions, or federal states with low
rates of BoHV1-infected animals, the so-called “conventional
eradication” concept focuses on the selection of BoHV1-
seronegative animals without vaccination. In regions with high
BoHV1-sero-prevalences, eradication is based on immunisation
with glycoprotein E (gE)-deleted marker vaccines and the
subsequent selection of marker-negative animals. At the end
of 2010, nationwide, 90.4% of the dairy and breeding herds in
Germany were BoHV1-free (with or without vaccination), and in
6.3% of the herds, eradication was still in progress (28).

Although the presence of BoHV-1 virus infection in Slovenia
has been serologically determined for many years, there are no
frequent reports of clinical outbreaks of the disease on individual
farms. In Europe, various eradication methods have been used,
such as killing seropositive animals, lifelong vaccination of
seropositive animals only or vaccination of all cattle in IBR/IPV
positive breeding (29).

The number of samples sent for BoHV-1 infection
investigations has declined sharply after 2007, with testing
from 1,000 to 2,000 samples per year in Slovenia. This small
number of not randomly selected animals each years was
showed low detected prevalence, with no improvement in last
two decades.

The efforts made by the veterinary and cattle breeding service
for eliminating the virus in the past have brought us to the point
at which the main question is whether we shall maintain the

prevalence of the disease in its current state or decide to eradicate
the disease gradually. Only BoHV-1 free ICs are not sufficient
to control BoHV-1. Bull’s mother herds with uncontrolled status
pose a high risk of BoHV-1 spread into BCYBs and ICs.

Over the years, a great deal of money has been invested in
the surveillance and control of BoHV-1 in Slovenia. Given the
known prices of sampling and the prices of laboratory tests, they
can be estimated to over e6,500,000. An important contribution
of all past efforts is that the bulls in ICs and BCYBs are
remaining free of BoHV-1 infection. Attempts of the veterinary
profession to take a mandatory approach to eradicate BoHV-1
have not been successful so far in Slovenia. We are promoting
many EU countries success storeys to our stakeholders and hope
that soon an obligatory nation-wide eradication programme will
be adopted.
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17. Gregorovič V, Skušek F, KlemencN. Zdravstvena zaštita na farmamamliječnih
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The European Union (EU) regulates the control of cattle diseases listed in categories A

and B of the Animal Health Law (AHL). However, the control of other cattle diseases that

have no, or limited EU regulation, is left to each member state. Slovenia has five control

programmes (CPs) for non-EU regulated cattle diseases: bovine viral diarrhoea (BVD),

infectious bovine rhinotracheitis (IBR), enzootic bovine leukosis (EBL), bluetongue and

anthrax. Two (IBR and BVD) are voluntary and the others (EBL, anthrax and bluetongue)

are compulsory. The three compulsory CPs are funded by the government. All the CPs

are run by the government and laboratory tests are performed by the National Veterinary

Institute. The rules for the CPs are laid down in Slovenian legislation. In addition, there is

a national directive for the control of salmonellosis. Both BVD and IBR are endemic and

have CPs based on increased biosecurity, testing and culling or vaccination, financed

by the animal owners. Slovenia has been officially free of EBL since 2005 and carries

out surveillance based on serological testing of a representative number of herds and

inspection of carcasses at slaughter or necropsy. Vaccination is the main disease control

measure for anthrax (sporadic) and bluetongue (currently perceived free—vaccination

since 2017). Lack of motivation of farmers to participate in voluntary disease CPs and

to implement and follow strict biosecurity measures are the most pressing issues in

improving the health status of Slovenian cattle. An overview of the existing CPs and

the circumstances leading to their implementation are presented.

Keywords: bovine, disease control, legislation, cattle trade, disease surveillance, infectious diseases

INTRODUCTION

A list of 24 non-EU regulated diseases controlled in at least one member country has recently been
compiled (2020) as part of the European Union (EU) COST action SOUND control (CA17110)
(1). Each member country was encouraged to write a summary of the CPs for these diseases in their
country and to indicate the disease status for the remaining diseases.

In Slovenia there are five control programmes (CPs) in place for non-EU regulated infectious
cattle diseases and a directive for controlling Salmonella spp. outbreaks on farms. The CPs are
designed to take account of the specific cattle rearing situation in Slovenia (communal alpine
pastures, lack of fattening calves, the close proximity of farms and small herds) and the geographical
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conditions. All the programmes are implemented by the
government and incorporated into the Slovenian legislation.
The National Veterinary Institute (NVI), which is part of the
Veterinary Faculty, performs all the diagnostic testing for the
CPs. Sampling and vaccination in the CPs are carried out by
private veterinary practises authorised by the Administration
for Food Safety, Veterinary Sector and Plant Protection
(AFSVSPP). Bovine viral diarrhoea (BVD) and infectious bovine
rhinotracheitis (IBR) have been endemic for several decades (2, 3)
and voluntary CPs based on testing and culling or vaccination
have been in place since 2014 and are funded by the animal
owners. Slovenia has been officially free of enzootic bovine
leukosis (EBL) since 2005. Compulsory vaccination is the main
strategy to control anthrax and bluetongue (BT). Slovenia has a
sporadic occurrence of anthrax and is currently perceived free
from BT. The CPs for EBL, anthrax, and BT are compulsory and
are funded by the government.

This paper reviews the structure of the Slovenian cattle
industry, the details of the existing CPs and provides the status
for the other non-EU regulated diseases.

OVERVIEW OF THE CATTLE PRODUCTION

IN SLOVENIA

Slovenia is a small country located in Central Europe south
of the Alps. Cattle production is one of the most important
agricultural sectors, with about 0.5 million animals. In Slovenia,
most cattle herds are family owned and relatively small (4). All
cattle holdings and cattle in Slovenia have to be registered at
the AFSVSPP. The structure and characteristics of the Slovenian
cattle population in 2019 are presented in Table 1 and Figure 1.
At the end of 2019, the Simmental breed was the most numerous
followed by Holstein and Brown Swiss, while 1% of the cattle
population was represented by the autochthonous Cika breed
(Figure 2). The rest of the animals (46%) were either Limousin,
Charolais, crossbreeds or animals where the pedigree was
unknown (4). The number of holdings with cattle decreased from
30,351 in 2018 to 29,615 in 2019 while the number of animals per
holding increased from 15.2 in 2018 to 15.8 in 2019 (4, 6). Smaller
family farms tend to be more diverse in the animal species that
they rear on the farm, compared to bigger enterprise holdings,
which rear exclusively cattle (7). In 2019, the density of cattle in
Slovenia was 23 cattle per km2 (8).

Cattle aremostly reared indoors, but inMediterranean, Alpine
and pre-Alpine regions cattle have access to pastures for several
months. The duration of grazing depends on the region.

FACTORS AFFECTING NON-REGULATED

DISEASE CONTROL

In Slovenia, the supply of beef calves does not meet demand.
Therefore, farmers import calves from Middle and Eastern
European countries. In the period between 2010 and 2016, most
of the calves were imported from the Czech Republic (58.2%),
followed by Hungary (10.2%), Romania (9.5%) and Slovakia
(9.2%) (9). Imported calves are usually cheaper than those

TABLE 1 | The structure and characteristics of the Slovenian cattle population in

2019.

Number of cattle 466,911

Number of cattle herds 29,615

Average herd size

- Dairy 17.5

- Non-dairy 3.7

- Total 16.8

Ownership

- Family owned 98.3%

- Agricultural enterprises 1.7%

Cattle system

- Dairy 19%

- Non-dairy 81%

Animal structure

- Cows 34%

- Calves 29.8%

- Heifers 20.8%

- Bulls 16.8%

Breeds

- Simmental 29.9%

- Holstein 16.8%

- Brown Swiss 4.4%

- Cika 0.9%

- Others (Limousin,

Charolais, crossbreeds, …)

46.3%

Average production

parameters

- Milk yield 7,043 kg

- Simmental breed 5,890 kg

- Holstein 8,261 kg

- Insemination index 1.92

- Calving interval 422 days (dairy cows)/438

days (beef cows)

- Days open 138 days

- Daily gain in calves 1,096 g/day (0–210 days)

The information is summarised after (4, 5).

originating from Slovenia. The health status of imported calves
is not checked for non-EU regulated diseases and quarantine
is not carried out before they are introduced into the herds,
as it is not mandatory. This is one of the reasons why beef
farmers are less inclined to the national eradication of IBR and
BVD as it would lead to quarantine restrictions and laboratory
testing of imported animals from non-free countries, resulting in
additional costs. Furthermore, these diseases are not perceived as
a major problem bymany beef farmers, although beef cattle herds
with infectious respiratory disease outbreaks are observed each
year (10). In 2019, Slovenia exported 37,177 cattle and imported
32,177 cattle (8).

Beside the unwillingness of beef importers to support a
systemic approach to improve the health status of cattle, there are
also other factors, characteristic for Slovenia, that would need to
be addressed. In the Alpine region, many farms use communal
mountain pastures, which pose a risk of disease transmission

Frontiers in Veterinary Science | www.frontiersin.org 2 July 2021 | Volume 8 | Article 674515120

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hodnik et al. Cattle Disease Control in Slovenia

FIGURE 1 | Cattle density in Slovenia by statistical regions.

between herds. As arable land is limited, farms in most regions
are located close to each other, with boundaries being separated
by only a single fence line. Dairy farms face low milk prices
limiting opportunities for investment. The size of farms and the
level of production is also affected by the fact, that about 75%
of the available Slovenian agricultural land is located in areas
less favourable for agriculture, 56% of which is on steeply sloped
terrain (11). These factors make Slovenian cattle farmers less
economically competitive compared to farmers from countries
with more favourable farming conditions. The lack of financial
reward has probably driven a lack of younger people engaging
in cattle production leading to an ageing population of farmers.
Most farm owners are over 55 years old [57 years on average
in 2016 (12)] and are likely to be less open to change and
investment (13).

Farmers who have achieved eradication of a particular disease
on their farm or have a favourable herd health status have already
implemented biosecurity measures such as foot disinfection
barriers and a change of clothes for visitors. However, the study in
2021 found that the majority of farms do not consider biosecurity
as a top priority and buy animals with unknown health status and
often share equipment with their neighbours (14).

In Slovenia, all traded cattle must be free of brucellosis,

tuberculosis and EBL. Animals that are traded must comply
with the guidelines prescribed in Commission Regulation (EC)
No. 1266/2007 of 26 October 2007 on implementing rules for
Council Directive 2000/75/EC regarding the control, monitoring,
surveillance, and restrictions on movements of certain animals of
susceptible species in relation to bluetongue. Since 1997 all young

bull stations and insemination centres in Slovenia have been
free of brucellosis, tuberculosis, EBL, BVD, IBR, trichomonosis,
bovine genital campylobacteriosis, and BT. All introductions of
animals into young bull stations and insemination centres are
under strict and regular veterinary control1

For larger cattle shows animals must be tested for IBR and
BVD prior to the show, while for smaller shows the rules are not
so strict unless a farmer wishes tomaintain his BVD or IBR status,
in which case cattle from negative herds must be kept separate.

ECONOMIC LOSSES DUE TO DISEASES

FOR WHICH CPS ARE IN PLACE

Losses due to livestock diseases are divided into direct losses
due to the impact of the disease on production and life span
and indirect losses resulting from expenditure on disease control
and prevention and lost revenue (15). Although there are no
detailed studies on disease losses in Slovenia, we can consider
their economic importance based on studies conducted in other
countries. BVD is associated with large economic losses, either
directly through reduced productive performance in cattle herds
or indirectly, such as expenditure on CPs (16). In the case of
BVD, several studies have shown that CPs are economically
justified (17). The economic significance of losses associated
with IBR is not yet clear due to lack of data. However, there
is evidence that it causes production losses due to respiratory

1http://pisrs.si/Pis.web/pregledPredpisa?id=PRAV6275 (accessed December 21,

2020).
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disease, reduced fertility, abortions and reduced milk yield (18).
Production losses due to EBL are controversial, but even in
studies showing losses, they appear to be low (19). Economic
importance results mainly from trade bans (15). In the case
of BT, production losses vary from relatively low in endemic
situations to substantial losses in epidemic situations. Losses
are caused by reduced fertility, mortality of older animals and
reduced milk production. Most of the costs associated with BT
are the result of prevention and control measures (vaccination,
restrictions on animal movements, impact on markets), the
magnitude of which appears to be far greater than direct disease
losses (20). As a zoonosis, anthrax poses a public health risk.
Although production losses due to anthrax are estimated to be
low (few dead animals), overall losses due to indirect losses may
be significant (21).

DESCRIPTION OF EXISTING CONTROL

PROGRAMMES IN SLOVENIA FOR

NON-EU REGULATED CATTLE DISEASES

Bovine Viral Diarrhoea (BVD)
In Slovenia, cattle owners have been able to acquire BVD-free
herd status since 2014 (22), and currently 21 herds have this
status (Figure 3). The CP is implemented on a national level, is
voluntary and is financed by herd owners. The BVD-free status
is awarded on a herd level. The programme is a modification of
the successful BVD eradication programme first implemented in
Sweden (23). The programme follows a prescribed rule which sets
out the conditions for recognition, acquisition and maintenance
of a BVD-free herd status (24). The last systemic surveillance
for BVD prevalence was conducted in 2003. At that time, 12,885
breeding animals from 307 holdings were serologically (ELISA)
tested, and 16.8% of animals and 50.2% of holdings were BVD
positive (25).

Owners can apply for BVD-free herd status at the regional
office of the AFSVSPP. If all conditions are met, the herd will
be granted BVD-free status. All herds that have been granted the
status are listed on the AFSVSPP website2

The conditions for BVD-free status are; No confirmed case
of BVD virus (BVDV) infection on the holding in the last
12 months, all cattle on the holding are free from clinical
signs indicative of BVDV infection. The herd is kept separate
from other herds that have a lower BVD health status (direct
contact between animals is not permitted), only cattle from BVD-
free herds are included into the herd, alternatively cattle are
quarantined, and tested for evidence of infection (ELISA and RT-
PCR), and female cattle are only inseminated with semen from
bulls or serviced by bulls that are proven to be BVDV-free. In
addition, the herdmust have two consecutive negative serological
tests (with antibody ELISA) of cattle aged 7–13 months (“spot
test”), at least 6 months apart. If there is no animal in this age
group on the holding, animals in the 14–21-month age group
will be tested. Vaccination is not allowed in herds participating
in the CP.

2https://www.gov.si/assets/organi-v-sestavi/UVHVVR/Bolezni-zivali/BVD/42_

Seznam-cred-prostih-BVD-posodobljen-24.06.2020.pdf (accessed December 21,

2020).

If the owner wishes to achieve BVD-free herd status, but
the initial or subsequent serological test is positive, the herd
must eradicate the disease and retest 7–13-month-old calves
serologically twice at least 6 months apart. A possible eradication
plan is suggested in the Rule: all animals in the herd must
be tested for the presence of BVDV in the blood using RT-
PCR [identification of Persistently Infected (PI) animals] and all
positive animals must be culled. All new-born calves born in the
year following the removal of the last positive animal must be
tested for BVDV in the first week of life; positive animals should
be culled from the herd as soon as possible. One year after the last
PI has been removed from the herd, serological testing of cattle
aged 7–13 months is required. If the results of all tested animals
are negative, the spot test is repeated after 6 months; if the results
of these tests are negative and the preventive measures for BVD-
free status are fulfilled, the herd can apply for BVD-free status.
If the results of the tests are not negative, the above measures
are continued.

BVD free status is granted for a period of 1 year. To maintain
the status, a herd must be “spot tested” annually. In addition,
the owner must ensure that the local veterinarian investigates
compliance with the conditions for BVD-free status. If a herd no
longer complies with the conditions for maintaining BVD-free
status, the status is lost (22).

The status is temporarily lost if only one animal tests positive
for antibodies in the spot test. The status is renewed when the
serologically positive animal is culled and, after 30 days, all
animals between 9 and 15 months of age test negative for BVDV
antibodies. If no animal in this age group is present on the farm,
animals between 16 and 23 months of age are tested.

Testing of young stock was chosen for initial testing because
they are more likely to be exposed to PIs, which increases the
likelihood of detecting BVDV infection in the herd. Since almost
half of the cattle herds in Slovenia have a low prevalence of
BVDV, this provide the opportunity to apply for BVD-free status
within 6 months. Due to the proximity of cattle holdings in
Slovenia and the fact that about 15% of cattle herds have PIs
(26), the risk of reintroduction of the virus is quite high, so
many farmers are reluctant to participate in the eradication
programme. Maintaining the status also entails additional costs
for laboratory testing and restrictions on the purchase of new
animals, but farmers do not receive any additional privileges or
rewards for having a BVD-free herd status (except being listed on
the AFSVSPP website). However, many farmers who are aware of
the loses associated with BVD have successfully eradicated BVD
and thus have a favourable health status, although because they
do not participate in the official programme, they cannot have
the official status.

Infectious Bovine Rhinotracheitis

(IBR)/Infectious Pustular Vulvovaginitis

(IPV)
The last extensive serological survey for IBR was performed in
2006. Animals older than 24months (204,662 cattle), from 35,991
farms were serologically tested by ELISA. Positive animals were
found in 1,287 farms (3.6%) (27).
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FIGURE 2 | Autochthones Slovenian Cika breed [Foto by Podobnik Franci https://www.cikastogovedo.si/wp-content/uploads/2018/02/veselka-si-43459306-

podobnik-franci.jpg (accessed December 21, 2020)].

In Slovenia, a voluntary national eradication programme
has been in place since 2015. The CP is described in the
Rule prescribing the conditions for recognition, acquisition and
maintenance of a IBR-free herd status (28). All costs for acquiring
and maintaining the status are funded by the owners. In this
programme, an animal is considered infected if virus can be
detected or the animal is seropositive for antibodies to the entire
Bovine alphaherpesvirus-1 (BoHV1).

A holding keeping bovine animals is considered free of
BoHV1 infection if it meets the following conditions of the
CP; no suspicion of BoHV1 infection has been detected on the
holding in the last 6 months, all cattle on the holding are free
from clinical signs indicative for BoHV1 infection, the herd
must be separated from herds that have a lower IBR health
status at all times (direct contact between animals of different
health statuses is prevented), only cattle from IBR-free herds
or quarantined and negatively tested cattle may be introduced
into the herd, cows and heifers are serviced or inseminated with
semen from IBR-free bulls, and the herd has been serologically
tested twice in an interval of 5–7 months with negative results.

The sampling protocol is prescribed in Annex 3 of Commission
Decision 2004/558/EC.

The owner must submit an application for IBR-free herd
status to the regional office of the AFSVSPP. If all requirements
are met, the herd is granted IBR-free status. All herds that have
been granted the status are listed on the AFSVSPP website3

If a herd does not meet the above conditions, the owners must
contact their local veterinarian who will prepare an eradication
plan. The eradication plan most commonly implemented in
Slovenia consists of identification and culling of infected
animals or vaccination of animals with a marker vaccine
until the last wild type IBR virus antibody-positive animal is
culled. The former is recommended if <10% of the animals
in the herd are positive at serological testing (29). When
all requirements are met, the owner may apply for the
free status.

3https://www.gov.si/assets/organi-v-sestavi/UVHVVR/Bolezni-zivali/IBR/

1_Seznam_cred_prostih_IBR-IPV_posodobljeno31._5._2017.pdf (accessed

December 21, 2020).
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To maintain the status, the owner must comply with the
conditions to obtain free status, except for the initial testing, but
must perform annual serological testing with negative results.
The sampling protocol is prescribed in Annex 3 of Commission
Decision 2004/558/EC. In addition, the owner must ensure that
the local veterinarian confirms that the herd is compliant with
the Rule each year. If the herd no longer complies, the status will
be lost. Regardless, if only one animal tests positive in the annual
serological testing the status is temporarily lost until the positive
animal is culled and others are serologically tested negative twice.

Currently, only one herd has IBR-free status (Figure 3).
Slovenian insemination centres have been IBR negative since
1975 with one minor outbreak in one centre that was quickly
brought under control (30). The insemination centres in Slovenia
also adhere to this CP to maintain their status. Farmers are not
very motivated to participate in the CP as it involves additional
costs and they cannotintroduce animals into the herd without
implementing quarantine measures. Free herds do not receive
any privileged status compared to positive herds. Based on the
last serological screening, the prevalence of IBR in Slovenia
is low. Positive herds belong predominantly to the Holstein
breed, which is most likely the result of the closure of state
collective farms which had a high prevalence of IBR (in the
former Yugoslavia) and the auctioning-off of their animals. Herds
of other breeds in Slovenia are rarely infected (29).

Enzootic Bovine Leukosis (EBL)
Slovenia has a surveillance programme to prove national EBL-
free status. If EBL-positive animals are found, eradication
measures follow. All sampling and testing are paid by the
government, all other costs are the responsibility of the owner.
Slovenia has been granted official EBL-free status by the EU
(<0.2% infected herds) in 2005. The last reported case found by
active surveillance was in 2006, and since then there have been
eight cases in imported cattle in Slovenia (31).

In order to maintain the national officially free status,
Slovenia has an active surveillance programme that includes the
serological testing of cattle older than 12 months. The number
of animals and herds to be tested annually is determined by
the AFSVSPP. All positive and suspect cases are confirmed
by retesting with serological and molecular methods. Passive
surveillance is carried out in slaughterhouses during post-
mortem examination of carcasses, where samples of all carcasses
with tumour-like lesions are examined for EBL. The same
procedure is used when tumour-like lesions are found at
necropsy. Passive surveillance is also carried out in the field,
where veterinarians must report animals with enlarged lymph
nodes, ill-thrift or marked lymphocytosis with lymphocytes
comprising more than 65% of the white blood cells. The official
veterinarianmust then carry out an epidemiological investigation
and ensure the serological testing of all animals on the holding.
All movement of animals other than for slaughter is prohibited,
all animals suspected of being infected must be isolated, and
disinfection barriers must be placed at the entrance to the holding
and pens. If EBL is confirmed, by serological or molecular tests
or at post-mortem examination, all positive animals and any
potentially infected offspring of infected dams must be culled
within 30 days after the owner and the official veterinarian

have been informed of the test results. All movement of animal
products from the farm is prohibited. Cleansing and disinfection
must be carried out by a registered organisation4 The herd
regains the status when all positive animals are culled and all
other animals older than 12 months are tested twice, 3 months
after the removal of the last positive animal and 4–12 months
after. All tests must be negative.

Bluetongue
The last reported case of bluetongue caused by serotype 4 was
in 2016 (OIE report 2018). The national, compulsory vaccination
and surveillance programme was launched in 2017 and is funded
by the government.

The Slovenian CP is based on Council Directive 2000/75/EC
of 20 November 2000 laying down specific provisions for
the control and eradication of bluetongue and Commission
Regulation (EC) No. 1266/2007 of 26 October 2007 on
implementing rules for Council Directive 2000/75/EC as
regards the control, monitoring, surveillance and restrictions on
movements of certain animals of susceptible species in relation
to bluetongue.

All bovines and small ruminants must be vaccinated every
year. Cattle and goats are initially vaccinated twice 3 weeks apart,
then once a year. Sheep are vaccinated once a year. All animals
must be vaccinated during the vector-free season (usually from
January to April). Inactivated bluetongue serotype 4 vaccines are
used. In 2018, 435,246 cattle were vaccinated in Slovenia (31).
Some animals (selected by AFSVSPP) are left unvaccinated to
serve as sentinels and are serologically tested twice (before April
and in December). To confirm the disease, all positive animals
are retested and if they are not negative, they are resampled and
retested using serological andmolecular methods. Entomological
surveillance for Culicoides spp. is also conducted. Samples are
collected every week in winter and every other week in summer in
10 locations across the country using insect traps. The results are
used to monitor the number of Culicoides spp. and the duration
of the vector-free season throughout the year. The costs of
vaccination and testing are covered by the government5 Owners
are compensated for culled animals.

Some owners are reluctant to vaccinate their animals because
the modified live bluetongue vaccine used in some countries
outside the EU has been associated with abortions and clinical
disease (32, 33).

Anthrax
The latest version of the anthrax CP was put in force in 20166

The programme is compulsory, national, and financed by the
government. In Slovenia, the last recorded case of anthrax was
on 21st August 20157

4http://www.pisrs.si/Pis.web/pregledPredpisa?id=PRAV6813 (accessed December

21, 2020).
5http://www.pisrs.si/Pis.web/pregledPredpisa?id=ODRE2602 (accessed December

21, 2020).
6http://www.pisrs.si/Pis.web/pregledPredpisa?id=PRAV12802 (accessed

December 21, 2020).
7https://www.oie.int/wahis_2/temp/reports/en_imm_0000018513_20150826_174

821.pdf (31) (accessed December 21, 2020).
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FIGURE 3 | Location of bovine viral diarrhoea (BVD) or infectious bovine rhinotracheitis (IBR) officially free herds. Note that the only herd free of IBR also has a

BVD-free status but the markers are misaligned for better visualisation.

Suspicion of anthrax is based on clinical signs or post-
mortem examination. The veterinarian reporting the suspicion
takes blood samples from live animals or sends carcasses for
laboratory diagnosis, informs the regional office of the AFSVSPP
and gives additional instructions to the owner to prevent the
spread of infection. The diagnosis is confirmed at the NVI with
a pathomorphological examination, bacteriological examination
and real-time PCR. The official veterinarian conducts an
epidemiological investigation and puts the following measures
into force: (1) no movement of animals or their products,
(2) euthanasia of all animals that do not test negative at
diagnostic testing, (3) no slaughter or opening of carcasses,
(4) vaccination of all ruminants and equids, (5) destruction of
carcases of dead animals, (6) destruction and disinfection of
animal waste material, cleaning and disinfection of all equipment
which has been in contact with the infectious material, (7)
disinfection of the ground where animals died, (8) pest control
(of insects and rodents) and (9) other measures to sanitise
the holding.

Regardless of the movement ban, animals showing no
clinical signs after 21 days (longest incubation period) may be
slaughtered with the approval of the official veterinarian. In
addition, milk from clinically healthy animals may be used for

human consumption if it is heat treated (at least to pasteurisation
temperature) in approved facilities under official control. At-risk
animals may be treated with antibiotics. Treated animals must be
vaccinated 10 days after the end of antibiotic treatment, as a live
attenuated vaccine is used. Disinfection and pest control must be
carried out by a registered organisation.

When the disease is confirmed, the AFSVSPP establishes an
anthrax district and makes the information publicly available on
its website. There are currently 106 anthrax districts in Slovenia
(Figure 4). All ruminants and equids must be vaccinated 3 weeks
before the start of the grazing season in the district or receiving
feed from an anthrax district. All measures on the affected
holding are in effect for 21 days from the date all measures
and disinfection have taken place. Vaccination measures in
an anthrax district are in force for 50 years. In 2018, 16,449
cattle, 138 equids and 970 small ruminants were vaccinated
in Slovenia. Vaccination is not associated with any additional
restrictions (31).

Salmonellosis
The directive for the control of salmonellosis has been in
force since 1999. Sporadic cases still occur in Slovenia. Control
measures are described in the Directive for detection, prevention
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FIGURE 4 | Location of the all 106 anthrax districts in Slovenia, in 2019 (34).

and eradication of salmonellosis (35). The measures are
compulsory and the costs are borne by the owner.

Suspicion is based on clinical signs (diarrhoea, abortion storm,
and death) or when salmonellosis is confirmed in other species
on the farm. A local veterinary organisation must take rectal
swabs, samples of bedding and feed, and submit dead animals
for necropsy. They must also instruct the owner on measures to
prevent the spread of the disease (prohibit movement of animals,
restrict movement of people, and implement additional sanitary
measures) and order the destruction of infected carcasses.
The disease is confirmed by bacteriological examination. If
salmonellosis is confirmed, the official veterinarian must order
the disinfection of feed, treatment of animals with antibiotics
on the basis of an antibiogram, disinfection, pest control and
other sanitary measures. The measures may be stopped when two
bacteriological tests on rectal swabs from all animals in infected
management groups, performed 7 and 14 days after the end of
the treatment are negative.

Because salmonellosis has similar clinical signs to
other diarrhoeal diseases, samples are rarely collected
for laboratory diagnosis and animals are often treated
symptomatically. The annual number of reported human
Salmonella spp. cases in Slovenia ranged between 253 and
615 (median = 366) from 2009 to 2018. Most outbreaks

were the result of consumption of undercooked chicken
meat or eggs (36).

Epidemiological Situation for Other Eu

Non-regulated Diseases
A COST action SOUND control is researching the non-EU
regulated cattle diseases for which CPs exist in European
countries. The action has compiled a list of 24 diseases that
are controlled in at least one country (1). The Slovenian status
for these diseases not already mentioned in the text is shown
in Table 2.

DISCUSSION

Cattle production is an important part of the Slovenian economy.
In 2019, the agricultural sector generated 1.2% (e1.3 billion) of
the national gross domestic product (GDP), with the cattle sector
accounting for 26% (e158 and e188 million from beef and milk
production, respectively) (39, 40).

CPs in Slovenia are designed to take account of the specific
cattle rearing situation and the prevalence of these diseases.
Most cattle movements are within the country (71.3%), with
the remaining 28.7% attributed to import and export. Within
Slovenia, there are about 150 thousand cattle movements each
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TABLE 2 | Disease status for Slovenia of non-EU regulated cattle diseases

defined by COST (European Cooperation in Science & Technology) action

standardising output-based surveillance to control non-regulated cattle diseases

(SOUND control).

Disease Disease status Reference

Bovine genital campylobacteriosis Free (31)

Trichomonosis Free (31)

Epizootic haemorrhagic disease Never reported (31)

Johne’s disease Endemic (37)

Q fever Sporadic (31)

Surra Never reported (31)

Mycoplasma mycoides subsp. mycoides Never reported (31)

Leptospirosis Sporadic Expert opinion

Mycoplasma bovis Endemic (10)

Aujeszky’s disease Officially free (38)

Streptococcus agalactiae Sporadic Expert opinion

Bovine coronavirus Endemic (10)

Staphylococcus aureus Endemic Expert opinion

Bovine respiratory syncytial virus Endemic (10)

Bovine digital dermatitis Endemic Expert opinion

Trichophiton verrucosum Endemic Expert opinion

Liver fluke Endemic Expert opinion

Neosporosis Endemic Expert opinion

year (excluding export and import) (9). Neglecting to check the
health status of purchased animals before adding them to the
herd or introducing them on to communal pastures facilitates
the introduction and spread of infections between animals. A
good example of this is the introduction of new strains of
BVDV-1 and their local spread through the use of communal
pastures (41–43). A study determining the genotype of all the
BVDV isolates in Slovenia collected between 1997 and 2001
showed that the most affected regions were Gorenjska and North
Primorska (West and North-West of Slovenia), which use Alpine
pastures in summer. BVDV-1f was the most frequently isolated
genotype (42). An observed prevalence of IBR and BVD is also
the result of large state-owned collective farms auctioning-off
their cattle when they closed between 1990 and 1995, spreading
the infection throughout Slovenia. These as well as other farms
had a high prevalence of IBR and BVD because they imported
many breeding dairy cattle during the period when Slovenia was
part of the former Yugoslavia (29). BVDCPs in Europe aremostly
based on bulk milk sampling and spot tests or tissue tagging (44).
Due to the relative high prevalence, small herd size and close
contact of animals from different herds, the proposed CP for
BVD in Slovenia was designed to sample all individual animals
in a specific age group to increase the sensitivity of diagnosis
and to facilitate early detection of new outbreaks. Furthermore,
as the programme is voluntary and only a small number of
herds have achieved official BVD-free status, BVD-free herds
are at high risk of reinfection from neighbouring herds with
an inferior health status as are herds participating in the IBR
CP. Which explains the low participation in both programmes
(22 herds are BVD-free and 1 herd is IBR-free). Compulsory

national eradication programmes will be necessary in order to
further address these diseases within Slovenia. Such programmes
can be best implemented if they require no or minimal financial
contribution from breeders.

The public-private partnership in Slovenia consists of
the government (Ministry and AFSVSPP), veterinary services
(Veterinary Faculty and NVI), veterinary associations (Slovenian
Veterinary Chamber) and breeders’ associations. In Slovenia,
each of the traditional dairy breeds has its own breeders’
association and a common association for beef cattle breeders.
The autochthonous breed Cika also has its own breeders‘
association. All CPs in Slovenia are operated by the government,
which has created the legal framework to obtain a free status.
Diagnostics are performed by certified laboratories (part of the
NVI), which have the knowledge and equipment to operate these
CPs. Field work (e.g., sampling, vaccinations, and annual herd
health checks) is performed by private veterinary practises that
have a concession with the AFSVSPP. Although all stakeholders
are involved in discussions when new legislation on control of
cattle disease is prepared, the number of farms participating in
voluntary CPs is still low. So far, no breeders’ association has
made disease eradication compulsory for its members, and in
Slovenia there is no common association of milk processors.
Therefore, the decision whether to participate in voluntary
CPs is left to the individual farmer. Few farmers have chosen
to maintain a BVD or IBR free status. More farmers have
used these or similar programmes to eradicate the disease and
gained a favourable herd health status. However, the retention
of the free status involves additional cost for sampling and
testing but provides no additional benefit because the free
herds are not privileged or rewarded (except being listed as
free on the AFSVSPP website), and the positive herds have
no restrictions or penalties. Also, farmers do not consider the
health status of the animal as a top priority when buying
new animals and most are not willing to pay extra for BVD
or IBR negative animals. Therefore, until clear benefits are
provided to free herds both statuses will be maintained by just
a few farms.

The sub-Mediterranean, sub-alpine and temperate
continental climate resulting from Slovenia’s geographical
location and global warming have facilitated the introduction
of some arboviruses, such as Schmallenberg virus and
Bluetongue virus. Bluetongue virus serotype 4 has become
endemic on the Balkan Peninsula since 2015. Slovenia
has also been endemic for the Schmallenberg virus
since 2013 (45).

EBL and BT CPs are compulsory and are based on EU
directives, with country-specific measures mandated by these
directives. There has been some reluctance by owners to
vaccinate their animals against bluetongue for fear of abortions
and fertility problems. In 2020, there were outbreaks of
BT serotype 4 in many countries in the region8 However,
the vaccination programme has proven effective, as there
has had been no confirmed BT outbreak in Slovenia since

8Bosnia and Herzegovina: https://www.oie.int/wahis_2/temp/reports/en_imm_00

00036334_20201030_103224.pdf (accessed January 29, 2021).
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the programme began. However, animals are only screened
for serotype 4 antibodies; therefore, the detection of other
serotypes is based only on passive surveillance. As BT
seems to be endemic in the region, the continuation of
vaccination is justified.

The salmonellosis directive is based on passive surveillance
and only controls herd level outbreaks and the zoonotic
risk to humans. The limitation of passive surveillance for
salmonellosis is that it does not require the investigation of
clinical disease and samples for diarrhoea are rarely taken
unless severe outbreaks occur. Several countries in Europe, such
as Finland, Denmark, Estonia, Norway, the Netherlands, and
Sweden have established salmonellosis CPs (46). They collect
samples from carcasses, faeces9, blood samples, or bulk tank milk
(47, 48). Surveillance systems in European countries were mostly
established to control the zoonotic risk to humans. In Slovenia,
most cases of salmonellosis are the result of consumption of
undercooked chicken meat and eggs (36). Therefore, the control
of salmonellosis in cattle herds might not have a large impact on
public health.

Regarding the number of non-EU regulated cattle diseases
(defined by the COST action SOUND control) controlled in
European countries, Slovenia is below average with five CPs.
The average in Europe is eight CPs per country. Diseases
controlled in Slovenia are also controlled in most other European
countries (1). The disease status for the controlled diseases is
similar to the statuses of other countries in the region, with
Austria having a favourable status for BVD and IBR, and Italy
having regions free of IBR or regions with compulsory CPs (49).
The country’s status for the diseases that are not controlled in
Slovenia (Table 2) are similar to the statuses of the neighbouring
countries (46).

The goal for Slovenia is to implement compulsory national
programmes for BVD and IBR and become a BVD- and IBR- free
country, following the example of the successful eradication of
these diseases by other European countries. However, all previous
efforts have been stopped by some cattle breeders’ associations
due to the high cost of testing and restrictions on importing
calves. Based on the available literature from other countries,
the economic benefits of the implementation of a national BVD
eradication programmes vary depending on the disease control
measures and the cattle rearing situation (50). Switzerland, which
has similar cattle rearing practises as Slovenia has a successful

Serbia: https://www.oie.int/wahis_2/temp/reports/en_imm_0000036233_2020102

3_180414.pdf (accessed January 29, 2021).

Croatia: https://www.oie.int/wahis_2/temp/reports/en_imm_0000036188_202012

24_134407.pdf (accessed January 29, 2021).

Albania: https://www.oie.int/wahis_2/temp/reports/en_imm_0000036255_20201

030_210311.pdf (accessed January 29, 2021).

North Macedonia: https://www.oie.int/wahis_2/temp/reports/en_imm_00000350

83_20200717_181213.pdf (accessed January 29, 2021).
9https://www.riigiteataja.ee/akt/12814159 (accessed January 29, 2021).

BVD eradication programme that began with tissue tagging and
progressed to serological testing. Their programme has been
evaluated to be economically beneficial to the cattle industry
(51). Many European countries have used or are using a test
and cull or test and vaccinate strategy to eradicate IBR with
great success (49). Since Slovenia exports many live cattle to
Austria and Italy (9), the eradication of both diseases would
facilitate export to these countries and increase the value of
cattle. Future efforts should be directed towards optimising the
Slovenian BVDCP andmotivating farmers and the policymakers
to implement a national compulsory CP. IBR eradication also
seems unlikely without a government initiative. Slovenia could
implement both programmes simultaneously and use the same
samples for eradication of both diseases, which would reduce
the costs.

Anthrax spores are embedded in the soil in some districts
of Slovenia and can survive for up to 50 years; therefore,
vaccination seems to be the only way to prevent animal losses and
protect public health in these districts. Because of the zoonotic
potential of Mycobacterium avium spp. paratuberculosis, there
is a government-funded initiative to develop a paratuberculosis
CP following the example of other European countries (37). In
the last prevalence study for paratuberculosis in 2008, Slovenia
had a favourable epidemiological situation. However, this may no
longer be the case if no action is taken (52).

CONCLUSION

Slovenia has five CPs in force for non-EU regulated cattle
disease, which are the result of the specific cattle rearing
conditions in the country and the wider region. The goal is
to achieve eradication or control of all these diseases and add
additional CPs for other diseases, which would increase the
commercial value of Slovenian cattle, improve production and
animal welfare.
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Agriculture is an important production sector in Albania that makes a significant

contribution to the gross domestic product (GDP) and employment. The livestock sector

contributes more than half of the agricultural GDP. The Albanian cattle population

represents 50% of the total livestock units and accounts for 85% of the national milk

production, the rest being supplied by small ruminants. Cattle productivity, health and

welfare are hindered by infectious diseases, some of which are also transmissible to

humans (zoonosis). The aim of this manuscript is to provide an overview of the control

of selected regulated and non-EU regulated cattle diseases in Albania and to highlight

specific challenges for the Albanian cattle industry. The most important infectious cattle

diseases in Albania for which national control and eradication strategies are in place are

bovine brucellosis, bovine tuberculosis, and anthrax, which are all zoonotic. Additionally,

lumpy skin disease recently emerged in the Balkan region and is currently subject to

controls. Most of the available funds and European Union support are allocated to

the control of EU regulated zoonotic diseases. For control of non-EU regulated cattle

diseases, no funds are available resulting in the lack of national control programmes

(CPs). Based on research, clinical investigations and laboratory results, several non-EU

regulated cattle infectious diseases appear endemic in Albanian dairy farms. While no

national CPs exist for any of them, regional initiatives are available on a voluntary basis to

control infectious bovine rhinotracheitis and bovine viral diarrhea. In the voluntary CPs,

there is no monitored requirement to prove disease freedom of purchased animals and

to re-evaluate the herd’s free status after the introduction of animals into a herd. Data on

animal movements that are routinely collected could potentially be used to control the

risk of purchase, but quality needs to be further improved to increase its usefulness in

disease CPs. This overview aims to collate existing information on the CPs implemented
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in Albania and to evaluate these to highlight gaps and threats in disease control, as well

as opportunities and strengths through a SWOT (Strengths, Weaknesses, Opportunities,

and Threats) analysis, with the goal of providing a framework for the future implementation

of animal disease control measures in Albania.

Keywords: cattle diseases, control programme, disease freedom, Standardizing Output-based surveillance to

control Non-regulated Diseases of cattle in the EU, Albania

INTRODUCTION

Albania is an Eastern European Country in which agriculture,
and the cattle sector in particular, play an important role,
contributing substantially to the economy and employment
opportunities. Albania is in the process of approximating and
harmonizing its legislation with the European Union (EU)
and seeks to increase livestock production, entrepreneurship,
competitiveness, and improve the animal health status of
Albanian livestock. Currently, in Albania, there are several
national control programmes (CPs) for certain zoonotic
infectious diseases of cattle namely bovine brucellosis, bovine
tuberculosis and lumpy skin disease. However, there are no public
nor private national CPs in place for non–EU regulated cattle
diseases except anthrax disease.

A project called Standardizing Output-based surveillance to
control Non-regulated Diseases of cattle in the EU (SOUND
control), supported by the European Union has members from
33 countries including Albania. The overall aim of SOUND
control is to explore and support the development of transparent
methods that enable comparison of outputs of surveillance,
control or eradication programmes of non-regulated cattle
disease CPs in the EU. Within the first work package (WP1),
a list of 24 non-EU-regulated (Supplementary Table 3) diseases
for which at least one European country has a CP was published
by SOUND control (1). In Albania, out of the 24 diseases five have
never been detected, enzootic bovine leucosis occurs sporadically,
and 11 diseases are endemic of which four are controlled to some
degree (Supplementary Material). The aim of this manuscript
is to provide an overview of the control measures in place for
regulated and non-EU-regulated cattle diseases in Albania and
to present a Strengths, Weaknesses, Opportunities and Threats
(SWOT) analysis of the specific challenges for the Albanian
cattle industry.

The Cattle Industry and Disease Control in

Albania
Albania is located in the Eastern part of Europe and has an
approximate territory of 28,000 km2 and a population of 2.8
million people. The population density is 97 inhabitants per
square km (2). The agriculture sector is a major contributor
to the country’s economy with about one-fifth of the gross
domestic product (3). About 46% of the population lives in
rural areas, and 650,000 people are employed in the private
agricultural sector. Twenty-four percent of Albania’s surface is
arable, while 16% is pasture and 36% is forest (2). The total
number of cattle in 2019 was 415,609, 11% less compared

to 2018. The average cattle density is 40 cattle per km2

of agricultural land but varies substantially between regions
(Supplementary Table 1) (ranging from 17 in Gjirokastër to 71
cattle 78 in Lezhë regions). The average dairy herd size is 2.6 cows
(Supplementary Table 2) and only 1.1% of all farms have more
than 11 cows (2).

The majority of Albanian cattle herds are composed of local
breeds, known as Albanian Shorthorn Cattle (4) and crossbreeds
(Figure 1) with a small number of dairy breed cattle imported
from Germany, the Netherlands, Italy, Denmark, and Ireland.
Most of the imported cows are Holstein breed, followed by Jersey,
Bruna Alpina, and Simmental cattle (5).

Traditionally, cattle are managed using a combination of
indoor and outdoor rearing. In lowland areas where pure breeds
predominate, cattle are often reared indoors, with limited access
to pasture. In contrast, in hills and mountain areas, local and
crossbreed cattle are managed both indoor and outdoor, and
often sheep and goats are reared at the same family farm
(Supplementary Table 2). In Albania, there are comparatively
few beef herds located mainly in the southern part of the country.

Dairy farms are relatively small and face several challenges
including low milk prices, the high price of animal feed
and supplements, farmland fragmentation, limited access
to land irrigation, and bureaucratic procedures to obtain
limited subsidies.

According to Albanian veterinary law, all imported cattle must
be quarantined for 21 days, clinically examined, and screened
for highly transmissible OIE listed diseases (6). However, in
general, cattle farmers do not apply strict biosecurity measures
to prevent disease introduction and there is a need to increase
the farmers’ awareness of the role of biosecurity in disease
control. The veterinary law and ministry regulations (6) list
the diseases that must be controlled using active surveillance
and monitoring programmes, which are updated annually.
The dedicated CPs are devoted to zoonotic diseases, and
emergent and transboundary animal diseases of high priority in
Albania (6).

MATERIALS

We reviewed the scientific literature, government guidelines,
research institutions bulletins and experts’ personal
communications on the topics of cattle disease control
programmes in Albania to identify cattle diseases programs,
gaps and challenges. We categorized the points according to the
SWOT matrix.
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FIGURE 1 | Typical local cattle breed in Southern Albania (1) used for meat production and cross bred cattle kept in Northern Albania (2) for meat and milk production.

RESULTS

The cattle industry is the most important livestock industry in
Albania; however, it is not well-developed, very extensive and
faces a variety of factors that impede disease control. Table 1
shows some of the strengths, weaknesses, opportunities, and
threats of cattle disease control in Albania.

Strengths
The strengths of the cattle industry in Albania when focusing
on infectious disease control are listed in Table 1. Imported
pure-breed cattle and artificial insemination have contributed
to changes in cattle management. Artificial insemination has
allowed improved milk and meat yield productivity through
accelerated genetic selection. Studies have shown that large herd
size is a risk factor for several cattle diseases (7–9). To the best of
the authors’ knowledge, the most economically efficient farms in
Albania are family herds, which are small (herds up to 20 milking
cows), run by family members only, and use their own land. The
small farms also have a higher animal welfare.

The new amendments of Albanian Veterinary Law aim to
provide a clear chain of command within the State Veterinary
Service making coordination and collaboration more effective.
The national livestock and veterinary information system (RUDA
system) is established and serves as an important information
platform to integrate information from many areas within the
veterinary domain. RUDA does provide resources to develop and
support scientific and risk-based sampling for surveillance and
animal disease control activities.

Strategic programmes for the progressive control and
eradication of priority animal diseases and major zoonoses

provided the opportunity to gain knowledge and skills, which
could be used for controlling other cattle diseases. The national
reference laboratory staff at the Food Safety and Veterinary
Institute receive ongoing training and most of them hold
advanced degrees.

The staff of the State Veterinary Service attend
training events and workshops organized by international
organizations/projects/other stakeholders to acquire knowledge
and skills needed in the veterinary field.

Weaknesses
The size of farms is small, with an average of 1.2 ha (2),
which do not support large scale cattle management systems
and are not profitable due to the small herd sizes (2). The
small herds, however, tend to also rear other animal species and
consequently are at risk of pathogen spread between different
farm animal species.

It is difficult for beef herds to form fattening groups of calves
of equal age due to the small herd size and therefore calves from
Bulgaria and North Macedonia are imported. The health status
of these calves, however, is not checked before their introduction
into the herd and despite mandatory quarantine by law, this is
usually not applied or enforced.

The so-called “beef” production herds are of particular
interest in terms of their risk of spreading infectious diseases
between herds and regions. Often, these farms practice summer
mountain grazing. When the weather conditions in spring
improve, cattle are moved to mountain pastures where they are
kept exclusively outside and stay there until late autumn when
they return to the “winter” holding. Breeding in these animals
is natural and seasonal. The calving season is in early spring in
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TABLE 1 | SWOT analyses considering cattle infectious disease control programmes in Albania.

Strengths Weaknesses

National and public level:

A clear chain of command within the State Veterinary Service.

The availability of a national livestock and veterinary information system (RUDA).

Valuable experience gained from applying strategic programmes for control of

major zoonotic diseases.

Human and laboratory capacities of the National Reference Laboratory.

Continuous education and staff exchange programmes at national and

international level.

An Albanian veterinary faculty.

Small farms have a higher animal welfare.

Farm level:

Traditional experience and successful family farms.

Increasing use of artificial insemination and improving of local cattle breeds.

Small herds.

Periodical collection of bulk milk samples.

National and public level:

Limited control and documentation of animal movements at both national and

farm level. Limited animal identification and registration.

Trade at livestock markets without disease control.

Lack of calves for fattening.

Lack of farm specialization.

Lack of economically driven production.

Lack of export of live cattle and dairy products.

Limited research studies on the prevalence and incidence of endemic bovine

diseases.

Lack of investments in the cattle industry.

Low number of government veterinary staff in central level.

Government funds dedicated to only four diseases: bovine brucellosis, bovine

tuberculosis, anthrax, and lumpy skin disease.

Bureaucratic procedures to obtain limited financial support to farmers. Low level

of organization of the farmer’s associations.

Limited data routinely recorded and stored centrally.

Mandatory quarantine not enforced or applied.

Farm level:

Small and fragmented farmland.

Use of communal pasture for herds with unknown disease status. High age of

farmers and limited engagement of younger generations.

Limited access to veterinary services in rural areas.

Lack of farmer perception of infectious diseases and their impact in human

health, herds efficiency and competitiveness. Application of limited biosecurity

measures on cattle farms.

Limited farmers’ knowledge and compliance with legal requirements.

Opportunities Threats

National or public level:

Increasing demand for animal food products, alongside the development of

agritourism.

Increasing global human population and with it the demand for high value

products. Collaboration with the scientific community in EU countries to gain

coherent knowledge and expertise (such as SOUND control).

Education of staff in the EU (Erasmus+, Horizon 2020, COST).

EU funding for supporting Albania Veterinary Services.

Export of animal products when zoonotic diseases are under control.

Development tourism activities.

Farm level:

Increase farmer awareness for the importance of biosecurity in disease control.

Organic animal products.

National or public level:

Global warming may hamper cattle production.

New emerging diseases.

Difficulty in implementing new EU animal health regulations.

Emigration.

Lack of incentive for young generation.

Societal pressures to reduce farm animal product consumption due to perceived

health benefits and farm associated greenhouse gas emissions.

The high average age of farmers.

Farm level:

Limited availability of alternative financial resources.

Few younger people engage in the industry due to a lack of livestock enterprise

competitiveness and increasing emigration.

High cost of dairy and beef cattle products and lack of competitiveness with

regional and European products.

“winter” holdings where biosecurity and hygiene conditions are
usually poor. Milk is used for feeding calves and cows are either
not milked or only milked for household consumption. Calves
are usually slaughtered at about 6 months of age.

The trading of cattle is very frequent. Cattle are commonly
bought and sold at livestock markets, where there are usually no
disease control measures, or directly from farm to farm without
any animal movement recording at the national level. The RUDA
system serves as an important information platform to integrate
information from many areas within the veterinary domain.
However, RUDA is not updated regularly with valid and timely
animal movement data. The State Veterinary Service staffing at
the central level is too low. The identification of all domestic

animals is not available yet in the RUDA system. Some modules
are currently missing (i.e., pigs modules). There is a language
barrier for use of on-line resources. The complex government
tendering process often results in vaccines or other consumables
arriving late with negative impacts on animal health programmes
with seasonal variables. Regional veterinary laboratories are no
longer available, and so all samples are sent directly to the
national reference laboratory.

Poor collaboration between the main stakeholders is an
obstacle, e.g., official collaborative efforts with Public Health to
provide timely reporting of zoonotic diseases. The presence of
endemic zoonotic diseases is an obstacle for animal and food
of animal origin export. In many rural areas it is difficult to
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provide veterinary service due to the poor infrastructure. The
high cost of investment in cattle industry and lack of livestock
enterprise competitiveness are factors in the decrease of both
the number and size of cattle farms. In general terms, there is a
lack of data from well-designed research studies for many of the
non–regulated cattle diseases, which makes it difficult to design
appropriate CPs.

The average age of farmers is increasing with fewer
younger people engaging in the industry. While farm business
sustainability is dependent on disease control, the application
of disease control and eradication programmes is costly,
disincentivizing farmers to participate.

Opportunities
The geographic position of Albania is favorable for agrotourism
and cattle industry development, with an increasing demand
for safe meat and dairy products. The recent positive trend
of tourism development opens the prospect to market organic
regional products.

Albania is an official candidate for accession to the European
Union. This provides an opportunity for using EU support
and development funds for capacity building and collaboration
between the scientific community in European countries to gain
knowledge (such as SOUND control) and share experiences as
well as facilitating farmer training to increase their awareness of
the importance of biosecurity in disease control.

Threats
The circulation of endemic cattle diseases is a serious
obstacle to the export of dairy products and live animals
and contributes to a lack of interest in investing in
the livestock industry by private initiatives. Biosecurity
measures that prevent the mixing of animals from
different herds are not in place i.e., animals from different
herds share common pasture, roads, and water sources.
Additionally, the boundaries between farms, if they
exist, are often inadequate to prevent animal mixing and
nose-to-nose contact.

Government funds are dedicated to only four diseases:
bovine brucellosis, bovine tuberculosis, anthrax, and lumpy
skin disease. This causes difficulty in allocating funds for
the remaining important cattle diseases. The perception of
farmers of the impact of non-zoonotic infectious diseases
on herd efficiency and competitiveness is poor, inhibiting
participation in voluntary disease CPs. In addition, the level of
application of biosecurity measures is very limited. Bureaucratic
procedures to provide limited subsidies to farmers and the
overall lack of financial resources interferes with interest in
private initiatives to invest in the livestock industry. The
frequent change of leadership at the central and regional
veterinary levels further diminishes technical independence
and expertise.

Lack of incentives to invest in livestock sector and high
emigration rate of labor force represent a significant challenge
for the future development of cattle industry and implementing
disease CPs.

In addition, importing cheap dairy and meat products from
international markets is impacting the local industry as they
compete with local animal origin products.

Likewise, farmer associations are poorly organized and
ineffective leading to a limited engagement with endemic disease
control from the Albanian farming industry.

DISCUSSION AND CONCLUSION

The aim of this paper was to describe the current approaches
to regulated and non-regulated cattle diseases in Albania,
including those that are subject to control and those that are
not. We identified the most important gaps and factors that
hamper non-EU regulated cattle disease control and eradication
programmes. The cattle industry is the most important livestock
industry in Albania. However, it is not well-developed, very
extensive, and faces significant challenges to achieve disease
control. The major infectious diseases of cattle in Albania are
bovine brucellosis, bovine tuberculosis, anthrax, and lumpy
skin disease (10). These diseases are all regulated and are
a priority for Albanian veterinary services. Government and
EU projects support these control and eradication strategies,
but a free status has not yet been achieved for any of these
diseases. The uncertain health status for these diseases hampers
the export of dairy products and live animals. Most of the
available government funds are dedicated to controlling these
four diseases, diverting funds from initiatives for controlling
cattle diseases with no or only limited regulation at the European
Union level.

Several non-EU-regulated cattle diseases are present
with differing prevalence (11). However, no national
CPs are currently in place for these infections, except
Anthrax. A range of factors interferes with the application
of national control strategies for these diseases such
as limited financial resources, poor development of
the cattle industry, farmer knowledge and perception
of disease, the low level of organization of farmer’s
associations, and a lack of well-designed studies and
reliable information on infection prevalence and incidence
of certain diseases.

Out of 24 non-EU regulated cattle diseases that are
included in the SOUND control project, 11 are endemic
in Albania, five have never been reported, one occurs
sporadically and for the remaining seven no data is available
(Supplementary Table 3). There is a national CP in place
to control anthrax, which is supported by the government
and private initiatives at the regional level are in place for
controlling IBR and BVD. These programs are not well-designed,
need to be improved, monitored, updated, and supported for
proper implementation (12). More research efforts need to be
focused on these diseases in order to provide the scientific
base for better CP design and to justify the allocation of
appropriate funds.

Periodically collected bulk milk samples that are used for
bovine brucellosis surveillance may provide a cost-effective
opportunity to monitor several of these diseases (13).
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Control and eradication of non-EU regulated diseases
should also be supported (government, farmers association,
laboratory, and academic community) to increase the health and
welfare of cattle and to decrease disease-associated losses and
antimicrobial usage.

The present study has limitations given the sparsity of
available literature (particularly in English) and data on endemic
diseases within Albania. In addition, we know that SWOT
analyses have their own limitations use for assessing cattle
disease control programmes. However, this manuscript presents
the first overview of the current situation regarding disease
control in cattle in Albania in which all available information
was combined. It highlights the gaps in Albanian cattle disease
control and can serve as a basis for further studies and
implementation of disease control measures in Albania.
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The objective of this paper is to provide a comparative review of three active surveillance

and control programmes in the Danish cattle sector to highlight important differences

for decision makers to develop successful programmes. The focus is on differences in

purpose, principles, design and instruments applied to achieve the goals stated for each

programme for bovine viral diarrhoea (BVDV), paratuberculosis and Salmonella Dublin.

The purposes of the programmes are to reduce economic consequences and improve

animal welfare, and for S. Dublin also to prevent zoonotic risk, with varying importance

as motivation for the programmes over time. The targets of the BVDV and S. Dublin

programmes have been to eradicate the diseases from the Danish cattle population. This

goal was successfully reached for BVDV in 2006 where the programme was changed

to a surveillance programme after 12 years with an active control programme. The

S. Dublin dairy herd-level prevalence decreased from 25% in 2003 to 6% in 2015, just

before the milk quota system was abandoned. Over the last 5 years, the prevalence

has increased to 8–9% test-positive dairy herds. It is mandatory to participate, and

frequent updates of legislative orders were used over two decades as critical instruments

in those two programmes. In contrast, participation in the paratuberculosis programme

is voluntary and the goals are to promote participation and reduce the prevalence and

economic and welfare consequences of the disease. The daily administration of all three

programmes is carried out by the major farmers’ organisation, who organise surveillance,

IT-solutions and other control tools, projects and communication in collaboration with

researchers from the universities, laboratories and, for BVDV and S. Dublin, the veterinary

authorities. Differences among the programme designs and instruments are mainly due

to the environmental component of paratuberculosis and S. Dublin, as the bacteria

able to survive for extended periods outside the host. This extra diffuse source of

infection increases the demand for persistent and daily hygiene and management efforts.

The lower test sensitivities (than for BVDV) lead to a requirement to perform repeated

testing of herds and animals over longer time periods calling for withstanding motivation

among farmers.

Keywords: disease control, non-EU-regulated, BVDV, paratuberculosis (MAP), Salmonella Dublin
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INTRODUCTION

Successful control and eradication of several infectious cattle
diseases achieved in the past century in Denmark include
many diseases, for example eradication of bovine tuberculosis
(bTB), enzootic bovine leucosis (EBL), infectious bovine
rhinotracheitis (IBR) and bovine brucellosis (1). Principles
for effective disease control and eradication approaches in
cattle have been described based on experiences from those
programmes as well as experiences from ongoing control
and eradication programmes (2). The principles include well-
performing components integrated in the programmes, such as
(i) motivated stakeholders and actors, (ii) efficient biosecurity
measures based on knowledge of transmission mechanisms,
patterns and risk factors for the disease in question, (iii) fit-for-
purpose test-strategies, and (iv) resources to deal with logistic
challenges such as collection of samples, handling of testing and
test results as well as preparation of IT-systems for reporting of
test results in a uniform and fit-for-farmer format. Furthermore,
education and training of essential actors to acquire competences
in practical and feasible disease control management have been
important elements in the communication with stakeholders
about the aim, target and effective measures taken in the
programmes (2). Close collaboration between research institutes,
authorities, laboratories and cattle sector institutions has
contributed to developing, evaluating and adjusting these
components to keep the programmes active and updated over
extended periods and phases of the programmes. Although the
overall principles for disease control and eradication are similar
for different diseases, the actors and decision makers must
understand the specific characteristics of each disease in sufficient
detail to implement and carry through an effective control
and eradication programme. Experiences from one successful
eradication programme are not always directly transferable to or
sufficient for another programme for different reasons that will
be addressed below.

The objective of this review was to characterise three
surveillance and control/eradication programmes that were
active in the Danish cattle sector at the time of writing. The focus
is on the comparison of the programmes in terms of purposes,
targets, principles, design and instruments applied to achieve
the goals stated for each programme for bovine viral diarrhoea
(BVD), paratuberculosis and Salmonella (S.) Dublin. We chose
these three diseases to represent a group of diseases not regulated
by the EU and known to have been established in the Danish
cattle population with a high or medium high occurrence and
impact. The decision to initiate costly control and eradication
programmes for these three diseases was not obvious without
a comprehensive analysis of all relevant aspects as outlined.
Some of these aspects became evident during the lifetime of the
programmes, often before adjusting the programme instruments.

CATTLE DEMOGRAPHICS IN DENMARK

In 2020, the number of dairy cows was 565,000 and the total
number of bovines in Denmark was 1,500,000 (3). These were
mostly in 2,848 dairy herds, 994 dairy-heifer rearing properties,

FIGURE 1 | Number of cattle per square kilometre in all herd types in

Denmark on the 23rd of February 2021. Bright green: areas with up to 19

cattle/km2, light green: >19–29, yellow: >29–44, orange >44–57, red:

>57–86 and pink: areas with more than 86 cattle/km2. The size and shape of

the geographical areas were generated to represent approximately equal

number of cattle. (Source: SEGES, Aarhus, Denmark).

9,438 beef herds, 619 veal calf herds, and 2,389 other herds (i.e.,
typically hobby herds). Furthermore, 133 cattle pasture premises
were recorded (4). These registered pasture premises are typically
shared by multiple herds. The clustered geographical distribution
of cattle properties is illustrated in Figure 1.

DISEASE CHARACTERISTICS

The disease characteristics of relevance for control of infectious
diseases have been outlined in a textbook describing and
comparing aspects of the three diseases (2). In addition to the
impact on animal welfare, farming profitability and food safety,
the feasibility to establish biosecurity measures to mitigate spread
of the pathogen, and test strategies to aid e.g., risk mitigation and
surveillance must be addressed. One of the main considerations
concerning biosecurity measures is whether the pathogen mostly
spreads via live animals or whether it also survives in and spreads
indirectly via the environment. The test performance should be
evaluated both at the individual animal level and the herd level.
Evaluation of the performance of the testing programme is also
important at national or sector level in mandatory programmes.
To ease comparison, characteristics of the agents and diseases of
importance for controlling them are listed in Table 1, and key
aspects and progress of the Danish programmes for the three
diseases are summarised in Table 2.

BVDV
The causative agent belongs to the genus pestivirus belonging to
the family flaviviridae. Among the 11 species of pestivirus, three
are known to infect primarily cattle, namely pestivirus A (former
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TABLE 1 | Comparative summary with non-exhaustive information about important characteristics of three infectious diseases under surveillance and/or control in Danish

cattle during up until June 30, 2021.

Important pathogen and

disease characteristics

BVDV Paratuberculosis Salmonella Dublin

Pathogen Single-stranded RNA virus belonging

to genus Pesitivirus under family

Flaviviridae.

Intracellular, acid-fast bacterium.

Slow growth on solid media (8–16

weeks); slightly faster on liquid media

(>5 weeks).

Intracellular, Gramme-negative bacterium, grows in

wet/humid, warm conditions with organic materials

present.

Pathogenesis Transient infection via oro-nasal route

or transplacental infection causing

persistent infection.

Primarily faecal-oral transmission, but

also vertical transmission in utero.

Incubation period typically 2–5 years.

Faecal-oral transmission, short incubation time (1–2

days), can generate latent or persistently infected

carriers.

Host susceptibility and

clinical signs

Hosts: cattle and other domestic and

wild ungulates. Several clinical

manifestations incl. fever, salivation,

diarrhoea, abortions, congenital

defects, unthriftiness, mucosal lesions

and death.

Ruminants primarily affected, with

calves more susceptible than adults.

Clinical signs are predominantly

intermittent diarrhoea with loss of

weight moving towards persistent

diarrhoea, emaciation and death.

Host-adapted to cattle, calves more susceptible

than adult, all ages can be infected – some get

acutely or chronically ill (mainly with diarrhoea, fever,

pneumonia, arthritis, distal skin necrosis,

septicaemia).

Environmental survival From days to few weeks, e.g., in

slurry.

More than 200 days under moist

conditions such as in slurry and

manure.

Yearlong survival in manure. Proliferates at pH 5–6

in milk, inhibited at lower pH.

Main risk factors Movement of cattle, and to some

extent indirect transmission.

Movement of cattle; cows’ faecal

contamination of the calves

environment; use of milk and

colostrum from infected cows.

Movement/purchase of cattle, high animal density,

poor hygiene, low immunity in calves.

Available tests ELISA tests and PCR. Indirect ELISA (bacteriological culture

and PCR, but not in Denmark).

Indirect ELISA (serum, bulk tank and individual

cows’ milk. Bacteriological culture and PCR.

Main motivations to control

in Denmark

Economic losses, severity of disease,

initial high prevalence, later also

animal welfare.

Production losses, end-stage severity

of disease (animal welfare), potential

food safety issue.

Food safety, initial high prevalence, severity of

disease (animal welfare), and later in programme

economic losses also a motivation.

BVDV-1), pestivirus B (former BVDV-2) and pestivirus H (Hobi-
like pestivirus). Each of these three species can be sub-divided
into several subtypes (5, 6).

The main characteristics of BVDV infections are the existence
of two types of infection courses, namely transient infection
and persistent infection (PI). Transient infection occurs after
infection of immunocompetent animals. Shortly after infection,
the animal becomes viraemic, usually for 2–3 weeks, e.g., (7).
Some animals may develop diarrhoea after an incubation period
of few days. This phase is followed by a rise in antibody levels
over the next many weeks (8). The antibodies are long lasting
and often the animal will be antibody positive for the rest of its
life (9).

If a foetus becomes infected between typically day 25–90 and
occasionally up to day 125 of foetal life (i.e., before development
of immunocompetence), it will become immunotolerant for the
rest of its life (both pre- and post-natally) (10, 11). The animal
therefore becomes persistently infected and will, except for a few
months after colostrum uptake, express life-long viraemia and
will excrete the virus through the airways and body fluids (12–
14). The PI animals can show a variety of clinical signs including
growth retardation, ill thrift and increased susceptibility to other
infections. If the initial infection is later followed by infection
with a so-called cytopathogenic type of the virus, the animals will
often develop the fatal condition mucosal disease (15, 16).

BVDV survives for a relatively short time in the environment,
e.g., one study showed from days to very few weeks (17).

Paratuberculosis
Paratuberculosis is a chronic infection in cattle and
other ruminants, caused by Mycobacterium avium subsp.
paratuberculosis (MAP) (18). The disease is characterised by an
incubation period of usually at least 2 years, but 2.5–4.5 years
is the age-range where infections are more likely to be detected
via faecal shedding and sero-responses (19). Reduction in milk
yield, which has been estimated to an average of 6% in infected
animals (20), a reduction in slaughter weight and value (21), and
an inconclusive zoonotic potential (22) has made this disease
a target of disease control programmes globally (23). Apart
from these effects, MAP can have a severe impact on animal
welfare, as clinical disease characterised by weight loss, poor
body condition, chronic wasting, and intermittent diarrhoea,
followed by emaciation and pipe stream diarrhoea eventually
leading to death occur in a proportion of infected animals (24).

The faecal-oral route is the primary route of infection, and
calves <3–6 months old are considered more susceptible to
infection compared to older herd-mates (18), although adults
may also be susceptible to high doses of MAP resulting
in infection (25). Transfer of MAP by mechanisms such as
pinocytosis in the first 24 h of life has for example been
suggested (18). MAP is primarily excreted in faeces of adult
cattle, although excretion in colostrum and milk also frequently
occurs (26, 27), whereby susceptible calves can be infected.
Furthermore, transmission can occur in utero, even from cows
not demonstrating clinical signs of MAP infection (26, 28).
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TABLE 2 | Overview for comparison of key features and progress of control programmes for BVDV, paratuberculosis and Salmonella Dublin in Danish dairy cattle farms

up until June 30, 2021 (i.e., the information is non-exhaustive).

Key features of the

disease control

programmes

BVDV Paratuberculosis Salmonella Dublin

Main biosecurity measures Avoid contact with cattle from other

farms. Hygiene of instruments and

other equipment used in different

farms.

Reduce purchase of livestock; avoid

cows’ faecal contamination of calves’

environment, especially at calving.

Avoid use of milk and colostrum from

test-positive cows.

Cull repeat-positive.

Stop purchase from test-positive farms, rigorous

hygiene and sectioning of animals in management

groups to lower/stop transmission, good calf and

calving management and hygiene. Pasteurisation of

milk used in some farms. Culling of suspected

carriers in some herds.

Test-strategies Step wise testing of bulk tank milk,

spot sampling of young stock and

testing of individual animals.

Repeated testing using indirect ELISA

on individual cows’ milk from the milk

recording system.

Repeatedly test-positive cows culled

if possible; all test-positives

considered potentially infectious and

measures to reduce transmission

from these are pivotal.

Bulk-tank milk antibody tests every 3 months in all

dairy herds, blood sampling at abattoirs or on-farm

in non-dairy herds. Testing calves negative required

before test-negative status of herd can be obtained.

Bacteriological culture mainly used for herds with

high risk or clinical suspicions, “salmonellosis.” In

some herds, repeated testing used for detection of

suspected carriers.

Mandatory/voluntary Mandatory surveillance and control

programme of all cattle herds.

Legislation in place from early on and

updated regularly.

Voluntary surveillance and control

programme.

Mandatory surveillance and control of all cattle herd.

Legislation in place from early on and updated

regularly to target and strengthen control measures.

Feasibility Requires focus on clarification of herd

infection status and control of cattle

movements.

Requires persistent focus on hygiene;

testing can be used to identify

high-risk animals to make the efforts

risk-based. Uncertainty in test

interpretation must be accepted.

Requires daily, persistent focus on hygiene, reduced

animal contacts and follow-up for years.

Challenging in large, multi-site farms with many

animal movements. Some uncertainty in test

interpretation must be accepted.

Prevalence/progress of

programme

Since 2006: Zero or few sporadic

cases per year after successful

control programme.

June 2021: 60–70% of herds

deemed infected; mean within-herd

prevalences in herds in control

programme <5%.

At surveillance initiation in 2002: 25% test-positive

dairy herds. June 2021: 9% test-positive

dairy herds.

MAP can survive for at least 55 weeks in fully dry and shady
environment, and has been demonstrated to survive 9 weeks on
grass in 70% shade (29).

Salmonella Dublin
S. Dublin is the most commonly detected salmonella serovar in
Danish cattle. It is host-adapted to cattle, but sometimes causes
salmonellosis in other species including humans, mink, sheep
and wildlife (30–33). The course of the infection is age and dose
dependant and varies between infected individuals (34–36). The
incubation period is 1–5 days depending on the dose, infection
route, prior infection and individual variation (37, 38). The time
from uptake until faecal shedding of bacteria begins is 1–7 days
(37), which means that salmonella can spread rapidly within and
between herds.

Infected animals can experience different infection and
disease progression stages: short-term (1–3 weeks) infection,
which can be asymptomatic (subclinical) or acute disease
characterised by mild or intermittent clinical signs that the
animal may recover from with no or supportive treatment.
Short-term infections can also be peracute or acute with severe
disease, which is difficult to treat due to septicaemia and invasive
infection and associated with high case-mortality (39). Less
commonly, chronic clinical infection lasting weeks to months
with persistent clinical signs of varying severity is observed (40).

These animals are often euthanised, as prognosis is poor. A
low percentage of infected cattle become persistent carriers of
the pathogen for months to years. These may excrete bacteria
intermittently (often referred to as “latent carriers”) or in rare
cases more or less continuously (often referred to as “active
carriers”) (34, 41, 42). Cattle with asymptomatic infection or
acute mild disease shed the bacteria for on average 17 days (43).
The active and latent carriers do not necessarily exhibit clinical
signs, but may have been ill previously. Most likely salmonellosis
predisposes to development of the carrier stages (34, 37, 38).

Environmental spread is also important to consider. S.
Dublin can survive for 1–12 weeks (depending on the weather
conditions) in grass and soil after being spread with slurry onto
pastures, and animals grassing such contaminated pastures can
become infected and shed the bacteria themselves (44). S. Dublin
has also been shown to survive for years in dried faecal material
in the barn environment (45).

Comparative Considerations
The three diseases vary considerably with regard to the
causal pathogen, pathogenesis, incubation periods, duration of
infection and clinical manifestations, transmission patterns and
environmental survival of the pathogens. BVDV and S. Dublin
share some features in terms of acuteness of disease and rapid
spread between animals and herds of animals, which make them
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easier to diagnose based on clinical suspicion sooner after the
animals/herds become infected than paratuberculosis.

MAP and S. Dublin, on the other hand, share environmental
spread mechanisms, due to the ability of the pathogens to survive
for extended time-periods in the surroundings of the host. These
two pathogens also share the primary infection route in that the
faecal-oral route is the most common way for susceptible animals
to become infected. In utero infection can occur for all three
diseases. However, it is a most prominent feature of importance
for the control of BVDV, which is unique in having a well-defined
chronic stage in the form of immunotolerance and persistent
infection. On the one hand side it is a strength for spreading the
infection, but it also showed to be an easy target for intervention.

MOTIVATION AMONG STAKEHOLDERS –

REALISATION OF THE CLINICAL,

ECONOMICAL AND FOOD SAFETY

IMPORTANCE

Motivations to Control BVDV
In Denmark, the economic losses were the main driver for
starting the BVDV control programs. As the first control
programme was launched already in the beginning of the
1990’ies, the data on motivation dates many years back. Many
BVDV infections are subclinical. Therefore, the actual impact of
the virus was initially difficult to comprehend. In order to obtain
a more accurate picture of the occurrence of infection, screening
of dairy herds with unknown infection status was carried out in
1988 (46). That study showed that more than 50% of herds had
PI animals, and all herds in the screening had antibody positive
cows. Among individual animals, 1.4% of all cattle were identified
as PI and more than 60% of individual animals were antibody
positive. The study was relatively small including only 19 herds,
but the epidemiological features were similar to later findings in
Denmark and many other countries (47).

The impact on farming profitability was the primary driver
for establishment of the programme in 1994. The financial
consequences at national level have been calculated based on
epidemiological studies and knowledge of the clinical and
production effects. The annual national losses among dairy cattle
in Denmark were estimated to be 13 million GBP per million
calvings (48), while later reviews estimated the losses per cow in
endemically infected herds as 30–60 EUR (49) and 10–40 USD
per calving (50).

Motivations to Control Paratuberculosis
In the end of the 1990’ies, many dairy farmers in Denmark
did not want to officially recognise if their herd was infected
with MAP. Pursuing the diagnosis was often avoided, because
of fear of stigmatisation among peers and potential trade issues.
MAP was not notifiable, except according to the act on purchase
of goods, according to which all flaws associated with a sale
of a good is notifiable. However, following the reporting of a
high prevalence in 1998 (51, 52) and an even higher between-
herd prevalence of 85% in 1999 (Nielsen et al., unpublished
data), a general recognition of these high prevalences started

to prevail. When the Danish programme was launched in
2006, 10% of the herds were initially enrolled, but this number
increased to almost 30% (including 35% of cows) before 2010
(53), suggesting that the fear of the stigmatisation associated
to the disease had diminished. The majority of 1,177 farmers
reporting why they participated in the programme said they did
so to (multiple responses possible): (1) increase animal health
(91%), (2) be certified free of MAP infection within 4–10 years
(87%); and (3) avoid production losses (86%) (54). Apart from
these challenges, MAP infections may interfere with tuberculin
testing for bovine tuberculosis (55). However, Denmark has been
recognised officially free from bovine tuberculosis since 1980 (1),
and therefore, this is not a concern.

Motivations to Control Salmonella Dublin
Before the Danish S. Dublin surveillance programme was
initiated in October 2002, there were increasing concerns about
morbidity, mortality and persisting infections in test-positive
farms as well as research demonstrating more than 20% of
the dairy herds being test-positive to the disease (56). The
consequences of the disease vary a lot between individuals and
between affected herds (57). Abortion is common when infection
occurs in pregnant heifers or cows, and can occur at any time
during the pregnancy (34, 35). The bacterium has been known
to be a severe zoonosis with a high case fatality for many
years (58, 59). This aspect, however, became clearer in Denmark
after the programme was initiated (32, 60), which underpinned
the decisions to change the strategy from surveillance to a
control programme. The sources of infection for humans are
contaminated beef or unpasteurised milk products (59) or direct
contact with infected cattle (61). The annual number of recorded
human cases in Denmark varied between 19 and 50 from 2001
to 2020 (62). More than 90% of the Danish human cases are
attributed to domestically produced beef, the rest are thought to
be travel-related (63).

Research carried out in 2009–2011 demonstrated larger
production losses and hence higher economic effects of S.
Dublin than hitherto anticipated in test-positive dairy herds
(64). Lactating cows might experience a significant drop in milk
yield in most of the infection stages described above probably
even when clinical signs are not apparent, in dairy herds with
clear indications of S. Dublin introduction to the herd based
on surveillance test results. Simulation modelling demonstrated
marked gross margin losses upon introduction of S. Dublin to
dairy herds, often for years after the infection was introduced
(65). However, the production losses may not be noticed by
the farmer due to the delayed effects of calf disease on milk
production and fertility in dairy herds and the protracted course
of the infection in many herds.

The combined issues with food safety and production losses
and a need to be able to better control the spread of S.
Dublin between cattle farms were the drivers of decisions to
strengthen the surveillance into an active and mandatory control
programme aiming for eventual eradication of the disease from
the Danish cattle population. At the time of writing there were
∼9% test-positive dairy herds in the country. There is also a
working group and a steering group working under leadership of
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the Veterinary and Food Administration to improve the control
efforts to protect non-infected herds from becoming infected and
to encourage farmers in infected herds to make the needed efforts
to stop the spread of the infection within and out of their farms.

Comparative Considerations
The weight of importance of the three main drivers (farming
profitability, animal welfare and zoonotic potential) vary
considerably between the three diseases. For BVDV, is was at
originally solely the very clear effects on production, which were
made obvious from both a number of case stories with severe
outbreaks, and also calculation of economic losses showing that
intervention would be cost efficient. Animal welfare was not a
big issue when the first BVDV campaigns were initiated, but they
it would certainly have been today. For paratuberculosis and S.
Dublin, it may to a greater extent have been a combination of
the three drivers, both having a medium impact on production
and animal welfare, while the zoonotic potential was a particular
driver for S. Dublin, but also a potential but unspoken of
concern for paratuberculosis. Furthermore, the impact of BVDV
infections can rapidly become clear in the individual herd, and
so can the effect of control measures taken. For S. Dublin and
paratuberculosis, the effects of introduction of S. Dublin or MAP
may not be so obvious, and only years after the pathogens have
spread to a larger part of the herd, actions are undertaken, unless
surveillance and mandatory actions are in place.

Vaccination has never been used for BVDV, because a
vaccination study conducted in 1992 resulted in the production
of many PI calves (66). Vaccination for MAP was discontinued
in 2008 due to the interference with the serological tests
(67) and with tuberculin testing in case of export of animals
(68). Vaccination against salmonella is not used for any food-
producing animals in Denmark.

BIOSECURITY MEASURES

Breaking the Transmission Routes of BVDV
As stated earlier, BVDV only survives short time in the
environment, i.e., from days to very few weeks (17). Therefore,
transmission of BVDV is primarily via direct contact between
susceptible animals and acutely infected or PI animals. PI animals
are the most infectious source of BVDV in transmission (46,
69, 70). Other minor routes of transmission includes semen,
embryos (12, 71) and short-distance airborne transmission (72).
Whereas, some other ruminants, wildlife animals and pigsmay be
infected, they were not deemed to play a major role in the Danish
control programme, because their infectious capacity was limited
(66, 73, 74). A range of other sources of transmission are possible,
e.g., indirect transmission by use of equipment, contaminated
needles, medicine bottles and vaccines have been demonstrated
to contribute to spread of BVDV (2).

Important biosecurity tools in the control program was that
the disease was notifiable, and emphasis was on securing health
certificates for animals before their movement to other herds or
common pastures. Furthermore, focus was on keeping PI animals
from pastures. Further, owners of infected herds should inform
neighbours and visitors about their infection status. Purchased

animals should be placed in quarantine in case that have been
recently infected and purchased pregnant cattle must calve in
isolation until the calf has been tested negative for BVDV.

For countries or areas where biosecurity measures are not
considered sufficient to avoid spread of infection, a hybrid
control program combining initial use of vaccines with other
control elements has been suggested (75).

Breaking the Transmission Routes of MAP
Between-herd transmission is primarily a result of movement of
MAP infected livestock, and pre-movement testing may not be
effective, because many infected animals have yet to have analytes
detectable. For example, the diagnostic sensitivity of antibody-
ELISA can be <5% in cattle <2 years of age (76), and these are
often the animals that are purchased in dairy herds. Therefore,
the primary instrument to control between-herd spread of MAP
is via movement control. Because of generally high between-herd
prevalences (77), and because of low diagnostic sensitivity for
detection of infected animals (77), herd-specific freedom from
infection can be difficult to ascertain in small herds or if testing
is not done frequently (78). Therefore, a tool to reduce the risk of
between-herd transmission would include frequent testing of the
within-herd prevalence, and if a closed herd cannot be achieved,
farmers should purchase livestock from low-prevalence herds
and they may thereby be able to reduce the risk to levels, where
infection can be cost-effectively controlled (79).

Mitigating within-herd transmission focuses primarily on
reducing the risk of spread of manure from adult cattle to
the more susceptible calves and/or young stock. While contact
between calves and adults primarily occur in the calving area,
removal of the calf as quickly as possible following birth can
be required. Furthermore, the calf should be born in a clean
calving pen, and the calf should also subsequently be protected
from manure of the adults, e.g., housing of the calves should be
in other facilities than those of the adult (80, 81). Additionally,
calves should not be fed colostrum and milk of infectious dams,
and infectious dams may also transmit MAP to their offspring
(23). However, calves are still required to have colostrum. Their
welfare increases if they can stay with their dam, and milk can
be an inexpensive nutritious feed in early life. Yet, the only
way to identify infectious adults are via testing. Therefore, risk
mitigation can be done via a risk-based approach, where the listed
practises are done only for test-positive cattle, and culling of a
subset of these only is done to reduce spread of MAP while still
retaining those that are less likely to excrete MAP (82, 83).

Specifically in Denmark, risk-based control in herds in the
Danish control programme is done by testing cattle prior to dry-
off (and calving) to have updated test results. All test-positive
cattle should then: calve in a calving pen separated from other
calving pens, have their calf removed immediately, not provide
colostrum and milk to their offspring, be culled if they are
repeated positive. Testing is done using a milk antibody ELISA,
which has a high sensitivity of detection of infectious cattle
(83). Furthermore, it is encouraged not to purchase livestock,
but if livestock is purchased, it should be from tested and low-
prevalence herds.
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Breaking the Transmission Routes of

S. Dublin
The spread mechanisms of S. Dublin resemble those of MAP.
Both pathogens spread mainly via manure. Therefore, movement
of cattle, manure and manure-contaminated vehicles is the
biggest risk factor for spread of this infectious agent. Thus, it
makes sense that there is clear evidence of local spread of S.
Dublin around test-positive herds (84), as well as spread between
herds with linked trade/movement networks (85, 86). However,
the exact source and time of the agent spread is usually difficult
to pinpoint. Hence, the risk mitigation measures need to be
comprehensive and include considerations of the environmental
survival to have sufficient effect. Animals from infected (or test-
positive) herds should not be allowed to be moved to other herds,
shows, markets, pastures etc., where they can get in contact with
susceptible animals or their manure can lead to indirect spread
of bacteria.

Newborn and milk-fed calves are also the most susceptible
to the infection, although all ages can become infected and
spread the infection. Hence, control measures should always
include continuous focus on potential ways that the newborn and
young calves might become infected in the herd, when trying to
control the infection (87). Therefore, the calving environment
and young calf housing and management are weighted high in
the risk assessment tool used most frequently in Danish farms
(88). Heat treatment of colostrum and pasteurisation of milk may
be helpful in some farms, where contamination is difficult to
control (89).

Finally, it should be kept in mind that S. Dublin can
cause severe invasive infections in humans. Farmers and others
moving into an infected farm should be (made) aware of this
potential risk and take necessary precautions, such as wearing
gloves, washing hands and preventing inhalation of potentially
contaminated aerosols (e.g., during high-pressure washing).
Drinking unpasteurisedmilk from infected farms is an important
risk to be aware of, as outbreaks of disease in humans have
occurred through this source (59, 61).

Comparative Biosecurity Considerations
Direct transmission between animals likely occurs easier for
BVDV compared to S. Dublin and MAP. However, BVDV
survives only shortly (days) outside the host, whereas both S.
Dublin and MAP can survive for months up to years in the
environment. The environmental survival and the structural
changes (bigger and more multi-site farm structures) of the
Danish cattle herds are plausible reasons for the difficulties in
further reducing the S. Dublin prevalence in spite of the strict
cattle movement-restricting control programme. Furthermore,
the transmission routes differ greatly between MAP plus S.
Dublin with the faecal-oral route being predominant and calves
being more susceptible vs. BVDV with the pregnant dam playing
a key role, if she becomes infected and produces a PI-calf, which
can then maintain the infection in the herd if the PI-animal is
not identified and removed. These differences are important to
consider when prioritising biosecurity measures. Common to all
three infections is the identification and removal of the most

infectious animals, although this poses challenges in persistently
S. Dublin-infected herds.

A closed herd policy towards BVDV and S. Dublin infected
herds is strictly required to keep the infection out of naïve
herds, and this is feasible with the reasonably accurate herd
classification of test-negative herds that can serve as source
herds for purchase of replacement animals (see next section).
However, for paratuberculosis, the recommendation is to only
purchase cattle from tested low-prevalence herds, because these
herds pose a lower risk than non-tested and high-prevalence
herds (79). An opportunity for establishing biosecurity for BVDV
is the possibility of issuing test certificates for non-pregnant
animals that in combination with a relative short quarantine can
make purchase of animals possible with low risk of introduction
of infection.

TEST STRATEGIES

Test Strategies for BVDV
A stepwise test strategy consisting of (1) antibody detection in
bulk-tank milk (BTM), (2) spot test sampling of young stock, and
(3) follow-up testing of individual animals proved highly efficient
for classification of herd status as well as monitoring of free herds.
However, to understand the test strategy, it is necessary to look at
the test performance at animal level.

Testing at Animal Level
For BVDV infections, there are several diagnostic tests for
detection of either virus or antibodies. Different ELISA’s have
been used both for detection of antigen and antibodies in
the BVDV control and eradication programmes, because these
techniques are relatively fast and inexpensive. Often these tests
have high sensitivity and specificity. For example, the Danish
antigen ELISA used initially showed a sensitivity and a specificity
of 97.9 and 99.7 for detection of antigen when compared to
virus isolation test, while the antibody blocking ELISA showed
a sensitivity and a specificity of 96.5 and 97.5 when compared to
serum neutralisation test for use in cattle (90). However, there
may be exceptions in which the test is not accurate, for example
in calves with presence of colostral antibodies. Antibody positive
results from these animals may reflect either a transient infection,
or colostral antibodies that may even prevent the detection of
viral antigen. Therefore, interpretation in calves should be done
with caution or repeated testing should be done (91).

One of the first assessments of the feasibility to use antibody
ELISA was in the Samsø-project, where the cattle population
of a small Danish island, in total 2,200 cattle, were tested. An
almost perfect bimodal distribution of the antibody reaction was
observed, which eased the use of the blocking ELISA to identify
antibody positive and antibody negative cattle (66).

Later, testing in control programmes has increasingly been
supplemented or replaced by rt-PCR tests, which have the
advantage of higher analytical sensitivity (92).

Herd Level Strategy
Overall, the main objective is to determine if PI animals are
present in a herd or not. The following tests have been used in
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a stepwise procedure in order to keep the cost of testing as low
as possible:

(a) Detection of antibodies in BTM,
(b) Detection of antibodies in a spot sample of individual

samples from young stock,
(c) Follow-up on individual animals.

For non-dairy herds, the testing starts with step b.

(a) Herd level diagnosis using antibody in BTM to detect herds
with PI animals

Several studies have revealed a herd sensitivity (HSe) in the
level of 0.8–0.9 for the detection of herds with PI animals. False
negative test results can occur in herds with very young PI
animals that have yet to transmit the BVD virus to other animals
in the herd. However, if the BTM testing is repeated a few month
later, it will be positive. On the contrary, the herd specificity
(HSp) will often be low (even below 0.5). This is because herds
will still have many antibody positive cows for 1–2 years after
removal of the last PI animal and thus appear as false positive.

Therefore, the strategy of using BTM is that test-negative
herds are repeatedly tested a few months later with a BTM test to
reveal false negative herds. If still negative, they can be declared
non-infected and be transferred to monitoring. Herds that are
BTMpositive should have follow up testing using the young stock
test as described in next section.

(b) Herd level diagnosis based on testing antibodies in individual
samples from young stock

Testing a proportion of young animals (after the antibody
colostral period) for the presence of antibodies to indirectly
indicate presence or absence of PI animals in the herd is often
referred to as “spot testing.” The HSe will be high and even
higher than BTM testing, because the PI calves are very efficient
in transmitting the infection to other calves, i.e., there are few
false negatives. But the HSp will also be relatively high, because
the young animals must have seroconverted recently.When there
are no PI animals in the herd, antibody negative young stock will
appear as soon as they have lost their colostral antibodies. For the
young stock spot test, HSe and HSp of 0.93 and 1, respectively,
have been reported (93).

Therefore, if the young stock test is negative, the herd
continues with monitoring and if the young stock test is positive,
a follow up of individual animal testing should be done.

(c) Follow up testing to identify virus positive animals

When a herd is suspected of harbouring PI animals, testing of
individual animals is necessary. Different testing strategies can
be pursued. As colostral antibodies can hinder virus detection
using antigen ELISA up until 8 months of age, these animals must
either be tested later or a PCR test can be used, as it is not affected
by the presence of colostral antibodies. In animals older than 8
months, virus detection in PI animals can occur with very high
accuracy. Also, calves born until 9 months after the removal of
the last PI animal should be tested as early as possible, preferably
by PCR to avoid colostral antibodies hindering virus detection.

The methods of continuous monitoring used to confirm
infection-free status follow the same principles as those used
to establish initial herd status. Based on the testing objectives
described in the previous section, a flow diagram for the decisions
under (a), (b) and (c) was set up, see Figure 11.2.2 p. 125 in (2).

The current surveillance scheme requires testing of every dairy
herd for BVDV antibodies in BTM samples 4 times per year.
This is done through collection of milk quality samples during
December, March, June and September. The surveillance of non-
dairy herds is done through analysis of blood samples collected at
the slaughterhouses when cattle are sent to slaughter (94).

Test Strategies for Paratuberculosis
There are two primary purposes with testing in the Danish
control programme for paratuberculosis:

(1) early detection of infectious animals; and
(2) classification of herds as low-prevalence herds that can

serve as sources of low-risk animals for purchase of
replacement livestock.

To achieve the former, frequent testing was used in the first 14
years of the programme, using an in-expensive test (milk ELISA,
price ∼3.75 EUR/test including sampling). To achieve the latter,
whole-herd milk ELISA testing or testing of at least 150 animals
per year to classify a herd based on the prevalence. Agent-
detecting tests such as culture and PCR were not considered,
because of the test costs being almost 10 times the costs of ELISA
including sampling, see (78). Instead, “confirmation” of testing
was based on the repeated testing scheme, and major efforts
were made to explain the risk of false-positives. This was, for
example, done via standardised laboratory reports developed to
assist directly in management on-farm (95).

The milk ELISA test used is ID-Screen R© Paratuberculosis
Indirect (ID-Vet, Grabbels, France), which has been estimated
to on average have a mean effective sensitivity to detect infected
cows of 0.60 (96) based on the age-distribution in the lactating
population of cows. The milk ELISA has an age-dependent
sensitivity from 0.33 at 2 years of age, increasing to 0.94 at
5 years of age, relative to the cows that are deemed to ever
develop antibodies; the associated specificity has been estimated
to 0.9866 (76). The age-specific sensitivity and specificity can
be used to calculate the probability that are herd is free of
MAP infection, using the approach described in elsewhere (78),
and this probability is reported to the farmers along with the
calculated true prevalence (apparent prevalence corrected for
sensitivity and specificity). From 2020, the Danish programme
was updated to primarily recommend that cattle are tested
prior to dry-off, so they have an updated test-result when they
are calving, to enable risk-based management. The cows are
automatically identified based on their stage in gestation, as listed
in the Danish Cattle Database. Herds cannot be deemed “free of
MAP infection,” although the true prevalence can be estimated
to 0%, and the probability of freedom can be very high. The
development in the within-herd test-prevalence among herds in
the programme is shown in Figure 2.
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FIGURE 2 | Median within-herd test-prevalence of antibody ELISA test results

from June 2009 to February 2021 among herds in the Danish control

programme on paratuberculosis.

Test Strategies for Salmonella Dublin
Overall, there are four purposes for using diagnostic tests
for S. Dublin in surveillance and eradication programmes as
described below.

Surveillance of Herds
The Danish S. Dublin herd classification programme is
based on antibody measurements using a Salmonella enterica
subsp. enterica serogroup-D in-house ELISA (Eurofins, Vejen,
Denmark), because the bacteriological detection methods are
more costly and have lower sensitivity (97, 98). Although cross-
reactions with other serotypes can occur, S. Dublin is by far
the most commonly detected serotype of Salmonella strains
detected in Danish cattle farms, and hence the programme is still
considered to mainly target S. Dublin. Repeated measurements
over time are used, because documentation and research projects
have shown that it is not sufficiently accurate to base the herd
classification on a single BTM sample or a single cross-sectional
sample of calves (97–99). Dairy herds are BTM tested four times
per year, and are placed in “Level 1” (test-negative) if the average
of the last four BTM ELISA results is below 25 ODC% and the
latest sample does not have an ODC% value that is more than
20 above the average of the previous three BTMs. This latter is
sometimes referred to as “the jump criteria” (98) and it gives
higher weight to the most recent measurement to enable easier
detection of new herd infections. Herds that do not live up to the
Level 1-criteria are placed in “Level 2.” The S. Dublin dairy herd-
level prevalence decreased from a high of 25% in 2003 to as low as
6% test-positive cattle properties in 2015, before the milk quota
systemwas abandoned. Since then the prevalence increased to 9%
test-positive dairy herds by March 2021.

Non-dairy herds are classified according to test-results
from antibody measurements of blood samples collected
from slaughtered animals according to automatically selection
generated by an IT-system linked to the Danish Cattle Database.

FIGURE 3 | Map of the distribution of S. Dublin surveillance levels on

properties with cattle in Denmark on the 24th of March 2021. Green marks: S.

Dublin Level 1, Red rings: Level 2 or 3 (test-positive and other properties not in

Level 1). (Source: SEGES, Aarhus, Denmark).

Blood samples used for BVDV testing are partly used for the S.
Dublin programme. The IT-system informs the laboratory about
which samples should be tested for which diseases. All tested
blood samples must be below the cut-off value of 50 ODC%,
which at animal level gives a sensitivity of around 0.75–0.77 and
a specificity of ∼0.95–0.99 depending on the age of the animal
(100, 101). Figure 3 illustrates the distribution of test-positive
and test-negative cattle herds in Denmark.

Identification of Animal Management Groups With

Ongoing Transmission
Test-strategies used within infected herds to support control of
the infection should ideally be herd-specific, as within-prevalence
varies a lot between age groups and over time, and are highly
dependent on herd structures, logistics, group sizes, separation
of groups of animals and hygiene (102, 103). ELISA-testing
for antibodies directed against S. Dublin in serum and milk
samples is used frequently both in the surveillance programme
as described above, and as part of on-farm control strategies, as
it is more sensitive than faecal culture methods to detect recent
exposure to the bacteria (101). In general, calves between the age
of 3–6 months should be tested regularly until there is sufficient
evidence that the calves are no longer becoming infected between
birth and 3 months of age. Once this is established, it is possible
to start testing older age groups to see, if there are other groups
of animals in which the infection is still spreading.

It is not useful to test calves younger than 3 months with
antibody tests, because they are rarely able to producemeasurable
antibody responses against S. Dublin until around 11–12 weeks
of age (104). The sample size ideally should be calculated to fit
the size of the herd or group of animals to be tested, as both the
sensitivity and specificity of the ELISA need to be considered in
the interpretation of the test-results (99, 100). In some farms, it
makes sense to test heifers before and after calving to investigate
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whether infection happens in the calving area. It may also be
useful to test the cows with individual milk-ELISA to evaluate
the infection pressure in the cow barn and to identify possible
patterns in the antibody measurements.

Evaluation of Effect of Control Measures
It is specified in the legislation, which herds and how often the
herds need to test young stock to document effect of control
measures. In the new legislation expected to be implemented
in July 2021, Level 2 herds will have to test calves every 3
months until they have been test-negative in two consecutive
test-intervals and then young stock above 6 months old every
6 months until they are also test-negative. Only herds with
the BTM test scheme and the young stock all living up to the
criteria will be place in Level 1. Previously, a sample size of eight
blood samples has been used for groups of calves bigger than 10
animals. However, in the updated legislation the sample sizes will
be bigger for bigger groups of animals to avoid missing infection
exposures, when prevalence is low.

Identification of High-Risk Animals
Approximately 30% of long-term infected herds (i.e., more than
1 year as a test-positive herd) have at least one carrier animal that
it might be worth trying to identify and cull, because the carrier
excretes salmonella bacteria either frequently (active carrier) or
more rarely/intermittently (latent carrier) (105, 106). However, it
is not easy to correctly identify the carriers, and distinguish them
from acutely or transiently infected animals. Persistent carriers
typically have persistently high antibody levels (≥80 ODC% in
the ELISA-test) over a period of more than 4 months. It therefore
requires repeated antibody measurements on blood or milk
samples to identify them, and in herds with on-going spread of S.
Dublin bacteria and poor hygiene, it is not possible to distinguish
carriers from animals exposed repeatedly to the bacteria from the
environment (99, 105, 106). Some try to detect bacteria in faecal
samples from suspected carriers by bacteriological culture or PCR
testing. However, the sensitivity is known to be low (<30%) due
to the intermittent excretion and low concentrations of bacteria
excreted in the faeces, so there is a big risk of getting false negative
test-results (88, 93, 94).

Comparative Issues Concerning the Test

Strategies
There are multiple differences between the test strategies, and
these differences primarily originate from the pathogenesis
and thereby the accuracy of the available tests on herd and
animal level. BTM testing can accurately identify BVDV infected
dairy herds (81) and S. Dublin non-infected herds with little
misclassification (98). In contrast, identification of MAP infected
herds would be very difficult using BTM antibody detection due
to the low within-herd prevalences and the chronic nature of
the disease (107), and detection using PCR would require that
that detection of MAP in BTM is the target condition desired,
which is not the case in the Danish paratuberculosis programme.
Detection on animal level is usually very accurate for detection
of both BVDV transiently infected and PI animals, with the
appropriate combination of tests, although some time may have

to pass to testing to be applicable, if pregnant cattle or cattle
with colostral antibodies are tested. Accurate detection of S.
Dublin and MAP infected cattle can be very challenging given
the chronic nature of MAP infection and the poorly understood
carrier state of S. Dublin infected cattle. The differences in
herd and animal level test accuracies, with BVD tests being
quite accurate, S. Dublin intermediate accurate, and detection
of MAP infected animals and herds more challenging, makes
development of test strategies difficult, but yet possible and
worth the effort in relation to communication and educational
initiatives supporting the programmes. Combination of tests can
be useful for accurate BVDV detection, but for S. Dublin and
MAP detection, repeated testing is often more useful, which
also means a much longer time course to build up evidence
of infection status. Furthermore, it means that farmers and
veterinarians need to learn about predictive values and how
to make decisions in the face of uncertainty, and this is a
communication challenge in the programmes.

RESOURCES, ADMINISTRATION AND

LEGISLATION

BVDV
The Danish control and eradication programme was
commenced, initially on a voluntary basis in 1994 (66, 108). The
efforts of the farmers’ own organisations including resources
for the organisation and communication of general information
about the disease was later supported by legislation and the
first BVDV specific ministerial order was issued in 1996. The
legislation meant that the disease was notifiable, and emphasis
was on health certificates for animals before their movement
to other herds or common pastures. Furthermore, focus was
on keeping PI animals from pastures, and a systematic test and
elimination strategy. Lastly, owners of infected herds should
inform neighbours and visitors about their infection status. Over
the next years, an additional number of BVDVministerial orders
were issued adjusting different elements of the programme. For
example, in 2006, when the eradication programme was changed
to a surveillance programme, the initial demands for individual
certificates before movement were later replaced by declaration
of herd status.

The industry has taken care of the preparation of the risk
assessment and management plans for infected herds. If the
farmer follows the plan, the industry will pay the costs for
blood sampling, lab testing and compensation for euthanized
PI animals. This is believed to reduce the eradication period in
infected herds and reduce the further risk of spread of BVDV.

Paratuberculosis
The idea of the Danish paratuberculosis programme was fostered
in the Danish cattle sector, who funded and organised research
to demonstrate the relevance of the programme and gain
experiences with the diagnostic tests and assess risk factors.
The Danish Dairy Board (Aarhus C, Denmark) and later
on, the Danish Cattle Federation, and subsequently SEGES
(the Danish Farmers’ central advisory services, Aarhus N,
Denmark) organised the programme, which is on a daily
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basis administrated by the Danish Recording and Milk Yield
organisation, RYK (Aarhus N, Denmark) (95). The programme,
which was implemented in 2006, was developed as a voluntary
control programme aiming to reduce the prevalence of MAP
infections in dairy farms in the country and to provide farmers
with tools to do so (95). Additionally, a co-operative dairy
including 50–100 producers (variable over time) collectively paid
the test-costs of all producers following the official programme.

The programme was designed as a test-manage-and-cull
programme, where all lactating cattle in all participating herds
were tested four times per year. Following testing, the animals
are grouped into high-risk and low-risk animals, with further
division of high-risk animals into those recommended culled
and those that could be kept, but would require additional
management to avoid transmission to susceptible calves (95).
Only testing to detect antibodies in individual cow’s milk (milk-
ELISA) have been used to classify cows, and confirmatory testing
has been done using follow-up testing with milk 3 months later.
Milk samples are collected via the Danish milk recording scheme,
and samples are sent to one laboratory only. Milk samples from
herds and animals that are due for testing are automatically
identified at the laboratory, while the milk recording company
submit requests automatically via the Danish Cattle Database
to the laboratory. The results of the testing are transferred to
the Danish Cattle Database, where test-reports are produced. As
such, all reporting of test results is uniform and is the diagnostic
testing. Importantly, only one laboratory and one diagnostic
test is used (109). This is important because several diagnostic
tests could cause confusion when the results differ, which is not
uncommon for diagnostic tests for MAP (110).

Salmonella Dublin
The Danish S. Dublin programme has been running as a
control programme since 2007, with mandatory on-farm control
efforts written into the legislation since 2013 and strict animal
movement restrictions imposed on test-positive farms. The
surveillance and eradication programme is governed by the
Danish Veterinary and Food Administration. The programme is
financed through the Milk and Cattle Levy Boards, and the daily
administration of the programme is performed by veterinarians
at SEGES-Cattle, who are in close contact with practising
veterinarians and farmers about on-farm control efforts. SEGES
also runs projects and advisory services to promote control efforts
in the field. Some of these temporary initiatives are free for the
farmers, but generally the farmers have paid for local veterinary
advice, laboratory testing and control measures themselves.
There is close collaboration and dialogue between the veterinary
authorities, the cattle sector, laboratories and universities, and the
programme and frequent updates of the programme are heavily
based on research and data-driven evidence for decision-making
in the working group and steering committee.

However, the advice of the researchers and experts is not
always possible to follow for political, economic or practical
reasons. Currently, the decision has been to increase the pressure
to control the infection by letting the veterinary authorities
visit test-positive farms that do not manage to improve their
status. The authorities can under given conditions give the

farmer injunctions to seek special veterinary advice about how
to better control the infection from second opinion veterinarians
approved by the Veterinary and Food Administration to consult
on S. Dublin control measures.

Comparative Aspects of Resources,

Administration and Legislation
For all diseases, the availability of one laboratory running most
of the analyses allowing for clearer interpretation (with a known,
but not perfect level of test-accuracy) is deemed to have limited
the confusion about test-results that might otherwise differ
between laboratories and cause frustration among users. There
has been considerable differences in how tight the programmes
have been followed up by legislation. For BVDV, legislation
was introduced already 2 years after the voluntary programme
was initiated. For S. Dublin legislation was introduced from the
beginning of the surveillance period in late 2002, and it was
tightened several times between 2008 and today.

European management strategies for non-EU-regulated
diseases that mainly have economic consequences for the
farmers, have developed in a direction that places more
responsibility for disease prevention on the individual farmers.
This may leave the initiatives less organised and coordinated,
which again might lead to lack of the required long-term and
focused engagement.

FEASIBILITY IN PRACTISE

BVDV
The key transmission routes were known, when the Danish
BVDV programme was initiated. However, there was a need to
demonstrate that control and eradication could be carried out
in practise. This was demonstrated in a so-called “island-project”
including all 36 dairy and 77 non-dairy herds in the island Samsø,
where all farmers agreed to participate (91). It was demonstrated
that eradication was possible if the risks due to trade of cattle and
contact transmission on neighbouring pastures were addressed.
This implied avoiding contact with PI animals, isolation of
purchased animals, no pasturing if there were PI animals on
neighbour fields, control of common pastures, animal exhibitions
and livestock markets, and finally farmer compliance to follow
guidelines was very important. Vaccination against BVDV has
never been used in Denmark and was specifically forbidden
according to legislation in 1996, i.e., the Danish legislative order
BEK 1279 19/12/1996. Furthermore, the Danish Dairy Board
had their own laboratory, which could readily run the all the
analyses following years of experience with the programme on
IBR, which was established in the 1980’ies. Themajority of testing
could be done at this laboratory using only one set of tests
and one set of interpretations. This laboratory supplemented the
national reference laboratory, which also checked the accuracy of
the test-results.

Paratuberculosis
There are three main challenges in the Danish programme on
paratuberculosis: (1) the programme is voluntary, and not all
farms are included, which probably is due to lack of motivation;
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(2) the frequent testing may be an obstacle from a cost-point of
view and also from a logistics-point of view. However, because
milk samples from the milk recording system are used, the
logistic challenges have been few, because “all” the farmer had
to do was sign up for the programme and use the interpreted
test-results, which were presented ready for management (83).
The laboratory capacity was relatively quickly sufficient to handle
the 500,000–800,000 samples per year that were received after
the first year in the programme. Test costs is mostly an issue
of a benefit-cost analysis, and it is not clearly logical for the
farmers to be in the programme if there is no documented high
prevalence in the herd. In 2020, a surveillance component was
added to the programme to reduce the test costs for farmers with
a low within-herd prevalence; (3) adhering to the risk mitigating
actions required to break transmission routes. This key area is a
challenge and will be discussed further.

The key recommendations for risk-mitigation are to: (1) cull
all cattle that are repeatedly test-positive in milk ELISA prior
to next calving; (2) if these cows and any other cows with
single test-positive results are used, measures should be taken
to reduce transmission of MAP via faeces i.e., primarily in the
calving pen; (3) use of milk and colostrum should be done
from repeatedly test-negative animals only; and (4) purchase of
livestock should be avoided, but if done anyway, it should be
from herds with known low prevalence of test-positive animals.
Culling of repeatedly test-positive cattle will remove cattle at
high risk of shedding MAP. Nonetheless, far from all cattle
are currently culled prior to next calving, despite that removal
of the key source of the pathogen transmission would be the
desired result. If these animals are kept despite this risk, it is
important to reduce contact time to their manure, and to let these
cows calve in separate calving areas. Whereas, half of farmers
have the cows calve in separate calving areas, cleaning of the
calving pen is done by less than half of the farmers. Furthermore,
removal of the calf is not done as frequently as recommended.
The lack of compliance may be because these important risk
mitigation measures take up too much of the farmers’ time,
and are difficult to implement. In contrast, the avoidance of
use of milk and colostrum from test-positive animals is easy to
implement and therefore done by the majority of farmers in the
programme (111). This illustrates that the feasibility with which
farmers can implement suggested risk mitigation measures is
really important.

Salmonella Dublin
The prevalence of test-positive dairy herds has been hovering
around 8–10% for several years, and new infections and
outbreaks of disease in naïve herds as well as reinfections or
resurgence of infections are still evident. There are clear clusters
of infection transmission on-going in cattle dense geographical
areas of the country, and it is likely that the diffuse environmental
spread through manure and vehicles of local and regional
spread of contaminated manure are creating challenges that are
difficult to clearly identify, and to track and trace in the current
control programme.

Another challenge is a lack of incentives for some of the
infected farms. Controlling S. Dublin requires focused, long-term

and daily manual work to keep the environment sufficiently clean
and to house the animals in ways that prevent spread of the
bacteria (88). This may be costly in some farms that need to
implement changes in the management and/or housing facilities.
At the same time, clinical signs are far from always clearly
associated with S. Dublin in the rapidly expanding and growing
Danish cattle farms, where many other infectious diseases also
cause diarrhoea, respiratory disease and ill-thrift in calves, as well
as abortions in adult cows.

Production losses may not be visible to the farmer, as they
may not affect single animals dramatically unless a cow gets
clinical salmonellosis. Rather the losses are typically expressed
as a general reduction in the milk yield over time that prevents
the cows from reaching their full genetic potential compared
to non-infected farms. This can be caused by the infection in
cows, or as a delayed effect of respiratory disease in the calves
that lead to reduced milk-yield in the first lactation (112). It
has been estimated that economic penalties (or benefits) that
would differentiate the milk and beef prices paid by the dairy
and meat plants by 1% increasing to 5% over a few years would
have an expected marked effect on the incentives to control
S. Dublin in the infected farms (113). One of the small dairy
companies do pay 1% lower price for themilk delivered from test-
positive herds showing that it is possible to implement. However,
the approach has so far been rejected by the big companies
due to practicality issues and concerns about international
competitiveness. Furthermore, it is not an easy decision to take
to implement economic incentives during times where the milk
and beef prices are low, and the cattle sector is under different
types of societal and market pressures.

The test scheme used in the surveillance programme and
for control efforts may also pose a challenge, as some infected
farms may go undetected for too long if the BTM test is not
able to detect few infected cows in a large herd, or if infection
starts among young stock, which are not tested. Thereby false-
negative herds may be spreading the infection, whether it is
unknowingly or not. The programme is likely to be changed
during 2021 to improve the classification scheme and provide
improved protection of the non-infected cattle farms.

Comparative Aspects of Feasibility
The feasibility differs significantly between programmes, but the
exact differences may be difficult to appraise without having
insight into the national/sectorial decision making processes.
Here, the three diseases may have been relatively similar: the
agricultural organisations have set out to determine the relevance
and feasibility, they have taken the decision and then moved
on. One of the tools in this decision process has been use of
pilot projects. A specific pilot project proving the effectiveness
of a control programme in a geographical defined area was
carried out for BVDV, where the disease could be eradicated
from a defined island cattle population relatively easily. For
S. Dublin, a regional pilot project in a Southern Jutland high
cattle density area demonstrated in 2007–2008 that such a
centrally organised project could promote voluntary control
activities in participating dairy herds with stable school-like
networks of farmers focusing their efforts on risk mitigation,
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biosecurity and herd specific test strategies (114). Although the
results were encouraging, this pilot project did not have the same
clear effect as the BVDV pilot project. The S. Dublin pilot project
was not followed for long enough to be able to evaluate the
effect in all the participating farms. A similar approach would
have been difficult for MAP, because of the more protracted
course of infection, and lack of ability of including all farmers
in a region for a sufficient long time. Notably, this would have
lasted more than a cattle generation (5–10 years or more) for
paratuberculosis, whereas it could be achieved in a few years for
BVDV. Therefore, for paratuberculosis and S. Dublin, feasibility
was assessed via voluntary herds, where the proof of concept was
demonstrated (77).

Pasture control was strict in island-pilot project for BVDV,
but is less controlled in S. Dublin programme today, a point
that may appear illogical. However, the changed cattle population
structure and new needs for outdoor housing and mandatory
pasturing of organic farms complicate very strict regulation on
pasturing of animals from infected herds. Double fencing is
recommended and discussions are ongoing about how it might
be made mandatory by legislation in the S. Dublin programme
working group. However, it is not trivial to keep heifers and
cows behind fences in all areas of the country, nor to control
fencing regulations.

A major difference may be the time, when the programmes
were established. From 1994 to 2020, the number of cattle
decreased from 2.2 to 1.5M heads. When the BVDV programme
was established in 1994, there were around 660,000 dairy cows in
approximately 16,000 herds (average herd size: 42 cows), while
in 2019, there were 563,000 dairy cows in 2,800 dairy herds
(average herd size: 200 cows). Thus, larger units prevail making
control of infectious diseases a challenge (86). Furthermore, the
motivations for controlling the diseases also differed markedly.
While production economy was a key driver for BVDV, the
zoonotic aspect and animal welfare issues were initially the
main drivers for S. Dublin, later added production losses as an
increasingly more important driver. The motivations for control
of MAP may be somewhat in between.

DISCUSSION

We have described purposes, principles, design and tools used
in the programmes on BVDV, S. Dublin and MAP in Denmark.
As summarised in Table 2, BVD has been successfully eradicated,
whereas the decline in the prevalence of S. Dublin has halted
(Figure 3) and the decline in the prevalence of infected MAP
herds (Figure 2) has plateaued and only reached participating
herds, of which there are fewer. The most likely reason for
this difference is that BVD is an acute viral disease with clear
routes of transmission that are easily broken with an effort
effectively working within a few years only, if appropriate
measures are taken. Most farmers can stay motivated for that
time-period. Control can take longer, e.g., a cattle generation
(6–8 years) for MAP and S. Dublin, which both spread and
survive in the environment. Not all farmers and veterinarians
can keep up motivation and focus on the control measures for

that long. Furthermore, lack of accurate diagnostic tests makes
monitoring of progress a challenge. Still, the use of inexpensive
tests can provide some information, that can be useful to monitor
the progress with some uncertainty. Acceptance of uncertainty
in test-interpretation among farmers and veterinarians is a
prerequisite in the control of these types of infections.

The three programmes have many similarities and many
differences (Table 2). Firstly, the similarities are based on
the organisation of the programmes as run by the farmers’
organisations and using tools, instruments and communication
primarily done via these organisations in collaboration with
researchers from the universities in charge of education of
veterinarians and veterinary preparedness for the authorities and
the Danish Veterinary Association. The farmers’ organisation
has partly defined the objectives of the programmes. However,
here the differences also start to be evident, as S. Dublin is a
zoonosis. Therefore, the veterinary authorities have a key interest
in the objectives and the chosen approach to control the disease,
and the human health institute, SSI, is frequently consulted to
follow the development in human cases closely. Still, the progress
of the programmes are to a large extent driven by the farmers’
organisation, where the leaders are well aware that Denmark is
a food producing and exporting country, and that high-quality
products are essential for the continued export and for opening
new markets.

Other differences between the programmes are rooted in
the differences of the pathogens and associated pathogeneses
and environmental survival (Table 1). BVDV readily spread,
but also cannot survive for long outside the hosts. Therefore,
risk mitigation measures are important to control the infected
animals, which are easily identifiable. Both MAP and S. Dublin
can survive for extended periods outside the hosts, and measures
to address this is important. They are not as infectious, and
all bacteria may not have to be eliminated from a herd for
the infections to eventually die out. However, diagnostic tests
with accuracies that are far from perfect make identification of
pathogen reservoirs a challenge, and therefore continued spread
is likely to occur, if continued surveillance for early detection
is not carried out. This also means that farmers need to be
motivated for longer periods of time, often more than a cattle
generation (5–10 years) can be needed. Motivation is therefore
a key factor that cannot be ignored. Motivational initiatives such
as financial incentives that can be expected to be effective may not
always be desirable to implement for other reasons (e.g., market
drivers, economic or organisational constraints) and they might
require that several stakeholder agree to implement incentives
simultaneously. For BVDV, it appeared that a strong motivation
was build up over a relatively short period. Hence, it could be
hypothesised that focus on one clear driver (e.g., production
economy) is easier to communicate to farmers and in that sense
can be more efficient.

While the reasons for participation may differ between the
programmes due to the voluntary or mandatory nature of the
programmes, this is also the case when looking at international
literature. There is a lot of focus and programme activities to
combat BVDV throughout the world. There is also increasing
spread of S. Dublin—even multi-drug resistant types—and
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therefore concerns and increasing focus on how to control S.
Dublin in many different countries (99). For MAP control,
most countries are generally focusing on animal health, then
reduction in production losses, followed by maintenance of
trade, animal welfare and lastly public health (23). However, key
reasons for participation also lie in the motivation for controlling
the diseases. Financial impact of the diseases are obviously
important, because farmers are easier to motivate if they can see
an immediate financial benefit. However, many farmers also care
about their animals, their health and welfare, and they know they
are food producers (54). Consequently, these aspects weigh in
as well.

It can be argued whether “control” or “eradication” is the
most viable approach, and control can for some diseases be
as ideal as eradication (115). However, for highly infectious
diseases such as BVDV, it can be difficult to contain the virus,
and eradication may be a more obvious choice. Vaccination
could be an alternative. However, there has never been a strong
drive for use of vaccines in the cattle sector when eradicating
diseases in Denmark. For BVDV this option was explored,
but due to a failure in demonstrating effectiveness (66), an
approach without use of vaccines was taken, irrespective that
others have subsequently found use of vaccines for BVDV
control (116). No vaccines are available to effectively control
the spread of S. Dublin (99), and the vaccines for MAP were
banned in Denmark in 2008 due to their interference with

Mycobacterium bovis testing. Still, use of vaccines can be a

strategic choice for some diseases, as are many of the other
choices made in disease control. The background for these
choices are at times clear, but at other times the result of
political negotiations and events that are not really obvious from
a scientific point of view, or they may not have been elucidated.
Such processes have to our knowledge not been described in the
scientific literature.
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In Slovenia, the control of bovine viral diarrhoea virus (BVDV) infections started in 1994.

Since 2014, a voluntary programme has been running according to the national rules

that prescribe the conditions for recognising, acquiring, and maintaining a BVDV-free

status for an individual herd. The principle is based on periodical laboratory testing and

preventive measures that need to be strictly implemented in a herd. Between 2014 and

2020, a total of 348 herds were included in BVDV antibody testing, and 25.0% of tested

herds were detected to be BVDV antibody positive. To recognise the BVDV-free status

of the herd, the breeder should provide two consecutive tests with intervals of at least

6 months in all animals in the age from 7 to 13 months, with negative results for BVDV

antibodies in ELISA. The BVDV-free status of the herd can bemaintained by implementing

preventive measures and can be renewed each year with one laboratory test in the age

group of animals from 7 to 13 months for antibodies in ELISA. During the 7 years of the

voluntary programme, 236 herds were included in the detection of BVDV in individual

herds by real-time RT-PCR method and the elimination of positive animals from herds. In

71 (31.3%) herds, at least one BVDV-positive animal was detected, with the identification

of a total of 267 persistently infected (PI) animals, representing an average of 2.9% of

tested animals. The cost of testing for an average herd, recognised as BVDV-negative,

and maintaining its BVDV-free status within the implemented voluntary programme, was

e97.64/year, while for the average positive herd, the laboratory costs for elimination of

BVDV were e189.59/year. Only limited progress towards eradication at the national level

has been achieved in Slovenia since 2014.
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INTRODUCTION

Bovine viral diarrhoea-mucosal disease (BVD-MD) is an
economically significant disease of cattle that reduces
productivity and can increase death loss. It is caused by
two groups of bovine viral diarrhoea viruses (BVDV): Pestivirus
A (formerly Bovine viral diarrhoea virus 1) and Pestivirus B
(formerly Bovine viral diarrhoea virus 2); both are members
of the genus Pestivirus, belonging to the family Flaviviridae
(1–3). BVDV is distributed throughout the world, with endemic
areas where 70–100% of herds had detected antibodies, while
in some European countries, such as Sweden, Norway, Finland,
Denmark, Switzerland and Austria, the disease has been
eradicated by different approaches (4–7). BVDV is spread by
direct and indirect contact between cattle and causes heavy
economic losses in infected herds. BVDV infection is present in
persistently infected (PI) animals throughout their lifespans. The
incidence of PI animals is estimated between 0.3 and 2.6% (8).
PI animals are the main source of infection in infected herds,
which never reach their productive potential and growth because
of reduced fertility and increased susceptibility to other diseases
(9). The disease can be eliminated by removing the source of
infection (PI animals) from the population (5, 10). Blood tests
are the most frequently used method to identify BVDV in live
animals, but other samples such as skin biopsies (taken from
the ear – ear notch), milk or even oral swab samples can also be
collected for the detection of virus (11–15).

Slovenia is one of the smallest countries in the European
Union (EU), situated in Central and South-eastern Europe,
touching the Alps and Pannonia basin, bordering the
Mediterranean. The total land area is 20,271 km². At the
end of 2019, 466,911 cattle were registered in 29,615 holdings.
Most Slovenian cattle (98.3%) are reared on private family farms
and 1.7% on agricultural enterprises (formerly state-owned).
In 2019, an average Slovenian holding had 15.8 animals.
Of the total population, 29.9% of the cattle are Simmental
breed, 16.8% Holstein, 4.4% Brown and 0.9% the Slovenian
autochthonous Cika breed. The rest of the animals (48.0 %) were
either crossbred, cattle with unknown pedigree, or beef breeds
(mostly Limousine, Charolais. or Angus). Among the active
cattle population, cows predominate (34.0%), followed by calves
(29.8%), heifers (20.8%), and bulls (15.4%) (16).

The monitoring of herds infected with BVDV in Slovenia
started in 1994 with the identification of about 30% of

infected herds, but the disease has likely been present in
breeding farms for decades (13, 17). Since 1994, all bulls

in breeding and artificial insemination centres are under
supervision based on regular laboratory testing (18) and
free of BVDV, which are important preventive measures to
prevent the spread of BVDV via semen. From 1996 to 2003,
from 260 to 312 breeding herds were monitored for the
detection of BVDV antibodies, and the results showed that
from 16.3 to 20.4% of tested animals were identified as
being antibody positive (19, 20). Young bulls are tested for
BVDV antibodies and the BVDV genome before entering the
breeding centres and later once per year in insemination centres.
However, before 2014, only a few reports of the successful

elimination of BVDV from infected herds were published
Slovenia (10, 13, 21).

Although it is difficult to estimate the cost of the disease
because of the variable nature of the infection, many cost-benefit
analyses have demonstrated the positive impact of BVDV
elimination at the herd level and eradication at the national
level (22–28). At the beginning of 2014, a new national rule
was introduced that set out for the first time the conditions for
recognising, acquiring, and maintaining a herd status of being
free of BVDV in Slovenia (Uradni list Republike Slovenije no.
107/2013) (the Rule in the following text). This programme is a
modification of other BVDV eradication programmes and was
successfully established at the national level in Sweden, Norway,
Finland, Denmark, and Austria (4, 7). The programme is run on a
voluntary basis, and breeders can officially acquire the status of a
herd free of BVDV. This new regulation helps Slovenian farmers
decide how they want to regulate their herds’ health status. The
recognition, acquisition, and maintenance of status are based
on the results of laboratory tests, as well as the farmer who is
obliged to implement all measures to prevent the re-introduction
of BVDV into the herd. Vaccination against BVDV has never
been practised in Slovenia.

Under the rule, the recognition of BVDV-free status in
Slovenia may be achieved in 6months if the farmer complies with
the following: during the previous 12months, no BVDV infection
has been confirmed in the herd; no animal shows clinical signs of
disease; animals shall be separated by a physical or natural barrier
from herds with a lower status; only negative animals may be
introduced into herd through quarantine; for insemination, only
semen obtained from bulls free of BVDV is used. In addition to
these conditions, the herd owner should provide two consecutive
BVDV antibody ELISA tests at intervals of at least 6 months in all
animals in the age group 7 to 13 months (Figure 1). The rule also
enables the recognition of the BVDV-free status for herds without
young animals; in this case, samples are collected in the next age
group of animals, first in the age group from 14 to 20 months.
The second sampling after 6 months and testing of young stock
animals is essential in determining the stability of individual
herds. If the laboratory results for all tested animals are BVDV
antibody negative, the herd owner may apply for recognition of a
herd free of BVDV (29).

The animals’ owner applies for recognition of the status to the
Regional Office of Administration for Food Safety, Veterinary
and Plant Protection (AFSVPP). A list of herds free of BVDV
is published on the website of the AFSVPP; it is freely available
to farmers. Recognition of a herd free of BVD is granted for
one year. The farmer successfully maintains the status via the
implementation of preventive measures (biosecurity), and the
status needs to be renewed every 12 months. To maintain
BVDV-free status, the farmer should provide the laboratory
results for BVDV antibodies in all animals in the herd, which
are at the time of sampling aged from 7 to 13 months.
The result is valid only if the tests were performed in the
AFSVPP-nominated laboratory.

For BVDV-infected herds, the free status can be achieved
in 18 months by the process of acquisition (set in the
rule); after removing all BVDV-positive animals from the
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FIGURE 1 | The schematic presentation of basic principles of voluntary programme for the recognition, acquisition, and maintenance of BVDV-free status in Slovenia

according to the Rule on the conditions for recognising, acquiring, and maintaining herd-free status of BVDV.

herd, the recognition of BVDV-free status is achieved through
two consecutive BVDV antibody tests (Figure 1). The most
important measure is the identification and elimination of all
PI from the herd. In the first step, blood samples (serum)
should be collected and tested from all animals in a herd to
determine the presence of BVDV (identification of PI or acutely
infected positive animal). The additional testing of BVDV-
positive animals 14 days after the first positive results allows
the differentiation of PI from an acutely infected animal; in this
case, the infected animal must be kept in strict isolation until
the second test result. All PI animals need to be slaughtered
immediately. In addition, samples of all newborn calves (blood
sample - serum) in the first week of age should be sampled
in a herd during a period of one year (identification of all PI
newborn calves in a herd) and tested for BVDV using the real-
time RT-PCR method. All BVDV-positive calves must be culled.
One year after the elimination of the last PI from the herd, all
animals in the age group between 7 and 13 months are tested
for the presence of BVD antibodies using ELISA. If the results
of all animals are negative, the same herd is tested after 6 months
again to prove the BVDV free infection in the herd. If all tested
animals in the age group from 7 to 13 months are negative and
farmer-implemented preventive measures (adequate biosecurity)
are in place, the herd owner may apply for the official BVDV-free
status (Figure 1). If it is determined that the herd has no longer
qualifications for the status, the AFSVPP decides to withdraw the

BVD-free status. A farm that has lost its status is deleted from the
list on the website. If a farmer wants to renew the herd’s status,
the herd must fulfil the conditions laid down for the recognition
of BVDV-free status (29).

The purpose of this study was the evaluation of the
experiences obtained during the first seven years after the start
of the Slovenian voluntary BVDV control programme. The
principles of the programme for recognising, acquiring, and
maintaining BVDV-free status were analysed according to the
collected data.

MATERIALS AND METHODS

Testing of Herds for the Detection of BVDV
Antibodies by ELISA
For recognition of BVDV-free status, a herd owner were
participated voluntarily to perform two consecutive BVDV
antibody ELISA testing of all animals in the age group from
7 to 13 months at intervals of at least six months (Figure 1).
Between 2014 and 2020, serum samples from different herds were
collected within the voluntary programme for the recognition
of BVDV-free status in Slovenia. Some of those herds were
sampled in consecutive years to maintain the BVDV-free status
(Figure 2). The number of the collected samples from individual
herds depended on the number of animals in herds in the
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FIGURE 2 | The schematic presentation of number of herds with official BVDV free status between 2014 and 2020. The same colour represents identical herds

started with BVDV free status in the same year.

TABLE 1 | Results of tested animals by ELISA for detection of antibodies within

voluntary BVDV control programme in Slovenia (2014–2020).

Tested animals - detection of BVDV antibodies (ELISA)

Year No of tested

animals

No positive % positive No negative % negative

2014 1,090 181 16.6 909 83.4

2015 601 75 12.4 526 87.5

2016 625 90 14.4 535 85.6

2017 557 65 11.6 492 88.3

2018 512 58 11.3 454 88.6

2019 641 164 26.7 477 73.2

2020 730 129 17.6 601 82.3

Total 4,756 762 15.8 3,994 84.1

age group from 7 to 13 months during sampling. Individual
sera samples were tested using ELISA (Svanovir BVDV R© Ab,
Svanova, Sweden) with 100% sensitivity and 98.2% specificity
of test. This ELISA was validated on Slovenian field samples,
and the method has been accredited within ISO/IEC 17025 since
2007. The ELISA allows the detection of specific antibodies
against BVDV for all field strains circulating in Slovenia, and
the results were interpreted as positive or negative according to
producer instructions. All testing for BVDV antibody detection
was done in one nominated laboratory (Virology Unit, Institute
of Microbiology and Parasitology, Veterinary Faculty, Ljubljana).

Testing of Herds for Identification of
BVDV-Positive Animals by Real-Time
RT-PCR Method
From BVDV infected herds, samples were collected from all
animals in a herd within the acquisition of BVDV-free status
on a voluntary basis. Collected sera samples were tested using
commercial real-time RT-PCR method for the detection of
BVDV nucleic acids to identify and eliminate PI animals
from infected herds. Firstly, the extraction of total RNA was

performed from serum samples using a QIAamp Viral RNA kit
(Qiagen, Germany), according to producer instructions, then
the real-time RT-PCR was performed with virotype R© BVDV
RT-PCR kit (Qiagen, Indical, Germany) according to producer
instruction (12). All testing for BVDV detection was done in one
nominated laboratory (Virology Unit, Institute of Microbiology
and Parasitology, Veterinary Faculty, Ljubljana).

Descriptive statistics were calculated using Excel (Microsoft,
USA). From the laboratory price of individual serum sample
testing by ELISA (e5.97 laboratory cost/sample) for the detection
of antibodies and collected data over the 5 years for the tested
herds, the laboratory cost of testing for an average herd was
calculated. From the laboratory price of individual testing of
the sample by real-time RT-PCR method (e11.84 laboratory
cost/sample) for detection of nucleic acids of BVDV and collected
data for tested BVDV-positive herds in the previous 5 years, the
laboratory cost of testing for an average herd was calculated.

RESULTS

Between January 2014 and December 2020, a total of 4,756
samples were tested for BVDV antibody using ELISA and
15.8% of tested animals were detected as positive (Table 1). The
lowest percentage of positive animals were detected in 2018
(11.3%) and the highest in 2019 (26.7%). The average number of
tested animals for BVDV antibodies per herd was 13.63 animals
between 2014 and 2020, while the average lowest number of
animals (10.6) per herd was tested in 2018 and the highest (19.4)
in 2014 (data not shown).

The average laboratory cost for individual herds, calculated
from data of the previous 5 years was e97.64 on a single
herd/year. This calculation was consisted of two consecutive
testings with ELISA at intervals of at least 6 months in all animals
in the age group 7 to 13 months (e5.97× 13.6 animals= e81.37
× 2 = e162.74) and testing of all animals in the age group 7 to
13 months once per year in next 4 years (e81.37× 4=e325.48).
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FIGURE 3 | Locations of 21 herds with BVDV free status in 2020, presented on map of Slovenia.

Within 5 years, the laboratory costs for an average herd with 13.6
animals are e97.64 (e162.74 + e325.48 = e488.22/5 years =
e97.64 on a single herd/year). The first herd with BVDV-free
status was officially confirmed on July 15th, 2014. In December
2020, official BVDV-free status was recognised for 21 individual
herds, located throughout Slovenia (Figure 3).

A total of 348 herds were enrolled into testing for the
recognition of BVDV-free status. and 25.0% of the herds
were detected as BVDV-antibody positive (Table 2). The lowest
percentage of positive herds was identified in 2019 (17.5%) and
the highest in 2014 (33.9%).

Between January 2014 and December 2020, in total, 9,407
individual animals (all cattle in a tested herd and all newborn
calves tested in herds) were sampled, and 2.9% (267 animals)
were identified as BVDV-positive using a real-time RT-PCR
method (Table 3). The lowest percentage of positive animals was
detected in 2014 (2.1%) and the highest in 2018 (3.7%). The
average number of tested animals for BVDVby real-time RT-PCR
method per herd was 31.9 animals between 2014 and 2020, while
the average lowest number of animals (20.8) were tested in 2019
and the highest (48.0) animals per herd were tested in 2014 (data
not shown).

The average laboratory cost of testing for the identification
of PI animals from BVDV-positive herd with real-time RT-PCR
for individual herds calculated from data of the previous last
five years was e189.59 on a single herd/year. This calculation
consisted of testing of herd for BVDV antibodies (e5.97 ×

13.6 animals = e81.37) to identify BVDV positive herd in
the first step, then all animals in the herd were tested for PI
animal identification (e11.84 × 31.9 animals = e378.40). After
elimination of all PI animals from a herd, the testing at intervals
of at least six months in all animals in the age group 7 to 13
months was done (e81.37 × 2 = e162.74) and the testing of all
animals in the age group 7 to 13 months once per year in next
4 years (e81.37 × 4 = e325.48). Within 5 years, the laboratory
costs for an average herd with 13.6 animals in the age group 7
to 13 months and 31.96 animals per average herd was e189.59
(e81.37+ e378,40 + e162.74 + e325.48 = 947.99/5 years =
e189.59 on a single herd/year).

A total of 236 herds were included in the testing for the
elimination of BVDV-positive animals from herds, and 31.3%
of herds were detected as being BVDV-positive (Table 4). The
lowest percentage of positive herds were identified in 2014
(21.7%) and the highest in 2016 and 2017 (40.0%).
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TABLE 2 | Results of tested herds by ELISA for the detection of antibodies within

voluntary BVDV control programme in Slovenia (2014–2020).

Tested herds - detection of BVDV antibodies (ELISA)

Year No of tested

herds

No positive % positive No negative % negative

2014 56 19 33.9 37 66.0

2015 51 10 19.6 41 80.3

2016 42 11 26.1 31 73.8

2017 47 12 25.5 35 74.4

2018 48 11 22.9 37 78.0

2019 57 10 17.5 47 82.4

2020 47 14 29.7 33 70.2

Total 348 87 25.0 261 75.0

DISCUSSION

The first large-scale BVDV eradication programmes were
launched in Scandinavian countries in the 1990s, and
the majority of Western European countries either have
achieved BVDV-free status or have regional or national control
programmes underway (6, 7, 30, 31). The first rule for the
conditions for recognising, acquiring, and maintaining BVDV-
free status of herds (the Rule) for individual herds in Slovenia
started in January 2014; after seven years, only limited progress
has been achieved. The basic principle of this first voluntary
BVDV control based on testing of young stock for detection
of BVDV antibodies proved to be correct, together with the
preventive actions of farmers to prevent the re-introduction of
BVDV. A total of 348 herds were included between 2014 and
2020 into BVDV antibody testing from all geographical areas of
Slovenia, but only 21 herds were officially recognised as BVDV-
free in Slovenia in 2020 (Figure 3). There are several reasons
why more herds have not achieved BVDV free status since the
beginning of the voluntary programme in 2014. According to our
observation, most of the farmers included in this study started
with the programme, but when they received information that
the herd (laboratory testing of groups of animals between 7 and
13 months of age) was without BVDV antibodies, they halted
regular laboratory testing. To them, this voluntary programme
served as a tool for self-confirmation (i.e., that they are free of
BVDV), and it seems that they do not see any benefit in having
officially confirmed BVDV-free status.

The Scandinavian control programmes included a ban on the
use of vaccine and, because vaccination against BVDV was not
practised in Slovenia, the BVDV-specific antibodies are always
indicative of field infection (6, 7, 31). This was very promising
starting point in 2014, but a few years later, it became clearer
that the voluntary programme (Figure 1) was accepted only by a
limited number of Slovenian farmers. Many farms with officially
recognised status of BVDV-free can successfully maintain this
status from at least 3 to 7 years (Figure 2), which confirms that
that the basic principle is correct and suitable for control of this
disease in Slovenia’s field conditions. For some other herds, which
were ‘disappearing from systematic testing’, it is not entirely clear

TABLE 3 | Results of tested animals by real-time RT-PCR for the detection of

BVDV within voluntary BVDV control programme in Slovenia (2014–2020).

Tested animals - detection of BVDV (real-time RT-PCR)

Year No of tested

animals

No positive % positive No negative % negative

2014 1,882 41 2.1 1,841 97.8

2015 1,307 35 2.6 1,272 97.3

2016 1,827 46 2.5 1,781 97.4

2017 861 25 2.9 836 97.1

2018 928 35 3.7 893 96.2

2019 1,272 41 3.2 1,231 96.8

2020 1,330 44 3.4 1,286 96.5

Total 9,407 267 2,9 9,140 97,0

why some of them just stopped with annual laboratory testing

or become infected. The obtained laboratory results for herds
included in this testing confirmed that the BVDV antibodies in

young groups of animals are present in 15.8% of tested samples

(in seven years, the average was 25.0% of identified positive cattle
herds). The results of this study showed that about 75% of tested

Slovenian herds within this period could have been recognised
as BVDV-free (Table 2), but only 41% of them were applied for

officially BVDV free status. However, according to these 21 farms
with BVDV-free status in 2020, we can conclude that for most
Slovenian farmers, the BVDV-free status is still not accepted
as an added value of cattle health. Before starting the BVDV

control programme on voluntary basis, the laboratory costs for
farmers were always significant issue. This was easy adopted
and resolved in only one officially nominated laboratory (located

within Veterinary Faculty, University of Ljubljana), where all
testing is performed, by reducing costs for laboratory tests to

minimal rate (e5.97 per sample for detection of antibodies
by ELISA and e11.84 per samples for detection of BVDV by
real-time RT-PCR method). Through this, the calculation of
costs of laboratory testing for an average herd with 13.6 tested
animals/year in this study showed relatively low laboratory cost
(e97.64/year/average Slovenian herd) for farmers to maintain
BVDV-free status within implemented voluntary BVDV control
programme. To this cost also need to be added the costs for blood
sample collection, which can be variable for different size herds
and need to be done by private veterinarian with concession
granted by the state.Whymore than three hundred cattle farmers
had started with the first steps for the recognition of BVDV-
free status, but later did not apply to confirm that status is not
entirely clear. The dedicated protocols for official recognition of
BVDV free status are freely available on the web page of AFSVPP
(32) but need some administrative paperwork. With about 0.5
million cattle in Slovenia, these are ownedmainly by small private
family farms, with long tradition, but still not very well organised
and influenced by strong competitors on the common European
Union market.

Nevertheless, the owners of cattle that have already been
officially recognised with BVDV-free status are confirming for
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TABLE 4 | Results of tested herds by real-time RT-PCR for the detection of BVDV

within voluntary BVDV control programme in Slovenia (2014–2020).

Tested herds - detection of BVDV (real-time RT-PCR)

Year No of tested

herds

No positive % positive No negative % negative

2014 23 5 21.7 18 78.2

2015 27 10 37.0 17 62.9

2016 20 8 40.0 12 60.0

2017 30 12 40.0 18 60.0

2018 33 9 27.2 39 72.7

2019 61 15 24.5 46 75.4

2020 42 12 28.5 30 71.4

Total 236 71 31.31 180 68.69

the first time in Slovenia that they can successfully maintain
the official status for several years; this is also valuable
information for other farms that may join the programme in
near future. Additional value of BVDV-free status also provides
the improvement of production in the herd and reproduction
parameters on a farm. The initial testing of BVDV-antibody-
positive herds (animals between 7 and 13 months of age)
provide immediate evidence for farmers that they have active
BVDV infections in their herds and possibility to finish with
elimination of BVDV through acquisition and to finish after 18
months with BVDV-free status. A similar approach is used in
Scotland’s national control programmewith serological screening
of representative young animals, known as the ‘young stock check
test’, indicating recent or current BVDV infection (24). Because
vaccination against BVDV was never practised in Slovenia,
BVDV antibody detection is result of natural infection.

The BVDV-positive herds started the process prescribed
in the Rule through the identification and elimination of PI
animals from a herd. During 7 years of voluntary BVDV control
programme and the testing samples of cattle and newborn calves
by real-time RT-PCR method, a total of 267 positive animals
were identified and removed from 71 BVDV-positive herds.
The BVDV-positive animals have been identified in 31.3% of
tested suspected herds (the herds with positive results among
young stock or herds with clinical pictures of disease or BVDV-
positive results). The virus is shed by both acutely and persistently
infected (PI) animals, but levels of shedding are much higher in
PI cattle, which are the natural reservoir for the virus. Foetuses
that become infected between 30 and 125 days of gestation and
survive the infection may be born as PI calves, which are the
main source of infection (33). The key point of the majority
of BVDV control programmes is the early detection and the
elimination of PI animals from infected herds (6, 34) BVDV-
positive animals secreted virus into the environment, especially
with nasal discharge, saliva, faeces, and urine (5, 8). In a BVDV-
infected herd, a newborn calf can be infected within a few days
or months after the birth, possibly expressing clinical symptoms
due to the acute course of the disease. After 2 to 3 weeks, specific
antibodies can be detected by ELISA, and those antibodies are

present in the blood throughout the lifespan of the animal (5).
If the mother is positive for BVDV antibodies, calves receive
colostral antibodies, which remain in the blood up to 6 months,
in rare cases up to 8 months of age (5). In the infected herd,
BVDV is regularly transmitted between animals of all ages, and
this feature of the BVDV can be successfully used as indicator
of recent infection in herd by laboratory testing of age group of
7 to 13 months (22). The screening of the age group of young
animals in the herd assures us with cost effective control testing,
which is based on the results of detection of specific BVDV
antibodies, and the actual situation regarding BVDV infection in
the complete herd is recognised. During the laboratory testing, it
was recognised that only a very low proportion of animals from
the sampled age group from 7 to 13 months were low antibody
positive in the ELISA test, usually with positive values between
10 and 20%. In these cases, the retesting of these animals after
one month proved decreasing or absent of BVDV antibodies
and absence of active BVDV infection in the herd, given the
explanation that these first-detected antibodies were passively
transferred from their mothers.

Based on the genetic comparison of identified BVDV field
strains from different herds and geographic locations in Slovenia,
the first molecular epidemiological study performed with BVDV
isolated collected between 1997 and 2001 showed that most of the
Slovenian isolated strains were of subtypes 1d and 1f (35). BVDV
2 was never detected in Slovenia. According to the phylogenetic
comparison of 5’NCR and Npro region of the viral genome, of
343 BVDV positive samples collected in last 20 years from 146
different herds, seven subtypes of BVDV (1a = 1, 1b = 22, 1d =

90, 1e= 8, 1f= 217, 1g= 4 and 1h= 1) were identified, providing
evidence of the circulation of heterogeneous strains in Slovenia
(30). The internal validations of laboratory methods within
the purpose of accreditation according to ISO/IEC 17025:2017
showed that we achieved very good sensitivity and specificity
for all field samples by using commercial ELISA and real-time
RT-PCR methods. The sequencing of BVDV positive samples
identified in positive herds within the voluntary programme
and genetic comparison provides some additional data regarding
the occurrence and the persistence of individual BVDV strains
on our territory. The transmission of different BVDV strains
between herds was observed, including the introduction of new
strains into the region. This is also recognised by farmers and
represent an additional risk for herds with BVDV free status.
Most of the new infections in herds are result of the transmission
of one of the “autochthonous” BVDV strains that have been
present in Slovenia for decades, occasionally new BVDV strains
are introduced into our herds, most likely with the trade of
positive animals (36).

Another important preventive measure is that animals from
BVDV-free herds are separated by physical or natural barriers
from herds with a BVDV-unknown status, and only BVDV-
and antibody-negative animals may be introduced into the herd
through quarantine. Some farmers were not careful about this
and lost BVDV-free status because of the introduction of one
BVDV-antibody-positive animal or pregnant animal that carried
a PI calf. The identified PI animals should be culled because
those animals are the main source of infection for uninfected
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herds. The identification of PI in infected herds was successful
using the protocol prescribed by the Rule; consequently, 267
new PI animals were identified in the previous 7 years. Several
positive feedback responses were collected from farmers and
private veterinarians a fewmonths after the complete elimination
of PI animals from infected herds, confirming that farmers are
recognising the benefits of the elimination of PI from infected
herds. The improvement of cattle health status was mainly
detected in the calf population, where the numbers of animals
with respiratory infections and diarrhoea were rapidly decreased.
Although the BVDV antibody-positive animals are still present
in such herds, young stock animals between 7 and 13 months
of age remain BVDV-antibody-negative if the elimination of the
virus was successfully completed. The identified detection of
2.9% prevalence of PI in positive herds was higher than 2.6%,
as observed previously (8), but this PI prevalence in our study is
related only to previously selected BVDV-positive herds; thus, the
real prevalence of PI in the Slovenian cattle population is around
2%. Our voluntary BVDV programme is still missing the official
tracing of culling BVDV-positive animals, and this needs to be
corrected soon. Considering the estimate that that about 25% of
Slovenian herds are BVDV-infected and, based on the presented
data, 31.3% of infected herds have at least one PI infected animal,
the total number of infected herds in Slovenia may be between
2,000 and 2,500 herds. With the identification of only 71 new
positive herds, which is only a small proportion of the BVDV-
infected herds (about 3%), the voluntary programme needs to
be modified to a compulsory programme to achieve progress
towards the eradication of BVDV infections in Slovenia.

CONCLUSION

The voluntary BVDV control programme was adopted for
the first time in Slovenia with the provisions for recognition,
acquisition, and maintenance of BVDV-free status. The
Veterinary Faculty of the University of Ljubljana offers a special
package of discounts to farmers for laboratory testing of BVDV
samples and have reduced the time from sample reception to
the results to within one week. According to collected data of
the first 7 years of running the voluntary programme, we can
conclude that only a small proportion of herds have finished with
BVDV-free status for the official recognition and maintenance of
status. The programme is on a voluntary basis, paid exclusively
by farmers; the improvement of the health status in several
herds has been achieved through the implementation of the
prescribed Rule. Framers who are selling and buying animals
could have benefits, although the number of herds with official
BVDV free status is still very low. The obtained results based
on a voluntary programme have also provided some important
new data regarding the prevalence of BVDV and the estimated

number of positive herds. Nearby countries, such as Austria
and Switzerland, have already achieved BVDV-free status at
the national level. Thus, we are aware that this is only the first
step starting on a voluntary basis; the next step for Slovenia will
be moving to a compulsory national programme for BVDV to
eradicate disease on the national level. Nevertheless, during the
running of the first BVDV voluntary control programme, several
cattle herds have achieved significant improvement and progress
in health status following the implementation of preventive
measures or have successfully maintained BVDV-free status for
several years.
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Some European countries have successfully implemented country-specific control

programs (CPs) for infectious cattle diseases that are not regulated or are regulated

only to a limited extent at the European Union (EU) level. Examples of such diseases

include bovine viral diarrhea (BVD), infectious bovine rhinotracheitis (IBR), and Johne’s

disease (JD). The CPs vary between countries in the design and quality of collected

data as well as methods used to detect infection and estimate prevalence or probability
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of freedom from infection. Differences in disease status between countries and non-

standardized approaches to assess freedom from infection pose a risk for countries with

CPs for non-regulated diseases as infected animals may influence the progress of the

disease control or eradication program. The implementation of output-based standards

allows estimation and comparison of the probability of freedom for non-regulated cattle

diseases in European countries. The aim of the current study was to assess the existence

and quality of data that could be used for estimating freedom from infection in European

countries. The online data collection tool was sent to 32 countries participating in the

SOUND control COST Action and was completed by 24 countries. Data on cattle

demographics and data fromCPs of IBR and BVD exist in more than 50% of the response

countries. However, data describing risk factors and CP of JD was reported as existing in

<25% of the countries. The overall quality of data in the sections on demographics and

CPs of IBR and BVD were evaluated as “good”, but risk factors and JD data were mostly

evaluated as “fair.” Data quality was considered less good mainly due to two quality

criteria: accessibility and accuracy. The results of this study show that the quantity and

quality of data about cattle populations and CPs are relatively similar in many surveyed

countries. The outcome of this work provides an overview of the current situation in the

European countries regarding data on EU non-regulated cattle diseases and will further

assist in the development and implementation of output-based standards.

Keywords: animal health data, cattle, control programs, non-regulated diseases, output-based, proof of freedom

INTRODUCTION

Infectious animal diseases are known to be a risk to international
trade and public and animal health. To benefit from international
trade and provide legitimate protection from animal diseases
and zoonoses, countries must comply with the guidelines of
the World Trade Organization Agreement on Sanitary and
Phytosanitary Measures and the requirements of other standard-
setting organizations, such as the World Organization for
Animal Health (OIE) and/or the European Union (EU) (1–
4). To demonstrate that a region or country is a safe trading
partner for animals and animal products, it is necessary to
prove freedom from disease (2). In the EU, international
standards of surveillance to achieve desired proof of freedom
have been developed for some important cattle diseases, e.g.,
bovine tuberculosis and bovine brucellosis (3). However, for
other diseases listed as important for international trade by
the OIE (5), such as Johne’s disease (JD), infectious bovine
rhinotracheitis (IBR), and bovine viral diarrhea (BVD), there are
no or limited international standards for proving freedom of
disease. Nevertheless, some European countries have successfully
implemented country- or region-specific control programs
(CPs) for these EU non-regulated diseases. Because of the
lack of international standards, the CPs are very diverse, and
their outputs are generally difficult to compare, impairing
international trade (6–8).

In recent years, output-based standards have been successfully

developed and implemented in animal health surveillance (9–

15). They appear to be an attractive alternative to input-

based standards for EU non-regulated infectious cattle diseases

for several reasons. Input-based standards mean that, to be
considered free from infection, countries must carry out specified
surveillance activities, such as achieving a certain sampling
frequency or a minimum sample size or using recommended
diagnostic tests (16). On the other hand, output-based standards
allow the flexibility to use a wide range of surveillance activities
to reach a predefined output (i.e., probability of freedom from
infection), supporting the development of cost-effective and
efficient surveillance systems (15, 16). Countries with existing
CPs for EU non-regulated diseases would then only need to make
sure that their surveillance activities are able to achieve a certain
level of confidence of freedom (i.e., output) without changing
their whole surveillance system to meet prescribed surveillance
strategies (i.e., input) (16). The output-based standards more
easily adapt to country-specific conditions and better reflect the
country-specific disease status (13).

However, the development and implementation of output-
based standards to assess the probability of freedom from
infection come with challenges. Methods developed for
demonstrating freedom from infection using multiple complex
data and surveillance activities include scenario tree models and
Bayesian models (12, 17, 18). These methods require a large
amount of good-quality data to accurately model confidence
of freedom from infection (19). The required data have been
described before in projects, such as STOC free (Surveillance
Tool for Outcome-based Comparison of FREEdom from
infection) and RISKSUR (Risk-based animal health surveillance
systems), which worked on developing and encouraging output-
based standards for animal health (7, 20). Such data include a
broad spectrum of information describing the cattle industry,
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disease introduction risks, biosecurity levels, and existing
disease control programs. Only a small portion of these data are
routinely collected by the European Commission [e.g., Animal
Disease Notification System, Trade Control and Expert System
(TRACES), and the OIE World Animal Health Information
System] for epidemiological analysis of disease outbreaks, risk
analysis, or general statistical information. At the time of writing
this paper, the availability of the remaining portion of the data
needed to estimate the probability of freedom from infection is
unknown. This is especially a concern as good-quality data are
likely to be more available for EU regulated diseases compared
with EU non-regulated diseases. In addition, even though EU
member countries are obliged to collect some of these data on
a regular basis, methods of collection and sources of data most
likely differ. Recent results from the SIGMA project provide a
good overview of the diversity of the animal health data sources
network in the EU (21), but the level of heterogeneity in the
data collected for different CPs in different countries remains
unknown. Understanding the data heterogeneity is the first step
toward the use of output-based standards for proving freedom
from EU non-regulated infectious diseases.

The COST Action (CA17110) “Standardizing OUtput-
based surveillance to control Non-regulated Diseases in the
EU” (SOUND control) aims to support output-based disease
surveillance initiatives and develop a framework that could be
used to estimate the confidence in freedom from EU non-
regulated infectious cattle diseases (22, 23). SOUND control
covers 32 countries and provides a great opportunity to assess
at a large scale the data currently available for estimating the
probability of freedom from infection for EU non-regulated cattle
diseases and provide recommendations to support the future
development of output-based standards.

Our study was conducted within the scope of the SOUND
control Working Group 2 (WG2) activities (22) and aimed to (i)
provide an overview of the existence of potential data required
as inputs for estimating freedom from infection in the 32 Action
member countries, (ii) evaluate and compare the quality of these
data using a standardized approach, and (iii) review data sources
of available data. JD, IBR, and BVD are among the diseases most
frequently targeted by CPs implemented in the Action member
countries (23). Therefore, we used these three EU non-regulated
diseases as case studies.

MATERIALS AND METHODS

Online Data Collection Tool
A thorough description of the online data collection tool,
including its development, key lessons learned during the
process, and definitions of the variables, can be found in van
Roon et al. (24). The online data collection tool was designed
using LimeSurvey software (25).

Data from the previous year (or the most recent available)
were requested for data collection. Briefly, the online data
collection tool was divided into twomain parts with four sections
and (Figure 1):

• I. General information. This section included five basic
questions about the time period of the data assessed in the
questionnaire, country, contact information of the respondent,
and definitions of dairy and beef cattle.

Part 1:

• II. Demographics. This section included 10 questions about the
cattle population in the country or region considered in the
questionnaire: number of cattle and herds, average herd size,
number of births, number of herds with calves, cattle density,
and number or percentage of farms with small ruminants and
mixed farms (mixed farms are defined as all dairy herds that
also have a type of beef cattle, such as veal calves, suckler
cattle, etc.).

• III. Risk factors. This section included 18 questions about
possible risk factors for disease introduction into a cattle
herd, such as purchasing, grazing, breeding, housing of calves,
control and management of manure, rodent and vector
control, transport, disinfection, and equipment on the farm.

Part 2:

• IV. Disease control programs and testing strategies for JD, IBR,
and BVD. For each disease, respondents were asked to indicate
if a CP for the disease existed in their country. A positive
response was followed by seven questions on the number
of herds participating in the CP, number of herds tested for
the selected disease, animal-, and herd-level prevalence of
the selected disease, herds that have a free status for the
selected disease, and the number of herds that identified
infected animals.

Each question was followed by four additional subquestions
related to data existence, data quality, quantitative data, and
data sources used to obtain information (Figure 1). The only
mandatory question was about the existence of data. Data quality
was evaluated using the “Data quality evaluation tool” presented
in van Roon et al. (24), which included four criteria (Figure 1B):

• Accessibility. The availability of data. This criterion is
important because it provides information about how data
were collected, for what purpose, and how readily the data
can be accessed (e.g., data exist but can be accessed only by
combining multiple data sources).

• Timeliness. Often described as “up-to-dateness,” it varies
depending on the purpose for which the information
is required. It is important to evaluate the timeliness
to determine whether the information reflects the most
recent information.

• Completeness. Refers to whether there are missing and/or
unknown data fields in the database (e.g., for the variable
“number of cattle/herds in territory,” completeness would
represent the percentage of farmers entering this information
in the data base: 85% of all farmers having filled in the data
means completeness of this variable is 85%).

• Accuracy. Aims at assessing to what extent the stored values
for an object are the correct values (e.g., when data validation
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FIGURE 1 | The structure of the online data collection tool that was used to overview data related to control programs of infectious cattle diseases among 32 SOUND

control COST Action member countries. *, mandatory part; n, number of variables per section.

procedures are implemented on a regular basis, it is more likely
that data is accurate).

Data quality was evaluated using a standardized scoring method
(Figure 1B) (24). First, for each quality criteria, a score of three
(“good”), two (“fair”), or one (“poor”) was given. Second, the
overall quality of the available data was then calculated using
the sum of the scores obtained for each quality criterion. Overall
quality was also defined as “good” (sum 9–12), “fair” (sum 5–8),
or “poor” (sum 1–4).

In addition to data quality, the data source for each question
was collected. Respondents were able to choose one or multiple
answers from a predefined list of potential data sources, including
the option “other,” for which the respondent provided the name
of the data source (Figure 1D). Participants were also allowed
to submit quantitative data associated with each question (not
analyzed in this study) (Figure 1C). Data relating to all cattle (i.e.,
dairy and beef cattle together) were requested, but it was also
possible to submit data separately if needed.

Data Collection and Management
The SOUND control consortium included representatives by

country: one management committee member and one or

more management committee substitutes and/or workgroup

members. Members who were participating in the workgroups

related to data about CPs, one person per country, were

responsible for providing the data for their respective country.

Almost all participants had a doctoral degree in the field

of veterinary sciences or epidemiology and most of them
worked in the field of cattle health with a focus on infectious
diseases or in surveillance and control of cattle infectious
diseases. Depending on their knowledge, the participants could
either collect all information to fill in the questionnaire
themselves or ask others in their country to help them fill
in the questionnaire. Thirty-two SOUND control member
representatives were invited by email in July 2020 to fill in
the online data collection tool. Three reminders were sent
at the end of August, September, and November 2020. The
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deadline to submit data in the data collection tool was closed in
December 2020.

Fully or partially completed questionnaires were extracted
from LimeSurvey software to Microsoft Excel 365 and then
imported into the R Statistical software, version 3.6.2 (26, 27) for
analysis. Descriptive analysis was performed using the “dplyr”
package in R (28). Data analysis was structured by country and
type of question to calculate and assess (i) the number and
proportion of existing data, (ii) the overall quality and quality by
criterion of existing data, and (iii) the variety of sources used to
obtain data. The R package “ggplot2” was used to visualize the
results (29).

RESULTS

Response Rate
Twenty-four out of 32 of the SOUND control countries
completed the online data collection tool (Figure 2). Twenty-
two countries fully completed the tool (“Full response”), one
country completed only the first part (“Response: PART 1”), and
another country completed only the second part (“Response:
PART 2”). One country did not fully complete any part of the tool
(“Incomplete response”), and seven countries did not respond to
the invitation (“No response”). Twenty-two countries reported
providing the latest data of 2019–2020, and two countries
provided older data (from 2017 to 2018). Regarding existence of
CPs, 15 countries reported the existence of a CP and answered
questions about IBR, 14 for BVD, and 11 for JD.

Definitions of Dairy and Beef Cattle
All descriptions of dairy cattle involved characteristics related to
milk production and breed, e.g., “deliver milk,” “used in dairy
production,” “pure dairy cattle breed,” “farms main income from
milk production.” The definitions of beef cattle were less specific.
Three countries indicated that there is no definition of beef cattle
in their country. When a definition was available, beef cattle were
often reported as “veal, beef, and fattening cows,” but sometimes
as “all cattle excluding dairy.” Seven countries reported official
definitions of dairy and beef. However, the rest of respondents
did not specify that the provided definitions were official.

The Existence of Data
More than 70% of the cattle demographics data investigated
in our study were reported as existing in the 24 response
countries (Table 1). However, this was only true for 24% of data
regarding risk factors (Table 1). Instead, data were reported as
“not existing” (38%) or “unknown” (38%).

Data relating to IBR and BVD CPs were reported as existing
in more than 65% of the countries with CPs for these diseases (12
and 11 countries, respectively), and existence of data related to
JD CPs was much lower (36%) (Table 1).

The types of data existing in each responding country are
presented in Figure 3. All responding countries reported having
data about the number of cattle although only 30% of the
countries had information about mixed farms. In the section of
risk factors, around 75% of the countries reported purchase data
as existing, and the rest of the data were “unknown” and “not

existing.” Almost all the data about CPs of BVD and IBR were
reported as existing in around 75% of the countries with the
implemented CPs for these diseases. For JD, on the other hand,
data about the CP existed in 50% of those countries with a CP

The Quality of Existing Data
The results about the overall quality of existing data in SOUND
control countries are presented in Table 2. More than 60% of
the existing demographics and disease control program data was
evaluated by the respondents as “good,” and a small proportion
of these data were evaluated as “fair” or “poor.” The overall data
quality was lower for data related to risk factors: only 33% were
assessed as “good,” and 50 and 17% of risk factors data evaluated
as “fair” and “poor,” respectively.

The results were quite consistent within each country in
terms of data quality in all four sections of the data collection
tool (Figure 4). Around three quarters of demographics data in
all response countries were evaluated as “good.” However, the
quality of the average number of births and cattle per herd rated
lower in more than half of the countries. A reverse picture of the
quality score can be seen in the risk factors section as only data
describing cattle purchase was consistently evaluated as “good”
in all countries but one. Data on other existing risk factors was
given lower quality scores.

Data quality for all evaluated criteria are presented in Table 3.
An average percentage of “good” quality data in each section is
consistent by criterion. The lowest quality score for data from
all sections was the score for completeness. On the other hand,
timeliness data were given the highest quality score. Additionally,
among the disease CPs, the quality of BVD data was evaluated
highest and JD lowest within all four quality criteria.

Variety of Sources Used to Obtain the
Same Data
The respondents used a variety of sources to assess and obtain the
requested data. On average, two different sources of data were
selected to answer one question. The most selected data source
option in all sections was “other” followed by “national animal
health databases” (Figure 5). The sources of data most frequently
reported under the category “other” were agriculture statistics,
central statistics databases, livestock registration databases,
national animal traceability databases, and CPs databases.

DISCUSSION

Our study provides the first overview of data availability and
quality related to estimating freedom from infection in 24
European countries. In addition, an overview of data availability
and quality regarding control programs implemented for three
major EU non-regulated cattle diseases, i.e., BVD, JD, and IBR
was provided. Previous similar studies that aimed to describe
the cattle sector or disease CPs in Europe have included fewer
countries (6, 30). As participation in this study was voluntary,
not all invited countries fully completed the questionnaire;
however, the response rate was high (75%, 24 out of 32 invited
countries). Nevertheless, the response rate was likely influenced
by the COVID-19 pandemic and could even have been higher
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FIGURE 2 | The response to an online questionnaire study on data collection related to EU non-regulated cattle diseases among 32 SOUND control COST Action

member countries.

TABLE 1 | Results of the response to questions on existence of data relevant for estimating freedom from infection in cattle in an online questionnaire study among 24

European countries.

Section Data existb No existing datab Unknownb

II. Demographics (n = 24) 75.0% (18) 8.3% (2) 12.5% (3)

III. Risk factors (n = 24) 25.0% (6) 37.5% (9) 37.5% (9)

IV. Disease control programsa JD (n = 11) 36.4% (4) 27.2% (3) 36.4% (4)

IBR (n = 15) 66.7% (10) 13.3% (2) 20.0% (3)

BVD (n = 14) 71.5% (10) 21.4% (3) 7.1% (1)

The answers are presented aggregated per section in the questionnaire.
aNumber of the response countries that have the respective control program in place.
bPercentage of countries that have chosen the answers “Data exist,” “No existing data,” “Unknown” out of the number of respondents in each section of the online data collection tool

[number of countries/number of responding countries (n)].

in another situation because many veterinary epidemiologists
or veterinary public health specialists involved in the project
were also actively participating in the emergency response to
the pandemic.

The Availability of Data for Probability of
Freedom From Disease Estimates
A high proportion of the requested data about cattle
demographics (75%) was reported as existing in the response
countries. This section included general statistical information
about the cattle sector, i.e., average herd size, number of
calves born, etc. As having a computerized database for tracing
individual bovines is a requirement within the EU (EC 1760/200),
it is expected that this data is routinely collected within the

response countries (31). Based on the responses, it appears that
sufficient information about general demographics is available
to describe the cattle industry within the responding countries
and to use these data as parameters for modeling freedom from
disease (e.g., average herd size, number of animals). In contrast,
only around one fourth (24%) of the requested data about risk

factors were reported to exist. The existing data on risk factors

were mainly related to cattle purchase, which was homogenously

reported as existing in response countries. This is most likely
because these data are mandatory to report under guidelines of
the European Commission TRACES system (32). Data about
less regulated risk factors for disease introduction, such as herds
involved in communal grazing, shared transport, etc., were, on
the other hand, mostly non-existent or unknown. Risk factors for
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FIGURE 3 | The existence of data relevant for estimating probability of freedom from infection in cattle in an online questionnaire study among 24 European countries.

The answers are presented by country and variable. *free from disease status. FI, Finland; SK, Slovakia; CH, Switzerland; HU, Hungary; IE, Ireland; NIR, Northern

Ireland (UK); SI, Slovenia; NO, Norway; SCT, Scotland (UK); SE, Sweden; ES, Spain; IT, Italy; NL, Netherlands; EE, Estonia; DE, Germany; LT, Lithuania; AT, Austria;

RO, Romania; AL, Albania; UA, Ukraine; GR, Greece; PL, Poland; MK, North Macedonia; KS, Kosovo.

introduction of disease play an important role in estimating the
probability of freedom (16). To facilitate future development of
output-based standards for CPs, more data related to this topic
need to be collected on a large scale in a systematic manner and
made available for scientific use. Nevertheless, animal movement
data (i.e., number of animals imported), and prevalence of
infection in the farm of origin might be sufficient to obtain a
first estimate of freedom from infection as seen, for example,
in a study defining output-based standards for tuberculosis in
farmed deer (11). Given the amount of data available, future
models developed to compare outputs of various CPs could focus
on the usage of nearly any data describing cattle demographics
and cattle purchase data for risk of introduction of disease (16).
However, although the introduction of cattle into a herd has been
reported as an important risk factor for JD, IBR, and BVD in
several studies (33–35), other risk factors, such as participation

in shows, grazing, and calving pen systems, are also described

as important for estimating freedom from infection (33). Our

results show that very few countries in Europe have access to
these data on a national or regional level.

Many countries have implemented CPs for the three diseases
considered in our analysis. Most data in those countries were
reported as existing for BVD (72%) and IBR (66%) and less for
JD (33.8%). Six of the countries with CPs claimed having freedom
from IBR, four from BVD, and two for JD (23). Countries that
reported having CPs in place and/or being free from the disease
also reported noticeably more data existing than countries with
no CPs and/or no free status in sections on demographics and
risk factors. Knowing that demonstrating freedom from disease
requires sufficient scientific evidence that the disease is truly
absent in the country, we could assume that those countries
have developed efficient systems collecting more disease-
specific data that is required to monitor and establish those
statuses (36, 37).

The Quality of Data Available for Probability
of Freedom From Disease Estimates
Our results show that 50% of existing data were evaluated as
“good” for all four quality criteria except for data related to risk
factors (Table 3). In general, if the input data for freedom from
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TABLE 2 | Results of the response to questions on overall quality of data relevant for estimating freedom from infection in cattle in an online questionnaire study among

24 European countries.

Section Overall quality

Goodb Fairb Poorb

II. Demographics (n = 18) 77.8% (14) 16.7% (3) 5.5% (1)

III. Risk factors (n = 6) 33.3% (2) 50.0% (3) 16.7% (1)

IV. Disease control programsa JD (n = 5) 60.0% (3) 20.0% (1) 20.0% (1)

IBR (n = 12) 58.3% (7) 25.0% (3) 16.7% (2)

BVD (n = 11) 72.7% (8) 18.2% (2) 9.1% (1)

The answers are presented aggregated per section in the questionnaire.
aNumber of the response countries that have the respective control program in place.
bPercentage of countries that had existing data and chose the answer “Good,” “Fair,” “Poor” for each variable in the online data collection tool out of the number of respondents in each

section of the online data collection tool [number of countries/number of responding countries (n)].

FIGURE 4 | The overall quality of data relevant for estimating probability of freedom from infection in cattle in an online questionnaire study among 24 European

countries. The answers are presented by country and variable. *free from disease status. FI, Finland; SK, Slovakia; CH, Switzerland; HU, Hungary; IE, Ireland; NIR,

Northern Ireland (UK); SI, Slovenia; NO, Norway; SCT, Scotland (UK); SE, Sweden; ES, Spain; IT, Italy; NL, Netherlands; EE, Estonia; DE, Germany; LT, Lithuania; AT,

Austria; RO, Romania; AL, Albania; UA, Ukraine; GR, Greece; PL, Poland; MK, North Macedonia; KS, Kosovo.

disease estimations are good quality, results of those estimations
could also be considered as good and accurate.

The criterion “timeliness” was evaluated as “poor” or “fair”
by almost 40% of the responding countries meaning that

a lot of the available data were not updated on a regular
basis and do not reflect the current situation of the country,
which may be an issue when estimating the probability of
freedom from infection. Similarly, about 45% of the data
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TABLE 3 | Results of the response to questions on quality of data by criterion relevant for estimating freedom from infection in cattle in an online questionnaire study

among 24 European countries.

Section

Criterion and
evaluation

Accessibility Timeliness

Goodb Fairb Poorb Goodb Fairb Poorb

II. Demographics (n = 18) 55.6% (10) 33.3% (6) 11.1% (2) 55.6% (10) 38.9% (7) 5.5% (1)

III. Risk factors (n = 6) 16.7% (1) 50.0% (3) 33.3% (2) 50.0% (3) 16.7% (1) 33.3% (2)

IV. Disease control programsa JD (n = 4) 50.0% (2) 25.0% (1) 25.0% (1) 50.0% (2) 25.0% (1) 25.0% (1)

IBRc (n = 10) 77.8% (7) 11.1% (1) 11.1% (1) 80.0% (8) 10.0% (1) 10.0% (1)

BVD (n = 10) 80.0% (8) 10.0% (1) 10.0% (1) 80.0% (8) 10.0% (1) 10.0% (1)

Section

Criterion and
evaluation

Accessibility Timeliness

Goodb Fairb Poorb Goodb Fairb Poorb

II. Demographics (n = 18) 61.1% (11) 27.8% (5) 11.1% (2) 50.0% (9) 44.4% (8) 5.6% (1)

III. Risk factors (n = 6) 16.7% (1) 50.0% (3) 33.3% (2) 33.3% (2) 50.0% (3) 16.7% (1)

IV. Disease control programsa JD (n = 4) 50.0% (2) 25.0% (1) 25.0% (1) 50.0% (2) 25.0% (1) 25.0% (1)

IBR (n = 10) 70.0% (7) 20.0% (2) 10.0% (1) 50.0% (5) 50.0% (5) 0.0% (0)

BVD (n = 10) 70.0% (7) 20.0% (2) 10.0% (1) 60.0% (6) 30.0% (3) 10.0% (1)

The answers are presented aggregated per section in the questionnaire.
aNumber of the response countries that have the respective control program in place.
bPercentage of countries that had existing data and chose the answer “Good,” “Fair,” “Poor” by criteria and each variable in the online data collection tool out of the number of

respondents in each section of the online data collection tool [number of countries/number of responding countries (n)].
cFor accessibility n = 9.

FIGURE 5 | Sources used to obtain data relevant for estimating probability of freedom from infection in cattle in an online questionnaire study among 24 European

countries. The answers are presented aggregated per part in the questionnaire.

were assessed as “fair” or “poor” in terms of accessibility,
meaning that the data were not freely available for use. In
addition, almost 50% of the data were evaluated as having
poor or fair accuracy. Such lower evaluation indicates that
data may be collected without any or only some validation
procedures applied, leading to less credible information. Finally,
more than half of the data had poor or fair completeness.

This result could indicate that the data we aimed to assess
likely come from sources where such information is not
mandatory to report, leading to incomplete data sets and some
missing values.

Ideally, all four data quality criteria evaluated in our study
should be good quality to get as accurate as possible freedom
from infection estimates. However, as mentioned in our results,
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completeness and accuracy were generally evaluated lower
compared with timeliness and accessibility. Low data quality in
terms of completeness and accuracy is significant as using data
that comes from incomplete data sets and/or data that does not
reflect the true values could lead to inaccurate estimates. Poor
accessibility and timeliness, on the other hand, do not impact the
ability to accurately estimate freedom of disease. However, they
pose practical difficulties as data is not easy to obtain and does
not reflect the most current or “real-time” probability of freedom
from disease.

The overview about the existence and quality could be used
as an indicator of which data are easily accessible and which
are not. In addition, existing data evaluated as “poor” or “fair”
should be interpreted with care when modeling freedom from
infection, and care should be taken to explore the uncertainty
associated with the outputs of the model. If the quality of data
is considered especially important in output-based surveillance,
and high-quality data are unavailable, actions should be taken to
address this gap. However, assessing the requirements was not
part of this study. Still, this study does provide an indication of
the gaps and possibilities for improvement when aiming to collect
comparable data from many European countries.

Future Perspectives for the Online Data
Collection Tool and Collected Data
Our online data collection tool was initially converted from
Excel spreadsheets to an online questionnaire using survey-
making software “Limesurvey.” However, it is difficult to assess
how sustainable this form of data collection is. One option
to consider would be to move toward an individual database-
like tool, to which countries would be able to submit data and
receive the outcome. Another prospect could be to optimize
the data-collection process and collect required data from
primary sources directly to the database or model, similar to
the results of the SIGMA project (21). In addition, data that
were reported as not existing in most of the countries, i.e.,
more than 50%, could be excluded from the data collection
tool as such data would not support a wide implementation
of output-based standards in Europe. To fill this gap, further
work of SOUND control will focus on identifying the data
that is necessary for output-based surveillance, and a joint
research agenda for future research will be developed. Future
work should also consider availability and validity of diagnostic
tools as well as inherent differences in transmission dynamics
among the diseases in question. The questions on diagnostic
strategies in this study could potentially provide a basis for
this, but a higher response rate would be required to evaluate
them. Finally, in this data collection, respondents were able to
voluntarily submit quantitative data that was not analyzed in
this study (Figure 1C). Quantitative data that were submitted
by respondents will further assist in developing and testing
the first models for probability of freedom from disease in an
output-based framework.

Limitations of the Study
The current study has limitations in the assessment of the
existence and quality of data that could lead to possible

bias. First, when a respondent reports “no existing data,”
the information may exist although it was unknown to the
respondent. Similarly, “unknown” data may actually reflect non-
existing data. However, if data exist and were easily accessible,
the respondent would have most likely found it. As such, both
“unknown” and “non-existing” data may represent not easily
accessible or not well-described data. Nevertheless, this data
collection was conducted within the framework of SOUND
control, and our targeted respondent in each country are experts
in the field of animal health surveillance, which increases
the likelihood of the respondent being aware of existing data
sources. Second, uncertainties in data quality evaluation could
lead to false final outputs of the models (i.e., probability
of freedom from infection), e.g., when data was mistakenly
evaluated as good. This could also be an issue when discussing
whether the probability of freedom from infection reflects the
true situation of the country. Although respondents provide
definitions of each quality criteria when assessing them, it
is possible that they were interpreted differently by different
respondents. Observed difficulties in data quality evaluation
were related to the requested data being available from several
sources, meaning that one source with the data of interest
was easily accessible, however containing less accurate data
compared with another, less accessible source with more accurate
data. In cases such as this, it was unclear which data source
to select and provide scores in the data quality evaluation
tool. Thus, data evaluations (as good/fair/poor) should not
be used as absolute values and be interpreted with care, and
future studies further validating consistency of answers to the
criteria would be useful. Finally, the results of the current
study mainly represent country-level data on the cattle industry,
risk factors for disease introduction, and CPs relevant to non-
regulated cattle diseases. Therefore, respondents indicated that
some data is collected on a regional level, but there is no
centralized database from which to take the relevant data. In
future studies, this data collection framework could be used
to collect the data related to non-regulated cattle diseases in
order to have a summarized overview of data originating from
multiple sources.

CONCLUSION

With data from 24 EU countries, our work provides an overview
of the current situation in Europe in terms of data related to the
EU non-regulated cattle diseases. This study further identified
gaps in data availability, such as risk factor occurrence, which
indicates where further work is needed. A standardized system
of output-based surveillance could offer valuable evidence of
animal health status to countries engaging in the trade of live
cattle. For this approach to be optimized, it is necessary that
those countries that would benefit from the information that
such a system can provide should take steps to collate and
share relevant data so that the estimates are as accurate as
possible and the system achieves its potential. Overall, this
work provides input for the next a step toward an output-
based framework.
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Hopp, Juste, Strain, Mandelik, Vilček, Autio, Tamminen and Faverjon. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 12 July 2021 | Volume 8 | Article 689375174

https://doi.org/10.2903/j.efsa.2008.645
https://doi.org/10.1101/2020.07.10.197426
https://doi.org/10.1016/j.prevetmed.2006.09.008
https://doi.org/10.1016/j.prevetmed.2013.10.002
https://doi.org/10.1016/j.prevetmed.2019.104777
https://doi.org/10.2903/j.efsa.2019.5556
https://sound-control.eu/wp-content/uploads/2019/04/CA17110-e.pdf
https://sound-control.eu/wp-content/uploads/2019/04/CA17110-e.pdf
https://doi.org/10.1016/j.prevetmed.2020.105130
https://doi.org/10.3389/fvets.2021.656336
http://www.limesurvey.org
https://office.microsoft.com/excel
https://office.microsoft.com/excel
https://www.r-project.org/
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dplyr
https://ggplot2.tidyverse.org
https://doi.org/10.1007/978-3-319-24277-4
https://doi.org/10.3168/jds.2019-16915
http://data.europa.eu/eli/reg/2000/1760/oj
https://ec.europa.eu/food/animals/traces_en
https://doi.org/10.3168/jds.2020-18193
https://doi.org/10.3168/jds.2017-12985
https://doi.org/10.1016/j.prevetmed.2005.02.010
https://doi.org/10.1002/9780470344866
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


MINI REVIEW
published: 23 July 2021

doi: 10.3389/fvets.2021.693041

Frontiers in Veterinary Science | www.frontiersin.org 1 July 2021 | Volume 8 | Article 693041

Edited by:

Marta Hernandez-Jover,

Charles Sturt University, Australia

Reviewed by:

Juan Manuel Sanhueza,

Catholic University of Temuco, Chile

Bibiana Benavides,

University of Nariño, Colombia

*Correspondence:

Fernando V. Bauermann

fernando.vicosa_bauermann@

okstate.edu

Specialty section:

This article was submitted to

Veterinary Epidemiology and

Economics,

a section of the journal

Frontiers in Veterinary Science

Received: 09 April 2021

Accepted: 11 June 2021

Published: 23 July 2021

Citation:

Bauermann FV and Ridpath JF (2021)

Epidemiology of Pestivirus H in Brazil

and Its Control Implications.

Front. Vet. Sci. 8:693041.

doi: 10.3389/fvets.2021.693041

Epidemiology of Pestivirus H in Brazil
and Its Control Implications

Fernando V. Bauermann 1* and Julia F. Ridpath 2

1Department of Veterinary Pathobiology, College of Veterinary Medicine, Oklahoma State University (OSU), Stillwater, OK,

United States, 2 Ridpath Consulting, LLC, Gilbert, IA, United States

Along with viruses in the Pestivirus A (Bovine Viral Diarrhea Virus 1, BVDV1) and B

species (Bovine Viral Diarrhea Virus 2, BVDV2), members of the Pestivirus H are mainly

cattle pathogens. Viruses belonging to the Pestivirus H group are known as HoBi-like

pestiviruses (HoBiPev). Genetic and antigenic characterization suggest that HoBiPev are

the most divergent pestiviruses identified in cattle to date. The phylogenetic analysis of

HoBiPev results in at least five subgroups (a–e). Under natural or experimental conditions,

calves infected with HoBiPev strains typically display mild upper respiratory signs,

including nasal discharge and cough. Although BVDV1 and BVDV2 are widely distributed

and reported in many South American countries, reports of HoBiPev in South America

are mostly restricted to Brazil. Despite the endemicity and high prevalence of HoBiPev in

Brazil, only HoBiPev-a was identified to date in Brazil. Unquestionably, HoBiPev strains in

BVDV vaccine formulations are required to help curb HoBiPev spread in endemic regions.

The current situation in Brazil, where at this point only HoBiPev-a seems present, provides

a more significant opportunity to control these viruses with the use of a vaccine with a

single HoBiPev subtype. Despite the lack of differentiation among bovine pestiviruses

by current BVDV tests, the reduced genetic variability of HoBiPev in Brazil may allow

reliable identification of cases within the region. On the other hand, introducing foreign

ruminants, biologicals, and genetic material to South America, especially if it originated

from other HoBiPev-endemic countries, should consider the risk of introducing divergent

HoBiPev subtypes.

Keywords: atypical bovine pestivirus, control, diagnostic, HoBi-like virus, South America

INTRODUCTION

Pestivirus H History Recap
The pestivirus genus within the family Flaviviridae underwent extensive taxonomic revisions in
the past few years, leading to many of its members’ classification or reclassification. For decades,
only four viral species were officially recognized and historically known as Bovine Viral Diarrhea
Virus 1 and 2 (BVDV1 and BVDV2), Classical Swine Fever Virus, and Border Disease Virus. These
species are now classified as Pestivirus A, B, C, and D. Several pestiviruses described as “atypical”
are currently officially recognized at the species level (1). The seven recently classified species are
the Pestivirus E (Pronghorn pestivirus), Pestivirus F (Bungowannah virus), Pestivirus G (Giraffe
pestivirus), Pestivirus H (HoBi-like pestivirus), Pestivirus I (Aydin-like pestivirus), Pestivirus J (rat
pestivirus), and Pestivirus K (atypical porcine pestivirus) (2).
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Among the new pestivirus species, Pestivirus H and K are
likely the most widespread “new” species (3, 4). Both species have
been reported in the American continent, Europe, and Asia (3, 4).
Members of the Pestivirus K species were only described infecting
pig (5), while Pestivirus H is mainly a bovine pathogen. However,
natural infection with viruses from the Pestivirus H species has
been described in small ruminant species in Asia and in water
buffalos in Brazil and Argentina (6–10).

Pestivirus H was discovered in Germany in 2004 as a
cell culture contaminant (11). At that time, the virus was
designated as an atypical bovine pestivirus. The strain was
named HoBi_D32/00, referencing the researchers, Horst and
Birgit, who isolated and characterized the virus. The virus’s
origin was traced to a Brazilian fetal bovine serum (FBS)
used as a media supplement for cell culture in that laboratory
(11). The HoBi_D32/00 virus was first described as a putative
new pestivirus species. Initially, group members were called
atypical bovine pestivirus, BVDV3, or HoBi-like pestiviruses
(HoBiPev) (12).

Studies comparing HoBiPev genetic and antigenic
characteristics to those observed between BVDV1 (Pestivirus A)
and BVDV2 (Pestivirus B) demonstrated that HoBiPev was the
most divergent ruminant pestivirus identified to date (11, 13).
The characterization of additional HoBiPev isolates strengthened
the overall understanding of the genetic and antigenic differences
between Pestivirus H, A, and B species and their implications
toward the diagnostic and control of ruminant pestiviruses
(8, 14, 15). Recent reports of genetic characterization of HoBiPev
suggest that at least five subtypes (a–e) may exist (16).

Geographic Distribution of HoBiPev
Almost concurrently with the first reporting of HoBi_D32/00
in Germany, between 2003 and 2004, a HoBiPev was identified
in a dairy herd in Thailand without any history of disease
(17). The isolate was denominated Khonkaen, and phylogenetic
analysis indicated that while it grouped with HoBi_D32/00, it
was significantly divergent from the South American isolate,
providing the first evidence of HoBiPev subtypes (14). The
marked genetic differences between the first two isolates of
HoBiPev gave a strong indication that the virus was present
and evolving independently in both continents for a period
of time before its identification. Following the first description
and tracking of HoBiPev to an FBS that originated in Brazil,
the suggestion of a novel pestivirus species circulating in South
America sparked curiosity among researchers in that region, and
quickly, additional cases of HoBiPev were reported, including
cases previously misclassified as BVDV (3, 18–21). Currently,
it has been demonstrated that HoBiPev is present in major
beef- and dairy-producing areas in Brazil (south and central
regions), although its true prevalence is unknown (18, 19,
22). Interestingly, in the north-eastern part of the country,
HoBiPev is the most prevalent ruminant pestivirus (23). Notably,
all 17 pestivirus-positive samples identified by testing 16,621
bovine serum samples belonged to the HoBiPev group (23).
Interestingly, the study also tested 2,672 serum samples from
small ruminants in the same region with no HoBiPev being
identified (23).

In 2010, the virus was identified in Italy (8, 24). The
identification of HoBiPev in Europe was a significant event,
and it was theorized that additional cases would continue to
arise in Europe. However, the outbreak was restricted to a
single farm. Notably, after 3 years, the virus re-emerged in
the same farm causing abortions (25). The origin of the virus
related to the outbreak in Europe was never fully understood.
However, the isolates’ genetic characterization demonstrated a
closer relationship to South American isolates than the Thai
isolate. Analyses of archival samples from Italian herds dating
back to 2005 revealed the circulation of HoBiPev in the country
as early as 2007, mostly associated with samples of cattle
with respiratory disease (26). Additionally, in 2019, HoBiPev
was reported in Turkey in a blood sample collected between
2016 and 2017 that had previously been identified as BVDV
positive. Genetic characterization classified the sequence within
the HoBiPev group (27).

HoBiPev has been described in countries in the Indian
subcontinent, particularly in India and Bangladesh (9, 10,
16). Those studies revealed significant genetic diversity in the
isolates from that region, suggesting circulation and evolution of
HoBiPev in ruminants for a prolonged time rather than a recent
introduction event (9, 10). The description of the pestivirus
surveillance in India suggested that HoBiPev was the most
prevalent ruminant pestivirus in the studied regions based on the
test of 1,049 bovine serum samples. Remarkably, out of the 20
samples positive for pestivirus, 19 were phylogenetically grouped
with HoBiPev strains (10).

HoBiPev has been detected in goats in China, although
without a clear association with disease (7). Recently, in
2017, an outbreak of HoBiPev with high mortality rates
in beef cattle around 7–8 months old was described in
China (28). The affected herd was composed of 140 animals,
and the mortality rate was over 50% (78 animals). Despite
unique amino acid changes identified in the E2 and Npro
region of the Chinese HoBiPev-a, the possible correlation
with virulence is unknown (28). The description of HoBiPev
involved in severe disease cases remains a matter of concern.
Further investigation is required to address whether this
isolate presents an increased virulence phenotype or whether
the severe clinical presentation was a consequence of multi-
factorial conditions.

In addition to identifying naturally infected ruminants
with HoBiPev in Brazil and European and Asian countries,
there is serological evidence of HoBiPev circulation in
water buffalos in Argentina (6). HoBiPev was also detected
in North American, Argentinian, and Australian lots of
commercial FBS (29, 30). Despite the report of contaminated
FBS in lots labeled as originated from Mexico and the
USA, there was no evidence for the circulation of HoBiPev
during comprehensive surveillance of about 2,000 bovine
serum samples representing all the mainland US states
(31). Additionally, the testing of FBS lots originated and
packed in the US producing plants supported that the
US remained free of HoBiPev (32). Similarly, extensive
characterization of pestiviruses in Mexico failed to identify
HoBiPev (33, 34).
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HoBiPev Infection—Clinical Remarks
Under natural or experimental conditions, calves infected with
HoBiPev strains typically display mild (if any) upper respiratory
signs (10, 17, 35–37). Despite the relatively low pathogenicity of
HoBiPev strains identified to date, calves experimentally infected
with HoBiPev strains exhibited a significant level of thymus
atrophy, similar to those identified in typical virulent BVDV
strains (38, 39).

More prominent disease cases involving HoBiPev were
reported in Italy and China, including severe respiratory signs
and diarrhea (7, 8). The high level of genome homology of
the viruses isolated from those animals undergoing severe
disease compared to other isolates from South America may
suggest that disease severity was a consequence of different
factors, including stressful conditions, other pathogens, and herd
genetics. However, the emergence of highly virulent ruminant
pestiviruses is a well-known phenomenon (40, 41) and eventually
may occur with HoBiPev.

A key ruminant pestivirus characteristic is its tropism for
fetal tissues and the establishment of persistent infection (42).
Such persistently infected (PI) animals shed the virus to the
environment continuously throughout their lifetimes (42, 43).
We previously demonstrated that both South American and
Italian non-cytopathic HoBiPev strains infected the fetus in
100% of inoculated heifers (44). The presence of HoBiPev PI
animals has been reported in the field (16, 20, 22, 45). Like
BVDV PIs, HoBiPev PIs also may present with the highly lethal
mucosal disease (MD) syndrome (16, 20, 22, 45, 46). The MD
syndrome is characterized by necrotic and erosive lesions on the
gastrointestinal tract mucosa, associated with other symptoms,
including enteric and respiratory signs (47). Four cases of
HoBiPev-infected animals displaying MD-like symptoms have
been reported (16, 20, 22, 45). All of the reports to date describe
the presence of classical pathological findings comparable to
BVDVMD cases. Two of these reports were from cases in Brazil.
One in the north-eastern part of the country is described in a calf
(20), whereas the second is an outbreak of MD-like symptoms in
a case reported in the country’s central west region (22).

Control and Diagnostic
Specific control measures for HoBiPev, including commercial
vaccines, are unavailable. Due to the antigenic similarities that
HoBiPev shares with BVDV1 and BVDV2, a study evaluating the
potential cross-protection was conducted. Virus neutralization
assays with HoBiPev-a, BVDV1-b, BVDV2-a, and border disease
virus were performed using the serum of cattle immunized by
either a MLV or killed vaccine containing both BVDV species
(48). It was found that BVDV-vaccinated cattle had low cross-
neutralizing antibody levels against HoBiPev-a with more than
90% of the animals demonstrating antibody-neutralizing titers to
HoBiPev lower than 20 (44).

Subsequently, we demonstrated limited fetal protection to
HoBiPev in cows that generated either a BVDV1 or BVDV2
PI in a previous gestation (49). HoBiPev was identified in the
fetuses of 90% of infected cows, despite the cow’s high level of
neutralizing antibodies against BVDV1 or BVDV2 (49). Both
of the studies, in vitro and in vivo, clearly demonstrated that

robust immunity to either BVDV1 or 2 would have limited effect
controlling the spread of HoBiPev in the event of introduction
into a naïve population.

The antigenic variability among isolates belonging to the
same pestivirus subtypes is described (50). Not surprisingly,
the characterization of HoBiPev-a isolates in Brazil revealed
significant antigenic diversity in the E2 protein, which hosts
the major epitopes targeted by neutralizing antibodies (13, 19).
The study conducted using eight HoBiPev-a isolates revealed
that despite the conserved 5-UTR regions and clustering close
together in the HoBiPev-a branch, the strains demonstrated
significant antigenic diversity assessed by monoclonal antibody
(MAb) panel and the level of neutralizing antibodies (19). Using
27 MAbs produced for BVDV, the reactivity of HoBiPev isolates
ranged from 5 to 13 MAbs. As expected, it was verified by
variation in the neutralization level of the antiserum among the
different HoBiPev subtypes. There were higher cross neutralizing
levels among HoBiPev-a isolates compared to both BVDV1
and 2 strains with the exception of one HoBiPev-a strain used
in the study. The antiserum raised against seven HoBiPev
strains had a limited neutralizing effect on the HoBiPev-a strain
SV478/07, with a neutralizing level comparable or lower to the
BVDV2 neutralizing level (19). The opposite was also true, the
ability for the antiserum raised against SV478/07 had a limited
neutralization effect on the other seven HoBiPev-a strains (19).

Based on the lack of specific control measures to HoBiPev,
diagnostic testing is critical to avoid introduction of HoBiPev
or its subtypes into free regions. The ability to quickly identify
HoBiPev may also have a critical role in curbing viral spread.
Despite its importance, specific commercial testing for HoBiPev
is not available. The commercial RT-qPCR tests virotype BVDV
RT-PCR Kit (Qiagen, Labor Diagnostik Leipzig GmbH, Leipzig,
Germany) and VetMAX-Gold bovine virus diarrhea RNA test
kit (Applied Biosystems, Life Technologies, Austin, TX, USA),
designed for BVDV, demonstrated suitability in detecting positive
samples from experimentally generated HoBiPev PI calves (44).
The calves were harboring either the HoBi D32/00 or an
Italian isolate, belonging to the subtype HoBiPev-a. Both tests
accurately detected all PI animals using serum or buffy coat
samples collected at day of birth (44). However, during the
study, the virotype assay detected all tested samples, whereas
VetMAX correctly identified about 85% of the positive samples
(44). In a follow-up study conducted in India, expanding the
understanding of these commercial BVDV kits in detecting
divergent HoBiPev subtypes, samples spiked with the Asian
HoBiPev types c and d were tested (51). The study demonstrated
that virotype had higher sensitivity in detecting dilutions of these
divergent subtypes than VetMAX-Gold. The virotype detection
limits for HoBiPev-c and -d were 100.6 TCID50/ml and 100.3

TCID50/ml, while for VetMAX-Gold were 100.6 TCID50/ml and
102.3 TCID50/ml. However, virotype sensitivity to HoBiPev-c and
-d was decreased compared to HoBiPev-a detection level (51).

Not surprisingly, the increased genetic variability of Asian
HoBiPev led to increased antigenic diversity. The commercial
ELISA test (IDEXX BVDV Ag/Serum Plus, IDEXX, Westbrook,
ME, USA), which is based on detecting the Erns protein, mostly
excels in detecting samples with HoBiPev-a (44). Although there
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is evidence that some HoBiPev-a strains may not be detected
by this kit (15). The same kit had limited success in detecting
samples with HoBiPev-c and -d, with detection limits of 104.6

TCID50/ml and 106.3 TCID50/ml (51). Other ELISA kits based
on the NS3 protein typically demonstrated low sensitivity to
HoBiPev-a, and the kit INgezim BVD DAS (Ingenasa, Madrid,
Spain) completely failed in detecting the divergent subtypes c
and d (13, 51).

DISCUSSION

Currently, there is no nationwide eradication program for BVDV
in South America, and the BVDV control is entirely voluntary
at the farm or regional level. In addition, vaccination use may
be restricted due to its costs, and testing may be limited to
commercial ELISA kits that do not identify the specific pestivirus
strain. All these factors hamper a comprehensive understanding
of the true epidemiology of ruminant pestiviruses in the region.
Despite these challenges, many countries in South America have
reported BVDV types 1 and 2 and multiple subtypes within those
viruses (18, 52–59). Other than Brazil, Argentina is the only
South American country that has documented the presence of
HoBiPev. The testing of fetal bovine serum lots from Argentina
identified HoBiPev-a in four lots (30). Also, in Argentina,
HoBiPev circulation was evidenced by the serum conversion of
water buffalos to HoBiPev (6).

Considering that Brazil borders 10 countries or territories in
South America, it is likely that either HoBiPev has disseminated
to additional regions or there is an imminent risk of its spread.
Despite the high prevalence of HoBiPev in cattle herds in Brazil,
with strong evidence for it being the most prevalent ruminant
pestivirus in at least the north-eastern region, the description
of infection in other species in South America is restricted
to water buffalos (12). Despite the testing of thousands of
small ruminant samples (sheep and goats) from north-eastern
Brazil, no positive sample was identified and no other report
of HoBiPev in small ruminants in South America is available
to date. However, it should be noted that there is a lack of
systematic testing of small ruminants, so that failure to detect
may be associated with failure to test. The strain identified in
small ruminants in China is genetically divergent from typical
HoBiPev-a, and specific mutations may have led to the increased
tropism to small ruminants. Further studies are required to
identify the susceptibility of ruminant species to the different
HoBiPev subtypes.

Independently of the HoBiPev subtype, most acute infections
are clinically indistinguishable from typical, uncomplicated
BVDV1 and BVDV2 infections. The descriptions of MD-like
disease associated with HoBiPev infections in different parts of
the world suggest that highly fatal forms of HoBiPev infection
do exist. Typically, most of the PI animals die at an early age,
usually within the first 6 months of life (42). The description
of MD in South American and Italy, all involving HoBiPev-a,
follows the scenario observed with BVDV mucosal disease, with

the description of clinical signs in calves (20, 22, 45). However,
the recent description of MD-like cases in India diverges from
this typical scenario (16). Nine cases resembling MD were
received in a veterinary hospital between 2018 and 2019 (16).
Most of the animals with MD-like symptoms were between 2
and 4 years old. In addition to the unusual animal age for the
development of MD, phylogenetic analyses demonstrated that
one animal was harboring HoBiPev-d, whereas the remaining
eight animals were harboring a putative new HoBiPev-e (16).
It remains unclear if the atypical characteristics of these cases
in India correlate to the divergent HoBiPev-d and -e subtypes
circulating in the country or if it is related to the biased sampling
collection method.

The genetic and antigenic diversity of pestiviruses is also a
well-known nemesis of vaccine design. Whereas, the benefits
of using vaccines with partial protection are debatable from
the standpoint of accelerating virus divergence, it may help
decrease the emergence of PI animals (60). Based on the antigenic
characteristics of HoBiPev, assessed by monoclonal antibody
panels, HoBiPev-a isolates demonstrated common epitopes with
both BVDV1 and BVDV2 strains within the E2 protein (11,
13, 19). However, both in vivo and in vitro studies suggested
low to no cross-protection. In the long-term, countries in South
America or Asia using BVDV vaccines may provide a favorable
scenario for HoBiPev becoming the most common ruminant
pestiviruses in additional regions.

It is untested whether HoBiPev strains in BVDV vaccine
formulations are required to help curb HoBiPev spread. The
situation in Brazil and Argentina, where only HoBiPev-a was
identified, provides a better opportunity to control these viruses
with the addition of a single subtype in the vaccine compared to
the other regions in the world.

Despite the critical need for specific HoBiPev diagnostic,
no commercial test is available. Pestivirus-free regions and
BVDV endemic regions will certainly benefit from commercially
available kits with the capacity to differentiate BVDV from
HoBiPev. The discovery of divergent HoBiPev subtypes also
questions the efficacy of in-house tests previously designed for
HoBiPev-a detection (32, 51, 61). The continuous use of BVDV
tests with limited sensitivity for HoBiPev could allow a “silent”
introduction and dissemination of these viruses into BVDV-free
or -endemic regions. Despite the lack of differentiation of the
BVDV tests, the reduced genetic variability of HoBiPev currently
circulating in Brazil may allow for reliable identification of
cases within the region. However, introducing foreign ruminants,
biologicals, and genetic material to South America, primarily
if originated in Asia, should consider the possible presence of
divergent HoBiPev subtypes and the risk of introduction and
spread in South American cattle herds.
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The COST action “Standardising output-based surveillance to control non-regulated

diseases of cattle in the European Union (SOUND control),” aims to harmonise the results

of surveillance and control programmes (CPs) for non-EU regulated cattle diseases to

facilitate safe trade and improve overall control of cattle infectious diseases. In this paper

we aimed to provide an overview on the diversity of control for these diseases in Europe.

A non-EU regulated cattle disease was defined as an infectious disease of cattle with no

or limited control at EU level, which is not included in the European Union Animal health

law Categories A or B under Commission Implementing Regulation (EU) 2020/2002.

A CP was defined as surveillance and/or intervention strategies designed to lower the

incidence, prevalence, mortality or prove freedom from a specific disease in a region

or country. Passive surveillance, and active surveillance of breeding bulls under Council

Directive 88/407/EEC were not considered as CPs. A questionnaire was designed to

obtain country-specific information about CPs for each disease. Animal health experts

from 33 European countries completed the questionnaire. Overall, there are 23 diseases

for which a CP exists in one or more of the countries studied. The diseases for which

CPs exist in the highest number of countries are enzootic bovine leukosis, bluetongue,

infectious bovine rhinotracheitis, bovine viral diarrhoea and anthrax (CPs reported by

between 16 and 31 countries). Every participating country has on average, 6 CPs

(min–max: 1–13) in place. Most programmes are implemented at a national level (86%)

and are applied to both dairy and non-dairy cattle (75%). Approximately one-third

of the CPs are voluntary, and the funding structure is divided between government

and private resources. Countries that have eradicated diseases like enzootic bovine

leukosis, bluetongue, infectious bovine rhinotracheitis and bovine viral diarrhoea have

implemented CPs for other diseases to further improve the health status of cattle in their

country. The control of non-EU regulated cattle diseases is very heterogenous in Europe.

Therefore, the standardising of the outputs of these programmes to enable comparison

represents a challenge.

Keywords: disease control, SOUND control, control programmes, Europe, cattle, output-based standards
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INTRODUCTION

Animal disease control programmes (CPs) provide benefits for
animals, farmers, the industry and consumers, because they
increase animal health and welfare, decrease antibiotic use
and in the case of zoonotic diseases improve the safety of
animal products. CPs reduce direct and indirect disease losses
(1). Their implementation involves associated costs for testing
and administrative work; however, these costs are generally
considered to be outweighed by the benefits.

The control of regulated cattle diseases in the European Union
(EU) is currently founded on input-based standards, by which
the EU prescribes all the activities a country must implement to
reach the desired output, confidence of freedom from infection
or disease. However, there is an international trend to move to
output-based standards, which do not prescribe how the end
goal (confidence of freedom from infection or disease) must be
achieved and allows for country specific control or eradication
measures (2). The move to output-based standards would allow
for safe trade of cattle between territories that have achieved
the desired confidence of freedom, without additional costs
for testing of individual animals (3). Additionally, because EU
member states are not allowed to set trade restrictions on intra-
community trade for cattle diseases not regulated by the EU,
countries that have achieved freedom from specific diseases are
at risk of their reintroduction with imported animals. Therefore,
available information on the current control and disease status
in each country would greatly aid farmers and authorities when
considering the risk of importing live cattle from these countries.

“Standardising output-based surveillance to control non-
regulated diseases of cattle in the European Union” (SOUND
control) is a COST action (CA 17110) aiming to harmonise
the results of surveillance and control programmes for non-EU
regulated cattle diseases to facilitate safe trade, and to reduce the
economic impact and improve overall control of infectious cattle
diseases. This COST action connects more than 100 members
from different fields (including veterinarians, epidemiologists,
economists, statisticians, sociologists and policy makers) from 33
European countries. An overview of the project was published by
Costa et al. (1). The first working group within the action aims
to identify non-EU regulated cattle diseases for which CPs are in
place and to describe the characteristics of these CPs. To obtain
this information clear definitions of CPs and disease statuses had
to be set to allow the comparisons of the heterogeneous CPs.

Similar evaluations have been undertaken for bovine viral
diarrhoea and paratuberculosis (3, 4), but these studies were
limited to only one disease. In 2017, the European Food
Safety Authority (EFSA) published information on EU countries’
disease statuses for certain cattle diseases (5–14); however,
different definitions were used and not all non-EU regulated
diseases were covered. Furthermore, not all European countries
were included and some of the data are now outdated.

This paper aims to provide a comprehensive overview of the
current (end of 2020) disease status and control efforts for cattle
diseases with no or limited regulation at European level, for all
33 European countries that participate in the SOUND control
project in 2020. To the best of the authors’ knowledge, this is the

first overview of non-EU regulated cattle disease CPs in Europe
incorporating so wide a range of diseases and representing so
many countries.

MATERIALS AND METHODS

A questionnaire was designed to collect disease and CP
information from all participating countries. To allow for
comparison of heterogeneous CPs between countries, it was
necessary to ensure definitions were clear and an exhaustive
list of diseases for which CPs might exist was included. The
questionnaire was developed through an iterative process with
input from all members of the COST action. Action members
from all participating countries (33 in total) were asked to
complete the final survey.

Definitions
The definitions for the survey were agreed upon at a series of
meetings involving members of all countries participating in
SOUND control. First, the definition of a non-regulated cattle
disease had to be clarified. Initially, such diseases were defined as
diseases with no or limited regulation at EU level. However, given
the adoption of the new Animal Health Law (AHL) (15), most
cattle diseases were categorised at some level and the definition
of non-regulated diseases had to be aligned with the changed law.
Additionally, definitions had to be determined for a disease CP
and a country disease status. The final selected definitions were:

Diseasemeans the occurrence of infections and infestations in
animals, with or without clinical or pathological manifestations,
caused by one or more disease agents (15).

Non-regulated cattle diseases are defined as infectious cattle
diseases not included in the AHL category A or B (15), but
for which there are CPs in place in the COST action member
countries. This definition also includes diseases for which
eradication has been achieved and surveillance is ongoing.

A CP was defined as surveillance and/or intervention
strategies designed to lower the incidence, prevalence, mortality
or prove freedom from a specific disease in a region or country.
Passive surveillance alone is excluded as a CP, as it does not
provide adequate information on the current disease prevalence
in the country to facilitate safe trade without additional testing.
An exception was made for anthrax due to the peracute nature
of the disease and the long persistence of spores in the ground,
if countries had additional long-term control measures (e.g.,
vaccination) in place. Surveillance of breeding bulls under the
Council Directive 88/407/EEC (16) is also excluded as a specific
CP, because this action is regulated by the EU and therefore
implemented in all EU member states. A CP is implemented
on a regional or national level. For the purposes of this survey,
a CP had to include multiple herds, be run by an organisation
or government, and the herd status of participating farms
should be known both centrally by that organisation and by the
respective farmers.

Regions are politically defined territories defined by each
country (states, principalities etc.).

Dairy cattle are cattle used for milk production.
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TABLE 1 | Definitions for terms used to describe type of control programme (CP)

and country status for disease in this survey of CPs among countries in Europe.

Definition Description

Control It is the reduction of the morbidity and mortality from disease.

It is a general term embracing all measures intended to

interfere with the unrestrained occurrence of disease,

whatever its cause.

Eradication Most commonly in veterinary medicine, eradication refers to

the regional extinction of an infectious agent. However, it

could also be applied at individual herd level.

Surveillance The collection, collation, analysis and dissemination of data; a

type of observational study that involves continuous

monitoring of disease occurrence within a population.

Endemic Endemic is an adjective used in two senses:

1. the usual frequency of occurrence of a disease in a

population;

2. the constant presence of a disease in a population.

Sporadic Is the type of disease that presents irregularly and

haphazardly. This implies that appropriate circumstances

have occurred locally, producing small, localised outbreaks.

Officially free Means that a country is officially recognised as free by EU

laws.

Perceived free Means the country does not have an officially free status

because it is not available or that they have not had disease

cases in the past few years and believe they are free of the

disease.

Unknown Means that the countries (or the members from the country)

do not know if they have a CP and/or their disease status.

The definitions are based on Thrusfield and Christley (17).

Non-dairy cattle are all cattle not used for milk production
(suckler cows, fattening bulls, veal calves, etc.).

The different disease statuses that could be chosen for the
country specific disease status were specified after thorough
discussions with the members and are described in Table 1.

To help the members determine whether collective actions
in their country could be defined as a CP or not, a scheme
was developed to support a standardised and objective decision-
making (Figure 1). Note that CPs in countries where the disease
was still present were considered as having an active surveillance
component as part of the CP (to decrease prevalence or eradicate
the disease); therefore, active surveillance alone was not an option
in these circumstances.

Development of the Questionnaire on
Existing Control Programmes for Non-EU
Regulated Cattle Diseases
After agreeing the definitions, a preliminary questionnaire
was developed to establish which cattle diseases are currently
controlled in SOUND control member countries. Eleven diseases
were included, with the option to add additional diseases where
a relevant CP existed in a member country. Members from
each country had to provide information on the existence of a
CP, type of cattle, type of programme (voluntary/compulsory,
regional/national and control/eradication/surveillance), funding
source, whether there were additional EU guarantees in place
and the disease status in the country. Additional EU guarantees
referred to restriction in trade of live cattle to the countries

that had a superior health status based on EU legislation. The
questions were discussed within the consortium and further
clarified if needed. Thereafter the questionnaire was sent out to
all members. The information on existing CPs in action member
countries was collected. During this exercise, more issues arose
due to varied interpretation of certain questions by individuals
completing the survey. Therefore, the first results and discussion
points were presented to the whole group during anothermeeting
and definitions were refined. Based on the information gathered,
a list was compiled, comprising 23 diseases that were controlled
by at least one country: anthrax (Bacillus anthracis), Aujeszky’s
disease, bluetongue (BT), bovine coronavirus infection,
bovine digital dermatitis, bovine genital campylobacteriosis
(Campylobacter fetus subsp. venerealis), bovine respiratory
disease (bovine respiratory syncytial virus), bovine viral
diarrhoea (BVD), enzootic bovine leukosis (EBL), epizootic
haemorrhagic disease, infectious bovine rhinotracheitis (IBR),
leptospirosis (Leptospira Hardjo), liver fluke, mycoplasmosis
(Mycoplasma bovis), contagious bovine pleuropneumonia
(Mycoplasma mycoides subsp. mycoides SC), neosporosis,
paratuberculosis, Q-fever (Coxiella burnetti), salmonellosis,
staphylococcal infection (Staphylococcus aureus), streptococcal
infection (Streptococcus agalactiae), ringworm (Trichophyton
verrucosum) and trichomonosis (Tritrichomonas foetus).

This resulted in a new and improved version of the
questionnaire being circulated to all members in August 2019,
with responses provided before the end of 2020. An extensive
time period was used in order to obtain information from as
many countries as possible. Only one questionnaire was filled
in per country. Members obtained the data from their national
veterinary authorities’ databases, annual country World Animal
Health Information System reports, their own research work
and opinions of relevant experts. The members had the option
to update the information before and during the writing of
this manuscript if the situation in their country changed. The
members were requested to check the validity of the information
when drafting the final version of this manuscript. Therefore, this
manuscript provides information that was current at the end of
2020. The following information was requested for each disease:
(i) If there was a CP in place for this disease (Yes or No), (ii)
The type of cattle that the CP applied to (e.g., dairy, non-dairy,
breeding bulls, all types of cattle), (iii) If the CP was voluntary or
compulsory, (iv) If the CP was regional or national in terms of
coverage, (v) What was the funding arrangement for the CP (e.g.,
private or government or co-funded between private and public),
(vi) Type of CP (Surveillance, Control, Eradication, with possible
combinations), (vii) If there were additional EU guarantees for
cattle trade in place for that disease (Yes, No and not applicable),
(viii) What was the country status for the disease [e.g., officially
free (EU level), perceived free, endemic, sporadic, never studied,
unknown], (ix) Last occurrence of disease (year/never recorded).

The results of the questionnaire were digitalised in aMicrosoft
Excel table and imported into the R statistical software version
4.0.2. (R Foundation for Statistical Computing, Austria). R-
scripts were used to graphically present the disease status and
the disease control status (18, 19). If countries had regions with
different disease statuses the lowest status was selected as the
designated country-level status and used for producing the maps.
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FIGURE 1 | Flowchart giving inclusion and exclusion criteria for control programmes included in the survey.

If a country had only regional CPs, this was sufficient for the
country to be regarded as having a CP, for the purposes of
producing the maps.

RESULTS

Overview of the Control Programmes and
Disease Statuses for Each Country
In total partners from 33 countries (giving a 100% response
rate) provided information (Figure 2). The median number

of CPs in place per country was 6 (range 1–13) (Table 2).
The number of controlled non-regulated cattle diseases
per country is shown in Figure 2. EBL, BT, IBR, BVD,
anthrax, paratuberculosis, salmonellosis, bovine genital
campylobacteriosis, leptospirosis and trichomonosis were
controlled by the most countries (top 10); therefore, their
results will be provided in more detail. Note that throughout
the results section percentages may not sum to 100%. This
reflects the fact that some countries have not answered all the
questions for their CPs in the survey, therefore some information
is missing.

Frontiers in Veterinary Science | www.frontiersin.org 5 July 2021 | Volume 8 | Article 688078185

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hodnik et al. Overview of Cattle Diseases Europe

FIGURE 2 | Number of non-EU regulated cattle diseases with control programmes in countries participating in Standardising output-based surveillance to control

non-regulated diseases of cattle in the European Union (SOUND control).

EBL was the most controlled disease (CPs in 31 countries) and
the most countries were officially free or perceived free of EBL
(22 countries). The country, with CPs for the greatest number
of diseases, was Denmark (n = 13). Scandinavian countries were
free of the most diseases. Norway tops this list, with officially
or perceived free status for 12 diseases (Figure 3). Most CPs
were implemented at national level (86%) and applied to all
types of cattle (75%). The others applied specifically to beef or
dairy cattle or breeding animals. Most CPs were compulsory
(67%). Most programmes were funded by the government
(47%), followed by private (27%) and co-funded programmes
(22%). Eradication and control programmes predominate while
surveillance programmes are the most common in countries
which have eradicated or never had a specific disease and conduct
surveillance to prove freedom of disease. Countries that have
eradicated diseases like EBL, BT, IBR and BVD have implemented
CP for other diseases to further improve the health status of
cattle in their country. Austria, Denmark, Finland, Norway and
Sweden have an officially free or perceived free status for these
four diseases and have on average more CPs in place 9 compared
to 6 in countries that are not free. The number of countries with
CPs in place per disease are listed in Table 3. The remaining
diseases for which CPs were in place in participating countries
are presented in Supplementary Material.

Overview of the Control Programmes and
Disease Statuses for the 10 Diseases of
Cattle Most Commonly Subjected to CPs
Enzootic Bovine Leukosis
The country level information on CP implementation (31 CPs)
and disease status for EBL is displayed in Figure 4. Most CPs are

applied at national level to all types of cattle and are compulsory
(n = 28). The vast majority are funded by the government
(n = 26). The aims of the CPs vary between eradication and
surveillance. Twenty-two countries (out of 31 with CPs) are free
from the disease and Portugal has most regions free from the
disease, except one with sporadic cases. The disease is endemic
in two countries, sporadic in eight countries and Turkey does not
know its status for the disease.

Bluetongue
The country specific information for BT (27 CPs) is displayed in
Figure 4. All CPs in place are compulsory (except in Romania
which has a voluntary CP) and all are implemented at a national
level, mostly government-funded (n = 20). The most common
type of CPs in place are surveillance programmes (n = 16).
Seventeen countries are officially free or perceive themselves as
free from the disease. Ten countries have a sporadic status, four
an endemic status and two countries do not know their status for
this disease.

Infectious Bovine Rhinotracheitis/Infectious Pustular

Vulvovaginitis
The data for IBR/IPV (24 CPs) are presented in Figure 4. Fifteen
CPs in place for IBR are compulsory. Most are implemented
at a national level (n = 19) (Italy, France, Portugal, Spain,
and Ukraine have regional CPs). Funding for these comes from
a variety of sources [private (43%), government (35%) or co-
funded (22%)] and most of the CPs aim to control the disease.
The disease is endemic in most of the countries, except for eight
that are officially free (eleven have additional EU guarantees for
cattle trade). Italy has regions that are officially free of the disease.

Frontiers in Veterinary Science | www.frontiersin.org 6 July 2021 | Volume 8 | Article 688078186

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hodnik et al. Overview of Cattle Diseases Europe

TABLE 2 | Number of control programmes (CPs) and free statuses per country.

Country Number of CPs Number of free statuses

Denmark 13 10

Netherlands 12 9

Norway 12 12

Spain 10 5

Sweden 10 11

Ukraine 10 3

Hungary 10 7

Bosnia and Herzegovina 9 0

Romania 9 0

Finland 8 10

Switzerland 8 4

France 7 1

Ireland 7 7

Belgium 6 5

Germany 6 6

Poland 6 5

Portugal 6 3

UK 6 6

Italy 6 5

Croatia 5 4

Latvia 5 9

Slovenia 5 7

Austria 4 9

Serbia 4 2

Turkey 4 0

Estonia 3 8

Kosovo 3 0

Slovakia 3 5

Lithuania 2 5

Czech Republic 2 6

Albania 1 0

Greece 1 0

Macedonia 1 0

Five countries have sporadic disease occurrence and three do not
know their status for this disease.

Bovine Viral Diarrhoea
The country level information for BVD (23 CPs) is displayed in
Figure 4. There is a large variety of CPs in place for BVD targeted
at breeding animals (9%), dairy cattle (9%) or all types of cattle
(82%). Whilst most of the BVD CPs reported are compulsory,
a large proportion are voluntary (62:38%). In some countries
there is a mixture of compulsory and voluntary CPs depending
on region or cattle type e.g., mandatory for dairy and voluntary
for non-dairy. The majority of the CPs are implemented at
national level (77%) and are privately funded (50%). However,
there are also some co-funded programmes (27%) (i.e., funded
by government and private stakeholders). The majority of the
programmes aim at controlling or eradicating the disease (n =

18). Five countries perceive they are free, while for the others the

disease occurs sporadically (n= 6), is endemic (n= 19) or has an
unknown status (n= 3).

Anthrax
The country specific information on CP implementation and
disease status for anthrax is displayed in Figure 4. Sixteen
countries have a CP. All CPs in place are compulsory and most
are implemented at national level (regional in NorthMacedonia).
The majority of CPs are funded by the government (n = 11).
Thirteen countries are officially free or perceived to be free
from the disease. Most remaining countries have sporadic disease
cases, while it is endemic in Albania and Turkey. Greece has an
unknown disease status.

Paratuberculosis
The member countries’ information for paratuberculosis (15
CPs) is displayed in Figure 5. Around two thirds of the CPs
in place are voluntary (71%). Most apply to all types of
cattle, one (Sweden) only applies to beef and four (Belgium,
Denmark, Ireland, Netherlands) only to dairy cattle. Bosnia and
Herzegovina has a CP for breeding bulls. Sweden has a CP
for beef cattle as the country is perceived free and imported
beef cattle are considered a risk for disease reintroduction.
In the Netherlands non-dairy herds can also participate in a
voluntary paratuberculosis CP. Most CPs are implemented at the
national level except five (France, Portugal, Spain, Ukraine, and
Germany), which are implemented at a regional level. In terms of
funding, there is an equal share of programmes privately funded
(n = 6) and co-funded (n = 6), while Germany’s and Norway’s
CP are completely funded by the government. The majority
of programmes aim to control the disease (n = 9), while four
countries have surveillance programmes. Two countries (Latvia
and Sweden) are perceived to be free from the disease, twelve
have sporadic cases, and four do not know their status. In other
countries, the disease is endemic.

Salmonellosis
The information on bovine salmonellosis is displayed in Figure 5.
Eight countries have a salmonellosis CP in place, of which most
are compulsory (n = 7). Most are applied to all types of cattle
at national level but one (France) is applied at regional level. In
the Netherlands the CP for dairy cattle is compulsory, whilst for
beef cattle there is a voluntary CP. Funding varies between private
(n= 1), co-funded (n= 3) or government (n= 3). Most CPs aim
to control and eradicate the disease (n = 6). No country is free
from the disease, but nine countries report only having sporadic
cases and three of those have additional EU guarantees for cattle
trade in place (Finland, Norway and Sweden).

Bovine Genital Campylobacteriosis
The data for bovine genital campylobacteriosis (7 CPs) are
displayed in Figure 5. Most of the countries have national CPs
in place (n = 6) based on surveillance of breeding bulls, which
is not covered under Council Directive 88/407/EEC (16). Most
of the CPs are compulsory (n = 5). Funding comes from private
stakeholders (n = 4), government (n = 1) or co-funded (n = 2)
programmes. Seventeen countries are officially free or perceive
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FIGURE 3 | Number of non-EU regulated cattle disease-free statuses in countries participating in Standardising output-based surveillance to control non-regulated

diseases of cattle in the European Union (SOUND control).

TABLE 3 | List of non-EU regulated diseases with control programme in at least

one country participating in the survey and the number of countries with control

programmes (CP) per disease.

No. Cattle disease Number of countries that

have a CP in place

1. Enzootic Bovine Leukosis (EBL) 31

2. Bluetongue 27

3. Infectious Bovine Rhinotracheitis (IBR) 24

4. Bovine Viral Diarrhoea (BVD) 23

5. Anthrax 16

6. Paratuberculosis 15

7. Salmonellosis 8

8. Bovine genital campylobacteriosis 7

9. Leptospirosis 7

10. Trichomonosis 7

11. Neosporosis 6

12. Liver fluke 5

13. Streptococcal infection 5

14. Q fever 4

15. Aujeszky’s disease 4

16. Mycoplasmosis 3

17. Contagious bovine pleuropneumonia 2

18. Staphylococcal infection 2

19. Bovine respiratory disease 2

20. Epizootic haemorrhagic disease 1

21. Bovine coronavirus infection 1

22. Ringworm 1

23. Bovine digital dermatitis 1

themselves as free from the disease. Six countries have sporadic
cases and the diseases is endemic in Portugal.

Leptospirosis
Leptospirosis CPs exist in 7 countries (Figure 5). Most
programmes are government-funded. The types of CPs vary
between compulsory (n = 6) and voluntary (n = 2). The
Netherlands have a compulsory CP for dairy and a voluntary
CP for non-dairy cattle. All CPs are national. Two countries
perceive themselves as free (Finland and Sweden). Leptospirosis
is endemic in 7 countries, 14 have sporadic cases and 8 do not
know their disease status.

Trichomonosis
The countries’ information for trichomonosis (7 CPs) is displayed
in Figure 5. Most of the countries have national compulsory CPs
in place based on surveillance of breeding bulls (n = 4), which is
not covered under Council Directive 88/407/EEC (16). Funding
comes from private stakeholders (n = 2), government (n = 1) or
co-funded (n = 3) programmes. Eighteen countries are officially
free or perceive themselves free from the disease. The disease is
endemic in Spain and has a sporadic occurrence in 6 countries.

DISCUSSION

The aim of this survey was to provide an overview of the control
efforts and the disease status of those cattle diseases with no or
limited EU regulation in place, but which are being controlled in
at least one European country. At a preliminary evaluation, 23
cattle diseases met the set criteria and were included for further
exploration of the status and control efforts in the 33 participating
European countries.

Most of the participating countries have a CP for EBL, IBR,
BVD, BT and anthrax, while other diseases are controlled by only
a few or just a single country. Countries that have eradicated
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FIGURE 4 | Country level information on control programme implementation and disease status for enzootic bovine leukosis (EBL), bluetongue, infectious bovine

rhinotracheitis (IBR), bovine viral diarrhoea (BVD) and anthrax.

diseases like enzootic bovine leukosis, infectious bovine
rhinotracheitis and bovine viral diarrhoea have implemented
CPs for other diseases to further improve the health status of
cattle in their country.

The highest attainable health status for BVD and
paratuberculosis was the perceived free status as there is
currently no free status officially recognised by the EU.

The non-EU regulated diseases of cattle in this survey were
defined as those that are not included in either category A or B
of the European AHL. Generally, the categorisation C to E in
the AHL excludes exotic diseases in the EU and diseases that
the EU aims to control with the goal to eradicate. Nevertheless,
diseases like bluetongue and EBL are not included in categories
A or B, but are subjected to some control by the EU as a
number of measures that have to be implemented in EU member

states to facilitate trade within the EU are prescribed. These
measures are written in directives [EBL: 64/432/EEC (20); BT:
2000/75/EC (21), 2012/5/EU (22)]. Given that they were not
categorised as A or B in the AHL both diseases were kept on the
list of non-EU regulated cattle diseases to evaluate the between-
country differences, as some countries are not part of the EU.
Nevertheless, the fact that there is still some regulation in place
likely results in many countries implementing some level of
control for these diseases, which logically results in a top ten
placement of most controlled diseases that are not categorised as
A or B in the AHL.

IBR also has a directive describing the sampling protocol
for the acquisition and maintenance of farm free statuses
[2004/558/EC (23)]. The directive provides a list of free
countries and countries which have an EU approved eradication
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FIGURE 5 | Country level information on control programme implementation and disease status for paratuberculosis, salmonellosis, bovine genital

campylobacteriosis, leptospirosis and trichomonosis.

programme. On the basis of this list, countries can ask for
additional EU guarantees for animal trade. Requirements for
approved CP (3 responding countries) and officially free status
(7 responding countries) are input-based. However, countries
can also decide to implement their own CPs, even though these
are not acknowledged by the EU, as has been done by 15 of
the responding countries. The reason for implementing a non-
acknowledged programme were related to controlling the losses
associated with IBR in the countries/cattle herds or to altogether
eradicate IBR in the country. Voluntary programmes are not
acknowledged by the EU; however, they can be beneficial to
the situation in the country. Because the requirements of the
acknowledged CP are not cost-effective, the Netherlands have
implemented a national CP that does not meet the EU standards
but will reduce the IBR prevalence and eliminate the disease. The
approval of output-based standards of such programmes would
be very helpful in this regard (24).

The directives of some diseases (e.g., EBL, BT,
IBR) were repealed by the AHL 2016/429/EU (15)
on April 21, 2021. There are new commission
delegated/implementing regulations 2020/687/EU (25),
2020/688/EU (26), 2020/689/EU (27), and 2020/690/EU
(28) describing the rules for transport and surveillance within
the EU.

For diseases like EBL, BT and IBR that have officially
recognisable disease-free statuses, the survey results were
compared with EU Commission Decisions. For EBL, compared
to the list of countries in Chapter 1 of Annex III to Decision
2003/467/EC (29) with all its amendments, the statuses are
comparable apart from Romania (officially free). Despite the
officially free status Romania still has sporadic disease cases
in the Danube Delta. According to the table with information
on the restricted zones for a specific bluetongue serotype or
combination of serotypes in accordance with Article 2 (d) of
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Commission Regulation (EC) No 1266/2007,1 restriction zones
are still in place in 15member states: France, Italy, Malta, Croatia,
Spain, Portugal, Greece, Bulgaria, Romania, Hungary, Slovenia,
Cyprus, Belgium, Germany, Luxembourg. For IBR, compared
to Commission Decision 2004/558/EC (23), the responses from
member countries match. Belgium, and regions of Italy and
France have approved eradication programmes.

The categorisation of diseases by the European commission
for the AHL depended on the presence of the disease in the
EU, the transmissibility, the routes of transmission, the number
of species it affects, the morbidity and mortality, the zoonotic
risk, ease of diagnosis and treatment, the economic impact, and
the effect on biodiversity, the environment and animal welfare
(15). In general, these factors are also taken into account when
designing a CP on regional or country level. For example,
when country-level disease prevalence is high, the approach to
eradication will differ from that for a disease that occurs only
sporadically. Factors that play an important role in determining
whether to implement a CP include significant economic losses
associated with the disease or zoonotic potential (30). Other
factors also include the contribution of the cattle industry to the
gross domestic product and the predominant cattle production
system. Countries with a strong cattle industry and export of
live cattle and their products are more motivated to increase
cattle production and the quality of their products by controlling
infectious diseases. Implementation also depends on cohesive
private-public-partnership which is preferred for the functioning
of successful CPs. Depending on country and disease, there
can be two approaches to CP implementation: bottom-up or
top-down initiatives. A bottom-up initiative for disease control
(e.g., by farmers and veterinarians striving for coordinated effort
on a national or regional level) can start on a voluntary or
mandatory basis. Often these CPs start with a small group of
farmers or a simple range of initial activities and become stricter
over time. Conversely, in a top-down initiative the government
requires disease control interventions to be implemented by
farmers. Many CPs are a combination of the two (30). The
epidemiological characteristics of the pathogen also influence the
implementation of a CP. For example, the presence of a specific
Culicoides spp. vector that is known to be capable to transmit
bluetongue in a region or country affects the implementation
and design of bluetongue CPs. Epidemiological characteristics
also influence disease control strategies. For control of BVD,
the strategy can rely specifically on testing for virus presence
combined with animal movement restrictions, as the virus does
not survive for long in the environment. However, biosecurity
is still important as BVD can be transmitted via fomites. For
pathogens like Salmonella spp. andMycobacterium avium subsp.
paratuberculosis which can survive for longer outside the host,
the CPs must focus on implementation of additional biosecurity
measures to prevent or reduce the possibility of direct and
indirect transmission through fomites and the environment (30).
Out of the 23 diseases for which a CP exists in at least one country

1https://ec.europa.eu/food/sites/food/files/animals/docs/ad_control-

measures_bt_restrictedzones.pdf

in this survey 8 were viral, 11 were bacterial, 3 were parasitic and
one was fungal in aetiology.

Even with the predefined definitions the acquisition of the
disease statuses was still difficult, as there is no strict cut-off
value that divided some of the statuses, e.g., between sporadic
and endemic, and sporadic and perceived free. For example,
the Commission Decision 2003/467/EC (29) states that free
status can be obtained when <0.2% of herds are infected with
EBL. In this case a country can be officially free and still have
sporadic disease cases. Therefore, the disease statuses may be
classified differently between countries despite their having a
similar number of cases. It depends on how strict the members
were when evaluating their country’s data.

The control of anthrax was also debated as only passive
surveillance can be organised to detect cases due to the peracute
nature of the disease. Also, Bacillus anthracis spores can remain
in the ground for many years (31). Therefore, if a country
had more than just reactive measures for specific outbreaks
in place (e.g., movement restrictions, disposal of carcases and
disinfection), such as a CP based on vaccination of animals at-risk
or on other long-term control measures, they were considered as
having a CP.

The limitation of this survey was that it provided only a
snapshot of the disease statuses and control programmes in
Europe for a specific time frame (end of 2020). Disease statuses
and CPs continuously change and the results may become
outdated in due course. Therefore, the members of SOUND
control have decided to update the information on the SOUND
control website2 until the end of the action in 2022. The survey
also did not cover the whole of Europe. The data for a few
countries were not collected because there were no members in
SOUND control from these countries. However, a great majority
of the European countries were represented and we do not
expect the additional information would influence the results
much. The fact that these countries do not participate in this
COST action may indicate that they are not focussed on the
area of non-EU regulated cattle diseases. Other limitations of
this survey are that the information was provided by members
themselves, often including a group of experts with different
interpretation of the definitions or the information that was
requested from them. This issue was addressed by organising
a series of workshops and discussions to align and agree the
definitions. Gathering the information was challenging because
of data heterogeneity and the number of countries and experts
involved. In some instances, countries did not know their status
for certain diseases because they do not test for the disease. In
countries where private companies run the CPs the information
was not readily available. Where only regional CPs are in place
there is often no centralised information system which would
allow easy access to this information. Therefore, some of the
disease status information was completed using expert opinion
or unpublished monitoring results. In the case of France, which
hasmany regional CPs with no centralised database, themembers
were not confident in reporting information they were not sure
of. Because the survey used specific definitions there was no

2https://sound-control.eu/

Frontiers in Veterinary Science | www.frontiersin.org 11 July 2021 | Volume 8 | Article 688078191

https://ec.europa.eu/food/sites/food/files/animals/docs/ad_control-measures_bt_restrictedzones.pdf
https://ec.europa.eu/food/sites/food/files/animals/docs/ad_control-measures_bt_restrictedzones.pdf
https://sound-control.eu/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hodnik et al. Overview of Cattle Diseases Europe

readily available independent information source by which to
confirm or compare the data that were provided.

The control and prevalence of cattle diseases in Europe is
very heterogeneous and warrants further research. The next step
is to collect more information on detailed aspects of the CPs.
Therefore, efforts have been made to compile a special issue
publication dedicated to describing the control of cattle diseases
in each country in a more detailed way.

CONCLUSION

This survey provides an overview of CPs in place and cattle
disease statuses in European countries, which could be useful
for farmers and veterinary authorities when evaluating the
risks associated with importing live cattle from the studied
countries. The control of non-EU regulated cattle disease is very
heterogeneous due to the wide variation in disease prevalence
and the corresponding variation in CP design resulting from
the need for each country’s CP to be tailored to its specific
disease context. This warrants a move towards the use of output-
based standards for between-country comparison of the statuses
resulting from these CPs. Although there is high heterogeneity in
CPs, we believe that outcome-based comparison is possible given
that each CP developed for a specific disease focuses on control
of the same epidemiological characteristics, albeit the dynamics
of disease may vary substantially according to factors such as
the climate and topography of the country/region affected. The
next step in the SOUND control action is to collect more
information on detailed aspects of the CPs, which would allow
their comparison in a more standardised way.
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Copyright © 2021 Hodnik, Acinger-Rogić, Alishani, Autio, Balseiro, Berezowski,

Carmo, Chaligiannis, Conrady, Costa, Cvetkovikj, Davidov, Dispas, Djadjovski,

Duarte, Faverjon, Fourichon, Frössling, Gerilovych, Gethmann, Gomes, Graham,

Guelbenzu, Gunn, Henry, Hopp, Houe, Irimia, Ježek, Juste, Kalaitzakis, Kaler,
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Animal disease control has a long tradition in Finland. The country is free

of all EU-regulated cattle diseases of categories A and B. Infectious bovine

rhinotracheitis, enzootic bovine leucosis, bovine viral diarrhea, bluetongue, bovine genital

campylobacteriosis, and trichomoniasis do not currently exist in the country. The

prevalence of paratuberculosis, Mycoplasma bovis, salmonella infection, and Q-fever

is low. The geographic location, cold climate, low cattle density, and limited animal

imports have contributed to the favorable disease situation. Besides screening for

selected regulated diseases, the national disease-monitoring program includes periodic

active monitoring of non-regulated diseases, which allows assessment of the need for

new control measures. The detection of diseases through efficient passive surveillance

also plays an important part in disease monitoring. The Finnish cattle population totals

850,000 animals kept on 9,300 cattle farms, with 62,000 suckler cows in 2,100 herds

and 260,000 dairy cows in 6,300 herds. Animal Health ETT, an association owned by

the dairy and meat industry, keeps a centralized cattle health care register. Animal Health

ETT supervises cattle imports and trade within the country and runs voluntary control

programs (CP) for selected diseases. Active cooperation between authorities, the cattle

industry, Animal Health ETT, and herd health experts enables the efficient planning and

implementation of CPs. CPs have been implemented for non-EU-regulated diseases

such as salmonella, M. bovis, ringworm, and Streptococcus agalactiae. The CP for

salmonellosis is compulsory and includes all Salmonella serotypes and all cattle types.

It has achieved the goal of keeping the salmonella prevalence under 1% of cattle herds.

CPs for M. bovis, ringworm, and S. agalactiae are on a voluntary basis and privately

funded. The CP for Mycoplasma was designed in collaboration with national experts

and has been implemented since 2013. The CP includes observation of clinical signs,

nasal swab sampling from calves, and bulk tank milk and clinical mastitis samples for

M. bovis. Mycoplasma bovis-negative herds gradually achieve lower status levels for

M. bovis infection. The general challenge facing voluntary CPs is getting farms to join

the programs.
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INTRODUCTION

Animal disease control has a long tradition in Finland. The
geographical location, cold climate, low cattle density, restricted
animal imports before joining the EU in 1995, and strict control
of imports thereafter have contributed to the favorable disease
situation. Finland is free of all EU-regulated cattle diseases
(diseases in categories A and B), including foot and mouth
disease, rinderpest, rift valley fever, bovine brucellosis, bovine
tuberculosis, rabies, lumpy skin disease, and contagious bovine
pleuropneumonia. In addition, infectious bovine rhinotracheitis
(IBR), enzootic bovine leucosis (EBL), bovine viral diarrhea
(BVD), bluetongue (BT), bovine genital campylobacteriosis, and
trichomoniasis do not currently exist in Finland (Figure 1).
Furthermore, the prevalence of Mycoplasma bovis, salmonella
infection, paratuberculosis, and Q-fever is low.

Nationwide screening of diseases from bulk tank milk
(BTM) samples and blood samples from suckler cow herds
in slaughterhouses has been used in disease monitoring.
Subsequently launched control programs, either voluntary or
compulsory, have led to a decreased prevalence of disease
and, finally, to disease eradication. Finland has succeeded
in eradicating IBR, EBL, and BVD (Figure 1). Moreover, a
mandatory control program for salmonella, in act since 1995, has
documented an exceptionally low prevalence of salmonella.

In this paper, we describe the current Finnish control
measures and control programs for non-EU-regulated cattle
diseases for which control programs have been implemented
in two or more regions in the EU (1). The diseases were
selected in the framework of the SOUND control project (COST
Action Standardizing Output-based Surveillance to Control
Non-Regulated Diseases in the EU, https://sound-control.eu).
We also present the characteristics of disease surveillance and
cattle production in Finland, which have enabled the good cattle
disease situation.

MATERIALS AND METHODS

Cattle production data were obtained from the agricultural
statistics of the Natural Resources Institute Finland (2), the
official Bovine Register (3), statistics of the International
Committee for Animal Recording (ICAR) (4), Eurostat (5), and
the Finnish Dairy Herds Recording System (6). Animal health
data, diagnostic results for cattle diseases, annual monitoring
plans of governmental control programs, and meat inspection
records were obtained from the Finnish Food Authority (FFA)
(7, 8). Data concerning privately funded control programs
were obtained from Animal Health ETT and the Naseva
register (9).

CATTLE PRODUCTION IN FINLAND

The Finnish cattle population is ∼850,000, raised on a total of
9,300 farms (2, 3). There are 260,000 dairy cows on 6,300 farms.
The average herd size is 50 cows among herds in the Finnish
Dairy Herd Recording System (4). The number of dairy farms
has decreased during the last 10 years, while the average herd

size has increased, and this trend appears to be continuing. A
special characteristic is the raising of coeval bull calves for meat
production using the all-in-all-out principle. Calves originating
from several dairy farms are transported to specialized calf-
rearing units, where they are housed in group pens typically
containing 10–60 calves. At the age of 6 months, the entire group
is moved into finishing units. There are 62,000 suckler cows on
Finnish cattle farms, and 1,600 farms have only suckler cows
(2, 3). Most cattle farms raise only cattle and are very seldom
(2.2%) mixed.

The overall density of cattle is rather low, being 0.5
livestock unit (LSU) per hectare (5). However, there are
few farms in the north of Finland, and cattle production is
clustered in the central parts of the country. The cattle are
mainly fed on farm-grown grass and some amounts of grains
and rapeseed/canola.

ADMINISTRATION OF ANIMAL DISEASE
CONTROL IN FINLAND

The highest authority in controlling animal diseases is the
Ministry of Agriculture and Forestry (MAF) (Figure 2). National
acts and orders on several animal diseases enacted by MAF
include, for example, control measures, notification procedures,
and prohibition of vaccination. The control division of the FFA
directs andmonitors the implementation of and compliance with
legislation. Veterinary border inspection and meat inspection
belong to its control activities, as well as the registration of
animals. The FFA steers disease control activities in Regional
State Administrative Agencies, which, in turn, direct the function
of competent veterinary authorities. The FFA draws up an
annual nationwide plan of monitoring programs for animal
diseases, and it directs and oversees the implementation of
the monitoring programs by issuing orders on sampling to
Regional State Administrative Agencies or directly to dairy
companies and slaughterhouses. The laboratory and research
division of the FFA performs reference laboratory functions as
well as disease diagnostics. The FFA publishes an annual report
of animal diseases, including monitoring data on infectious
diseases (7, 8).

CATEGORIZATION OF CATTLE DISEASES
IN LEGISLATION

Cattle diseases fall into different control categories in Finnish
legislation. All cattle diseases regulated by the EU are controlled
by the government, and reimbursements are paid to farmers if
animals are culled. Of the so-called non-EU-regulated diseases,
the most important in the country are categorized as “to be
combated” according to legislation, including IBR, EBL, BVD, BT,
anthrax, and salmonella. These are controlled by the government,
and for some of them, reimbursements are paid for the culled
animals. If a disease to be combated is suspected on a cattle
holding, the herd owner must inform a competent veterinary
authority in accordance with the Animal Diseases Act 476/2021
(10). If a positive animal is detected, control measures are applied,
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FIGURE 1 | The latest cases of important EU-regulated and non-EU-regulated cattle diseases and achievements in cattle disease control in Finland since 1950.

FIGURE 2 | Organizations involved in cattle disease control in Finland. The Naseva register has several interfaces to databases and different computer systems, e.g.,

the Bovine Register, mastitis testing laboratories, the Finnish Dairy Herd Recording System, meat inspection databases of slaughterhouses, and the veterinary

practice management systems.

including the restriction of animal movements and culling of
cattle in the herd, depending on the disease.

Some non-regulated diseases regarded as less serious in the
country fall into the category “to be reported” by the veterinarian

to the competent authorities. These are voluntarily controlled by
the farmer, and there is sometimes a voluntary control program
or other control measures organized by the industry (such as for
M. bovis, paratuberculosis, and ringworm).
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TABLE 1 | BTM and serum sampling for surveillance of BVD, IBR, and EBL in Finnish cattle herds.

No. of serum samples (no. of

holdings, suckler cows) tested

No. of BTM samples tested

Year Total no. of holdings

(suckler cows)a
BVD IBR Total no. of holdings

(dairy)b
BVD IBR EBL

2010 1,511 4,108 (609) 4,108 (609) 11,933 11,112 3,277 3,277

2011 1,504 4,661 (698) 4,661 (698) 11,259 3,302 1,449 1,449

2012 1,520 5,096 (715) 5,096 (715) 10,584 2,963 1,312 1,312

2013 1,513 2,485 (469) 2,485 (469) 9,993 1,800 1,292 1,292

2014 1,495 7,915 (991) 7,915 (991) 9,499 1,277 1,277 1,277

2015 1,499 8,141 (1,006) 8,141 (1,006) 9,039 989 989 989

2016 1,494 7,901 (950) 7,901 (950) 8,519 920 920 920

2017 1,524 6,885 (992) 6,885 (992) 7,921 715 715 715

2018 1,546 1,832 (365) 1,832 (365) 7,374 1,255 1,255 1,255

2019 1,566 1,970 (331) 1,970 (331) 6,755 1,344 1,344 1,214

2020 1,566 2,450 (410) 2,450 (410) 6,314 1,298 1,298 1,298

aNumber of holdings that have suckler cows but no dairy cows.
bNumber of holdings that have at least one dairy cow.

TABLE 2 | Surveillance of BVD, IBR, and EBL in Finnish cattle herds in 2019.

BVD IBR EBL

Survey Antibodies PCR Antibodies PCR Antibodies

Dairy herd BTM sampling 1,344 1,344 1,214

Random sampling of dairy herds 591 591

Risk-based sampling of dairy herds 753 753

Random sampling of suckler cow herds 1,970 1,970

Sampling related to artificial insemination 157 106 157 157

Passive surveillance 126 99 126 98 133

Import (e.g., live animals, semen, embryo recipient cows) 108 45 62 21 3

Other reasons (e.g., trade, export) 85 4 1

Total 3,790 250 3,663 119 1,508

Samples related to combated diseases must be analyzed in
the laboratory of the FFA, and salmonella is also analyzed in
an official accredited laboratory. Positive samples or microbes
isolated from diseases to be reportedmust be sent to the reference
laboratory (FFA) for epidemiological surveillance, if analyzed in
other laboratories.

MONITORING OF CATTLE DISEASES

In the monitoring of various bovine diseases, there is a long
tradition of sampling in dairies and slaughterhouses (Tables 1,
2). BTM sampling of dairy herds is performed by dairies, and
blood sampling of suckler cow herds in slaughterhouses. The
FFA requests sampling of cattle via the Bovine Register. Sampling
requests are observed by slaughterhouses prior to the slaughter
of animals during mandatory register checks. Both random
and risk-based samplings are utilized in the selection of herds
for surveillance. In the risk-based sampling of diseases causing
abortions, such as IBR, BVD, brucella, andQ-fever, herd selection
is based on gestation data from the FinnishDairyHerd Recording

System. Herds with elevated numbers (>5%) of abortions or
short gestation periods are sampled.

To control mastitis-causing pathogens, monitoring of
causative agents is of major importance. Extensive screening
for mastitis pathogens in individual milk samples from cases
of clinical and subclinical mastitis has been conducted for
decades in Finland. In 2020, ∼170,000 quarter milk samples
(QMS) were tested for mastitis pathogens (there are ∼260,000
dairy cows in Finland) (9). Multiplex real-time PCR targeting
several mastitis pathogens, including M. bovis, Staphylococcus
aureus, and Streptococcus agalactiae, has been in use since
early 2012 (Pathoproof R© Complete 16-kit, Thermo Fisher
Scientific, Finland).

CENTRALIZED CATTLE HEALTH CARE
REGISTER (NASEVA REGISTER)

The Voluntary Centralized Cattle Health Care Register (Naseva
register) was developed in 2005 in cooperation with dairy
companies and slaughterhouses (9). The Naseva register is
administrated by an industry-based association, Animal Health
ETT. At the end of 2020, a total of 93% of Finnish dairy
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TABLE 3 | Classification of Finnish dairy and suckler cow herds in the Naseva register and in the M. bovis control program.

Classification of herds in Naseva Register

Requirements M. bovis control program

M. bovis infected herds

during control measures

Naseva

national

level herds

Joining level (B

level) herds

A level herds

Herd health

Veterinarian herd health visits Minimum 2/year Minimum

1/year

Minimum 2/year Minimum

2/year

Veterinarian monitores the herd health and meat inspection data in

Naseva Register

Yes Yes Yes Yes

Health care and Biosecurity plan Yes Yes Yes Yes

Medication data documented in Naseva Register Voluntary Voluntary Mandatory Mandatory

Risk assesment or use of Biocheck.UGent® Yes Voluntary Yes Yes

Presence of M. bovis infections Yes No No No

Sampling for Mycoplasma bovis

Sampling of heatlhy calves for M.bovis (PCR or Elisa)a Three sampling occasions with

negative results to reach

National levelb

No Twiceb 2/year (dairy),

1/year

(suckler cows)

Testing of BTM for M. bovis by PCR Yesc No Twiceb (dairy) 2/year (dairy)

Routine testing of QMS for mastitis pathogens (by PCR including

M. bovis)

Yes Recommended Yes Yes

Sampling of clinical cases Yes Yes Yes Yes

Control of cattle movements

Movements of cattle from the herd Only to infected calf rearing or

finishing units and slaughter

Yes Yes Yes

Use of health certificates in cattle trade Recommended Recommended Mandatory Mandatory

Purchased cattle tested for salmonella Mandatory Mandatory Mandatory Mandatory

Regular testing of mastitis QMS (S. agalactiae, M. bovis) and BRD

(M. bovis) cases in herd of origin

Recommended Recommended Mandatory Mandatory

Screening the herd of orgin for symptoms of M. bovis,

paratuberculosis, contagious hoof diseases, ringworm

Recommended Recommended Mandatory Mandatory

Partipating in cattle shows Not allowed Not

recommended

Only shows of A

level herds

Only shows of

A level herds

aNasal swab sampling of all (max 20) calves of age 1 week-6 months; in herds with less than 10 calves additional antibody testing of 15 animals over 3 months.
b In 4-8 months interval.
cDuring control measures recommended to test 1-2/week until negative results, followed by monthly testing.

farms and 90% of meat production farms were included in the
Naseva register. The classification of Finnish dairy and suckler
cow herds and requirements for each level are described in
Table 3. The Naseva register is used to document, manage, and
produce data related to food safety, animal health, and welfare
by dairies, slaughterhouses, cattle farms, veterinarians, and other
authorized partners. The Naseva register has several interfaces
to databases and different computer systems, such as the Bovine
Register, mastitis testing laboratories, the Finnish Dairy Herd
Recording System, meat inspection databases of slaughterhouses,
and veterinary practice management systems (3, 6, 9). Farms can
be tagged in the Naseva register if there is a disease outbreak, a
suspicion of contagious diseases, positive test results, or another
unusual event in the herd. These tags are on display, for example,
to slaughterhouses and animal brokers and are used to plan the
grouping and transportation of animals to calf-rearing units.

When joining the Naseva register, a farmer makes a contract
with the herd health veterinarian in the register. A minimum
of one annual herd health visit, including a documented health
care plan, is required for each herd. More frequent visits are
needed, for example, in control programs and in relation to
the delivery of medicine. The content of health care visits
has been defined by the national veterinary health care expert
group. The visits include the monitoring of production data and
animal movements, and observation of the condition, health,
and behavior of different age groups, which are conducted
in accordance with the Welfare Quality R© (11) principles. The
mortality in different age groups can be evaluated online.
The occurrences of symptoms and cases of salmonellosis,
paratuberculosis, S. agalactiae, diarrhea, abortions, respiratory
diseases, contagious hoof diseases, M. bovis, and Trichophyton
verrucosum are monitored, and sampling is suggested when
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FIGURE 3 | Number of cattle imported to Finland according to the country of origin in 1995–2020.

needed. Disease control measures, feed hygiene, and biosecurity
are also evaluated by the veterinarian.

IMPORT OF BOVINE ANIMALS

Cattle imports to Finland are very limited, mainly comprising
a small number of breeding animals. The numbers of imported
cattle according to the country of origin in 1995–2020 are
presented in Figure 3. The majority of animals (79%) were
breeding animals for suckler cow herds. Most of the imported
cattle originated from Sweden (80% of all imports in 1995–
2020), where BVD has been eradicated, paratuberculosis is well-
controlled, and theM. bovis situation is similar to that in Finland.
Dairy cattle were only imported from Sweden in 1995–2020.

All cattle imported to Finland must be tested or come from
countries free of bovine tuberculosis, brucellosis, BT, and EBL,
and they must fulfill the requirements set in EU regulation (EU
2020/688). This also applies to IBR in Finland (12).

The importers are also instructed by Animal Health ETT.
The main principle of guidance is to direct importers to
purchase animals from countries with a similar cattle disease
situation. All imported cattle should be isolated for 30 days
before entering the herd. Animals should be tested for BVD
antibodies and BVD virus, both in the country of origin and
when arriving in Finland. Cattle traded from Sweden only
need to be tested after arrival, but the farm of origin must be
free of BVD and belong to the BVD-monitoring program. All
animals must be tested for salmonella, and the disease status
of M. bovis, T. verrucosum, paratuberculosis, and Leptospira

hardjo in the herd/country of origin is evaluated, and testing is
instructed as appropriate. Vaccination against T. verrucosum is
recommended. The instructions have been voluntarily followed
by all importers who have a production contract with dairy and
slaughterhouse companies.

BIOSECURITY ON FARMS

The greatest risk of introducing new diseases into a herd is
caused by purchased animals. Because of the low cattle density
in Finland, other contacts between animals from different farms
are almost non-existent, and common pastures are a rarity.
Moreover, there is no tradition of public livestock markets
and auctions.

Animal trading between Finnish herds belonging to the
Naseva register is strictly supervised by Animal Health ETT.
Farmers obtain electronic farm health reports and health
certificates from the Naseva register to ensure safe animal trade.
Approximately 80% of farmers purchasing cattle use health
certificates in the purchase. The animals should not be moved
until the buyer has accepted the report and an optional veterinary
certificate. The latest veterinary health care visit should have
been within 3 months of the trade. No animals with a lower or
unknown health status can be accepted in the transport.

The health requirements of animal trade (Table 3) include
the following: Purchased animals are clinically healthy and have
tested negative for salmonella within 2 months. Udder and
respiratory tract infections in the herd have been tested with PCR
for S. agalactiae andM. boviswith negative results. No symptoms
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of contagious hoof diseases or ringworm have been observed in
the previous 3 years and no diarrhea or respiratory disease in
the previous 1 month in the herd. There have been no signs of
M. bovis infection or paratuberculosis in veterinary health care
visits. Risk management guidelines have been followed if needed
in the herd. Preference should be given to herds in the M. bovis
control program.

Advice on and evaluation of biosecurity on farms are an
important part of health visits to herds in the Naseva register. Of
these farms, 90% have separate clothing for authorized visitors
and a possibility to wash hands before entering the barn. The
Biocheck.UGent R© (13) evaluation protocol was integrated in the
Naseva register in April 2021 and is available to the veterinarian
for herd health visits.

Sharing of breeding bulls only occurs in a very small number
of herds in semi-intensive cattle production, while most herds use
artificial insemination.

Cattle shows are rare, with <10 being organized annually.
Instructions regarding the health status of herds of origin and the
participating animals are provided by the FFA andAnimal Health
ETT. The recommendations include the absence of salmonella,
M. bovis, S. agalactiae, ringworm, and contagious hoof diseases.

CONTROL OF CATTLE DISEASES IN
BREEDING BULLS

Breeding bulls used for AI semen collection must be obtained
from a holding free of Mycobacterium tuberculosis complex,
brucellosis, EBL, IBR, and salmonella. Before quarantine, animals
must be tested for infection with M. tuberculosis complex,
brucellosis, EBL, IBR, and BVD (14). During quarantine, bulls
are tested for brucellosis, IBR, BVD, salmonella, Campylobacter
fetus spp. venerealis, and Tritrichomonas fetus (14, 15).

CONTROL PROGRAMS FOR
NON-EU-REGULATED CATTLE DISEASES
IN FINLAND

The following diseases have control programs in at least two
regions within the EU (1). Here, we present the diseases in
two sections: (i) diseases never detected in or eradicated from
Finland and (ii) diseases present sporadically or endemically in
Finland. These diseases belong to different control categories in
Finnish legislation, for example, diseases to be combated and to
be reported (16).

Control of Cattle Diseases Never Detected
in or Eradicated From Finland
Infectious Bovine Rhinotracheitis
Finland is officially free of IBR and has had additional guarantees
in cattle trade in the EU since 1994 (12). The first BHV-1 infection
was recorded in 1970 and was presumably imported in 1968.
Large-scale BTM surveillance started in 1990, and the disease was
eradicated in 1994 (17, 18). The eradication of IBR from Finland
has been described in detail by Nuotio et al. (17).

The governmental compulsory control program to prove an
official disease-free status is based on nationwide annual antibody
surveys both from BTM and serum samples (Table 1). The BTM
survey consists of both random and risk-based sampling of dairy
herds with elevated levels of abortions. Suckler cow herds are
randomly blood sampled in slaughterhouses. In addition, animals
intended for artificial insemination are tested (14). All aborted
fetuses sent to a diagnostic laboratory are tested for IBR by PCR,
and serum samples from aborted cows are examined for IBR
antibodies. The numbers of tested samples and cattle herds in
2019 are presented in Table 2.

IBR is a disease to be combated, and suspicions and detected
cases are dealt with by regional and local official veterinarians.
Vaccinations are prohibited (19).

Enzootic Bovine Leukosis
Finland is officially free of EBL (12, 19). The Finnish mainland
was given an official EBL-free status in 1996 according to Council
Directive 64/432/EEU, and the island district of Ahvenanmaa
followed in 1999. A single antibody-positive animal was detected
in 2008 (20). Eradication of EBL from Finland has been described
in detail by Nuotio et al. (21). In brief, the key principle was test
and slaughter.

The governmental compulsory control program is based on a
nationwide annual BTM antibody survey. Since 2011, the BTM
survey of dairy farms has been based on random sampling
(8). In addition, samples are tested from animals intended for
artificial insemination (14). The numbers of tested samples and
cattle herds are presented in Tables 1, 2. In addition, lesions
in which EBL is suspected on meat inspection must be tested
by histopathological examination and animals using serological
tests (19).

EBL is a disease to be combated, and suspicions and detected
cases are dealt with by regional and local official veterinarians.

Bovine Viral Diarrhea
Finland has been free of BVD since 2010, and an application
for an official disease-free status is under evaluation in the EC.
The last case was detected in 2010 (22), and <0.5% of dairy and
beef herds were antibody positive during 1998–2010 (23, 24).
A nationwide voluntary BVD herd classification program was
launched in 1994, and the disease was classified as combatted in
1995. At first, the eradication of BVD progressed rather slowly
(23, 24). The initial low prevalence and insidious nature of the
infection influenced the motivation to control BVD both locally
and nationally (23). Finally, a compulsory control program was
implemented in 2004, and intensive antibody testing from BTM
samples was performed in 2004–2010 to identify the remaining
infected dairy herds. In antibody-positive herds, control and
eradication measures were successfully undertaken, such as the
restriction of ruminant movements, reporting of infection to
relevant stakeholders, enhanced biosecurity measures, individual
sampling, and the removal of PI animals followed by resampling
(23, 24).

The governmental compulsory control program to prove an
official disease-free status is based on nationwide annual antibody
surveys performed by BTM sampling and serum sampling in
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slaughterhouses. The BTM survey consists of both random
and risk-based sampling of dairy herds with elevated levels of
abortions. In addition, samples are tested from animals intended
for artificial insemination (14). All aborted fetuses sent for
autopsy and laboratory analysis are tested for BVD by PCR,
and serum samples from aborted cows are examined for BVD
antibodies. According to the instructions of Animal Health ETT,
all imported animals must be tested for BVD. Testing of the
recipient cattle of imported embryos is also recommended, but
it is difficult to control. The total numbers of samples and cattle
herds tested for BVD are presented in Tables 1, 2.

BVD is a disease to be combated, and suspicions and detected
cases are dealt with by regional and local official veterinarians.

Bluetongue
Bluetongue has never been reported in Finland (17), and Finland
was given an official disease-free status in 2021 (12). Sampling for
BT antibodies is targeted at suckler cow herds and is combined
with surveillance for IBR and BVD. Suckler cows are more likely
than other cattle to be kept outside and are thus more exposed
to the relevant vectors. Since animals are slaughtered throughout
the year, sampling is also carried out throughout the year. BT is
a disease to be combated, and suspicions and detected cases are
dealt with by regional and local official veterinarians.

Aujeszky’s Disease
Finland is officially free of AD, and the disease has never been
reported in domestic animals in Finland (12, 18). The disease in
cattle is to be reported.

Epizootic Hemorrhagic Disease
Epizootic hemorrhagic disease (EHD) has never been reported in
Finland (18). In the case of suspected EHD infection in a cattle
holding based on symptoms or other reasons, the herd owner
must without delay inform a veterinarian.

Mycoplasma Mycoides
Finland is free of contagious bovine pleuropneumonia, and the
last case occurred in 1920. In the case of suspected infection in
a cattle holding based on symptoms or other reasons, the herd
owner must without delay inform a veterinarian.

Bovine Genital Campylobacteriosis
Bovine genital campylobacteriosis has never been detected in
Finland (7). All aborted fetuses sent for autopsy and laboratory
analysis to FFA laboratories are examined for C. fetus spp.
venerealis. According to Council Directive 88/407/EEC, breeding
bulls are also tested for C. fetus ssp. venerealis. Bovine genital
campylobacteriosis is a disease to be reported.

Leptospirosis
Leptospirosis has never been reported in cattle in Finland.
Breeding bulls are tested for L. hardjo as well as for Leptospira
pomona, Leptospira grippotyphosa, Leptospira sejro, Leptospira
canicola, and Leptospira icterohaemorrhagiae (14). Leptospirosis
in animals is a disease to be reported.

Trichomonosis
Tritrichomonas fetus was last detected in Finland in 1952 (22).
All aborted fetuses sent for autopsy and laboratory analysis
are examined for T. fetus. According to Council Directive
88/407/EEC, breeding bulls are also tested for T. fetus. There is no
control program for trichomonosis in Finland. Tritrichomonas
fetus is a disease to be reported.

Control of Endemic and Sporadic Cattle
Diseases in Finland
Salmonella
Salmonella occurs sporadically, with <0.5% of cattle herds
infected annually, as illustrated in Figure 4. Salmonella
Dublin has not been detected in cattle since a very few
cases were reported in the 1980s (25). The most common
serotypes have been Salmonella Typhimurium, monophasic S.
Typhimurium, and S. Infantis. Finland has additional salmonella
guarantees covering trade in fresh meat from bovine animals
in the EU (26).

The Finnish National Salmonella Control Program, approved
by the EC (27), has been in act since 1995. In cattle, the
program covers live cattle and fresh meat. The aim is to minimize
human exposure to Salmonella from production animals and
foodstuffs by keeping the annual prevalence below 1%. Lymph
node and carcass swab samples are taken at slaughterhouses
and meat samples in meat cutting plants (Figure 5). The
sampling is evenly distributed throughout the year. Herds
sending cattle to semen collection or embryo production
centers and herds delivering raw milk must be sampled for
Salmonella (15). In all cattle herds, if there is any suspicion of
Salmonella infection, for instance due to animal movements or
clinical symptoms, sampling must be conducted. Furthermore,
Salmonella control in the feed sector is an important part
of successful Salmonella control. Manufactured, marketed, and
imported feed materials and compound feeds are monitored by
the FFA. Feed business operators must take own control samples
from feeds and the processing environment, in addition to the
official sampling.

In addition to the official control program, slaughterhouses,
dairies, and food processing plants perform Salmonella testing
as a part of their in-house control. Cattle herds belonging
to the Naseva register are recommended to undertake annual
fecal sample testing and testing of purchased cattle (Table 3).
Herds participating in cattle shows should also be tested.
During mandatory herd health visits, biosecurity measures
and Salmonella sampling are discussed. Animal Health ETT
maintains a positive list of the feed operators fulfilling additional
criteria to ensure the safety of their products. Herds in the
Naseva register must obtain feed from companies on the
positive list.

Laboratories participating in the official control programmust
be approved by the FFA and accredited. Laboratories must send
Salmonella isolates to the national reference laboratory (FFA)
and inform food business operators, as well as regional and local
official veterinarians, of the preliminary findings. The reference
laboratory reports the confirmed results.
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FIGURE 4 | Number of Salmonella-infected cattle herds and serotypes in Finland in 1993–2019. No Salmonella Dublin was detected.

FIGURE 5 | Number of samples from slaughterhouses and meat cutting plants annually tested for Salmonella in the control program in Finland in 2000–2019.

A herd that has tested positive or is suspected to be infected
with salmonella is placed under official restrictions. These include
the restriction of animal movements other than to slaughter,

the delivery of milk only for pasteurization, and applying of
biosecurity measures. An epidemiological investigation must be
carried out by an official veterinarian to detect the infection
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FIGURE 6 | Number of new M. bovis-infected cattle herds in Finland in 2012–2020. Fattening units include calf rearing and finishing units.

source and to prepare a herd-specific eradication plan. The
control measures depend on the extent of the infection, defined
by the sampling of cattle, feed, and the environment. It is of
major importance to ensure feed and feeding hygiene and thus to
prevent the further spread of infection in the herd. Vaccination
and the use of antimicrobials are not allowed. All major dairies
and slaughterhouses have group insurance for their producers in
case of Salmonella. The insurance covers most of the expenses of
sanitation, eradication, and sampling costs during the eradication
process on the farm.

To reverse the restrictions, the herd must be tested twice
with negative results. Sampling is performed at intervals of 3–4
weeks on all animals, in pools of 20 at maximum. In addition,
the environment (10–100 samples) must be sampled once.
Salmonella is a disease to be combated, and official sampling and
testing are financed by the government.

Mycoplasma Bovis
Mycoplasma bovis has been endemic in Finland since the first
detection in 2012 (7). The annual number of new cases is
presented in Figure 6. The original infection source is unknown,
but Finnish M. bovis strains resemble clones found in Denmark
and Sweden (28). Contaminated bull semen was a source for
some dairy herds (29). From dairy herds, the infection efficiently
spreads via calves to calf-rearing or fattening units for meat
production. Infections are mainly detected in mastitis QMS,
samples in connection with clinical respiratory disease, or other
clinical samples (30). In most dairy herds, the initialM. bovis case
has been mastitis. The common testing of mastitis QMS by PCR
helps in identifyingM. bovis-infected dairy herds.

A national voluntary control program was established in 2013
and is administered by the Naseva register. The program aims
to reduce the risk of introducing infection into dairy and suckler
cow herds related to animal purchase, to improve animal welfare,
and to reduce the use of antimicrobials in calf-rearing units.

The key elements of the program are clinical monitoring and
sampling of suspected cases, routine testing of mastitis agents
(QMS), nasal swab sampling of calves, and control of animal
trade. Slaughter results are also followed, as lung lesions are more
common in infected herds (31). Farmers finance the costs of
sampling, testing, and herd health visits.

The control program is described in Table 3 (32). The herds
are categorized into levels A and B. There were 549 dairy and
suckler cow herds in the program at the end of 2020 (Figure 7),
corresponding to 8.5% of all dairy and suckler cow herds in the
Naseva register, and a total of 377 dairy and 150 suckler cow herds
had reached level A. A total of 66 herds have withdrawn from the
program due to the cessation of production.

The herds at the Naseva national level may not be infected
with M. bovis (Table 3). To support the control of M. bovis in
infected dairy herds, the costs of testing during control measures
are financed by the Naseva register. To control infection, it is
advised to cull M. bovis mastitis cows and isolate the calves
or prevent nose-to-nose contact with older animals (33). The
calves are advised to be kept in a different air space, such as
outdoor hutches, temporary pens, or in a different barn for at
least 6 months. The infected herds reach the national level when
they have consecutive negative results from regular QMS and
BTM samples and on three sampling occasions at 4- to 8-month
intervals for nasal swabs from calves (Table 3). In a total of 92M.
bovis-infected dairy herds, 46 have reached the national level, and
control measures are ongoing in 46 dairy herds.

The M. bovis status of the herd is documented in the
Naseva register and is available to authorized users, such as
slaughterhouses, dairies, advisors, breeding organizations, and
veterinarians. Health certificates are used when purchasing cattle
or attending cattle shows. The purchase of cattle is only allowed
from farms at the same or a higher level. Mycoplasma bovis A-
level herds benefit from cattle trade of animals with a better
health status. Therefore, small herds have joined the program
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FIGURE 7 | Number of herds that have annually joined and withdrawn from (ceased production) the program and total number of herds in the M. bovis control

program in Finland.

to achieve level A and to obtain a better price for their cattle
before ceasing production. Unfortunately, most herds (91.5% of
Naseva register herds) have not found the program beneficial
enough to join it. Most likely, these farms have not been infected
with M. bovis and do not frequently trade animals or attend
animal shows.

The program should be evaluated and improved with special
emphasis on sampling and testing strategies. Proving freedom
from infection with M. bovis is difficult. Nasal swabs are
taken from several healthy calves, as the prevalence of M.
bovis is thought to be low, and intermittent shedding of the
agent is well-known. The control program does not specify the
maximum number of samples that can be pooled, and there is
no requirement to use an accredited method. Mycoplasma bovis
antibodies persist in infected herds for a long time (30). The
use of ELISA tests for M. bovis antibodies should be evaluated
in presumably uninfected herds, as specific tests have become
available (34). Similarly, ELISA tests could be used to follow how
the infection level decreases in an infected herd during control
measures. Overall, only accredited tests should be accepted in the
control program.

Mycoplasma bovis is a disease to be reported and is not
controlled by the government and veterinary authorities but by
the industry.

Trichophyton Verrucosum
Ringworm is sporadic in the Finnish cattle population. It is
detected in 20 to 30 new cattle herds annually (35), and a total
of 2% of herds in the Naseva register are infected. The clinical
signs, with typical skin lesions, define an infected animal. Clinical
symptoms of ringworm are monitored during health visits to
herds belonging to the Naseva register.

Since 2004, a national voluntary control program has been
implemented (36). The program is run and financed by Animal
Health ETT. The aim is to minimize the risk of infection at
different stages of cattle production. Eradication of the disease
is performed on infected dairy and suckler cow farms using
vaccinations and hygienic measures according to a herd-specific
plan approved by Animal Health ETT. All cattle in the herd are
vaccinated twice, followed by subsequent vaccination of all calves
born and animals purchased. The topical treatment of clinical
cases is also advised. Farms are not allowed to sell animals to dairy
or suckler cow herds for 3 years after the last clinical signs.

Half of the vaccine costs to the farmer are compensated. A
disease-free status is achieved when the herd remains free of
ringworm symptoms after finishing the vaccinations. Since 2004,
a total 113 herds, comprising 96 dairy and 17 suckler cow herds,
have participated in the program. Only three farms have failed to
eradicate ringworm in the program.

The ringworm status of herds is documented in the
Naseva register and is available to authorized users, such as
slaughterhouses, dairies, advisors, breeding organizations, and
veterinarians. Health certificates, with a statement of absence
of ringworm symptoms, are used for animal trade and shows.
Slaughterhouse animal brokers use this knowledge in the
preselection of calf-rearing units for calves from infected farms
to minimize the spread of infection in cattle-rearing units.

The disease is to be reported monthly.

Streptococcus Agalactiae
Streptococcus agalactiae is sporadic among Finnish dairy herds.
A total of 114 (2%) herds in the Naseva register were classified as
infected at the end of 2020. The control of S. agalactiae is based
on extensive testing of QMS from cases of clinical and subclinical
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mastitis. Of ∼170,000 mastitis QMS tested from herds in the
Naseva register, only 0.7% harbored S. agalactiae in 2020.

Farms with S. agalactiae-positive herds are encouraged to
eradicate the infection as soon as possible. The farmers pay the
costs, but dairies may compensate the costs of testing during
eradication. The key principle in eradication is the detection
and culling or isolation of infected cows (37). To detect infected
animals, all cows are tested for S. agalactiae by PCR using
composite milk samples. In addition, all cows are tested post-
partum for at least 1 year after the last S. agalactiae infection
in the herd, and regular BTM sampling is conducted. The
infected cows are either culled or isolated and subsequently
treated with antibiotics. If infected cows are kept in the herd,
they aremilked separately and treated by intramammary infusion
with benzylpenicillin or penethamate hydroiodide. The efficacy
of treatment is evaluated by milk sample testing at 3 weeks
post-treatment. Dry cow therapy is applied for all cows during
eradication. Special attention is paid to the monitoring of
subclinical and clinical mastitis, and milking hygiene in the herd.
The environment as a reservoir for S. agalactiae should also be
considered. The colostrum from infected cows is not given to
newborn calves.

No data are available on the number of herds undergoing
the eradication progress or on its success. The S. agalactiae
status of the herd is documented in the Naseva register and is
available to authorized users, such as dairies, advisors, breeding
organizations, and veterinarians. Health certificates are used in
animal trade and when attending shows.

The disease is not listed in the legislation.

Anthrax
Anthrax is rare in Finland. Since 1940, there have been 283
cases in 150 locations, the latest being in 2004 and 2008 (22,
38). There is no control program for anthrax, but it is a
disease to be combated, and control measures are compulsory
(39). In the case of suspected anthrax in a cattle holding
based on symptoms or other reasons, the herd owner must
without delay inform regional and local official veterinarians,
and blood samples must be examined for Bacillus anthracis
(39). Official restriction measures consist of the restriction
of animal movements, isolation of diseased animals, clinical
examinations, correct disposal of carcasses, decontamination
of the site, and initiation of the treatment of other animals
as appropriate.

Paratuberculosis
Paratuberculosis is rare in Finland and has never been reported
in dairy herds. Thus, a control program for paratuberculosis
has not been considered necessary. There have been some cases
of paratuberculosis in beef suckler herds, the latest case being
reported in 2000 (40). The symptoms of paratuberculosis are
evaluated during annual health care visits to herds belonging
to the Naseva register, and suspected cases must be sampled.
A few herds have been annually tested for the presence of
Mycobacterium avium subsp. paratuberculosis due to clinical
suspicion, but with negative results. In 2020, in a nationwide
study conducted among dairy and beef cattle, no positive herds

were detected. Paratuberculosis is a disease to be reported and is
not controlled by the government and veterinary authorities but
by the industry.

Q-Fever
Q-fever is a rare disease in Finland, both in animals and in
humans, and bovine abortions due to Coxiella burnetii have not
been reported. In 2008, C. burnetii antibodies were detected
in an animal tested for export. In subsequent testing, other
seropositive cattle were found in the same herd, and C. burnetii
was demonstrated by PCR in a milk sample. Nationwide BTM
surveys and serum sampling in slaughterhouses conducted in
2009 and 2018 revealed only a few dairy and beef herds with
antibodies (22). Q-fever is a disease to be reported, and there is
no specific control program.

Neosporosis
Neosporosis occurs sporadically among cattle in Finland.
Abortions caused by Neospora caninum occur in a few herds
every year, and antibodies are detected in <10 cattle herds (7).
Farms with positive herds are advised to control and eradicate
the disease, but there is no control program for neosporosis.
The disease is not listed among the disease categories in
Finnish legislation.

Liver Fluke
Sporadic cases of liver fluke, Fasciola hepatica, occur in Finland.
Meat inspection has reported lesions in <0.08% of cattle
carcasses annually (41). In a nationwide survey of BTM and
serum samples from slaughterhouses conducted in 2018, only a
few dairy and beef herds had antibodies (22). Liver fluke is a
disease to be reported, and there is no specific control program.

Staphylococcus Aureus
Staphylococcus aureus is endemic in dairy herds, and it is the
second most common causative agent of mastitis in Finland
(42). Roughly 20% of mastitis QMS harbor S. aureus (9, 42, 43).
The control of S. aureus mastitis is the greatest challenge facing
the Finnish dairy sector (33). Even though there is no specific
control program, good milking practices and hygiene, routine
PCR testing of mastitis QMS, and culling of carrier cows have
reduced the proportion of penicillin-resistant S. aureus from 52%
to 23% (2001–2012) (44, 45). According to the Naseva register, ß-
lactame resistance has remained at the same level, being 24% in
2020. The disease is not listed in the legislation.

Bovine Coronavirus
Bovine Coronavirus is endemic in Finland (7). No specific control
program for bovine coronavirus currently exists in Finland.
Winter dysentery is to be reported monthly.

Bovine Respiratory Syncytial Virus
Bovine respiratory syncytial virus (BRSV) is endemic in Finland
(7). No specific control program for BRSV currently exists in
Finland. The disease is not listed in the legislation.
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Bovine Digital Dermatitis
DD is endemic in Finland. Based on hoof trimming records,
the prevalence of active lesions at the animal level was 2%
in 2019 (46), and the herd-level prevalence of M2 lesions in
freestall dairy herds was 12% in a recent research project (47).
The diagnosis of DD is currently based on clinical signs. The
lesions are detected while checking lame cows, during milking,
or during hoof trimming. Good farm hygiene, the early detection
and treatment of active lesions, and regular hoof bathing and
hoof trimming are important control measures. DD is taken into
account in health certificates used in cattle trade.

There is no eradication or control program for DD, and the
disease is not listed in the legislation.

DISCUSSION AND CONCLUSIONS

There are over 20 cattle diseases that are not EU regulated,
but for which two or more regions in Europe have locally
applied control programs (1). Here, we have described how
these cattle diseases are controlled in Finland. Several non-EU-
regulated cattle diseases have either been successfully eradicated
from Finland, such as IBR, BVD, and EBL, or have never been
detected in the country. Moreover, the control of Salmonella
infections has been successful, and several other diseases occur
only sporadically or at a low prevalence.

The key factors creating a good cattle disease situation
include national disease control, nationwide screening of
causative agents, the existence of national control programs, and
limited and controlled import of live cattle. Active cooperation
between authorities, the cattle industry, the industry-based
association Animal Health ETT, and herd health experts, among
others, enables efficient control and eradication, as well as the
implementation of control programs. A characteristic of Finnish
control programs, both compulsory and voluntary, is that they
are national, not regional.

Overall, there are several control programs for
non-EU-regulated diseases in Finland compared to other
EU countries. However, in contrast to other EU countries,
there is no control program for paratuberculosis. This
disease has only been detected in suckler cow herds, with
the latest case in 2000. According to Finnish regulation,
paratuberculosis is to be reported, but disease control is
performed by the cattle industry, and a control program
has not been considered necessary. Similarly, in the case
of BVD, eradication was rather slow, as the initial low

prevalence and insidious nature of the infection influenced
the motivation to control BVD on a voluntary basis. After
implementing a compulsory control program, the disease was
finally eradicated.

Even though the cattle disease situation is currently favorable
in Finland, new agents may be introduced into country, which
happened with M. bovis in 2012. Similarly, the prevalence of a
rare disease may increase due to changes in cattle production,
such as an increase in herd size, or climate change. Therefore,
periodic active monitoring of non-regulated diseases is included
in the national disease-monitoring program. Based on these
monitoring studies, the need for control measures can be
assessed in cooperation with national experts at the FFA and
Animal Health ETT. Early detection of diseases by efficient
passive surveillance, including a preference for autopsy samples
submitted to the FFA, is an important part of the disease-
monitoring program.
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Bovine viral diarrhea (BVD) is an infectious disease, globally-distributed, caused by bovine

Pestiviruses, endemic of cattle and other ruminant populations. BVD leads to significant

economic losses to the cattle industry due to the wide range of clinical manifestations,

including respiratory and gastrointestinal diseases and reproductive disorders. Within the

Pestivirus genus of the family Flaviviridae three viral species are associated with BVD;

Pestivirus A (Bovine viral diarrhea virus 1, BVDV-1), Pestivirus B (Bovine viral diarrhea virus

2, BVDV-2), and Pestivirus H (HoBi-like pestivirus, atypical ruminant pestivirus). These

species are subdivided into subgenotypes based on phylogenetic analysis. The extensive

genetic diversity of BVDV has been reported for several countries, where the incidence

and genetic variation are more developed in Europe than in the Americas. The first

report of BVDV in Mexico was in 1975; this study revealed seropositivity of 75% in cows

with a clinical history of infertility, abortions, and respiratory disease. Other studies have

demonstrated the presence of antibodies against BVDV with a seroprevalence ranging

from 7.4 to 100%. Recently, endemic BVDV strains affecting cattle populations started

to be analyzed, providing evidence of the BVDV diversity in several states of the country,

revealing that at least four subgenotypes (BVDV-1a, 1b, 1c, and 2a) are circulating in

animal populations in Mexico. Little information regarding BVD epidemiological current

status in Mexico is available. This review summarizes available information regarding the

prevalence and genetic diversity viruses associated with BVD in cattle from Mexico.

Keywords: bovine viral diarrhea virus, pestivirus, genotypes, subgenotypes, Mexico

INTRODUCTION

Bovine viral diarrhea (BVD) affects cattle and ruminants worldwide, leading to significant
economic losses (1). The viruses that cause BVD are currently divided into three species within
the Pestivirus genus; Pestivirus A (Bovine viral diarrhea virus 1, BVDV-1), Pestivirus B (Bovine
viral diarrhea 2, BVDV-2), and Pestivirus H (HoBi-like pestivirus, atypical ruminant pestivirus) (2).
Phylogenetic analysis has led to the segregation of BVDV-1 into at least 21 subgenotypes (BVDV
1a- 1u) and BVDV-2 (BVDV 2a-2d) and HoBi-like viruses into four subgenotypes (a-d) each (3).
Analysis of the entire genome is still the most reliable criteria when BVDV genetic characterization
is performed; although, sequences of the 5’UTR (untranslated region), E2 glycoprotein, and 3’UTR
are used to assign species and subgenotypes, obtaining similar results (4–6). Additionally, these
viruses may exist as two different biotypes, cytopathic (CP) and non-cytopathic (NCP), according
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to their activity in cell culture. Cytopathology in vitro is not
related to pathogenicity in vivo. NCP biotype predominate in
nature, while CP strains are rare and mostly associated with
outbreaks of a rare fatal form of BVD named mucosal disease (7).

The term BVD includes a complex range of clinical
presentations. In general, BVD is characterized by clinical
manifestations including respiratory, gastrointestinal disorders,
and reproductive failures such as congenital malformations,
abortions, mummification, stillbirth, and as a result of
transplacental infection, the birth of immunotolerant persistent
infected animals (PI). These PI animals shed virus throughout
their lifetime, play an essential role in BVD pathogenesis and
represents one of the main sources of viral infection (8). Infection
with viruses associated with BVD is suggested as an initiating
event for the development of bovine respiratory disease complex
(BRDC) (9) and also leads to an increased susceptibility to
other diseases due to either immunosuppression or synergism
with other viral and bacterial pathogens (10, 11). Infection
in pregnant sheep, goat, pigs, and wild ruminants results in a
clinical presentation similar to that seen in cattle and contact
among these animal species facilitates viral transfer among
domestic and non-domestic ruminants (12–15).

DISTRIBUTION OF BVDV SUBGENOTYPES

Phylogenetic approaches have been used to determine the
prevalence of BVD associated species and subgenotypes within
those species in different geographic locations. These studies
revealed that BVDV-1 has a broader distribution than BVDV-
2 and HoBi-like viruses. BVDV-1 displayed a higher genetic
diversity suggested by the number of subgenotypes reported
overall; the BVDV-1b has been the predominant subgenotype
worldwide, followed by BVDV-1a and 1c. Regarding BVDV-2,
subgenotype 2a is the most prevalent globally, whereas BVDV-
2b, 2c, and 2d have been only detected in European and
Asian countries (3). In addition, to date, HoBi-like viruses
have only been detected in South America, Europe, and Asia
but not in North America (16–18). Studies based on viruses
found in Mexican cattle revealed the presence of at least four
BVDV subgenotypes (BVDV 1a, 1b,1c, and BVDV 2a) with
no evidence of HoBi-like viruses detected (19). Seroprevalence
studies indicate an BVDV exposure since 1975 to date (20). No
PI prevalence studies have been performed to date.

Characterization of BVDV subgenotypes continues to be
a relevant matter of discussion due to the implications that
variations have for detection, diagnosis, and vaccine efficacy.
Variations among subgenotypes have demonstrated a direct
impact in BVDV detection and vaccination, the latter, reported
by previous studies where protection conferred against vaccines
including BVDV 1a and 2a strains, does not protect against
BVDV 1b strain (21). Additionally, antigenic variations between
BVDV 1a and 1c have shown to be similar to that seen among
BVDV 1a and 1b strain, which had also been proven (22). Viral
diversity is an important feature to consider when designing
diagnostic tools, efficient surveillance protocols, and vaccines
for BVD control programs. Phylogenetic analysis is a useful

tool for identifying the endemic subgenotypes in a population,
dissemination to other regions, and emerging or reintroducing
new BVDV variants.

BVDV IN MEXICO

The beef and dairy cattle industries comprise the major
avenues of animal-derived protein production in Mexico,
representing 43% of the total livestock production1 These
national industries include 35 million animals2 According to the
Ministry of environment and natural resources (SEMARNAT),
in Mexico, there are over 1.1 million livestock production
units such as stables, farms, ranches, dairies, and feedlots with
a wide heterogeneity in herds size, management, and social-
economic situation. The states with the largest number of
units are Veracruz, Chiapas, Oaxaca, and Guerrero (23, 24).
Production systems vary from traditional backyard farms to
highly specialized, high-input systems with cattle management
classified as extensive, semi extensive, and intensive (25, 26). Beef
and dairy farms are distributed throughout the national territory.
In 2019, the entities with a higher population of animals destined
for beef production were Veracruz, Jalisco, Chiapas, Chihuahua,
and Michoacan; while Jalisco, Durango, Chihuahua, Coahuila,
and Guanajuato were described as the states that concentrate the
major animal inventory for dairies at national level (27). The
annual beef and milk production reported is about 2 million t3

and around 12 275 million L, respectively (28). Mexico is ranked
among the 10 major producers in worldwide bovine meat and
milk (29, 30).

Official information and scientific reports regarding BVD
in Mexico are limited; hence, the present review attempts to
describe and discuss an overview of BVD current situation in
Mexico using available data. BVD is considered an endemic
disease with a nationwide distribution listed by the Secretary
of Agriculture and Rural Development (SADER). The stance
of the Mexican government is that “BVD infections are of
minor risk since they can be controlled by good livestock
practices and monthly mandatory notifications to the National
System of Epidemiological Surveillance (SIVE)” (31). Because
BVD is categorized as a non-regulated disease in Mexico no
control or eradication programs have been implemented. Control
and prevention activities are no mandatory; therefore, non-
official or partial control programs are based only in voluntary
procedures. Systematic vaccine application is considered an
essential prevention tool; however, no vaccination coverage is
known hitherto. Biosafety measures and monitoring are applied
depending on the BVD knowledge that cattle producers and
handlers have. Hence, prevention and control strategies are

1http://www.campomexicano.gob.mx/boletinsiap/019e.html#:~:text=El

%20centro%20del%20pa%C3%ADs%20genera,para%20el%20ganado%20en

%20pie (accessed May 15, 2021).
2https://www.gob.mx/siap/documentos/poblacion-ganadera-136762 (accessed

May 15, 2021).
3https://www.gob.mx/agricultura/prensa/la-produccion-de-carne-de-res-en-

mexico-mantiene-un-crecimiento-anual-sostenible-del-2-5-agricultura#:$\sim$:

text=De%20acuerdo%20con%20el%20panorama,en%2061.6%20millones%20de

%20toneladas (accessed May 15, 2021).
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diverse among farms. In addition, due to underreporting, the
assessment of BVD status of individuals animals or herds has
not been possible. SIVE data of BVDV of 2015, 2016, 2017,
2018, 2020 and a preliminary till may, 2021 is available. A
total of 5,705 cases were reported (868, 1,182, 944, 868, 1,118,
and 283 cases, respectively) in bovines from several states,
with no description in wildlife. Annual reports to the World
Organization Animal Health (OIE) describes the National Center
of Diagnosis Services in Animal Health (CENAPA) as a reference
laboratory in charge of BVD diagnosis. Assays implemented for
BVDV detection include viral isolation, qRT-PCR, ELISA, and
viral neutralization; description of surveillance, monitoring, and
border precaution as prevention and control actions are also
described (32). Nevertheless, although prevention andmitigation
activities are applied, there are insufficient official reports,
and incomplete information regarding BVDV subgenotypes
and biotypes distribution; accordingly, national BVDV genetic
diversity remains unknown. Declaring BVD as a disease of slight
risk could be associated with the scant information available
regarding BVD incidence and the prevalence of persistently
infected animals in beef and dairy herds. To date, there is no
national or regional estimation of economic losses related to
BVD, no surveys that establish a national BVD epidemiological
status, and no available reports of BVDV vaccination coverage
in cattle.

Conversely, the neighboring countries, the United States
and Canada, have implemented testing strategies for BVDV
diagnosis, genetic characterization, seroprevalence, and PI
detection; therefore, BVDV epidemiology is better understood
(33–35). Further, significant losses due to BVDV infection in
beef and dairy cattle have been reported (36, 37). Implemented
voluntary control activities are applied (33); however, no
mandatory systematic BVD prevention, control, and eradication
programs have been implemented in these countries (33, 38).

Because there is no requirement to report BVD cases in
Mexico and no centralized national clearing house for diagnostic
and epidemiological data, BVD is probably underdiagnosed in
Mexico. The typing of viral variant and their distribution in
specific geographic regions, incidence, and prevalence are yet
to be determined. Moreover, no financial and economic surveys
are conducted currently; consequently, no comparisons of the
economic impact due to BVDV infections and benefits from the
control activities are reported.

National BVD prevention and control have depended
primarily on vaccination with no national coordination, using
modified live (MLV) and inactivated virus vaccines licensed
for Mexican cattle producers. BVDV vaccines are formulated
with reference strains from the US (NADL, Singer, Oregon
C24V, 296c, NY-1, and New York-93), including both biotypes
with diverse combinations of these, together with other bovine
viruses like Bovine parainfluenza-3 virus, Bovine herpesvirus type
1 and Bovine respiratory syncytial virus; however, no vaccination
register information is officially recorded.

In most cases, the purpose of vaccination is to prevent
reproductive failure, gastrointestinal disorders, and respiratory
disease; therefore, it is common to include BVDV1 and
sometimes BVDV2 in multi-component vaccines, i.e., vaccines

against BRDC. When applied improperly, unwanted effects need
to be considered and evaluated; i.e., the use of MLV’s of CP
strains during pregnancy had led to reproductive disorders,
recombination with field strains, and development of mucosal
disease in PI animals (39–41). These events are rarely identified
and reported in the Mexican cattle industry. Moreover, BVDV
strains used in vaccines have not been tested for efficacy
against Mexican field isolates; thus, further studies regarding the
protection conferred in livestock will need to be done.

BVDV Seroprevalence and Genetic

Diversity
Initially, the evaluation of BVDV infections in Mexico was
performed by detecting antibodies against BVDV in several
herds (Table 1). Thus, the first study of BVD in Mexico was
based on detecting BVDV neutralizing antibodies in 47 non-
vaccinated animals with a clinical history of abortions, infertility,
and respiratory signs reported seropositivity of 75% (20).

Subsequently, a study by Suzan et al., described a 70.5%
seroprevalence in dairy cattle from two states and 62.5%
in beef cattle from 10 states (42) as serologic evidence of
BVDV infection in healthy cattle. Similar results were achieved
in assays of vaccinated animals belonging to farms with a
record of reproductive failures associated with coinfections with
pathogens like Leptospira, Brucella, Neospora, and infectious
bovine rhinotracheitis virus (IBR). Even though vaccination
can play a role in the prevalence detected, the antibody titer
significantly increased in animals that have aborted should be
considered (45, 49).

Previous studies in unvaccinated animals calculate a
seroprevalence among 74–81.27% (47, 48, 53). Hence, the
elevated level of seropositivity in these surveys indicates
recent infection or the presence of a PI animal among the
population surveyed (54). Further, moderate exposure levels
demonstrated in evaluations in healthy animals (seropositivity
of 47.8–54.6%) reveal an old BVDV exposition or an early
acute infection (50, 52, 53). Similarly, studies in non-vaccinated
animals with a record of abortion and miscarriage showed
a seroprevalence ranging from 46.6 to 60.35% (46, 50).
However, in these studies, the role of BVDV in reproductive
disorders is not fully understood due to the detection of
other reproductive pathogens involved and non-BVDV
isolation or antigen detection performed in the aborted fetuses.
Lower antibody response was detected in a southeast state,
where the 14% seroprevalence reflected a natural exposure to
BVDV (43).

In addition, contact between livestock and other domestic
animal and wildlife species can explain these species’
seroprevalence rates. For example, previous surveys in Mexico
detected a 20% BVDV seropositivity in domestic goats (42).
Moreover, in a population of white-tail deer, an average
seroprevalence of 63.53% was detected. Factors involved in the
high prevalence estimated in this study were cattle management,
the prevalence of BVD in cattle in neighboring areas, and
continuous grazing practices. Likewise, ranches with the
highest antibody prevalence were those with cattle cohabitation
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TABLE 1 | Seroprevalence studies performed in cattle from Mexico.

Number of

samples

Animal

specie

analized

Cattle

purpose

Vacciantion

status

Mean BVDV

Seroprevalence

(%)

Region/state BVDV

Seroprevalence

(%) per region

BVDV positive

herds/total

herds

References

905 Bovine Dairy ND 70.5 Hidalgo 73.4 ND/225 (42)

Morelos 56.5

Beef 62.5 Veracruz 75.4 ND/227

North Sonora 60.9

South Sonora 71.6

Durango 64.5

Baja Califoronia 52.7

Yucatan 60.8

Guerrero 63.3

San Luis Potosi 57.5

Jalisco 62.5

Coahuila 60.9

Chihuahua 61.6

630 Bovine Beef Non-vaccinated 14 Yucatan 14 24/40 (43)

267 Bovine Beef ND 12.27 Campeche 12.27 4/4 (44)

99 Bovine Dairy Vaccinated 70 Queretaro 70 1/1 (45)

521 Deer Wildlife Non-vaccinated 63.53 Hidalgo, Coahuila 53.98 15/15 (15)

Guerrero, Coahuila 61.03

Anahuac, Nuevo Leon 86.6

Nuevo Laredo,

Tamaulipas

57.3

Guerrero, Tamaulipas 81.6

3,529 Bovine Dairy, beef

and dual

Vaccinated and

Non-Vaccinated

60.35 North Veracruz 64.2 ND/320 (46)

Center Veracruz 57.5

South Veracruz 59.3

417 Bovine Dairy Non-vaccinated 67.4 Hidalgo 81 6/6 (47)

Vaccinated Queretaro 100

Morelos 100

Dual Veracruz 100

Tamaulipas 100

Beef Chihuahua 7.4

2,940 Bovine ND Non-vaccinated 81.27 San Rafael/Veracruz 80.02 7/7 (48)

San Rafael/Veracruz 93.27

San Rafael/Veracruz 83.37

Cotaxtla/Veracruz 96.4

Cotaxtla/Veracruz 39.25

Medellin/Veracruz 80.16

Medellin/Veracruz 96.44

4,487 Bovine Dairy Vaccinated 78.8 Aguascalientes 73 182/182 (49)

Chiapas 83

Chihuahua 81

Guanajuato 74

Hidalgo 71

Jalisco 67

Laguna 71

Queretaro 73

Sinaloa 57

Non-vaccinated Veracruz 74

(Continued)
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TABLE 1 | Continued

Number of

samples

Animal

specie

analized

Cattle

purpose

Vacciantion

status

Mean BVDV

Seroprevalence

(%)

Region/state BVDV

Seroprevalence

(%) per region

BVDV positive

herds/total

herds

References

178 Bovine Dairy Non-vaccinated 46.6 Tlalmanalco/Mexico state 40 29/29 (50)

Amecameca/Mexico

State

58.2

Ayapango/México State 59.8

500 Bovine Dairy Vaccinated 48.6 Hidalgo (Stable 1) 42 10/10 (51)

Hidalgo (Stable 2) 52

Hidalgo (Stable 3) 44

Hidalgo (Stable 4) 54

Hidalgo (Stable 5) 46

Hidalgo (Stable 6) 58

Hidalgo (Stable 7) 50

Hidalgo (Stable 8) 46

Hidalgo (Stable 9) 40

Hidalgo (Stable 10) 54

385 Bovine Dairy, beef Non-vaccinated 47.8 Matamoros/Tamaulipas 10 7/7 (52)

Mante/Tamaulipas 42.3

Victoria/Tamaulipas 50.75

Gonzalez/Tamaulipas 41.51

Abasolo/Tamaulipas 62.5

San

Fernando/Tamaulipas

31.25

Laredo/Tamaulipas 60.71

421 Bovine ND Non-vaccinated 31.4–51.4 Ayotoxco de

Guerrero/Puebla

15–25* 11/11 (53)

Hueytamalco/Puebla 27.6–39.5*

Nauzontla/Puebla 15.4–38.5*

San Juan

Acateno/Puebla

55.5–79.4*

Xochitlan/Puebla 57.1-71.4*

49.7–54.6 Cunduacan/Tabasco 33.3–66.7* 7/7

Huimanguillo/Tabasco 54.8–58*

Rancheria el

Puente/Tabasco

41.7–58.3*

76–76.2 Cotaxtla/Veracruz 49.3–64.1* 6/6

San Rafael/Veracruz 74.4–88*

Medellin/Veracruz 82.1–85.9*

ND: No data.

*Values represent a two-times period of BVDV seroprevalence evaluation from the same animal population.

compared to ranches with no cattle (15). Epidemiological
data support that BVDV can be maintained in white-tail
deer and capable of shedding BVDV consistent to PI cattle.
Therefore, deer are considered an important BVDV source
when sufficient contacts between PI deer and naïve cattle
occur (55).

The serological results show that a substantial proportion
of Mexican cattle has been exposed to BVDV, whether by
natural exposure or vaccination; these are important criteria to
consider for diagnosis purposes. However, after immunization,
the BVDV antibodies titer detected results from the application
of vaccines and did not reflect the natural, historical exposition

of cattle to BVDV field strains. Thus, identification of antibody
response requires an accurate assessment to avoid seroprevalence
misinterpretation. Moreover, antibody response in seronegative
immunotolerant animals should also be considered as PI cattle
can respond only to heterologous BVDV strains other than the
specific strain that induces immunotolerance (56). In addition,
based on national seroprevalence studies, variations in antibody
prevalence among locations within the same state and region
were commonly reported. These variations may be due to
differences in management practices such as addition of untested
cattle and mixing of cattle from different sources in large
herds (57, 58).
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Little information is available regarding the genetic diversity
of BVDV in cattle populations from Mexico. A recent study
examining viruses found in cattle from six Mexican states
detected four subgenotypes: BVDV-1a, 1b, 1c, BVDV-2a, and
no evidence of HoBi-like viruses were reported (19). In this
study, BVDV-1c was the most frequently detected subgenotype
followed by 1b, 1a, and 2a, representing a unique prevalence
pattern of BVDV subgenotypes reported in North America.
In comparison, BVDV-1a, 1b, and 2a are the subgenotypes
predominantly detected in cattle from the US and Canada,
while BVDV-1c subgenotype has not been detected (22). In
addition, BVDV subgenotype 1b was detected in healthy water
buffaloes and isolated from a captive fallow deer from Mexican
wildlife (59). Moreover, the detection of the pestivirus border
disease virus (BDV) genotype 1 has been described in clinically
healthy cattle from Mexico (60), reinforcing the fact that
close contact between animal species is a risk factors for
interspecies transfer. The latter has important implications in
BVD control because other ruminant pestiviruses can cause
misinterpretations in BVDV tests, as many tests used to

detect BVDV do not differentiate among BVDV and BDV
infections (61).

Surveillance and monitoring of BVDV variants circulating
in the Mexican cattle population are crucial for establishing
national/regional epidemiological status and to better understand
BVDV ecology in Mexico. The information yielded would
contribute to the development of efficacious control strategies
specific to Mexico.
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INTRODUCTION

Enzootic bovine leukosis (EBL) is a viral disease that affects cattle, characterized by persistent
lymphocytosis or lymphosarcoma or both. The epidemiological cause of the EBL is the bovine
leukosis virus (BLV). BLV can be transmitted by iatrogenesis, through vertical transmission, via
semen, or by hematophagous insects (Order Diptera, FamilyMuscidae) (1, 2). The hematophagous
insects from the Danube Delta area are vectors for countless diseases (parasitic, viral, and bacterial),
being influenced by the favorable wetland environmental conditions (2). Given that the spread
of BLV between herds can occur via infected cattle, preventing contact with infected blood is the
most important measure for prevention. EBL infection has been associated with direct production
losses (decreased milk production, high mortality rates, and reproductive failure) and increased
veterinary services costs, leading to reduced export competitiveness (3). Moreover, persistent
immunodeficiency and increased susceptibility to other diseases occur in affected animals (4, 5).

EBL represents a major threat for the Romanian cattle sector. Official control measures that are
practiced internationally to control EBL include screening or surveillance of cattle for the presence
of BLV antibodies to allow intracommunity trade, movement controls within countries, and culling
of infected animals. No vaccine is currently available for EBL (6).

The disease was first reported in Romania in 1954, diagnosed in a Dobruja Red bull (7).
Eradication efforts have been carried out in Romania since the first detection of the virus, with the
EBL laboratory being set up since 1966. The first national regulation for the diagnosis, prevention,
and control of EBL was proposed in 1967 (DAS 109 415), and according to the disposition of
the act, control and screening for the diagnosis of EBL became mandatory. In 1980, the first
diagnostic serological immunodiffusion (agar gel immunodiffusion, AGID) tests were introduced,
and EBLwas included in the veterinary sanitary law in 1990 (8). Administrative decisions specifying
and refining official control measures were made in 2016, when Romania adopted the European
Union’s legislation for EBL (9) and widespread geographical distribution in Romania is aided by
the semi-feral animal husbandry systems practiced in Dobruja, where cows are kept on isolated
islands in groups of 20–40 individuals. The diet of cows is reliant exclusively on local unimproved
wetland pastures. Especially during summer months, the yield of the pastures is low, and cattle lose
body condition. No artificial insemination is practiced; instead, farmers rely on natural bull service,

217

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2021.687287
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2021.687287&domain=pdf&date_stamp=2021-08-17
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:madalinamincu8@gmail.com
mailto:elena.pogurschi@gmail.com
https://doi.org/10.3389/fvets.2021.687287
https://www.frontiersin.org/articles/10.3389/fvets.2021.687287/full


Irimia et al. EBL: Surveillance Measures in Dobruja-Romania

which increases the spread of EBL (10). The cattle population is
dominated by crossbreeds between local Romanian Gray cattle
and Holstein-Friesian or Aberdeen Angus breeds (11).

The development of effective insect vector control programs
(CPs) is not feasible given that the Danube Delta has been a
UNESCO World Heritage Site since 1991 (12). Additionally, the
area is listed as a Site of Community Importance (SCI), as defined
in the European Commission Habitats Directive (92/43/EEC).

The overall objective of the current data report was to evaluate
EBL surveillance strategies and to highlight the strengths and
weaknesses of the strategy that was applied in Romania between
2017 and 2020, in the Danube Delta area.

METHODS

The study was carried out on EBL records from 2017 to
2020. Official data were obtained from the Veterinary Sanitary
Direction of Tulcea County, Romania, and included the whole
cattle population in both the mainland and the Danube Delta
areas (Figure 1). The EBL control strategy in certain regions
of Dobruja is subjected to additional measures, with a tailored
local disease CP for eradication and surveillance. The Dobruja
area is the southeastern region of Romania and consists of two
counties: Constanta and Tulcea; the second one represents the
northern part of Dobruja, which in turn includes the mainland
and the Danube Delta. A locality is represented by a human
settlement forming an administrative unit, village, or town. The
map was made by the authors using the Adobe Photoshop CC
2019 program.

EBL CP

Legislation and Surveillance Program
Twenty-five European Union countries reported disease CPs in
place for EBL (13). Since 2016, in Romania, an official EBL
CP has been in place. At enrolment in the CP, holdings in
which all animals over 12 months of age have been tested
negative for two consecutive tests obtain the official EBL-free
status (9). Once a herd is classified as EBL free, all restrictions
that are in place for herds without an EBL-free status are
withdrawn. In EBL-free herds, serological surveillance in all cattle
over 24 months of age is performed once a year, to maintain
the official disease-free herd status. Individual blood samples
are collected by the local veterinary services and submitted to
the laboratory for serological examination by enzyme-linked
immunosorbent assay (ELISA). Samples of cattle tested positive
by ELISA are confirmed by AGID (9). Seropositive animals have
to be slaughtered within 30 days of diagnosis. Furthermore, the
farm is placed under official restrictive measures (the herd will
be tested and animal movements prohibited) until clinical and
serological examinations rule out the presence of EBL-infected
cattle. The EBL health status of the herd is suspended until all
animals over 12 months of age have reacted negatively to two
consecutive serological tests, performed at an interval of at least 4
months and at most 12 months (9). If tumors are detected during
meat inspection in slaughtered animals, samples are taken for
histopathological examinations. In the case of a histopathological

diagnosis that confirms the suspicion of EBL, all animals from the
holding of origin are serologically examined.

Management of Infected Animals
Slaughtering of confirmed EBL-positive cattle is compensated
and subsidized up to 100% of market value at the state’s expense.
Generally, the market value is paid to owners, regardless of
whether the animals were slaughtered or died, in order to
quickly eliminate outbreaks. The state-subsidized prices depend
on sex, age, weight, physiological condition, and production
category, according to Government Decision no. 1214/2009.
However, testing is not mandatory for animals originating from
the Danube Delta, given the semi-feral rearing conditions there.
The movement of animals between herds within other counties
is allowed after performing a serological test with a negative
result, 10 days before the movement (9). The directives for the
CP in Romania have evolved to include more details with each
new version of the CP at the European Union level, although
key features have remained constant. The basic strategy has
always involved active surveillance and slaughtering of infected
animals and animal transport and movement restrictions within
the county.

DATA VALIDATION

Data on the epidemiological situation of EBL were collected
from the Veterinary and Food Safety Directorate of Tulcea
County, which represents the administrative territorial structure
of the national competent authority in the area1. For data
analysis, descriptive statistics such as incidence and prevalence
of EBL with frequency tables were calculated. Parameters such
as number of localities with outbreaks, infected animals, and
total number of cattle populations for each year were used to
calculate the incidence and prevalence of EBL disease per year
in Tulcea County. An outbreak in a locality was defined as a
spreading point of a disease. The prevalence was calculated as
the number of infected animals out of the total number of tested
animals. The number of tested animals was based on farmer
requests for an EBL evaluation of the cattle in his/her herd.
Prevalence rates were calculated with the number of animals
for each area separately (Danube Delta and the mainland).
Proportion tests (Prtesti) were computed in Stata 15 R© (StataCorp
LLC, USA) and used to compare prevalence and incidence rates
between areas and years. Observations with implausible values
were removed and were checked for double entries. At the
European Union level, there are protocols in force regarding the
epidemiological status of eachmember state and region (14). This
work is part of the SOUND-control COST Action based on the
epidemiological situation of infectious diseases in cattle and on
intra-community economic consequences2, aiming to investigate
the requirements and necessities for a single general regulatory
output-based framework (15).

1http://tulcea.dsvsa.ro/.
2https://sound-control.eu/.
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FIGURE 1 | Tulcea County, total area 849.875 ha, with 363.941 ha of agricultural land, 103.545 ha of forests and forest vegetation, 342.132 ha covered with water

and ponds, 294.039 ha registered as arable, and 60.597 ha natural pastures3,4.

DESCRIPTIVE RESULTS

Dataset Overview and Description
The outbreaks of EBL occurred in both themainland area and the
Danube Delta. From 2017 until 2020, records of all localities with
EBL outbreaks from Tulcea County are presented in Table 1.

In 2018, a non-significant increase of EBL localities with

outbreaks was observed in the Danube Delta (n = 30), while
on the mainland area, the number of infected localities tended

to decline, compared to that in 2017. From 2019 onwards, the

number of localities with outbreaks decreased in both areas; in

the Danube Delta, the total number decreased to 17, while on the

mainland, the number of localities with outbreaks decreased to

17. EBL outbreaks were observed on a substantial proportion of

3Figure: https://upload.wikimedia.org/wikipedia/commons/9/9d/Harta-

judetului-Tulcea.jpg.

localities in Tulcea County (Table 1). Nevertheless, the
proportion of localities with outbreaks seemed to decline
over time, with significantly fewer outbreaks occurring in
2020 (47.2 and 16.7%, respectively) as compared to 2017 (69.4
and 40.2%, respectively) in both areas of the county. In all
studied years, the outbreak incidences at the locality level were
significantly higher in the Danube Delta area, compared to
the mainland area (proportion test: P-value < 0.05). These
differences could be attributed to the higher number of cattle
raised in the delta region, which facilitates animal-to-animal
transmission, or to the more extensive rearing conditions found
in the delta, compared to the mainland.

The prevalence at the end of each year varied between 0 and
1.9%. However, because testing is optional,these findings could

4Area: Tulcea County Council: https://www.cjtulcea.ro/sites/cjtulcea/

PrezentareaJudetului/Pages/Economie.aspx.
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TABLE 1 | The outbreak situation of EBL in Tulcea County, Romania.

Year Number of

localities

Localities with

outbreaks

Outbreak

incidence*

Number of

animals

Infected animals Prevalence at the end of

the year

Danube Delta

2017 36 25 69.4%a 24,424 0 0%

2018 36 30 83.3%a,b 22,391 265 1.2%

2019 36 19 52.8%b 22,513 429 1.9%

2020 36 17 47.2%b 23,161 89 0.4%

Mainland

2017 102 41 40.2%c 14,978 269 1.8%

2018 102 36 35.3%c 16,941 103 0.6%

2019 102 28 27.5%c,d 16,765 189 1.1%

2020 102 17 16.7%d 15,835 214 1.4%

*Columns with percentages containing different superscript indicators were significantly different in the proportion test P-value < 0.05.

reflect the level of testing carried out in the area. Moreover,
inconsistences between the number of localities and the number
of cattle affected by EBL could be attributed to the isolation of
outbreaks, combined with the success of the surveillance and
eradication program in some of the localities, which have become
EBL free. An unexpected pattern was observed in the year 2017
for the number of infected animals in the Danube Delta. This
might be attributed to the transcription of the outbreaks from
1 year registered in the following year; e.g., no farmer requested
animal testing for EBL during that year.

During the current study, only 15 farms in the Danube Delta
area were classified as free of EBL, with 13 farms in 2018 and
a further two in 2019. These 15 farms were the only ones that
fulfilled the eligibility conditions for the EBL-free status, with
a negative response to the serological tests. For the remaining
herds, eligibility for free status was impossible, due to animals
that tested positive found within the remaining tested herds.

DISCUSSIONS

The differences for EBL incidences between the Danube Delta
and the mainland of Tulcea County could be the result of
existing legislation, which states that all mainland cattle owners
are required to test their animals on an annual basis, as
part of the county-level surveillance program. However, cattle
owners from the Danube Delta do not have to comply with
these regulations (different testing strategies), resulting in a
likely underestimation of the EBL incidence in the region.
Prevalence observed in this data report is an overestimation
of the animal-level prevalence in the whole country (9). EBL
outbreaks were also reported in other Southeastern European
regions, including neighboring countries, such as Ukraine and
Bulgaria (16). It is believed that horizontal transmission through
insect vectors is one of the major transmission routes. Both
the EBL transmission paths and the level of precipitation and
temperature in the Tulcea area could have influenced the
extent of disease transmission. The only local cattle breed,
Dobruja Red, is officially regarded as extinct due to the high

susceptibility of the breed to EBL (10, 11). Conversely, in
a recent study conducted in southwestern Romania in 2017,
where 27,701 adult cattle were tested, no outbreaks or positive
serological cases were found (12). Although previous studies
on the genetic merit of sires for leukosis resistance provided
low heritability estimates for Holstein (0.08) and Jersey (0.07)
cattle breeds (17), the authors recommended that this could
still provide value in controlling the infection. Considering
management procedures, several studies suggested that instead
of testing and culling seropositive animals, it is more cost-
effective to obviate disease transmission by implementing
preventive practices, e.g., movement restrictions and vector
controls (18).

A high average annual temperature (+10◦C) and being
the region with the least precipitation in Romania (300–450
mm/year) (19) favor EBL transmission. Although the cattle
density in Tulcea County is low, with only 0.02 breeding
cattle/100 ha, compared to 0.13 breeding cattle/100 ha at the
national level, it remains the area with the highest incidence
of EBL.

The current CP for EBL in the Danube Delta could
be significantly improved if data collection and disease
event reporting in small size farms (more than 90% of
all reared cattle) were refined (20). Furthermore, the
low numbers of state veterinarians in Tulcea County
has led to low rates of diagnosis and limited control of
outbreaks (21).

The delta region within Tulcea County is problematic, when
it comes to EBL spread and prevention measures, given the
environmental protected status of this UNESCO site, adding
to the semi-feral extensive rearing conditions of bovines. Thus,
insectmanagement and extermination policies cannot be applied,
while the wetland climate sustains a high and diverse number
of vectors (12). Due to the extensive rearing conditions of cattle
from this area, there is a lack of official data on the exact
number of herds. Based on the Romanian national legislation, the
minimum number for a cattle farm to be recognized is five heads;
however, there aremany semi-subsistence cattle owners who have
one to two heads, and all animals graze in communal pastures for
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several months/year; as a result, there is a lack of official data on
this matter.

This paper is the first description of the EBL surveillance
and infection status in these areas of Romania. We believe
that a European EBL Center for Diagnosis and Control would
help significantly to design policies and measures aimed at
eradicating the disease at the continental level, while know-how
and successful CP stories could be adopted in countries facing
EBL outbreaks worldwide.

CONCLUSIONS

This data report shows continuing improvement in the
Romanian epidemiological situation concerning EBL. To
accomplish the objective of total EBL eradication, effective
collaboration between veterinary services, farmers, and local
administrative institutions is required.
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Bovine viral diarrhoea (BVD) is an important endemic disease of cattle. In Ireland,

an industry-led compulsory eradication programme began in January 2013. The

main elements of this programme are the identification and elimination of persistently

infected (PI) calves by testing all new-borns, the implementation of biosecurity to

prevent re-introduction of disease and continuous surveillance. In 2016, a standardised

framework was developed to investigate herds with positive results. This is delivered

by trained private veterinary practitioners (PVP). The investigation’s aims are 3-fold:

firstly, to identify plausible sources of infection; secondly, to ensure that no virus-positive

animals remain on farm by resolving the BVD status of all animals in the herd; and

thirdly, agreeing up to three biosecurity measures with the herd owner to prevent the

re-introduction of the virus. Each investigation follows a common approach comprising

four steps based on information from the programme database and collected on-farm:

firstly, identifying the time period when each virus-positive calf was exposed in utero

(window of susceptibility, taken as 30–120 days of gestation); secondly, determining the

location of the dam of each positive calf during this period; thirdly, to investigate potential

sources of exposure, either within the herd or external to it; and finally, based on the

findings, the PVP and herdowner agree to implement up to three biosecurity measures

to minimise the risk of reintroduction. Between 2016 and 2020, 4,105 investigations

were completed. The biosecurity recommendations issued more frequently related to the

risks of introduction of virus associated with contact with neighbouring cattle at pasture,

personnel (including the farmer), the purchase of cattle and vaccination. Although each

investigation generates farm-specific outcomes and advice, the aggregated results also

provide an insight into the most commonly identified transmission pathways for these

herds which inform overall programme communications on biosecurity. The most widely

identified plausible sources of infection over these years included retained BVD-positive

animals, Trojan births, contact at boundaries and indirect contact through herd owner and

other personnel in the absence of appropriate hygiene measures. While generated in the

context of BVD herd investigations, the findings also provide an insight into biosecurity

practises more generally on Irish farms.
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INTRODUCTION

Bovine viral diarrhoea (BVD), caused by the BVD virus (BVDV),
is endemic in many parts of the world (1). Infections with
BVDV cause significant economic losses which result from its
reproductive effects and exacerbation of concurrent bacterial or
viral infections (2). The virus is spread mainly by persistently
infected (PI) animals, established following infection in utero
between 30 and 120 days of gestation (3), which continuously
shed large amounts of virus after birth. These PI animals are
the most common source of infection for other animals, as the
virus is excreted in a wide range of bodily fluids including nasal
discharge, urine, faeces, milk, semen, saliva, tears and foetal fluids
(4). Transiently infected (TI) animals are considered to be poorer
transmitters of the infection (5, 6). The most effective means
of transmission is by nose-to-nose contact, although venereal
transmission and indirect transmission through fomites and
people have also been reported (7, 8). Naïve pregnant dams that
experience a transient infection and are consequently carrying
a PI foetus and which are then introduced to another herd
are called “Trojan” dams. While the dam develops an immune
response and appears healthy, they are important from an
epidemiological perspective since they will deliver a PI calf in the
herd to which they have been introduced (9).

Several BVD control/eradication programmes are in place or
have been completed in Europe (10, 11).Their organisation differs
between countries and regions due to variation in factors such as
initial prevalence, structure of the cattle industry (density, extent
of animal movements, etc.) and willingness of the government
to support them financially or through legislation. A systematic
approach, comprising identification and removal of PI animals,
the application of appropriate biosecurity measures (potentially
including vaccination) and ongoing monitoring to ensure that
uninfected herds remained free from infection (12), is now
widely adopted.

An industry led compulsory BVD eradication programme
began in Ireland in January 2013 after 1 year of voluntary
participation. The programme is explained in detail elsewhere
(13, 14). Key elements include the identification and removal
of persistently infected (PI) calves by testing all new-borns,
the implementation of biosecurity to prevent re-introduction
of disease and ongoing surveillance. Through legislation, only
animals that have a negative BVD status can move out of farms,
thus preventing a key means of introduction of infection into
naïve herds (15). Therefore, the main risks of introduction to
farms originate from introduction of Trojan dams, transiently
infected animals or animals that tested negative for virus but
are actually PI (apparent false negatives), and direct or indirect
contact with infected animals in other herds.

In 2016, a standardised framework supported by a range
of tools on the programme database was developed to
investigate herds where one or more calves returned a virus-
positive result. This Targeted Advisory Service on Animal
Health, funded through the Rural Development Programme is
delivered by trained private veterinary practitioners (PVP). The
investigations’ aims are 3-fold: firstly, to identify plausible sources
of infection for the birth of PI calves; secondly, to ensure that

no virus-positive animals remain on farm by resolving the BVD
status of all animals in the herd; and thirdly, agreeing up to
three biosecurity measures with the herd owner to prevent re-
introduction of the virus.

Each investigation follows a common approach comprising
three steps based on information from the programme database
and collected on-farm. Firstly, identifying the time period when
each calf was exposed in utero (window of susceptibility, taken as
30–120 days of gestation); secondly, determining the location of
the dam of each positive calf during this period; thirdly, taking
the outcomes of two previous steps into account, to investigate
potential sources of exposure, either within the herd or external
to it. Based on the findings, the PVP and herdowner agree to
implement up to three biosecurity measures to minimise the risk
of reintroduction.

The aims of this report are 2-fold, namely, to describe the herd
investigation process and to summarise key findings from those
completed between 2016 and 2020.

MATERIALS AND METHODS

Programme Database
The programme database provided by the Irish Cattle Breeding
Federation (ICBF1) manages key elements of the programme.
Results from all testing laboratories are received by the database
and are used to assign one of 13 possible mutually exclusive
statuses to each individual animal (Table 1), taking into account
both its own test results and those of its offspring and dam [e.g.,
assigning an indirect negative status (INDINEG) to a dam on
the basis of a direct negative result for a calf]. A herd-specific
dashboard is available to each herd owner on the database,
which graphically presents the status of all animals currently in
the herd (Figure 1), along with key summary statistics and a
range of additional options. Full details of each animal, including
age, sex and test history are available, alongside all programme
communications, information on contiguous herds and details
of all animals, and their dams, that have had a positive or
inconclusive virus test result by either antigen ELISA or RT-
PCR (via the “Investigate” option). Test results are classified as
positive, inconclusive or negative based on the manufacturers’
guidelines for the respective tests.

Each veterinary practice also has access to herd-level
dashboards through a BVD practice dashboard, which provides a
live listing of the status of all herds to which the practice has been
granted access. These dashboards are also available to Animal
Health Ireland2 (AHI) for programme management. Further
details of the database functionality are described elsewhere
(13, 14).

Targeted Advisory Service on Animal

Health
The Targeted Advisory Service on Animal Health (TASAH)
is funded through the Rural Development Programme (2014–
2020), co-funded by the Department of Agriculture, Food and the

1www.icbf.com
2www.animalhealthireland.ie
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TABLE 1 | Summary of the 13 possible statuses assigned to each animal in the programme database in relation to its BVD status, and the interpretation and action

recommended with each one.

Status Interpretation Action

DAMPI Dam of an animal with a current positive (or inconclusive) result Test to clarify dam status

EMPTY No tissue in submitted sample (unsuitable for testing) Re-test required. Tissue or blood

INCONCLUSIVE Current inconclusive result on database where initial result was not

positive/inconclusive (e.g., initial empty result)

Isolate; option to re-test after 3–4 weeks to confirm PI

INDINEG 1, 2, 3, N Dam that has produced 1, 2, 3, N negative calves (not PI) –

INIINC Initial test result is inconclusive, no re-test result Isolate; option to re-test after 3–4 weeks to confirm PI. Isolate and

remove as soon as possible

INIPOS Initial test result is positive, no re-test result Isolate; option to re-test after 3–4 weeks to confirm PI. Consider

removal without retest

INVALID Result not valid Re-test required. Tissue or blood

NEGATIVE Tested negative (most recent) –

NONCOMP35 Animal without any test result 35 days after date of birth Re-test

required. Tissue or blood

Test required by legislation

OFFPI Untested offspring of a dam with a current positive (or inconclusive)

result

Isolate and remove as soon as possible

PI Initial and confirmatory positive (or inconclusive) result Isolate and remove as soon as possible (<3 weeks of first test)

POSITIVE Current positive result on database where initial result was not

positive/inconclusive (e.g., initial empty result)

Isolate; option to re-test after 3–4 weeks to confirm PI. Consider

removal without retest

UNKNOWN (1) Born before 1st January 2013 and has not been tested and has not

calved OR

(2) a calf that has been born <35 days ago without any test result

(1) Test to clarify status (result required for Negative herd status if it

remains in herd)

(2) Test required by legislation

Marine (DAFM) and the European Commission, and is designed
to provide farm-specific advice, provided by trained PVPs, on a
range of diseases including BVD. The service is delivered through
Animal Health Ireland, following successful participation in a
DAFM-issued tendering process. This involves the training of
PVPs, with this covering the epidemiology of the disease, the
investigation protocol and the use of the programme database to
support the investigation.

In addition, AHI oversees the co-ordination of the service.
Each day, the programme database issues a list of herds for
which a positive or inconclusive result has been received to a
BVD Help Desk, staffed by DAFM personnel. Using a standard
script, the Help Desk contacts the herd owner, ensuring that they
are aware of the result (which is also issued directly from the
database by SMS and letter), informing them of the requirement
for an investigation and recording the identity of the trained PVP
nominated by the herd owner to carry out their herd investigation
and any associated sampling.

Details of the nominated PVP are in turn logged in AHI’s
Customer Relationship Management system (CRM, Microsoft
Dynamics 365) which issues an email to the PVP providing
details of the requested investigation. Trained PVPs have
access to this CRM via a Service Provider Portal2 where
they can manage their own investigations and access all the
relevant paperwork, leaflets and training materials through the
BVD module.

Herd Investigation
Each investigation follows a standardised approach comprising
four steps and based on information from the programme
database and collected on-farm.

Firstly, the time period when each calf was exposed in
utero [window of susceptibility (WOS), taken as 30–120 days
of gestation] is identified. Secondly, the location of the dam
of each positive calf during this WOS is investigated. Thirdly,
taking the outcomes of two previous steps into account,
potential sources of exposure, either within the herd or
external to it, are investigated. As part of this step, on-
farm sampling may be carried out to either determine the
status of animals for which this is currently unknown or
to minimise the possibility that any animals with a false-
negative result are present. Fourthly, based on the findings
of the investigation, the PVP and herdowner agree to
implement up to three biosecurity measures to minimise
the risk of reintroduction. Further detail of these steps is
provided below.

A detailed protocol for this process is provided to trained
PVPs, along with a herd investigation worksheet (both
available from the corresponding author on request). The herd
investigation worksheet is primarily designed to provide a
structured framework for the conduct of the herd investigation
following the birth of a BVD+ calf (i.e., a calf that has
had an initial virus positive or inconclusive result and either
has been removed without a retest or has been confirmed
as PI on a retest). This worksheet is essentially a structured
questionnaire, presented as a fillable pdf form, which ensures
that all relevant data are collected and guides the investigating
PVP through each step of the process. At appropriate points,
it directs the PVP to the section of the programme database
where data relevant to the particular step is located. Within the
worksheet, mandatory questions to complete are highlighted.
Where relevant, answers that indicate an increasing biosecurity
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FIGURE 1 | Landing page on the BVD herd-level dashboard provided by ICBF, summarising the current status of all animals in the herd and providing a series of

additional options.

risk are marked in red, while those associated with a lowering of
risk are in green.

Additional supporting documents including a standard
operating procedure (SOP), guides (including on vaccination,
measures to minimise the risk of Trojan introduction and
bioexclusion) and access to the training materials are available to
the PVP via the Service Provider Portal.

Determining the Period of Exposure in utero
The first step in the investigation is to determine the time when
the dam of the BVD+ calf was exposed to BVDV. Assuming
that the dam is not herself persistently infected with BVDV, each
BVD+ calf has been born as a result of exposure of their dam
during theWOS in early pregnancy, typically between 30 and 120
days of gestation (3).

Selecting Investigate from the options available on the herd
dashboard (Figure 1), opens a screen showing a range of
information on each BVD+ calf and its dam.

The Investigate function may be used to view data for a
particular year or for all years (Figure 2). Every animal with a
positive or inconclusive result is listed. Based on the recorded
birth date for each calf and a 282-day gestation, the dates of
opening (30 days) and closing (120 days) of the WOS are shown.
However, investigating PVPs are advised that while these are the

generally accepted limits, they should not be treated as absolute
time boundaries. Additional fields provide the date and results
of the initial and any subsequent tests and, where relevant, the
date of removal from the herd. In addition, for the dam of each
listed animal, its date of birth, if it is homebred or not, its date
of entry to the herd, the interval from entry to calving (i.e.,
date of birth of the test positive/inconclusive calf) and its test
history are provided. This information can be used to identify
the cohort (heifer, cow) to which the dam belongs and to explore
the possibility of births to Trojan dams (either to non-home bred
animals introduced to the herd or homebred heifer returning
from being contract reared in another herd). Furthermore, this
screen gives access to a family tree function showing the ancestors
or descendants of a given animal by sex, date of birth, date of
death and BVD status.

Where more than one BVD+ animal has been born, these
can be sorted alphanumerically in each column, e.g., by date
of birth or date of removal. Where there have been multiple
positive calves born with overlapping windows of susceptibility,
the source of infection could potentially have been continuously
present from the date that the first dam entered the WOS to the
date that the last dam left the window. This would be the expected
situation where the source of infection is internal to the herd, e.g.,
the presence of an unidentified BVD+ animal in the herd.

Frontiers in Veterinary Science | www.frontiersin.org 4 August 2021 | Volume 8 | Article 694774226

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Guelbenzu-Gonzalo et al. Herd Investigation in BVD Eradication

FIGURE 2 | Investigation screen on the BVD herd-level dashboard provided by ICBF, providing details of each animal with a positive or inconclusive result in the herd,

including date of commencement and conclusion of the window of susceptibility, and associated dam details.

FIGURE 3 | Categorisation of potential within-herd sources of infection explored during the investigation. These include introduced animals (9, 15, 16), previously

identified PI (17), unidentified PI still present (14), and other species (18, 19).

Alternatively, the birth of multiple positive calves could also
occur if the source of infection was present for a shorter period
of time while all dams were within the window of susceptibility.
This could arise where infection originated from a “point source”
as a result of a one-off event, e.g., an animal breaking in or
boundary contact.

Determining the Location of Exposure
In discussion with the herd owner, the investigating PVP will
determine the location of the dam(s) during the WOS identified
in the previous step. In the case of Trojan dams, this would
have happened outside the herd as the dams were pregnant
when introduced. Where the animal was <120 days in calf when
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introduced, it is possible that the foetus became infected after
introduction; therefore, this animal will be a considered a possible
Trojan dam. Where the animal was more than 120 days in calf, it
is highly likely that it was carrying a BVD+ calf when introduced;
hence, this animal will be considered a definite Trojan dam.

The age of the investigated dam(s) will indicate the particular
management group or groups that were exposed. If all these
animals were managed as a single group, this suggests the contact
of only this group with a source of virus (e.g., a batch of heifers
on an out-farm). Where dams have a range of birth dates,
this suggests the exposure of the adult herd and/or multiple
management groups to a common source of virus.

Other important questions include whether during this
period, the dams were on the home farm or an out-farm, housed
or at pasture, grazing contiguous to farm boundaries or outside
the herd for part or all of this period (e.g., for contract-rearing
of heifers).

Investigating Potential Sources of Exposure
The investigating PVP will collate these data by interviewing
the herd owner following the investigation worksheet, supported
with data from the programme database and the associated
sampling results. For the purpose of working through the
potential sources of infection, these are divided into sources
within the herd (Figure 3) and outside the herd (Figure 4) and
each investigated in turn as described below.

Within Herd Source

Presence of Unidentified BVD + Cattle in the Herd. One of the
main objectives of the herd investigation is to ensure that the
herd is left free from BVDV. The programme database allows
the rapid identification of animals in the herd without a negative
BVD status, being summarised as “all non-negative” on the
dashboard graphic (Figure 1). A list of these may be generated
and exported in Excel or pdf format to convert this to a saveable
file in the chosen format or “print” to generate an immediate
hard copy and to facilitate identification and sampling. All
of these animals should be blood-sampled and tested for the
BVD virus either by antigen ELISA or RT-PCR as part of the
investigation. From 2016 to 2018, the sampling associated with

herd investigations comprised the re-test of animal(s) with virus-
positive or inconclusive results, their dams for BVD virus and
antibodies, and animals of non-negative BVD status, i.e., those
with the following statuses: EMPTY, INVALID, NONCOMP35,
UNKNOWN, INTRODUCED35, DAMPI and OFFPI (Table 1).

In 2019 and 2020, following the identification of a small
number of animals with apparent false-negative (AFN) results
over the course of the programme, an additional requirement
was introduced to test animals that could potentially have a
false-negative status recorded on the database. This additional
sampling included animals that have had a single negative BVD
status (assigned directly or indirectly) and that were present
in the herd during the relevant WOS. Animals with a single
direct negative test which had also produced one or more calves
that have also tested negative were excluded from this sampling.
Animals were blood-sampled and tested by antigen ELISA or
RT-PCR. Additional functionality was developed on the herd
dashboard to generate a full listing of animals to be sampled
by selecting the “TASAH Sample List” option (Figure 1). In
dairy herds, in addition to the blood sampling, a bulk tank
milk sample was taken to be tested by RT-PCR for the presence
of the BVD virus. This service is provided essentially at no
cost to the herd owner. The epidemiological investigation itself
is funded through the Rural Development Programme (2014–
2020), while the additional sampling and testing is funded
by DAFM or provided without charge through the National
Reference Laboratory for BVD.

Contact With a Known BVD+Animal. This could occur where a
BVD+ animal had been born previously in the herd, overlapping
with the WOS of the case being investigated. The retention of
virus-positive calves born in the previous calving season has
been shown to increase the probability of finding a virus-positive
animal in a herd (21). The Investigate screen indicates firstly if
there were previous BVD+ calves born in the herd, and if so,
a review of the relevant dates of birth and removal indicates if
overlap occurred.

Introduced Animals. Introduction of animals has been
highlighted before as one of the main factors associated

FIGURE 4 | Categorisation of potential sources of infection external to the herd explored during the investigation. Direct sources of infection include boundaries (20),

shared grazing (11) and returning cattle (15). Indirect sources include people, equipment and facilities (7, 8).
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FIGURE 5 | Purchase history screen on the BVD herd-level dashboard provided by ICBF, listing details of introduced animals including purchase date, pregnancy

status at purchase, and their current test status.
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with the presence of BVDV (9, 20, 22). While the animals
themselves have come from outside the herd, at the time of the
investigation they are in the herd and therefore included as part
of the investigation of within-herd sources. Potentially, these
introductions could be in the form of a PI, a Trojan dam or a
transiently infected animal.

As already described, the possibility of Trojan births can be

explored through the dam details on the Investigate screen. If

the BVD+ calf was born to an introduced animal, the “entry to

calving interval” should be checked. If this is <282 days, it is

possible that the dam was a Trojan. If the dam was introduced
<162 days from calving (i.e., when more than 120 days in calf),
the WOS would have closed before the dam joined the herd and
she was regarded as a definite Trojan. Where the interval is >162
days, the dam is considered a potential Trojan as the possibility
that infection occurred after introduction cannot be excluded.

A number of steps are necessary for this pathway to result in a
PI birth, beginning with the introduction of animals immediately
prior to or during the relevant WOS, their being TI at the time
of introduction and, thereafter, the possibility of transmission of
virus to the relevant dam. In the first instance, the PVP will use
the “Purchase history” option on the BVD dashboard (Figure 5)
to view a full listing of all introduced animals. Sorting this
information by purchase date allows the PVP to determine if any
animals were introduced during the WOS and to review further
information on any such animal, including its date of birth, date
of introduction, current age, date of departure from the current
herd (where relevant), identity of its birth herd, its most recent
test date (by antigen ELISA or RT-PCR) and status and if it
was in calf at purchase (based on first recorded calving date
after introduction) and where relevant, the test status of this calf
(also determined by either antigen ELISA or RT-PCR). Where
home-born animals have left the herd under investigation and
subsequently returned (e.g., from a contract rearer or associated
herd) the number of the herd under investigation will be shown
as the birth herd.

When relevant introductions are identified, the PVP will
gather further information to determine if this is a plausible
source of infection, including whether the introduced animals
moved directly from the farm of origin or they had the
opportunity to mix with cattle from other herds, e.g., at markets
or during transport; if a quarantine policy is in place for added
animals (also its duration and whether it was actually applied to
the introduced animals); if the introduced animals were tested for
BVD virus and/or antibody; and how long after introduction did
the added animals first have contact with the dam(s) that went on
to produce the BVD+ animal(s).

Other Species. BVD virus is predominantly associated with cattle
but it can infect other ruminant species (sheep, goats, llamas,
alpacas) and pigs (23, 24). Sheep may also be infected with
Border disease virus (BDV), a pestivirus related to BVDV and
which has occasionally been detected in cattle in other countries,
although not in Ireland to date. BVDV and BDV can be found
in sheep as well as in cattle and both viruses can be transmitted
either way (sheep to cattle or cattle to sheep) (18, 19). The
PVP will therefore ask a series of questions to determine if

small ruminants are present on the farm, and if so, if they have
contact through co-grazing, shared housing or only indirectly.
If sheep are suspected as a source of infection, the investigating
PVP is advised to consider carrying out serological screening for
evidence of infection on a proportion of the flock.

Source External to the Herd.

The investigation considers six transmission pathways through
which virusmay be introduced directly or indirectly from sources
external to the herd (Figure 4).

Direct Contact. Direct nose-to-nose contact with a PI animal is
considered to be the most efficient route for the transmission of
the virus (25, 26). Taking the time period of the WOS identified
in step 1, and the location(s) where exposure may have occurred
identified in step 2, three potential sources of direct contact
are investigated: at boundaries, on shared grazing and through
returning cattle.

A sequence of questions explores the potential for
transboundary transmission, including: if the dam was grazing
at a boundary during the WOS; the presence of neighbouring
cattle on the other side of the boundary at that time; the quality
of the boundary [sufficient to prevent nose to nose contact (3-m
gap) or the break in (or out) of cattle] and any known instances
of cattle mixing following boundary breaches.

The investigating PVP has access to information on BVD+
births in neighbouring herds through the “Contiguous Herds”
option on the BVD dashboard (Figure 1). This shows the
total number of contiguous herds, the number of these that
have had animals with INIPOSINC results since April 1,
2016 (commencement of the TASAH investigations) and the
dates of birth and death of each of these animals. This
information, along with that already gathered, helps to determine
whether transmission across a boundary is a plausible source
of infection or not, being excluded in the absence of positive
contiguous herds. In addition, knowledge of the status of
contiguous herds also assists the PVP when considering indirect
transmissions pathways.

Use of shared grazing is explored directly with the herd owner,
who is also asked about the possibility of cattle leaving the herd
and returning subsequently, e.g., from shows, unsold from sale
or after contract rearing or leasing out [supported by analysis
of information on the purchase (strictly, introduction) screen].
Where relevant, they are also asked whether those cattle had the
opportunity to contact cattle of unknown status from other herds
during this time; if they were quarantined prior to reintroduction
to the main herd and how long after return they first had contact
with the dams that produced BVD+ calves.

Indirect Contact. Although indirect transmission of BVDV is
thought to be much less efficient, it has been demonstrated before
(7, 27). Three indirect transmission pathways are investigated
related to the movement or sharing of people, equipment
and facilities.

In relation to people, the herdowner’s own possible role is
investigated first, including their contact, directly or indirectly
with cattle in other herds and, where relevant, the level of
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biosecurity/hygiene applied to manage this risk (changing or
disinfecting boots and clothing, washing hands).

Next, the PVP explores the number and type of visitors
to the farm during the WOS, including farm employees and
relief workers, knackery staff, AI technicians, hoof trimmers,
weighing technicians, PVPs, advisors, nutritionists, etc. Where
relevant, this was explored further in terms of their actual
contact with the cattle in general and the dams that produced PI
calves in particular; the frequency of this contact and the level
of biosecurity/hygiene was applied to/demonstrated by these
visitors on arrival (and departure); for example, whether boots
and clothing were provided by the herd owner for on-farm use;
if routine disinfection of visitors’ boots, clothing and equipment
was taking place; or if hand washing was practised. Taking all of
this information into consideration, the PVP assigns each visitor
a risk ranking from very low to high.

Herd owners are also asked if, during the WOS, they had
used items of borrowed equipment, either small (e.g., nose
tongs, calving aids, drenching guns, dehorning, or foot paring
equipment) or large (e.g., trailers used to move cattle), or had
shared facilities with other herds, particularly housing, yards or
crushes.Where relevant, additional questions determined if these
had been cleaned and disinfected before and after use.

Identify Plausible Sources, Review

Biosecurity, and Make Recommendations
The investigating PVP also captures information on the herd’s
BVD vaccination status, including the product used and for
how long a vaccination regimen has been in place. Then,
having completed the investigation and review of BVD-related
biosecurity on farm, the PVP formulates and agrees on up to
three measures to improve herd biosecurity with the herd owner.

In addition to these measures, the PVP will reinforce advice to
minimise the risk of the sale of Trojan dams from these herds.
Specifically, herd owners are advised that they should not sell
animals that were pregnant at the time of removal of the last
BVD+ animal unless they are antibody negative within 2 weeks
of sale.

When the investigation for a herd has been completed,
the PVP enters key findings (including all responses to the
mandatory questions in the worksheet), details of the agreed
biosecurity measures, plausible sources identified and details of
the numbers and type of samples submitted on the CRM. This
generates a further email to the PVP, providing a summary of
the biosecurity findings with an instruction to ensure they are
provided to the herd owner.

Data Management
Findings are recorded by the investigating PVP in Animal Health
Ireland’s CRM system through the BVD module of the Service
Provider Portal, accessible through AHI’s website. The data
are extracted and analysed on a monthly basis by AHI. The
monthly report includes the number of investigations requested
and completed, the total number of positive herds and the
number of samples collected for the year to date. Results are
reported to the BVD Technical Working Group and/or BVD

Implementation Group as necessary and are used to inform
common biosecurity messages.

Data Analysis
Questionnaire answers and findings recorded by PVPs for 4,105
investigations completed between 2016 and 2020 (including
investigations received up to the January 12, 2021) were extracted
from the CRM system of AHI. A descriptive analysis of the
data was performed with Microsoft Excel R©. Test results obtained
from the sampling associated with the investigations were
extracted from the ICBF database in Excel format.

RESULTS

Between 2016 and 2020, more than 540 PVPs were trained and
4,105 investigations were completed.

Questionnaire Responses
The systematic BVD TASAH investigations were available for
the first time in 2016, when nearly 50% of herds with a positive
or inconclusive result went through the process (Table 2). As
previously described (13), herds were considered to be dairy, beef
or dual-purpose enterprises for the purpose of further analysis.
A small number of herds which were not assigned to one of
these three types were included with dual herds for presentation
of results.

The proportion of positive herds by herd type disclosed per
year was similar every year. However, a higher percentage of
positive beef herds underwent a BVD investigation in 2016
(56.2%) than in subsequent years (40.6% in 2017, 41.3% in 2018,
etc.) (Table 2).

Introduction of Animals
Out of all investigations, 43.2% (1,771) reported having added
animals to the herd immediately prior to or during the WOS
(Table 3), with this being more common in beef (45.4%) than
dairy herds (37.2%).

In 41.2% (729) of cases, the animals moved directly into
the herd, while in the remaining 58.8% (1,041) the introduced
animals mixed with animals from other herds, potentially
including those of unknown health status. Dairy herds that
introduced animals most commonly moved these directly from
the farm of origin (59.3%), which is less common for beef herds
that introduced animals (32.3%).

Of all the herds that introduced animals, 17.5% (309) had a
quarantine policy, being recorded for similar proportions of dairy
and beef herds. Of these 309 herds with a quarantine policy,
87.1% (269) had actually applied it to the introduced animals,
while 36.6% of the 309 herds (113) had tested the introduced
animals for virus and 9.1% (28) for BVD antibodies.

In herds with no quarantine policy (1,354), the time period
after which introduced animals first had direct contact with the
dam(s) that went on to produce a BVD+ calf was <1 week in the
majority of occasions (63.5%, 860), with only a minority (21.3%,
288) reporting a period of 4 weeks or more (Table 4). In herds
with a quarantine policy (309), this period was at least 4 weeks in

Frontiers in Veterinary Science | www.frontiersin.org 9 August 2021 | Volume 8 | Article 694774231

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Guelbenzu-Gonzalo et al. Herd Investigation in BVD Eradication

TABLE 2 | Number (%) of positive herds overall and by herd type, number of BVD+ animals in these herds and the number (%) of these herds in which a BVD

investigation was conducted each year and in total.

Year Positive herds BVD+ animals Investigations conducted*

Beef Dairy Dual Total Beef Dairy Dual Total Beef Dairy Dual Total

2016 1,203 790 217 2,210 1,898 1,515 399 3,812 619 380 103 1,102

54.4% 41.6% 14.3% 49.8% 39.7% 10.5% 56.2% 34.5% 9.3%

2017 669 505 127 1,301 1,100 1,046 251 2,397 669 560 151 1,380

51.4% 45.9% 12.1% 45.9% 43.6% 10.5% 40.6% 40.6% 10.9%

2018 377 286 74 737 587 597 140 1,324 375 314 72 761

51.2% 48.7% 12.4% 44.3% 45.1% 10.6% 41.3% 41.3% 9.5%

2019 255 190 52 497 421 475 92 988 269 205 54 528

51.3% 45.1% 10.9% 42.6% 48.1% 9.3% 50.9% 38.8% 10.2%

2020 188 136 35 359 339 311 70 720 158 146 30 334

52.4% 40.1% 11.3% 47.1% 43.2% 9.7% 47.3% 43.7% 9.0%

Total 2,692 1,907 505 5,104 4,345 3,944 952 9,241 2,090 1,605 410 4,105

52.7% 37.4% 9.9% 47.0% 42.7% 10.3% 50.9% 39.1% 10.0%

*Note that some investigation conducted in a given year may have been undertaken as a result of positive findings in the previous year.

50.5% of cases (156). However, in 15.9% (49) of these herds the
interval was <1 week and, in 14.9% (46), between 1 and 2 weeks.

Boundaries
In 80.3% of investigated herds (3,294), dams of BVD+
calves were grazing at a boundary during the WOS, with a
similar frequency between herd types (Table 3). 75.2% of herd
owners were aware that cattle from neighbouring herds were
present on the other side of the boundary at that time. In 202
(6.1%) investigations, the neighbouring herd were reported as
containing PIs at that time. 49.9% (1,644) reported a sufficient
boundary quality to prevent nose to nose contact and 55.8%
(1,837) to prevent the break in or out of cattle. Conversely,
521 investigations (15.8%) reported known break-ins or -outs
happening during the WOS. Only 1.6% (65) of investigations
across the study period reported shared grazing with
other herds.

Visitors, Personnel, and Herd Owners
PVPs were the most commonly reported personnel type that
had contact with cattle (77.4% of investigations) during the
WOS, followed by farm employees (34.8%) (Table 3). Dairy
herds in general reported higher contact with people other
than the herd owner than beef herds. This included farm
employees (45.1% dairy vs. 25.8% beef), farm relief workers
(21.3 vs. 6.0%), knackery staff (33.2 vs. 18.5%), AI technicians
(40.3 vs. 25.7%), advisors (17.3 vs. 6.7%) and nutritionists
(6.2 vs. 1.4%). Only a minority of herds (12.7%) reported no
personnel having contact with cattle during the WOS, with
this being more common in beef (16.1%) than in dairy herds
(8.4%); 60.7% of beef and 55.6% of dairy herd owners reported
coming into contact with cattle from other herds during the
WOS and, separately, 61.6% of beef and 54.4% of dairy herd
owners attended shows or sales during this period. Most herd
owners that came in contact with cattle in other herds during
the WOS reported washing their hands before interacting with

cattle in their own herd (81.7%); 59.7% reported disinfecting
boots and clothing [more common in dairy (57.9%) than beef
(46%) herds], while 29.0% reported changing boots and clothing,
with similar proportions between beef and dairy. Of herd
owners who reported disinfecting boots and clothing (1,489),
47% (699) also changed them before coming into contact with
their own cattle; 94% (1,401) of those who disinfected boots
and clothing and 95% (807) of those who changed them also
washed their hands prior to interacting with cattle in their
own herd.

Equipment and Facilities
Only 8% of herds borrowed and used small items of equipment
during the WOS (Table 5). Of these, only a minority (29.9%)
reported cleaning and disinfecting them before and after use.
Large items of equipment were also borrowed and used
infrequently (19.7%), but again, where this did happen, only
a minority (26.6%) of herd owners reported their being
cleaned and disinfected. Just 5.5% of herd owners reported
sharing facilities with other herds, but again, only a minority
(17.0%) cleaned and disinfected those facilities before and
after use.

Other Species
Across all years, 27.8% of beef herds (581) and 5.5% of dairy herds
(88) reported having sheep present on the farm. Only 1.5% of
herds (63) reported having goats, 0.2% (7) alpacas and 0.2% (8),
llamas on farm. Of all of those with small ruminants, 74.5 and
44.4% co-grazed with cattle in beef and dairy herds, respectively.
In addition, in 20.8% (126) of beef and 18.4% (18) of dairy herds,
cattle shared housing with the small ruminants. Indirect contact
between species was reported in 39.9% (236) of beef and 52% (51)
of dairy herds and no contact between them in 10.2% (61) and
25.5% (25) of beef and dairy herds, respectively.
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TABLE 3 | Number (%) of positive responses to questions related to the introduction of animals, boundaries, visitors and personnel, and herd owner coming into contact

with the cattle overall and by herd type.

Question Answer Beef Dairy Dual Total

Introduction

of animals

Were any animals added to the herd immediately prior to or during

the WOS?

Yes 948

45.4%

596

37.2%

227

55.4%

1,771

43.2%

Did the introduced animals move directly from the farm(s) of origin or

did they have the opportunity to mix with cattle from other herds

(particularly those of unknown status)?

Mixed with other animals 642 242 157 1,041

67.7% 40.7% 69.2% 58.8%

Moved directly 306 353 70 729

32.3% 59.3% 30.8% 41.2%

Does the investigation herd have a quarantine policy for introduced

animals

Yes 163 117 29 309

17.2% 19.6% 12.8% 17.5%

If YES, was it applied to the introduced animals? Yes 148 95 26 269

90.8% 81.2% 89.7% 87.1%

Were the introduced animals tested for BVD virus? Yes 61 45 7 113

37.4% 38.5% 24.1% 36.6%

Were the introduced animals tested for BVD antibody? Yes 15 10 3 28

9.2% 8.6% 10.3% 9.1%

Boundaries Were the cattle grazing at a boundary at any time during this period? Yes 1,628 1,339 327 3,294

77.9% 83.5% 79.8% 80.3%

If YES,

i) Were there cattle from neighbouring herds on the other side of the

boundary at that time?

Yes 1,211

74.3%

1,021

76.2%

246

75.2%

2,478

75.2%

ii) Did any of these neighbouring herds contain PIs at this time? Yes 92

5.7%

89

6.7%

21

6.4%

202

6.1%

iii) Was the quality of the boundary sufficient to prevent nose to nose

contact (3M gap)?

Yes 711

43.7%

765

57.1%

168

51.4%

1,644

49.9%

iv) Was the quality of the boundary sufficient to prevent break in (or

out) of cattle?

Yes 915

56.2%

738

55.2%

184

56.3%

1,837

55.8%

Are any break-ins or outs known to have occurred during this

period?

Yes 239 235 47 521

14.7% 17.6% 14.4% 15.8%

Shared grazing: Do the cattle share grazing with other herds (e.g.,

commonage)?

Yes 50 8 7 65

2.4% 0.5% 1.1% 1.6%

Visitors,

personnel

Farm employees Yes 539 724 164 1,427

25.8% 45.1% 40.0% 34.8%

Farm relief workers Yes 125 342 38 505

6.0% 21.3% 9.3% 12.3%

Knackery staff Yes 386 533 124 1,043

18.5% 33.2% 30.2% 25.4%

AI technicians Yes 537 647 110 1,294

25.7% 40.3% 26.8% 31.5%

Hoof trimmers Yes 310 621 111 1,042

14.8% 38.7% 27.1% 25.4%

Weighting technicians Yes 19 14 7 40

0.9% 0.9% 1.7% 1.0%

Veterinary practitioners Yes 1,514 1,338 324 3,176

72.4% 83.4% 79.0% 77.4%

Advisors Yes 139 275 48 462

6.7% 17.3% 11.7% 11.3%

(Continued)
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TABLE 3 | Continued

Question Answer Beef Dairy Dual Total

Nutritionists Yes 29 99 26 154

1.4% 6.2% 6.3% 3.8%

Other Yes 256 152 51 459

12.3% 9.5% 12.4% 11.2%

No One Yes 336 134 51 521

16.1% 8.4% 12.4% 12.7%

Herd owner During the WOS did the herd owner come in contact with cattle in

other herds?

Yes 1,267 891 279 2,437

60.7% 55.6% 68.0% 59.4%

During the WOS did the herd owner attend shows, sales? Yes 1,286 872 290 2,448

61.6% 54.4% 70.7% 59.7%

If YES, level of biosecurity/hygiene applied before interaction with

cattle in their own herd: i) Change boots and clothing

Yes 408 351 91 850

26.7% 32.6% 27.7% 29.0%

ii) Disinfect boots and clothing Yes 704 624 161 1,489

46.0% 57.9% 49.1% 50.7%

iii) Wash hands Yes 1,221 898 277 2,396

80.0% 83.4% 77.2% 81.7%

TABLE 4 | Time after introduction that introduced animals first had direct contact

with the dam(s) that went on to produce a BVD+ calf according to reported

presence or absence of a herd quarantine policy.

Time to contact Quarantine policy

No Yes Total

<1 week 860 63.5% 49 15.9% 909 54.7%

1–2 weeks 115 8.5% 46 14.9% 161 9.7%

2–4 weeks 91 6.7% 58 18.8% 149 9.0%

More than 4 weeks 288 21.3% 156 50.5% 444 26.7%

Total 1,354 309 1,663

Vaccination
Overall, 935 (22.8%) of all herds were reported as vaccinating
at the time of investigation, with this being higher in dairy
(29.7%) than beef herds (18.5%) (Table 6) and these proportions
relatively stable between years. However, 412 of 934 herds for
which responses were available reported that the vaccination
regimen had been in place for<1 year, suggesting that it had been
initiated after the BVD+ result(s) that triggered the investigation.
Conversely, over 37% of herds with BVD+ births reported having
a vaccination regimen in place for 3 or more years. Most of
the vaccinated herds (63.6% of beef and 74.2% of dairy herds)
reported using an inactivated vaccine (Table 7).

Source of Infection Analysis
One or more plausible sources were identified in 75% of all
the investigations across the years (Table 8). Overall, plausible
sources were found in 80.1% of beef and 68.2% of dairy herd
investigations across the 5 years, with these levels being relatively
consistent between years.

Within Herd Source
A summary of results for both within-herd sources and those
external to the herd is presented in Table 9. The three most
commonly identified plausible within-herd sources were Trojan
dams, known PI animals retained within the herd and animals
with false-negative results disclosed during the investigation.
Overall, 20.9% (794) of investigations identified Trojan births
as the plausible source of the outbreak, with the proportion of
those being similar every year. A retained PI was reported as
a plausible source of infection for 15.7% (644) of investigations
over the 5 years, with the highest proportion being found for
all three herd types in 2016 (16.1–21.4%). Animals with an
apparent false-negative result detected during the investigation
were identified as a source in 11.7% (481) of investigations
overall, being reported more commonly in beef than in dairy
herds. The presence of sheep was found as a plausible source of
infection in 3.7% (150) of investigations over the years.

Source External to the Herd
The three most commonly identified plausible sources external
to the herd were direct contact at boundaries, indirect contact
via the herd owner and indirect contact via other personnel.
Direct boundary contact with neighbouring herds was reported
as a plausible source of infection external to the herd in 30.7%
(1,262) of investigations (Table 9). Indirect contact both through
the herd owner and other personnel were indicated as the
probable source in 16.4 (673) and 15.6% (639) of investigations,
respectively. The herd owner was more frequently identified as a
plausible source in beef than in dairy herds, while the converse
was found in relation to the role of other personnel.
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TABLE 5 | Number (%) of positive responses to questions related to the borrowing of equipment and sharing of facilities overall and by herd type.

Beef Dairy Dual Total

Were any small items of equipment (e.g., nose tongs, calving aid) borrowed and used during the WOS? 177 119 40 336

8.5% 7.4% 9.8% 8.2%

If YES, were these cleaned and disinfected before and after use? 51 40 9 100

28.8% 33.9% 22.5% 29.9%

Were any large items of equipment (e.g., trailers) borrowed and used during the WOS? 415 291 101 807

19.9% 18.1% 24.6% 19.7%

If YES, were these cleaned and disinfected before and after use? 129 100 31 260

26.3% 27.3% 25.8% 26.6%

Do animals in the herd share facilities with other herds (particularly housing, yards, and crushes)? 122 75 30 227

5.8% 4.7% 7.3% 5.5%

If YES, were these cleaned and disinfected before and after use? 22 9 7 38

18.2% 12.0% 25.0% 17.0%

TABLE 6 | Number (%) of herds applying BVD vaccination by herd type and year.

2016 2017 2018 2019 2020 Total

Beef Not Vacc 502 543 314 222 122 1,703

81.1% 81.2% 83.7% 82.5% 77.2% 81.5%

Vacc 117 126 61 47 36 387

18.9% 18.8% 16.3% 17.5% 22.8% 18.5%

Dairy Not Vacc 251 383 235 153 105 1,127

66.1% 68.4% 74.8% 75.6% 72.4% 70.3%

Vacc 129 177 79 52 40 477

33.9% 31.6% 25.2% 25.4% 27.6% 29.7%

Dual Not Vacc 80 127 65 42 25 339

77.7% 84.1% 90.3 % 77.8% 83.3% 82.7%

Vacc 23 24 7 12 5 71

22.3% 15.9% 9.7 % 22.2% 16.7% 17.3%

Total Not Vacc 833 1,053 614 417 252 3,169

75.6% 76.3% 80.7% 79% 75.7% 77.2%

Vacc 269 327 147 111 81 935

24.4% 23.7% 19.3% 21% 24.3% 22.8%

Test Results
2016–2018: Testing of Animals With ‘Non-Negative’

Statuses
TASAH sampling carried out between 2016 and 2018 included
all animals with “non-negative” statuses, confirmatory testing
of virus-positive animals and the testing of the dams of PIs
(DAMPI). Non-negative animals included in the list were those
with the following statuses: EMPTY, INVALID, NONCOMP35,
UNKNOWN (over 35 days of age), INTRODUCED35, DAMPI,
and OFFPI; 7,066 animals with a DAMPI status were tested
during these 3 years, of which 153 (2.2%) yielded a virus-positive
result. An additional 10,415 animals were tested (4,687 in 2016,
3,296 in 2017 and 2,433 in 2018), comprising 5,249 that did
not have a previous BVD result and 5,166 that did; 5.1% (529)
returned a virus positive result and 0.1% (14) an inconclusive
result. Of those that did have a previous result, 3,620 had

“Negative,” 871 “Empty,” 611 “Positive,” 34 “Inconclusive,” and
31 “Invalid” results recorded. Overall, a total of 119 animals with
apparent false-negative results were detected during this period
(32 in 2016, 48 in 2017, and 39 in 2018).

2019–2020 TASAH Sampling
A total of 7,849 animals were tested in 2019 and 14,527 in 2020.
Of these, 56 were classified as AFN animals (26 in 2019 and 30
in 2020), including 10 DAMPI animals. A total of 1,978 DAMPI
animals were tested during this period.

Analysis of Biosecurity Recommendations
After completing the questionnaire and reviewing the biosecurity
on farm, the PVP and the herd owner are required to agree on up
to three measures to improve herd biosecurity. As the biosecurity
recommendations are “free text,” these were reviewed and
categorised in order to facilitate the analysis. Recommendations
were categorised as relating to biosecurity; herd management
and testing; management of BVD-positive animals; equipment;
facilities; grazing; other species; personnel; and purchase, sale and
vaccination policies.

The most widely reported recommendation over the 5 years
related to the purchase of animals (24%, 2,731), including
those in relation to the quarantine of animals prior to
introduction (in terms of protocol, time period and facilities),
followed by disinfection procedures, particularly those related
to personnel, including the herd owner and visitors (20.3%,
2,302). Recommendations related to vaccination (19.7%, 2,242)
and the risks of introduction of virus associated with contact
with neighbouring cattle at pasture (17.5%, 1,992) were also
commonly made.

DISCUSSION

Although the use of a systematic epidemiological investigation
for some diseases of cattle may be common, for example, within

bovine tuberculosis eradication programmes, it is not a tool
that has been described in the literature in the context of a
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TABLE 7 | BVD vaccination by herd type, number of years vaccinating, and type of vaccine used.

Years

vaccinating

Beef Dairy Dual Grand

total

Live Inactivated Total Live Inactivated Total Live Inactivated Total

<1 118 125 243 81 65 146 14 9 23 412

62.8% 30.6% 32.9% 44.1%

1 11 37 48 15 28 43 5 0 5 96

12.4% 9.0% 7.1% 10.3%

2 6 28 34 7 25 32 1 7 8 74

8.8% 6.7% 11.4% 7.9%

3 4 13 17 3 27 30 1 7 8 55

4.4% 6.3% 11.4% 5.9%

4 1 5 6 2 28 30 36

1.6% 6.3% 3.8%

5 1 10 11 5 32 37 3 3 51

2.8% 7.8% 4.3% 5.5%

>5 28 28 10 149 159 23 23 210

7.2% 33.3% 32.9% 22.5%

Total 141 246 387 123 354 477 21 49 70 934

36.4% 63.6% 100% 25.8% 74.2% 100% 30% 70% 100% 100%

TABLE 8 | Number (%) of cases reporting having found one or more plausible

sources of infection by year and herd type.

2016 2017 2018 2019 2020 Total

Beef 522 522 295 212 123 1,674

84.3% 78.0% 78.7% 78.8% 77.8% 80.1%

Dairy 277 387 205 135 90 1,094

72.9% 69.1% 65.3% 65.9% 62.1% 68.2%

Dual 85 107 57 36 25 310

82.5% 70.9% 79.2% 66.7% 83.3% 75.6%

Total 884 1,016 557 383 238 3,078

80.2% 73.6% 73.2% 72.5% 71.5% 75.0%

BVD disease eradication programme. However, it has some clear

advantages that include the provision of a framework for the
systematic collection of data from herds experiencing outbreaks
and providing investigating PVPs with appropriate training and
tools. Collection and analysis of data from these herds facilitates

the monitoring of biosecurity breaches that are important for
the spread of infection and helps to formulate biosecurity
messages accordingly from a programme management point of
view. Additionally, since biosecurity implementation is a key
component of these programmes, the review process can identify
and aim to correct any weaknesses to help the prevention of
future outbreaks.

Recognition of the importance of biosecurity in the
prevention and control of infectious diseases has increased
substantially over the past few decades. It is now well-recognised
that the prevention and control of diseases of animals through

biosecurity practices can result in positive outcomes in terms of
animal health and welfare. This was highlighted by the European
Commission’s Animal Health Strategy for the European Union
(2007–2013), which focused on “prevention is better than
cure” (29). Previous studies have suggested that the probability
of introducing BVDV and BoHV-1 could be reduced by the
implementation of biosecurity measures (30). However, limited
information is available on the biosecurity practices within Irish
farms. A previous study describing influences on biosecurity
practices on Irish dairy farms found that >72% of farmers
surveyed considered biosecurity to be important while 53%
stated that a lack of information might prevent them from
improving their biosecurity (28). In that study, farmers in the
most dairy cattle-dense region were three times more likely
to quarantine purchased stock than were their equivalents in
regions where dairy production was less intense (p = 0.012).
Younger farmers in general were over twice as likely as middle-
aged farmers to implement biosecurity guidelines (p = 0.026).
The importance of biosecurity in disease control in Ireland has
been highlighted in the National Farmed Animal Biosecurity
Strategy (2021–2024) (31), launched by the DAFM in early 2021,
which reinforces the shift in emphasis toward disease prevention
and a focus into raising the standard of biosecurity on all Irish
livestock farms.

In the absence of an eradication programme, the risk of BVD
infection from animal introductions may originate, in decreasing
order of likelihood, from BVD+ animals, Trojan dams and
transiently infected animals (1, 15, 22). Within the Irish BVD
programme, all cattle born after January 1, 2013 must have a
negative virus test result to move and the majority of older
females will have produced at least one negative calf and therefore
have an indirect negative status (INDINEG). Since May 2020, the
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TABLE 9 | Number (%) of herds in which plausible sources of infection either within or outside herds were identified overall and by year and herd type.

Beef Dairy Dual Grand total

2016 2017 2018 2019 2020 2016 2017 2018 2019 2020 2016 2017 2018 2019 2020

Within herd Known PI retained in herd 129 128 52 46 27 61 82 28 16 12 22 21 6 9 5 644

20.8% 19.1% 13.9% 17.1% 17.1% 16.1% 14.6% 8.9% 7.8% 8.2% 21.4% 13.9% 8.3% 16.7% 16.7% 15.7%

Unid PI found during the

investigation

26 14 7 5 4 11 6 8 1 1 5 3 0 2 2 95

4.2% 2.1% 1.9% 1.9% 2.5% 2.9% 1.1% 2.% 0.5% 0.7% 4.9% 2.0% 3.7% 6.7% 2.3%

Unid PI present during WOS that

left the herd

51 21 6 12 2 23 20 9 6 3 14 5 3 0 1 176

8.2% 3.1% 1.6% 4.5% 1.3% 6.1% 3.6% 2.9% 2.9% 2.1% 13.6% 3.3% 4.2% 3.3% 4.3%

Introduced TI animal 10 12 12 5 5 2 6 4 1 2 1 0 1 2 0 63

1.6% 1.8% 3.2% 1.9% 3.2% 0.53% 1.1% 1.3% 0.5% 1.4% 1.0% 1.4% 3.7% 1.5%

Trojan birth 82 145 81 64 33 57 113 60 29 30 31 27 21 11 10 794

19.4% 21.7% 21.6% 23.8% 20.9% 19.6% 20.2% 19.1% 14.2% 20.6% 36.1% 17.9% 29.2% 20.4% 33.3% 20.9%

AFN disclosed during investigation 83 95 70 45 22 17 43 18 18 8 14 25 13 7 3 481

13.4% 14.2% 18.7% 16.7% 13.9% 4.5% 7.7% 5.7% 8.8% 5.5% 13.6% 16.6% 18.1% 13.0% 10.0% 11.7%

Presence of sheep 41 30 12 16 6 5 8 ‘2 2 3 6 7 6 4 2 150

6.6% 4.5% 3.2% 5.9% 3.8% 1.3% 1.4% 0.6% 1.0% 2.1% 5.8% 4.5% 8.3% 7.4% 6.7% 3.7%

Outside

herd

Direct contact: boundary contact 224 181 96 89 44 142 174 92 65 49 22 45 20 11 8 1262

36.2% 27.1% 25.6% 33.1% 27.9% 37.4% 31.1% 29.3% 31.7% 33.6% 21.4% 29.8% 27.8% 20.4% 26.7% 30.7%

Direct contact: shared grazing 7 10 4 0 0 5 3 2 0 0 0 1 0 1 0 33

1.1% 1.5% 1.1% 1.3% 0.5% 0.6% 0.7% 1.9% 0.8%

Direct contact: returning cattle (TI) 59 38 20 12 9 21 20 18 7 4 8 13 5 3 0 237

9.5% 5.7% 5.3% 4.5% 5.7% 5.5% 3.6% 5.7% 3.4% 2.7% 7.8% 8.6% 6.9% 5.6% 5.8%

Indirect contact: herd owner 125 100 57 54 27 56 92 43 23 12 20 29 22 8 5 673

20.2% 15.0% 15.2% 20.1% 17.1% 14.7% 16.4% 13.7% 11.2% 8.2% 19.4% 19.2% 30.6% 14.8% 16.7% 16.4%

Indirect contact: other personnel 95 95 43 40 17 71 101 59 31 16 21 30 11 6 3 639

15.4% 14.2% 11.5% 14.9% 10.8% 18.7% 18.0% 18.8% 15.1% 11.0% 20.4% 19.9% 15.3% 11.1% 10.0% 15.6%

Indirect contact: small equipment 16 20 17 7 4 12 5 5 2 3 2 5 1 2 0 103

2.6% 3.0% 4.5% 2.6% 2.5% 3.2% 0.9% 1.6% 1.0% 2.1% 2.3% 3.7% 1.4% 3.7% 2.5%

Indirect contact: large facilities 54 53 23 19 6 33 31 16 6 3 6 16 11 3 1 281

8.7% 7.9% 6.1% 7.1% 3.8% 8.7% 5.5% 5.1% 2.9% 2.1% 5.8% 10.6% 15.3% 5.6% 3.3% 6.9%

Indirect contact: shared facilities 17 15 8 11 0 9 7 6 2 2 1 2 2 0 2 84

2.8% 2.2% 2.1% 4.1% 2.4% 1.3% 1.9% 1.0% 1.4% 1.0% 1.3% 2.8% 6.7% 2.1%

Herds per year 619 669 375 269 158 380 560 314 205 146 103 151 72 54 30 4105

PI, persistently infected; Unid, unidentified; WOS, window of susceptibility; AFN, apparent false negative; TI, transient infection.
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small number of animals born prior to January 1, 2013 without
a known status must also be tested and have a negative BVD test
result for trade purposes. Therefore, the risk of introducing a PI
animal is very low, although it may still happen if the animal has a
false-negative test. In the context of the Irish programme, an AFN
result occurs when an animal returns a positive or inconclusive
result having recorded a previous negative result. At the end
of 2020, a total of only 260 animals born between January 1,
2013 and December 31, 2020 had been identified as AFNs (14).
However, the disclosure of an AFN was recorded as a plausible
source of infection in 481 investigations. This discrepancy could
be due to a lack of understanding or a suspicion that an AFN had
been present in the herd during the WOS without one having
actually been identified. The identification of AFN animals is key
to remove all sources of infection in the investigated herds and
thus achieve the objectives of the investigation.

Trojan births were reported in 20.9% of investigations as a
likely source of infection. The role of Trojans in the epidemiology
of BVD in Ireland has been highlighted before. A previous
study that reviewed Trojan births in Ireland during 2013–15
found that over those years, the percentage of BVD+ birth
events attributable to Trojan dams increased each year, being
7.1% in 2013, 9.2% in 2014, and 10.6% in 2015 (9); and a
further study found the purchase of cattle including potential
Trojan cattle as one of the risk factors associated with the loss
of Negative Herd Status in 2017 (20). The relative importance
of Trojans has been considered to become more significant
as a programme progresses (32), which fits with the higher
proportion of infections due to Trojan births in the most recent
years. Where a Trojan damwas identified as a plausible cause of a
BVD+ birth, the source herd where the dam was located during
the WOS was identified to determine if a recognised source of
infection was present, triggering the required investigations in
the source herd. Where infection was not identified, suggesting
either a breach of biosecurity or the presence of an unidentified
source of infection, a separate investigation was assigned to the
source herd.

Transiently infected animals are considered a much lower
risk than PI animals but cannot be excluded (15). Following
transient infection, virus is typically shed at low levels and for
a short period (up to 14 days) (6, 25, 33). A key element of
biosecurity to minimise the risk of introduction of infection
through TI animals is the implementation of quarantine for at
least 4 weeks. Only 17.5% of herds had a quarantine policy
for introduced animals and of those, 13% did not apply it
to the animals introduced to the herd during the WOS. The
general lack of application of correct quarantine procedures
was reflected on the biosecurity recommendations, where the
implementation of good biosecurity practises around purchase of
cattle generally (avoid purchasing of pregnant animals, introduce
a closed herd policy, etc) and of quarantine (for at least 4
weeks, in a separate building or paddock etc) featured widely.
Furthermore, some PVPs suggested shorter quarantine periods,
indicating lack of consensus or best practise on this measure. This
general lack of understanding of the application of quarantine
measures has also been highlighted in previous studies (28,
34).

Prompt identification and removal of BVD+ calves are
critical to ensuring that optimum progress is made in the BVD
eradication programme. Previous Irish studies have shown that
retention of BVD+ calves into the breeding season increases the
likelihood of further PI births (17). Of the investigated herds,
15.7% reported a retained PI animal as the plausible source of
infection, with this being more frequent in beef (18.3%) than
dairy herds (12.4%). Retained animals were one of the key
challenges in the early years of the programme (14, 35). The
introduction of a series of measures has largely resolved this
issue, including graduated financial supports for their removal,
movement restrictions, ongoing programme communications
and the input of PVPs.

BVD virus can infect other ruminant species (sheep,
llamas, alpacas) and pigs (24, 36). Transmission between small
ruminants and cattle, both ways, has been demonstrated (37, 38).
BVDV has been detected in sheep in Ireland, but at a lower flock
and animal level prevalence than that seen in cattle, suggesting
that the main direction of transfer is from cattle to sheep rather
than sheep to cattle (39, 40). The low proportion of investigations
highlighting the presence of small ruminants as a plausible source
of infection agrees with findings from previous studies where
the presence of sheep was not associated with the herd having
virus-positive results (20, 22).

The plausible source of infection from outside of the
herd indicated most often was direct boundary contact with
neighbouring herds (30.7% of investigations). Contiguous spread
has been identified as a plausible transmission pathway in the
BVD eradication programme in Ireland, due to the highly
fragmented nature of land holdings on many Irish farms
(16). The density of BVD infection within 10 km of the herd
emerged as a significant factor associated with the loss of the
Negative Herd Status in 2017 for herds in the Irish programme
(20). While not indicating that herds were contiguous, the
density of infection provides an indication of the probability
of neighbouring herds being infected and, therefore, of the risk
that contact with neighbouring cattle may entail. A recent meta-
analysis of risk factors associated with BVD also found significant
higher odds for herds that share pasture or have direct contact
with cattle of other herds at pasture (11).

Indirect contact through the herd owner or personnel
was reported as a plausible source in 16.4% and 15.6% of
investigations, with differences between beef and dairy herds.
Beef herds reported a higher proportion of sources involving
the herd owner (17.4%) than personnel (13.9%), reflecting the
part-time nature of many beef enterprises. Conversely, dairy
herds reported a higher proportion of sources to personnel
(17.3%) than to the herdowner (14.1%), reflecting a more
business-like structure, where farm staff and a wide range of
professional service providers are more common. Even though
the role of indirect transmission is more difficult to demonstrate
and quantify, different studies have attempted to clarify its
impact on BVD transmission (7, 27). In the current study,
among people coming into contact with cattle, PVPs were
the visitors reported as having visited the farms more often.
Although veterinarians have been previously linked with a higher
probability of introducing BVDV (30), frequency of visiting alone
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is not enough to infer transmission as other biosecurity measures
such us cleansing and disinfection, changing of clothing, etc.,
will contribute to the control of infection, with these also being
assessed in each investigation and taken into consideration when
determining their plausibility as a source of infection. A study
into the BVDV-2 outbreak in Germany in 2012 found that the
virus was mainly transmitted by person contacts, and also by
cattle trade and vehicles (8).

The proportion of vaccinating herds was higher among dairy
(29.7%) than beef herds (18.5%), with these levels not changing
significantly throughout the years considered in this paper. 36.4%
of vaccinating beef herds and 25.8% of dairy used live vaccine.
This is in contrast with details of annual vaccine sales, obtained
through a market research company3, that showed that total
doses sold in Ireland have experienced a 32.2% decrease since
2016/17, with sales of inactivated vaccines predominating (14).
However, when the length of time in years that the vaccination
regimen has been in place is analysed, between 42.3 and 49.4%
of investigated herds through the years indicated they had been
vaccinating for <1 year, which is considered to reflect the
initiation of a vaccination regimen on the basis of the PVP’s
recommendation following the disclosure of the positive result.
Veterinary recommendation of live vaccine is also considered
to be the basis for the much higher proportion of usage in
investigated herds than generally. The finding that up to 25% of
investigated herds were vaccinating for over 5 years is a concern.
The birth of PI calves in these herds could reflect sub-optimal
storage, application or efficacy of vaccines, as well as the birth of
PI calves to Trojan dams.

Compliance with completion of investigations was generally
high from 2017 onwards, when they became compulsory.
Although a lower proportion of completed investigations were
recorded for 2020, at the time of writing, investigations from
herds that disclosed positive results at the end of the year were
still pending.

One of the limitations of the herd investigation framework
is the possibility of recall error in the herd owners’ responses.
Therefore, PVPs were encouraged to back up, as far as possible,
any findings with the data available in the programme’s database.
Nonetheless, the findings in terms of plausible sources in these
herds are validated by other studies which also highlight the
roles of introduced animals, Trojans, local PI density and
neighbouring herds (16, 20). Another limitation for applying
the findings more widely is that they are gathered specifically
in the context of BVD, from herds with positive or inconclusive
virus result(s). Nonetheless, this review highlights several areas
of weakness in biosecurity in these farms that the authors
consider to require attention more generally in terms of
minimising the risk of introduction of infectious diseases.

3www.kynetec.com

These include the frequent contact with neighbouring cattle
on farm boundaries, including break-ins/outs and herd owner,
personnel and visitors’ lack of personal biosecurity in terms
of disinfection and use of separate clothing before coming
into contact with the herd’s animals. Also, deficiencies in the
understanding and implementation of quarantine measures were
noted. While infrequent, general low levels of cleaning and
disinfection of borrowed equipment and shared facilities are also
important to note. These findings agree with previous studies
that have revealed low implementation of biosecurity measures
at farm level in other countries (41, 42).

The herd investigation framework described here provides a
structured approach to investigating BVD breakdowns. Although
it will not always be possible to identify plausible sources of
infection, the structured approach to investigating breakdowns
identifies the window of susceptibility for each dam that
produced a BVD+ calf and seeks to identify possible direct
or indirect means by which exposure could have happened
during this time. Even where the source is not definitively
identified, working through this process will identify weaknesses
in biosecurity and allow recommendations to correct these to be
made. While this herd investigation tool is focused on BVD, it
provides an overview of some of the biosecurity shortcomings
of the Irish industry. In addition, the implementation of
the biosecurity recommendations will typically produce wider
benefits in relation to improving or maintaining herd health.
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Within the European Union, infectious cattle diseases are categorized in the Animal

Health Law. No strict EU regulations exist for control, evidence of disease freedom, and

surveillance of diseases listed other than categories A and B. Consequently, EU member

states follow their own varying strategies for disease control. The aim of this study was

to provide an overview of the control and eradication programs (CPs) for six cattle

diseases in the Netherlands between 2009 and 2019 and to highlight characteristics

specific to the Dutch situation. All of these diseases were listed as C,D or E in the New

Animal Health Law. In the Netherlands, CPs are in place for six endemic cattle diseases:

bovine viral diarrhea, infectious bovine rhinotracheitis, salmonellosis, paratuberculosis,

leptospirosis, and neosporosis. These CPs have been tailored to the specific situation in

the Netherlands: a country with a high cattle density, a high rate of animal movements, a

strong dependence on export of dairy products, and a high-quality data-infrastructure.

The latter specifically applies to the dairy sector, which is the leading cattle sector in the

Netherlands. When a herd enters a CP, generally the within-herd prevalence of infection

is estimated in an initial assessment. The outcome creates awareness of the infection

status of a herd and also provides an indication of the costs and time to achieve the

preferred herd status. Subsequently, the herd enrolls in the control phase of the CP to, if

present, eliminate the infection from a herd and a surveillance phase to substantiate

the free or low prevalence status over time. The high-quality data infrastructure that

results in complete and centrally registered census data on cattle movements provides

the opportunity to design CPs while minimizing administrative efforts for the farmer. In

the CPs, mostly routinely collected samples are used for surveillance. Where possible,

requests for proof of the herd status are sent automatically. Automated detection of risk

factors for introduction of new animals originating from a herd without the preferred herd

status i.e., free or unsuspected, is in place using centrally registered data. The presented

overview may inspire countries that want to develop cost-effective CPs for endemic

diseases that are not (yet) regulated at EU level.

Keywords: disease control, sound control, endemic diseases, control programs, monitoring, surveillance, dairy,

beef
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INTRODUCTION

As opposed to notifiable cattle diseases listed as category A
or B, for cattle diseases listed in a lower categorization (C, D,
or E) such as bovine viral diarrhea (BVD), paratuberculosis,
infectious bovine rhinotracheitis (IBR), and salmonellosis, no or
limited EU regulation exists (referred to as non-EU regulated
diseases in the rest of this manuscript) (Regulation (EU)
2016/429). These diseases are often endemic and result in
substantial adverse cattle health. Additionally, presence of the
diseases results in reduced cattle welfare and increased labor
and costs for the farmer (1, 2). Moreover, concerns about
the zoonotic potential of Leptospira spp. (3), and Salmonella
spp. (4) have been a major driver to control the infections.
Thus, several European countries have implemented national
or regional surveillance, control, or eradication programs (5–
8).

In this manuscript, the term “Control Programs” (CPs) is
applied to programs that may lead to a free or unsuspected
(“low-risk”) status from a particular infection at herd level.

Because these programs bring tangible benefits to
participating farmers and the dairy processing industry,
development of and participation in CPs are strongly supported
by farmer organizations, dairy processors and the meat industry
(9, 10). The differences between programs in the various EU
member states also create difficulties for intra-community

trade, as trade may introduce infectious agents into regions
or herds where disease freedom has been achieved. The
difficulties relate to differences in infection statuses between
countries, differently designed disease CPs, and the lack of
agreed methodologies to assess and compare confidence
of freedom from infection in cattle that are being moved

between countries and regions. Although for non-regulated
infections no or limited regulations exist at European level,
an understanding of equivalence with respect to confidence in

freedom from infection is important when seeking to facilitate
interstate animal movements, whilst also managing the risk
of infection.

In 2018, a COST Action (European Cooperation in Science
and Technology) named SOUND-control was initiated that
stimulated development of methods that enable the comparison
of the output of heterogeneously designed CPs between countries
(www.sound-control.eu). As part of this COST Action each
of the 32 participating countries, including the Netherlands,
provided a comprehensive overview of the CPs in place for
non-regulated cattle diseases in their country. This information
will form the basis and guide the needs for an eventually
developed method to compare outputs of CPs in an objective and
uniform manner.

The aim of this paper is to describe the Dutch
CPs for six cattle infections i.e., bovine viral diarrhea
virus (BVDV), bovine herpes virus type 1 (BoHV-1),
Salmonella enterica subsp. enterica serogroup B and D
(Salmonella), Mycobacterium avium subsp. paratuberculosis
(Map), Leptospira serovar Hardjo (L. Hardjo) and
Neospora subsp. caninum (Neospora) between 2009
and 2019.

MATERIALS AND METHODS

Cattle Population and Definitions
For this study, all Dutch cattle herds that participate in the Dutch
Cattle Health Surveillance System (CHSS) (11) were included, at
present >98% of all cattle herds. Data on aspects such as milk
delivery and animal movements enabled us to assign a cattle herd
type to each individual herd:

1. Dairy herds: herds that deliver milk to dairy plants in the
Netherlands (Qlip laboratories, Zutphen, the Netherlands).

2. Suckler herds: These herds do not deliver milk and have more
than 20 cattle. The majority of animals (>80%) are cows and
annually at least one calf is born in these herds (Identification
and registration (I&R) data, Netherlands enterprise agency
Nederland (RVO), Assen, the Netherlands).

3. Young stock rearing herds: the majority of the cattle (>95%)
are female and younger than 2 years of age. The cattle enter
the herd at a young age (<3 months) and leave the herd before
first calving to a dairy herd (I&R data, RVO).

4. Beef herds: are defined as herds with calves (veal) or older
cattle (beef) that, in general, are exclusively moved off-farm
to go to slaughter. The majority (>80%) of the cattle are male
and in general no calves are born in these herds, and no milk
is delivered (I&R data, RVO).

5. Small scale holdings: herds that do not deliver milk to dairy
plants and with <20 cattle in total (I&R data, RVO).

6. Other herds: herds that do not fit into the above mentioned
criteria (<5% of all cattle herds). This group includes herds
with at least 20 head of cattle, that do not deliver milk, that
have no births and that do not meet the criteria for beef or
veal. This group mainly includes trading farms, herds that just
started or almost stopped and other small groups of herds (e.g.,
petting zoos).

Some CPs involve surveillance on bulk milk samples, which is
obviously only applicable to dairy herds. Other surveillance
strategies are based on individual test results and can
accommodate both dairy and non-dairy herds.

Description of Control Programs for Cattle
Diseases With No or Limited Regulation on
EU Level That Are in Place in the
Netherlands
Each of the CPs have been tailored to the specific situation in
the Netherlands, i.e., a country with high risk of introduction
and transmission of infections but also with a high data quality
at national level. This enables the use of standardized and
targeted sampling in CPs, such as bulk milk sampling (dairy)
and slaughterhouse sampling (non-dairy). Additionally, this also
enables use of routinely collected data for risk-based surveillance
and to support the coordination of the CPs. All six cattle diseases
with no or limited regulation on EU level for which CPs are in
place are endemic in the Netherlands, at varying prevalence’s of
infection (see Results section).

In general, three phases are distinguished when conducting
a CP, (i) initial assessment in which the (apparent or true)
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prevalence of infection in the herd is estimated as the starting
point for disease control, (ii) control phase in which actions are
initiated to eliminate the infection if present or to reduce the
prevalence if eradication is impossible and (iii) the surveillance
phase that monitors the achieved preferred disease status (free or
unsuspected depending on the disease) and take action when (re-
)introduction of the infection is detected. Within the CPs, herds
are assigned with one of six different disease statuses that are
defined as follows:

• Free: is achieved after whole herd screening without evidence
of infection (period differs depending on the disease) or after
a prolonged period of proof of an unsuspected status. More
information on the definition of the free status is described in
sections BVDV to Leptospirosis.

• Unsuspected: screening of a sample of animals in the herd
(e.g., bulk milk, sample of young stock or random sample of
cattle), yields no indication of infection.

• Suspended: evidence or action is needed to prove that the
herd is still free or unsuspected. The herd is within the
time frame that is set to deliver the requested evidence.
The herd needs to test cattle to prove that they are free of
infection (after introduction of cattle originating from herds
that are not classified as free or after lacking to provide
evidence of freedom within the standard terms set out in
the CPs), or have to prove that the herd is free of infection
again after reintroduction of the disease (and removal of the
infected animals).

• Unknown: the herd is a still participant in the CP but evidence
or action is needed to prove that the herd is still free or
unsuspected. The herd is outside the time frame that is set to
deliver the requested evidence.

• Infected: Presence of infection has been established.
• Controlled: actions are taken to eliminate the infection with

the aim to achieve the free or unsuspected status. These actions
test and cull, vaccination, or treatment and monitoring the
subsequent status. An example of this status “controlled” is the
“vaccinated” status for BoHV-1.

For BVDV, BoHV-1 and L. Hardjo the highest herd status that
can be achieved is the free status, although for BVDV and BoHV-
1 herds can also obtain an unsuspected status. For Salmonella
spp. the highest preferred health status that can be achieved in the
Netherlands is “unsuspected.” ForMap, the preferred herd status
is status A and status 10, which are equivalent to an unsuspected
(status A) or free status (status 10). For Neospora, herds cannot
achieve a free or unsuspected status and the only stages that
are recognized are “participating” or “not participating” in the
monitoring program. Each CP has its own aim and design
which is outlined below in more detail. Additional links to
detailed regulatory CP information for each included infection
are provided in Appendix 1.

BVDV
Bovine viral diarrhea virus (BVDV) is a member of the
pestiviruses and the causal agent of bovine viral diarrhea (BVD).
The virus can be transmitted both horizontally, leading to
transiently infected cattle (TI), and vertically. In transiently

infected cows, infections with BVDV may sometimes lead to
severe clinical signs (12, 13). Vertical transmission in the first
trimester of gestation can result in a Trojan cow (TR) that carries
a persistently infected calf (PI) (14). These PI cattle are the most
important source of virus transmission because they constantly
shed large amounts of virus (15).

In the Netherlands, up to 2018, a voluntary BVDV CP was
in place in which dairy and non-dairy herds could participate.
Since 2018, the CP was implemented on a national level while
its design was slightly modified. Since then, the Dutch dairy
sector (ZuivelNL, The Hague, The Netherlands) has required
dairy farmers to participate in this national program (at their
own expense). The aim of the national BVDV program is to
eliminate BVDV from dairy herds and prevent reintroduction of
the virus. For non-dairy herds, up to now, participation remains
voluntary. The beef and veal producing industry have committed
themselves to participate in the BVDV eradication in the coming
years. It is anticipated that non-dairy herds will seek to control
and eliminate BVDV and hopes are that the Netherlands will
eventually become BVDV free.

In the BVDV program, dairy farmers choose one of four
different routes to achieve the BVDV free status (Figure 1). These
routes differ in the duration to obtain the free status, but also
in costs and labor involved. Each route aims to detect BVDV
either directly by testing for virus or indirectly by testing for
antibodies against BVDV (16, 17). To support farmers in their
choice for a route it is advised (but not mandatory) to evaluate
the herd status by testing bulk milk and serum samples of five
young stock aged 8–12 months prior to enrolment in the CP.
The first route consists of two phases a control phase followed
by a surveillance phase. In the control phase all cattle in the
herd are screened for virus (utilizing serum of all non-lactating
animals and bulk milk followed by serum testing of all individual
lactating cattle in case of a positive bulk milk test result). If
persistently infected (PI) animals are detected, it is mandatory
to remove them. All calves born in the subsequent 10 months
are screened for the presence of BVDV by testing ear notch
samples or serum samples collected at >30 days of age. After
ten months of negative test results in newborn calves, the BVDV
free status is assigned. In the surveillance phase, the free status
is monitored twice a year by testing for antibodies in five young
stock between eight and twelve months old. Vaccinating herds
are recommended to select cattle that are not (yet) vaccinated
for the biennial antibody evaluation to prevent interference of
vaccination with the test results. In the other three routes, the
BVDV status is monitored by testing for antibodies in bulk milk,
antibodies in serum samples of young stock, or testing for virus
in ear notches. After 24–36 months (depending on the route)
without any indication of BVDV presence in the herd, the BVDV-
free status is achieved. When antibodies are detected in the bulk
milk or young stock route, herds are redirected to the route
“control virus and monitoring antibodies in young stock.” Non-
dairy herds that want to be classified as BVDV free can follow the
route “control virus and monitoring antibodies in young stock”
or the route “ear notch testing.”

In all routes the risk of purchase of cattle from herds without a
BVDV free status is monitored. More information on this can
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FIGURE 1 | Graphical overview of the national BVDV control program in the Netherlands that was implemented in 2018. PI, Persistently infected animal.

be found in section Management and coordination of disease
control programs.

BoHV-1
Bovine herpes virus type 1 (BoHV-1) is the causal agent
of infectious bovine rhinotracheitis (IBR), infectious pustular
vulvovaginitis (IPV) and infectious pustular balanoposthitis
(IPB). Infection with BoHV-1 in cattle can occur sub clinically
but can also lead to severe respiratory symptoms and abortion
(18). Seropositive cattle remain latently infected throughout their
lives and stress can induce virus reactivation and intermittent
excretion of the virus, resulting in continuous risk of spread to
susceptible cattle (19, 20). Purchase of cattle and direct contacts
between cattle from different herds are the major risk factors for
reintroduction of BoHV-1 (21).

Since 2018, a national BoHV-1 CP was implemented in the
Netherlands after more than 17 years of having a voluntary CP
(16). Since then, the dairy processing industry (ZuivelNL, the
Hague, the Netherlands) have required all Dutch dairy herds to
control BoHV-1 in their herds. For non-dairy herds, participation
in the CP remains voluntary. Participating farmers pay for the
costs of the CP. The aim of the national BoHV-1 CP is to
control and subsequently eliminate BoHV-1 at herd level and to
eventually achieve a BoHV-1 free dairy cattle sector.

Prior to enrollment of participation in the BoHV-1 CP, it is
advised to start with a herd screening by conducting a BoHV-
1 gE-antibody test in bulk milk (in dairy herds) or individual
serological screening for antibodies in a sample of at least three
cattle (the oldest ones) in non-dairy herds. In dairy herds, this
initial screening can result in two outcomes: more than 10% of
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the cattle is gE-antibody positive, or at most 10% of the cattle
is antibody positive. In non-dairy herds this initial screening
only provides a rough indication whether BoHV-1 is present in
the herd and whether it is best to enroll in the CP or to start
vaccinating. Sampling the oldest three cattle in non-dairy herds is
based on the observations that BoHV-1 has a high transmission
value in a susceptible herd, and a new introduction will generally
result in a major outbreak with at least 70% antibody positive
cows (22, 23). A sample of three animals should be sufficient
to detect this level of transmission in the herd. Additionally,
infected cattle remain antibody positive throughout their lives.
When the oldest cows test antibody negative, it is likely that the
virus has not spread for a substantial period.

When there is indication that more than 10% of the cattle is
gE-antibody positive, removal of all antibody positive cattle will
often not be feasible given the high costs involved, and the herd
is advised to move to the vaccination route. In this route, the
veterinarian vaccinates all cattle in the herd≥3 months old twice
a year with a gE-negative marker vaccine. In the Netherlands,
only gE-negative marker vaccines are allowed to be used for
BoHV-1. A declaration of vaccination is sent by the veterinarian
to the CP’s coordinator (Royal GD), and the vaccinated status
is assigned. Control of the infection by vaccination will prevent
major BoHV-1 outbreaks in the herd (24) and (25). Subsequently,
over time the gE-positive cattle will be culled and replaced
by gE-seronegative young stock, which will result in a slow
disappearance of cows with gE-antibodies and thus in a reduction
of gE-antibodies in bulk milk. Therefore, annual screening of
bulk milk for antibodies is advised. When there is an indication
that the gE-antibody level has decreased to at most 10%, the
farmer can opt to change to the route in which a BoHV-1
unsuspected or BoHV-1 free status can be achieved (Figure 2).
When <10% of the cattle is gE-antibody positive, two routes can
be followed to achieve a BoHV-1 free status.

The first route “bulk milk route,” involves bulk milk
monitoring, which takes at least 2 years. In this bulk milk route,
bulk milk is screened for antibodies against BoHV1 gE. When
no antibodies are found, the herd receives the status BoHV-
1 unsuspected and enters the surveillance phase in which the
bulk milk is screened on a monthly interval for the presence of
antibodies. After 24 months of antibody negative results, the herd
can opt to be classified BoHV-1 free. To obtain this status, all
cattle of 6 years and older as well as cattle that were introduced
in the herd after the initial assessment of the CP have to be
individually screened for BoHV-1 antibodies. If no gE-antibodies
are found the herd receives a BoHV-1 free status that will again
be monitored by monthly bulk milk antibody testing (Figure 2).
Any antibody positive cattle have to be removed from the herd,
and thereafter the BoHV-1 free status must be substantiated by
testing bulk milk in dairy herds 4–8 weeks later. The second
route “Initial screening, elimination of infection and monitoring
through bulk milk,” is costlier but faster. When a herd (dairy
or non-dairy) starts to participate in the route in which herds
are fully screened to receive a BoHV-1 free status within a
short period, all cattle ≥12 months old are serologically screened
for antibodies against BoHV-1. When calves (<12 months old)
originating from a herd without a BoHV-1 free status are present,

all cattle >7 days old have to be serologically screened. Any
antibody positive cattle will be removed from the herd. If a
subsequent sample of cattle 4–8 weeks later yields negative test
results, the BoHV-1 free status is assigned. This status will be
monitored by monthly testing in bulk milk in dairy herds or by
slaughterhouse surveillance in non-dairy herds where, depending
on the herd size and frequency of sending cattle to slaughter, one
to six cattle are selected for BoHV-1 antibodies at slaughter per
year (Figure 2).

In the CP, the risk of purchase of cattle from herds without a
BoHV-1 free status is monitored as are cattle that show clinical
signs that may be indicative of a BoHV-1 infection, such as
respiratory symptoms or abortion. In the CP these cattle have
to be tested for presence of BoHV-1 antibodies or virus in case
of respiratory symptoms and if present subsequent actions need
to be taken. Further details can be found in section Management
and coordination of disease control programs.

Leptospirosis
Leptospirosis in cattle is a zoonotic infection that is
predominantly caused by Leptospira interrogans serovar
Hardjo type prajitno and Leptospira borgpetersenii serovar
Hardjo type bovis (26). In the Netherlands, serovar Hardjo type
bovis has been described in both cattle (27–30) and cattle farmers
(31) and is referred to as L. Hardjo in the remainder of this
paper. Generally, L. Hardjo enters the body through the mucous
membrane of eyes, nose, uterus, or mouth. Transmission of the
bacteria mainly occurs through urine or with urine contaminated
feed or water from infected cattle (32). Once infected, animals
often become carriers that intermittently excrete the bacteria
into the environment and therefore are a source of infection
for other animals (33). Infection of L. Hardjo in cattle may
evolve without any clinical signs but can also lead to loss of milk
production, abortions and reproductive problems (34, 35). In the
Netherlands, currently, no vaccines are registered for L. Hardjo
and vaccination is therefore not part of control of the infection.

Because L. Hardjo caused clinical disease in farmers in the
Netherlands in the nineties, a CP was developed in 1994. Since
2005, the Dutch dairy sector demands a L. Hardjo free status
for dairy herds delivering milk in the Netherlands. For non-
dairy herds, participation in the CP is voluntary. A graphical
overview of the CP is presented in Figure 3. At enrolment in
the CP, all cattle ≥12 months old in the herd are tested for
antibodies against L. Hardjo (36). In herds with introduction
of cattle from non-free herds in the previous year, the calves
>7 days old are also tested. If no antibodies are detected,
the herd is classified as L. Hardjo free. When antibodies are
detected, the antibody positive animals must be removed. Four
to eight weeks later, either a bulk milk sample or serological
samples of young stock are tested (depending on the age of
the removed cattle), to check the L. Hardjo status of the dairy
herd. When antibody positive cattle are detected during this
second evaluation, there is confirmation that there is an active
L. Hardjo infection in the herd. In non-dairy herds a sample of
contact animals is tested 4–8 weeks after removal. When active
circulation with L. Hardjo is detected, treatment of all cattle in
the herd with dihydrostreptomycin (25 mg/kg I.M.) is advised.
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FIGURE 2 | Graphical overview of the national BoHV-1 control program in the Netherlands that was implemented in 2018.

After treatment, the herd status is changed into “controlled”
and the dairy processors determine how long the farm can
deliver milk under this status. To survey for transmission in
treated herds, every 6 months a seronegative sentinel group
of animals ≥2 years old are serologically examined for L.
Hardjo antibodies.

After the L. Hardjo free status is assigned to a dairy herd this
status is monitored every 4 months through antibody evaluation
of bulk milk. In non-dairy The L. Hardjo free status of non-dairy
herds is monitored through antibody testing of sera collected at
slaughter. The frequency of testing at slaughter varies between
one and six cattle per year, depending on herd size, on- and
off-farm movement patterns, and slaughter frequency.

The risk of introductions of cattle from herds without a L.
Hardjo free status is controlled by serology testing of introduced
cattle. Additionally, farmers are obliged to submit samples of
aborting cattle to evaluate the presence of L. Hardjo. More
information on the logistics involved in controlling these risk
factors can be found in section Management and coordination
of disease control programs.

Salmonellosis
Salmonella enterica subsp. enterica infections (Salmonella spp.)
are of concern to the cattle industry as cause of economic and
welfare losses in infected herds and as risk of zoonotic infection
(37, 38). The most prevalent serogroups in Dutch dairy cattle are
serogroups B (including serovar Typhimurium) andD (including
serovar Dublin) (39).The common route of transmission between
cattle is fecal-oral infection, and consequently contamination of
the environment, feed and water play an important role in the
epidemiology (40). Due to differences in herd management, a
large variation was observed in the rate of transmission within
herds (41). Introduction of cattle or slurry from other herds are
important routes of transmission of the infection between herds
(37, 42–44). Both herd management and culling of persistently
infected Salmonella spp. carriers play an important role in the
control of the infection in infected herds (40, 45).

A voluntary CP for Salmonella spp. in Dutch cattle herds
(both dairy and non-dairy herds) was initiated in 2000 by Royal
GD to enable low-risk trade of cattle between herds, to alert
farmers to a Salmonella spp. infection in their herd, and to
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FIGURE 3 | Graphical overview of the L. Hardjo-control program in the Netherlands that was implemented in 1994.

reduce human exposure to Salmonella spp. (43). Testing sera and
bulk milk samples by ELISA for antibodies against Salmonella
spp. serogroups B and D plays an important role in the initial
assessment and surveillance phases of the programme. In 2020,
the CP was slightly modified and the initial assessment in dairy
herds now consists of testing bulk milk samples at 4-month
intervals. The initial assessment in non-dairy herds consists of
testing sera of the 10 youngest cattle over 90 days of age that have
been present in the herd for at least 70 days. With this number,
the negative predicted value was estimated at 94% (95% CI: 91–
96%, unpublished data), when a design within-herd prevalence

of 0.1, a diagnostic Se of 94.4% (95% CI: 72.7–99.9) (46) and
a test Sp of 99.3% (95% CI: 97.7–99.7) (47) were used. The
threshold of 90 days old is used to avoid interference of maternal
antibodies and cattle have to be present in the herd for at
least 70 days to ensure that the test result is indicative for the
Salmonella spp. status of the current herd. Test-negative herds
are assigned the status Salmonella spp. unsuspected. Surveillance
of unsuspected herds consists of testing bulk milk samples at
4-month intervals (dairy herds) and twice a year testing of
sera of the 5 youngest cattle over 90 days of age that have
been present in the herd for at least 70 days (non-dairy herds).
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Additionally, risk based surveillance is applied by surveillance
for any positive test results of samples submitted from the herd
from potential clinical cases (including serology of any aborting
cattle and bacterial cultures from post mortem samples and
feces) and serological testing of any cattle introduced from herds
without an unsuspected status. Positive test results in any of
the routes result in suspension of the unsuspected herd status
until follow up testing shows that the infection is no longer
spreading. Infected herds are advised to control the infection by
preventive management measures and identification and culling
of Salmonella spp. carriers (45).

In 2009, the Dutch dairy processing industry (ZuivelNL,
The Hague, The Netherlands) implemented a mandatory CP
in addition to the pre-existing voluntary CP. The aim of the
mandatory CP is to reduce the Salmonella spp. prevalence in
the dairy processing industry (Figure 4). Like the voluntary CP,
this mandatory CP involves bulk milk screening for antibodies
focused on detection of Salmonella spp. serogroups B and D at
4-month intervals. Based on the bulk milk results (antibodies
detected or not detected), herds are classified in one of three
categories. Consistently bulk milk antibody negative herds are
classified as Level 1. Herds with at least two subsequent antibody
positive bulk milk results are classified as Level 2. Herds in which
antibodies are detected in at least four out of the five most recent
bulk milk evaluations are classified as Level 3. Level 2 and 3 herds
are obliged by the terms of delivery of their dairy processor to take
control efforts. These efforts range from either a risk assessment
or participation in the voluntary CP of Royal GD at Level 2,
to an annual mandatory action plan including both preventive
management measures and identification and culling of active
Salmonella spp. carriers at Level 3. Herds that are assigned Level
3 for more than 3 years are obliged to seek advice of one of
five specifically trained veterinarians during a herd visit before
drawing their next action plan. At this stage, the dairy processors
closely monitor the efforts of the farmer, to ensure that the drawn
action plan is followed through.

Paratuberculosis
Paratuberculosis (or Johne’s disease) in cattle is an infectious
disease caused by Mycobacterium avium subsp. paratuberculosis
(Map). The disease is widespread world-wide and causes
significant economic losses (48–50). The infection in cattle is
chronic and slowly progressive and often remains restricted
to the intestinal tract. Clinical signs include diarrhea, weight
loss, reduced milk production and fertility and eventually
mortality (6).

Concerns about the zoonotic potential of Map are the major
driver to control Map in cattle populations worldwide. In 1997,
Royal GD developed a plan to eradicate paratuberculosis in the
Netherlands (51). This resulted in the initiation of the voluntary
Intensive Paratuberculosis Programme (IPP) aiming to eliminate
the infection from known infected herds, reduce between-herd
transmission and enabling low-risk trade of cattle between herds
(51–53). In addition to this CP, in 2006, a Milk Quality Assurance
Programme (MQAP) (54) was started on a voluntary basis which
became mandatory for Dutch dairy herds from 2010 on (55). The

aim of this MQAP is to reduce the concentration ofMap in milk
delivered to the milk processors.

In the MQAP, herds are assigned a status based on herd
examinations consisting of individual testing of either all
lactating cattle or all cattle over 3 years of age for presence
of antibodies against Map (Figure 5). If all individuals are test
negative, status A status is assigned (low risk herd). If antibody
positive cattle are detected farmers can opt to confirm these
results by fecal PCR-assay or culture. If all positive cattle are
removed from the herd, status B is assigned. If any positive
cattle are retained, the herd is assigned status C. Herds with
status C, are eventually no longer allowed to deliver milk to
dairy processors in the Netherlands. Herd examinations are done
annually (status B and C) or biennially (status A). Herds with
status A can introduce cattle from other herds with status A or
an unsuspected status in the IPP without restrictions. Adult cattle
introduced from herds with a lower or unknown status must pass
a serum-ELISA test with a negative result (56).

As an alternative to participation in MQAP, farmers can
participate in the IPP. The IPP describes 6 classifications for
herds, with increasing confidence of freedom from infection (51–
53, 57). The IPP distinguishes an initial assessment (status 5–9)
and a surveillance phase (status 10, also known as “Map free”). At
enrolment the herd is assigned status 5 and all cattle over 3 years
of age are tested by serum antibody ELISA followed confirmatory
fecal culture or PCR assay. If the screening is negative, the herd
progresses to status 6. Subsequent annual herd examinations
consist of culture or qPCR of pooled fecal samples of all cattle
over 2 years of age (58). Annual progression from status 6–
10 occurs with each negative herd examination. Surveillance
of status 10 herds is done by biennial herd examinations. Any
positive test result means loss of the herd status. Herds in IPP can
only purchase cattle from herds with equal or higher certification
status. If cattle are purchased from a herd with a lower status, the
herd status is reduced. More detailed information on the MQAP
and IPP is provided in Whittington et al. (6) and Geraghty et al.
(59). Given that only a small proportion of herds participate in
the IPP (<2% of the herds at present), we will focus on theMQAP
in the remainder of this paper.

Neosporosis
Neospora subsp. caninum (Neospora) is an apicomplexan
protozoon, an important cause of abortion in cattle worldwide
(60). Horizontal transmission of Neospora in cattle occurs
through ingestion of feed contaminated with fecal oocysts
shed by infected dogs and in dogs through the ingestion of
infected bovine placentae (61, 62). However, the main route
of transmission in cattle is vertically from cow to calf during
gestation from congenitally infected cows transmitting the
infection to their offspring (63). Infections with Neospora are
known to be associated with abortion storms which can result in
significant losses for farmers.

In 2003, Royal GD developed a voluntary Neospora CP for
dairy herds, aiming to control neosporosis and to reduce the
associated reproductive losses. The CP consists of routinely
antibody screening of bulk milk at 4-month intervals and
serological antibody screening of aborting cattle. When

Frontiers in Veterinary Science | www.frontiersin.org 8 August 2021 | Volume 8 | Article 670419249

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Santman-Berends et al. Dutch Cattle Disease Control Programs

FIGURE 4 | Graphical overview of the national Salmonella spp. control program (ZuivelNL, the Hague, the Netherlands) and the voluntary Salmonella spp.

unsuspected control program (Royal GD, Deventer, the Netherlands) in the Netherlands that was implemented in 2009.

antibodies are detected a follow-up screening is conducted
(Figure 6). The aim of the follow-up screening is to get an
overview of the transmission route i.e., age-clustering and the
serological status of a family line, the within-herd seroprevalence,
and the time frame in which post-natal infection may influence
the infection status of individual animals. Based on these more
detailed results of the within-herd status the farmer and his/her
veterinarian develop a tailored plan to control Neospora in the
herd (Figure 6). Specific aspects that should be considered in the
control of Neospora beside specific dog management practices
include culling of seropositive (aborting) cows, culling of heifer

calves born from seropositive dams, testing of purchased cattle,
use of semen from beef bulls for seropositive cows and sexed
semen on seronegative cows. In case of genetically valuable
seropositive cows it is advised to apply embryo transfer and use
seronegative donor animals.

Management and Coordination of Disease
Control Programs
In the Netherlands, a good quality infrastructure is present for
collecting bulk milk samples (quality control for milk), individual
milk samples (collected for milk production registration)

Frontiers in Veterinary Science | www.frontiersin.org 9 August 2021 | Volume 8 | Article 670419250

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Santman-Berends et al. Dutch Cattle Disease Control Programs

FIGURE 5 | Graphical overview of the mandatory Milk Quality Assurance Program for paratuberculosis (Royal GD, Deventer, the Netherlands) in the Netherlands that

was initiated in 2006.

and routine collection of data. These samples and data can
automatically be used in support of the CP with informed
consent of the farmer, which is obtained at enrolment in the
CPs. Using routinely collected samples and data, the CPs carried
out in the Netherlands are labor sparing and cost-efficient. All
programs are managed by one organization (GD) with a large
commercial veterinary laboratory. This lab is accredited by the
relevant authorities, as well as all diagnostic tests used for the
CPs. In some cases, diagnostic results from other labs are also
allowed in the CPs. These labs are on a list and accredited
by the national reference institute (WBVR). The labs can use
their own in-house or commercial kits and WBVR assures
with proficiency tests that diagnostic test validity is comparable
between the labs.

Data is routinely collected in an objective and standardized
way on a national level, enabling optimization, and
automatization of processes within the CPs. For coordination of
all control efforts, cattle movement data from the identification
and registration system (I&R database, RVO, Assen, the
Netherlands) is combined within automated Certification
Coordination software Programs (CCP) that evaluate whether
the herd meets all criteria set by the CP. When results are needed
for all or a sample of cattle, the CCP automatically consults the
I&R database to determine for which cattle at what moment a test

result is needed and both farmer and veterinarian are notified
accordingly. Notification is done by regular mail and through
email. When the subsequent samples are submitted and the
laboratory test results become available, the CCP automatically
processes the test results in the CP, adapts the status if needed
and informs farmers and veterinarians of the result and the CP
status by either mail or email.

In the BVDV, BoHV-1, L. Hardjo, Salmonella spp.
(unsuspected CP) and Map (IPP as well as MQAP) programs,
any introductions of cattle into participating herds are identified
real-time using data from the national I&R database, in which
all cattle movements are recorded. This information is processed
by the CCP software within a day and an observation status is
assigned to the herd if the herd of origin had a lower herd status.
Subsequently the farmer and veterinarian are notified if removal
or testing of the introduced cattle is required.

In CPs for BVDV, BoHV-1, L. Hardjo, Salmonella spp. and
Neospora bulk milk samples are tested. These bulk milk samples
are routinely collected at the time of on-farm collection of milk
by the dairy processors and tested for milk quality purposes at
Qlip laboratories (Zutphen, the Netherlands). If a dairy farmer
enrolls in a CP in which bulk milk testing is part of the intake,
control or surveillance phase, an automated request is sent to
Qlip to forward a bulk milk sample to Royal GD for testing. The
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FIGURE 6 | Graphical overview of the voluntary neosporosis control program (Royal GD, Deventer, the Netherlands) in the Netherlands that was implemented in 2003.

farmer receives the test result automatically without having to
take any action.

For CPs where risk-based testing of aborting cows is included,
the CCP detects samples of aborting cattle that are submitted
for mandatory brucellosis surveillance. When a herd participate
in the CP for BVDV, BoHV-1, L. Hardjo, Salmonella spp. or
Neospora samples are automatically screened for presence of
these infections.

Quantifying the Effects of Control
Programs
Prevalence Surveys
Since 2004, the Dutch cattle industry monitors the prevalence of
endemic cattle diseases based on antibody or virus testing. Every
2 years, the cattle industry decides on a number of non-regulated
cattle diseases to include in a biennial prevalence survey. The
presented survey results represent the apparent prevalence which
are referred to as “prevalence” in the remainder of this paper.

Diseases to be included in the survey are selected based
on relevance to the industry with regard to costs, impact on
animal health and welfare, public health andmonitoring progress
of control efforts. The selected diseases and herd types for

the prevalence surveys also depend on the participation in the
CPs i.e., when the participation rate of the CP approaches
100%, a dedicated prevalence survey is not relevant as the data
gathered in the CPs provide sufficient information to assess
disease prevalence.

For BVDV, BoHV-1, L. Hardjo, Salmonella spp, and Map,
herds were screened for the presence of antibodies. Two-
stage sampling is applied, and the sample size was determined
using WinEpiscope 2.0 (64). For sample size calculation to
determine the herd prevalence, an assumption has to be
made for the expected herd-level prevalence. If available,
the expected prevalence is based on a prevalence estimate
from an earlier study. When no former prevalence estimates
are available, a 50% herd-level prevalence was assumed,
leading to the highest number of herds to be sampled.
Additionally, the level of confidence and acceptable error
around the herd-level prevalence estimate has to be included
in the sample size calculation. In our prevalence surveys
the confidence level is set at 95% and the acceptable error
at 5%.

For detection of infection within a herd, either bulk milk
screening or individual serological screening was applied. In the
case of individual screening, an expert opinion-based assumption
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was made for the expected within-herd prevalence in infected
herds to calculate the number of animals to be sampled. For
BVDV, BoHV-1, L. Hardjo and Salmonella spp, a within-herd
prevalence of more than 50% in the target population was
assumed when an active infection was present, and five random
animals from the target group were sampled per herd. For Map
all cattle ≥3 years old were sampled to enable detection of a low
within-herd Map prevalence. The herd target population differs
depending on the infection and includes the cattle population
in which it is most likely to detect an active infection if present
(risk-based). For BoHV-1 and L. Hardjo, the target population
includes cattle ≥2 years old. For BVDV, the target population
included calves between 8 and 12 months of age, which are tested
for presence of antibodies indicative for BVDV transmission in
the herd. For Salmonella spp. calves in the age of 3–6 months
were included as target population. The sampling process is
described in more detail in Veldhuis et al. (65) and Veldhuis
et al. (66).

Neospora was not included in the prevalence surveys.
Therefore, the evaluation of the infection pressure over time was
based on post mortem and serological testing of aborting cattle
conducted at Royal GD between 2004 and 2019. The percentage
of all aborted fetuses submitted for post mortem examination
and serum samples of aborting cows in which Neospora was
diagnosed as the most likely cause for abortion is monitored on
a quarterly basis in the CHSS. For this study, the results obtained
since 2004 were summarized.

Association Between a Favorable Herd Health Status

in a CP and Mortality
The CHSS has been in place since 2002 and consists of
several surveillance components that combine enhanced passive
reporting, diagnostic and post-mortem examinations, random
surveys for prevalence estimation of endemic diseases, and
quarterly data analysis (11). The aim of the data-analysis
component, which is called the Trend Analysis Surveillance
Component (TASC), is to monitor trends and developments in
cattle health using routine census data. An important parameter
in the TASC is cattle mortality. Each quarter of the year, multiple
key indicators that describe mortality in cows and several age
groups of calves are analyzed using population-averaged Poisson
regression models (11). The description of the key indicators,
definition, and calculation method of mortality can be found
in Santman-Berends et al. (67). Besides the trend in time, the
association betweenmortality and several herd characteristics are
evaluated such as herd size, location, purchase, milk production,
antimicrobial usage, and herd health status. For dairy herds,
the association between the herd health status and mortality
were evaluated for four infections (BVDV, BoHV-1, Salmonella
spp., and Map) between 2015 and 2019. For suckler herds, the
association betweenmortality and the herd health status for three
infections (BVDV, BoHV-1, and L. Hardjo) was assessed in the
same period. Given the large sample of included herds (more
than 98% of the total number of cattle herds), only associations
with a P < 0.01 were presented as significant. Interaction terms
were not evaluated.

RESULTS

Characteristics Dutch Cattle Population
In 2019 there were 34,316 cattle holdings in the Netherlands,
of which 45% were dairy herds, 33% are small scale holdings,
9% were suckler herds and 14% were other types of cattle herds
(Table 1). The herd size differed significantly between herd types
and ranged from, on average, five cattle in small-scale herds
to on average 642 calves in veal producing herds (Table 1).
Whereas, suckler herds show a seasonal calving pattern, with
most calvings occurring in spring time, seasonal calving is
generally not observed in Dutch dairy herds. Therefore, a rather
constant amount of milk is produced by dairy herds year round.

The herds are located throughout the country, with the
highest densities in the Northern and South-Eastern part of
the Netherlands (Figure 7). Overall, the cattle density in the
Netherlands (>4 million cattle on 41,526 km2 i.e. on average
96 cattle/km2, (68), can be classified as high compared to other
European countries (68).

There is a high rate of animal movements, both between
herds in the Netherlands and with herds in other countries. The
Netherlands is one of the countries with the highest number of
imported and exported cattle in Europe (69), with more than
750,000 imported and more than 300,000 exported cattle per
year. Of the imported cattle, more than 95% are young calves (<1
month of age) imported by the veal producing industry, which
are housed indoors and are only moved off-farm to go to another
veal producing herd or to slaughter. Animal movements result
in a high risk for the introduction and transmission of diseases
between herds, and can have a major impact (21, 43, 70, 71).

Disease Control Programs
Participation Rates in Dairy Herds
During the last decade, the participation rates for five out of
six CPs increased toward almost 100% in dairy herds, following
an obligation to participate in these CPs by the Dutch dairy
processing industry. For L. Hardjo, farmers deliveringmilk to any
Dutchmilk processing plant were obliged to be classified as “free,”
which is reflected by 97–98% L. Hardjo free dairy herds each
year of the studied period (source: CHSS). The remaining herds
were mostly in the temporarily observational status because of
purchase from a herd without a free status (non-dairy herd or
import). Inmost cases these herds are in fact also free of infection.
In the CP’s on the other four infections, herds are either classified
as having the highest health status i.e., free or unsuspected, or
farmers are in the process of obtaining these statuses, hence
have to act to achieve the highest health status. Even though the
participation rate in dairy herds was close to 100%, the infections
are still endemic, and there were still herds in the process of
eradicating these infections from their herds.

For Map, ∼80% of the Dutch dairy herds were assigned a
preferred herd status (status A in MQAP or 6-10 in IPP). In the
last decade, this proportion hardly changed. The other 20% of the
herds had antibody positive cattle (status B or C) that have to be
removed. From the start of the mandatory CP for Salmonella spp.
until 2017, ∼90% of the herds had bulk milk antibody negative
results. Since 2018, additional actions have been taken to guide
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TABLE 1 | Number of cattle herds and average herd size per cattle herd type in the Netherlands in 2019.

Herd types Number of herds Average herd size (total number of cattle) Herds with introduction of cattle in 2019

Dairy herds 15,550 157 (103 cattle ≥2 years) 1 or 2 cattle: 9% >2 cattle: 43%

Suckler herds 3,089 60 (30 cattle ≥2 years) 1 or 2 cattle: 19% >2 cattle: 44%

Beef herds 933 100 ≈100%

Veal herds 1,776 642 ≈100%

Young stock rearing herds 1,799 58 ≈100%

Small scale farmers 11,169 5 1 or 2 cattle: 20% >2 cattle: 33%

FIGURE 7 | Distribution of the density of dairy and non-dairy herds per 2-digit postal code area in the Netherlands in 2019. Light blue indicates a low herd density and

dark blue indicates a high herd density.

farmers where there is evidence of ongoing infection from bulk
milk monitoring. This has been associated with an increased
proportion of herds classified as unsuspected [on average 96.2%
per measurement in 2019 (Figure 8)].

For BVDV and BoHV-1, the mandatory CPs have been in
place since 2018 for dairy herds. From 2015 onwards, when
initiatives were taken to develop national CPs for these two
infections, voluntary participation rates and the proportion of
herds classified as free already started to increase. Following
the implementation of the national CP in dairy herds, the
proportion of herds classified as BVDV free has increased further
to almost 65% at the end of 2019. For the remaining 35%
of herds, eight percent were classified as unsuspected, and the
remaining 27% were in the process of achieving official free or
unsuspected status. Some of these herds may not necessarily have
had circulation of BVDV, given that it takes at least 10 months
to obtain a free status. This period depends on the chosen route

to become BVDV free and the BVDV infection status of the
herd. At the end of 2019, the proportion of dairy herds with a
BoHV-1 free status was 51%. A further 25% had an unsuspected
status based on regular antibody-negative bulk milk tests. The
remaining herds are vaccinated.

The monitoring program for Neospora does not aim to
eliminate the infection from the herd but aims to monitor the
status and provide insights into whether the herd is at risk for
Neospora related abortion problems. The participation rate in this
voluntary program showed a slight increase from 26% in 2015 to
29% of the Dutch dairy herds in 2019 (Figure 8).

Participation Rates in Non-dairy Herds
Non-dairy herds can participate voluntarily in five CP (there
is no CP for Neospora available for non-dairy herds), but the
CP participation rates for Salmonella spp. and Map are below
five percent. In the other three CPs, for BVDV, BoHV-1 and L.
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FIGURE 8 | Dutch dairy herds with a free (BVDV, BoHV-1, L. Hardjo) or unsuspected (Salmonella spp., Map) status, or that participate in the Neospora monitoring

program between 2009 and 2019.

Hardjo, the highest participation rates in non-dairy herds were
observed in suckler herds and exceeded 10% in this herd type in
2019. The participation rates in young stock rearing farms are
associated with the participation of dairy herds given that the two
sectors were linked to each other. Participation rates in CPs by
other herd types were negligible.

Most suckler herds that participated in the CPs for BVDV,
BoHV-1 or L. Hardjo were classified as free. Therefore, the
proportion of herds with a free status was similar to the
proportion of herds that participated in the CP, meaning
that herds that were not classified as “free” generally did not
participate in the CP and had an unknown infection status.
Reasons for farmers not to participate were often unrelated to the
infection status of the herd.

For L. Hardjo, a steady decrease in the proportion of
herds that participate and are subsequently classified as free
was observed throughout the study period (Figure 9). This
proportion decreased from 60% in 2009 to 37% in 2019. For both
BVDV and BoHV-1, the proportion of participating free herds
between 2009 and 2015 stayed the same. From 2015 to 2019 the
proportion of herds participating in the CP for BVDV and BoHV-
1 that were classified as free increased: from four to eleven percent
for BVDV and from sixteen to twenty percent for BoHV-1.

Change in Disease Prevalence Since the
Implementation of Control Programmes
Decreasing Prevalence in Dairy Herds
For three out of six infectious diseases, regular prevalence surveys
were available in the Netherlands. For L. Hardjo no survey was
conducted given that almost all herds were classified as “free.”

For Salmonella spp., the prevalence showed an increase between
the first survey in 2004 and 2010 (Figure 10). The most recent
survey was done in winter 2009–2010, just after the start of the
national control program, and showed that 13.5% (95% CI: 9.6–
18.2) of the Dutch dairy herds were antibody positive. Thereafter,
the infection status of each herd was monitored in the program
and provided continuous information of the Salmonella spp. herd
prevalence on a national level and made the bi-annual survey
for Salmonella spp. superfluous. From 2009 on, the average
percentage of herds in which antibodies against Salmonella spp.
were detected in the national CP are presented and indicate
a decrease in Salmonella spp. prevalence since the start of the
national CP (Figure 10).

For BVDV and BoHV-1, the national herd-level prevalence
in dairy herds decreased over time with increasing participation
rates (and increasing numbers of herds classified as free or
unsuspected) in the voluntary control programs (Figure 10).
At the first survey in 2004, 26% (95% CI: 19.9–32.4%) of the
herds had an indication of BVDV circulation. This percentage
declined to 8.7% (95% CI: 5.2–13.7%) in the most recent survey
in 2016. The prevalence of BoHV-1 also decreased, which was,
however, not as marked as BVDV. In 2004, 19.5% (95% CI:
14.2–25.7%) of the Dutch dairy herds tested BoHV-1 antibody
positive. In the most recent survey in 2016, 15.6% (95% CI:
12.6–19.1%) of the Dutch dairy herds still had antibodies. Since
the implementation of the national programs the status of each
herd is known, limiting the merit of prevalence surveys for
BVDV and BoHV-1. The incidence is one of the parameters
that is routinely monitored, which was calculated for BVDV
as 4.3% (95% CI: 4.0–4.7%) in 2018–2019 and 2.4% (95% CI:
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FIGURE 9 | Dutch suckler herds that voluntarily participate in a CP for BoHV-1, BVDV or L. Hardjo and have a free status between 2009 and 2019.

FIGURE 10 | The prevalence in surveys conducted between 2004 and 2020 for BVDV, BoHV-1 and Salmonella spp. on Dutch dairy herds. The white markers with the

black border indicate the incidence or prevalence based on the national monitoring program instead of a prevalence survey. The accompanying confidence intervals

are presented in Appendix 2.

2.2–2.7%) in 2019-2020 (Figure 10). Since the implementation
of the national BoHV-1 CP, the incidence in herds with a
free or unsuspected status has been very low with 0.6% (95%
CI: 0.4–0.7%) in 2018–2019 and 0.4% (95% CI: 0.3–0.5%)
in 2019–2020.

More detailed information on the survey results is presented
in Appendix 2.

For Neospora, no prevalence surveys were conducted.
However, there was information on the post mortem findings
in aborted fetuses submitted for post-mortal examination and
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FIGURE 11 | Percentage of abortions in which Neospora was diagnosed as the cause since 2004.

FIGURE 12 | The herd prevalence from surveys conducted for BVDV, BoHV-1, Salmonella spp. and Map between 2004 and 2019 at Dutch non-dairy herds. The

accompanying confidence intervals are presented in Appendix 2.

results of serological sampling in aborting cattle at Royal GD.
More than 95% of these fetuses were submitted from dairy herds.

Since 2004 the proportion of fetuses in which Neospora
was diagnosed as the cause of abortion has decreased
from 17.5% (95% CI: 15.1–20.0%) in 2005 to 5.0% (95%
CI: 3.2–8.0%) in 2019 (Figure 11). In the same period,
the proportion of serological samples of aborting cows
in which Neospora was diagnosed as probable cause of
abortion, decreased significantly from 26.3% (95% CI:

25.2–27.5%) in 2004 to 11.9% (95% CI: 11.0–12.9%) in
2019 (Figure 11).

Decreasing Disease Prevalence’s Over Time in

Non-dairy Herds
During the analyzed period, in non-dairy herds, a decrease in
prevalence was observed for BVDV, BoHV-1 and L. Hardjo
(Figure 12) while the proportion of herds classified as free, did
not show a notable increase in the same period (Figure 9). The
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FIGURE 13 | The association between a disease-free status/ antibody negative (ab–)/ status-A (ab–) and mortality in all dairy and all Dutch suckler cow herds in a

multivariable population average logistic regression model between 2014 and 2019. Solid boxes represent significant deviations from the Dutch average, and dashed

boxes represent non-significant results. Larger boxes represent more extreme odds ratios.

L. Hardjo prevalence decreased significantly from 7.2% (95% CI:
5.7–12.7%) in 2004 to 0.8% (95% CI: 0.2–2.2%) in 2014. During
the studied period, the BVDV prevalence decreased from 34.8%
(95% CI: 29.3–40.3%) in 2004 to 7.5% (95% CI: 4.3–11.9%) in
2020 and also the BoHV-1 prevalence decreased. During the first
prevalence survey in 2012, 23.4% (95% CI: 16.4–31.2) of the non-
dairy herds tested BoHV-1 positive. In 2020, this prevalence was
significantly lower (8.3%, 95% CI: 4.9–12.9%).

For Map, only one survey was carried out, which indicated a
herd prevalence of 15.6% (95% CI: 12.2–19.1%). For Salmonella
spp., the prevalence in 2006 and 2014 was similar at∼10%.

More detailed information on the survey results is presented
in Appendix 2.

A High Health Status Is Associated With
Lower Mortality
Dutch dairy herds with a favorable herd health status for
BVDV, BoHV-1, Salmonella spp. or Map had significantly lower
mortality rates compared to herds without a free, antibody
negative or A status (Figure 13). The strongest protective
associations between herd health and mortality were seen in the
groups of pre-weaned and weaned calves.

In suckler herds, a BoHV-1 free status was associated with a
significant lower mortality in all evaluated age groups of cattle
(Figure 13). For BVDV, a protective effect of having a free status
was also observed, although not significant in calves. For L.
Hardjo no difference in mortality was found between L. Hardjo
free herds relative to non-free herds. The odds ratios with the
respective 95% confidence intervals are provided in Appendix 3.

DISCUSSION

This study described the control efforts for six endemic cattle
infections between 2009 and 2019 in the Netherlands.

The Dutch Approach in Disease Control
In the Netherlands, the six infections are at very different
stages of control, ranging from only voluntary participation
(Neospora), mandatory participation for dairy herds (BVDV,
BoHV-1), or obligation to have a free (L. Hardjo) or unsuspected
status for dairy herds (Salmonella spp., Map). Each of the CPs
originally started voluntarily for both non-dairy and dairy herds.
Participation rates were always highest for dairy herds, although
these never exceeded 50% in the voluntary stages of the CPs
before incentives to participate were implemented by the dairy
processors. Initiatives were taken by the dairy processing industry
to control and eliminate cattle infections from individual dairy
herds through mandatory participation in CPs for BVDV, BoHV-
1, L. Hardjo, Salmonella spp. and Map. For non-dairy herds,
participation in all six CPs has remained voluntary. The main
drivers for the dairy processing industry to control infections are
not only to reduce the disease prevalence and disease associated
losses but also to prevent the occurrence of zoonotic infections
(i.e., salmonellosis or leptospirosis) and to deliver high quality
products derived from healthy cows. Having high health statuses
is important for the license to produce and the image of the sector
and lead to increased consumer confidence in the products.
Some export markets even demand products to originate from
healthy cows.

The rules in each of the CPs are set to control and eliminate
the specific infection from individual herds while taking factors
as cost-effectiveness and minimal efforts for the farmer into
account. In the Netherlands, this often results in CPs with
multiple routes to achieve a free or unsuspected status. When
possible, bulk milk surveillance is applied for dairy herds as a
very cost- and labor-effective method to monitor the infection
status of the herd. The sensitivity of bulk milk testing is often
lower than the sensitivity of individual testing (37), which can
be compensated by increasing the frequency of testing and the
number of negative bulk milk tests required, which subsequently
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results in a higher herd sensitivity and earlier detection (72,
73). For non-dairy herds, individual sampling is the only
option to control and eliminate infection and monitor the
subsequent status. This whole herd sampling is labor-intensive
and expensive. However, individual sampling for surveillance
purposes can sometimes be done at slaughter to make it more
efficient. The specific test characteristics of the tests used in the
CPs are not discussed in this study. We acknowledge that test
characteristics are very fundamental, but in our CPs, the test
characteristics are incorporated in the design of the CPs. For
tests with low specificity, confirmation tests are available, and low
sensitivity is compensated by an increased sample size and/or test
frequency. To increase the sensitivity of early detection of new
infections, in all CPs, risk-based testing of high-risk animals is
included, for example, by automatically testing serum samples of
aborting cattle that are submitted for the mandatory brucellosis
surveillance CP and testing of newly introduced cattle (while
suspending the high health status until the result is known).

When a CP for an infection is developed and a testing strategy
is chosen, the context situation, disease characteristics e.g., the
routes of transmission, the prevalence, etc. and test characteristics
i.e., sensitivity and specificity are taken into account. Over time,
the implementation of a CP will lead to a reduction in within-
herd and between-herd prevalence.When the prevalence reduces
this can have an effect on the sensitivity and the specificity, which
may result in a decreased validity of the original assumptions
that were used when originally designing the CP. Although we
acknowledge this factor, in general, the testing strategy in our
CPs do not change over time given that changing the testing
strategymay result in a lack of trust in the CP by farmers and their
veterinarians. Additionally, when a new infection is introduced
in a complete susceptible herd, we are confident that the within-
herd prevalence will increase sufficiently to be detected by the
testing strategies chosen in the current CPs.

The Dutch strategy in which participation in CPs starts
voluntarily and becomes mandatory overtime, enables a review
and revision of the CP to optimize the CP during the transition
phase. Additionally, it provides the opportunity for farmers
to start controlling the infection in their herds at their own
preferred pace and thus helps to prepare farmers’ mindset toward
national control of the specific infection. A voluntary period
before implementing a mandatory CP has the advantage that
some herds are already free at the start of the mandatory CP. This
makes it easier to control the risk of neighborhood contacts and
purchase, given that it is possible to purchase cattle from herds
with a similar or higher health status. Changes in the structure
of CPs are, amongst others, initiated when certain aspects of the
CP can be improved without hampering the efficiency of the CP
(reducing labor or costs) or when the prevalence and incidence
of the infection indicates a need for stricter regulations.

Risks for (Re-)Introduction of Controlled
Diseases
For L. Hardjo, the dairy processing industry is close to freedom
from infection, and the prevalence in non-dairy herds is low
as well. However, each year, several re-introductions occur,

mainly through the import of cattle from countries with higher
prevalence (74). For the other four infections i.e., BVDV, BoHV-
1, Salmonella spp., and Map, (re-)introduction in herds with a
free or unsuspected status occur, mainly because of introduction
of infected cattle from cattle herds in the Netherlands. The
introduction of cattle is a very important risk factor for disease
introduction (21), and thus, the risk of purchase is controlled by
requiring post-movement testing of introduced cattle originating
from herds with a lower herd status in all CPs. Although
these post-movement testing reduces the risk of undetected
introduction of infections associated with the introduction of
cattle into a herd, the test obligation does not entirely prevent the
(re-)introduction of disease given that purchased animals have
already been added to the herd before the infection status of the
introduced animal is evaluated. Ideally, animals should be pre-
screened before introducing them to the herd and/or quarantined
until a post-movement negative test result is available. However,
we are not allowed to set demands on the disease status of the
traded cattle originating from herds that do not participate in
the CP for these endemic diseases (i.e., the non-dairy herds).
Additionally, quarantine is hardly ever done in dairy herds, and
a notification from the CCP is often needed before the farmer
submits the required samples. Therefore, in the CPs the “free”
status is automatically suspended after purchase of cattle until it
is proven that the purchased animal does not pose a risk (i.e., has
an antibody or virus negative result) for the disease under control.

Farmers Attitude Toward Disease Control
Many Dutch farmers aimed to eliminate infections in their herds
when disease control was still in the voluntary stages. These
farmers were keen on a high health status, wanted to avoid
disease-related losses (sometimes based on earlier experience of
losses), or perceived a high risk of the disease (either due to
severity of signs or a high probability of introduction). These
reasons are not unique for Dutch farmers as similar results were
found in Great Britain (75). Other farmers only started to take
measures when the costs of disease control were paid for by
sectoral or public funds or when they were rewarded for having
a high health status. The third group of farmers only started
when they were obliged to control the disease by governmental or
sectoral regulations. These differences in attitude to the control
of diseases are in accordance with previous findings in the
Netherlands on the mindset of farmers related to calf mortality
(76). In the Netherlands, farmers’ mindset related to mandatory
disease control at national level is also influenced by a historic
failure to eradicate BoHV-1. In 1998, a national CP that included
vaccination was initiated with the aim to eradicate BoHV-1,
after simulation studies showed that compulsory vaccination
was needed to eradicate the virus (77). On 23 February 1999,
the vaccination campaign was temporally postponed given that
a batch of the vaccine was contaminated with BVDV type
2 (78). As a result, many farmers attributed clinical signs in
their cattle to the vaccine, even though studies showed that
not all reported signs could be blamed on vaccination (79, 80).
Eventually, in December 2000, the mandatory control of BoHV-1
was suspended and it took another 18 years before a new attempt
was made to control BoHV-1 on a national level.
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Monitoring Prevalence of Infections
The results of the biennial prevalence surveys show a decrease
in prevalence over time for the infections under control. The
success rate i.e., reduction in prevalence after implementing
obligatory participation in the CPs, varies between infections
and is multifactorial, depending among others on the differences
in disease characteristics, the specific rules in the CP, and the
demands set by the industry (participation vs. eradication).

The prevalence surveys indicated that when disease control
measures were implemented in dairy herds the prevalence for
these endemic infections also significantly decreased in non-
dairy herds, even though participation rates remained low for
non-dairy herds. Suckler herds may play a relevant role in
the transmission of the six infections between herds in the
Netherlands given that (i) these cattle are kept outside, (ii) suckler
herds often trade and ii) calves are born regularly. In this herd
type however, we observed reduced prevalences over time for
infections that were under mandatory control in dairy herds. We
therefore believe that disease control in one part of the population
can also benefit the disease prevalence in the population that
does not participate. Nevertheless, we cannot conclude that
the reduction in prevalence can entirely be attributed to the
performance of the CPs. Awareness of the disease may also have
resulted in improved disease control in herds without official
participation in a CP. Additionally, other changes in the cattle
industry may have affected disease prevalence as well. In 2015,
the milk quota was abolished. Subsequently, herd size increased
untill governmental phosphate regulations were put into place
that resulted in herd sizes reducing back to the level of July
2015. Generally, herd size was reduced by removing cattle that
performed suboptimal. Thismay also have resulted in a decreased
prevalence of several infections over time.

Given that participation in CPs is still voluntary for non-dairy
herds, complete eradication from infection will probably not be
reached. The prevalence of infection can become very low, but re-
introduction through introduction of cattle will always be a risk.
Additionally, given that eradication at national level is almost
impossible without a national obligation to eliminate diseases, it
will be very complicated to set demands on the disease status,
when importing cattle, due to international trade regulations.
However, eradicationmay not be necessary to achieve the goals of
stakeholders, such as safeguarding future access to international
dairy markets.

Association Between Participation in a
Disease Control Program and Mortality
The implementation of CPs for specific infections improves
animal health and welfare, and reduce disease-related costs and
labor involved in the treatment of diseased animals. In this study,
we showed that herds with a free or unsuspected status for the
evaluated infections had lower mortality rates in calves and cows
than herds with an unknown status. Infectious diseases are risk
factors for mortality and culling as previously reported for BVD
(81, 82), salmonellosis (83, 84), and paratuberculosis (85–88).
Nevertheless, the effect estimates presented in this study are likely
to be underestimated, given that some of the herds with an
unknown status will also be free from infection. On the other

hand, management practices and biosecurity measures in herds
with a disease-free or unsuspected status may differ from those
in herds with unknown infection statuses. These management
practices might also be associated with reduced mortality. Data
on farmers’ management were unavailable and were not included
in this study.

Comparability of Control Programs for
Cattle Diseases Between Countries
CPs to control and eradicate infections are to be supported,
differences in herd health status within and between countries
pose a risk when trading cattle from areas with a higher disease
prevalence to areas with a lower prevalence (5). For cattle diseases
with no or only limited regulation at EU level, the design of a
CP is often tailored to the country-specific situation resulting
in considerable heterogeneity in CP design between countries
(89). The tailored CPs are designed cost-effectively while taking
factors such as prevalence, incidence, and risks into account.
These CPs are often a better fit for each situations’ specific
needs than the input-based CPs in EU regulations. However,
the heterogeneity of CPs complicates comparison of the free
statuses between regions and countries. In an assessment in
which 32 European countries participated, it appeared that there
are 24 different bovine infections for which CPs exist in at least
one European country while there is no or limited regulation
on EU level (90). In the Netherlands, a CP is in place for 11
out of the 24 cattle diseases. For the other 13 cattle infections
that were evaluated no CP is available yet for varying reasons.
Some of these infections are not so relevant given that they
do not occur in the Netherlands e.g., Epizootic haemorrhagic
disease, Surra and Lumpy skin disease. Other infections are not
yet under control but may be in the future. These infections
were however not prioritized over the 11 controlled endemic
infections. TheNetherlands is free of five out of the 11 diseases for
which a CP is in place, i.e., enzootic bovine leukosis, bluetongue,
anthrax, trichomonosis, and bovine genital campylobacteriosis.
The other six controlled cattle diseases are either endemic (BVD,
IBR, salmonellosis, and paratuberculosis) or occur sporadically
(leptospirosis) and were included in this evaluation. Based on the
detailed description of the specific diseases and the CP in place,
defined input parameters can be included in an output-based
framework. For BVDV, this has already been done (91, 92). For
other diseases, the information presented in this study, can serve
as a basis to expand output based frameworks that are developed
for cattle diseases. Additionally, this manuscript presents how
cattle diseases with no or limited regulation on EU level are
controlled in the Netherlands, a gross exporting country with
high cattle density, a high rate of cattle movements between herds
and a very high-quality data infrastructure. The description of the
CP design may provide guidance to other countries that want to
start the control of these cattle diseases.
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The disease control programmes for Bovine Viral Diarrhoea (BVD), Infectious Bovine

Rhinotracheitis (IBR), Johne’s Disease (JD), Leptospirosis and Neosporosis are described

including the approved diagnostic tools, diagnostic quality systems, and the role of

vaccination (where appropriate). This paper describes the control programmes within NI,

the challenges relating them, as well as assessing their impact and effectiveness, taking

into consideration the quality of data available and number of herds participating. With

the NI agricultural industry experiencing increasing financial pressures and post Brexit

changes, the necessity of working tomaximise the performance of bovine disease control

programmes at the individual farm level as well as at the regional level is increasingly

important. The programmes described fall into two categories with two distinct aims.

Two managed by Animal Health & Welfare NI (AHWNI), the BVD eradication and JD Dairy

Control programmes seek to eradicate or control infection at the regional level. A further

5 programmes, covering BVD, JD, IBR, Leptospirosis and Neosporosis, are managed

by the Agri-Food and Biosciences Institute (AFBI) and focus on facilitating eradication or

control at the individual herd level. These latter programmes conform to the Cattle Health

Certification Standards (UK) (CHeCS) which is a UK self-regulatory body set up to ensure

consistency between different disease control schemes across herds. The largest of all

the programmes described is the AHWNI BVD Eradication Programme which has led to

significant reductions in infection incidence. Compliance with it has been high with more

than 97% of all cattle alive at the end of 2020 having a BVD test status. The rolling annual

incidence of BVD virus positive calves has fallen by 56% since the start of the compulsory

programme in 2016. This decrease has occurred largely through industry initiatives to

deal with BVD positives, including the voluntary culling of persistently infected (PI) animals

by herd owners, a voluntary abattoir ban on the slaughter of BVD virus (BVDv) positive

animals, and the inclusion of retention of a BVDv positive animal as a non-conformance

in the industry-run Farm Quality Assurance Scheme.

Keywords: Northern Ireland, control programmes, cattle, disease, non-regulated, BVD
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INTRODUCTION

There are ∼1.6 million cattle on ∼22,000 farms in Northern
Ireland (NI). Of these approximately 20,000 have breeding cows,
with approximately 2,600 of these herds being primarily dairy.
The average number of cows per dairy herd is 95 and per
beef herd is 17 (1). Each year there are over 500,000 calf
births registered. Given that there is ∼1 million hectares farmed
within Northern Ireland, this means the region has the highest
cattle density within the UK and is amongst the highest across
Europe (2). Importantly there are very substantial numbers
of intra and inter herd animal movements leading to a high
level of interconnectedness between herds. The result of this
is substantial vulnerability to pathogen spread between herds
(3, 4). There are also substantial risks to infection spread between
holdings due to the fragmented nature of farms within NI leading
to multiple potential points of contact between grazing herds (5).
The calving pattern is somewhat seasonal with a peak in April and
May. However, there are also substantial numbers of calvings at
all other points in the year. Therefore, for reproductive diseases
such as BVD, there are susceptible pregnancies present all year
round within the region.

The NI cattle industry including Dairy Council for Northern
Ireland, the Northern Ireland Meat Exporters Association, the
Ulster Farmers’ Union and the Northern Ireland Agricultural
Producers’ Association as well as the Association of Veterinary
Surgeons Practising in Northern Ireland have been the
key drivers behind the development and implementation of
significant and innovative programmes designed to control
endemic infectious diseases of cattle that have not been subject
to mandatory EU regulation. The context for these programmes
is a trend toward a shared responsibility for animal health policies
and costs between the agri-food industry and government.
Increasingly there is a requirement for the NI industry to
provide leadership and influence priority-setting in the control
of endemic diseases. This paper describes the current control
programmes within NI and sets out the management framework
for them.

NI has implemented a number of disease control programmes.
Animal Health and Welfare NI (AHWNI) manages two
programmes that aim to eradicate BVD or control Johne’s
Disease across Northern Ireland. The Agri-Food and Biosciences
Institute (AFBI) manages a further 5 voluntary disease control
programmes as part of its Cattle Health Scheme (CHS)
covering BVD, IBR, JD, Neosporosis, and Leptospirosis
which focus more on assisting individual herds to control
or eradicate infection.

AHWNI is a not-for-profit organisation formed by
industry and mandated to lead on the co-ordination of the
control of non-regulated endemic diseases. The AHWNI
BVD eradication programme is unique in the UK. It is
overseen by an Implementation Group which is chaired by
AHWNI and comprises a range of stakeholders, including
practising veterinary surgeons, farming unions, breed society
representatives, the NI Farm Quality Assurance Scheme
organisation, Animal Health Ireland veterinarians and,
as observers, members of the Department of Agriculture,

Environment and Rural Affairs (DAERA). As well as this,
AHWNI manages a recently launched JD control programme
for dairy herds.

AFBI is a non-departmental public body providing
research and development, diagnostic and analytical testing
for government and commercial companies in Northern Ireland.
It launched its Cattle Health Scheme in 2008. These programmes
are licensed by and comply with the UK body Cattle Health
Certification Standards (CHeCs).

The purpose of this paper is to describe all of these
programmes, their findings and in the case of the BVD
eradication programme, progress toward eradication of
this disease.

MATERIALS AND METHODS

Data Sources and Analysis
Summary anonymised data was sourced from the Department
of Environment, Agriculture and Rural Affair’s (DAERA)
Animal and Public Health Information System (APHIS), Animal
Health and Welfare NI’s (AHWNI) BVD database, and the
Agri-Food and Biosciences Institute’s (AFBI) Veterinary Sciences
Division. Data was visualised and analysed using GraphPad
Prism 9.1, and maps were generated using QGIS 3.6.2 (GNU
Public License).

Management & Coordination of Control
Programmes
The control programmes reviewed in this paper are managed by
either AHWNI or the AFBI.

The technical aspects of the AHWNI BVD eradication and
Johne’s Dairy Control programmes were designed using the
technical expertise of all-island (Northern Ireland and Republic
of Ireland) technical working groups (TWGs). The TWGs
draws on a range of expertise including from veterinarians
with a special interest in the respective infections as well
as laboratory experts and academics. The operation of BVD
programme is overseen by a local Implementation Group (IG)
composed of representatives from across the NI cattle producer
and processor industry.

AFBI also offers five voluntary programmes covering BVD,
IBR, JD, Neosporosis, and Leptospirosis for cattle farmers within
NI. These schemes are licensed by the UK body Cattle Health
Certification Standards (CHeCs), which was formed in 1999
by stakeholders across the cattle industry in the UK. The aim
of CHeCs licensed programmes is to provide a protocol for
controlling and eliminating infectious endemic diseases in cattle
at farm or herd level. The Standards set out the required
protocols including testing requirements as well as biosecurity
recommendations and requirements (6). The AFBI Cattle Health
Scheme (CHS) was established in 2008.

Control Programme Descriptions
AHWNI BVD Eradication Programme
The overarching aim of the BVD Eradication Programme
is to eradicate the infection from NI. It is built on the
following principles:
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• Testing of all new-born calves including those stillborn for
BVD virus (BVDv) RNA or antigen.

• Identification of cattle with non-negative BVDv results and
isolation of high infectious risk animals.

• Improving stakeholder knowledge of BVD and awareness
of biosecurity principles through a continuous flow
of information.

• Private veterinary practitioner involvement through the
provision of herd test information, advice to herd owners and
follow-up testing.

• Restrictions on the movement of non-negative animals.
• Voluntary removal of BVDv Persistently Infected (PI) cattle.

Underpinning the programme is the AHWNI BVD database
which collates animal data from DAERA’s APHIS system,
animal identification tag sales from approved tag suppliers and
test results from approved laboratories as well as generating
automated Short Message Service (SMS) text messages and
farmer information letters. BVD statuses are automatically
ascribed to animals including indirect statuses to the dams
of tested calves and the statuses are uploaded to DAERA’s
APHIS database.

Laboratory tests for use by the programme must be approved
by DAERA following advice from AHWNI on their suitability.
Tests must be able to detect BVD virus via ELISA antigen
or by PCR, the kits used must be approved by the Friedrich
Loeffler Institute, and the tests must be carried out to the ISO
17025 standard. Blood samples from calves under 75 days of age
may not be reliably tested by ELISA antigen testing due to the
possibility of false negative results caused by interference from
maternally derived antibodies. For this reason, negative results
from such animals are considered valid only if produced by a RT-
PCR test. Further details of the approval criteria are contained in
the Supplementary Material.

A voluntary phase of the NI BVD Eradication Programme
commenced on January 1, 2013. The aims of the programmewere
to identify PI animals through the testing of ear tissue samples
collected at tagging for identification of new-born calves as well
as generating foundational knowledge and experience for the
later compulsory phase of the programme. The compulsory phase
started on March 1, 2016 with the introduction of supporting
legislation, The Bovine Viral Diarrhoea Eradication Scheme
Order (Northern Ireland) 2016 (7). This order enshrines in law
the programme as described for the voluntary phase. It requires
the keeper of cattle to take a tissue sample for analysis for BVDv
from new-born calves, aborted foetuses, stillborn calves, and
calves which have died before tagging as well as any bovines born
after March 1, 2016 which come into the possession of a keeper
and do not possess a negative test result for BVDv. Samples
must be posted to designated laboratories (approved by DAERA)
within 7 days of sample collection. Repeat analysis of cattle
with non-negative test results and inadequate tissue samples is
provided for. BVDv Negative Status may be allocated to a bovine
animal where a test is negative for BVDv. Any animal with a
positive BVDv test result is given a BVD positive (BVDP) status.
A keeper can choose to undertake follow-up testing carried out
by a veterinarian of BVDP animals to differentiate persistently

TABLE 1 | Description of the BVD statuses used within the AHWNI BVD

eradication programme.

BVD

status

Description Are off farm

movements

permitted?

BVDN Animal has had a direct negative test

result

Yes

INDNEG Animal is the dam of a BVDN calf so

can be given indirect negative status

Yes

“Blank” Animal born before 01/03/16 where

the BVD status is unknown

Yes

BVDP Animal has had a direct positive test

result

No

BVDI Animal has had a direct inconclusive

test result

No

DAMPI Animal is the dam of a BVDP or BVDI

calf

No

OFFPI Offspring of a BVDP dam No

BVDU Animal born since 01/03/16 where

the BVD status is unknown—either

because it has not been tested or the

sample was inadequate.

No

infected animals from transiently infected ones. Where there
is a negative follow-up BVDv test, the animal’s status is set as
negative. For the purposes of the programme all animals with
non-negative BVD statuses are restricted from moving to other
herds. In addition, keepers are required to isolate infectious or
potentially infectious bovines and follow-up testing of bovines
suspected of being infected with BVDv, such as the dams of
BVDP calves is recommended.

Ear tissue samples can be analysed using antigen-capture
ELISA or RT-PCR methods. For blood samples from calves
up to and including 75 days of age, the RT-PCR test is used;
blood samples from older calves may be tested using RT-PCR or
antigen ELISA. Retested animals with a BVDv negative result are
considered as having been transiently infected and an indirect
negative status is applied to their dam. Where a calf tests
positive, the dam is categorised as being suspect and a “Dam
of a PI” (DAMPI) status is applied in the absence of a direct
negative status for the dam. Such animals can be follow-up tested
for BVDv by blood sample taken by a veterinary practitioner.
A negative test result will allow the animal to be assigned a
test negative status. A description of the statuses used in the
programme are listed in Table 1.

The AHWNI BVD Programme has focused on providing
prompt and targeted communications to stakeholders in the
programme, particularly herd owners in receipt of non-negative
results. Social media is used to pass on key messages and provide
statistical updates to advertise progress (@animalhealthni).
Where a herdowner has supplied a mobile number, all results
are communicated via a SMS text message. All herds with non-
negative test results also receive notification and advisory letters.
Where there are long-standing herds with untested or positive
animals the AHWNI secretariat follows up with further SMS text
messages and advisory phone calls.
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Herdowners are able to nominate a private
veterinary practitioner to receive results for
their clients’ herds, and to facilitate follow-up
testing, herd investigation and the provision of
biosecurity advice.

Laboratories report results to the AHWNI database, which
records all BVD test results against the animal identifications
and applies BVD statuses which are then uploaded from
the AHWNI database to the APHIS system. An Indirect
Negative status is applied to the dams of BVD Negative
calves, and positive (DAMPI) statuses are applied to untested
dams of PIs and their offspring. The BVD statuses on APHIS
and the BVD database may be viewed by the current herd
owner. Movement restrictions are applied on APHIS to all
cattle born in the compulsory programme period that have
non-negative results and to untested dams of PIs and their
offspring until they are in possession of a BVD Negative
test result.

BVD test results are notified to farmers by SMS text
messages to their nominated mobile telephone numbers. When
a non-negative result is returned, in addition to SMS texts,
a letter is issued to the herd owner and their nominated
veterinary practitioner is informed of the results for their
clients’ herds. Immediate isolation in housing is required by
law and potentially subject to enforcement by DAERA. The
herd owner has the option to retest the animal 3 weeks after
the initial sample was taken, using a blood sample taken by a
private veterinarian.

BVD is not a notifiable disease in NI and vaccination
is allowed. Vaccination does not currently interfere with the
eradication programme as it is based upon the detection of
BVDv. All bulls licensed for artificial insemination in NI are
tested for BVDv.

A key challenge to the programme is the timely removal
of persistently infected animals. There are no support public
support payments available for the removal of BVDv positive
animals. To encourage the disposal of these animals, the NI
industry has unilaterally put two voluntary measures into place.
The first is a voluntary abattoir ban on the slaughter of BVD
positive animals. This was an initiative made by all the major
abattoirs to agree to refuse for slaughter any animal born during
the compulsory phase of the programme that has a positive
BVDv test result. The purpose of this was to support the
eradication programme by removing any incentive herdowners
might have to retain PI animals in the hope that they could
be finished as beef animals. The second was the inclusion of
retention of a BVD positive animal as a non-conformance in
the industry-run Farm Quality Assurance Scheme (FQAS) for
beef animals. In this case any member of the FQAS in the
possession of a bovine with a positive test result for BVDv will
have their farm quality attained status removed from the herd
if the BVD status of the bovine in question is not resolved.
The status can be resolved either through evidence that a
BVD negative test result has been obtained for the animal
or through evidence that the animal has been culled or died.
Within NI the majority of beef animals are included in the
FQAS scheme, as there can be considerable financial penalties

for animals slaughtered that are not FQAS assured1. Both these
measures were voluntarily negotiated with the NI industry to
disincentive herdowners from retaining PI animals and therefore
assist with reducing the transmission of infection within and
between herds.

AHWNI Johne’s Disease Control Programme for Dairy

Herds
The voluntary AHWNI Johne’s Disease Control Programme
(JDCP) for dairy herds was launched in October 2020. The
objectives of the programme are to provide herdowners with all
available tools and information to support a robust JD control
programme in NI. The design of the programme is in line
with the international experience of Johne’s Disease control
programmes (8). The key goals of the programme are:

• Bio-exclusion. To help identify those herds that test negative
for Johne’s disease and provide these farmers with the
knowledge and professional support to allow them to increase
their confidence over time of being free of infection and to
protect their herds from the on-going risk of introduction of
this infection.

• Bio-containment. To provide herds identified as being
infected or having a low confidence of freedom from infection,
with the knowledge and professional support to allow them
to control and reduce the prevalence of the disease over time
and ultimately to achieve a high confidence of freedom from
infection for those herds wishing to progress to this level.

• Market reassurance. To underpin the quality of
Northern Irish animal produce in the national and
international marketplace.

The required components for participating in the
programme are:

• Programme enrolment including acceptance of the
programme’s Terms & Conditions.

• The provision by an Approved Veterinary Practitioner of a
Veterinary Risk Assessment andManagement Plan (VRAMP).

• Electronic uploading to AHWNI of VRAMP findings
and recommendations.

• Limitation on the sale of JD positive/inconclusive animals.

In addition to the mandatory components, it is strongly advised
that participating herds undertake whole herd testing for the
infection. All animals in the herd over 2 years of age should
be tested and the herd screen should be completed within 12
months of enrolment or within 12 months of the previous herd
screen. Currently the two tests that are recommended for herd
screening within the AHWNI JDCP are individual animal milk
and blood ELISA tests. In addition, two tests are recommended as
ancillary tests, individual animal faecal culture or PCR. AHWNI
currently recommends that all tests are carried out to the ISO
17025 standard and that only those kits that are approved by the
Friedrich Loeffler Institute are used.

1Available online at: https://www.lmcni.com/site/wp-content/uploads/2018/04/

18-04-17-FQAS-beef-at-slaughter-1992-2017.pdf (accessed March 23, 2021).
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The VRAMP is a detailed on-farm review carried out annually
by an approved veterinary practitioner (AVP) in partnership
with the farmer to identify aspects of management that could
predispose to the introduction (Bio-exclusion) and spread of
infection within the farm (Bio-containment) and to provide
recommendations for the reduction of these risks.

The VRAMP uses a scoring system which assists the
identification of high-risk practices and areas within the farm on
which control should be focussed. It focuses on:

• Infection history, that is, clinical and test evidence of
historical infection.

• Biosecurity risks, for example, animal moves and mixing with
other herds and the risk of exposure to faecal material from
other herds.

• Pre-weaned calf risks, for example, sources of milk, feeding
regimes, group rearing practices and exposure to adult faeces.

• Young stock cleanliness including exposure to adult faeces.
• Calving risks, for example, cow cleanliness, risk of calf

exposure to multiple cows and management of high-risk cows
such as those with positive JD test results

As a consequence of the assessment, up to three agreed
farm-specific practical recommendations are made at each
assessment visit to reduce infection risk that both the farmer
and the AVP agree can be implemented on the farm. Only
veterinary practitioners who have undergone specific training
provided by AHWNI can be approved by AHWNI to undertake
the assessments.

After herds have completed an initial VRAMP a follow-up
risk assessment should be carried out during every subsequent
12-month period. These follow-on assessments are essential to
monitor progress that the herd may have made in mitigating
JD related risks. This allows an assessment of how successfully
the management plan has been carried out so that changes
in recommendations can be made where necessary and new
emerging risks can be identified.

To facilitate the carrying out of the VRAMP, AHWNI has
developed an online tool which can be accessed online using
a smartphone (https://ahwni.wufoo.com/forms/veterinary-risk-
assessment-and-management-plan/). The purpose of this is to
assist with the carrying out, recording, and uploading of the
VRAMP in real time on farm. Where the online portal cannot be
accessed the VRAMP can be completed by hard copy. However,
to comply with the programme all findings must be uploaded
to AHWNI.

AFBI Cattle Health Scheme Programmes
The diseases covered by the AFBI CHS are JD, BVD, IBR,
Leptospirosis and Neosporosis. Herds that meet the standards
of each disease programme can gain herd accreditation for
that disease. The CHeCs technical document (9) outlines
the requirements of each party (farmer, private veterinary
practitioner (PVP) and laboratory) in meeting the standards of
accreditation for the disease programmes.

The CHS BVD and JD programmes are complimentary to
the AHWNI BVD and JD programmes. For example, the testing
carried out for the AHWNI BVD eradication programme can
be used for the CHS BVD programme. However, depending on

TABLE 2 | Summary of Johne’s risk level criteria.

Risk level Definition

Risk Level 1 Herds must have had three consecutive clear herd tests at

annual intervals. Level 1 will be further defined by stating the

year in which the herd achieved level 1 assessment. This is

associated with the lowest risk of Johne’s disease in relation to

buying breeding stock from participating herds.

Risk Level 2 This applies to all herds that have had an initial, or two

consecutive clear tests, but are yet to achieve level 1 status.

Level 2 will be further qualified by the number of consecutive

clear herd tests that have been achieved (e.g., Level 2, 1 year

clear; Level 2, 2 years clear).

Risk Level 3 These are herds that have test positive animals identified within

the herd, but the number of test positive animals does not

exceed 3% of the herd eligible for testing in the Johne’s

programme at the most recent test.

Risk Level 4 These herds have more than 3% of eligible animals identified as

test positive animals at the most recent test.

Risk Level 5 These herds may be carrying out a testing programme but are

not adhering to the mandatory requirements of the programme.

the CHS programme followed, farmers may be required to adopt
additional biosecurity measures in order to comply with CHS
rules (see below). The CHS for JD, while available for all herd
types, has been adopted mostly by pedigree herds, particularly
pedigree beef herds. Therefore, it provides a valuable compliment
to the AHWNI JD programme for dairy herds, for example
through the identification of low-risk stock bulls for purchase by
dairy herds.

Farmers are required to follow the CHeCs rules regarding
biosecurity, added/returning animal testing, isolation
requirements and ensuring all eligible animals are tested
annually. The farm’s PVP is instrumental in supporting the
farmer in achieving and maintaining their disease programme
statuses. PVPs may offer advice regarding what programmes to
participate in, vaccination (if required) and advice in the event of
a breakdown of a disease. The PVP is required to inspect the herd
and take the appropriate samples. A submission form signed by
the farmer and PVP certifying that they are following the rules
applicable to them as outlined in the CHeCs technical document
is required when submitting samples (9). A listing of vaccines
currently available within the UK can be found at https://www.
vmd.defra.gov.uk/ProductInformationDatabase/.

While specific test kits are not prescribed within CHeCs
approved schemes all testing involved must be carried out under
the United Kingdom Accreditation Service (UKAS) ISO/IEC
17025 standards with each method completing the appropriate
Quality Assurance scheme testing.

Johne’s Disease
Due to the limited sensitivity of the tests for Johne’s Disease
(10) the AFBI Johne’s CHS programme works by awarding
herds a risk level status rather than an accredited free status
depending on testing results (Table 2). As part of the CHeCs
rules animals confirmed to be shedding Mycobacterium avium
subspecies paratuberculosis (MAP) must be culled and their last
registered progeny should not be retained or sold on for breeding.
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All animals over 2 years of age must be tested for Johne’s
Disease antibodies annually. Any animal that tests positive
or inconclusive requires follow-up testing. For inconclusive
animals, they may have to repeat antibody testing performed 30
days after the initial sample or a faecal sample submitted for
MAP PCR testing. Animals that test positive on serology can only
have follow-up MAP PCR testing performed. A positive MAP
PCR result confirms MAP within the herd. As well as this annual
herd test, all added animals are required to be tested for MAP
antibodies by serology testing and to have faeces tested for MAP
by PCR. Both results have to be negative, or the animal cannot
join the herd. If an animal returns to the herd after 7 days of
being away, it also must be tested for MAP antibodies and to have
faeces tested for MAP by PCR, and again both are required to
be negative.

BVD
There are two AFBI Cattle Health Scheme BVD programmes, an
Accredited Free (AF) programme and the Vaccinated Monitored
Free (VMF) programme. The AF programme has a superior
status to the VMF programme and requires herds to have 3m
double fencing around the entire farm boundary. Due to issues
with costs and land space, not all farmers can achieve double
fencing of their farm. To allow farmers who would like to achieve
a BVD status but cannot double fence their farms there is the
option to join the VMF programme. The BVD VMF programme
requires vaccination of the breeding herd but does not require
3m double fencing to be in place. Due to the AHWNI BVD
eradication programme in NI described above, farmers can use
their statutory ear notch testing results for use in their annual
BVD herd test at no additional expense. To achieve BVD AF
or VMF status, herds must have 2 years’ negative results as well
as follow the programme rules. All added animals require BVD
antibody and antigen testing after being in quarantine for at
least 28 days. Animals <75 days old are required to have BVD
antigen testing performed by PCR to avoid the interference of
maternally derived antibodies. Animals over 75 days can be tested
by BVD antigen ELISA. Depending on the results, animals may
be allowed to enter the main herd, have further testing performed
or remain in quarantine until they have calved. Animals with a
positive antibody result can enter the main herd after the 28-day
quarantining period, however pregnant animals should remain
in quarantine until they have calved, and the calf is known to be
negative for BVD virus. An exception to this is allowed if the
animal was known to be BVD antibody positive or vaccinated
prior to service. Members are also warned that there is a small
risk that BVD antibody positive bulls can excrete BVD virus in
semen for several months after infection (11).

IBR
The IBR programme offers two options, the Accredited Free
(AF) or the Vaccinated Monitored Free (VMF) options with the
same provision regarding double fencing as for the AF BVD
programmes. However, since the conventional/wild type IBR
vaccine is licensed in NI (12) it is a requirement that animals
receiving an IBR vaccine are given an IBR marker vaccine to
enable vaccinated animals to be differentiated from animals
with natural infection. Some animals may be exempt from the

vaccination protocol on the farm if appropriate, for example, a
breeding bull that may be sent to an artificial insemination (AI)
station. To achieve either the IBR AF or VMF status, herds are
required to have two consecutive negative herd tests including all
animals over 1 year old for IBR antibodies. These two qualifying
herd tests can be performed 1–12 months apart. Once the status
has been achieved annual herd testing is carried out on all animals
over 1 year old. A positive IBR antibody result in a herd test
is classified as a failed annual herd test and the herd’s status
is suspended until the herd can achieve two further qualifying
herd tests. Added and returning animals are required to be
quarantined and tested for antibody at least 28 days after entering
quarantine facilities on the farm.When a subsequent negative test
result is available, the animal is allowed to enter the farm.

For herds which are using a marker vaccine in their herd
the gE deleted antibody ELISA test is used, whereas for herds
not using a vaccine the whole virus antibody ELISA test is
used instead.

Leptospirosis
The Leptospirosis programme addresses Leptospira Hardjo
and does not allow for vaccination within participating herds
as the diagnostic test cannot differentiate between exposure
and vaccination. Any herd considering starting/stopping
Leptospirosis vaccination is advised to consult with their PVP.
The Leptospirosis programme has two options: Accredited Free
(AF) and Monitored Free (MF). The Leptospirosis AF status
applies where the herd is free from Leptospirosis infection and
all animals test negative for antibodies. The Leptospirosis MF
programme can be awarded despite the presence of a small
number of test positive animals in the herd (a single test positive
animal in herds with 20 or fewer breeding animals, or up to 5% of
breeding animals in larger herds), and where there is no evidence
of disease transmission. To achieve either status, two herd tests
are required 6–12 months apart. All animals 2 years and older,
plus any females or males between 1 and 2 years of age which
are intended for breeding must be tested. Once either status has
been achieved annual herd testing is required as well as testing
all added and returning animals after 28 days in quarantine.

Given the zoonotic risk of leptospirosis one component of
the programme is to highlight to farmers the risk of infection
and their responsibilities under UK law, specifically the Control
of Substances Hazardous to Health (COSHH) regulations, to
protect themselves and their employees.

Neospora
The Neosporosis programme applies Risk Levels rather than an
Accredited Free status. The definition of each Risk Level is shown
in Table 3. At each annual herd test all female animals aged 2
years and older, plus any females between 1 and 2 years of age
which are intended for breeding must be tested including any
added female animals after arrival for Neospora antibodies.

RESULTS

BVD AHWNI Eradication Programme
426,543 animals were tested in 4,519 herds (∼23% of breeding
herds) during the voluntary phase of the Programme (January
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TABLE 3 | Summary of neosporosis risk level criteria.

Risk level Definition

Risk level 1 Herds must have had three consecutive clear annual

herd screens. Level 1 will be further defined by stating

the year in which the herd achieved level 1 assessment.

This is associated with the lowest risk of neosporosis in

relation to buying breeding stock from participating

herds.

Risk level 2 This applies to all herds that have had an initial, or two

consecutive clear tests, but are yet to achieve level 1

status. Level 2 will be further qualified by the number of

consecutive clear herd tests that have been achieved

(e.g., Level 2, 1 year clear; Level 2, 2 years clear).

Risk level 3 These are herds that have test positive animals identified

within the herd, but the number of test positive animals

does not exceed 5% of the herd eligible for testing in the

Neosporosis programme at the most recent test.

Risk level 4 These herds have more than 5% of eligible animals

identified as test positive animals at the most recent test.

Risk level 5 These herds may be carrying out a testing programme

but are not adhering to the mandatory requirements of

the programme.

2013 to March 2016). Of these animals, 3396 (0.80%) returned a
positive BVDv result. 833 (18.4%) of the participating herds had
at least one test positive animal. During 2015, 175,356 animals
were tested which was 37% of all animals <1 year of age (13).

During the compulsory phase, overall, herd owner
engagement and compliance with the programme has been
high with 97.74% of all cattle alive having an ascribed BVD status
(Dec 2020). As testing of calves is compulsory, all breeding herds
are required to participate in the programme. In total 20,408
herds have participated in the programme for the period up to
the end of 2020. 75.1% of herdowners have given permission for
BVD results to be shared with a nominated veterinary practice.
Since the commencement of the compulsory programme up
to the end of 2020, 506,415 SMS text messages had been sent
to farmers informing them of their results as well as other
programme related information.

Infection is distributed across NI, and the reduction of
infection intensity has been evenly reduced across the province
(Figure 1). The initial herd incidence (percentage of breeding
herds in which BVDv positive animals were born between March
and December 2016) was 0.68% and has reduced consistently
year on year to an incidence of 0.29% for the full year of 2020
(Figure 2). Related to this, the percentage of testing herds that
had BVDv positive animals has reduced from a peak of 11.3%
for the period March 2016 to Feb 2017 to 5% in 2020 (Figure 3).
A consistent seasonal pattern in peak BVDv incidence time has
been observed during April and May, largely reflecting the peak
in calf births within NI, as well as a consistent reduction in the
number of BVDP animals detected each month of each year
(Figure 4).

Throughout the period of the compulsory programme there is
a strongly significant association between the number of animals
tested and the likelihood of BVDP animals being disclosed (p

< 0.001 for each year using the Kolmogarov -Smirnov test)
(Figure 5). Despite this, the great majority of herds with BVDP
animals have four or fewer positive animals per year with the
mode being one animal per herd (Figure 6) (range 1–47).

Overall, the number of BVDP animals that are retained have
reduced considerably over time. From the point that this data
was first recorded (June 2018) to the start of 2021, the number
of all disclosed BVDP animals alive at the start of each month
has reduced by 82% and the number of BVDP animals deemed
as retained (i.e., still alive 35 days after disease status has been
set) was reduced by 84% (Figure 7). However, it should be noted
that this percentage reduction is a relative rather than an absolute
figure as new cases are constantly emerging, albeit at a reduced
rate. The continued emergence of cases of BVD in 2021 has
provided evidence of the carryover of infection in herds from
2020. In the majority of cases, infection is found in herds with
a recent history of infection disclosure strongly suggesting that
infection can be attributed to the retention of BVD Positive
(BVDP) cattle and the probable infection of susceptible females
during the first to fourth months of pregnancy. For example,
during January 2021, there were 96 individual cases of BVD
disclosed in 70 herds. Of these herds, over three quarters (54 of
the 70 herds) had BVDP animals disclosed during 2020.

All testing for the programme must be accredited to the
ISO 17015 standard and the test results able to be uploaded in
a pre-determined format to the AHWNI database. To comply
with programme rules, labs must upload 95% of results within
7 working days and 99% within 10 working days from receipt
of the samples. For the period 2016–2020, 98.8% of results were
uploaded within 7 working days and 99.2% within 10 working
days. The median test turnaround for each year was 2 days for
2016 and 1 day for 2017-2020.

AHWNI Johne’s Dairy Control Programme
Eighty two herds were included in the analysis. A summary of the
key findings is made in Table 4. One third (14) of participating
herds reported having suspect clinical cases of Johne’s Disease
present in the herd although only 18 (21%) reported having
carried out a herd test. The most common risks identified
in participating herds were: animal introductions, the use of
contractors to spread slurry, mixing of cattle with other herds,
feeding of whole milk and colostrum from cows other than the
calf ’s dam, use of the calving pen for sick animals, failure to
segregate high risk animals at calving and leaving calves with
their dam.

Cattle Health Scheme Results
AFBI CHS has 321 active members. Of these there are 138 herds
with JD Risk Level 1 status, 48 herds AF for BVD, 76 herds VMF
for BVD, 15 herds AF for IBR, 6 herds VMF for IBR, 11 herds
Leptospirosis AF, 1 herd Leptospirosis MF and 6 Risk Level 1 for
Neosporosis. AFBI not only tests CHS samples but diagnostic
and surveillance samples from across NI farms. Table 5 shows
the percentage of positive samples from diagnostic samples
compared to those from AFBI CHS herds in 2019. It should be
noted that diagnostic samples are likely to be taken from clinical
cases and therefore have a higher chance of being positive.
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FIGURE 1 | The distribution of disclosed infection across Northern Ireland during 2017 (A) and 2020 (B). Hexagons represent an area of ∼15 km2. Colours represent

the number of animals disclosed as BVDP in that area for each year.
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FIGURE 2 | The annual incidence of animals disclosing as BVDv positive on

the basis of their most recent test result.

FIGURE 3 | The annual incidence of testing herds with animals disclosing as

BVDv positive (BVDP).

DISCUSSION

The NI BVD Eradication Programme is delivered and managed
by the not-for-profit company Animal Health and Welfare
NI (AHWNI). The BVD programme is unique within NI as
it is the only disease of livestock under legislative control
where the management, delivery and direct funding of the
programme is by the Agri-Food industry. The annual costs of
the programme to the industry, taking account of testing and
programme management, is in the region £1.2 million per year.
The Programme works in partnership with DAERA who are
responsible for the relevant legislation and its enforcement. It
has been developed through a staged process, initially through a
voluntary programme which demonstrated the technical ability
of the industry to deliver such a programme and that the NI
industry had sufficient appetite for a compulsory programme
followed by the current legislated eradication programme.
This phased approach to programme development through a
voluntary phase followed by a compulsory phase is typical of

many control programmes internationally (15). During 2015,
175,356 animals were tested which was 37% of all animals <1
year of age (13). This figure was important as in order to progress
legislation for the statutory control of BVD, DAERA required
evidence that there was sufficient appetite for legislative controls
within the NI farming community. The threshold set was that
more than 30% of the annual crop of animals born should be
subject to voluntary control programme testing.

The annual rolling prevalence of BVD at the animal level has
decreased by 57% since the end of the first 12 months of the
compulsory programme from 0.68% to 0.29% by the end of 2020.
The annual herd incidence of BVD in herds has decreased by 56%
since the end of the first full year of the compulsory programme,
from 11.46% to 5% at December 2020 representing a substantial
level of success for the programme to date. The decrease in
prevalence from the start of the compulsory programme in
NI in March 2016 has occurred largely as a result of industry
measures to deal with BVD positives, including voluntary culling
of PIs by herd owners. No financial support to assist in the
disposal of PI cattle has been made available to farmers by
government or any other source, apart from the period February
to September 2017 when modest support was provided under EU
Exceptional Adjustment Aid (EAA) to farmers who were culling
BVD Positives. Just under 1,000 claims were made. It should also
be noted that other factors such as the concerted communication
effort from AHWNI and increasing farmer awareness of BVD are
also plausible contributory factors of the effects seen. However,
while there is an overall pattern of successive decreases in animals
and herd incidence year on year, there is some evidence of a
slowing of progress given the relative reduction in incidence
between 2019 and 2020 is less than that in previous years.
This may suggest that the gains made through the industry-
led measures may be reaching their limit and that additional
enforcement activities will be necessary to allow further decreases
and progress to eradication.

Historically in the Programme, many farmers made an active
decision to keep their calves and “take the chance” that they could
finish them for beef, as there were no overt scheme disincentives
beyond the restriction and isolation requirements imposed
legislatively on positive calves. However, the novel industry led
programme developments of abattoirs voluntarily refusing to
slaughter BVDP animals and the retention of BVDP animals
as a non-conformance within the NI Farm Quality Assurance
Programme have had a positive effect on influencing farmer
behaviour as evidenced by a substantial reduction in the number
of BVDP animals alive. However, while the overall numbers
have reduced, the proportion of these animals that are retained,
that is, still alive 35 days following disease status disclosure, has
remained similar, indicating that retention of BVDP animals
remains a substantial challenge to the programme. While it is
possible that there may have been other sources of infection
affecting premises with new BVDP disclosures, the picture being
presented suggests that there are a significant number of cases
where the BVD virus continues to circulate on farms largely
due to the failure to cull PI calves in a proportion of herds.
Certainly the evidence from other compulsory programmes
strongly indicates the necessity of additional government led
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FIGURE 4 | The monthly incidence of BVDv positive cattle (BVDP) disclosure

during the compulsory phase of the BVD eradication programme.

FIGURE 5 | The number of animals tested per herd for herds that have and

have not disclosed BVDP animals (**** p < 0.0001).

steps to influence herdowners to remove BVDP animals more
quickly to achieve the ultimate eradication of the infection (16).
For example the success of the BVD eradication programme in
Norway was largely due to the collaborative approach between
government and industry in that country (17, 18).

There is a strong and consistent association between the
number of animals tested on each herd and the likelihood of
finding positive animals. As testing is required for all new-born
calves, this is a useful proxy for the size of breeding herds within
NI. This association with herd size is well-recognised (19) and
probably reflects an association with known infection risks such
as animal movements, number of neighbour contacts and farm
visitors. An earlier analysis of spatial and herd-level risk factors
during the first year of the compulsory programme revealed BVD
“hotspot” areas and showed that previous positive status, herd
size and the number of positive neighbours within 4 km were
positively associated with infection (20). Similarly, a risk factor
analysis demonstrated that the risk of being a BVDv positive herd
was positively associated with herd size, the numbers of births on

farms and inward trade movements of cattle, calf mortality and
number of tested animals (20).

Interestingly the distribution of positive animals has remained
similar each year with the great majority of herds having 4 or
fewer BVDP animals. It could have been speculated that as the
level of circulating virus reduces, the proportion of susceptible
animals might increase due to reduced prior exposure to the
pathogen, thereby leading to an increasing number of BVDP
animals in positive herds but this is not evidenced in the findings
to date. This may be a reflection that there remains a substantial
level of herd immunity within the cattle population and/or
that there remains ongoing widespread vaccination against the
infection. It could also reflect that the rapid removal of BVDP
animals is managing to limit within herd spread. Importantly,
given the modest number of animals removed each year, the
likelihood of any detrimental effect on the genetics of the cattle
population within Northern Ireland is very small.

There are a number of issues that remain to be resolved that
are undoubtedly slowing the progress of the Programme. PI
retention is believed to be themost important factor in the spread
of BVDv (21). Measures to address the retention of PIs include
the introduction of new legislation. Industry hasmade substantial
voluntary efforts to drive programme change, however this has
been limited to certain categories of farms (for example, those in
the FQAS scheme). This need for novel governance measures to
encourage compliance for programmes addressing non-zoonotic
diseases has been highlighted elsewhere as has the need ultimately
for “scaling up of responsibility from industry to government”
(22). Interestingly modelling of various control programme
scenarios in Germany suggests that tissue tag testing alone will
be insufficient to eradicate infection in Germany (23). In the light
of this, DAERA has agreed to progress new legislation, which the
local Agri-Food industry is in support of, to provide additional
controls that, it is hoped, will allow the programme to progress
to infection eradication. This legislation will include restrictions
on animal movement into and out of holdings with retained
PIs, herd statuses, biosecurity notifications to herds neighbouring
those herds with retained PIs, increased powers of enforcement
and disease tracing. For example, there is currently no tracing
facility available to the BVD Programme to allow tracing of
dams that have potentially carried infection to new herds through
their PI calves, having been in the window of susceptibility for
infection before entering the herd in which they have calved. The
ability to trace these so-called Trojan animals back to herds where
infection may have taken place would allow the provision of
tailored advice to infected herds as well as selling and purchasing
herd owners. Legislation to allow the sharing of such data held
by DAERA with the Programme would be of significant benefit.
Progress in developing this legislation has been delayed due to
other prioritisations within DAERA, the effects of Brexit and
most recently the global SARS-CoV2 pandemic.

Under the provisions of the Northern Ireland Protocol of
the Brexit Withdrawal deal, NI is obliged to align to the
rules of the EU’s Single Market, in areas such as technical
regulation of goods, agricultural and environmental production
and regulation. Therefore it is very likely that there will be
a need to align the NI BVD Programme with the new EU
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FIGURE 6 | The distribution of BVDv positive (BVDP) animals disclosed in each herd annually.

FIGURE 7 | The number of all BVDv positive (BVDP) animals alive and the number of BVDP animals alive 35 days after disease status disclosure at the start of

consecutive months from July 2018 to January 2021.

Animal Health Law in order to avoid negative impacts on
trade, in particular because of the progress that the Republic
of Ireland BVD programme is making toward eradication
(24). One benefit of this could be to address the current
significant risk of reintroduction of BVD into NI through the
movement of animals (25). At present there is no requirement
for cattle being imported to NI from any other jurisdiction

to have proof of a BVDv Negative test before entry, although
cattle moving on to a holding that were born on or after
March 1, 2016 must have a BVD test carried out within
20 days of coming into the control of a keeper. Provisions
within the EU Animal Health Law, should they be applied
to BVD controls within NI, would assist with mitigating this
specific risk.

Frontiers in Veterinary Science | www.frontiersin.org 11 August 2021 | Volume 8 | Article 694197274

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Strain et al. Northern Ireland Disease Control Programmes

TABLE 4 | Summary of the Johne’s disease risks identified using veterinary risk assessments carried out by AHWNI approved veterinarians from October 2020 To March

2021.

Risk Finding

Introduced animals to the herd in the previous 5 years. 75 (89%)

Suspect Clinical Case/s. 27 (33%)

Use of contractors to spread slurry. 42 (50%)

Mixing of cattle with neighbouring herds. 39 (46%)

Contact with sheep. 31 (37%)

Colostrum from other cows with no selection on donor cow JD status. 13 (15%)

Calves fed whole milk from cows with no selection on JD status. 22 (26%)

Non-saleable milk fed to calves. 17 (20%)

Pre-weaned calves kept in groups of 9 or more. 13 (15%)

Calf exposure to adult cattle faeces. 8 (10%)

Manure above hocks and on flanks and udder of more than 10% of springing cows before entering the calving area. 8 (10%)

Manure above hocks and on flanks and udder of more than 10% of springing cows after entering the calving area. 9 (11%)

Visible manure covering some of the calving pen. 15 (18%)

Calving area used to house sick of lame cows at least every month. 19 (23%)

JD high risk cows including those showing clinical signs consistent with JD allowed to calf in the same area as other cows. 21 (25%)

>5% of cows calf in non-designated areas such as cubicle houses. 5 (6%)

>10% of calves allowed to suckle their dam. 5 (7%)

<10% of calves are removed from their dam within 30min. 44 (52%)

TABLE 5 | A summary of AFBI diagnostic and CHS results.

Disease Positive diagnostic

samples

Positive AFBI CHS

samples

Johne’s Ab 860/6222 (13.8%) 259/9454 (2.7%)

MAP PCR 274/1223 (22.4%) 10/709 (1.4%)

BVD Ab 308/726 (42.4%) 215/813 (26.4%)

BVD Ag 36/1163 (3.1%) 0/605 (0%)

IBR 502/964 (52.1%) 63/584 (10.8%)

IBR gE 31/191 (16.2%) 9/677 (1.3%)

Leptospirosis 206/369 (55.8%) 79/657 (12.0%)

Neosporosis 183/1394 (13.1%) 2/319 (0.6%)

Data from 2020.

The proportion of herds participating in the other voluntary
programmes is currently limited with less than 5% of eligible
herds participating. This is mainly due to two factors. The great
majority of participants in the Cattle Health Scheme programmes
are pedigree beef herds where participation supports the sale
of pedigree animals through the provision of animal and herd
health declarations. The AHWNI JD Control Programme for
dairy herds only commenced in October 2020 during the
global SARS-CoV2 pandemic. Therefore, the number of herds
participating in this programme at the date of writing has been
limited. However this number is likely to substantially increase
over the coming years due to recent changes to the UK Red
Tractor Dairy Farm Quality Standard which requires all quality
assured herds to participate in a Johne’s Control Programme
(14). Given that the majority of NI dairy herds are Red Tractor
assured this will inevitably lead to a greater participation in
the programme.

It is likely that those herds that have participated first in the
programme are those most interested in the programme or have
a perceived risk from Johne’s Disease and so it may be that the
findings to date do not represent NI dairy farms. Nonetheless
it is interesting to note that many of the herds reported having
substantial infection risks. The most common biosecurity risks
observed were risk of introduction of infection, related to animal
movements, the use of contractors to spread slurry and the
mixing of cattle with other herds. These findings are consistent
with other studies which have demonstrated the substantial risk
of infection introduction to cattle herds in NI (3, 26).

The farmers also indicated the presence of substantial risks
for infection establishment and spread. Most notably a large
proportion reported the feeding of whole milk and colostrum
from cows other than the calf ’s dam, the use of the calving pens
for sick animals, the failure to segregate high risk animals at
calving and leaving calves with their dam. All of these have been

Frontiers in Veterinary Science | www.frontiersin.org 12 August 2021 | Volume 8 | Article 694197275

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Strain et al. Northern Ireland Disease Control Programmes

identified as potential risks for Johne’s Disease transmission (27).
While it is clear that a number of important risks are present on
these farms, it is noteworthy that the farmers that participated
were prepared to identify and acknowledge suspicion of infection
and infection risks during the risk assessment process given
the perceived stigma that can be associated with this infection
(28). An important future outcome from the programme will
be to measure progress in reducing those risks identified on
participating farms.

The AFBI CHS offers a route for herds to remove endemic
diseases from their herd and offers accredited statues for the
diseases when the herd reaches the requirements of the disease
programme. Herds with accredited statuses for the AFBI CHS
diseases can promote their herds as having a high health status.
Members of the control programmes are required to abide
by the rules of the scheme as defined by the Cattle Health
Certification Standards (CHeCs). Actions which are considered
high risk and that compromise the health of the herd could
result in a herd losing its accredited status. For example, two
of the more common causes of this include failure to test
added animals and not maintaining added animals in isolation
facilities appropriately.

The number of accredited herds for IBR, Leptospirosis and
Neosporosis is much lower than the number of accredited herds
for Johne’s Disease and BVD. Participation in the Johne’s Disease
programme may be higher as some breed societies have a
requirement that animals attending sales are from herds with a
Johne’s Disease accredited status. BVD is also likely to have more
accredited herds due to the NI BVD Eradication Programme.
Herds already performing BVD testing of their calves can use the
same results to gain an accredited status. A herd can therefore
gain a BVD status at little or no additional cost if they do not buy
in animals or have animals returning to the herd.

The reasons for fewer herds engaging with the IBR,
Leptospirosis and Neosporosis programme may be due to the
more challenging nature of these programmes or that there are
more attractive alternatives to some herdowners. For example,
many herds may choose to vaccinate against Leptospirosis which
for some herdowners may be perceived to be cheaper (as
leptospirosis vaccines are inexpensive) and a safer option than
not vaccinating and demonstrating the herd to be serologically
negative. Serologically negative herds will be susceptible to
significant infection outbreaks and so some herdowners may
perceive the risk of participating in the leptospirosis programme
as a higher risk than simply vaccinating.

At times of economic hardship, continuing in a health
scheme may seem like an unnecessary expense (29). Stopping
membership and testing may lead to the farm having a short-
term saving in money (membership fees and animal testing).
However, in such a circumstance any disease statuses would be
lost which may have been built up over several years, but more
importantly the herd will likely be at higher risk of introducing
disease into the herd if they are not following the biosecurity
and added/returning animal rules. Therefore, there is a continual
onus on programme providers, veterinarians, and industry
leaders to highlight the value of participation in well-managed

and designed control programmes. One of the advantages of any
control programme is the potential for it to facilitate risk-based
trading. Herds are encouraged to remain closed and to avoid
buying in animals. However, in regions where there are high
levels of animal movements such as NI, the need for purchasers to
assess the infection risk of purchased animals is considerable. For
example, farmers should be wary when considering purchasing
an animal from a herd with unknown or high JD risk level.
While most herds are not currently participating in the AFBI JD
CHS, those that are, are largely pedigree herds selling stock bulls.
Therefore, herds that are purchasing breeding bulls are advised to
look for JD CHS low risk herds. Importantly the disease control
programmes described here provide a valuable model for the
design of risk-based trading systems for other diseases including
those regulated under national or international laws.

In conclusion, this paper describes the range of control
programmes for those infections of cattle that have not
historically been subject to regulated controls. They demonstrate
a range of approaches to disease control. The AFBI CHS
programmes focus on providing individual herd level infection
assurance and the AHWNI Programmes focus on control or
eradication at the regional or sectoral (dairy) level. The formation
of AHWNI by the Northern Ireland Agri-Food industry was
a crucial step in progressing region wide disease control
programmes. The success of the BVD eradication programme has
demonstrated the ability of industry to take ownership of disease
control programmes and to substantially reduce the incidence
of infection using industry measures. However, it has also
demonstrated the essential role government has in facilitating the
ultimate eradication of infection from a region or country.
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The Irish Johne’s Control Programme (IJCP) provides a long-term approach to the

voluntary control of Johne’s disease (JD) in Ireland, strongly supported by Irish cattle

industry leadership. It leverages the establishment of Animal Health Ireland for control

of animal diseases not regulated by the European Union. The IJCP has four objectives:

facilitate protection against spread of JD to uninfected farms; reduce the level of infection

when present; assure markets of JD control in Ireland; and improve calf health and

farm biosecurity. Key IJCP elements are an annual veterinary risk assessment and

management plan (VRAMP), annual whole herd test (WHT) by ELISA on blood or milk

samples with ancillary faecal PCR testing of ELISA reactors, and Targeted Advisory

Service on Animal Health (TASAH) investigations of infected herds. There are pathways

for assurance of herds with continuing negative tests and for management of test-positive

herds. Herdowners are responsible for on-farm activities, and specifically-trained

(approved) veterinary practitioners have a pivotal role as technical advisors and service

providers. The programme is supported by training of veterinarians, performance of

testing in designated laboratories, documentation of policies and procedures, innovative

data management for herd and test activities and for programme administration, training,

and broad communication and awareness activities. Tools and systems are refined to

address emerging issues and enhance the value of the programme. An Implementation

Group comprising industry, government and technical leaders sets strategic direction

and policy, advised by a Technical Working Group. Shared funding responsibilities are

agreed by key stakeholders until 2022 to support herds in the programme to complete

requirements. Herd registrations have increased steadily to exceed 1,800. National bulk

tankmilk surveillance is also being deployed to identify and recruit test-positive herds with

the expectation that they have a relatively high proportion of seropositive animals. The

programme will continue to innovate and improve to meet farmer and industry needs.

Keywords: Johne’s disease, paratuberculosis, control, programme, national, Ireland

INTRODUCTION

This case study describes the implementation of a control programme for Johne’s disease (JD,
paratuberculosis) in Ireland based on recommendations of Jordan et al. (1), some issues that arose
during the initial stages of the programme, and ways in which these could be managed as the
programme matures.

Agriculture is Ireland’s oldest and largest industry. Agricultural exports, particularly
dairy products, are economically and strategically important for the expanding Irish
economy (2).
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Ireland has a moist temperate climate. Irish dairy production
is highly seasonal, aligned with seasonal pasture growth, to
maximise production from natural inputs and the time spent by
cows on pasture in a moist temperate climate. During winter,
cows are generally housed to preserve soil health and are
fed forage principally derived from harvesting surplus summer
pasture growth. Milk production in January (winter) is <10%
of peak production in May (spring). Ireland’s dairy industry is
structured on many small co-operatives as well as multinational
agri-businesses, each of which independently determines farm
milk prices.

Following abolition of the European Union quota system in
2015, the dairy industry has increased milk production by 40%.
Ninety percent of dairy output is exported and the value of
exports has grown from 2 to 5.2 billion in value since 2015
(3), further increasing its significance to the agri-food sector
in Ireland.

Ireland has established an international reputation for reliable
supply of agricultural and food products from pasture-based
farm systems that are safe, of consistently high quality, and
environmentally sustainable (2). However, markets are becoming
increasingly competitive, and consumers are becoming more
discerning about the products they purchase (4).

Stakeholders in the Irish dairy industry seek to enhance
the reputation of existing products and to reassure customers
through ongoing assessment of potential risks to which Irish food
products could be exposed with an emphasis on preventative
animal health measures (5).

Irrespective of whether Mycobacterium avium subspecies
paratuberculosis (MAP; the aetiological agent for JD) is ever
demonstrated to be a disease of zoonotic significance, trading
success for Irish dairy products may be protected and enhanced
by a demonstrable, effective and scientifically based programme
to reduce the risk of presence of MAP. There is ongoing scientific
investigation and research to determine the extent, if any, of an
association between MAP and Crohn’s disease in humans (6).

Although JD is considered to have a small impact on the
productivity of the Irish dairy industry overall, individual affected
herds may incur significant economic losses (7–9). JD reduces
productivity through reduced milk yields, lower carcass value
of affected milkers, costs of rearing more replacement animals
and those that will be culled early, sub-clinical disease, and costs
of diagnosis and treatments. It also negatively impacts animal
welfare, antimicrobial use and greenhouse gas emissions (10).
The economic impacts of Johne’s infection are proportionate to
prevalence and clinical and sub-clinical disease.

Clinical JD was first recorded in Ireland in 1920 in an
imported cow. The prevalence of JD remained very low until
the cessation of quarantine restrictions arising from introduction
of the Single European Market which led to increased stock
movements from mainland Europe after 1992, and significant
importations of dairy cows to supply industry expansion
particularly after quotas were lifted in 2015 (2, 11).

In 2009, as part of a long-term strategy for managing non-
regulated diseases in the dairy industry, invited stakeholders
participated in prioritising animal health issues for the newly
formed entity, Animal Health Ireland (AHI). Using a process

involving participatory consultation surveys and expert opinion,
stakeholders ranked JD consistently as an important biosecurity
risk disease requiring future management, even though the
prevalence and production impacts of the disease were
considered low at the time (12). Collectively a view was formed
that the industry should proactively manage the potential for
any emerging animal health risk and to continue to reassure
markets by establishing a long-term Johne’s control programme
to mitigate this risk (12).

Ireland commenced a pilot voluntary Irish Johne’s Control
Programme in late 2013 to determine the feasibility of
transitioning to a national programme. The pilot programme
was based on the findings of a review (13) which identified
herd level risk assessment, the practise of biocontainment
and bioexclusion, and whole herd testing as the common
bases of national programmes in six endemically infected
countries (Australia, Canada, Denmark, the Netherlands,
UK, USA). It also noted that repeated herd testing could
improve detection of infection and increase levels of
herd assurance.

Even now, relatively few countries have engaged in regional
or national control programmes and only limited information is
available on the effectiveness of those programmes in achieving
their stated objectives (14).

To ensure the relevance and technical robustness of a future
Irish Johne’s Control Programme (IJCP), AHI commissioned an
evaluation of testing strategies to determine the most appropriate
approach (15) and a review of alternative surveillance methods
for a national programme (16). A third paper (1) considered the
elements required to effectively address the objectives of an Irish
national control programme.

CONTEXT

In Ireland, JD is notifiable to enable the Department of
Agriculture, Food and the Marine (DAFM) to monitor the
incidence, but there is no formal regulatory approach to control
or eradication.

Vaccination against JD is not permitted, due to potential
interference with testing for bovine tuberculosis (bTB).

The IJCP is a significant collaboration between the Irish
dairy industry and DAFM, and is managed by AHI. AHI is
an innovative not-for-profit partnership between farmers, agri-
food businesses, private sector organisations and DAFM, that
delivers programmes for non-regulated diseases of livestock (17).
AHI provides a collegiate environment in which stakeholders
collectively identify animal health issues, priorities and solutions.
This model promotes shared responsibility for decision-making,
funding and accountability for programme outcomes.

The IJCP has the support of all stakeholders involved in
the programme, recognising it as having the capability to
deliver a sustainable and internationally credible programme
for the Irish dairy industry. Costs are shared by DAFM, the
Rural Development Programme, individual milk processors and
farmers. DAFM andmilk processors have committed to maintain
financial supports until at least the end of 2022.
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The programme is advised by a Technical Working Group
(TWG) comprising veterinary and technical personnel from
private and government fields with interest or expertise in JD.
This group ensures that the programme is evidence based and
reflects contemporary scientific knowledge about JD control.

The programme is directed by an Implementation Group (IG)
comprising AHI, DAFM, milk processors, farmer and veterinary
representative organisations, milk recording organisations, breed
societies, the Chair of the TWG and Animal Health and Welfare
Northern Ireland (a sister not-for-profit organisation operating
in Northern Ireland). This wide-ranging representation ensures
that AHI stakeholders have a voice in the direction, design and
implementation of the IJCP.

AHI takes advice from both the TWG and IG and has
responsibility for the day-to-day management of the programme.

DISCUSSION

About the IJCP
Prior to establishment of the IJCP, the herd-level true prevalence
of JD on Irish dairy farms was estimated at 20% in 2005, based
on the results of a serological survey (18), and was more recently
estimated at 28% using a Bayesian methodology applied to 2013–
2014 testing results limited to those herds participating in the
IJCP (19).

The four objectives established by the IG for the IJCP are to:

• Enhance the ability of participating farmers to keep their herds
clear of JD.

• Assist participating farmers to reduce the level of infection in
their herds, where present.

• Provide additional reassurance to the marketplace in relation
to Ireland’s efforts to control JD.

• Improve calf health and farm biosecurity in
participating farms.

To achieve these programme objectives, the following activities
are required of participating herds:

• Annual herd level veterinary risk assessment and management
plan (VRAMP; template available on request). The VRAMP
is undertaken collaboratively by an approved veterinary
practitioner (defined below) and farmer, to systematically
review the bioexclusion and biocontainment risks of JD for the
herd and agree on up to three management changes to reduce
the likelihood of introduction and spread of MAP.

• Annual whole herd test (WHT) comprising ELISA screening
tests with ancillary faecal culture or PCR testing of animals
with positive or inconclusive ELISA results. The purposes of
the whole herd test are either to increase herd-level assurance
for test-negative herds or early detection and monitoring of
progress towards infection control for test-positive herds. A
WHT requires all bovine animals on the farm aged two years
or more (‘eligible animals’) to be tested by ELISA, using milk
or blood samples.

• Ancillary testing is required for all animals with positive or
inconclusive ELISA results unless the herd has a previous

positive result for a faecal test. The purpose of the ancillary
test is to confirm the presence of MAP in the herd.

• An epidemiological investigation follows the first confirmation
of infection in a herd under a Targeted Advisory Service
on Animal Health (TASAH) programme. The purpose is to
identify the likely source and spread of infection and to inform
VRAMP refinements.

The IJCP provides standardised protocols for testing and risk
management, underpinned by training of veterinary practitioners
and standards of laboratory testing to provide quality and
consistency across the programme.

Private veterinary practitioners who provide essential support
to herdowners under the programme must undertake specific
training presented by AHI in the basic epidemiology of
JD and programme operations. After completing training,
an “approved veterinary practitioner” (AVP) may carry out
VRAMPs, animal sampling and test interpretation. AVPs may
also undertake a second tier of training to provide the TASAH
epidemiological investigations.

All testing is conducted in designated laboratories, which are
accredited to ISO 17025 for relevant tests, use only test kits
approved by the Frederich-Loeffler-Institut with sensitivities and
specificities indicated by the kit manufacturer, and participate
in proficiency testing. Laboratories report results by electronic
transfer to the programme database. DAFM provides National
Reference Laboratory services.

The programme provides funded supports for activities. For
all herds, costs of required ancillary PCR testing (for animal
sampling by an AVP and laboratory testing) are fully funded
by DAFM, and TASAH veterinary investigations are also fully
funded. Ancillary faecal culture results are recognised by the
programme, but this test is rarely used as it is not funded and
requires a relatively long incubation period. For dairy herds
that complete both the VRAMP and WHT annual requirements,
DAFM funds the VRAMP and the milk processors fund herd
testing assistance under agreed cost-sharing. Testing assistance
is provided at the rate of EUR 2.75 per tested eligible animal for
all herds in their first year. This rate is approximately the cost
of ELISA testing using milk samples collected for milk quality
and volume testing (milk recording). These supports are valued
at EUR 550 for an average participating herd of 130 eligible
animals. For testing of blood samples, there are additional costs
for veterinary attendance, sampling and laboratory submission,
borne by the herdowner. For test-negative herds, herd testing
assistance declines over 3 years; for test-positive herds, assistance
is maintained at the rate of EUR 2.75.

There is no compensation for culling test-positive animals as
provided under some eradication programmes, since the IJCP
only advises rather than requires such removals.

Completion of the WHT requires all animals to be sampled;
a “sweeper” test of animals missed in a herd test (e.g., bulls,
cull and sick animals, pre-calving heifers, and dry cows in the
few year-round milking herds) is commonly required, usually
using blood samples. Non-breeding animals which are held in
an epidemiologically separate unit to the breeding herd may be
exempted from testing.
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TABLE 1 | Summary of registered herds and testing results for the calendar years

2018–2020.

2017/8 2019 2020

No. of nett new registrations 301 729 99

No. of registered herds (at year end) 939 1661 1760

No. of ELISA tests 141,657 206,486 215,963

No. ELISA positive or inconclusive 4,769 8,849 8,050

% ELISA positive or inconclusive 3.7 4.3 3.7

No. of ancillary tests 1,437 4,980 5,419

% ancillary positive 10.2 8.4 5.2

% animals with ELISA positive or

inconclusive results that underwent

required ancillary tests

30 56 67

No. herds conducting ancillary tests 311 802 947

The IJCP advises against ELISA testing within 90 days after
tuberculosis skin testing, or within 7 days after calving (milk
sample only), due to increased likelihood of false positive results.

Farmers and their advisers have access to a range of
resources including the IJCP technical manual, user guides and
standard operating procedures, forms and templates, monthly
information bulletins and technical leaflets. The IJCP publishes
an annual business plan with clearly articulated targets. While
these elements that underpin the programme are not unique to
the IJCP, and form the basis of control programmes in other
developed countries, notably Canada (20), Germany (21) and
England (22), we are unaware of any voluntary programme for
non-regulated infectious diseases where the results from each of
these activities have been fully integrated in a centralised database
which also includes pedigrees and breeding history, movements
and ultimate destinations of individual animals. This information
may be accessed in real time by authorised users who are subject
to the data sharing and privacy agreements which are in place.

Complementing the IJCP, DAFM undertakes animal disease
surveillance including bulk tankmilk testing (BTM) for a range of
diseases, including JD. BTMmay detect high-risk herds, so herds
with positive BTM results are advised by a DAFM veterinary
officer to join the IJCP, to avail of the funded tools to confirm
infection and to control the spread and impacts of JD. However,
BTM is considered a poor indicator of herd prevalence (16).

Registration and Compliance
Farmer participation in the IJCP is supported and encouraged
by key stakeholders including milk processors, milk recording
organisations (MROs), DAFM and the veterinary profession.

At the end of 2020, there were 1,750 dairy herds registered in
the IJCP, representing 11% of dairy herds and 18% of dairy cows
in Ireland.

Six hundred thirty one herds continued from the pilot
programme to Phase 1 of the IJCP. There were 301 new
registrations in Phase 1 (late 2017–2018), 729 in 2019 and 139
in 2020 (Table 1). In consultation with herdowners, 40 inactive
herd registrations were withdrawn in 2020.

TABLE 2 | Percent of positive and inconclusive individual ELISA test results per

calendar year.

Sample Result 2018 2019 2020

Blood Positive 2.3 2.4 2.2

Inconclusive 0.6 0.8 0.7

Total (positive or inconclusive) 2.8 3.2 2.9

Milk Positive 3.1 4.2 2.5

Inconclusive 1.0 1.3 2.1

Total (positive or inconclusive) 4.2 5.4 4.6

The numbers of herds that completed both annual
requirements of VRAMP and WHT were 1,376 (82%) in
2019 and 1,325 herds (75%) in 2020. In 2020, 326 registered
herds (13%) were inactive and the remaining 99 herds either
part-completed the WHT and/or did not complete the VRAMP.

There has been a substantial improvement in the number
and proportion of animals and herds conducting the required
ancillary PCR tests, from 30% in 2018 to 67% in 2020. Many
animals requiring outstanding PCR tests are no longer available
for testing. If required ancillary testing of an animal with a
positive or inconclusive ELISA result is not conducted, the
animal and its herd are considered by the programme to
be infected despite the presence of JD not being confirmed,
which may have adverse consequences for the herd’s future
assurance standing.

Registered herds self-selected into the programme and thus
do not constitute a random sample of Irish herds, therefore
extrapolation of programme prevalence data to the national
herd is inappropriate. Additionally, due to the large number of
herds (691) that have had at least one animal with a positive or
inconclusive ELISA test result without an ancillary PCR test, the
number or proportion of herds in the programme that are truly
infected cannot be accurately calculated.

For the 2020 programme year (including an extension for
completion of requirements until 31 January 2021-discussed
later), there were 224,364 ELISA tests conducted, 105,642 (47%)
on milk samples and 118,722 (53%) on blood. Of these ELISA
tests, 8,466 (3.8%) results were positive or inconclusive (Table 2).

ELISA tests of milk samples have consistently higher rates
of positive and inconclusive results than tests of blood samples
(Table 2); however, a preliminary analysis shows the rate of
PCR positive results is lower for animals ELISA-tested by milk
than by blood. This suggests that ELISA testing of milk samples
has a lower specificity than testing of blood samples, with
this potentially further influenced by stage of lactation, age or
seasonal conditions (23). The proportion of positive results for
milk-ELISA tests was higher in 2019 than other years, spiking at
the end of the 2019 lactation. These characteristics of milk testing
are undergoing further analysis.

There were 5,419 ancillary tests in 2020, with positive results
for 281 (5.1%) samples (not herds). Since 2018, the proportions
of herds undertaking the required ancillary testing of animals
following positive or inconclusive ELISA results have increased
(Table 1) but the incidence of positive PCR test results has
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declined (10.2% in 2018, 8.4% in 2019, and 5.2% in 2020). At least
in part, this declining incidence is due to the exclusion of known-
infected herds from funded PCR testing, skewing testing towards
herds that are not infected.

Farmer Participation
Diminishing participation, for both recruiting new herds and
completion of annual requirements by registered herds, is
a current challenge. Multiple IG members, particularly milk
processors, PVPs and MROs, reported that Brexit and COVID-
19 concerns disrupted efforts to promote registration to their
suppliers and clients for most of 2020. Farm access for sampling
(both blood and milk) and VRAMPs was constrained by
government restrictions, and later by aversion of farmers and
their veterinary advisors to the risk of spreading COVID-19.
The leadership of the milk processors in promoting the IJCP
was re-directed towards ensuring the safety of suppliers and
staff, continuity of supply and managing additional market risks
created by Brexit and the COVID-19 pandemic.

The costs of the programme for participating farmers are low
(or a minor cost if blood-sampling), compared to the benefits.
However, the majority of dairy farmers in Ireland have yet to
register in the programme.

This reticence is consistent with findings that “farmers are
not solely influenced by economic consequences of management
changes: (24). Smith and Findeis (25) note that innovations
leading to the adoption of changed management practises may
be challenging where the benefit arising from the changes may
occur in the future, or where there may be no consequences for
retaining the status quo, for example, in the IJCP context, where
a herd remains uninfected with JD.

Similarly for mastitis research, Regan et al. (26) found that
voluntary uptake of milk recording on Irish farms was influenced
by perceived risk of a mastitis outbreak and argue that risk
perception should be considered when promoting a behavioural
change that may not provide instant feedback on its benefits.
Within a voluntary programme such as the IJCP, the drivers for
participation do not come from extrinsic pressures in the form of
regulations, which can have benefits on meaningful engagement
and participation. Instead, social and psychological factors play
a part in increasing intrinsic motivation to enrol and continue
engagement. Ritter et al. (27) highlight factors such as perceived
risk, confidence in professional advice and discussion amongst
peers as factors and reiterate the need for tailored communication
strategies, while Sorge et al. (28) illustrate the need to consider the
perceived zoonotic risk of JD and time resources when promoting
farmer participation and engagement in a JD programme.

Flexible Approach to Testing
ELISA testing of milk samples during lactation typically extends
fromApril until October, whereas ELISA testing of blood samples
collected by AVPs (for either the whole-herd or only sweeper
tests) is concentrated towards the end of the calendar year, and
due to logistical and seasonal consideration collection may be
delayed, on occasion occurring in the first month of the following
calendar year.

For efficiency, AVPs often carry out blood and faecal testing
at the same time as conducting the annual bTB test and/or
annual VRAMP. The blood and faecal sampling and VRAMP
activities may be purposely delayed until the winter housing
period, to minimise inconvenience and animal time-off-pasture
for sampling and to coincide VRAMPs with the pre-calving
period when the most effective interventions can be deployed.

Despite the financial incentive of testing assistance, many
herds have been unable to complete the annual WHT
and VRAMP requirements before the end of the calendar
year, necessitating one-month extensions of the programme
years. Thirty percent of herds utilised this extension to
meet the programme requirements for the 2020 programme
year. It is proposed to integrate this flexibility to the
programme in future years, notwithstanding the financial and
administrative complexities.

Information Management and
Communications
Testing and VRAMP data are held in the Irish Cattle Breeding
Federation (ICBF) database. Designated laboratories upload test
results for the IJCP, and AVPs upload VRAMP and TASAH
investigation reports. The database also contains genetic and
production information for all registered cattle in Ireland,
including animal birth dates, pedigrees, livestock movements,
disposal of animals, and bTB test dates (but not results) to assist
interpretation of JD ELISA test results.

Herdowners and AVPs can readily access the database via
computer or mobile devices. The primary ICBF screen (“herd-
level dashboard,” Figure 1) displays test results, the date of the
most recent VRAMP and specifically highlights outstanding
required activities. Other screens provide filterable and sortable
animal level details, including their dates of birth, age, sex,
dam and a colour-coded test history (Figure 2), and further
details of animals. A reporting tool enables download of this
information in both Excel R© and “pdf” format to enable further
herd and animal analyses. The integration of data, from the
Johne’s programmewith that of animal and herd productivity and
management, facilitates interpretation of results, evidence-based
decision-making, and monitoring of progress.

The IJCP provides herdowners and AVPs with access
to information about JD, the programme and financial
supports available at the time. The principal but not
exclusive point of contact for this information is the AHI
website, www.animalhealthireland.ie.

JD testing and control can be complex, and a programme
flowchart (Figure 3), available on the AHI website, displays the
logical sequence of on-farm events, with embedded hyperlinks to
details of how to complete each of the requirements of the IJCP.

However, in the first instance herdowners are encouraged to
refer to their AVPs, who have undertaken training in all aspects of
the IJCP, for technical advice and support. The funded activities
also facilitate regular and closer engagement of veterinary
services to support animal health and welfare generally.

AVPs are supported with a more technically detailed
flowchart, and an exclusive web portal offering standard
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FIGURE 1 | Johne’s herd-level dashboard landing page.

FIGURE 2 | ICBF display of listed animals.

operating procedures, guidelines, templates, forms for laboratory
submission and exempting animals from testing, and training
materials. Although AVPs are invariably committed to their
clients and the programme, most have only a small number of
IJCP clients. Most commonly, AVPs have only a single herd in
the programme, with a median of 3 per AVP, although a small
number have considerably more.

Especially for those AVPs with small numbers of IJCP herds,
allocating scarce time to maintaining and updating expertise
may not be commercially viable. This expertise is essential to
advising on the more nuanced and technical elements of the
programme, such as interpretation of ELISA test results in the
context of herd history, development of herd management plans,
and epidemiological assessment of separate non-breeding units

to exempt livestock from testing. However, their engagement
in the programme does facilitate regular contact with clients,
to foster the professional relationship and facilitate clinical and
herd-health work.

The programme employs a range of engagement
mechanisms, including: automated SMS messages from
ICBF to herdowners upon upload of test results that suggest
next steps and direct them to AVPs for more information;
publication of regular bulletins to AVPs and to stakeholders
including farmers; and webinars. Recorded videos and a
podcast series were trialled with good initial effect, although
audiences and engagement declined over time. A focus
of these communications has been to provide simple and
consistent messages.
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FIGURE 3 | Programme flowchart (https://bit.ly/3hV8GHb).

A Facebook group has been successful at enabling AVPs
to maintain their knowledge and constructively share their
learnings and individual experiences with other AVPs, with no
adverse comments requiring moderation; however, the active
participants are those AVPs with multiple clients registered in
the IJCP, so possibly is less frequently accessed by those AVPs
with fewer dairy clients, possibly because the practise business
model focuses on other activities. A similar Facebook group for
herdowners is under consideration.

Programme communications in 2020 were curtailed
by COVID-19 restrictions on face-to-face meetings and
training. Formal meetings of the IG and the TWG
continued on-line. The value of previously established
good working relationships and familiarity with technology
enabled the continuity of business in the face of otherwise
challenging conditions. In contrast, initiating on-line
meetings with unfamiliar groups (e.g., non-participating
herdowners) did not find ready acceptance. Industry
advisors reported “on-line fatigue,” especially for herdowners
and AVPs with urgent and operational demands on
their time.

Beef Herds
The programme has recently been broadened to apply to beef
herds. It is expected to appeal to herdowners of either pedigree
herds or commercial beef breeding herds with confirmed
or suspected clinical disease. Pedigree herds may benefit
by using a standardised protocol for market assurance and
by seeing an increased demand for low-risk bulls to the
dairy sector.

Cost sharing for herd testing assistance and VRAMP funding
for beef herds has not yet been determined.

Learnings
Development and early implementation of the IJCP holds
learnings that may assist others who are planning JD
control programmes.

Strategic engagement of key stakeholders in agreeing
objectives and sharing responsibility for decision-making and
funding was critical. Policies and procedures must balance
technical precision and pragmatism in the context of commercial
dairy production.
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Farmers value simple, consistent, relevant and timely
communications. Veterinary practitioners operating busy private
practises may benefit from training beyond the technical
elements of Johne’s control, to equip them for the role of
herd health advisor and for managing conflicts of interest. The
inclusion of behavioural science perspectives from the outset may
have foreseen and resolved barriers to participation.

Next Steps
Sustaining Johne’s control programmes can be challenging
(29). At the start of 2021, the 1750 dairy herds registered
in the IJCP (11.3% of Irish dairy herds) are likely
to comprise the more innovative and “early-adopter”
farming leaders as evidenced by participation in farm
discussion groups (Teagasc—The Agriculture and Food
Development Authority, pers. comm.), active engagement
with veterinary and allied services and herd size (average of
130 cows for IJCP herds, compared to average of 110 cows
for Ireland).

Future recruitment is likely to require a different
approach to messages and communication channels to
convince more conservative farmers—the “late majority”
and “laggard” groups for the diffusion of innovations
[(30), cited in (25)]—of the value of Johne’s control and
to participate in the programme. This approach will refine
current communication practices, informed by proposed
research into psychosocial influences to engagement as
described below.

The context of Johne’s control is changing, as the Irish
government promotes a National Farmed Animal Biosecurity
Strategy that references JD (5) and milk processors promote
milk recording that offers convenient and minimal-cost
JD herd testing. Although currently performed in only
43% of herds, milk recording is being driven by national
sustainability targets fostering improvements in herd
productivity, milk quality goals, and emerging regulatory
restrictions on use of antimicrobial therapeutics, including dry
cow intra-mammary preparations, unless under veterinary
prescription and with empirical evidence of aetiology
and susceptibility.

A practical protocol for scoring herd risk, incorporating
objective measures of risk from testing and histories of animal
movements into each herd, and recognising VRAMP measures
implemented to address individual farm mitigation priorities,
is under development and expected to be released in 2021.
This may provide additional incentives for farmers to register
by providing tangible evidence of a herd’s individual level
of assurance. This could reward test-negative herds with
voluntary marketing opportunities for low-risk breeding stock,
encourage herdowners with infected herds towards effective
biocontainment for their herds, and generally raise awareness of
Johne’s control.

A proposed behavioural science study will take an inductive
approach to examine the experiences of participating farmers.
By identifying motivations of participants and barriers and
facilitators to completing yearly requirements, the study will
support effective recruitment strategies to increase farmers’

intrinsic motivation to join the programme, identify who is best
to communicate key messages and provide recommendations to
improve timely completion rates of annual WHTs and VRAMPs.
It will also explore farmers’ experiences of receiving test results
and involve a collaborative co-design exercise to identify how
best to communicate the complexities of the programme and
the benefits of risk management recommendation uptake to
end-users. This study will include determining whether the
dissociation of annual cycles, between the programme based
on the calendar year and farming practises based on seasonal
events, is a significant deterrent. A second study will collate the
experiences of AVPs with the aim of improving IJCP support
to them.

AHI will continue to further incorporate JD control within
broader biosecurity management, which was suggested by
McAloon (24) as a means of ensuring a consistent approach to
farm animal health risk management for a number of infectious
animal health diseases which farmers manage routinely.

Work on developing metrics to determine progress in
achieving programme objectives is to continue with the support
and input from stakeholders.

CONCLUSION

The IJCP has adopted a number of proven activities and new
technologies to address the strategic perspectives of Irish dairy
herds, viz the protection against infection for the estimated 70%
of low-risk herds, and controlling the spread and impacts of JD
for the estimated 30% of herds that are infected.

The most immediate challenges for sustaining and growing
the IJCP are to maintain or improve the rate of recruitment
of new herds, increase the completion rates for ancillary
PCR testing and simplify the currently complex logistics of
completing annual WHTs and VRAMPs within the seasonal
cycles of milk production and bTB testing. The judgement of
insufficient reward for the risk, inconvenience and expense of
participation, especially for low-risk herds, remains a constant
limitation and is recognised as an inhibitor to uptake of
programmes internationally.

Information, tools and processes will continue to be refined,
based on global and local scientific knowledge, to address the four
agreed objectives of the programme.
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Bovine viral diarrhea (BVD) is controlled in many countries by detection and culling of

persistently infected (PI) animals. The most important risk factor for BVDV introduction

is purchase. An introduced cow can be PI and transmit the virus to other cattle in the

herd. If she is not PI but is pregnant, there is still a risk because the subsequently born

calf may be PI, when she encountered the virus in early pregnancy. To control this risk, all

cows > 1 year from non-BVDV-free herds that are introduced in herds that participate in

the Dutch BVDV control program are tested for virus and antibodies. Depending on the

results, subsequent measures such as suspension of the BVDV-free status, removing

the animals from the herd, or testing the off-spring of the cow for virus, are undertaken.

The aim of this study was to evaluate the results of this risk mitigating measure. Data on

cattle movements, calving’s, herd-level BVDV status, and animal-level test data were

available from all dairy herds that participated in the national BVDV control program

(>14,000 dairy herds) for the year 2019. The data were combined and parameters of

interest were calculated, i.e., (i) the number of purchased BVD virus positive cattle and

(ii) the number of BVD virus positive calves born from purchased cows within 9 months

after introduction. In 2019, 217,301 cattle were introduced in Dutch dairy herds that

participated in the BVDV control program. Of these, 49,820 were tested for presence

of BVD virus and 27 (0.05%) cows introduced in 21 different herds tested BVD virus

positive. Out of 46,727 cattle that were tested for antibodies, 20.5% tested positive. The

seropositive cows produced 4,341 viable calves, of which 3,062 were tested for virus

and subsequently, 40 (1.3%) were found BVD virus positive. These 40 BVD virus positive

calves were born in 23 herds. The risk mitigating measure led to detection of 67 BVD

virus positive animals in 44 unique herds in 2019. This study makes plausible that the

probability and impact of re-introduction of BVDV can be minimized by testing introduced

cattle and their subsequently born calves.

Keywords: BVD, eradication, PI, bovine viral diarrhea, control program, Trojan cow, BVDV

INTRODUCTION

Bovine viral diarrhea virus (BVDV) is a pestivirus belonging to the Flaviviridae family (1).
It was first discovered in New York dairy herds in 1946 and in the same year in Canada
and is since an endemic cattle disease in many parts of the world (2). An important
feature of the epidemiology of BVDV is the existence of persistently infected animals (PIs).
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When a pregnant animal encounters the virus for the first time
between day 42 and 125 of gestation, the immune system of
the fetus is not fully developed and therefore the virus will
persistently infect the fetus (3, 4). These cattle pregnant with
PIs are called Trojan cows. At the same time the pregnant
animal will develop antibodies against the virus. Due to the
continuous shedding of large amounts of virus, PIs are the most
important source of the virus and the main reason why herds
remain infected (5). Besides this vertical route of infection, BVDV
can also spread horizontally. When this occurs the transiently
infected (TI) animal will start an immune response and clear
the virus. This way, although limited, also contributes to the
spread of the virus (6). The disease causes economic losses for
the cattle industry (7, 8) and has detrimental effects on animal
welfare. In prevalence studies in different European countries,
as well as the Netherlands, BVDV was found to be present
(2, 9). Therefore, several European countries or regions have
implemented bovine viral diarrhea virus programs (10) to control
and eradicate the virus.

These control programs aim to detect and remove PIs, and
results over time give insight into their success (11). When
eradicating BVDV from a country or region, it is important
to know the risk factors for (re)introduction of the virus.
Therefore, many risk factor studies have been carried out over
the years, including a meta-analysis by Van Roon et al., (12) in
which frequently found risk factors, e.g., herd type, herd size,
participation in shows or markets, introduction of cattle, grazing,
and contact with other cattle herds on pasture were quantified.
In this meta-analysis, introducing cattle into a herd appeared a
significant risk factor for having a BVDV infection. Furthermore,
the purchase of pregnant heifers is associated with a higher risk
of introduction of BVDV infection into a herd (13). Earlier
studies investigated to which degree movement restrictions of
female animals, over 12 months of age, from infected herds,
would prevent Trojan births in other herds (14). However, the
proportion of introduced female cattle over 12 months of age,
that give birth to a PI is unknown.

In the Netherlands, about 50 percent of dairy herds regularly
purchase cattle (15). These cattle aremostly purchased from other
dairy herds, often with support of a trader. Purchase patterns
are equally distributed across the year. Trading of breeding cattle
through cattle markets or collection centers is not allowed. Cattle
moved from one herd to another herd may be transported with
cattle from other herds. PI or TI cattle can thus infect naïve
cows during transport and these may subsequently result in the
risk of introducing BVDV in herds with a BVDV-free status,
either through purchase of a PI or through purchase of a trojan
cow. Therefore, besides testing for presence of virus, all female
cattle over 1 year of age, originating from a non-BVDV-free
herd, that are introduced into a dairy herd that participates in
the BVDV control program, are tested for BVDV antibodies. If
a cow tested antibody positive, the new-born calf (Trojan calf)
needs to be tested for BVD virus, even though antibodies found
could also be the result of vaccination. About 20% of dairy herds
vaccinate for BVDV in the Netherlands. The aim of this study
was to evaluate the effectiveness of this risk mitigating control
measure. Other countries embarking on a national program or

countries searching for risk-mitigating improvements for their
current BVDV program may also benefit from these results.

MATERIALS AND METHODS

BVDV Program
In the Netherlands, a voluntary BVDV control program has
been in place since 1997. In this control program, cattle herds
can obtain a BVDV-free status after a full herd screening for
BVD virus (16). In 2018, participation in the control program
became mandatory for dairy herds. The original program was
slightly changed, and three alternative routes to become BVDV-
free were introduced: prolonged evaluation of antibodies in
young stock serum samples, regular bulk milk screening and
ear notch sampling. For non-dairy herds, participation remained
voluntary. The Dutch cattle industry is committed to eradicating
BVDV, and the Dutch government is expected to require
mandatory participation by all Dutch cattle herd in one of the
BVDV programs in due time. For more details on the original
BVDV-free program see the full program description in (9). The
different routes of the Dutch BVDV program are described in
more detail in (17).

Testing Introduced Cattle
Testing of introduced cattle is mandatory in all routes and
independent of the BVDV status of the herd of destination.
When cattle, unless from BVDV-free herds, are introduced into
a herd, the herd’s status will be suspended and only regained
when the introduced cattle have a negative test result for BVD
virus. Besides, cows older than 1 year need to be tested for the
presence of antibodies. Cows that test positive for antibodies will
cause further suspension of the BVDV-free status, even when
they are BVD virus negative. When either (i) the cow produces
a calf within 9 months after purchase that tests negative for BVD
virus, (ii) if no calf is born within 9 months after introduction, or
(iii) the cow is removed before calving, the herd will regain the
BVDV-free status.

Diagnostic Testing
Within the BVDV programs, test results are accepted
from laboratories that have their BVD test accredited by
Wageningen Bioveterinary Research (WBVR), the Dutch
national reference institute.

Diagnostic testing in the BVDV program is being supervised
by the Dutch national reference institute (WBVR, Lelystad)
and all tests must meet specific requirements. Tests for virus
must have a sensitivity of at least 99.5% and specificity of 99%.
Antibody tests must have a diagnostic sensitivity and specificity
of 98% or higher.

Available Data
To evaluate the risk of purchase, all data on purchased cattle
and their subsequently born calves were assessed for 2019. Four
datasets were available that provided census data on all cattle
located on Dutch dairy herds that participated in the national
BVDV program (>14,000 herds in 2019):
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FIGURE 1 | Flowchart of cattle introduced into dairy herds and their test results. *Most introduced cattle originated from a BVDV-free herd, VE or a BVDV-free country,

therefore testing is not required. Ag, antigen; Ab, antibody; NT, not tested.

• Cattle movement data that is registered in the national
identification and registration (I&R) database (Netherlands
Enterprise Agency, Assen the Netherlands). These data
contain movement level data with the unique herd number
(UHI) of the herd of origin, the destination UHI, the
unique animal ID, the date of movement, the reason
of movement.

• Calving data, registered in the I&R database: these data contain
the unique animal ID of dam and calf and the calving date.

• Herd-level data of the national BVDV program (Royal
GD, Deventer the Netherlands). These data contain the
UHI, the chosen BVDV-free route, the status within
that route (e.g., infected, under control, suspended,
unsuspected or free) with the start and, if present, the
end date.

• Animal-level test data (ZuivelNL, the Hague the Netherlands)
with the unique animal ID, the type of test (virus or

antibodies), the matrix (tissue, serum or milk), the sampling
date, the date the result was available, the test result.

Validation and Analysis
The data-validation and analyses were conducted in seven serial
steps. First, the movement data were combined with the data
of the BVDV control program and only movements of cattle
introductions in dairy herds that participated in the BVDV
control program were retained. Subsequently, the cattle were
stratified into two groups indicating whether the introduction
involved intracommunity cattle movements or intercommunity
cattle movements. The movement data were combined with
the BVD test results on the level of the animal and the date
of introduction. Data from cattle without test results were
removed from the data. These included (i) cattle originating
from countries assumed BVDV-free in 2019 (i.e., Denmark),
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(ii) cattle originating from herds that were classified as BVDV-
free, (iii) cattle < 1 year old with an available virus result and
(iv) cattle originating from a veterinary entity (VE). In the
Netherlands, VEs are defined as dairy herds having one or two
holdings in different locations with regular exchange of cattle (>5
times/year). Generally, in one of these locations, the young stock
is housed. The BVDV status of these locations are considered
the same. Therefore, in the BVDV program, cattle movements
between locations of a VE will not require testing. In the fourth
step the tested cattle were stratified in two groups according to
their age: cattle < 1 year old that only needed to be tested for
presence of BVD virus and cattle ≥ 1 year old that had to be
tested for presence of antibodies and (if not already available) for
virus. This resulted in our first outcome of interest: the number of
introduced cattle that appear a PI. These BVD virus positive cattle
are removed from the destination herd shortly after detection.

The data from cattle that tested antibody positive were
subsequently kept for further evaluation. These data were
combined with the calving data and the information of the first
calving date (including the exact date and the calf ID) were
retained. Data from seropositive cows of which no calving was
registered within 9 months after the introduction were excluded
from the analyses. The data of the cows with a calving date were
divided into cows with a calving that did not result in a live born
calf (no calf ID is available) and calving’s that resulted in live
born calves. The data of the live born calves were singled out and
combined with the individual testing data. This resulted in our
second result of interest: the number of BVD virus positive calves
born from newly introduced seropositive dams. Additionally, we
evaluated what happened to the calves that were not tested.

RESULTS

In 2019, Dutch dairy farms introduced 217,301 cattle into their
herds, of which 97% were female. These cattle originated mainly
from within the Netherlands (84%). The remaining 16 percent
originated from outside the Netherlands, of which 80% had
German ear tags (Figure 1).

The 217,301 cattle were introduced in 9,331 Dutch dairy
herds, which comprises 52% of all Dutch dairy herds. Themedian
number of cattle introduced per herd with introduction of cattle
in 2019 was 13. On average herds in which cattle were introduced
were larger with a median number of 98 cows (>2 years old)
compared to herds without cattle introductions (median 83 cows
> 2 years). More descriptive movement information for both
herds with and without cattle introductions in 2019 can be found
in Table 1. The dairy herds in the Netherlands are distributed
across the country with the highest herd density in the Eastern
and Northern regions (17).

Through antibody and virus testing of introduced cattle in
2019, in total 67 BVD virus positive cattle were found in 44
unique herds. From the 217,301 introduced cattle, virus results
were available for 49,820 and antibody results were available for
46,727 cattle > 1 year old. For the remaining cows, no BVD
diagnostics were required after the introduction because they

TABLE 1 | Descriptive statistics of all Dutch dairy herds stratified to whether or not

cattle were introduced in 2019.

Herd characteristics Herds with

introduction of

cattle: median, 25-75

percentile n = 9,331

Herds without

introduction of

cattle: median, 25-75

percentile n = 8,941

Herd size

- Heads of cattle > 2

years old

98, 68-136 83, 60-114

- Number of calves <

1 year old

30, 18-46 29, 20-41

Influx

- Number of births 87, 58-124 57, 53-105

- Number of

introduced cattle

13, 4-33 0

Outflux

- Percentage calves

moved to veal

industry

65% 60%

- Number of cattle (>1

year) moved to

slaughter

4, 2-8 3, 2-6

- Number of cattle (>1

year) moved to other

herds

0, 0-2 0, 0-0

- Number of deceased

cattle (>1 year)

1, 0-2 0, 0-1

originated from a BVDV-free herd, a VE, were previously tested
for virus or originated from a BVDV-free country (Figure 1).

Virus Positive Introduced Cattle
Of the 49,820 introduced cattle of which a virus result was
available 27 (0.05%) tested BVD virus positive. Of these, 23
originated from the Netherlands, and four had foreign ear tags.
The 27 BVD virus positive animals were introduced into 21
dairy herds.

Antibody Positive Introduced Cattle
A BVDV antibody test result was available for 46,727 cattle, of
which BVDV antibodies were detected in 9,588 (20.5%) cattle.
Cattle originating from the Netherlands tested antibody-positive
more often than cattle originating from another country (mainly
Germany), respectively, 28.1 and 13.6%. Of the BVDV antibody-
positive animals, 4,527 (47.2%) produced a calf within 9 months
after introduction. The 4,527 cows produced 4,737 calves, of
which 4,341 were viable (91.6%). The remaining 393 calves were
stillborn or died before being ear tagged (Figure 1).

Trojan Calves
Of the 4,341 ear tagged calves, 3,062 (70.5%) were tested for BVD
virus. Forty of the tested calves were BVD virus positive (1.3%).
These calves were born in 23 unique dairy herds.

Of the Trojan calves that were not tested for BVD virus
(n = 1,279), 976 were moved off the farm, the majority of these
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TABLE 2 | Mortality risk of ear tagged Trojan calves born from antibody positive

dams introduced into dairy herds.

Trojan calves

(total)

Alive (n) Dead (n) Mortality risk (%)

and 95%

confidence

interval

tested (n = 3,062) 2,845 217 7.1, 6.2-8.1

not tested

(n = 1,279)

1,121 158 12.4, 10.7-14.4

went to veal calf farms. Given that no result is available for
these calves the BVDV status of these dairy herds is suspended
for a period of 10 months and during this period all newborn
calves have to be tested. Another 143 calves were still present
in the herd and these farmers will have re-started in a route to
become BVDV-free. Of the untested calves, 158 died, resulting
in a mortality risk of 12.4% [95% confidence interval (CI) 10.7-
14.4%]. Of the 3,062 calves that were tested significantly fewer
calves died (proportion test P< 0.0001) compared to the untested
group. In total 217 of the tested calves died, resulting in a
mortality risk of 7.1% (95% CI: 6.2-8.1%) (Table 2).

DISCUSSION

The BVDV national herd-level prevalence in dairy herds in the
Netherlands declined from 26% (2004) to 8.7% (2016) and the
number of BVDV-free and BVDV-unsuspected herds increased
(17). Therefore the number of BVD virus positive cattle that
were detected by screening of introduced dams and their calves
were relevant for the progress toward eradication of BVD on a
national level.

Additionally, the number of BVD virus positive calves
detected may be an underestimation because not every calf born
out of a Trojan cow was tested. The mortality risk in this untested
group was higher than the mortality risk among the tested calves.
It may be that part of the untested calves died because of a BVD
virus infection. Furthermore, mortality risks in calves have been
found to be higher in BVDV infected herds (18). Also in herds
with identified PI cattle a three-fold rise in calf mortality was seen
(19). Nevertheless, given that the presumably BVD virus positive
calf died and cannot transmit the virus to other cattle and the
fact that the free status of the herd is suspended anyway as a
result of incomplete evidence of freedom, the fact that some BVD
virus positive animals may have remained undetected has limited
impact on BVD virus transmission.

In 2019, testing introduced cattle for BVD virus in the
Netherlands led to the detection of in total 67 BVD virus positive
animals in 44 herds. Out of these 67 positive cattle, 27 tested
BVD virus positive right after the introduction, and 40 additional
BVD virus positive calves were detected by screening of newborn
calves born out of dams that tested antibody positive at the
moment of introduction. This risk-mitigating control measure
did not prevent the introduction of BVDV because the BVD
virus positive cattle were already added to the herd or the BVD

virus positive calf was born in the herd. However, the testing
procedure for introduced cattle did result in early detection of
BVDV in these herds. By early detection of BVD virus positive
cattle, further spread in the farm can be prevented and actions
can be taken to regain the free status as soon as possible. The
BVDV-free status of these herds is suspended from the moment
of introduction of the animal. Unless they prove to be virus
negative (cattle < 1 year old) or both virus and antibody negative
(cattle≥ 1 year old), the herd status will remain suspended until 9
months have passed without the birth of a calf or the subsequently
born calf is tested BVD virus negative. The implication of the
suspended status is that the herd cannot longer trade cattle with
a BVDV-free status. This will prevent further spread of the virus
by cattle trade with other herds, that are often seronegative due
to decreasing BVDV prevalence in the Netherlands (17).

Early detection of introduced BVD virus positive cattle or of
BVD virus positive calves is important because the Netherlands
has a high cattle density. In a study by Veldhuis et al., (20), the
odds of a reintroduction of BVDV increased with the number
of non-BVDV-free neighboring herds, herd size and purchase of
pregnant cows. Graham et al., (21) also found BVDV infected
neighboring farms to be a risk factor for a BVDV infection
in Irish herds. Therefore early detection of these non-BVDV-
free herds and subsequent actions to rapidly eliminate the
infections are important measures to prevent transmission to
neighboring herds.

In Ireland the retention of PI calves is a risk for the progress
of the control program (22). In the Netherlands, because of
the relative low economic value of dairy calves, the awareness
of farmers that PI calves can lead to economic losses and the
pressure of the dairy cooperation tomaintain a BVDV-free status,
PI calves are generally not retained. However, we do observe
other herd owner behavior that is not beneficial for the progress
of the BVDV control program i.e. Trojan calves that were not
tested for virus. The farmers seem to lack awareness of the risk
of that calf being virus positive, especially when the dam was
vaccinated for BVDV. For the individual herd this risk might
be negligible but for the progress of BVDV eradication in the
Netherlands it is important that these calves are also tested.
Why herd owners demonstrate such behavior is complex and
warrants a sociological approach. Biesheuvel et al., (23) reviewed
international studies on farmer behavior regarding cattle disease
control and found that many factors influence farmer behavior.
To get a better understanding of farmers’ motivators, and to
ultimately change their unwanted behavior, it would be beneficial
to identify why these farmers do not comply with the program’s
rules purposely. They concluded that the area on how to change
farmer behavior is very complicated. In the Dutch BVDV control
program fromMarch 2020 on additional measures were taken to
prevent retention of these possible PIs for a prolonged period.
The only permitted restart for herds that did not test those calves
was in the BVDV-free route with whole herd screening. This
costly procedure prevents undetected PIs to remain in the herd
for a longer period of time as well as motivates farmers to test the
calves of introduced seropositive dams.

Within 9 months of introduction into the dairy herd, about
half of the purchased cattle had not produced a calf. This
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proportion was higher in cattle that originated from other
countries then the Netherlands (72.6%). In the Dutch program,
all female cattle > 1 year of age have to be tested for antibodies,
regardless whether the cow is pregnant or not. Other countries
with a BVDV program in place, e.g., Ireland focus on detecting
and eliminating of the virus (24) or do not assign herd statuses
but instead install movement restrictions for pregnant cattle
[e.g., Switzerland, (25)]. Given that only pregnant seropositive
cows can be Trojan cows and thus produce a PI, a pregnancy
check, could reduce the length of the period with a suspended
status for the herds that introduce non-pregnant cows. At this
moment, pregnancy checks are not considered within the Dutch
BVDV program, but the results of this study warrant further
investigation on the costs and benefits of allowing pregnancy
checks to reduce the number of cattle that need to be tested
for BVDV antibodies and the duration of suspension of the
BVDV-free herd status that is currently 10 months.

CONCLUSION

The risk of (re)introducing BVDV through purchase of cattle in
herds that participate in the national Dutch BVDV-free program
is limited. However, the (re)introduction of the virus can have
a large impact and result in major economic losses for the
individual herd. In a country or region that has a successful
BVDV control program in place, the prevalence of BVDV will
decrease, which leads to an increased proportion of susceptible
cattle in the population. In such situation, the impact of a new

outbreak and thus the importance of controlling the risk of
purchase increases. Therefore, to support eradication of BVDV
in the Netherlands, it remains important to limit the spread of
new BVDV infections through introduction of cattle. The virus
and antibody testing of purchased cattle has likely been beneficial
in preventing spread of infection. This conclusion may also be
true for other countries with a BVDV control program in place.
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Bovine viral diarrhoea virus (BVDV) and related ruminant pestiviruses occur worldwide

and cause considerable economic losses in livestock and severely impair animal welfare.

Switzerland started a national mandatory control programme in 2008 aiming to eradicate

BVD from the Swiss cattle population. The peculiar biology of pestiviruses with the

birth of persistently infected (PI) animals upon in utero infection in addition to transient

infection of naïve animals requires vertical and horizontal transmission to be taken into

account. Initially, every animal was tested for PI within the first year, followed by testing

for the presence of virus in all newborn calves for the next four years. Prevalence of

calves being born PI thus diminished substantially from around 1.4% to <0.02%, which

enabled broad testing for the virus to be abandoned and switching to economically more

favourable serological surveillance with vaccination being prohibited. By the end of 2020,

more than 99.5% of all cattle farms in Switzerland were free of BVDV but eliminating the

last remaining PI animals turned out to be a tougher nut to crack. In this review, we

describe the Swiss BVD eradication scheme and the hurdles that were encountered and

still remain during the implementation of the programme. The main challenge is to rapidly

identify the source of infection in case of a positive result during antibody surveillance,

and to efficiently protect the cattle population from re-infection, particularly in light of

the endemic presence of the related pestivirus border disease virus (BDV) in sheep. As a

consequence of these measures, complete eradication will (hopefully) soon be achieved,

and the final step will then be the continuous documentation of freedom of disease.

Keywords: pestivirus, bovine viral diarrhoea virus, border disease virus, eradication, sheep, molecular

epidemiology, persistent infection, transient infection

PESTIVIRUSES IN THEIR HOST POPULATION

Pestiviruses have gained increased attention as several new species were discovered in recent years.
Previously, the genus Pestivirus in the family Flaviviridae comprised the four species bovine viral
diarrhoea virus (BVDV)-1 and−2, classical swine fever virus (CSFV) and border disease virus
(BDV) from sheep (1, 2). In addition, several new members termed as “atypical pestiviruses” were
not yet classified as species (3), e.g., giraffe pestivirus [(4, 5) and references therein], HoBi-like
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pestiviruses (6), Bungowannah virus (7), or a pestivirus from
pronghorn antelopes (8). Recently, a number of new pestiviruses
were described from a large variety of species, such as atypical
porcine pestivirus (APPV) (9) and Linda virus (10) in pigs,
phocoena pestivirus in harbour porpoise (11) and, outside
the order Artiodactyla, pestiviruses in rats (12), bats (13), or
pangolins (14) (Figure 1). Together with the fact that a number
of pestiviruses exhibit a broad species tropism, it became evident
that taxonomic classification of pestiviruses based on the host
species they were isolated from was not feasible anymore.
Therefore, a new nomenclature using alphabetic characters was
proposed (15), such as Pestivirus A, B, D, and H for the
widespread ruminant pestiviruses BVDV-1,−2, BDV, and HoBi-
like, respectively, that this review will concentrate on.

Viruses use two different strategies to remain in their host
population. On the one hand, the so called “hit & run” approach
indicates that a primary host is infected for only a short duration
requiring the virus to be rapidly transferred to the next host.
Rabies virus, which ultimately kills the primary, transiently
infected host, and influenza virus or the currently pandemic
SARS-CoV-2 virus, all leave behind an at least partially immune
host, and are typical examples of this approach. By contrast, the
“infect & persist” (also called “hit & stay”) strategy indicates that
the host is chronically or even lifelong infected, which mostly
requires that the virus evolved sophisticated means to evade the
host’s immune system (19, 20).Well-known examples of the latter
strategy are HCV, HIV, or herpesviruses.

The successful worldwide survival of BVDV (21) and other
ruminant pestiviruses in their host population is based on the
fact that they apply both strategies, i.e., transient and persistent
infections (22). The latter is established upon foetal infection
of pregnant cows within the first ∼150 days of gestation with
a non-cytopathic (ncp) biotype of BVDV. (i) This early time
point of foetal infection prior to the development of adaptive
immunity, (ii) the virus’ ability to block the activation of the host’s
innate antiviral response, and (iii) the distinct epitheliochorial
placentation of ruminants that does not allow the transfer
of maternal antibodies, leads to virus-specific B- and T-cell
immunotolerance and the birth of a persistently infected (PI) calf
(23, 24). They might appear healthy, but respiratory symptoms
are more common in young animals whereas enteric symptoms
are observed more often in older animals (25). In addition, the
PI calves are at risk of developing fatal Mucosal Disease (MD),
where both, a cytopathic (cp) and an ncp, biotype can be isolated.
A large variety of mutations in the viral RNA genome of the ncp
biotype, such as nucleotide substitutions or recombination with
viral or host RNAs, lead to the emergence of an antigenically
homologous cp biotype [for review, see e.g., (26–28)]. The cp
biotype of BVDV can only spread in its host in the absence
of an immune response and, therefore, it can only occur and
disseminate in PI animals that are immunotolerant to strains
that are antigenically identical to the persisting virus. Due to its
systemic spread, cp BVDV ultimately kills its PI host, and thus
represents an evolutionary dead-end for such pestivirus mutants
(26). Although epidemiologically irrelevant, the dramatic clinical
picture of MD in the last phase of BVDV infection has great
implications for animal welfare. In contrast to other persistent

viral infections such as herpesviruses, PI animals produce neither
a cellular nor a humoral immune response against the persisting
virus strain and remain, therefore, antibody negative. The PI
animals continue to shed large amounts of virus for life and
remain a constant thread to spread the virus to naïve animals and
represent the most important reservoir maintaining the virus in
its host population.

In addition to this persistence, acute infection of adult,
naïve cattle with either biotype of BVDV results in transient
viremia that is often asymptomatic or accompanied by only mild
diarrhoea or respiratory symptoms, but in rare cases, severe
thrombocytopenia and haemorrhages might be observed (29).
During acute infection lasting ∼2 weeks, virus might be found
in various secretions and, thus, might be further transmitted to
new, susceptible hosts. However, transient infections on their
own are not sufficient to sustain virus circulation for long periods
in its host, with a possible exception in large herds [(30–33), and
unpublished observation], which are rarely found in Switzerland.
Nevertheless, transient infections might well-contribute to local
transmissions bypassing the temporary absence of susceptible,
pregnant animals, finally leading to the infection of naïve,
pregnant animals, and to the re-emergence of new PI animals
that are required for the long-term survival of this virus in its
host population (23). Thus, ruminant pestiviruses are successfully
using both infection strategies, i.e., infect & persist as well as hit
& run, which has direct consequences on the implementation
of BVD control programs, e.g., interpretation of antigen- and
antibody tests, or the time span taken into account at contact
tracing, as discussed in this review.

Ruminant pestiviruses have probably circulated for hundreds
of years in their hosts (34, 35) causing large economic losses (36–
39). To reduce this financial burden, several countries, or regions
introduced control programmes to reduce or even eradicate
BVDV from the cattle population (40–50). In this review, we
portray the eradication scheme implemented in Switzerland
in 2008 describing pros and cons of the strategy chosen and
exemplify various hurdles that appeared on the way to a BVDV-
free Swiss cattle population. With >99.5% of herds being BVDV-
free, Switzerland almost achieved this goal, and the experiences
gained in the last decade might provide useful information for
veterinary authorities implementing new control programmes in
other areas.

SWISS ERADICATION SCHEME

The entire cattle population in Switzerland comprises ∼1.5–1.6
million animals, and annually, 600,000–700,00 calves are born
(34). The disease costs due to BVDV were estimated between 9
and 16 million Swiss francs per year (51, 52), depending on the
model applied and whether losses by transiently infected (TI)
animals were included. This led the various breeding associations
in Switzerland to demand eradication of BVDV from the Swiss
cattle population. The Swiss BVD control programme started
in 2008 and is based on the detection and elimination of
every PI animal (Figure 2). The control programme was divided
into three phases: (i) the initial phase when the entire cattle
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FIGURE 1 | Phylogenetic analysis and classification of pestiviruses based on the nucleotide sequence of the entire open reading frame (ORF). The evolutionary history

was inferred using the Maximum Likelihood method based on the General Time Reversible model (16), with the tree with the highest log likelihood being shown. A

discrete gamma distribution was used to model evolutionary rate differences among sites. The percentage of replicate trees in which the associated taxa clustered

together in the bootstrap test (100 replicates) are shown next to the branches (17), with only maximal values of 100 being shown. The tree is drawn to scale, with

branch lengths measured in the number of substitutions per site. The analysis involved 29 nucleotide sequences. Codon positions included were 1st + 2nd + 3rd +

non-coding. All positions with <95% site coverage were eliminated. There were a total of 9,912 positions in the final dataset. Evolutionary analyses were conducted in

MEGA7 (18). The GenBank accession numbers of the sequences used are listed in Supplementary Table 1.

population was to be ear-notched and antigen tested, except pure
fattening farms where animals only leave for slaughter, (ii) the
calf phase with antigen testing of all newborn calves, and (iii) the
surveillance phase with serological testing of disease-free herds
via bulk milk in dairy herds and blood samples in beef herds
(52–54). The latter phase meant that vaccination was prohibited
from the outset. Two important additional basic principles were
imposed that were deemed to be non-negotiable throughout the
control scheme: First, cattle movements should not be hampered
or only for a short time by testing or restrictions. This also
required a simultaneous start to the national control programme
in all cantons. Second, the case definition of an infected herd
should be exclusively based on the detection of a PI animal.
These directives would be expected to limit the economic burden
posed by the eradication measures on the individual farms,

and concomitantly, should increase the commitment of farmers
to actively participate in the programme. Retrospectively, it
might be questioned from an epidemiological viewpoint whether
the decision not to regulate animal movements might have
reduced the effectiveness of the control programme. Thus, animal
movement was shown to have great importance for BVD control
in Switzerland (55), and regulation of animal movement has
been described as an important measure in the successful control
programme in Sweden (56).

2008: Start With Virological Testing
In 2008, the whole cattle population was screened for the
presence of PI animals, starting in spring with the animals
that will spend the summer on common alpine pastures. In
this initial screening, 0.8% of all bovines were virus-positive,
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FIGURE 2 | Number of yearly BVD events between 2008 and 2020 and method of BVD surveillance. The number of BVD events (detection of one or more PI animals

in a previously BVD-free herd) (y-axis) per year (x-axis) are indicated (blue line with numbers indicated above). The surveillance mode applied in these years is

indicated: (i) population screening in 2008 followed by yearly virological testing of all newborn calves (symbol: cattle head with ear tagging); (ii) spot tests by blood

samples (symbol: cow with syringe) from living bovines sampled on farm (horizontal symbol) and mainly from slaughtered bovines (vertical symbol); (iii) bulk milk testing

(symbol: blue flagon).

and 20.0% of all herds had at least one virus positive animal
(57). Subsequently, all newborn calves were tested for BVDV,
either by antigen ELISA or by RT-PCR using ear notches,
mostly taken by the farmer, or blood samples. Since autumn
2009, epidemiological investigations including contact tracing
were required for every PI animal identified. The aim was to
decrease the prevalence of PI animals close to zero within 3
years to be able to switch to surveillance based on serology
(57, 58). Between 2008 to 2012, the proportion of all newborn
calves being PI fell from 1.4% to <0.02% (59). In 2011, the
situation was re-assessed, and it was concluded that the number
of infected herds was still too high to start monitoring by
serology. Concomitantly, the regional veterinary services were
rather reluctant to abandon the simple and proven antigen
testing scheme and to switch to the more complicated serological
surveillance. In addition, owing to the high seroprevalence before
the start of the eradication programme (60), the proportion of
positive tank milk samples was assumed to be still too high to
test the dairy herds accordingly. In addition, 55 PI animals that
initially tested negative (“false negative”) were detected through
epidemiological investigations until the end of 2010 (57), further
implying that some gaps in the control scheme needed to be
closed. Thus, the transition from virological to serological testing
was postponed to 2012.

2012: Transition to Surveillance by

Serology
In 2012, both testing schemes, i.e., testing all newborn animals
for the presence of virus and herd testing for antibodies, were
applied in parallel to gain more experience and to increase trust

in the serological surveillance keeping a high commitment by
all stakeholders to the control programme. Dairy herds were
monitored by bulk milk serology, and the non-dairy herds by
blood samples from a group of young cattle (so-called “young
animal window” or “spot test”) (61, 62). The results of the
bulk milk ELISA were categorised into 4 classes (see chapter
“Detection of Antibodies”) according to their antibody level. All
samples yielding an antibody result being categorised in class 3
and those from class 2 with an increase of the ELISA-PP value
(percentage positivity value) of 4% or more compared to the
previous test were regarded as “non-negative.” These definitions
limited the number of herds with a positive (non-negative) result
that were required to be examined by spot test. While the dairy
herds were screened twice a year, the remaining herds were
only monitored every third year, as sampling and analysing by
spot test was the biggest cost drivers in serological surveillance.
Data from 2012 indicated a lower risk of PI births in the non-
dairy sector compared to dairy herds, justifying these different
testing schemes retrospectively. Data obtained in this “transition
year” indicated that the level of seropositivity appeared to be
sufficiently low, and not least due to the high costs associated with
virological testing of all calves (37, 52), the switch to exclusive
serological surveillance was implemented in 2013 even if the PI
prevalence of all newborn calves was still at∼0.02% (23, 59).

2013–2018: Antibody Surveillance
All dairy herds should be tested twice yearly and all non-
dairy herds once every three year. The spot test should include
at least five animals not <6 months of age and born after
September 2009, or 10% of the stock in larger herds. Additional
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requirements for animals to be included in a spot test were (i)
that they were born at least 1 month after the elimination of
the last PI animal in the herd; (ii) that they stayed in the herd
to be tested for at least 6 months, (iii) that they were not part
of a herd containing a PI animal during and after its stay in
that herd, and (iv) that the animals were not previously tested
seropositive. Spot tests were also performed in dairy herds with
a “non-negative” bulk milk result. The classification of a bulk
milk test result as “non-negative” was adapted at the end of 2014,
as the interpretation of the progression of the antibody titre in
herds categorised as class 2 by the PP value between two samples
was too complex. To simplify the interpretation, all samples in
class ≥2 were defined as non-negative, despite this leading to an
increase in positive results and a higher workload for the regional
veterinary services. In the first 3 years of surveillance, samples
for spot tests were taken on the farm by the cantonal veterinary
services. This resulted in only about 80% of the non-dairy herds
being sampled at least once in the 3 years. In addition, these herds
were not tested uniformly in this period but most of them were
tested in the last year. Thus, the increase in the case count 2013–
2015 (Figure 2) could be at least partly attributed to the increased
testing in non-dairy herds toward the end of this 3-year period.

In 2015, the sampling frequency for dairy herds was reduced
to once per year, with the sampling in spring 2015 accounting
for the same year, whereas the samples taken in autumn 2015
were counted for 2016. This led to an elongated period without
testing dairy farms from autumn 2015 to autumn 2016. At the
time this decision was taken, the prevailing opinion was that
the virus had almost been eradicated, so surveillance could be
considerably reduced. Unfortunately, this turned out not to be
the case at all. The eradication scheme suffered a severe setback,
with yearly case numbers doubling from 2015 to 2017 (Figure 2).
As a consequence, epidemiological investigations were increased
in autumn 2015 (compare chapter next chapter), and the
surveillance was intensified in 2017 with testing of dairy herds
again twice per year and in 2019, testing all other herds increased
to once per year. Despite the outbreak in 2017 mainly affecting
dairy herds, it is most likely that the sharp regional rise in cases
in that year was linked to a cluster of heavily interconnected herds
and individual non-compliance with the control programme.
However, it is safe to assume that reduced surveillance certainly
contributed to the steady increase in the spread of BVD in
the years 2012–2017 (Figure 2). It was not until 2019 that
another consequence of the 2017 outbreak became apparent: the
seropositivity rate of bulk milk samples increased considerably,
as seropositive replacement heifers from herds affected by the
previous outbreak were often moved to other herds where they
come into lactation. This led again to an increase in the number
of positive bulk milk samples and consequently, the number of
spot tests required, further increasing the costs and the workload
for the regional veterinary services.

The regional veterinary services responsible for sampling on-
site estimated the workload as being too high if all non-dairy
herds were to be sampled yearly. To overcome this limitation,
the project RiBeS (“Rinderbeprobung am Schlachthof”; sampling
of cattle at the abattoir) was initiated in 2016 to take blood
samples for surveillance in cattle during meat inspection at large

abattoirs, as similarly proposed later in Japan (63). Sampling
by RiBeS was simultaneously used for additional projects, e.g.,
related to bluetongue virus, bovine herpes virus-1, or enzootic
bovine leukosis (bovine leukaemia virus). Thus, the frequency
of monitoring non-dairy herds should be increased by RiBeS
without the high workload arising by sampling on-site. But in
contrast to the assumption that blood sampling at abattoirs would
intensify monitoring of non-dairy farms, it turned out that the
coverage of the population was actually lower. One reason for this
decrease was clearly the fact that the project was still in its infancy
and blood samples could only be taken at two of the eight large-
scale slaughterhouses in 2016. This problem was solved, and
sampling at the abattoirs reached the expected level in 2017 and
even increased in 2018, enabling an increase in the surveillance
of non-dairy herds to almost a yearly interval.

A spot test is considered positive if at least one animal is
serological positive. For small herds, the size can be reduced from
five to two animals as it was sometimes impossible to find more
animals fulfilling all the requirements. In situations where only
one animal is positive, the regional veterinary services perform a
risk analysis to determine whether a suspected case is established
and whether measures should be imposed on the herd. Spot tests
in dairy herds are always taken from animals living on the farm
by a veterinarian on a single day. Since 2018, spot tests from
non-dairy herds are mostly taken during meat inspection at the
abattoirs. The two big differences compared to the sampling in
dairy herds by the classical spot test is that (i) the sampling takes
place over a prolonged period and (ii) no second sample can be
taken from the tested animals. Consequently, mistaken sample
identification or false-positive test results are more difficult to
verify. Evaluation of the results of the spot tests and the bulk
milk samples indicated that in 2018, in about 89% of the positive
screening results, no PI animal could be identified. Reasonsmight
be that the animal might already has left the herd, or the spot tests
were false-positive in both herd types. This provides evidence that
serologically positive animals are still not restricted to animals
that had contact with known PI animals. As a consequence, these
seropositive animals are a major problem for effectively targeting
the control efforts only to the herds where active transmission is
indeed occurring.

2019ff: The Endgame?
As a result of these constantly high surveillance efforts, case
numbers have dropped again from 258 infections in new herds
in 2017 to 121 in 2020 (Figure 2). Experience gained in recent
years clearly showed that (i) early reductions in surveillance and
(ii) gaps in case investigations severely jeopardise the success
of the eradication scheme. Concerning the former, surveillance
in dairy herds continued with two samplings per year, whereas
monitoring of non-dairy herds was increased considerably.
This was achieved by programming an application for mobile
phones (RiBeS-App) to identify bovines that should be sampled
at an abattoir, which enables the collection of blood samples
in almost all slaughterhouses in the country, including the
smaller facilities. This led to a marked increase in the average
percentage of non-dairy herds that were tested yearly by spot
tests (Table 1). Nevertheless, especially in smaller cantons with
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TABLE 1 | Bulk milk testing and fraction of non-dairy herds with complete spot tests per year in 2013–2020.

Year Bulk milk tests in dairy herds Spot tests completed

in non-dairy herds

Total [n] Yearly testings [n] Negative [n] Non-negative [n] Non-negative [%] [% of herds)

2013 39,503 2 (S & A) 29,276 10,227 25.89% 33.8%

2014 42,539 2 (S & A) 37,494 5,045 11.86% 31.5%

2015 20,159 1 (S) 19,314 845 4.19% 20.2%

2016 19,478 1 (A-15) 18,217 1,261 6.47% 33.3%

2017 38,714 2 (A-16 & A) 37,977 737 1.9% 14.4%

2018 36,979 2 (S & A) 36,084 895 2.42% 23.3%

2019 36,198 2 (S & A) 34,275 1,923 5.31% 80.9%

2020 35,608 2 (S & A) 34,024 1,584 4.45% n.a.

The total number of bulk milk samples taken and the number of samplings per year from dairy farms that had to be sampled according to the eradication scheme are indicated. Samples

were classified according to their ELISA PP-values as described in section Detection of Antibodies, with samples assigned to class 0 or 1 being regarded as negative, and to class 2

or 3 as non-negative. The percentage of non-dairy herds that were annually surveyed by spot tests are given, but do not represents a precise determination as no detailed data were

available. In 2013–2018, one third of all non-dairy herds were to be tested by spot tests, whereas all of them should have been tested in 2019.

S, Spring; A, autumn; A-15, autumn 2015 counting for the year 2016; A-16, autumn 2016 counting for spring 2017); n.a., data not available.

no large slaughterhouse, only about a third of all samples
required for the spot tests could be taken at the abattoirs,
requiring more elaborate, and costly blood sampling on the
farms. Overall, the number of serological tests conducted within
the surveillance scheme has doubled to 65,000 from 2016 to 2018.
In case a new PI animal is identified, detailed and timely contact
tracing is required, investigating all possible exposures retro-
and prospectively. Thus, the possibility that the same source of
infection might have “laterally” generated additional PI animals
in addition to the one detected by surveillance needs to be
considered, as well as the possibility that the newly identified PI
animal already led to the infection of other pregnant animals. The
measures for the herds with positive animals remained about the
same during the eradication programme, but the investigations
for suspected cases, for example if a spot test was positive
but no PI animal could be detected, were clearly intensified.
With the help of computerised epidemiological tracing and
targeted testing, PI animals were regularly detected earlier
than would have been the case by the serological surveillance
scheme. This is also apparent by the number of virological tests
performed during these control measures that increased 3-fold
from 2016 to 2018 to 30,000 analyses per year. This permitted the
veterinary authorities to stabilise the situation, and case counts
are decreasing since 2017.

Data Management Systems
The conceptual layout of the Swiss computerised data
management has been previously described (54). In short,
the centrepiece is the computerised information system (ISVet)
of the Swiss Veterinary Service, which provides automated
documents for both, the Veterinary Service and private
veterinarians, on all aspects relevant to veterinary public
health. Specific data and documents are accessible by different
user groups, (i) via a BVD-Web platform for practitioners,
(ii) via ISVet for the Veterinary Services and (iii) the Swiss
animal movement database (AMD) for farmers. Results from
all laboratory tests for BVD are transmitted to a centralised

laboratory database run by the Federal Food Safety and
Veterinary Office (FSVO), which is itself connected to the
data on the herds and the animals in ISVet. As IT systems
are generally not long-lived and given the long duration of
this control programme that began in 2008, a new laboratory
information system database (Alis) containing a more detailed
data structure was introduced in 2013. Similarly, ISVet was
replaced by “Asan,” but given the complexity of the ongoing
BVD control programme in ISVet and the expected costs of
transferring the whole functionality to the new application, it
was decided that ISVet should remain functional exclusively
for the BVD control programme. As a downside, the routine in
using ISVet was lost when experienced users need to be replaced
by new operators accustomed to Asan, and technical support
for ISVet was greatly reduced in the belief that it would be shut
down completely after a few years—which was obviously not
the case.

The applications RiBeS and RiBeS-App, used to indicate
which animals the meat inspectors need to sample at the
abattoirs, are completely independent from the other software
applications, but they provide an interface with the resource-
planning software of the enterprise of the large and small
abattoirs, respectively. Taking samples according to RiBeS is now
well-established in the meat inspection process. Nevertheless,
food safety clearly remains the priority in the process of meat
inspection, and the additional effort needs to be financially
compensated. To profit from possible synergisms, a more
integrated system from management to integration of laboratory
results for all cattle surveillance programmes is planned in
the future. A more detailed data structure would be of great
value especially for the spot tests, as with the current systems,
differentiation of the results of the spot test from the ones of other
serological assays in dairy herds proved to be difficult.

In the last 3 years, the use of a data warehouse combining
information from different sources allowed the production of
useful reports for epidemiological investigations and contact
tracing of animals and herds with positive results in serological
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surveillance. These possibilities are increasingly used by the
regional veterinary services. The format of flexible reports
combining the information from the AMD, the laboratory
database, ISVet, and RiBeS proved to be an important
improvement. The animal movement database is the most
important source for tracing of animals, and current efforts are
directed toward specifically transforming data available from
the AMD into information useful for BVD control, such as the
calculation of calving periods and the proportion of twins and
stillbirths per herd. The data management systems used offer
great flexibility, but as a disadvantage, retrospective evaluations
are rather difficult as the previous status of animals and herds are
not available, e.g., in contrast to data management systems used
in Germany (64).

VIRUS TRANSMISSION

As virus is shed from all secretions, e.g., saliva, semen, tears,
milk, and to a lesser extent faeces, direct contact of susceptible
animals to persistently or transiently infected cattle is the most
prominent way of horizontal transmission. Summer grazing on
one of the 6,740 communal alpine pastures (as of 2019) is very
common in Switzerland (65), with approximately one third of all
cattle being moved to these pastures every year (55). This offers
ample opportunity for direct contact of animals from different
farms and, therefore, for the virus being transferred to different
premises (66–72). As the virus can retain its infectivity for several
hours or even days depending on the environmental conditions
(73), spread by indirect contact through contaminated surfaces,
fomites, equipment, vehicles, personnel, and even veterinarians
cannot be excluded. Contaminated biological products such
as semen or vaccines and even airborne transmission were
reported to be possible routes of transmission [(49, 74, 75)
and references therein]. As examples, BVDV transmission was
reported from external contamination of rubber membranes of
vaccine vials that were punctured by the syringe (76), from orf
vaccines for sheep that were contaminated with BVDV-2 (77),
from contaminated transport vehicles (78, 79), or by airborne
transmission via short distances of maximally 10m from pens
harbouring a PI animal (76, 80).

Transmission From PI and TI Animals
As PI animals constantly shed large amounts of viruses during
their whole lifetime, transmission from these animals is highly
effective. This is exemplified by the facts that a within-herd
seroprevalence of at least 60–70% is highly indicative for the
presence of a PI animal (60), and that the presence of a PI calf
for only 1 h was sufficient to infect the contact animals (81). Thus,
the basic reproductive number (R0), which indicates the expected
number of new infections generated by one case in a completely
susceptible herd, might be well above 30 for the transmission by
PI animals (75). This is in accordance with the model that PI
animals are the most important reservoir for BVDV to remain
in the population.

Viremia in transiently infected (TI) animals starts at around
2–3 days post-infection (p.i.), and last up to 1–2 weeks until
seroconversion of the infected host occurs. This indicates that the

presence of infectious virus in secretions from acutely infected
animals can be expected. Indeed, infectious virus could be
isolated from nasal swabs from 5 out of 6 experimentally infected
animals between day 5 and 10 p.i. (82), whereas this could be
extended up to 21 days p.i. by treatment of the animals with
dexamethasone (83). Similarly, 10 calves infected intranasally all
seroconverted within 15-36 days p.i., and BVDV could be isolated
from some of these animals between day 5 and 8 (84). In another
study, animals were acutely infected by contact to a PI animal,
but no infectious virus could be isolated from nasal swabs of
these contact animals despite positive detection of viral RNA by
RT-PCR in blood and nasal swabs starting at 6–21 days p.i. and
lasting for 1–9 days (85). It is worth noting that detection of
virus in serum or nasal swabs by RT-PCR depends on the dose
of virus used to infect the animals (83), and can be detected
up to ∼100 days p.i. despite interim seroconversion (83, 86).
However, virus isolation in cell culture indicative of the presence
of infectious virus was not successful at the late time points.
Interestingly, blood transfusion with blood at day 98 p.i. from
acutely infected animals to naïve cattle led to seroconversion of
the latter, indicating that virus in the blood still retains infectivity
despite being unable to be transmitted naturally to sentinel
animals (86).

This rather short time window of virus secretion together with
a reduced amount of virus shed by acutely infected compared
to PI animals leads to strongly reduced efficiency of virus
transmission. Thus, none of the 14 sentinel animals were infected
by nose-to-nose contact with 5 TI calves (87). This was confirmed
in another study by the same group where 8 calves exposed to
10 TI animals were not infected despite the detection of BVDV
in nasal swabs in 6 out of 10 of the TI animals, whereas a
bovine coronavirus was readily transmitted to all the animals
(84). The infectious dose leading to a transient infection (83),
the virulence of the virus strain involved (32), or concomitant
infections, e.g., within the bovine respiratory disease complex
(74), might further influence the efficiency of virus transmission
from TI cattle, but data are rather scarce. A summary of studies
that investigated transmission from TI animals is collected in
Supplementary Table 2.

Transmission via Semen
In rare cases, the persistence of BVDV in testicles of postpubertal
bulls was described despite these bulls seroconverting after
transient infection and being free of virus in serum thereafter.
In these animals, infectious virus could be detected in semen
for months (88–91), even though the viral load in semen from
TI animals were considerably lower than in semen from PI
bulls (92). Thus, pestivirus transmission by artificial insemination
with semen from TI bulls could be observed, but secondary
transmission cycles were only rarely described (88). Similar
results were reported using semen from PI bulls, but despite
high rate of seroconversion of the inseminated heifers (93–95),
no (95) or only two PI animals (93) were generated out of 5
and 61 inseminated heifers, respectively. Therefore, transmission
of ruminant pestiviruses via semen does occur, but the rate of
production of PI calves and even less, further transmission to
naïve animals, is remarkably low.
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Risk Assessment for Transmission From TI

Animals
As BVD eradication in cattle was not achieved as quickly as
expected and the source of infection could not be identified in
several cases, doubts were raised that the focus on PI animals
as the main source of infection could not be justified. Anecdotal
accounts of transmission that appeared to have occurred through
TI animals raised concerns that this route of transmission might
be more common and jeopardise the control programme, and
a risk assessment was appreciated by the local authorities and
veterinarians. Overall, direct transmission from PI animals to
naïve cattle remains the most prominent way of spreading
ruminant pestiviruses (96, 97). As they shed virus throughout
their life, PI animals of any age are effective transmitters (a few
examples are summarised in Supplementary Table 3), with the
possible exception of temporarily reduced viral shedding after
intake of colostrum containing maternal neutralising antibodies
(74, 98). There appears to be a consensus that the risk of
transmission by TI animals is negligible and mostly unable
to sustain a chain of infection for an extended time period
(49). Indirectly, this is corroborated as all BVDV eradication
programmes were successful provided they aimed at the
elimination of PI animals (45). Calculations of the reproductive
number R0 were rarely done, and the results were quite diverse,
but in most cases, R0 for TI animals was below 1. Thus, R0

was reported to be around 0.25 for BVDV-1 and−2 being
transmitted by experimentally generated TI animals, whereas the
introduction of PI animal led to an unlimited increase of R0

[“R0 = ∞” (96)]. In accordance with this very high R0 in the
presence of a PI animal, herd immunity would need to be close
to 100% to achieve full protection, which is not realistic (99).
By contrast, a previous study done in the Netherlands reported
an R0 of ∼3.3 in a herd that did not contain a PI animal (30).
However, PI animals were at least temporarily on the premise in
different pens, and the chain of infection ceased before infection
of all naïve cattle, indicating that R0 might nevertheless have
been below 1 for transient transmissions only. Surprisingly, the
within-herd transmission was rather slow in the presence of a PI
animal, with an R0 of only 3.9 reported in his study (30). In a
mathematical model, R0 was calculated to be 2.3 in the absence
of a PI animal but was increased by an order of magnitude by the
introduction of a PI calf (100).

Summarising these studies (Supplementary Table 2),
transmission from TI cattle to contact animals at physiological
conditions occurred in only 3 out of 60 cases, with additional
transmission only in the case of immunosuppressed calves
(83). Out of this, an R0 of 0.05 (95% CI; 0.01–0.14) can be
estimated. Of course, herd size, cattle management, general
health status etc. will influence the efficiency of transmission,
but TI animals appear to be an even smaller risk than surface
or fomite contamination by secretions of PI animals, especially
during the birth of PI animals. Therefore, the detection of
TI animals is not the main risk factor to maintain a chain of
infection, but rather represents an important indicator of the
presence of a source of infection, e.g., a PI calf. In later stages of
BVDV eradication with a highly susceptible cattle population

and intense surveillance, transient infections might nevertheless
be observed and might lead to either costly investigations or, in
rare cases, to the transmission to a pregnant heifer and the birth
of new PI calf.

DIAGNOSTICS

Since the first description of BVDV in 1946 (101, 102), a
number of methods were developed to directly identify the virus
or its components, and indirectly to monitor seroconversions
as signs of infection. Diagnostic tests are applied either to
diagnose clinical cases, or to survey groups of animals to
determine the (sero-) prevalence of infection. In the case of a
BVD eradication programme, the latter clearly applies, as most
acute and persistent infections are inapparent, and the ultimate
goal is to identify every PI individual. The special biology of
ruminant pestiviruses as described in the first chapter, with
acute infections characterised by transient viremia followed by
seroconversion, and the presence of immunotolerant PI animals,
requires the application of various diagnostic assays and detailed
interpretation of their results. In addition, possible interference
by maternal antibodies imposes the selection of different tests
depending on the age of and the type of sample taken from the
animal. A large body of literature is available on diagnostics tests,
but in the following paragraph, we concentrate on the assays
used in Switzerland during the BVD eradication scheme and
discuss pitfalls observed in this “large field experiment”. Thus, we
apologise that we are only able to cite a small number of articles
which by no means detract from the effort made by many labs to
improve diagnostics of this important livestock disease.

Detection of Antibodies
For detection of antibodies, serum neutralisation test (SNT) is
highly sensitive, and was and still is the gold standard, but the
requirement of cell cultures limits its use to more specialised
laboratories. Thus, agar gel immunodiffusion test and enzyme-
linked immunosorbent assay (ELISA) were rather routinely
applied (103, 104), with the former not being used in Switzerland
compared to, e.g., Australia or New Zealand (105). Today, a
number of indirect and blocking ELISAs to detect antibodies to
ruminant pestiviruses are commercially available that can be used
with various sample materials such as serum, plasma, or milk.
Most of these ELISA tests use the non-structural protein NS3
(p80) as capture antigen as this is the most conserved pestivirus
antigen, with fewer assays detecting antibodies to the structural
protein Erns (106, 107). By contrast, neutralising antibodies are
primarily directed against the envelope glycoprotein E2, which
at least partially explains discordant results that were reported
between antibody ELISA and SNT (108).

In countries where HoBi-like pestiviruses (Pestivirus H) are
circulating, specific assays need to be developed as the test
routinely applied for BVDV and BDV appear to unreliably
detect these types of antibodies (109–112). Independent of the
type of ELISA used, none are currently able to differentiate
BVDV antibodies from BDV. Correctly attributing antibodies
to one of the species requires cross-neutralisation assays using

Frontiers in Veterinary Science | www.frontiersin.org 8 September 2021 | Volume 8 | Article 702730302

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Schweizer et al. BVD Eradication in Swiss Cattle

different virus strains as challenge virus. This type of assay needs
to be adjusted to the corresponding epidemiological situation,
i.e., to the individual types of viruses circulating in a given
area. Currently, using two strains of BVDV-1, one that is
and one that is not circulating in Switzerland, and one local
BDV strain, enables at least 80% of all sera to be designated
to one of the two ruminant pestiviruses [(108), and Huser
et al., in revision]. Requiring cell cultures and three separate
SNTs for cross-neutralisation, this test is rather elaborate, time
consuming and costly and, thus, is performed exclusively by our
reference laboratory and only upon request of the corresponding
veterinary authority.

Detection of new antibody-positive animals or a rise in
the level of antibodies in bulk milk during the surveillance
phase is indicative of the presence of a PI animal in a herd.
As a result, investigation at the farm level with analysis of
every individual animal in the herd is required. Cows shortly
around calving are also tested in such cases, yielding sometimes
negative results in antibody ELISA despite records indicating
that the animal was previously tested antibody positive. This
might be explained by the fact that cows around parturition
actively transfer enormous amounts of antibodies of the IgG1
subtype from serum into the mammary gland, thereby assuring
colostrum-mediated protection of the newborns. Depending
on the antibody ELISA used, this drop in antibody levels in
the serum of the cow might lead to a negative result around
parturition (113, 114) and, therefore, it is not recommended to
perform antibody ELISAs∼2 weeks before and after calving. This
effect is not specific to BVDV antibodies, as IgG1 antibodies in
general are transported into the milk as, amongst others, was
reported for antibodies to Coxiella burnetii in addition to BVDV
(113, 114).

Every laboratory that offers BVDV diagnostics in Switzerland
needs to be accredited, and every test applied in these laboratories
requires approval by the federal authorities. Switzerland is a
federalistic country and, therefore, the implementation of the
national eradication programme is organised by the 23 different
cantons, with possible collaborations between some of the
cantonal veterinary services. Accordingly, every canton is free
to choose a laboratory for its analysis, and each accredited
laboratory is free to choose which test to use as long as the
test was approved. All these ELISA tests were reported to
have sensitivities and specificities above 90% using serum as
sample material (106, 115–118), with somewhat lower values
using milk samples (117). Despite these similar characteristics
for the different tests, it appeared that the performance varied
between different regions using various ELISAs. This was also
recently confirmed where various commercially available ELISA
tests generated false negative results, especially in samples with
low antibody titres according to a neutralisation test (119).
However, it must be kept in mind that it is not only the
test that is responsible for inaccurate results. Correct labelling
of the sample, quality of the sample material, duration of
and temperature during shipment and correct handling during
analysis all contribute to the final result. In such a field situation,
no test can be 100% accurate, and the occurrence of false-positive
or negative results cannot be completely avoided. To reduce

this variability, the analysis for antibodies in bulk milk during
the surveillance phase in recent years, i.e., toward the end of
the eradication programme, is performed by a single laboratory
for the whole country. Bulk milk samples are collected twice
monthly for quality control of commercial milk (milk testing)
from all dairy herds, and such samples are used twice a year for
BVD monitoring during a defined collection period. The bulk
milk samples are analysed using the SVANOVIR R© BVDV-Ab
ELISA from Svanova (now Indical Bioscience). Based on their
PP values (percentage positivity value), farms are assigned to one
of four classes defined by the test manufacturer according to the
Swedish national programme (120), i.e., class 0 (PP < 3%), class
1 (PP ≥ 3% and < 14%), class 2 (PP ≥ 14% and < 30%), and
class 3 (PP ≥ 30%). Nevertheless, analysing the sample by one
laboratory only does not eliminate all pitfalls, as with the analysis
of bulk milk samples in spring and fall each year, an inexplicable
rise in antibody titre could be observed in some farms, without
detection of a PI animal following investigation of all animals in
the herd (unpublished observation). At least in some cases, the
purchase of an antibody-positive cow could be identified as the
cause of the rise in bulk milk antibodies, or the new animal was
even the only seropositive animal in the herd, with the bulk milk
antibody level returning to background level after drying off of
this seropositive cow. Thus, a single animal with a high antibody
level in milk can unfavourably influence antibody surveillance by
bulk milk analysis.

Currently, every blood sample that tested positive or
indeterminate by an external laboratory must be transferred to
our reference laboratory for confirmation. If the sample yields
discordant results with an indirect and, if necessary, an additional
competitive antibody ELISA, the final analysis will be done using
SNT. If no neutralising antibodies are detected in the sample,
the result will be reported as negative. Expensive and time-
consuming cross-SNT is currently the only way to differentiate
antibodies from BVDV to BDV, and is solely performed by the
reference laboratory. In addition, inappropriately re-sampling
animals only a few days after the initial test in response to
farmer’s request for a definitive result, and testing animals in
the periparturient period, are additional drawbacks regularly
encountered with antibody testing.

Detection of Viral Antigen and Viral RNA
For the direct detection of virus, virus isolation has been
considered the gold standard for many decades and is the only
test able to detect infectious virus (104, 121). Similar to the
SNT for the detection of antibodies, it is time consuming and
costly, and it requires laboratories capable of performing cell
cultures. In addition, the method is sensitive to the presence of
antibodies, e.g., maternal antibodies from colostrum intake in
young calves (122, 123), and the sensitivity is highly dependent
on the cell type used, with bovine turbinate cells being up to
two orders of magnitudes more sensitive to infection by BVDV
than the commonly used MDBK cell line [(115) and unpublished
observation]. But as “all that glitters is not gold,” it is rather RT-
PCR than virus isolation that is nowadays accepted as the most
sensitive assay (see below). For the detection of viral antigens,
immunofluorescence and immunohistochemistry was initially
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the method of choice, but antigen ELISAs replaced these assays in
routine diagnostics (104, 106, 115, 124–126). The non-structural
protein NS3 was the most common antigen detected by these
ELISAs, yielding the most sensitive results when using buffy coat
as sample material. Accordingly, flow cytometry was used in
some specialised laboratories to detect intracellular NS3, which
also enabled the identification of the cell type infected (127, 128),
but this was never routinely applied in Switzerland. In addition
to NS3, ELISAs detecting Erns in serum were commercialised,
which enables the use of serum to detect the soluble form of
this envelope glycoprotein (129, 130). Similar to virus isolation,
the antigen ELISA might yield false-negative results due to the
presence of maternal antibodies (70, 122, 123). With a half-life of
∼20–30 days, passively acquired antibodies largely wane within
two to four months (122, 131). Interestingly, maternal antibodies
directed against the viral envelope glycoproteins Erns and E2
decline at a faster rate in PI animals compared to naïve calves,
whereas antibodies to NS3 wane at around equal rates in PI
and non-infected animals [(122) and unpublished observation].
This probably reflects the presence or not of the corresponding
antigen in the serum. Including a certain “safety margin”, antigen
ELISA is therefore only used in animals older than 6 months.

These days, RT-PCR and real-time RT-PCR detecting viral
RNA are themethods of choice next to the antigen ELISA that are
routinely used to demonstrate an infection with pestiviruses (107,
118, 132–134). A wide variety of sample material can be used,
such as blood, saliva, ear notches, milk, or different material from
abortions, provided appropriate methods for RNA isolation are
established for each of the sample types. It is worth mentioning
that material from the afterbirth might test negative by RT-
PCR despite the birth of a PI animal after transient infections
of its dam, which might relate to the fact that the foetal rather
than the maternal side of the placenta is virus positive (135),
albeit more studies are required to confirm this observation.
For diagnostic purposes, the 5′-untranslated region (5′-UTR)
is usually chosen as PCR target as it is the most conserved
region in pestiviruses, enabling the simultaneous detection of
various genotypes. Accordingly, the—in the meantime famous—
“Vilcek pan-pesti primers” are sometimes still in use (136),
albeit adapted primers were designed covering the many new
pestivirus isolates identified in recent time. Nevertheless, all the
varying pestiviruses cannot be detected using a single PCR and
depending on the epidemiological situation and the species to
be investigated, specific primer/probes need to be designed. In
Switzerland, only BVDV-1 and BDV were identified in livestock
and wild ruminants to date by using a broadly specific RT-PCR
for sequencing using a mix of different forward primers (79) that
enables the detection of a variety of pestiviruses, e.g., pestiviruses,
A, B, D, and H.

As RT-PCR is largely unaffected by the presence of maternal
antibodies, it is always used with samples from animals younger
than 6 months of age. Due to its high sensitivity, RT-PCR
allows pooling of samples (137, 138) followed by re-analysis
of individual samples exclusively from positive pools. With a
prevalence of PI animals of roughly 1-2%, this considerably
reduces the costs of large-scale investigations. Based on the lower
sensitivity, it is not recommended to use the antigen ELISA test

with pooled samples (107, 139). In addition, the high sensitivity
of RT-PCR not only allows efficient detection of PI animals, but
transient infections might also provide a positive result when the
animal was sampled during the viremic phase. In general, the
viral load in PI calves is higher than during the short viremia
found in TI animals, resulting in lower Ct values in real-time RT-
PCR in PI compared to TI animals. Despite this difference being
highly significant on a population level (140), it cannot be applied
to differentiate PI from TI animals in individual cases. Thus, the
Ct values vary widely, as we observed samples from PI animals
providing Ct values above 35 or TI animals showing Ct values
lower than 20 [(33) and unpublished observation]. Re-sampling
the animal at least 3 weeks later resolves the issue in most
cases, as the viremic phase in TI animals is usually rather short-
lived. However, infections of neonates or very young calves with
BVDV might result in a prolongation of viremia due to either
an inefficient immune response in young animals (Figure 3A)
or by the inhibition of the calf ’s immune response by immune
complexes of the virus with antibodies obtained by colostrum
intake (Figure 3B). In the latter case, even immunohistochemical
staining in ear notch biopsies stained positive for pestiviral
antigen (unpublished observation), despite this method being
supposed to exclusively detect PI animals (141). Thus, the results
of RT-PCR assays of a single test and even together with the
results of a paired sample taken at a later time point, needs
to be interpreted in relation to the epidemiological context of
the animal, results from other animals or the seroprevalence
in the herd, in order to obtain a definitive conclusion and to
take the appropriate measures. Finally, it has to be noted that
it is not possible to identify PI animals already in utero, at least
not with routine methods (142). Pregnant cattle carrying a PI
foetus (metaphorically called “Trojan cows”) mount a strong
humoral immune response, with neutralising titres being much
higher than in transiently infected naïve animals (143, 144). This
difference, however, is only significant in the last 1–2 months
of pregnancy and is not commonly amenable for diagnostic
purposes at the level of individual animals. Consequently, intake
of maternal antibodies by the PI animal taking colostrum from
its own mother is substantial and one should be aware of
their possible interference with the various diagnostic tests as
discussed above.

In summary, antigen ELISA and real-time RT-PCR are
the methods routinely used in Switzerland during the BVD
eradication programme, and both tests exhibit an excellent
performance. However, no test can perform at 100% sensitivity
and specificity in field situations, a fact that tends to be neglected
by a number of stakeholders. As only BVDV-1 and BDV strains
are circulating in domestic and wild ruminants in Switzerland
(34, 79, 146, 147), the pestivirus diversity is currently not an
issue for the diagnostic methods used to detect the presence
of pestiviruses. Nevertheless, BVDV-2 or HoBi-like pestiviruses,
which probably represent the greatest risk of being introduced
into the Swiss cattle population, can be identified by the methods
currently applied. The major pitfalls in antigen detection are (i)
that, especially in young calves, viremia might persist for several
weeks to months at a low level, making differentiation of TI and
PI animals rather difficult, and (ii) that re-sampling of initially

Frontiers in Veterinary Science | www.frontiersin.org 10 September 2021 | Volume 8 | Article 702730304

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Schweizer et al. BVD Eradication in Swiss Cattle

FIGURE 3 | Course of the level of pestivirus antibodies and viral RNA in the

blood of newborn calves. Relative optical density (OD) in the ELISA for

pestivirus antibody in sera of two calves taken between day 17 and 86 (A) and

day 9 and 191 (B) of age expressed as a percentage to the OD of a standard

serum (y-axes to the left in red). Relative OD values > 30% (grey line) are

defined as positive. The presence of viral RNA by real-time RT-PCR, and the

Ct values are indicated (y-axes to the right in blue). The calf in (A) did not

receive pestivirus antibody-containing colostrum, whereas the calf in (B)

ingested maternal antibodies to BDV. The virus detected by RT-PCR could be

identified as BVDV-1b [A; (79)] and BDswiss [B; (145)], respectively.

positive animals occurs too fast, sometimes within 1 week, which
makes it more or less impossible to follow the course of infection.

SMALL AND WILD RUMINANTS

Ruminant pestiviruses are not strictly species specific and thus,
infection from small ruminants such as sheep and goats were
described in the field as well as under experimental conditions.
The presence of BDV in cattle was already discussed in a
recent review (145) and, therefore, only aspects relevant for
BVD eradication are covered here. Commingling of cattle with
persistently infected sheep led to seroconversion, reduced fertility
and abortions in pregnant animals (148–150). The declining
seroprevalence during the eradication leads to a completely
susceptible Swiss cattle population, and there were concerns that
the generation of cattle PI with BDV will strongly increase.
However, within almost 10,000 nucleotide sequences obtained
from virus isolates taken from PI (and possibly some TI) animals

since the start of the eradication programme, not a single case
of BVDV-2 and <30 animals PI with BDV were identified [(79);
Huser et al., in revision]. Interestingly, most of these PI animals
were detected in Central and Eastern Switzerland, probably
reflecting different management practises of keeping cattle and
sheep on the same premises or pastures in various regions in
Switzerland, including communal alpine pastures in summer
(67, 68, 70, 72). This is corroborated by the observation that cases
of malignant catarrhal fever in cattle, a disease caused by ovine
herpesvirus-2 with sheep representing symptomless carriers, are
similarly concentrated in Central and Eastern Switzerland (Huser
et al., in revision).

Due to cross-reactivity of antibodies to pestiviruses,
serological surveillance of BVD by ELISA does not distinguish
between BVD- and BD-virus as the source of infection. In a
recent study using an optimised SNT protocol, we could show
that <10% of pestivirus antibody ELISA-positive sera from
cattle were due to BDV infection (108). The samples were taken
between 2012 and 2014, and there was a trend for an increased
BDV seroprevalence in these samples from 4.2 to 8.1%, which
might reflect the increased susceptibility of the cattle population.
Epidemiological analysis revealed that common housing of cattle
and small ruminants, especially sheep, was the most significant
risk factor for BDV infection in cattle. Goats appear to be less
of an issue as PI goats appear to be rarely generated and their
viability is mostly severely reduced (151). As observed for the
presence of cattle PI with BDV, the highest BDV-seroprevalence
in cattle was found in Central Switzerland.

These data indicate that sheep might represent a reservoir
for ruminant pestiviruses, but their transmission to cattle occurs
only sporadically and largely depends on herd management.
Direct contact between these two species represents the highest
risk for transmission but contact between cattle and sheep
on neighbouring pastures and insufficiently cleaned trailers
commonly used by a cattle and sheep farmer could be identified
as sources of infection (79). However, as routine antibody
surveillance by ELISA does not discriminate between antibodies
to BVDV and BDV, the suspicion of BDV in sheep being the
source of infection can only be raised based on indirect evidence.
Thus, the following observations were reported that might
indicate that BDV was introduced into a farm: (i) seropositive
results in bulk milk or in the spot test of young calves that are
inexplicable as no PI animal could be found in the herd; (ii)
possible direct or indirect contact to small ruminants; (iii) only
a few seropositive animals could be identified; (iv) the values in
the antibody ELISA of the sera of seropositive animals are only
weakly positive; or (v) the ELISA results of bulk milk analysis was
low or even negative despite the presence of lactating seropositive
animals in the herd. The latter two observations might be
explained by the fact that the ELISA OD (optical density) values
of BDV antibodies appear to be generally lower than the ones
measured by BVDV antibodies (unpublished observation). But
even in case where BDV is suspected to have been introduced
into a cattle herd, the same enforcements as applied for BVDV
should be immediately taken, as in-depth analysis to differentiate
the pestiviruses takes time, whereas further transmission should
be stopped as quickly as possible.
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Previous studies showed that the pestivirus seroprevalence in
sheep was around 15–20% (152–154). Identification of the type
of pestivirus infection in sheep, if determined at all, showed a
considerable proportion of BVDV-induced antibodies, albeit 30–
60% of the samples could not be allocated at that time. Hence, it
could be envisaged that the elimination of BVDV from the cattle
population would decrease the transfer of BVDV from cattle to
sheep and thereby altering the epidemiology of pestiviruses in
small ruminants. Indeed, analysing sheep sera collected in the
Canton of Schwyz in Central Switzerland ∼7–10 years prior to
and after the start of the BVD eradication in cattle revealed
that the proportion of antibodies to BVDV compared to BDV
decreased from 13.3 to 3.5% between the early and late sampling
period (Huser et al., in revision). This provides strong evidence
that there is not only cross-species transmission of BDV from
sheep to cattle, but also significant transmission of BVDV from
cattle to sheep and, therefore, BVD eradication in cattle is also
of benefit for the sheep, despite BDV remaining endemic in the
sheep population.

In addition to small ruminants, a number of wild animals
were found to have been infected by ruminant pestiviruses [for
reviews, see (155–158)]. However, evidence for independent
virus circulation within the wild animal population without
the involvement of livestock was rarely found with possible
exceptions in chamois in the Pyrenees in France and Spain and
white-tailed deer in North America (159, 160). In Switzerland,
roe deer, red deer, chamois or ibex were considered to be virus
reservoir for pestiviruses, thereby representing a potential risk
factor for BVDV eradication in cattle. However, none of the roe
deer analysed, and only, 2.7, 2.1, and 1.8% of red deer, chamois,
and ibex, respectively, were seropositive (146) out of a total of
1,877 samples analysed. Differentiation of approximately half
of the seropositive samples indicated that the majority of wild
ruminant sera contained antibody to BDV rather than BVDV
(147). This might be corroborated by the observations that
using RT-PCR, only one single serum from a chamois contained
viral RNA that could be typed as BVDV-1 h (146), the most
prominent genotype found in cattle in Switzerland (34). These
data indicate that wild ruminants in Switzerland do not represent
a pestivirus reservoir but are rather an incidentally spill-over host
and, therefore, do not pose a risk to BVD eradication in cattle. A
similar conclusion was made when looking at wild and domestic
ruminants in Southern Spain (161).

Overall, these data strongly suggest that small and wild
ruminants in Switzerland are not a significant risk factor
for BVD eradication in cattle. However, occasional spill-
over transmission might occur from cattle to small and wild
ruminants and vice versa, the latter mostly during alpine
farming in summer. As the surveillance programme is based
on the seronegativity of cattle herds, every transmission event
detected during transmission requires further investigations to
elicit the possible source of infection. Legally, this implies
that infection of cattle with other ruminant pestiviruses such
BDV (Pestivirus D) or HoBi-like viruses (Pestivirus H, never
observed in Switzerland and, thus, not further discussed here),
are not specified by the animal disease regulation (animal
disease ordinance; “Tierseuchenverordnung TSV”). As routinely

applied diagnostic tests do not differentiate between BVDV and
BDV, any positive result is defined as a positive case with all
its consequences defined in the TSV for BVDV. However, if
antibody monitoring or further investigations on virus-positive
cattle indicate that, e.g., a PI animal is infected with BDV,
the TSV does not apply, and any further actions rely only
on a general act regulating animal disease control measures
in the animal disease law (“Tierseuchengesetz TSG”). In light
of new pestiviruses that were recently described and might
be discovered in future, a broader definition for pestivirus
infection in cattle might be advantageous and legally assured
in an animal disease regulation in countries with scheduled
or ongoing eradication programmes. Similar problems were
faced with the eradication of caprine arthritis encephalitis virus
(CAEV) in Swiss goats, where sheep infected with Visna-Maedi
virus (VMV) or CAEV play a significant role as a reservoir
for such small ruminant lentiviruses (SRLV) and, therefore,
as a risk factor in the control of CAEV in the Swiss goat
population (162–166).

MOLECULAR EPIDEMIOLOGY

As stated above (chapter Data management systems), the
enormous logistical tasks encountered in the eradication
programme could not have been achieved without appropriate
data management systems, including the animal movement
database (AMD) (54). In the AMD, every single bovine
animal with its unique ear tag number can be identified,
incl. information such as date and place of birth, additional
farm-related data, information on its animal parents, animal
movement, slaughter or death, etc. As with any database,
inaccurate or missing entries (167), either by negligence or
fraudulence, should be avoided, as this might severely limit
the practicality of the database. In addition to its role in the
logistics of the testing scheme, this digital data system is also an
invaluable tool used for contact tracing, an important instrument
in classical epidemiology to identify a possible source of infection
and further contact animals. In addition to the “classical” tools,
molecular epidemiology is nowadays an important method in
disease control (168–170). Accordingly, molecular epidemiology
was successfully used in pestivirus control and surveillance, e.g.,
for CSFV (171–173) and various BVDV control schemes ins
Scandinavia (45, 56, 174), the UK (175), Austria (78), Germany
(176, 177) and Scotland (178). In Switzerland, we sequenced
a short stretch of ∼240 bp of the BVDV genome in the 5′-
UTR from a large number of PI animals and combined this
information with data from the AMD (34, 79). Initially, this
sequencing effort intended to identify animals PI with BDV, but
it was soon realised that these sequences are a great opportunity
to be used in molecular epidemiology. On the one hand, we
could gain an overview on the BVD viral strains circulating
in Switzerland, which is important to control for possible
introductions of new variants into the country and tomonitor the
suitability of current diagnostics tools. Next to a few PI animals
infected with BDV as discussed above, we exclusively found
BVDV-1 strains of the subgenotype BVDV-1b, −1e, 1h, and−1k
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with the exception of two isolates of the 1g and 1l subgenotype
(34). Notably, we never found an animal PI with BVDV-2 or
HoBi-like pestiviruses, despite these genotypes being described in
neighbouring countries, i.e., BVDV-II in France, Germany, and
Italy (177, 179–181), and HoBi-like viruses in Italy (182). On the
other hand, we were able to support the cantonal authorities in
tracking chains of infection, e.g., whether several PI animals in a
single farm or on a single pasture originated from one or more
virus introductions, or whether repeated births of PI animals on
the same farm were caused by consecutive infections over time
originating from the same source of infection or represented new
virus introductions (79).

The very strict and ambitious BVDV eradication in
Switzerland led to a quick initial success [Figure 2; (59)].
Since then, the eradication remains, however, somewhat in a
stalemate. This notwithstanding, the good news prevails with
more than 99.5% of all cattle farms being free of BVDV at the
beginning of 2021. To obtain complete freedom from BVDV, it
is of upmost importance to identify and remove the remaining
PI animals as quickly as possible. This might be exemplified
by the observations that a change in personal within cantonal
authorities might have led to a temporal surge in the number
of PI animals produced, as case investigations could not be
followed in time with the rigour required. Similarly, the fact
that the oldest PI animals from which we received a blood
sample for sequencing in the surveillance phase was between
1 and 3.5 years of age—with an outlier in 2015 at an age of 7.3
years (Table 2)—indicates that a number of PI animals were
clearly identified too late, giving them enough time to further
transmit the virus, possibly also to naïve pregnant animals.
Out of ∼10,000 animals imported annually, only a handful of
these adult animals were tested positive, and a few sequences
might have been obtained from TI animals, indicating that the
majority of the sample sequences were indeed from PI animals
infected in Switzerland. Thus, some of these older animals
must either have been missed in the surveillance scheme, or
they were previously tested false negative. And these are not
only single cases that were detected exceptionally late, but
around 10% of all samples from PI animals we received for
sequencing were from animals of 6 months of age or older
(Table 2).

Currently, there appears to be around 10 chains of infection
remaining, with some of them circulating for several years. The
largest cluster we observed, i.e., isolates with identical sequences
in the short stretch of the 5′-UTR, contains samples from around
1,000 animals collected since 2011. With pestiviruses being RNA
viruses with a considerable mutation rate, it is, however, not
plausible that all these isolates represent identical viruses, albeit
a common origin cannot be excluded. Thus, the rather low
resolution in the 5′-UTR is clearly sufficient to allocate the
sequences to a specific (sub-)genotype, but it is insufficient to
differentiate individual virus isolates. To enhance the resolution
in sequencing to be of help for molecular epidemiology, we
established a pilot scheme where we sequenced fragments
of 800–1,000 nucleotides in length of selected clusters with
identical sequences in the 5′-UTR by classical Sanger sequencing.
This study confirmed that BVD viral strains can be further

differentiated using these larger fragments, as exemplified in
Figure 4. This differentiation requires the analysis of regions
much more heterogeneous than the 5′-UTR, which made it
unfeasible to design a single PCR-primer pair for all virus
strains. This will clearly increase the costs, despite using well-
established, cost-effective Sanger sequencing. In addition, data
editing and interpretation are much more elaborate, which
will considerably increase hands-on time required for analysis.
Currently, this extended analysis cannot be performed on
a routine basis in Switzerland with the available resources.
Nonetheless, it might be a helpful tool in selected cases to support
the identification of a possible source of infection, or in the
final stages of the eradication programme as similarly applied
in Sweden (183) or Austria (78). However, this requires that
samples from every PI animal identified nationwide are available
for sequencing. But independent of the fact that molecular
epidemiology is a useful mean in the identification of a source
of infection, the crucial point in the eradication is and remains
the factor “time,” i.e., the pace at which the source of infection
can be identified and eliminated before the virus can further
be transmitted.

SUMMARY AND OUTLOOK

Based on the rather high number of BVD antibody positive
animals prior to 2008 (60), Switzerland decided to take a
rather radical approach in testing all cattle within <1 year
without prior testing of the herd seroprevalence, as was done
in the Scandinavian counties (56). Together with the notion
that vaccines were extremely rarely used in Switzerland, it
was intended from the beginning that surveillance after initial
testing for virus will be done by serology and, therefore,
vaccination was prohibited from the start of the eradication
scheme. Testing for virus in all newborn calves was performed
until the end of 2012, when <0.02% of all calves born were
PI, an impressive reduction in just 5 years after having started
at roughly 1.4% in 2018 (59). By the end of 2020, 99.6% of
all herds were declared BVD free, with only 42 herds out of
∼34,000 farms housing cattle in the country (with ∼43,000
farms in 2008 at the start of the eradication programme) and
105 farms with individual animals being locked, the latter
being pregnant animals that might have been infected during
pregnancy (“Trojan cows”). Such Trojan cows present a great
risk for re-introduction of BVDV into previously naïve herds
(119), and strict control of such animals is absolutely required.
Overall, the following measures were most relevant to achieve
eradication of BVDV in Swiss cattle: (i) Testing all animals
in the first year to massively reduce the risk of infection, (ii)
testing newborn calves within 5 days after birth and prompt
elimination of PI animals, (iii) risk-based constraints on animal
movement, (iv) nationwide uniform strategy including the ban
on vaccination, (v) centrally organised data management, (vi)
rigorous contact tracing of all PI animals identified, and (vi)
last but not least, regular information and communication to
all stakeholders to maintain high levels of motivation to achieve
these goals.
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TABLE 2 | Age of the PI animal when it was sampled and sent to the reference laboratory for sequencing.

Year n Min [d] Max [d] Average [d] Median [d] > 180 d > 180 d [%]

2008 4,001 10 3,525 378.4 236 2,258 56.4%

2009 1,945 3 3,282 79.3 26 126 6.5%

2010 958 0 1,570 80.6 20 63 6.6%

2011 460 1 1,502 66.6 16 21 4.6%

2012 108 3 934 40.7 18 3 2.8%

2013 75 5 1,285 77.8 18 6 8.0%

2014 98 2 1,112 100.3 26 15 15.3%

2015 219 1 2,661 100.1 18 25 11.4%

2016 295 0 952 61.2 14 26 8.8%

2017 473 1 1,245 90.3 33 71 15.0%

2018 321 1 609 81.8 32 40 12.5%

2019 252 1 970 61.4 12 22 8.7%

2020 203 2 1,039 81.0 13 25 12.3%

2021* 32 7 368 67.4 44 3 9.4%

The year of sampling and the number of animals analysed is indicated, with the age (always given in days [d]) of the youngest (min) and the oldest (max) animal in addition to the mean

and medium ages of all animals tested per year is provided. The number of animals that were older than 6 months at the time of sampling are given in absolute [d] and relative [%]

numbers per year of sampling.

*Data collected by the reference laboratory until Feb 9th, 2021.

Initially, it was assumed that it would take around 10 years for
eradication to be completed, as was described for other countries
(44). However, this assumption was obviously somewhat too
optimistic as especially the final stages appear to be the crux
of the eradication programme, and the current costs for the
programme are higher than previously projected (52). In the last
seven years, always more than 98.5% of the farms have already
been BVD free, with a maximum of 99.8% at the end of 2014,
but identifying and eliminating the last PI animals is the largest
hurdle. The surveillance by serology is generally able to identify
clusters of infection, but the time until the source of infection
is finally identified and eliminated is probably too slow. The
approach to trace all contacts of PI animals to identify and test
animals at risk of infection proved to be not sufficiently effective
to replace the surveillance of the complete population for virus by
partial surveillance using antibody testing. Nevertheless, a high
proportion of PI animals and even Trojan cows were identified
by contact tracing very rapidly, indicating that a rigorous contact
tracing is extremely useful to reduce the risk of infection. A final
effort should now be taken to eradicate the virus from the few
remaining farms applying a rather strict regime. This might be
unfavourable for the few farms affected, but it would be of great
benefit for the rest of the country, as some of these herds have
continuing infection cycles over several years and regularly pose
a risk of infection risk for all their contacts.

For the final achievement of BVD eradication in Switzerland,
the following factors and measures are important for the
programme to be successful, most of them already being
in place:

- Consistent completion of the animal movement database by
every user without any gaps, possibly applying more severe
consequences for fraudulent entries.

- Continued strict application of biosecurity measures, incl.
cattle trade and summer pasturing.

- Enhanced biosecurity measures and strict supervision and
surveillance during calving of possible “Trojan dams”.

- Nationwide standardised procedure following positive results
in antibody surveillance to achieve faster response across
cantonal borders.

- Immediate start of investigations upon a positive result
through antibody surveillance, if appropriate with
coordination across cantonal borders. During these
assessments, the role of transient infections and the fact
that no test is 100% sensitive and specific must be taken
into consideration.

- Shorten the time interval between active surveillance on the
“farms of concern,” i.e., the few farms repetitively harbouring
PI animals in recent years.

- Transfer of every virus positive sample to the reference
laboratory for sequencing. Molecular epidemiology is a great
tool to track chains of infection, but this is only of help if all
sequence data are available nationwide.

- Separation of cattle and sheep. Where this is not feasible,
voluntary sanitation of the sheep population concerned
should be envisioned to avoid costly investigations over and
over again.

The aforementioned measures should enable the identification
if any remaining source of infection as quickly as possible,
and to reduce the risk of further transmission of the virus
to naïve pregnant animals within this time interval. A final,
more rigorous effort for a rather short time might be
required to achieve the final aim of eradicating BVDV from
the cattle population in Switzerland. Nevertheless, even after
successful completion of this task, continued surveillance needs
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FIGURE 4 | Phylogenetic analysis of an alleged infection chain analysing samples with identical sequences in the 5-UTR. Fragments of 978 bp in the NS2-3 region of

the viral genome were sequenced and are shown in a phylogenetic tree. Each circle represents one single sequence from a PI animal sampled between May 2015

and February 2019, with different colours per canton representing the place of birth of the PI animal. The most antecedent sample within this cluster is indicated. The

evolutionary history was inferred by using the Maximum Likelihood method based on the Kimura 2-parameter model (184), and the tree with the highest log likelihood

is shown. A discrete gamma distribution was used to model evolutionary rate differences among sites. The tree is drawn to scale, with branch lengths measured in the

number of substitutions per site. There are maximally 11 nucleotide difference between these samples (median = 5). The analysis involved 214 nucleotide sequences.

Codon positions included were 1st + 2nd + 3rd + non-coding. There were a total of 927 positions in the final dataset. Evolutionary analyses were conducted in

MEGA7 (18). The nucleotide sequences used were submitted to GenBank, accession no. MW936384—MW936597.

to be implemented (i) as ruminant pestiviruses might be
re-introduced into the highly susceptible cattle population,
e.g., by animal import or contaminated semen or vaccines,
and (ii) as pestiviruses remain endemic in small ruminants
in Switzerland, mainly in sheep, and pose a constant risk
for re-introduction. This surveillance scheme will also be a
necessity for federal and European regulations to continuously
report the freedom of disease (185), which will hopefully soon
be achieved.

AUTHOR CONTRIBUTIONS

MS conceptualised the manuscript. MS and HSch wrote the first
draught of the manuscript with helpful advice and input by AH,
EDL, HSt, and MG. HSch, HSt, and MS prepared the figures. All
authors edited the manuscript and have read and approved the
final version.

ACKNOWLEDGMENTS

Many thanks to all involved in the Swiss eradication
scheme, including the farmers, the sample takers, the
veterinarians, the diagnostic laboratories including the
staff of our reference laboratory (Institute of Virology and
Immunology), and the cantonal veterinary offices and
the Federal Food Safety and Veterinary Office (FSVO).
We highly appreciate the help by Giuseppe Bertoni and
Lisa Thomann in critically reading the manuscript and
linguistic improvements.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2021.702730/full#supplementary-material

Frontiers in Veterinary Science | www.frontiersin.org 15 September 2021 | Volume 8 | Article 702730309

https://www.frontiersin.org/articles/10.3389/fvets.2021.702730/full#supplementary-material
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Schweizer et al. BVD Eradication in Swiss Cattle

REFERENCES

1. Lindenbach BD, Thiel H-J, Rice CM. Flaviviridae: the viruses and their

replication. In: Knipe DM, Howley PM, editors. Fields Virology, 5th ed.

Philadelphia, PA: Lippincott-Raven Publishers (2007). p. 1101–52.

2. Simmonds P, Becher P, Collett MS, Gould E, Heinz FX, Meyers G, et al.

Flaviviridae. In: King AMQ, Adams MJ, Carstens EB, Lefkowitz EJ, editors.

Virus Taxonomy. 9th ed. Oxford: Academic Press. (2011) p. 1003-20.

3. Becher P, Thiel H-J. Genus Pestivirus (Flaviviridae). In: Tidona CA, Darai G,

editors. The Springer Index of Viruses. 2nd ed. Heidelberg, Germany: Springer

Verlag (2011). p. 483–8.

4. Hamblin C, Hedger RS. The prevalence of antibodies to bovine viral

diarrhoea/mucosal disease virus in African wildlife. Comp Immunol

Microbiol Infect Dis. (1979) 2:295–303. doi: 10.1016/0147-9571(79)90017-1

5. Nettleton PF. Pestivirus infections in ruminants other than cattle. Rev Sci

Tech. (1990) 9:131–50. doi: 10.20506/rst.9.1.485

6. Schirrmeier H, Strebelow G, Depner K, Hoffmann B, Beer M. Genetic

and antigenic characterization of an atypical pestivirus isolate, a

putative member of a novel pestivirus species. J Gen Virol. (2004)

85:3647–52. doi: 10.1099/vir.0.80238-0

7. Kirkland PD, Frost M, Finlaison DS, King KR, Ridpath JF,

Gu X. Identification of a novel virus in pigs-Bungowannah

virus: a possible new species of pestivirus. Virus Res. (2007)

129:26–34. doi: 10.1016/j.virusres.2007.05.002
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155. Vilček Š, Nettleton PF. Pestiviruses in wild animals. Vet Microbiol. (2006)

116:1–12. doi: 10.1016/j.vetmic.2006.06.003

156. Passler T, Walz PH. Bovine viral diarrhea virus infections in

heterologous species. Anim Health Res Rev. (2010) 11:191–

205. doi: 10.1017/S1466252309990065

157. Nelson DD, Duprau JL, Wolff PL, Evermann JF. Persistent bovine viral

diarrhea virus infection in domestic and wild small ruminants and camelids

including the mountain goat (Oreamnos americanus). Front Microbiol.

(2016) 6:1415. doi: 10.3389/fmicb.2015.01415

158. Ridpath JF, Neill JD. Challenges in identifying and determining the

impacts of infection with pestiviruses on the herd health of free ranging

Frontiers in Veterinary Science | www.frontiersin.org 19 September 2021 | Volume 8 | Article 702730313

https://doi.org/10.1186/BF03548231
https://doi.org/10.1016/j.vetmic.2004.03.008
https://doi.org/10.1016/0166-0934(90)90093-u
https://doi.org/10.1016/0166-0934(91)90116-h
https://doi.org/10.1016/j.cvfa.2003.11.005
https://doi.org/10.1128/JVI.67.6.3288-3294.1993
https://doi.org/10.1126/science.8356450
https://doi.org/10.1016/j.vetimm.2014.01.008
https://doi.org/10.1016/0378-1135(91)90042-e
https://doi.org/10.1016/j.vetmic.2009.04.034
https://doi.org/10.1177/0300985817754123
https://doi.org/10.1177/104063870001200301
https://doi.org/10.1177/104063870802000115
https://doi.org/10.1111/tbed.12011
https://doi.org/10.1177/104063870701900105
https://doi.org/10.1053/tvjl.2002.0730
https://doi.org/10.1016/s0928-0197(98)00030-0
https://doi.org/10.1016/s0167-5877(01)00229-x
https://doi.org/10.1016/j.tvjl.2019.01.006
https://doi.org/10.1186/1746-6148-8-204
https://doi.org/10.1024/0036-7281/a000606
https://doi.org/10.1016/j.vetmic.2009.09.010
https://doi.org/10.1016/j.vetmic.2013.11.004
https://doi.org/10.1186/1297-9716-44-32
https://doi.org/10.5169/seals-590539
https://doi.org/10.1024/0036-7281.151.3.109
https://doi.org/10.1024/0036-7281/a000460
https://doi.org/10.1016/j.vetmic.2006.06.003
https://doi.org/10.1017/S1466252309990065
https://doi.org/10.3389/fmicb.2015.01415
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Schweizer et al. BVD Eradication in Swiss Cattle

cervid populations. Front Microbiol. (2016) 7:921. doi: 10.3389/fmicb.2016.

00921

159. Passler T, Ditchkoff SS, Walz PH. Bovine viral diarrhea virus (BVDV)

in white-tailed deer (Odocoileus virginianus). Front Microbiol. (2016)

7:945. doi: 10.3389/fmicb.2016.00945

160. Jiménez-Ruiz S, Vicente J, Garcia-Bocanegra I, Cabezón Ó, Arnal MC,

Balseiro A, et al. Distribution of pestivirusexposure in wild ruminants in

Spain. Transbound Emerg Dis. (2020) 68:1577–85. doi: 10.1111/tbed.13827

161. Paniagua J, García-Bocanegra I, Arenas-Montes A, Berriatua E, Espunyes

J, Carbonero A, et al. Absence of circulation of Pestivirus between

wild and domestic ruminants in southern Spain. Vet Rec. (2016)

178:215. doi: 10.1136/vr.103490

162. Shah C, Böni J, Huder JB, Vogt HR, Mühlherr J, Zanoni R, et al. Phylogenetic

analysis and reclassification of caprine and ovine lentiviruses based on

104 new isolates: evidence for regular sheep-to-goat transmission and

worldwide propagation through livestock trade. Virology. (2004) 319:12–

26. doi: 10.1016/j.virol.2003.09.047

163. Cardinaux L, Zahno ML, Deubelbeiss M, Zanoni R, Vogt HR, Bertoni G.

Virological and phylogenetic characterization of attenuated small ruminant

lentivirus isolates eluding efficient serological detection. Vet Microbiol.

(2013) 162:572–81. doi: 10.1016/j.vetmic.2012.11.017

164. Deubelbeiss M, Blatti-Cardinaux L, Zahno ML, Zanoni R, Vogt HR,

Posthaus H, et al. Characterization of small ruminant lentivirus A4 subtype

isolates and assessment of their pathogenic potential in naturally infected

goats. Virol J. (2014) 11:65. doi: 10.1186/1743-422x-11-65

165. Thomann B, Falzon LC, Bertoni G, Vogt HR, Schüpbach-Regula

G, Magouras I. A census to determine the prevalence and risk

factors for caprine arthritis-encephalitis virus and visna/maedi

virus in the Swiss goat population. Prev Vet Med. (2017)

137:52–8. doi: 10.1016/j.prevetmed.2016.12.012

166. De Martin E, Golomingi A, Zahno ML, Cachim J, Di Labio E, Perler L,

et al. Diagnostic response to a cross-border challenge for the Swiss caprine

arthritis encephalitis virus eradication program. Schweiz Arch Tierheilkd.

(2019) 161:93–104. doi: 10.17236/sat00196

167. Gloor M, Kaufmann T, Peterhans E, Zanoni R, Steiner A, Kirchhofer M.

Heifer raising farms as a source for spreading the BVD virus? Schweiz Arch

Tierheilkd. (2007) 149:345–51. doi: 10.1024/0036-7281.149.8.345

168. Hungnes O, Jonassen TØ, Jonassen CM, Grinde B. Molecular epidemiology

of viral infections - how sequence information helps us understand

the evolution and dissemination of viruses. APMIS. (2000) 108:81–

97. doi: 10.1034/j.1600-0463.2000.d01-31.x

169. Lam TTY, Hon CC, Tang JW. Use of phylogenetics in the molecular

epidemiology and evolutionary studies of viral infections. Crit Rev Clin Lab

Sci. (2010) 47:5–49. doi: 10.3109/10408361003633318

170. Grubaugh ND, Ladner JT, Lemey P, Pybus OG, Rambaut A, Holmes EC, et al.

Tracking virus outbreaks in the twenty-first century. Nat Microbiol. (2019)

4:10–9. doi: 10.1038/s41564-018-0296-2

171. Greiser-Wilke I, Fritzemeier J, Koenen F, Vanderhallen H, Rutili D, De

Mia GM, et al. Molecular epidemiology of a large classical swine fever

epidemic in the European Union in 1997-1998. Vet Microbiol. (2000) 77:17–

27. doi: 10.1016/s0378-1135(00)00253-4

172. Dreier S, Zimmermann B, Moennig V, Greiser-Wilke I. A sequence database

allowing automated genotyping of classical swine fever virus isolates. J Virol

Methods. (2007) 140:95–9. doi: 10.1016/j.jviromet.2006.11.013

173. Postel A, Moennig V, Becher P. Classical swine fever in Europe -

the current situation. Berl Munch Tierarztl Wochenschr. (2013) 126:468–

75. doi: 10.2376/0005-9366-126-468

174. Hult L, Lindberg A. Experiences from BVDV control in Sweden.

Prev Vet Med. (2005) 72:143–8. doi: 10.1016/j.prevetmed.2005.

04.005

175. Booth RE, Thomas CJ, El-Attar LMR, Gunn G, Brownlie J. A phylogenetic

analysis of Bovine Viral Diarrhoea Virus (BVDV) isolates from six different

regions of the UK and links to animal movement data. Vet Res. (2013)

44:43. doi: 10.1186/1297-9716-44-43

176. Wernike K, Schirrmeier H,Wolf G, Gethmann J, Conraths FJ, Bätza HJ, et al.

BVD-Sanierung in Deutschland. Dtsch Tierarztebl. (2016) 6:829–34.

177. Wernike K, Schirrmeier H, Strebelow HG, Beer M. Eradication

of bovine viral diarrhea virus in Germany - diversity of subtypes

and detection of live-vaccine viruses. Vet Microbiol. (2017)

208:25–9. doi: 10.1016/j.vetmic.2017.07.009

178. Russell GC, Grant DM, Lycett S, Bachofen C, Caldow GL, Burr

PD, et al. Analysis of bovine viral diarrhoea virus: biobank and

sequence database to support eradication in Scotland. Vet Rec. (2017)

180:447. doi: 10.1136/vr.104072

179. Jackova A, Novackova M, Pelletier C, Audeval C, Gueneau E, Haffar A, et al.

The extended genetic diversity of BVDV-1: Typing of BVDV isolates from

France. Vet Res Commun. (2008) 32:7–11. doi: 10.1007/s11259-007-9012-z

180. Decaro N, Lucente MS, Lanave G, Gargano P, Larocca V, Losurdo M,

et al. Evidence for circulation of bovine viral diarrhoea virus type 2c

in ruminants in Southern Italy. Transbound Emerg Dis. (2017) 64:1935–

44. doi: 10.1111/tbed.12592

181. Nogarol C, Decaro N, Bertolotti L, Colitti B, Iotti B, Petrini S, et al. Pestivirus

infection in cattle dairy farms: E2 glycoprotein ELISA reveals the presence of

bovine viral diarrhea virus type 2 in northwestern Italy. BMC Vet Res. (2017)

13:377. doi: 10.1186/s12917-017-1305-z

182. Decaro N, Mari V, Lucente MS, Sciarretta R, Elia G, Ridpath JF, et al.

Detection of a Hobi-like virus in archival samples suggests circulation of this

emerging pestivirus species in Europe prior to 2007. Vet Microbiol. (2013)

167:307–13. doi: 10.1016/j.vetmic.2013.09.006

183. Ståhl K, Kampa J, Baule C, Isaksson M, Moreno-López J, Belák S, et al.

Molecular epidemiology of bovine viral diarrhoea during the final phase of

the Swedish BVD-eradication programme. Prev Vet Med. (2005) 72:103–

8. doi: 10.1016/j.prevetmed.2005.01.021

184. Kimura M. A simple method for estimating evolutionary rates of base

substitutions through comparative studies of nucleotide sequences. J Mol

Evol. (1980) 16:111–20. doi: 10.1007/bf01731581

185. van Roon AM, Santman-Berends I, Graham D, More SJ, Nielen M,

van Duijn L, et al. A description and qualitative comparison of

the elements of heterogeneous bovine viral diarrhea control programs

that influence confidence of freedom. J Dairy Sci. (2020) 103:4654–

71. doi: 10.3168/jds.2019-16915

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Schweizer, Stalder, Haslebacher, Grisiger, Schwermer andDi Labio.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 20 September 2021 | Volume 8 | Article 702730314

https://doi.org/10.3389/fmicb.2016.00921
https://doi.org/10.3389/fmicb.2016.00945
https://doi.org/10.1111/tbed.13827
https://doi.org/10.1136/vr.103490
https://doi.org/10.1016/j.virol.2003.09.047
https://doi.org/10.1016/j.vetmic.2012.11.017
https://doi.org/10.1186/1743-422x-11-65
https://doi.org/10.1016/j.prevetmed.2016.12.012
https://doi.org/10.17236/sat00196
https://doi.org/10.1024/0036-7281.149.8.345
https://doi.org/10.1034/j.1600-0463.2000.d01-31.x
https://doi.org/10.3109/10408361003633318
https://doi.org/10.1038/s41564-018-0296-2
https://doi.org/10.1016/s0378-1135(00)00253-4
https://doi.org/10.1016/j.jviromet.2006.11.013
https://doi.org/10.2376/0005-9366-126-468
https://doi.org/10.1016/j.prevetmed.2005.04.005
https://doi.org/10.1186/1297-9716-44-43
https://doi.org/10.1016/j.vetmic.2017.07.009
https://doi.org/10.1136/vr.104072
https://doi.org/10.1007/s11259-007-9012-z
https://doi.org/10.1111/tbed.12592
https://doi.org/10.1186/s12917-017-1305-z
https://doi.org/10.1016/j.vetmic.2013.09.006
https://doi.org/10.1016/j.prevetmed.2005.01.021
https://doi.org/10.1007/bf01731581
https://doi.org/10.3168/jds.2019-16915
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


ORIGINAL RESEARCH
published: 10 September 2021

doi: 10.3389/fvets.2021.689212

Frontiers in Veterinary Science | www.frontiersin.org 1 September 2021 | Volume 8 | Article 689212

Edited by:

Inge Santman-Berends,

Royal GD, Netherlands

Reviewed by:

Annegret Tautenhahn,

Freie Universität Berlin, Germany

Racem Ben Romdhane,

Free University of Berlin, Germany

*Correspondence:

Tarja Pohjanvirta

tarja.pohjanvirta@foodauthority.fi

Specialty section:

This article was submitted to

Veterinary Epidemiology and

Economics,

a section of the journal

Frontiers in Veterinary Science

Received: 31 March 2021

Accepted: 10 August 2021

Published: 10 September 2021

Citation:

Pohjanvirta T, Vähänikkilä N, Talvitie V,

Pelkonen S and Autio T (2021)

Suitability of Nasal and Deep

Nasopharyngeal Swab Sampling of

Calves in the Mycoplasma bovis

Control Program.

Front. Vet. Sci. 8:689212.

doi: 10.3389/fvets.2021.689212

Suitability of Nasal and Deep
Nasopharyngeal Swab Sampling of
Calves in the Mycoplasma bovis
Control Program

Tarja Pohjanvirta 1*, Nella Vähänikkilä 1, Vera Talvitie 2,3, Sinikka Pelkonen 1 and Tiina Autio 1

1 Veterinary Bacteriology and Pathology, Finnish Food Authority, Kuopio, Finland, 2Department of Production Animal

Medicine, Faculty of Veterinary Medicine, University of Helsinki, Saarentaus, Finland, 3 Animal Health Ettry, Seinäjoki, Finland

Mycoplasma bovis is an important cattle pathogen affecting animal health, welfare, and

productivity. The main disease syndromes are mastitis, pneumonia, and otitis media in

young stock, as well as arthritis. Response to antibiotic treatment is poor and no effective

vaccine is available. Asymptomatic carriers are common and usually harbor the organism

in the airways or mammary glands. Purchase of carrier animals is a major risk for the

introduction of infection into naive herds. Following the detection ofM. bovis in Finland in

2012, a voluntary control program was established. It aims to prevent the spread of the

infection and to help farms attain certification of a lowM. bovis risk. Among the diagnostic

tools in the program, nasal swabs (NS) from young calves have been tested for M. bovis

to indicate the infection status of the herd. In this study, we assessed the suitability of

this test method. We analyzed the effectiveness of NS and deep nasopharyngeal swabs

(NP) to detect M. bovis in pneumonic and healthy calves in dairy herds recently infected

with M. bovis. In pneumonic calves, NP sampling followed by culture and real-time

PCR demonstrated a proportion of positive agreement (PPA) of 0.91 compared with

bronchoalveolar lavage (BAL), whereas NS showed only 0.5 PPA compared with BAL.

Among healthy dairy calves, overall M. bovis prevalence in NS was 29.6%. The highest

rate of shedding (43%) occurred in calves 31–60 days old. At the calf level, M. bovis

prevalence in NP samples was 47% compared with 33% in NS samples among the 284

studied calves. However, at the herd level, NS sampling classified 51 out of 54 herds with

a positive infection status as infected, whereas in NP sampling, the respective figure was

43 out of 54 herds (p = 0.061). In conclusion, NS sampling from calves under 6 months

of age and analyzed by real-time PCR is a cost-efficient method for a control program

to detect M. bovis in dairy herds, even if no M. bovis mastitis has been detected in the

herd. For pneumonic calves, we recommend only NP or BAL sampling.

Keywords: Mycoplasma bovis, diagnostics, nasal swab, deep nasopharyngeal swab, control program, calves,

cattle
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INTRODUCTION

Mycoplasma bovis is increasingly recognized as a significant
disease-causing agent in various age groups of cattle. The
infection presents itself with different signs, such as pneumonia,
which mainly occurs in young animals, mastitis, arthritis, otitis
media, and rarely keratoconjunctivitis or reproductive tract
problems (1, 2). M. bovis infections tend to be chronic and
the response to antibiotic therapy is often poor (2). There
is increasing resistance to the antibiotics commonly used to
treat pneumonia in calves in Europe (3–5), and no effective
commercial vaccine is available (6). M. bovis infections have a
debilitating effect on animal welfare and can be costly to farmers.
There is a critical need to develop preventive measures to reduce
the effects ofM. bovis infections in the cattle industry. One such a
preventive measure could be a control program aiming to reduce
the risk of introducingM. bovis into naive herds through animal
trade. M. bovis was detected in Finland for the first time at the
end of 2012 (7). During 2013, a voluntary control program was
established by Animal Health ETT and the cattle industry. The
aim of the program is to ensure that dairy and suckler cow herds
in the highest level of the program are free of M. bovis, and thus
prevent the spread of the agent between herds when live animals
are purchased. This also relieves the M. bovis infection pressure
and reduces the use of antimicrobials in specialized calf-rearing
farms, as their calves originate from dairy farms.

Several methods need to continuously be applied to ensure
that a dairy herd is free of M. bovis. The main elements in
the Finnish M. bovis control program are regular herd health

visits, clinical monitoring, and sampling of suspected cases, such

as calf pneumonia, routine testing of mastitis samples, nasal

swab sampling of healthy calves, and the control of animal trade
and movement. The main manifestation of M. bovis in cows is
mastitis. In Finland, individual clinical and subclinical mastitis
milk samples are extensively tested. Almost all milk samples are
tested using a multiplex PCR assay. In this test, specific primers
to detect M. bovis have been in use since the beginning of 2012.
However, in some dairy herds, M. bovis can cause pneumonia
in calves without causing mastitis in cows, or only in few cows,
which may remain undetected (7). Consequently, even rigorous
mastitis milk sample testing to detectM. bovis does not guarantee
that a herd is free of the agent. Testing for M. bovis antibodies
was not regarded as a useful tool in the control program because
of the low sensitivity and specificity of the ELISA tests previously
available (8). Thus, we could not confidently rely on serological
testing of herds to detect subclinical infections.

Different anatomical sites for the detection of M. bovis in
carrier animals have been studied, but no site has been found
that could be consistently used. In an earlier study by Bennet
and Jasper (9), M. bovis was significantly more often found in
the nasal secretions of healthy young calves in herds with M.
bovis mastitis compared with non-infected herds. Based on this
finding, nasal swabs (NS) taken from calves up to 6 months of
age and analyzed by real-time PCR forM. bovis were included in
the program. NS are affordable and practical to use in the field, as
swabbing of young calves is relatively easy and quick. Another
more cumbersome and more expensive technique would be

deep nasopharyngeal swabs (NP) to sample pharyngeal lymphoid
tissue. It has previously been shown that in young calves,M. bovis
can colonize the tonsils without nasal shedding (10). However,
to our knowledge, the suitability of NP to detect M. bovis
in pharyngeal lymphoid tissue in healthy dairy calves has not
been investigated.

The objective of this study was to (1) determine the overall
apparent prevalence of nasal shedding in calves in dairy herds
with recently confirmedM. bovis infection, (2) study the apparent
M. bovis prevalence in nasal swabs (NS) in different age groups
of calves under one year of age, (3) assess the suitability of NS
and NP sampling at the herd level to detect carrier calves, and (4)
compare different sampling and analytical methods to detect M.
bovis in calves with acute respiratory disease.

MATERIALS AND METHODS

Calves With Acute Respiratory Disease
Two veterinarians clinically evaluated 62 non-vaccinated calves
aged 3–22 weeks with acute respiratory disease signs in two calf-
rearing farms with endemicM. bovis. The veterinarians took NS,
NP, and bronchoalveolar lavage (BAL) samples from each calf.
These calves had not been medicated with antibiotics during the
month before sampling.

Calves in Dairy Farms Recently Infected
With M. bovis
Clinically healthy calves aged from 3 to 348 days in 30M. bovis–
infected dairy herds were included in the study. Herds 1 to 19
and theirM. bovis infection status were described in Vähänikkilä
et al. (7). These herds were sampled by a veterinarian four times at
approximately 6-month intervals. Two more dairy herds (herds
20 and 21) were sampled twice with a 6-month interval, and
nine herds (herds 22–30) were sampled once. During each visit,
the veterinarian took NS from a maximum of 20 (range 6–23,
depending on the herd size) of the youngest calves on the farm.
In addition, NP samples were also collected from five calves per
herd and per visit. The number of cows in the study herds varied
from 18 to 315, the mean being 91 cows, and 9/30 herds had
100 or more cows (Table 1). We included in this analysis the
results from the first visit to each farm, and thereafter the results
from the visits where at least one positive NS or NP was found
in the herd, meaning that the infection status of the herd was
then positive.

As soon as possible after M. bovis diagnosis, farmers were
given advice to apply measures aiming to prevent the spread of
infection, described in detail in Haapala et al. (11). Briefly, the
farmers were advised to separate newborn calves from the dam
immediately after birth into a clean pen in a space separate from
older animals. Unpasteurized colostrum was fed to all calves,
followed by milk replacer or raw milk from healthy cows. None
of the farms bought colostrum from another farm.

Sampling Techniques
Nasal swabs (Transystems, Copan, Brescia, Italy) were taken
prior to NP and BAL. The nostrils were cleaned with a
paper towel and the swab was inserted into a nostril to a
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TABLE 1 | Agreement between bronchoalveolar lavage (BAL) and nasal swab (NS) or deep nasopharyngeal swab (NP) in detecting M. bovis in 62 calves with acute

respiratory disease.

Sample Detection method Number of calves with each combination Proportion of positive Kappa (95% CI) P (kappa)

of results (BAL/compared method) agreement

+/+ +/– –/+ –/–

NS Culture 15 14 0 33 0.68 0.53 (0.34, 0.72) 0.000

NS Real-time PCR 14 15 0 33 0.65 0.50 (0.31, 0.69) 0.000

NP Culture 24 5 0 33 0.91 0.84 (0.7, 0.97) 0.000

TABLE 2 | Agreement between deep nasopharyngeal swab (NP) culture and nasal swab (NS) PCR in detecting M. bovis in dairy herd calves (n = 284) and calves with

respiratory disease (BRD, n = 62).

Sample Detection method Number of calves with each combination Proportion of positive Kappa (95% CI) P (kappa)

of results (NP culture/NS real-time PCR) agreement

+/+ +/– –/+ –/–

NS (dairy) Real-time PCR 77 56 16 135 0.68 0.48 (0.38, 0.58) 0.000

NS (BRD) Real-time PCR 13 11 1 37 0.68 0.56 (0.35, 0.77) 0.000

depth of ∼13 cm. Two nasal swabs, one for PCR and one for
mycoplasma culture, were simultaneously collected from calves
with acute respiratory disease and one NS was taken from
healthy calves in dairy herds. NP swabs were taken with 27-cm-
long guarded swabs (Medical Wire Equipment Ltd, Corsham,
England). The sheathed swab was inserted into the ventral
nasal cavity approximately 1 cm rostral to the medial canthus
of the eye, and the swab was advanced a few centimeters to the
nasopharynx area and rotated. The swab was withdrawn into the
sheath before removal. BAL samples were collected using a self-
made double-guarded plastic catheter inserted through the nose
into the trachea. Then, the inner catheter was pushed out and
advanced until it wedged in a bronchus. Thirty to forty milliliters
of sterile 0.9% saline was injected and immediately aspirated back
into the syringe (12). The swabs intended for mycoplasma culture
were soaked in D broth (13) and 0.5ml of the BAL sample was
transferred into D broth. The samples were transported to the
laboratory within 24 h in styrofoam boxes with a freezer pack.

M. bovis Culture
A 10-fold dilution from D broth to F broth (14) was made, and
tightly closed tubes were incubated at 37 ◦C for 3–5 days to enrich
M. bovis, followed by identification of M. bovis using real-time
PCR (7).

M. bovis Real-Time PCR
DNA was extracted from nasal swabs according to Sachse et al.
(15). Real-time PCR was performed as described (7). The cut-
off value for M. bovis–positive real-time PCR results was set to
Ct 37.0.

Statistical Analysis
We evaluated the agreement among sampling and detection
methods by calculating the proportion of positive agreement
(PPA), the kappa coefficient, and the corresponding p-value

for kappa using Epitools Epidemiological Calculators (16). The
kappa coefficient was interpreted according to McHugh (17): 0–
0.20 no agreement, 0.21–0.39 minimal, 0.40–0.59 weak, 0.60–
0.79 moderate, 0.80–0.90 strong, and above 0.90 almost perfect
agreement. To determine whether NS and NP sampling differed
significantly in the ability to assess a herd visit as positive,
McNemar’s χ

2 test was conducted (16). Significance was set at
p < 0.05.

RESULTS

Detection of M. bovis in Calves With Acute
Respiratory Disease
M. bovis was detected in 29/62 (47%), 24/62 (38.7%), 15/62
(24.2%), and 14/62 (22.6%) of BAL, NP, NS (culture), and NS
(real-time PCR) samples, respectively. The proportion of positive
agreement of NP compared with BAL was 0.91 and the kappa
coefficient was 0.84 (strong), whereas the proportion of positive
agreement of NS (real-time PCR) compared with BAL (culture)
was 0.65 and the kappa coefficient was 0.50 (weak) (Table 1).
Nasal swabs analyzed by culture only yielded one more positive
sample compared with PCR from swabs (Table 1). NS (real-
time PCR) proportion of positive agreement compared with NP
culture was 0.68 and kappa coefficient was 0.53 (weak) (Table 2).

Calves in Dairy Herds Recently Infected
With M. bovis
The total number of NS taken from 3- to 348-day-old calves was
1,037. The overall apparent M. bovis prevalence in nasal swabs
was 29.5%. The highest prevalence of 43% was detected in calves
aged 31 to 60 days. Thereafter, shedding decreased and was 13.7%
in 150- to 180-day-old calves (Table 3). Large variation from zero
to 75% was seen between the herds in the apparent prevalence
of nasal shedding. Both NS and NP samples were taken from
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TABLE 3 | Number of nasal swabs (NS) sampled from 30 dairy herds and number

(%) of M. bovis PCR-positive swabs per age group (d = age in days).

Age (d) Number sampled Number (%) of PCR-positive NS

0–30 259 67 (25.9)

31–60 260 112 (43.1)

61–90 199 62 (31.2)

91–120 103 23 (22.3)

121–150 105 22 (21.0)

151–180 51 7 (13.7)

181–348 60 13 (21.7)

Total 1,037 306 (29.5)

284 calves. M. bovis was detected in 93/284 (32.7%) and in
133/284 (46.8%) of NS and NP samples, respectively. Proportion
of positive agreement of NS compared with NP samples in
these calves was 0.68 and the kappa coefficient was 0.48 (weak)
(Table 2).

Effectiveness of NS and NP Samples in
Indicating the Infection Status of Dairy
Herds
Altogether, there were 54 herd visits with a positive infection
status in which at least one positive NS or NP was found in
the herd (Tables 4, 5). All samples from two herds were already
negative at the first visit, and during one visit, only NS samples
were taken from herd D (Table 4). Out of the 54 herd visits with a
positive infection status, 51/54 (94.4%) would have been classified
as infection status positive if only NS had been analyzed, and
43/54 (79.6%) as infection status positive if only NP samples had
been analyzed (Tables 4, 5). This difference was not statistically
significant (p= 0.061).

DISCUSSION

We assessed the suitability of nasal swab (NS) and deep
nasopharyngeal swab (NP) sampling of young calves for use
in the M. bovis control program. We observed an apparent
overall M. bovis prevalence of 29.5% in NS sampling, with the
highest prevalence of 43% in 31- to 60-day-old calves. At an
individual level, NP sampling was the most sensitive sampling
method for detecting M. bovis in healthy calves under 6 months
of age. However, at the herd level, NS sampling was slightly more
efficient than NP sampling in healthy young stock. Real-time
PCR from NS correctly classified 51/54 herd visits with a positive
infection status as positive, in contrast to NP sampling, which
classified only 43/54 visits correctly. However, the difference only
approached statistical significance (p = 0.061). The reason for
this difference is related to the sampling protocol, as we took
NS from the 20 youngest calves in the herd during the visits
and only five NP samples. Guarded NP swabs are expensive
compared with simple bacteriological swabs used in nasal
swabbing, and an assistant is needed to restrain the calf ’s head
when a NP sample is taken. By taking several NS samples from
young calves, the sensitivity of the sampling method increases,

which allows its use as a cost-efficient method in the M. bovis
control program.

There have only been a few reports on the prevalence of
nasal shedding of M. bovis in dairy calves. Bennet and Jasper
(8) observed that approximately 34% of calves in herds with M.
bovis mastitis shed M. bovis in nasal secretions compared with
6% of calves in non-mastitis herds. In our study, the overall
prevalence of nasal shedding in dairy herd calves during the first
visit after a confirmed M. bovis index case was the same as in
the study of Bennet and Jasper (8), namely, 34%. Interestingly
Bennet and Jasper (8) found that in M. bovis–infected herds,
the highest prevalence of nasal shedding occurred in calves at
around 5 weeks of age, and in general in various age groups,
nasal shedding was highest at between 1 and 4 months of age. In
our study, the highest prevalence of 43% was detected in calves
aged 4 to 8 weeks, and thereafter the prevalence declined, being
only slight under 14% in 22- to 26-week-old calves. However, in
our study, only a small fraction of nasal swabs was taken from
calves older than 5 months. Therefore, some caution is necessary
regarding the prevalence in older calves. Other studies have
reported a substantially lower nasal prevalence. In Denmark,
Feenstra et al. (18) determined that 18% of nasal swabs from 0 to
6-month-old calves in herds withM. bovismastitis were positive
compared to 11% fromnon-mastitis herds. Recently, in Australia,
Hazelton et al. (19) followed 450 heifer calves in eight herds,
seven of which were M. bovis mastitis herds, and found that at
weaning, only 2.4% of the calves were shedding M. bovis into
nasal secretions.

Several factors might affect the observed nasal shedding
prevalence ofM. bovis. One is the detection method. All previous
studies (9, 18, 19) have used a plate culture method, whereas
we used real-time PCR. Our oppD real-time PCR and culture
method both displayed an analytical sensitivity of 102 cfu/ml
M. bovis in BAL fluid (20). In this study, we also compared
real-time PCR and culture results from nasal swabs taken
simultaneously from pneumonic calves. The culture method
detected only one more positive sample compared with real-time
PCR. However, PCR analysis is available in many laboratories,
whereas mycoplasma culture is demanding and only available in
specialized laboratories, thus making PCR a more useful method
in a control program. Another factor that affects the M. bovis
prevalence in calves is the housing conditions. If newborn calves
are isolated from older, presumably infected animals in another
building or outside hutches, and cows with M. bovis mastitis are
culled, it is likely that the calves will display no nasal shedding of
M. bovis (11).

Previously, Maunsell et al. (10) have demonstrated that after
oral inoculation ofM. bovis, both palatine and pharyngeal tonsils
were the main site of M. bovis colonization. However, despite
heavy colonization of the tonsils, only two out of eight calves in
the experiment were found to shedM. bovis into nasal secretions.
Thus, the tonsils, rather than the epithelium of the nasal passages,
may be the main upper respiratory tract colonization site, and
tonsil swabs may be the best sampling method to detect M.
bovis colonization. Data supporting this were also reported
following a study by Haapala et al. (21), in which the tonsils of
4 out 20 clinically healthy bovines were colonized. NP swabbing
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TABLE 4 | M. bovis detected in nasal (NS) and deep nasopharyngeal (NP) swabs in 30 dairy farms during the first visit after the index case.

Herd ID Number of cows Index case* Days from index case to first sampling No. positive/total

NS DNP

1 47 M 185 2/19 2/5

2 61 M 23 10/19 4/5

3 183 M 12 10/20 4/5

4 268 M 56 17/50 ND

5 25 M 79 9/15 3/5

6 50 M 16 4/11 1/5

7 157 M 36 10/20 3/5

8 60 M 37 3/15 3/5

9 100 M 41 2/20 1/5

10 61 M 30 14/20 4/5

11 29 M 112 0/7 0/5

12 41 M 12 7/20 6/6

13 66 M 74 0/10 0/5

14 158 M 27 9/23 2/5

15 48 CP 27 4/16 0/6

16 18 M 23 1/6 0/5

17 28 M 22 2/19 0/5

18 66 CP 48 5/20 3/5

19 127 M 21 8/11 5/5

20 94 M 93 1/14 5/5

21 84 M 8 8/20 4/5

22 315 NS 8 10/20 4/5

23 48 M 142 7/11 5/5

24 223 M 39 12/16 1/5

25 30 M 2 0/6 3/5

26 140 M 60 7/19 3/5

27 78 CP 14 4/20 1/4

28 60 CP 7 6/28 3/4

29 44 M 13 3/14 5/5

30 25 NS 47 5/20 4/5

Total 180/529 (34%) 79/145 (54.5%)

*M, mastitis; CP, calf pneumonia; NS, nasal swabs taken to join the M. bovis control program; ND, not done.

samples the respiratory and associated lymphoid epithelium of
the nasopharynx. We therefore compared M. bovis detection
from NS and NP taken from 284 calves under 6 months of age
in our study herds. At the individual level, NP sampling detected
more positive calves (133/284) than NS (93/284). This suggests
that tonsillar (in this case pharyngeal tonsillar area) swabs are
indeed more sensitive than nasal swabs in detecting M. bovis
colonization. This finding was recently confirmed by Buckle et al.
(22) in New Zealand. They analyzed palatine tonsillar swabs
taken at slaughter from healthy 3- to 5-month-old calves from
aM. bovis seropositive herd. Real-time PCR detectedM. bovis in
almost 93% of the tonsillar swabs, whereas only 12% of tracheal
swabs were positive. In the studies of bothMaunsell et al. (10) and
Buckle et al. (22), tonsillar swabs were taken post mortem. Swabs
from the tonsil crypts are difficult to take from live animals, and
the most comparable technique is NP sampling.

A high tonsil colonization rate of calves can be expected
in herds in which M. bovis mastitis milk or contaminated
colostrum is fed to calves (10). Studies on the prevalence of
M. bovis in colostrum are scarce and the topic has not been
investigated in Finland. Gille et al. (23) examined colostrum
samples from 17 herds recently infected with M. bovis using
PCR detection. In only four herds out of 17, M. bovis DNA
was detected in 1.9% of colostrum samples. In some samples,
borderline Ct values were recorded, and it is unclear whether
these colostrum samples contained enough bacteria to infect
the calf. Timonen et al. (24) estimated the M. bovis prevalence
in colostrum to be 1.7–4.7% in four very large Estonian dairy
herds in which M. bovis mastitis cows were not always culled.
In Finland, colostrum is given to calves unpasteurized. It is
possible that some of the calves in our study herds became
colonized through colostrum. Approximately 170,000 individual

Frontiers in Veterinary Science | www.frontiersin.org 5 September 2021 | Volume 8 | Article 689212319

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Pohjanvirta et al. Mycoplasma bovis Control Program Sampling

TABLE 5 | M. bovis in nasal (NS) and deep nasopharyngeal (DNP) swabs during visits 2–4 to farms with a positive infection status.

Visit 2 Visit 3 Visit 4

No. positive/total No. positive/total No. positive/total

Herd ID NS DNP NS DNP NS DNP

1 1/15 2/6 1/21 0/5 – –

2 3/24 0/5 – – – –

3 12/20 3/5 3/19 4/5 1/20 0/5

4 10/20 2/5 2/20 2/10 7/22 1/5

5 0/10 1/5 4/13 5/5 – –

6 2/18 2/5 – – – –

7 – – 3/19 0/5 – –

8 9/19 3/5 – – 1/19 0/5

9 6/18 4/5 1/20 0/5 – –

12 – – 9/20 3/5 7/16 0/5

14 14/25 4/5 8/20 4/5 – –

18 – – – – 10/21 5/5

19 6/20 4/5 3/20 3/5 0/15 1/4

20 2/20 1/5 * * * *

22 1/14 0/5 * * * *

Total 66/223 26/61 34/172 21/50 26/113 7/29

– Infection status of the farm negative, all NS and NP negative.

*No visit.

clinical and subclinical mastitis quarter milk samples are tested
annually in Finland (there are approximately 260,000 dairy cows
in the country). Cows with M. bovis mastitis are segregated
from the milk herd and are usually rapidly culled or slaughtered
(7). The feeding of mastitis milk to calves in our study herds
was highly unlikely, as the farmers were strictly advised not to
give any mastitis milk to calves. Thus, pharyngeal colonization
observed in our study is more likely to be characteristic of
M. bovis infection in young calves rather than a result of feeding
contaminated milk to calves.

The classification of a herd as M. bovis positive or negative is
difficult and requires different sampling strategies and tools for
different animal groups. The average herd size of dairy herds in
Finland is 50 cows (25). As nicely demonstrated in the study by
Humphry et al. (26), an imperfect test applied to a small herd is
problematic. Testing of clinical mastitis and respiratory disease
cases in calves is an essential part of the control program. Testing
of M. bovis antibodies has demonstrated that the infection
spreads rapidly in the herd and high antibody levels persist
in cows for a long time (7, 27). Thus, testing of antibodies
is not suitable to detect active infection. Moreover, previous
studies have demonstrated that during an initial outbreak of
M. bovismastitis, colonization and shedding are not consistently
associated with a particular anatomical site and shedding rapidly
decreases in cows (28, 29). Thus, NS sampling of cows is not
efficient for a control program. However, in calves, M. bovis is
more prevalent in the upper respiratory tract, and NS sampling
should be targeted at calves. The number of swabs taken from
a control program herd during each sampling should be based
on the average number of calves available for sampling and

should aim to keep laboratory analysis costs reasonable. In our
program, the herd health veterinarian visits each herd biannually
and sampling is included in these visits. Biannual sampling allows
targeting at calves younger than 6 months old in which M. bovis
prevalence is at its highest.

We compared different sampling and detection methods in
pneumonic calves to determine the most cost-effective method
to sample clinical cases in herds in the control program.
In pneumonic calves, NP had a strong agreement with BAL
sampling in detecting M. bovis. Recently, Doyle et al. (30)
examined the agreement among four sampling methods in the
detection of different bovine respiratory disease pathogens. They
compared the agreement of NS and NP with transtracheal wash
in pneumonic dairy calves aged 31–74 days. Plate culture and
PCR identification was used to detect M. bovis. Their study
yielded a very good positive agreement of 91 and 92% and a
kappa value of 0.82 and 0.83, respectively, when NS and NP
were compared with transtracheal wash results. The authors
concluded that regarding M. bovis diagnostics, both NS and
guarded NP can be efficiently used in pneumonic calves. Our
findings are consistent with theirs when considering NP: we
obtained a proportion of positive agreement of 0.91 and a
kappa coefficient of 0.84 when we compared NP with BAL
in pneumonic calves. Van Driessche et al. (31) investigated
the agreement of NP with BAL sampling in young veal and
beef calves, and the kappa coefficient was 0.58 when direct
culture of the samples was used. However, in NP they used a
similar unguarded swab to that which we used in our NS. We
obtained quite a similar kappa coefficient of 0.53 whenNS culture
results were compared with BAL results in pneumonic calves.
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Previously, Thomas et al. (32) compared NS with BAL in calves
under 1 year of age and found that NS had a sensitivity of
only 21%. Thus, NS was not predictive of M. bovis in the lower
respiratory tract. Our results agree with those of van Driessche
et al. (31) and Thomas et al. (32), suggesting that NS is not a
sensitive sampling method to detect M. bovis in calves suffering
from respiratory disease.

CONCLUSIONS

Guarded NP at the group level is a sensitive and practical method
to detect M. bovis in pneumonic calves. NS taken from young
calves and analyzed by real-time PCR is a cost-efficient method
to detect M. bovis in dairy herds, even if no M. bovis mastitis
has been detected in the herd. We recommend that only calves
under 6 months of age are sampled because in older calves, the
prevalence of nasal shedding substantially decreases, although
further study is needed to confirm this. Small herds in the control
program are problematic because a reliable number of samples
cannot be obtained. The suitability of new antibody ELISA tests
in the Finnish control program should be evaluated. In the future,
the effect of NS pooling on the sensitivity of PCR needs to be
studied, as this would cost-efficiently allow a larger number of
NS to be taken per herd. Finally, NP swabs appear to detect
calves carryingM. boviswith a higher sensitivity thanNS. Further
studies are needed to verify this and determine the optimal use of
these methods in the control program.
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Bovine viral diarrhoea virus (BVDV) and Border disease virus (BDV) are closely related

pestiviruses of cattle and sheep, respectively. Both viruses may be transmitted between

either species, but control programs are restricted to BVDV in cattle. In 2008, a

program to eradicate bovine viral diarrhoea (BVD) in cattle was started in Switzerland. As

vaccination is prohibited, the cattle population is now widely naïve to pestivirus infections.

In a recent study, we determined that nearly 10% of cattle are positive for antibodies to

BDV. Here, we show that despite this regular transmission of BDV from small ruminants

to cattle, we could only identify 25 cattle that were persistently infected with BDV during

the last 12 years of the eradication program. In addition, by determining the BVDV and

BDV seroprevalence in sheep in Central Switzerland before and after the start of the

eradication, we provide evidence that BVDV is transmitted from cattle to sheep, and

that the BVDV seroprevalence in sheep significantly decreased after its eradication in

cattle. While BDV remains endemic in sheep, the population thus profited at least partially

from BVD eradication in cattle. Importantly, on a national level, BVD eradication does not

appear to be generally derailed by the presence of pestiviruses in sheep. However, with

every single virus-positive cow, it is necessary to consider small ruminants as a potential

source of infection, resulting in costly but essential investigations in the final stages of the

eradication program.

Keywords: pestivirus, bovine viral diarrhoea virus (BVDV), border disease virus (BDV), persistent infection,

seroprevalence, virus transmission, Switzerland, eradication

INTRODUCTION

Bovine viral diarrhoea virus (BVDV) and Border disease virus (BDV) are closely related
pestiviruses. BVDV is an important cattle pathogen with a worldwide distribution, and due to its
economic impact, eradication programs are ongoing in several European countries (1). The closely
related BDV is a pathogen of sheep and has been isolated from this species in all continents where
sheep are reared (2). However, in contrast to BVDV, there are no known attempts to control or
eradicate this virus. A common feature of the two viruses is their ability to persistently infect the
foetus when the dam or ewe is infected early in gestation. While the pregnant animals usually show
no or only mild clinical signs, develop neutralising antibodies, clear the virus and are immune to
re-infection, the foetus accepts the virus as “self ” and becomes immunotolerant to the infecting
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virus strain. Hence, the foetusmay develop normally and remains
persistently infected (PI) for life. Such animals constantly shed
large amounts of virus, representing the most important source
of infection for naïve animals and are crucial for the persistence
of BVDV in the host population (3). PI animals may be free of
clinical signs; more often, however, they show growth retardation
and have a reduced life expectancy (4–7). While BDV PI lambs
may show the pathognomonic signs of rhythmic tremor, ataxia,
and an abnormal, hairy fleece (hence referred to as “hairy
shakers”), the clinical signs in BVDV PI calves are usually less
specific and may range from recurrent diarrhoea to pneumonia
(8, 9). With increasing age, PI calves may develop mucosal
disease. This lethal manifestation of the BVDV infection is
associated with a change of the virus from non-cytopathogenic
to cytopathogenic and is characterised by mucosal erosions and
untreatable diarrhoea (10).

Pestiviruses are not strictly species specific. Especially BVDV
is known to infect a wide range of domestic and wild even-toed
ungulates. Sheep PI with BVDV have been reported frequently,
both as the result of experimental or natural infections of
pregnant ewes (11–14). By contrast, interspecies transmission
of BDV seems to be rare (8). Due to the genetic and antigenic
relatedness of pestiviruses, most routine diagnostic tools used for
detection of BVDV cross-react with BDV strains, which impedes
routine differentiation of these ruminant pestiviruses (8, 15).

The finding of cattle that are PI with BDV is of concernmainly
in countries that have ongoing BVD eradication programs, as
it exacerbates contact tracing and identification of the source
of infection. In 2008, Switzerland started a mandatory national
BVD eradication program in cattle (15). During the first year,
all cattle were tested for antigen or viral RNA and animals
identified as PI were eliminated. In the following years, all
newborn calves were similarly screened and in 2013, surveillance
was switched to testing for pestivirus-specific antibodies, either
in the blood of young calves (“spot test”), in milk of first-
lactating cows, or in bulk milk (15–19). Prior to the start of
the eradication program, around 1.3% of all newborn calves and
0.7% of all cattle were PI, and ∼60% of the cattle population
was seropositive (17, 20). None of the herds in Switzerland
were devoid of seropositive animals (20) despite vaccination
being very uncommon at that time. Over the course of the
eradication program, the epidemiological situation changed
markedly. Whilst PI animals were detected in some 12% of herds
before the start of the program (20), currently ∼99.5% of all
cattle herds are certified free of BVDV (15). Since the start of
the eradication, vaccination was prohibited in Switzerland as this
would interfere with serology as a tool to monitor the progress
of the program. However, monitoring the effect of any BVD
eradication program on the epidemiological status is not without
pitfalls. First, the control program involves only BVDV, and not
BDV. Second, since BVDV is not strictly restricted to cattle and
BDV not to small ruminants, transfer of pestiviruses back from
uncontrolled host species to cattle must be avoided, especially as
the sinking seroprevalence in cattle might facilitate interspecies
transmission. In fact, naturally occurring cattle PI with BDV
have been reported in various countries in Europe [including
Switzerland (19, 21)] and elsewhere, e.g., in New Zealand [for

review, see (8)]. Moreover, we observed that∼7% of all pestivirus
antibody-positive cattle sera collected in Switzerland between
2012 and 2014, i.e., four to six years after the start of the
BVD eradication program, were reactive to BDV. Accordingly,
keeping small ruminants, especially sheep, together with cattle
was identified as the highest risk factor for harbouring BDV
seropositive cattle (22).

Here, we describe the discovery of BDV PI cattle in
Switzerland that were detected in the first decade of the BVD
eradication program. As (i) the majority of these cattle were
detected in Central Switzerland, and (ii) the highest BDV-
seroprevalence in cattle was found in the same area (22), we
investigated the impact of BVD eradication in cattle on the
BVDV- and BDV-seroprevalence in sheep in Central Switzerland.
With these data, a clearer picture of the role of sheep as a
virus reservoir for BDV as well as BVDV might be drawn,
knowledge that is essential to reduce the economic burden
of BVD eradication programs, especially in the final stage. In
addition, it will provide evidence whether the sheep population
benefits from eliminating BVDV in cattle.

MATERIALS AND METHODS

Identification of BDV Persistently Infected
Cattle
Cattle persistently infected with BDV were detected within the
framework of the Swiss BVD eradication scheme as described (17,
21). Animals were initially tested for the presence of pestivirus
antigen by ELISA or pestiviral RNA by real-time RT-PCR. This
initial test was performed by designated regional diagnostic labs
using commercial kits approved for the BVD eradication in
Switzerland. To confirm positive results, EDTA blood samples
were taken ∼2 weeks after the initial test and sent to the
Institute of Virology and Immunology, the national reference
laboratory for pestiviruses. If routine diagnostic quantitative
RT-PCR confirmed the presence of a pestivirus, samples were
directly sequenced in the 5’-untranslated region (UTR) in order
to determine the pestivirus species, genotype and subgroup (21).

Samples for Serology
Samples used in this study were collected in Switzerland in
2001 and in 2016–2017, i.e., 7 years prior to and ∼8–9 years
after the start of the Swiss BVD eradication program in cattle.
Sera from the year 2001 were available at our institute and
were originally collected for a study on sheep scab and are
mainly from Central Switzerland with canton Schwyz as the core
area. In the years 2016–2017, samples of anticoagulated (EDTA)
blood were collected within the scope of brucella surveillance
in Switzerland, and samples from Central Switzerland were
transferred to our laboratory thereafter. Thus, a total of 1,247
sheep samples from 133 farms (2–20 samples collected per farm;
average 9.4, median 9.0) collected in 2001 and 1,584 samples
from 83 farms (1–50 samples collected per farm; average 18.9,
median 14.5) obtained in 2016/17 were stored at−20◦C and used
for serology (Table 1). A sufficient number of samples for both
time points were only available from the Canton Schwyz (SZ)
(Table 1), and statistical analysis was therefore only performed
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TABLE 1 | Number, year of sampling and origin of sheep sera analysed.

Year Canton Samples Farms Communities

2001 SZ 1,121 131 53

UR 26 2 2

Total 1,247 133 55

2016/2017 LU 287 18 16

NW 103 4 4

OW 123 9 7

SZ 617 29 19

UR 361 18 13

ZG 93 5 4

Total 1,584 83 63

LU, Lucerne; NW, Nidwalden; OW, Obwalden; SZ, Schwyz; UR, Uri; ZG, Zug.

with data from this Canton. Samples from the Canton SZ were
randomly selected and originate from all over the Canton in both
sampling time points, representing ∼6 and 3% of all sheep in
the Canton (data from the Federal Statistical Office) in 2001 and
2016/2017, respectively.

ELISA
All samples were tested for antibodies to pestiviruses using an
“in-house” ELISA (23, 24). This ELISA does not distinguish
between BD- and BVD antibodies. As conjugate to detect
antibodies from non-bovine species, protein-G-peroxidase
(Thermo Fisher, recombinant protein G-peroxidase, diluted
1:2000) was used. The optical density (OD) of the chromogen
ABTS was read at 405 nm and the value of the sample was
expressed in percentage of the OD of the standard serum.
Relative values above 30% were considered positive, whereas
values below 20% were considered as negative. Values between
20 and 30% were considered inconclusive (25).

Serum Cross Neutralisation Test
All samples positive in the antibody ELISA were further
investigated by serum neutralisation test (SNT), the gold
standard in serology and the method of choice to detect virus-
specific antibodies (26). In order to differentiate the source of
infection, i.e., BVDV or BDV, we performed cross-neutralisation
tests using different strains of ruminant pestiviruses as challenge
virus as described (22), except that the sera were initially 8-
fold pre-diluted instead of 10-fold. Samples with BVDV and
BDV SNT titers higher than 6 were regarded as positive. In this
previous work, we determined that the use of two BVDV strains
(BVDV-1a and BVDV-1h) and one BDV strain (BDswiss/BDV-
8) provided the best discriminatory power to differentiate
antibodies to BVDV and BDV. Differentiation was made by
calculating the (reverse) quotient of antibody neutralisation
titers of BVDV-1a/BDV and BVDV-1h/BDV (larger value in the
numerator, with a value of 6 being used for negative samples
to formally calculate a ratio). Ratios >4 were considered to be
significant and assigned to BVDV or BDV, whereas ratios below
4 were described as indeterminate (22, 27). The final assignment
of a sample was done as described (22).

Detection of Viral RNA in Sheep Samples
All sheep samples that were classified as antibody negative or
indeterminate in this study (i.e., all samples that were either
negative in the antibody ELISA or which, in the SNT, were rated
negative or could not be classified based on their toxic effect on
cell cultures) were tested for the presence of pestiviral RNA by
RT-PCR as described (19, 28) with minor modifications: RNA
extraction was done on a KingFisher Flex System (Thermo Fisher
Scientific, Reinach, Switzerland) using the NucleoMag VET
Kit (Macherey-Nagel, Oensingen, Switzerland) according to the
manufacturers’ protocol, and RT-PCR was performed following
the protocol by QuantiTect R© Probe RT-PCR Kit (Qiagen AG,
Hombrechtikon, Switzerland) using an ABI 7300 Real-Time PCR
instrument and software package (Applied Biosystems, Foster
City, CA USA). To monitor the efficiency of the RNA isolation
of each sample, Sendai virus was added representing a control
RNA protected within the virus particle from RNase degradation.
A defined amount yielding a final Ct value of ∼25 was added to
each sample prior to RNA isolation. Thus, the performance of
the RNA isolation and the RT-PCR reaction could be evaluated
for every individual sample (29).

Negative results were labelled with the maximal number of
cycles performed, i.e., 45, whereas samples with Ct < 31 were
rated as positive and with Ct≥ 31 as weak-positive. Samples were
tested in pools of 10 and pools yielding a weak-positive result
were repeated. Samples from positive or twice weak-positive
pools were subsequently tested individually.

Statistics
The data collected before the start of the eradication program in
2001 were compared with the data collected in 2016–2017 using
the statistic software RStudio (RStudio: Integrated Development
for R. RStudio, PBC, Boston, MA). To measure the precision
of the sampled population as representative for the whole
population, the standard error SE of each proportion has been
calculated and used to derive the 95% confidence interval for each
population. The proportions of the two independent population
groups were then compared using the Chi-squared test with
the Yates’ correction, considering as null hypothesis that the
seroprevalence of BDV in the sheep population is not influenced
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TABLE 2 | Cattle persistently infected with BDV identified in Switzerland since the start of the BVD eradication in 2008 until the end of 2020.

Sample Year Genotype Canton Sheep contact Sheep seroprevalence GenBank

boBD-CH5 2008 BD3 SZ Yes, PI sheep 69% (n = 52) MH908082

boBD-CH2 2009 BD3 GR Yes n.i. MH908079

boBD-CH1 2009 BDswiss SG Yes, PI sheep 89% (n = 72) MH908078

boBD-CH4 2010 BDswiss SZ Yes n.i. MH90808

boBD-CH3 2010 BD3 UR Yes (no PI) 62% (n = 74) MH908080

boBD-CH9 2011 BDswiss GR Yes (no PI) 16% (n = 68) MH908084

R9336/11 2011 BDswiss SZ Yes (no PI) 70% (n = 20) MF102261

boBD-CH8 2011 BDswiss ZG Yes n.i. MH908083

boBD-CH10 2012 BDswiss SZ Yes (no PI) 88% (n = 8) MH908085

boBD-CH11a 2012 BDswiss SZ Yes n.i. MH908086

boBD-CH11b 2012 BDswiss SZ Yes n.i. MH908087

boBD-CH12# 2012 BDswiss SZ Yes, 2 PI sheep n.i. MH908088

boBD-CH13a 2012 BDswiss LU Yes n.i. MH908089

boBD-CH13b 2013 BDswiss LU Yes n.i. MH908090

boBD-CH14 2015 BDswiss ZG Yes n.i. MH908091

boBD-CH15 2015 BD3 GR Yes n.i. MH908092

boBD-CH16 2016 BD3 TG Yes n.i. MH908093

boBD-CH17 2019 BDswiss BE Yes n.i. MW659875*

boBD-CH18 2019 BDswiss LU Yes n.i. MW659876*

boBD-CH19 2019 BD3 UR No n.i. MW659877*

boBD-CH20 2019 BD3 UR No n.i. MW659878*

boBD-CH21 2020 BD3 GR Yes n.i. MW659879*

boBD-CH22 2020 BDswiss SG No (goats) n.i. MW659880*

boBD-CH23 2020 BD3 TG No n.i. MW659881*

boBD-CH24 2020 BD3 TG No n.i. MW659882*

Sample identification, year of sampling, (sub-) genotype of BD virus strain identified, origin (canton) of the affected cattle, and, where available, further information to the case, i.e.,

whether possible contacts to sheep were reported, whether a PI sheep or not was detected (stated if investigated), and the seroprevalence of the sheep herd in contact, are indicated.

AG, Aargau; BE, Bern; GR, Grisons; LU, Lucerne; SG, St. Gallen; SZ, Schwyz; TG, Thurgau; UR, Uri; ZG, Zug; n.i.: not investigated.
#Might have been transiently infected.

*This study.

by the BVD eradication program. P values lower than 0.05 were
considered as significant.

RESULTS

Cattle Persistently Infected With BDV
In the context of BVD eradication in Switzerland, routine
sequencing (19) of 9’493 BVDV positive samples taken from
2008 through 2020 revealed that 25 supposedly BVDV-positive
calves were infected with BDV instead (Table 2). All but one cases
originated from the Central and Eastern regions of Switzerland,
namely the cantons Schwyz (SZ), Luzern (LU), Graubünden
(GR), Uri (UR), St. Gallen (SG), Thurgau (TG) and Zug (ZG),
with the majority (60%) of the cases being located in Central
Switzerland and 36% in Eastern Switzerland (Figure 1). The
majority of the cases were detected in the years 2008–2012
and 2019–2020. In 80% of the cases, the cattle had contact to
sheep (Table 2, column “Sheep contact”), either on the same or
the neighbouring farm, as revealed by farm visits or based on
information from the national animal movement database (18).
In six cases where contact to sheep was reported, we were able
to determine the seroprevalence of pestivirus antibodies in these

sheep flocks (Table 2, column “Sheep seroprevalence”). In five
cases the seroprevalence was remarkably high (62 to 90%), while
in one case it was only 16%. In the latter case, we also tested
the (larger) sheep flock of the neighbouring farm and found a
seroprevalence in this flock of 53% (data not shown). However,
no viremic sheep were detected in these two flocks. Pestivirus
infected sheep were present in three out of the 7 flocks tested
(Table 2, where indicated in the column “Sheep contact”).

Pestivirus Seroprevalence in Sheep
From the samples collected in 2001, 267 out of 1,247 tested
positive for the presence of antibodies to pestiviruses, yielding
a seroprevalence of 22.0% (Table 3). From those taken in
2016/2017, 282 out of 1,584 tested positive, accounting for
an overall seroprevalence of 18.4% (Table 4). In both groups
of samples, 2.5–3% gave an inconclusive result and were
excluded from calculating the seroprevalence. Due to limited
amount of sample material available, the ELISA tests of the
samples with an inconclusive result were not repeated. A small
number of samples positive in ELISA turned out to be false
positive, as they were classified as negative in SNT (see next
chapter). This difference probably originates from the higher
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FIGURE 1 | Geographic distribution of the place of birth of cattle persistently infected with BDV with the subgenotype BD-3 in green, BDswiss-A in red and

BDswiss-B in yellow. The location of the farm where the persistently infected sheep (mm1455) was identified is shown in purple. The corresponding cantons were

labelled as Bern (BE), Luzern (LU), Nidwalden (NW), Obwalden (OW), Uri (UR), Schwyz (SZ), Zug (ZG), St. Gallen (SG), Graubünden (GR), and Thurgau (TG). The

cantons of Central Switzerland are stained in blue.

specificity of the neutralisation test and the fact that the ELISA
largely detects antibodies to the non-structural protein NS2-3,
whereas the structural protein E2 represents the main target of
neutralising antibodies (30). Subtracting these negative samples
from the ELISA results, however, does not substantially affect
the interpretation of the results (Supplementary Tables 1, 2).
Approximately half of the farms contained antibody-positive
animals at both time points (61 and 47% in 2001 and
2016/2017, respectively).

Most samples (97.9%) taken prior to the start of the BVD
eradication program originated from the canton of Schwyz (SZ).
By contrast, samples collected in 2016/2017 were obtained from
all the cantons of Central Switzerland (Table 1; Figure 1). The
seroprevalence in the individual cantons varied from 3.5 to
41.2%, with 22–100% of the farms being affected (Tables 3,
4). The overall seroprevalence on the animal level was slightly
higher in 2001 compared to ∼8 years after the start of the
eradication in cattle. Nevertheless, statistical evaluation was
performed only with the data obtained from the canton of
SZ, where samples from both time points were available.
The proportion of seropositive animals and the corresponding
95% confidence interval were 0.22 (95% CI: 0.19, 0.25) and
0.146 (95% CI: 0.11, 0.17) in 2001 and 2016/2017, respectively
(Tables 3, 4). Using a Chi-squared test, we evaluated whether the
discrepancy between the expected and the calculated frequencies
of ELISA positive animals in 2001 and 2016/2017 was sufficient
to reject the null hypothesis of having no significant difference

between both time points. The discrepancy was significant
[X2 (1, N = 1780) =13.48, P < 0.05]. These results indicate
that the pestivirus seroprevalence is significantly reduced after
compared to prior to the start of BVD eradication, with a
prevalence ratio (PR) between the ELISA-positive sheep in
2001 and 2017 of 0.66 (95% CI: 0.52, 0.82; P < 0.001).
Therefore, the animals were 0.66 times as likely to be ELISA-
positive after the eradication program compared to the animals
before the start of the eradication program. This significant
difference in the PR is maintained [0.71 (95% CI: 0.56, 0.90,
P < 0.01)] when excluding the samples that tested negative
in SNT (see below), i.e., that were false positive in ELISA
(Supplementary Tables 1, 2).

Differentiation of Antibodies in Sheep Sera
by Cross-SNT
All sheep sera that were seropositive by ELISA were
tested by cross-neutralisation to differentiate between a
humoral immune response to BVDV and BDV. Due to
the rather long duration of storage, the samples from
2001 were generally of lower quality than those from the
later time point, exemplified by 54 of these sera being
toxic to cell cultures, compared to only 13 from 2016/2017
(Supplementary Tables 3, 4).

In 2001, 13.3 and 60.7% were assigned to contain neutralising
antibodies to BVDV and BDV, respectively. By contrast, 1.5
and 90% of the samples from 2016/2017 were assigned to
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TABLE 3 | Pestivirus seroprevalence and number of farms harbouring seropositive animals (“farms affected”) per canton according to the ELISA results of sheep sera

collected in 2001.

Canton Positive Negative Inconclusive Seroprevalence Farms affected

SZ 262 928 31 22.0% 79 (60%)

UR 5 21 0 19.2% 2 (100%)

Total 267 949 31 22.0% 81 (61%)

Samples with inconclusive ELISA results were omitted from the calculation of the seroprevalence.

TABLE 4 | Pestivirus seroprevalence and number of farms harbouring seropositive animals (“farms affected”) according to the ELISA results of sheep sera collected in

2016–2017.

Canton Positive Negative Inconclusive Seroprevalence Farms affected

LU 10 272 5 3.5% 4 (22%)

NW 42 60 1 41.2% 4 (100%)

OW 39 83 1 32.0% 3 (33%)

SZ 86 504 27 14.6% 16 (55%)

UR 68 279 14 19.6% 10 (56%)

ZG 37 56 0 39.8% 2 (40%)

Total 282 1,254 48 18.4% 39 (47%)

Samples with inconclusive ELISA results were omitted from the calculation of the seroprevalence.

BVDV and BDV, respectively (Table 5). Using three different
challenge viruses for the cross-SNT (22), only 20 (in 2001)
and two (in 2016/2017) samples remained “indeterminate”
and thus, it was possible to assign 90.5 and 99.3% of all
samples from 2001 and 2016/2017, respectively. Only one
sample in each group provided contradictory results, i.e., an
assignment to BVDV or BDV based on the two pairs of
challenge viruses (Supplementary Tables 3, 4). Due to the lack
of sufficient material, these SNTs could not be repeated and
both samples were rated as indeterminate. All other samples
rated as indeterminate had a BD/BVD quotient that did not
exceed 4.

Based on the differentiation of the antibodies to pestiviruses,
it appears evident that the number of sheep harbouring
antibodies to BVDV was strongly reduced during the BVDV
eradication program in cattle. Using again only the data of
the canton of SZ (Supplementary Tables 5, 6), the prevalence
ratio (PR) of sheep being BVDV-positive prior to the start
of eradication in cattle compared to the later time point
was 4.219 (95% CI: 1.32, 13.49; P < 0.1), while a PR of
1.35 (95%: CI 1.19, 1.52; P < 0.0001) was observed for
being BDV positive after compared to prior start of the BVD
eradication programme.

Detection of Viral RNA in Sheep Samples
All sheep sera that were classified as pestivirus antibody negative
or inconclusive (see Methods section) were analysed by RT-
PCR for the presence of viral RNA. Due to insufficient sample
volume, 19 sera (16 from 2001 and three from 2016/2017)
could not be tested. After individual testing of samples from
initially positive or twice weakly-positive pools, only one single
sample (labelled as mm1455) turned out to be positive with a Ct
value of 24.8. Sequencing part of the 5’-UTR revealed that the
pestivirus belongs to the BDswiss (BDV-8) subgroup of ruminant

pestiviruses (Figure 2). The sample was collected in 2017 in the
canton of Nidwalden (NW; Figure 1). From this herd, 40 samples
were analysed in this study, of which 33 (82.5%) were positive
by ELISA. All seropositive samples from this farm except one
that was toxic in cell culture could be assigned to BDV by cross-
SNT, with SNT titers against BDV of 152–1,218 (average 647;
median 609).

DISCUSSION

The economic impact of infection with BVDV on cattle farming
has led to eradication programs in many countries (15, 32–
36). Although it has been known for many years that BVDV
may also infect sheep and that BDV, mostly found in sheep,
may infect cattle, the possible implications for the pestivirus
status in these two species are little studied (8, 22, 37, 38). On
the one hand, BVDV and BDV are closely related, but on the
other hand, both viruses are genetically and antigenically highly
diverse within their own species, making specific diagnostics
rather elaborate and expensive. In addition, it was unknown
whether the absence of vaccination would make it easier for BDV
to get a foothold in cattle. Similarly, decreased transfer of BVDV
from cattle to sheep might alter the epidemiology of pestiviruses
in sheep.

Here, we show that, despite serological evidence of regular

transfer of BDV from sheep to cattle (22), we identified
to date <30 cattle which were PI with BDV. This strongly

indicates that the successful establishment of persistent

infections in cattle upon cross-species infection by BDV

from sheep does occur but is a rare event. By comparing the
epidemiological situation in sheep before and after the start
of the mandatory BVD eradication program in cattle, we
provide strong evidence that pestiviruses remain endemic in
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TABLE 5 | Differentiation of antibodies in sheep sera collected in 2001 and 2016/2017 by cross-SNT.

Year of sampling ELISA-pos. sera [n] Assignment Proportion [n] Proportion [%]

2001 267 BVDV 28 13.3

BDV 128 60.7

Indeterminate 20 9.5

Negative 35 16.6

Total assigned 211 100

2016/2017 282 BVDV 4 1.5

BDV 242 90.0

Indeterminate 2 0.7

Negative 21 7.8

Total assigned 269 100

ELISA-positive sera that could not be assigned were either toxic to cell cultures or unavailable. For more details to the assignment, see Supplementary Tables 3–6.

FIGURE 2 | Phylogenetic analysis of nucleotide sequences encompassing the 5’-UTR of the pestiviral RNA genome. All the major sub-genotypes of pestiviruses

described in Switzerland are included in the tree, i.e., BDV-3 and BDswiss (BDV-8) with samples from this study, representative samples of BVDV-1b, -1e, -1h, and

-1k (21), strains of atypical porcine pestiviruses found in domestic pigs in Switzerland (29), and strains of classical swine fever virus isolated in Switzerland in the last

outbreak in wild boars around the year 2000 (31). The evolutionary history was inferred using the neighbour-joining method. The genetic analysis was calculated, and

the figure prepared as described in Supplementary Table 7. The numbers close to the branches represent the values (%) of 1,000 bootstrap replicates, and only

values ≥99 are indicated. Line lengths are proportional to genetic distance and are in the units of the number of base differences per sequence, as indicated by the

scale bar.

the sheep population, but that the seroprevalence to BVDV
strongly decreased after its eradication in cattle. Genotyping
the BD viruses identified in sheep and cattle revealed that the

same type of viruses could be found in both species, further
indicating cross-species infection from sheep to cattle and
vice versa.
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Infrequent Generation of Cattle
Persistently Infected With BDV
Between the start of the BVD eradication in 2008 and the end
of 2020, we identified only 24 calves by nucleotide sequencing
that were persistently infected with BDV out of close to
10,000 samples sequenced. An additional case that was initially
suspected to be persistently infected finally turned out as
transiently infected (Table 2, boBD-CH12). This calf was positive
by real-time RT-PCR for ∼3 months but with high Ct values
[compare Figure 3B in (15)]. Despite most BDV persistently
infected cattle were identified in Central and Eastern Switzerland
(Figure 1), there was no obvious correlation between the single
cases. However, in the majority of cases, contact between sheep
and cattle could have been possible, as observed on site or due
to the presence of sheep on the farm according to the animal
movement database (18). A sampling bias for this clustering
can be excluded, as 46.7% of the samples sequenced during the
eradication program were obtained from Western Switzerland.
Similarly, the uneven distribution of BDV-infected cattle in
Switzerland is not just based on the number of sheep present
in a given area, as only around 15 and 50% of Swiss sheep are
located in Central and Eastern Switzerland, respectively (data
from the Federal Statistical Office). Rather, regional traditions
of keeping cattle and sheep together might facilitate interspecies
transmission, but data on the corresponding herd management
practises are not available. However, it is corroborated by the facts
that (i) the main risk factor for detecting BDV-specific antibodies
in cattle was found to be the contact with small ruminants,
mainly sheep (22), and (ii) that Central and Eastern Switzerland
are similarly the main hot spots for malignant catarrhal fever
(MCF). This mostly lethal disease is caused by transmission of
ovine herpesvirus 2 (OvHV-2) from the ovine reservoir hosts
to indicator hosts such as cattle. Close contact, particularly
after lambing, is known to be a major risk factor for MCF
(39). The OvHV-2 positivity rate of suspected MCF cases is
significantly higher in Central and Eastern Switzerland compared
to other regions that submit relevant numbers of samples for
testing (personal communication by C. Bachofen; Swiss MCF
reference laboratory).

Pestivirus Seroprevalence in Sheep
The ELISA results showed a pestivirus seroprevalence in sheep
of 22.0 and 18.4% in Central Switzerland prior to and 8 years
after the start of BVD eradication, respectively. With 22.0 and
14.5%, the values for the canton SZ, where most of the samples
in 2001 originate from, were in a similar range (Tables 3, 4).
These values of the pestivirus prevalence observed in this study
are in accordance with previous studies that reported values
of 13.5–22% in sheep (40–43). This is considerably lower than
the pestivirus seroprevalence in cattle, which was ∼60% in
Switzerland prior to eradication (20). Nevertheless, around half
of all sheep farms was affected, i.e., owned antibody-positive
sheep, which indicates that pestiviruses are widely circulating
in the sheep population. Overall, the decrease in seroprevalence
in sheep after the BVDV eradication in cattle, despite being
significant for the Canton of Schwyz, is not pronounced and

might have occurred by chance due to sampling variability, even
though the farms sampled were well-distributed from all over
the Canton.

Differentiation of Antibodies to BDV and
BVDV
Applying our recently optimised cross-neutralisation assay (22)
to the sheep sera, we were able to determine the antibody
specificity of >90% of all samples. This represents a clear
improvement compared to the previously used cross-SNT using
only one BVDV-1 and a single BDV strain, where 30 to 66% of
cattle, sheep, or goat sera could not be assigned to one of the
ruminant pestiviruses (22, 41, 44). The majority of antibodies
were assigned to BDV (∼60 and 90% in old and new samples,
respectively), confirming a previous study in sheep and goats
(41). Notably, the prevalence of sheep with antibodies to BVDV
strongly decreased between 2001 and 2016/2017, from 13.3 to
1.5%. This decrease is significant considering only the samples
from canton of SZ (Supplementary Tables 5, 6), with 13.3 and
3.5% samples assigned to BVDV in the early and late sampling
period, respectively. In return, the slight but significant increase
in the prevalence ratio of BDV antibody-positive sheep in
2016/2017 compared to 2001 probably originates in the reduced
level of BVDV-positive sheep rather than an increased risk of
infection with BDV per se. Approximately half of the farms
with BVDV antibody-positive sheep owned also animals with
antibodies to BDV, whereas in the other half of these farms,
the remaining animals were seronegative. As the time point
of seroconversion in a given farm is unknown, purchase of
seropositive sheep in the absence of circulating infections is
a likely reason for this observation. This is exemplified by a
farm sampled after the start of the eradication that had two
animals with antibodies to BVDV and 31 seronegative sheep.
These results provide strong evidence that BVD eradication in
the Swiss cattle population led to a significant decrease in BVD
seroprevalence in sheep, at least in Central Switzerland.

Persistently Infected Cattle and Sheep
Harbour Identical Subtypes of BDV
In the context of BVD eradication in cattle (15, 19), sequencing
of the viruses from all BDV PI cattle revealed that they belong
to only two BDV subgroups, i.e., 10 samples contained BDV-
3 and 15 samples BDswiss. The latter subgroup was originally
found exclusively in Switzerland distinct from any known BDV
subgroup and, therefore, preliminarily termed “BDswiss” (8,
25). Subsequently, similar isolates were reported from Italy,
and the subgroup was also named BDV-8 (45, 46). For the
purpose of this study, we use both terms, i.e., BDswiss and
BDV-8, to remain compatible to previous publications by us
and by others. In phylogenetic analysis (Figure 2), the BDswiss
(BDV-8) subgroup appears to be divided even in two distinct
clades, hence sometimes labelled as BDswiss-A and BDswiss-B
(22). However, separation into subgroups is just a useful tool,
but does not represent an official terminology, as the current
ICTV classification framework does not include a sub-genus
category (47).
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In sheep, only one single sample collected in 2017 in the
canton of NW (Figure 1) was positive, and nucleotide sequencing
showed that it clustered with samples from the sub-genotype
BDswiss (BDV-8), one of the typical BD viruses found in
Switzerland (Figure 2). As—inherently for this study—only one
single time point from this animal was analysed, it cannot be
concluded that this was a persistently infected animal. However,
the lack of antibodies and the low Ct-value in real-time PCR
(48) is indicative for this sheep being persistently infected.
From this farm, additional 39 animals were sampled and tested
for antibodies, yielding six negative or indeterminate and 33
positive results in ELISA. From the latter, all but one that was
toxic in cell culture, could be assigned to BDV by cross-SNT,
indicating that the virus-positive sheep might well have been the
source of infection in this herd. The low prevalence of virus-
positive sheep of <0.1% is in accordance with former studies
that reported a virus prevalence in sheep of ∼0.2 to 0.7% (44,
49–51). The shorter duration of pregnancy. i.e., resulting in a
shorter time window to successfully induce a persistently infected
lamb, and the lower life expectancy of persistently infected small
ruminants (23) might be at the origin of the lower steady-
state prevalence of PI sheep compared to cattle (20) in an
endemic situation. Nevertheless, the low number of persistently
infected sheep is sufficient to maintain the virus in the population
due to the concomitant relatively low level of herd immunity,
leaving a sufficient number of naïve, pregnant animals susceptible
to infection.

Overall, a detailed sequence analysis was beyond the scope
of this study, but analysis of the nucleotide sequence in the
5’-UTR provide strong evidence that in Switzerland, the same
subgroups of BDV were found in cattle and sheep, and none of
the other known BDV sub-genotypes (8) were ever detected in
either cattle or sheep in Switzerland (unpublished observation).
It is worth mentioning that the observations that we detected
mainly just four BVDV-subgenotypes in Swiss cattle (21) and
that the domestic pigs harbour a specific type of atypical
porcine pestivirus (APPV) found exclusively in Switzerland to
date (29), indicate that new types of pestiviruses were at least
hitherto not successfully introduced into livestock in Switzerland
(Figure 2). In cases where we identified a persistently infected
sheep on a farm with a BDV PI calf (Table 2), the nucleotide
sequence of the isolates from the cattle and the sheep were
identical in the 5’-UTR. However, PI sheep were rarely found
on the few farms investigated, which might be accounted to
a time lag of several months between time point of virus
transmission and investigation, leaving the identification of
the source of infection often unresolved. Nevertheless, these
observations argue against an independent circulation of BDV
in cattle, in accordance with the contact to sheep being the
highest risk factor for cattle to be positive to BDV or antibodies
to BDV (22, 44). The transmission of pestivirus upon contact
of cattle and sheep appear to occur rather infrequently, as
we could not observe an increase in the number of BDV-
infected cattle over time despite the strong decrease of pestivirus
seroprevalence in cattle in recent years. Notably, only 3 out
of 25 BDV PI cattle were detected in the years between 2013
and 2019. This drop in number might originate from the

switch from antigen testing to antibody surveillance in 2013,
and an intensification of the surveillance in 2018 due to an
increase in the number of PI cattle detected in the previous
year (15).

CONCLUSIONS AND LIMITATIONS

We identified only 24 cattle PI with BDVwithin∼10,000 samples
analysed, which indicates that independent chains of infection,
i.e., transmission of BDV from cattle to cattle, occurs only on rare
occasions. In sheep, infections with pestiviruses remain endemic
in the sheep population with BDV being the predominant viral
antigen in sheep over all the years. However, the strong decrease
in the prevalence of antibodies to BVDV in sheep in 2016/2017
compared to before the start of the BVDV control program
indicates that BVD eradication in cattle is also of benefit for
the sheep population. Thus, cross-species transmission of BVDV
and BDV does occur between cattle and small ruminants and
vice versa but only to a limited extent that does not appear to
generally hamper the eradication of BVD in cattle on a national
level. As data for both time points, i.e., before and after the
start of BVD eradication in cattle, were only available for the
Canton of Schwyz (SZ), we cannot, however, conclude that sheep
in Switzerland in general profit from BVD eradication in cattle.
Similarly, detailed information on cattle and sheep management
in Swiss farms and the analysis of pestivirus prevalence in these
premises would help to substantiate our conclusions, but such
data are unfortunately not available. Nonetheless, as long as
pestiviruses are not controlled in sheep, recurrent infections from
sheep to cattle will continue to occur. Even if such transmission
do not necessarily lead to the production of persistently infected
animals, seroconversion upon transient infection will remain a
hassle in the serological surveillance for the presence of BVDV in
cattle. In case of detection of a calf persistently infected with BDV
and, notably also BVDV, during the surveillance program, small
ruminants need to be taken into account during epidemiological
investigations to identify the source of infection as quickly as
possible (15). It is therefore recommended to avoid repeated,
close contact between sheep and cattle, which will not only
prevent transmission of pestiviruses between the two species but
will concomitantly reduce the occurrence of MCF in cattle.
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Maria H. Mars 1, Inge M. G. A. Santman-Berends 1, Marit M. Biesheuvel 2 and
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1 Royal GD, Deventer, Netherlands, 2Department of Production Animal Health, Faculty of Veterinary Medicine, University of

Calgary, Calgary, AB, Canada, 3Department of Population Health Sciences, Faculty of Veterinary Medicine, Utrecht
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Given that bovine herpesvirus 1 (BoHV-1) -the causative agent of Infectious Bovine

Rhinotracheitis (IBR)- is still endemic in most European countries, BoHV-1 free herds

are subject to a considerable risk of (re)introduction of the virus. The aim of this

literature review was to describe published, quantified risk factors that are relevant for

the introduction of BoHV-1. The risk factors described in this study can be used as

input for modeling eradication scenarios and for communication on biosecurity measures

to stakeholders. A literature search was conducted in November 2020 in two major

online search databases, PubMed and Web of Science. The search criteria “risk factor”

combined with different synonyms for BoHV-1 were explored, which resulted in 564 hits.

Only studies performed in Europe, written in Dutch, English, French, German or Spanish

with an English summary and that quantified risk factors for introduction of BoHV-1 into

cattle herds were included. Studies had to quantify the risk factors with crude odds

ratios (OR), an estimate of the chance of a particular event occurring in an exposed

group to a non-exposed group. After checking for duplicates and excluding articles

that did not meet the inclusion criteria, 12 publications remained for this review. Risk

factors were classified into seven groups, i.e., herd characteristics, management, animal

characteristics, purchase, direct animal contact, neighborhood and indirect transmission

routes. Most relevant factors for introduction of BoHV-1 into cattle herds include herd

size, purchase of cattle, cattle density, age of cattle, distance to neighboring cattle

herds and professional visitors. Together with other direct and indirect animal contacts,

these factors are important when elimination of BoHV-1 is considered. A closed farming

system and protective clothing for professional visitors can eliminate the major routes

of introduction of BoHV-1 in cattle herds. To the best of our knowledge, this is the first

systematic review solely focussing on measures that can be taken to control introduction

of BoHV-1 into cattle herds. Besides testing, focus on managing these (biosecurity)

factors will decrease the risk of introducing the virus.

Keywords: BoHV-1, IBR/IPV/IPB, introduction, risk factor, epidemiology, eradication, biosecurity, review
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INTRODUCTION

Bovine herpesvirus 1 (BoHV-1), the causative agent of Infectious
Bovine Rhinotracheitis (IBR), Infectious Pustular Vulvovaginitis
(IPV) and Infectious Pustular Balanoposthitis (IPB), is an
important viral pathogen of cattle and is found worldwide. It
is listed as notifiable by the World Organization for Animal
Health (OIE). BoHV-1 generates losses in (sub)clinically diseased

cattle and may result in trading restrictions both within and
between countries. Although the first reports date back to the
19th century in Germany, the virus detected in the 1950s in
feedlots in the western United States of America was named
BoHV-1. Through cattle trade (including semen and embryos)
the virus was introduced in Europe in 1960. Within a decade, the

virus had become endemic in most countries. However, BoHV-
1 is over the years successfully eradicated in several European
countries or regions, i.e., Austria (1999), Czech Republic
(2020), Denmark (1991), Finland (1994), Germany (2017),
two provinces/autonomous regions in Italy (Bolzano 2000/Valle
d’Aosta 2015), Channel Island Jersey of United Kingdom (2012),
Norway (1994), Sweden (1998) and Switzerland (1993). Member
states of the European Union (EU) are considered BoHV-1
free officially under EU legislation (directive 1964/432/EEC).

Other countries implemented an EU-approved programme,
obligatory for cattle herds at a national (i.e., Belgium, France and
Luxembourg) or regional level (Italy). Also, some EU member
states have BoHV-1 control programmes that are not officially
EU-approved but aim to control the virus (e.g., Ireland, the
Netherlands, Spain).

On April 21st, 2021, new EU regulation and its delegated
acts (directive 2016/429) on transmissible animal diseases went
into force, also known as the Animal Health Law (AHL).
This new legal framework lays down the rules for disease
surveillance, eradication programmes, and disease freedom of
several listed diseases, including IBR and potentially, will lead to
more focus on the epidemiology of BoHV-1 in other EUmember
states considering eradication. For BoHV-1 different diagnostic
protocols are accepted, in different matrices, i.e., blood and milk,
but all focus on eliminating latently infected cattle. To grant a
country or region official disease freedom, vaccination has to be
banned for at least 2 years, and with 95% confidence 99.8% of
herds and 99.9% of cattle ought to be BoHV-1 free.

Knowing which risk factors are objectively relevant and
irrelevant for (re)introduction of the virus in cattle herds is
essential information for designing effective control programmes
(CP) and for communication about BoHV-1 elimination to
stakeholders. Quantitative data on probabilities of introduction
of BoHV-1 is needed as input for decision support models that
evaluate the epidemiological potential of different CP scenarios as
basis for national eradication CPs. Furthermore, translating these
risk factors into biosecurity measures (defined as all measures
that prevent or reduce the introduction of an agent or, if
once introduced, can minimize the spread within a herd) for
farmers, veterinarians and other professional visitors in the cattle
industry is crucial. Addressing risk factors in an applied and
evidence-based manner and emphasizing the need and purpose
of biosecurity measures to minimize the risk of contracting

BoHV-1 infection can help understanding and adoption of these
measures to stop the virus from spreading.

Introduction and spread of BoHV-1 mainly occurs through
direct animal contacts between susceptible and infected cattle.
Many different studies have identified risk factors for BoHV-1
infection, but to our knowledge, the findings of these papers have
never been summarized. By bundling the dispersed information
of different studies, this systematic literature review provides
an overview of the most important risk factors for introducing
BoHV-1 in cattle herds in Europe. Solely studies from European
countries were evaluated to make results most applicable to the
cattle situation in Europe.

MATERIALS AND METHODS

A literature search was carried out in the search databases
PubMed and Web of Science in November 2020. As search
criteria “risk factor” in combination with different synonyms for
BoHV-1 were used:

(BHV or BHV-1 or BoHV or BoHV-1 or Bovine herpesvirus
or IBR or IBRV or Infectious Bovine Rhinotracheitis).

The retrieved reference management files were exported to
Covidence (Veritas Health Innovation, Melbourne, Australia).
This web-based software platform enabled two authors (HW and
LvD) to independently systematically review by title, abstract
and full text screening to determine eligibility against the review
inclusion criteria.

The search amounted to 564 hits and after removal of
duplicates 296 publications remained. Only studies performed in
Europe, written in Dutch, English, French, German or Spanish
with an English summary and that quantified risk factors for
introduction of BoHV-1 into cattle herds were included. After
removing articles irrelevant to the topic and excluding articles
that did not meet the inclusion criteria by title and abstract
screening, the remaining 131 studies’ full-texts were assessed
for further inclusion. Subsequently, the categorization of the
two authors was compared and discussed for definite approval.
Finally, the first author reported on 12 studies and relevant results
are included in this paper (see Figure 1 for details).

Findings were listed when a reviewed study used crude odds
ratios (OR) to quantify the risk factor for introduction of BoHV-
1. An OR is an estimate of the chance of a particular event
occurring in an exposed group to its rate of occurrence in a
non-exposed group. For all risk factors, significance was assumed
when the p-value (p) was 0.05 or below, and both the point
estimate and the corresponding 95% confidence intervals (CI) are
presented when available.

RESULTS

The review includes 12 studies from six different European
countries: Belgium (BE: 1), Estonia (EE: 1), Ireland (IE: 3), the
Netherlands (NL: 4), Spain (ES: 1) and the United Kingdom
(UK: 2). Studies could have different study designs, but they all
quantified risk factors by OR. Themagnitude of the effect differed

Frontiers in Veterinary Science | www.frontiersin.org 2 October 2021 | Volume 8 | Article 688935335

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Waldeck et al. BoHV-1 Risk Factor Literature Review

FIGURE 1 | Flow chart of studies through the selection process within the systematic review.

between studies. Some characteristics of the studies are presented
in Table 1.

The findings on different risk factors were classified into
seven groups, i.e., herd characteristics, management, animal
characteristics, purchase, direct animal contact, neighborhood
and indirect transmission routes. The most important results on
OR are summarized in Table 2.

Herd Factors
Herd Size
The association between herd size and the presence of BoHV-1 in
cattle herds was evaluated in ten studies. In eight of those, larger
herds were found BoHV-1 positive significantly more often than
smaller herds.

Raaperi et al. (6) found that the herd prevalence (antibodies
to BoHV-1) of Estonian dairy herds increased with herd size,
being 3.4% in the smallest herds (<20 cows) and 85.7% in
large herds (over 400 cows). A significant increase in prevalence
was seen when herd size categories 50–99 and 100–199 cows
were compared (OR = 5.5 p = 0.004 CI 1.7–17.6) and also

when herds with 100–199 cows were compared to herds >400
cows (OR = 7.8 p = 0.014 CI 1.5–39.4). The mean within-
herd prevalence also increased with herd size, being 13% in
the smallest category (20–99 cows) and 56% in herds with
>400 cows.

The study of Williams and VanWinde (13) showed that larger
herd size is a risk factor for having a BoHV-1 positive herd status
[OR = 1.005 p < 0.001 CI 1.003–1.007, per one cow increase in
herd size (mean herd size 122.1)] in the United Kingdom.

Larger Irish herds (>99 cows) were more often seropositive
compared to herds sized 31–65 cows (OR = 3.66 p < 0.001 CI
1.82–7.37) and to herds sized 66–99 cows (OR = 4.15 p < 0.001
CI 2.11–8.19), according to Sayers et al. (7). Also, in Ireland,
Martinez-Ibeas et al. (4) found that larger herds (>99 cows) had a
higher probability of having a recent circulation of BoHV-1 than
smaller dairy herds (31–65 cows) (OR = 6.71 p = 0.015 CI 1.44–
31.03). In the same study, also the chance of the herd status being
positive for BoHV-1 was almost twice as high for larger herds
(>99 cows) than smaller herds (31–65 cows) (OR= 1.8 p= 0.005
CI 1.19–2.75).
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TABLE 1 | Characteristics of the 12 reviewed studies.

References Year Co. Study period #Herds Herd type Matrix* Serostatus

Bishop et al. (1) 2010 UK 2/2008-5/2008 50 Dairy BM Herd

Boelaert et al. (2) 2005 BE 1998 309 Beef/dairy 11.284 BS Animal/herd

Gonzalez-Garcia et al. (3) 2009 ES 1/2000-4/2000 110 Beef/dairy 2.393 BS Animal/herd

Martinez-Ibeas et al. (4) 2015 IE 2009 305 Dairy BM + 529 BS Animal/herd

O’Grady at al. (5) 2008 IE 11/2007 41 Beef BS Herd

Raaperi et al. (6) 2010 EE 9/2006-4/2008 103 Dairy BM + 9.637 BS Animal/herd

Sayers et al. (7) 2015 IE 2009 305 Dairy BM + 2.171 BS Animal/herd

Van Schaik et al. (9) 1998 NL 2/1996-4/1996 107 Dairy BM+BS Animal/herd

Van Schaik et al. (10) 2001 NL 3/1997-4/1999 119 Dairy BM+BS Animal/herd

Van Schaik et al. (11) 2002 NL 3/1997-4/1999 95 Dairy BM Herd

Van Wuijckhuise et al. (12) 1998 NL 11/1994 32.955 Dairy BM Herd

Williams and Van Winden (13) 2014 UK 12/2008-3/2010 1.088 Dairy BM Herd

*BM, bulk milk; BS, blood samples (the number indicates the amount of blood samples when available).

In a Dutch study by VanWuijckhuise (12), in which 98% of all
Dutch dairy herds were tested, it was found that the probability
of herds having a negative or weakly positive bulk milk decreased
linearly with herd size by a factor of 1.2 per 10 animals (OR= 0.84
p= < 0.001 CI 0.84–0.85).

Bishop et al. (1) found that non-vaccinatingWelsh dairy herds
with positive bulk milk antibody titres to BoHV-1 (mean herd
size 147) had significantly larger herd sizes (p < 0.01) than herds
without antibodies (mean herd size 78).

Having a sizeable Spanish herd was a risk factor for being
BoHV-1 positive (OR = 14.57 p = 0.004 CI 2.35–90.39)
compared to smaller herds, in a study by Gonzalez-Garcia (3).
Boelaert et al. (2) found a larger herd size in Belgium only to be a
small risk factor (OR= 1.04 P = < 0.001 CI 1.03–1.05).

O’Grady et al. (5) did not find a significant effect of herd
size in Irish beef herds. Neither did Van Schaik et al. (9) and
it was concluded that herd size was an indirect risk factor
as the number of professional visits [e.g., by veterinarian,
artificial insemination (AI) technician or cattle trader] is a
measure of the herd size because these professionals visited
large dairy herds more often than smaller dairy herds in
the Netherlands.

Herd Type
The association between herd type, whether a herd contains
solely dairy cattle, beef cattle or a mixture, and the presence of
BoHV-1 in cattle herds was evaluated in three studies. In two of
those, the type of the cattle holding was found to be significantly
associated with BoHV-1 positivity.

Van Wuijckhuise et al. (12) found that Dutch herds that
exclusively housed dairy cows, were almost twice more likely to
have a negative or weakly positive bulk milk/BoHV-1 herd status
than mixed herds (with beef or veal animals) (OR = 1.9 p = <

0.001 CI 1.6–2.1). The same was found by Sayers et al. (7) when
comparing BoHV-1 antibody-negative Irish dairy herds to those
operating in mixed farming systems. The latter was over four
times more likely to show signs of exposure to both BoHV-1
and bovine viral diarrhea virus (BVDV) (OR = 4.84 p = 0.024).

TABLE 2 | Summary of studied risk factors for introducing BoHV-1 into cattle

herds.

Risk factor (RF) #Studies

reported RF

#Studies effect

RF

Range OR

(p < 0.05)

HERD FACTORS

Herd size 10 8 1.005–14.57

Herd type 3 2 1.9–4.84

MANAGEMENT FACTORS

Seasonal calving 1 0 –

Presence of a bull 3 2 1.52–2.13

Borrowing machinery 1 0 –

AMINAL FACTORS

Breed 2 1 7.91

Sex (M>F) 2 2 1.14–1.37

Age 4 3 1.04–28.94

PURCHASE RELATED FACTORS

Purchase of cattle 10 7 1.32–16.7

Rejected export cattle 2 1 12.6

ANIMAL CONTACT FACTORS

Cattle shows 4 1 3.54

(Communal) grazing 5 2 3.07–7.0

Housing 1 0 –

Other species 1 0 –

NEIGHBORHOOD FACTORS

Herd density 6 3 1.13–2.8

Distance between herds 3 2 1.43–7.58

Escaping and mingling 3 1 6.85

INDIRECT RISK FACTORS

Visitors 5 3 4.06–6.05

Vaccination 2 0 –

Column I of Table 2 indicates the risk factor, column II states the number of studies that

reported on the risk factor (out of 12), column III states the number of studies that mention

a significant association of the risk factor, and column IV provides the range in odds ratios

(OR) from the studies that reported an effect.

The outcome for mixed herds with only a BoHV-1 infection was
nearly significant (OR= 4.04 p= 0.071).
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Boelaert et al. (2) found no differences in herd type, being
dairy, beef or mixed in Belgium.

Management Factors
Seasonal Calving
Only one study analyzed seasonal calving pattern and it was not
found to be a risk factor. Sayers et al. (7) did not find differences in
seroprevalence between spring-calving herds and all year-round
calving herds in Ireland.

Presence of a Bull
The association between the presence of a bull in the herd and the
presence of BoHV-1 was evaluated in three studies. In two studies
this was found to be a risk factor.

In the United Kingdom,Williams and VanWinden (13) found
the presence of a bull in the herd, or hired in on occasion, to be
associated with an increased probability of positive BoHV-1 bulk
milk (OR = 1.52 p < 0.005 CI 1.14–2.02). Also, Martinez-Ibeas
et al. (4) found that Irish herds with more than one bull present
were twice as likely to be categorized as BoHV-1 positive than
those who had a single bull (OR= 2.13 p= 0.027 CI 1.08–4.19).

Van Schaik et al. (9) did not find differences between Dutch
dairy herds that only used AI for service and those that used bulls
for natural mating.

Borrowing Machinery
One study analyzed an operational activity on the farm and it
was not found to be a risk factor. Van Schaik et al. (9) found that
borrowingmachinery from other farmers was not associated with
BoHV-1 positive herds.

Animal Factors
Breed
Two studies analyzed if the breed of cattle was a risk factor, only
in one study this was found significant.

Gonzalez-Garcia et al. (3) found crossbreeding in Spanish
beef herds between local breeds and Limousine or Charolais
to be a significant risk factor (OR = 7.91 p = 0.001 CI 2.22–
28.13). O’Grady et al. (5) did not find any differences between
the breeding type of Irish beef herds.

Sex
Two studies analyzed if the sex of the animal was a risk factor,
both confirmed this, with male cattle to be more of a risk.

Boelaert et al. (2) showed that bulls were more at risk to
be seropositive than cows (OR = 1.37 p = 0.009 CI 1.08–
1.74) in Belgium. A similar result was found by O’Grady
et al. (5), a decreasing percentage of males within the beef
herd was a significant protective factor among infected Irish
herds (OR = 0.88 p = 0.04 CI 0.77–1.00), this converts to
OR= 1.14 (1/0.88).

Age
The association between age of animals and the presence of
BoHV-1 in cattle herds was evaluated in four studies. In three
of those, older animals were found BoHV-1 positive significantly
more often than younger animals, the fourth study did not find
age to be a risk factor.

In Belgium, an increasing (centered) age was a risk factor
for seropositivity, according to Boelaert et al. (2), but this effect
leveled off at an older age (OR= 1.04 p= < 0.001 CI 1.04–1.05).
Martinez-Ibeas et al. (4) found that increasing age in Irish stock
bulls was a risk factor for BoHV-1 seropositivity. Two-year-old
bulls were five times more likely to be seropositive than 1-year-
old bulls (OR = 5.15 p = 0.001 CI 1.89–14.03). For 3-year-old
bulls (OR = 12.78 p = 0 CI 4.46–36.61) and 4-year-old bulls
(OR = 28.94 p = 0 CI 9.35–89.5), this difference was even more
distinct in comparison with 1-year-olds. Also, Raaperi et al. (6)
found that the mean seroprevalence in cows was more than twice
as high as that in youngstock in all Estonian herd size categories.

O’Grady et al. (5) did not find differences in age categories in a
study on introducing beef bulls into a performance testing station
in Ireland.

Purchase Related Factors
Purchase of Cattle
The association between purchase and the presence of BoHV-1
in cattle herds was evaluated in ten studies. In seven of those,
the introduction of new cattle was found to be a risk factor for
BoHV-1 seropositivity.

Van Schaik et al. (9) found that purchase was a risk factor
(OR = 1.32 p = 0.00 CI 1.15–1.52 per purchased cow). In this
Dutch study, herds on average bought 6.6 cows a year. Purchase
was also ranked as a risk factor (OR= 1.67 p= < 0.001 CI 1.32–
2.12) by Boelaert et al. (2) in Belgium for smaller herds (up to 50
animals per herd).

In the United Kingdom, Williams & Van Winden (13) found
that the purchase of replacement cattle is a risk factor for the
presence of BoHV-1 in bulk milk (OR = 2.83 P < 0.001 CI
2.15–3.74). They also found a significant difference in the mean
amount of months since the last purchase, with BoHV-1 positive
herds having purchased more recently (10.1 months) compared
to BoHV-1 negative herds (19.6 months).

Martinez-Ibeas et al. (4) found that purchased bulls on dairy
herds in Ireland were three times more likely to be seropositive
for BoHV-1 than homebred bulls (OR= 3.08 p= 0.002 CI 1.51–
6.29). Furthermore, this study revealed that bulls with a high
number of movements between herds were more likely to be
BoHV-1 seropositive (OR = 1.32 p = 0.019 CI 1.04–1.67). The
average number of movements was 1.8 (range 1–7) and more
movements meant higher chances of being seropositive. Herds
with purchased bulls were approximately four times more likely
to be categorized as having recent BoHV-1 circulation than herds
where all the bulls were homebred (OR = 3.9 p = 0.039 CI
1.07–14.22). Herds with purchased bulls were almost three times
more likely to have at least one positive bull in the herd than
herds where all the bulls were homeborn (OR = 2.73 p = 0.009
CI 1.19–2.75).

Van Wuijckhuise et al. (12) found that the purchase of cattle
was significantly associated with a negative or weakly positive
BoHV-1 herd status, but there was an interaction between herd
type and purchase of cattle. For Dutch herds with both dairy
and beef/veal animals, there was a weak association between
the purchase of cattle and a negative or weakly positive BoHV-
1 status. For herds that exclusively housed dairy cows, the
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probability of having a negative or weakly positive BoHV-1 status
decreased linearly by a factor of 1.3 per 10 animals purchased
(OR= 0.79 p= < 0.001).

Bishop et al. (1) found Welsh open dairy herds to have bulk
milk antibodies to BoHV-1 a lot more often than closed herds
(OR= 16.7 p < 0.05 CI 2.0–49.7). This was found for purchasing
cattle in general, when looking specifically at hiring in bulls this
was not significant, but there was a trend for herds practicing
this natural mating strategy to be bulk milk positive (OR = 4.9
p = 0.08). Nor was it found significant whether purchased cattle
were quarantined before introduction to the herd.

Gonzalez-Garcia et al. (3) concluded that external replacement
was a massive risk factor in their predictive model in Spanish
herds (OR= 116.78 p= 0.000 CI 14.94–912.33).

Three studies, Van Schaik et al. (10, 11) in the Netherlands and
Raaperi et al. (6) in Estonia, did not find an association between
purchase and BoHV-1 infection.

Rejected Export Cattle
Two studies analyzed if rejected export cattle or cattle not sold at
a market that returned to their original herd was a risk factor, one
confirmed this, the other not.

A Dutch study by Van Schaik et al. (11) analyzed rejected
export cattle (or cattle not sold at a market) returning to the
original herd and found this to be a significant risk factor
(OR= 12.6 p= 0.03). However, in an earlier study, Van Schaik et
al. (9) did not find this effect.

Animal Contact Factors
Cattle Shows
The association between cattle shows and the presence of BoHV-
1 in cattle herds was evaluated in four studies. In only one,
participation was found to be significantly associated with BoHV-
1 positivity.

Van Schaik et al. (9) found that participating in cattle shows
was a risk factor for BoHV-1 infections (OR = 3.54 p = 0.05 CI
0.99–12.6). In later studies by Van Schaik et al. (10, 11), this effect
was not found, neither was it found a significant risk factor in a
study conducted by Gonzalez-Garcia et al. (3).

(Communal) Grazing
The association between (communal) grazing and the presence
of BoHV-1 in cattle herds was evaluated in five studies. In two of
those, pasture was found to be a risk factor for BoHV-1 positivity.

Van Schaik et al. (11) found that cattle grazing at other farms
is a risk factor for the introduction of BoHV-1 among other
diseases (OR= 7.0 p= 0.05). As opposed to indoor systems, open
field keeping was considered a risk factor (OR = 3.07 p = 0.018
CI 1.29–7.29) by Gonzalez-Garcia et al. (3) in Spain, but if a
communal aspect was practiced this was not a risk factor.

Raaperi et al. (6) did not find grazing to be a significant
risk factor in Estonia. Twice, Van Schaik et al. (9, 10) did
not find communal grazing a risk factor. These studies also
analyzed the possibility of over-the-fence contacts with other
cattle and neither found this to be a significant risk factor in
the Netherlands.

Housing
One study analyzed housing on the farm and it was not found
to be a risk factor. Raaperi et al. (6) studied several variables
concerning housing, including keeping young stock together
with cows, but did not find any significant factors in Estonia.

Other Species
One study analyzed other species and it was not found to be a risk
factor. Gonzalez-Garcia et al. (3) studied the coexistence of sheep,
goats, pigs and fattening calves on Spanish dairy and beef herds.
The differences in BoHV-1 risk with and without other species
were not significant.

Neighborhood Factors
Herd Density
The association between herd density in a region and the
presence of BoHV-1 in cattle herds was evaluated in six studies.
Three of those found significant outcomes, both areas with a high
and low density were found to be a risk factor.

O’Grady et al. (5) concluded that the increasing number of
contiguous herds could reasonably be linked with biosecurity
levels on the Irish beef study herds, given that infection risk
is likely to increase with an increasing number of infected
neighboring herds (OR = 1.13 p = 0.042 CI 1.01–1.33). Van
Wuijckhuise et al. (12) found similar results, Dutch herds in areas
containing <1 herd per square kilometer were 1.5 times more
likely to have a negative or weakly positive bulk milk/BoHV-1
herd status than herds in areas with more than three herds per
square kilometer (OR = 1.5 p = < 0.001 CI 1.4–1.7). In this
study, differences in numbers of animals per unit area were not
significantly associated with BoHV-1 herd status.

Contrarily, herds in a lower dairy cattle dense region had a
higher probability of being seropositive (OR = 2.8 p = 0.028
CI 1.11–7.01) according to Martinez-Ibeas et al. (4) in Ireland.
For the seropositive bulls present in these regions, no significant
differences were found (OR = 1.17 p = 0.49 CI 0.74–1.86). This
finding about less densely populated Irish regions was met, only
as a trend, by Sayers et al. (7). Herds in the least dairy dense
part of Ireland (roughly the northern part of the country but
not Northern Ireland) were found almost twice as likely to be
categorized as positive as those in the densest region (roughly the
southern part of the country) (OR= 1.77 p= 0.056 CI 0.98–3.18).

Boelaert et al. (2) found no differences in density of cattle
or density of herds in Belgium related to BoHV-1. Neither did
Gonzalez-Garcia et al. (3) find significant differences in herd
density in Spain.

Distance Between Herds
Three studies analyzed if distance between herds was a risk factor,
two of which found a significant association.

Each 100meters distance between herds was found to decrease
the risk to be BoHV-1 seropositive in the Netherlands (OR= 0.70
p = 0.00 CI 0.55–0.88) by Van Schaik et al. (9), this converts
to OR = 1.43 (1/0.70). Proximity to an urban area was a risk
factor in a Spanish study by Gonzalez-Garcia et al. (3) (OR= 7.58
p = 0.03 CI 1.21–47.24). Van Schaik et al. (10) reported the
exact distance to the nearest other cattle herd and did not
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find differences between case (347 meters) and control herds
(354 meters).

Escaping and Mingling
Three Dutch studies analyzed if escaping and mingling of cattle
was a risk factor, one of which found a significant association.

The study by Van Schaik et al. (10) found the escape and
mingling of milking cows with other cattle to be a risk factor
(OR = 6.85 p = 0.05). Moreover, in this same study, the risk
factor “young stock escapes” was separately assessed and not
significant. In two other studies of Van Schaik et al. (9, 11)
escaping and mingling of cattle was not found significant.

Indirect Risk Factors
Visitors
The association of different aspects of visitors and the presence of
BoHV-1 in cattle herds was evaluated in five studies. In three of
those, visitors were found to be a risk factor.

Indirect iatrogenic spread was proposed by Raaperi et al.
(6) in Estonia. The probability for high within-herd prevalence
was higher in farms where the veterinarian was an employee
(OR = 6.05 p = 0.03 CI 1.19–30.62) and where the AI
technician was an employee (OR = 5.54 p = 0.04 CI 1.10–
27.91). The study of Van Schaik et al. (10) showed that the use
of protective clothing by professional visitors (e.g., veterinarians,
AI technicians) tended to be a preventive factor against the
introduction of BoHV-1 (OR = 0.43 p = 0.06). 73% of case
herds (outbreak herds) did not have or did not always use
protective clothing. A Dutch cohort study by Van Schaik et al.
(11) following 95 SPF (Specific Pathogen Free) dairy herds over
2 years substantiated the previous finding that wearing protective
clothing by professional visitors was a protective factor (OR= 0.2
p = 0.004), this converts to OR = 5.0 (1/0.2). In this study, three
of the four outbreak herds did not provide protective clothing
to visitors. However, in an earlier study by Van Schaik et al. (9),
neither the use of protective clothing, temporary workers nor
the number of visits per year by AI technicians were found to
be significant.

Not only professional visitors are a risk for introduction. Also,
occasional visitors (at least once a week), such as neighbors,
family and friends in the barn, are a risk factor (OR = 4.06
p= 0.02 CI 1.28–12.9) as described by Van Schaik et al. (9).

Vaccination
Two studies analyzed vaccination and neither found an
association. Sayers et al. (7) did find a trend for BoHV-1
positive Irish herds to vaccinate more often than negative herds
(OR = 31.88 p = 0.057 CI 0.92–1,102.57). It was however
concluded that herds vaccinating for BoHV-1 were significantly
more likely to also vaccinate for BVDV (OR = 3.63 p = 0.012)
and that larger herds were more likely to vaccinate for BoHV-
1. Herds with >99 cows were vaccinated far more often
than smaller herds with an average 31–65 cows (OR = 15.11
p = 0.009). Also, there was a trend in vaccination patterns
between herds with an average size of 66–99 cows and herds with
a smaller size of on average 31–65 cows (OR = 7.74 p=0.055).

Another trend was that non-spring calving herds vaccinated for
BoHV-1 more often (OR= 2.40 p= 0.067).

Raaperi et al. (6) did not find any relation between herd
prevalence of BoHV-1 and vaccination history or vaccination for
diseases other than IBR or BVD.

DISCUSSION

This literature review confirmed that many risk factors can play
a role in introducing BoHV-1 into a cattle herd. All studies
used presence of antibodies as measure for infection, which is
correlated with introduction of the virus. Risk factors in one
country may not have the same importance in another country.
The choice to limit the review to European countries was made
in order to facilitate comparison.

For this literature review, studies were included that quantified
the risk factors by OR to facilitate comparison of the results.
When searching for other measures to quantify risk factors, just
one additional study was found which used hazard ratios (HR).
However, the survival analysis in this study of Van Schaik et al. (8)
was based on the same data as used for the logistic regression of
Van Schaik et al. (9) in whichOR of the risk factors were reported.
For the sake of comparability and because the results were fairly
similar, we decided to only report the OR.

Some risk factors were only studied in a limited number or
even a single study. These results should be especially interpreted
with prudence.

Most studies were based on questionnaires to obtain
information on possible risk factors. In these studies, measures
were taken to get representative answers, such as minimizing
recall bias and conducting interviews by as few persons as
possible. Risk factors were not always significantly associated
with the outcome variable seropositivity for BoHV-1. Farmers
may not have responded properly about practices and provided
socially desirable answers especially about some commonly
known risk factors.

A total of four studies that were included in this review
were performed in the Netherlands. This relatively high number
of studies compared to other European countries was because
a compulsory BoHV-1 eradication campaign was in place in
the Netherlands for a short period from 1998 to 1999. It was
canceled due to vaccine contamination issues. Much scientific
research was done in the customization and aftermath of the
CP. Since then, the average herd size almost doubled, there is
more import of live cattle from other countries, herds purchase
cattle more often, and there is a growing number of herds
that have their young stock raised in specialized young stock
raising herds. These changes may hamper extrapolation of
the study findings from the nineties to current times. Also,
multiple Irish studies were included in the review. These BoHV-
1 studies were performed in the development of a national
CP for BVDV. Along with data collection for BVDV, the
studies often simultaneously investigated BoHV-1. Therefore,
this literature review mostly covers the cattle situation in
Northwestern Europe. The discrepancy in results between studies
in general, but certainly in those performed in the same

Frontiers in Veterinary Science | www.frontiersin.org 7 October 2021 | Volume 8 | Article 688935340

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Waldeck et al. BoHV-1 Risk Factor Literature Review

country can be explained by the fact that risk factors can
disappear when (biosecurity) measures are implemented or when
prevalence reduces to low levels, generating a lack of statistical
power. In general, changing national cattle legislation or other
(inter)national circumstances can influence risk factors. For
example, the purchase of cattle may be driven by economic
incentives or other external drivers that affect herd composition,
and therefore the importance of this risk factor may increase
or decrease.

Most papers found herd size to be positively associated with
BoHV-1 herd infection. Several studies excluded very small
holdings. Larger herds have more contacts that can introduce
the virus into the herd (e.g., more professional visitors and more
purchased cattle for replacement). Additionally, the purchase of
cattle into a herd is often required to achieve this larger herd
size. An infection with BoHV-1 is also easier maintained in a
large herd. In smaller herds, the number of susceptible animals
is lower, so infections may not be preserved. The range in average
herd size in the northwestern part of Europe is quite similar
between countries. Extremely large herds with thousands or even
ten thousand cattle such as, for example, in North and South
America or the Middle East do not exist. Often, underlying
management or herd structure related to herd size will be the
real risk factor for the BoHV-1 status rather than herd size alone.
Herd size is therefore considered a proxy for other interlinked
risk factors.

Studies indicating herd type (dairy or beef) were not
conclusive, as both types were found to have an increased risk of
being infected with BoHV-1. Overall, there was a slight tendency
for beef herds to be BoHV-1 positive more often. These type of
animals are often more traded, which could explain the higher
risk as well as other risk factors that may be linked to herd type
and are discussed below.

Whether the sex of cattle is a risk factor or not is not widely
documented. Bulls have been found to have a higher risk of
becoming BoHV-1 positive. Bulls have more changing contacts
compared to cows. Additionally, beef bulls more frequently
participate in cattle shows and bulls are more often purchased
from other herds. Also, bulls possibly display more risky behavior
than cows. Escaping and mingling was found to be a risk for
virus introduction into herds. Since BoHV-1 is also a venereal
transmissible disease (IPV/IPB), it could be expected that bulls
play a role with natural service by these means, but differences
between natural breeding and AI were not reported by any of
the studies. In the past, BoHV-1 positive semen used for AI
was a well-known source of the introduction of BoHV-1. Due to
strict measures for AI companies, nowadays, semen is guaranteed
BoHV-1 free, which explains the fact that an association between
AI and BoHV-1 was no longer found.

Age of cattle was found to be a risk factor for BoHV-1,
but can be considered a proxy for potential exposure time.
Antibodies are kept lifelong, with BoHV-1 also generating
lifelong latency of the virus and thereby risk of reactivation.
This was confirmed by the fact that studies showed that in
positive herds, older cattle most commonly have antibodies
against BoHV-1. Contacts between adult cattle are therefore
riskier than contacts with young stock. Since seroprevalence in

dairy herds is often found to be age-dependent, this is a plausible
explanation. Surprisingly, keeping young stock and cows together
was not a risk factor, which may be explained by lower stress
levels given the unchanging environment. This also underlines
that although BoHV-1 inflicts respiratory illness, the virus is
not easily transmitted aerogenically over larger distances. Likely,
the spread of the virus from cows to young stock is more
dependent on indirect viral transmission routes related to herd
management. Feeding residual cattle-fodder to other age-cohorts
of cattle on the farm may be an example of this. Also, housing
different age-cohorts in multiple buildings may counteract virus
spread. Ongoing cattle replacement from own stock as a standard
management procedure ensures outgrowth of the positive age-
cohorts in the absence of reactivation or reintroduction. Age was
also found to have an effect when looking at the break out of
cattle, in the same study it was found a significant risk factor for
adult milking cows, but not for young stock.

Purchase was considered to be any cattle brought into the
herd from another farm, although the definition was not clearly
stated in every study. The findings on purchased cattle highlight
that farmers should consider the antibody BoHV-1 status of
cattle before transportation to prevent concomitant introduction.
After arrival, a quarantine period may limit spread of infection
(when introduced), but is not common practice in daily cattle
routines. In general, a closed farming system and the use of
protective clothing for (professional) visitors can, to a large
extend, minimize the risk of BoHV-1 introduction. Progress on
this matter can be made for all professional visitors that come in
direct contact with cattle. Ameasure thatmay facilitate awareness
is to publish the BoHV-1 herd status of farms to adjacent farmers
and professional visitors so that extra biosecurity measures can
be taken to prevent infection with BoHV-1 from an infected
neighboring herd. Known herd status also promotes purchasing
cattle from certified BoHV-1 free herds because provenance can
be checked in advance. Otherwise, if unknown, testing cattle
before movement can largely reduce the risk of introduction.
Most studies indicated the introduction of latently infected cattle
as a common way of BoHV-1 transmission between herds. To
a lesser extent purchase of acutely infected cattle also plays a
role. Movement and mixing of cattle will be stressful, resulting
in higher chances of reactivation of the virus in latently infected
cattle. Studies that did not find a relationship with purchase often
had a limited number of cattle purchased during the study. The
risk of purchase is sometimes underestimated by farmers, as they
consider themselves a closed herd that never buy female cattle.
The rare or sporadic purchase of a breeding bull is not perceived
as impacting their closed herd status and is somewhat overlooked
in maintaining a closed herd.

One study found an extremely high multivariable estimated
OR (116.78) for the risk factor purchase of replacement cattle.
This seems unreliable, especially since it univariably had an
associated value of OR = 2.74. Although this unusually high
OR is not discussed at all in the original paper itself, it should
be interpreted with care and therefore it is not presented in the
summarized results in Table 1.

Cows returning from markets or rejected for export were
found a risk factor in the Dutch situation in one study about 20
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years ago. The cattle industry’s infrastructure has changed since
then because of altered legislation due to the foot-and-mouth
disease (FMD) outbreak the country faced in 2001. The risk of
transportation will still exist, but cattle returning to their herds
after being initially sold, is rare to non-existent nowadays. In fact,
markets no longer exist. In addition, export, import and show
cattle are often quarantined and tested for their BoHV-1 status,
which leads to a minimized risk for those risk factors.

Communal grazing was found to be a risk factor in two out
of five studies that investigated the risk of grazing for having
BoHV-1 positive animals in a herd or for a herd to be BoHV-1
seropositive. This type of pasturing is not common anymore in all
countries, but it, for example, still occurs in some mountainous
areas in the summertime. The extensive way of keeping cattle
this way will generate less stress and possibly limit the risk of
reactivation and transmission of the virus. Also, calving being a
known trigger for reactivation, will in most of these systems have
occurred before moving to the pasture, thereby creating less of an
effect since the cow will no longer be infectious. As a comparison,
for several years, young stock raising as a separate farm business
has proliferated in Europe as it is long term common in North
America. Calves are sent to these specialized herds, and the
animals return to the original herd as raised pregnant heifers.
The risk this management brings along will be more considerable
when the young stock raiser operates for multiple herds and does
not assess BoHV-1 status.

It was concluded in one study that sheep and other animals
are a negligible risk factor for having BoHV-1 in a herd.
More research focusing on these contacts would be worthwhile,
since farmers tend to externalize reasons for introducing the
virus into their herds. Often, factors they cannot influence, are
considered important, such as small and wild ruminants, but
also interference with other species (e.g., birds). When housed
on the same farm, the amount of contact of cattle with small
ruminants varies a lot between countries. However, countries that
imposed CPs and became free of BoHV-1 (e.g., Germany and the
Scandinavian countries) did so without including regulations on
small and wild ruminants.

Herd density and distance to neighboring herds were found
to be a risk factor in several studies. The risk may be explained
by underlying factors such as air currents, visits of neighboring
farmers or children, professional workers and visitors, contacts
between cattle of neighboring herds, contacts with other animals
(cats, dogs, mice, rats, etc.), borrowing machinery and vehicular
movements between proximal farms. One study found that
closeness to an urban area increases the chances of seropositivity.
However, closeness to an urban area was positively correlated
with distance to other cattle herds. The study was carried out in
an otherwise low-density herd area, where only herds in urban
areas were relatively close to each other. In Ireland, the contrary
was reported in two studies in that herds in the least dairy dense
part of the country were more often positive for BoHV-1. This
was proposed due to a higher proportion of beef cattle in these
regions and less implementation of biosecurity measures in these
herd types, so in fact the area was still cattle dense.

Veterinarians or AI technicians employed on the farm were
found to be a risk factor for BoHV-1. This seems unexpected

because veterinarians or AI technicians that visit multiple,
different farms daily in their ambulatory work would likely carry
more risk. An explanation could be that when veterinarians or
AI technicians are employees of the farm, they might work at
multiple, intensive sites and there probably is a tendency to
handle cattle more frequently for diagnostic purposes, perform
invasive treatments and heat detection compared to those
where these professionals visit a herd on call. Still, it may
be expected that fulltime employees are more focused on
biosecurity. Iatrogenic spread of the virus will facilitate within
herd transmission. Employment by farms of a veterinarian or
AI technician is likely related to herd size, so may also be
a confounder for increased transmission within larger herds.
Several Dutch studies have investigated biosecurity in relation
to introductions of infectious diseases. The herds free from
disease had less risky contacts than herds with outbreaks.
Moreover, the review showed that biosecurity around visitors
is essential, professional visitors should be convinced to wear
protective clothing supplied by the farmer before handling cattle
at all times.

BoHV-1 seroprevalence data should always be interpreted
with caution since conventional IBR vaccines (non-marker)
were and are widely used in many European countries. Most
studies took vaccination data into account. Depending on the
country where and when the study was performed, it should
be considered that cattle might be vaccinated with conventional
vaccine earlier in life, thus interfering with diagnostics (no
distinction in detected antibodies derived from natural infection
or vaccination possible). Vaccination is often initiated after
the introduction of infection and not always as a preventive
management tool. Therefore, vaccination can be considered as an
aggregate indicator for underlying risk factors for introduction
of BoHV-1.

Four studies (1, 6, 7, 13) found associations between BoHV-
1 and presence of other infectious diseases. All four reported
that herds positive in bulk milk for BVDV antibodies were
significantly more likely to also be positive for BoHV-1 (range in
OR 2.31–12.0). One study mentioned the same for Leptospirosis
(OR = 7.5). Although these diseases are thereby presented as
a risk factor for BoHV-1 positivity, it probably just indicates
that there are common risk factors in these herds related to
introduction of infectious diseases into the herds.

CONCLUSIONS

This study describes the most relevant risk factors for the
introduction of BoHV-1 in cattle herds based on literature
findings of consistently high odds ratios. Risk factors most
often found to facilitate a BoHV-1 infected herd were herd
size, purchase of cattle, cattle density, age of cattle, distance
to neighboring cattle herds and professional visitors. When
eradication is considered on a national, regional or even herd
level, mitigating the risk of these factors should be taken
into account. Other animal species (e.g., sheep) are likely
of negligible risk. The findings should also be used when
educating and communicating with farmers, veterinarians and
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other professional visitors about reducing the risk of contracting
an infection with BoHV-1.

Biosecurity measures that mitigate this risk are keeping a
closed herd; when purchase is necessary then acquire cattle from
known BoHV-1 free herds or screen in advance for presence of
BoHV-1 antibodies; rearing own young stock; provide protective
farm clothing (coverall and boots); prohibit direct and lengthy
animal contact with other cattle from herds through grazing or
escaping and mingling; implementation of testing schemes for
cattle participating in shows.

It is normal practice to concentrate on the most impactful
factors in the early stages of disease control programmes (CP)
to make tangible progress and gain stakeholder momentum.
Therefore, for the implementation of CPs, it is crucial to know
which risk factors related to virus introduction or reactivation
need to be prioritized. In the early stages of designing a CP,
modeling can assess the epidemiological potential of different
control scenarios for BoHV-1, and the results of this review could
be used as input for such models.
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