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Background: Enterovirus D68 (EV-D68) primarily causes respiratory infection,

occasionally manifesting with neurological symptoms. Outbreak reports have

been published from various countries including Norway, but a longitudinal study

on EV-D68 prevalence in Northern Europe is lacking.

Methods: Respiratory samples from children ≤14 years received at Oslo

University Hospital in the years 2012-2022 were examined for EV-D68.

Samples from 2012-2015 were retrospectively screened using a semi-specific

RT-PCR, with positive samples confirmed by an EV-D68 specific RT-PCR.

Samples from 2016-2022 underwent routine diagnostics with the EV-D68

specific RT-PCR.

Results: Among the 22,911 samples tested, EV-D68 was detected in 338 samples

(324 patients). Most EV-D68 cases occurred in August to December. The highest

detection rate was recorded in 2014, 2016 and 2022 (6.0%, 7.8% and 6.6% of

samples from August-December). Lower frequencies were observed in 2018 and

2019 (1.0% and 2.4%), and in the years before the 2014 outbreak (2012: 1.3%,

2013: 0.8%). Few cases were identified in 2020-2021. Children aged 0-1 years

accounted for 40%, and 0-4 years for 78%, of the EV-D68 positive patients. Most

of the patients with EV-D68 (83%) were hospitalised.

Discussion: Also in Norway, EV-D68 has caused outbreaks with significant

disease burden, especially among the youngest children. The detection rate

varies, with a trend towards biennial outbreaks, except for low numbers in 2018

and during the COVID-19 restrictions (2020-2021). Due to its potential for severe

respiratory illness and significant neurological complications, conducting EV-

D68 testing is essential both for diagnosing clinically suspected cases, and for

monitoring the disease burden.
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Introduction

Enterovirus D-68 (EV-D68) has emerged as a significant

contributor to acute respiratory illness, affecting both young

children and individuals with pre-existing health conditions. The

spectrum of symptoms ranges from those of a common cold to

severe asthma-like presentations necessitating intensive care and

mechanical ventilation in critical cases. Additionally, EV-D68 has

since 2014 been associated with the neurologic complication acute

flaccid myelitis (AFM) (1–3).

From its discovery in 1962 until 2010, EV-D68 was primarily

associated with sporadic cases of respiratory illness. However, in the

autumn of 2014, large outbreaks of EV-D68 respiratory disease

were reported in various countries (4). Coinciding with these

outbreaks, there was a marked increase in cases of children

developing AFM (4). Similarly, an outbreak of EV-D68 was

recognised at our hospital in Norway during the autumn 2014,

also linked with cases of severe AFM (5, 6).

The 2014 outbreaks raised awareness of the importance of EV-

D68, leading to increased testing and reporting in subsequent years.

Outbreaks in 2016 and 2018 were observed in North America and

European countries, and a biennial circulation pattern has been

suggested (7–10). Strict SARS-CoV-2 infection control measures

likely mitigated potential outbreaks in 2020, but following their

relaxation in 2021, higher incidences were reported worldwide (7, 11).

Aside from data from 2014, our understanding of the health

impact of EV-D68 in Norway is limited. No surveillance is in place,

and only a few laboratories specifically test for EV-D68. To

investigate the long-term incidence rates and circulation patterns

of EV-D68 infection in Norway, including detailed information on

seasonal distribution and burden of infection in different age

groups, we have examined EV-D68 presence in paediatric

respiratory samples from the last eleven years, received at the

microbiology laboratory in Norway’s largest hospital. Such

information is of importance both for surveillance strategy and

preventive measures planning, and to predict burden of disease in a

clinical setting to support strategic priorities in health service.
Materials and methods

Material

The Department of Paediatric and Adolescent Medicine at Oslo

University Hospital (OUH) serves as the primary healthcare facility for

the majority of children in Oslo. The Department of Microbiology at

OUH is responsible for analysing respiratory samples from OUH as

well as from primary care providers and general practitioners in the

Oslo region. All respiratory specimens from children aged 0-14 years

received at the Department of Microbiology at OUH for routine

respiratory virus analysis from 2012 to 2022 were included in this

study. Most included samples, 20,699 (90.3%), were specimens from

the upper respiratory tract (nasopharynx, nose and throat), while 1672

(7.3%) were lower respiratory tract samples, and the remaining 540

(2.4%) were unspecified specimens.
Frontiers in Virology 02
Between 2012 and 2015, 3,884 samples collected from June to

December underwent retrospective screening for EV-D68. Samples

from September to November 2014 (n=569) were processed in the

same year (5), while most samples were assessed in 2015 and 2016.

Out of the 3,315 samples available for evaluation, those obtained

from June 2012 to October 2013 (n=1,441) were primary

specimens, while the remainder (n=1,874) were RNA eluates. All

samples and RNA eluates had been stored at -70°C.

Starting from 1 June 2016 all respiratory samples from

children aged ≤14 years from hospitals (n=17,683) and ≤10

years from primary care (n=1,344) were prospectively analysed

for EV-D68 along with other respiratory viruses as part of

routine diagnostics.

Patients whose samples were requested from emergency

departments or other hospital wards were defined as hospitalised.
Methods

All samples were analysed with laboratory developed RT-PCR

methods. The samples from September to November 2014 were

analysed as described by Bragstad et al. (5). The remaining samples

from 2012 to 2015 were analysed with a laboratory developed

generic enterovirus RT-PCR targeting the conserved 5’ non-

translated region (NTR) of the enterovirus genome, using the

forward primer 5′- CCCTGAATGCGGCTAATC -3′ and the

reverse primer 5′- GAAACACGGACACCCAAAGTA -3′. The
probe used, 5′-FAM- CGCCACRGACTTGCGCRTTACG –BHQ-

3′, was designed to detect enteroviruses in group C and D. All

positive results from 2012 to 2015 were later reanalysed with a

specific EV-D68 RT-PCR targeting the VP1 gene, based on the

method by Wylie et al. (12). From 2016, all samples were analysed

with the RT-PCR based on Wylie et al. as part of routine

diagnostics. All protocols and sequences are available upon request.

Data analyses were performed using Microsoft Excel 2016

(Microsoft Corporation).
Results

A total of 22,911 respiratory samples collected from 2012 to

2022 were examined for EV-D68, and the virus was detected in 338

of them. The EV-D68 positive samples were from 324 patients

(including 14 patients with two positive samples), and 270 (83.0%)

of these were hospitalised (Table 1).

Out of the 338 EV-D68 positive samples, 313 (92.6%) were upper

respiratory tract specimens, while 17 (5.0%) were from the lower

respiratory tract. The total positivity rates in upper versus lower

respiratory tract specimens were 1.5% and 1.0%, respectively. EV-

D68 was most frequently detected in the months August to October,

and only sporadically in the months January to July (ranging from 0 to

4 cases per month for all years combined) (Figure 1).

The number of EV-D68 cases was highest in the years 2014, 2016,

and 2022, with 59, 92 and 109 patients testing positive, respectively,

constituting 6.0%, 7.8%, and 6.6% of the samples collected between

August and December (Table 1). In 2014, the highest number of
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patients with EV-D68 was recorded in October (n=18, constituting

10.3% of the samples), in 2016, the peak occurred in August (40

patients, 27.7% of the samples), while in 2022, it was observed in

September (49 patients, 18.4% of the samples). Notably, no samples

were positive for EV-D68 in the summer and autumn of 2017 and

2020. In the years 2012, 2013, 2015, 2018, 2019 and 2021, the number

of patients with EV-D68 infection was low (n=5-23), constituting only

0.6-1.1% of the samples collected between August and

December (Table 1).
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As seen in Figure 2 and Table 2, the majority of patients with

EV-D68 belonged to the youngest age groups. Ages 0 and 1 years

accounted for 40.1%, while ages 0-4 years constituted 78.4% of the

confirmed cases of EV-D68. However, 59.9% of the total number of

samples were from the 0–1 year age group, and 81.2% from children

aged 0–4 years (data not shown). As seen in Table 3, the prevalence

of EV-D68 positive samples was in some years higher among the

patients in certain higher age groups, such as 23.3% of the samples

from 5-year-olds throughout 2016 (n=6, Table 2).
FIGURE 1

Cases of EV-D68 per month and year 2012-2022.
TABLE 1 Samples examined for EV-D68 per year, with the total number of EV-D68 cases and the number of hospitalised cases, and the percentage of
positive samples during the peak months.

Year
Total number

of
samples tested

All patients with
EV-D68

detected, n

Hospitalised patients
with

EV-D68, n (% of
patients with EV-D68)

% of EV-D68 positive samples
Aug - Dec

(% of EV-D68 positive samples in
peak month)

2012* 985 10 7 (70) 1.3

2013* 824 5 5 (100) 0.8

2014* 1170 59 54 (92) 6.0 (10.3 - Oct)

2015* 905 5 5 (100) 0.7

2016* 1428 92 84 (91) 7.8 (27.7 - Aug)

2017 2745 1 1 (100) 0.0

2018 3082 12 11 (92) 1.0

2019 2639 23 20 (87) 2.4 (6.3 - Sept)

2020 2337 1 1 (100) 0.0

2021 3245 7 6 (86) 0.3

2022 3551 109 76 (70) 6.6 (18.4 - Sept)

Total 22911 324 270 (83) 2.6

*June-Dec only
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Discussion

In this first long-term retrospective study on EV-D68

circulation in Norway, we analysed nearly 23,000 respiratory

samples from paediatric patients spanning the period 2012 to

2022. Our findings reveal significant variation in the annual

incidence of EV-D68. Among the 324 patients with detected EV-

D68, the majority were hospitalised, indicating a substantial health

burden on children during outbreak years.

Reports from other countries have indicated biennially

recurring EV-D68 outbreaks (7–10), and our data suggest a
Frontiers in Virology 04
similar circulation pattern. The first globally recognised outbreak

of EV-D68 in 2014 drew considerable attention to the virus and

affected children also in Oslo (4, 5). Our results show that a greater

number of paediatric patients than previously reported were

infected with EV-D68 during the 2014 outbreak, with most cases

occurring in the hospital setting. Notably, our data from the 2016

season reveal an even higher incidence of EV-D68 compared to the

2014 outbreak, again primarily among hospitalised patients. This

high incidence in 2016 aligns with reports of outbreaks from

Sweden, France, Spain, the Netherlands and the United States (7,

8, 10, 13, 14). However, our 2018 findings deviate from reports from
FIGURE 2

Cases of EV-D68 by age in years, per year. The size of the bubbles reflects the relative number of patients per age and year.
TABLE 2 Cases of EV-D68 by age according to year of detection.

Age in years 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

0 – 1 14 2 16 – 2 4 – 1 16

1 4 – 10 1 25 – 4 8 – 1 21

2 3 4 6 1 16 1 4 3 1 1 18

3 – – 11 – 7 – – 3 – 1 17

4 1 – 6 – 8 – 1 2 – – 9

5 – – 3 – 6 – – – – 1 10

6 – – 3 – 7 – – 1 – 1 4

7 1 – – – 1 – – 1 – – 3

8 – – 1 1 1 – – – – 1 5

9 – – – – 2 – – – – – 1

10 1 – 1 – 3 – – – – – 2

11 – – 1 – – – 1 – – – –

12 – – 1 – – – – – – – 2

13 – – – – – – – – – – –

14 – – 2 – – – – 1 – – 1
fr
The shading reflects the number of cases, with darker colours representing higher numbers.
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other countries, as we detected EV-D68 in samples from only a

small number of patients. This contrasts with the expected biennial

circulation pattern suggested by the 2014 and 2016 outbreaks. There

are no published reports documenting the 2018 and 2019 seasons in

other Nordic countries, leaving us uncertain whether this deviation

in the pattern was unique to our population or also occurred in

neighbouring countries. In the summer and autumn of 2020, we

found no positive samples for EV-D68, even though the total

number of samples tested did not differ from the prepandemic

period and the testing strategy was unchanged. Our laboratory

managed to maintain test capacity for respiratory pathogens as

before the pandemic. Notably, during 2020-2021, all paediatric

samples where “respiratory viruses” were requested were tested

for other respiratory viruses, including EV-D68, in addition to

SARS-CoV-2, providing the same diagnostic service as before. The

absence of EV-D68 cases aligns with the marked decline observed in

other viral infections during this period (15), and we therefore

believe that it is primarily a result of the strict SARS-CoV-2

containment measures, rather than underdiagnosis. In 2021, as

measures eased, there was a surge in EV-D68 cases in Europe and

the USA (7, 11). However, our data showed only 7 cases that year,

all in November and December, possibly due to prolonged infection

control measures in Norway.

The highest number of EV-D68 cases was observed in 2022. In that

year, we also received the highest number of samples for testing,

possibly due to a surge in respiratory infections combined with a lower

threshold for testing after the SARS-CoV-2 pandemic. Nevertheless, as

many as 76 of the patients were tested in the hospital, suggesting

significant symptoms, though clinical data and information on co-

infections are not available. Notably, a substantial EV-D68 outbreak

was reported in Finland during the autumn of 2022, leading to the
Frontiers in Virology 05
hospitalisation of 56 children due to respiratory illness, with one child

diagnosed with EV-D68-related encephalitis (16). High numbers of

EV-D68 in 2022 have also been reported from the United States (17,

18).Whether the increase in cases observed in 2022 can be attributed to

reduced population immunity after years of lower virus circulation,

natural variation, or a trend toward increased virus occurrence remains

to be determined.

Looking back to 2012 and 2013, we identified 11 and 5 cases,

respectively. This indicates that EV-D68 was already present in

Norway before the 2014 outbreak. Studies of seropositivity from

Finland, England and the Netherlands indicate that EV-D68 was

highly prevalent in these countries already in the previous decades

(19–21). While we do not have serological data nor respiratory

samples for testing prior to 2012, it is unknown how the virus

circulated in Norway in earlier years. Nevertheless, our low

numbers from 2012 and 2013 indicate that EV-D68 was at least

not causing any high burden of disease in these years.

Our data highlight that EV-D68 is predominantly identified in

the youngest age group. Nevertheless, the virus also shows relevance

in the older children, with a high percentage of EV-D68 positive

samples in older age groups some years.

Our study is limited by the absence of detailed clinical information.

Nonetheless, insights from previous investigations suggest that EV-D68

is primarily identified in children with severe respiratory illness (4, 5, 7,

16, 17). Among our EV-D68 patients from 2014, two cases had severe

EV-D68 associated AFM (6). This is also probably true for one of our

cases from 2018, as one patient with detected EV-D68 and AFM was

reported from OUH to the National Commission for the Certification

of Poliomyelitis Eradication at the Norwegian Institute of Public Health

(NIPH) (personal communication from Silje Lae Solberg, NIPH). In

2016, there were three cases of EV-D68 associated AFM in Norway
TABLE 3 Percentage of samples with EV-D68 detected per age group per year.

Age in years 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

0 – 0.3 2.6 0.8 2.9 – 0.2 0.5 – 0.1 1.6

1 2.1 – 3.8 0.5 8.1 – 0.6 1.4 – 0.1 2.8

2 3.1 4.5 5.3 1.3 9.8 0.3 1.3 1.0 0.4 0.3 4.4

3 – – 17.6 – 12.7 – – 1.7 – 0.4 7.0

4 3.0 – 17.6 – 12.7 – 0.8 4.3 – – 4.7

5 – – 11.5 – 23.3 – – – – 0.9 5.6

6 – – 14.3 – 15.6 – – 1.4 – 1.2 3.6

7 9.1 – – – 3.7 – – 1.5 – – 3.7

8 – – 6.7 5.6 4.0 – – – – 2.2 6.8

9 – – – – 14.3 – – – – – 1.7

10 6.7 – 9.1 – 10.3 – – – – – 3.6

11 – – 5.3 – – – 1.8 – – – –

12 – – 7.1 – – – – – – – 4.4

13 – – – – – – – – – – –

14 – – 14.3 – – – – 1.7 – – 1.3
fron
The shading reflects the percentage, with darker colours representing higher percentages.
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(22), but these occurred in regions not covered by our hospital. Norway

upholds a well-established national surveillance program for acute

flaccid paralysis in children under 15 years of age, including suspected

cases of AFM (23). As part of this system, respiratory specimens are

collected to identify cases associated with EV-D68. No further cases of

suspected EV-D68 associated AFM has been reported to the

surveillance program since 2016 (personal communication).

It is unknown whether the AFM cases in 2014, 2016 and 2018

were caused by neurovirulence of the circulating strain, lack of

immunity or simply a rare presentation seen with a larger outbreak

of the virus. It has been estimated that <1% of EV-D68 cases

develop AFM (2), and according to the detection rates in our study,

more cases of AFM should not necessarily have occurred in the

years since. However, with trends for increasing numbers of

patients suffering from EV-D68 infection, it is likely that there

will be new cases in the years to come. Awareness of EV-D68 as a

potential cause for this clinical polio-like illness is thus crucial.

To our knowledge this is the first longitudinal study of EV-D68

circulation from any of the Nordic countries. The reports of

outbreaks from Sweden in 2016 (14) and Finland in 2022 (16) are

in line with our observations. Whether the circulation of EV-D68 in

other seasons and other Nordic countries and regions also followed

the same pattern as in our material remains to be examined.

As our dataset originates solely from the Oslo area, it might not

offer a comprehensive representation of the entire Norwegian

population. Nevertheless, our samples were obtained from the

Department of Paediatric and Adolescent Medicine at Norway’s

largest hospital OUH, which serves as the primary children’s

healthcare facility for the greater Oslo region. Additionally, our

laboratory analyses respiratory samples not only from OUH, but

also from primary care providers and general practitioners in the

Oslo region. Collectively, our data thereby represent a substantial

share of the Norwegian paediatric population.

In summary, our study on EV-D68 epidemiology in Norway

showed significant variations in the annual incidence with peaks in

2014, 2016, and 2022. Though disrupted by low incidence in 2018

and during the COVID-19 pandemic, this indicates a biennial cycle,

a trend also observed in other countries. Whether the increase in

EV-D68 cases in 2022 represent a genuine rise in virus occurrence

in years of outbreaks remains to be seen. Nevertheless, it is apparent

that EV-D68 has become a frequently encountered virus in Norway.

The knowledge from our study on EV-D68 in children is important

not only for planning of health care services, but also for public

health policy and outbreak responses. Given its potential to cause

severe respiratory illness and significant neurological complications,

maintaining vigilance and ensuring EV-D68 screening and testing

for clinically suspected cases is crucial.
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