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Editorial on the Research Topic

Prevention and control of human T lymphotropic viruses 1 and

2 (HTLV-1/2)

Introduction

This research topic is kindly dedicated to the memory of our beloved and inspiring

friend Professor Carlos Mauricio Castro Costa. It was interesting to see that, during

the emergence of a new virus which has plagued humanity for 3 years now, Human

T lymphotropic virus 1 (HTLV-1) received a lot of attention from health authorities,

including the World Health Organization (WHO). This was a direct response to an

instigative letter calling for action to eliminate the virus (1, 2). HTLV, which is the

first human retrovirus described, approximately 40 years ago, has been extensively

investigated with regard to its biology, diagnosis, prevention and to a lesser extent

clinical impact. There are serious reasons to advocate in favor of the elimination of

HTLV, considering the burden of most diseases presently associated with the infection

(3). The response to the initiative of putting together a Research Topic dedicated to

the “Prevention and Control of HTLV-1” showed a high demand, receiving attention

from investigators from several countries in five continents. The issue received a diverse

cast of manuscripts including classical and molecular epidemiology among several

vulnerable population groups, diagnostic methods focused on prevention and control

of the infection, the associated diseases and relevant co-infections. Furthermore, the

importance of multidisciplinary care for those infected and affected was the subject

of several manuscripts whilst the presentation of highly relevant public health policies

already implemented and many others that are still in need to be further exploited

completed this collection.
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HTLV prevalence, including
vulnerable communities

The Research Topic received interesting papers in regard to

the prevalence of HTLV-1 and subtypes found among vulnerable

communities. Bandeira et al. designed an investigation that

showed a low (0.4%) seroprevalence of HTLV-1 infection among

prisoners from 12 closed prisons in Mato Grosso do Sul state,

Central Brazil, with the predominance of the Cosmopolitan

subtype Transcontinental subgroup. In contrast, Abreu et al.

identified a high prevalence (3.0%) of HTLV infection among

the Warao Indigenous Refugees in the Brazilian Amazon, with

the presence of HTLV-1 subtype 1A (Cosmopolitan) and the

Transcontinental subgroup and HTLV-2b, highlighting the need

to create public health policies for the population of immigrants

running from their own country to the Brazilian territory.

Important information came from quilombos (slave remnant

communities) in the state of Pará, Brazil where Brito et al.

described a prevalence of 0.5% of HTLV (HTLV-1 and HTLV-

2), reinforcing the need for infection control policies among

these communities. Oliveira-Filho et al. investigated intra-family

transmission among injecting drug users in a large geographical

area of the state of Para and both HTLV-1 and HTLV-2

were found, again demonstrating the urgent intervention for

infection control and prevention to reduce the spread of HTLV.

A complex epidemiological model was set by Miranda C et

al. to investigate a 10-year (2007–2016) analysis of HTLV-1/2

infection in first-time blood donors from four blood banks

in Brazil. This revealed that HTLV-1/2 prevalence was not

decreasing with a trend observed toward an increase in HTLV-

1/2 infection among younger people, males, white skin color and

higher education.

Co-infections

Pereira et al. reported that in one of the most important

epidemiological settings in Brazil, the state of Bahia, the

prevalence of HTLV infection in people living with HIV-1

(2.4%) was much higher than among people with negative

HIV-1 serology (0.5%), and that the highest frequency was

among women. Three interesting and comprehensive reviews

were presented. A systematic review by Ye et al. showing the

importance and higher frequency of Strongyloides stercoralis

infection among people living with HTLV-1 than in HTLV-

1 seronegative and a strong association between severe

strongyloidiasis and HTLV-1 infection. This was also reported

by Montaño-Castellón et al. who also reported that HIV-1 and

HTLV-1 coinfection and HIV-1 and HTLV-1/2 triple coinfection

were associated with shorter survival, higher mortality rate, and

faster progression to death, while coinfection by HIV-1/HTLV-2

seems to have neutral association with longer survival, slower

AIDS progression, and lower mortality rate. The review by

Rosadas and Taylor highlighted several factors related to the

impact of HTLV-1 on co-infections and vice versa. Among other

aspects, they emphasize that large scale prospective controlled

studies on the prevalence and impact of HTLV-1 in co-infections

are needed.

HTLV diagnosis

Although there are multiple commercial assays suitable for

screening, a repeated concern has been the need for cheaper

tests to type and confirmHTLV infections. Franco et al. reported

a multi-epitope protein, expressed in a prokaryotic system,

including epitopes from Gag, Tax and Env proteins, aiming

to develop a serological screening test for both HTLV-1 and

HTLV-2, that showed great potential to be used to detect

mono or co-infected individuals. Rocha Júnior et al. developed

a promising, rapid, and sensitive duoplex-RT-PCR aiming to

confirm and discriminate both HTLV-1 and HTLV-2. The new

approach was validated by a multicenter study across Brazil. The

assay presented adequate efficiency for HTLV-1/2 differentiation

showing high sensitivity and specificity. Similarly, Gonçalves et

al. developed and validated an in-house multiplex quantitative

real-time PCR assay targeting the pol and tax genes. The

laboratory tests demonstrated high sensitivity and specificity,

leading the authors to conclude that their method is efficient

and reliable for diagnosis. As a novel approach Machado et al.

used the phage display to select HTLV-1 epitopes for diagnosis

and described four clones with HTLV-1 mimetic peptides which

aligned with gp46, protease and Tax, showing the potential of

the technique for bioprospecting HTLV-1-related peptides with

good potential either for diagnostic tests or as possible vaccine

components for future studies.

HTLV care

The care andmanagement of persons with HTLV-1 infection

is often complex and always multidisciplinary, starting with

diagnosis. With the application of any diagnostic test comes

the responsibility of the result, especially when a disease or the

potential to develop disease is the diagnosed. Too often patients

with HTLV-1/2 seroreactive results are sent away with anxiety

and uncertainty. Lopes et al. describe the first-year results

of implementing an HTLV-1 serodiagnostic service. Notably

infection was confirmed and typed, all patients found to have

HTLV-1/2 infection were referred to a counseling service and

into follow up whilst two patients with suspected myelopathy

were directed into neurological care, a model of care that should

be provided wherever screening is introduced. Kimura et al.

report the impact of HAM/TSP on health-related quality of

life (HRQoL) in Japan with the interplay between the various

elements of HAM contributing to impaired role functioning.

They argue the case for comprehensive care to address the poor
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QoL. Meanwhile Aben-Athar et al. noted the absence of HTLV

related care plans and therefore set out to develop and test a

nursing care plan. The resulting detailed plan for care in the

community aims not only to improve quality of life by tackling

each of the many facets of HTLV-1-associated myelopathy but

also to prevent avoidable deterioration such as falls leading to

fractures which further impact pain, mobility and thus social

participation and day to day living activities. From the same

group, Sampaio et al. look at the problem from the occupational

therapist’s perspective identifying the key areas both in the

home and the work environment that the team can help to

address to reduce social exclusion, increase independence and

thus improve quality of life. Galvao-Castro et al. continue this

theme reporting on the importance of integrated care for people

living with HTLV-1 and the difficulties experienced despite 20

years of an HTLV service. The importance of dedicated multi-

disciplinary services is also picked up by Federico et al. not just

in regions were HTLVs are common but also in non-endemic

areas where knowledge is less. The impression of HTLV being

invisible in their region of Argentina will resonate with persons

living with HTLV around the world. Turning full circle this

brings us back to the advice that is given to patients with HTLV.

Often the evidence base for recommendations is limited, such

as for HTLV management during pregnancy where there are

no guidelines. Barr et al. take a pragmatic approach to this

suggesting a management algorithm which can be tested and

refined but for now provides a basis for prevention of mother to

child transmission multi-disciplinary team (MDT) discussions.

Miura et al. published an insightful review on the complexities

of the molecular mechanism behind HTLV-1 persistence, gene

expression and its clinical implications.

HTLV transmission, prevention, and
control

The mechanism of HTLV mother-to-child transmission

via milk was reviewed by Millen and Thoma-Kress who

highlighted the need to develop innovative strategies that

prevent vertical transmission but allow safe breastfeeding. In

this regard, promising results of an in vitro study was published

by Schneiderman et al. The group elegantly showed that

cabotegravir, the long-acting integrase strand transfer inhibitor,

potently inhibits HTLV-1 transmission and suggested that it

could be used to prevent HTLV-1 transmission. Bradshaw

and Taylor reviewed available information on the effects of

antiretrovirals on HTLV-1. They focused their work in the

context of pre-exposure prophylaxis for HIV and its potential

impact on HTLV-1 transmission. The authors reinforced the

importance of conducting more studies in this promising area,

being in accordance with current recommendations fromWHO.

The state of the art and perspectives for the development

of both preventive and therapeutic vaccines for HTLV-1

infection was addressed in the work by Tu et al. Regarding

HTLV treatment, Gutowska et al. analyzed the potential of

pomalidomide (Pom) treatment to reduce HTLV-1 viral burden

using a rhesus macaque model. The hypothesis was that by

increasing cellular surface expression, Pom would increase the

susceptibility of HTLV-1-infected cells to NK and CTL killing.

Indeed, Pom treatment resulted in immune activation, increase

in specific humoral response and in the frequency of detection

of HTLV proviral DNA. However, authors highlighted that Pom

may not be effective as a single-agent therapeutic to control

HTLV-1 infection.

Public health policies

As a consequence of the recent initiatives from the

WHO to coordinate efforts to control and eliminate

HTLV-1, there was a second webinar sponsored by HTLV

Channel/PAHO/WHO/Brazilian Ministry of Health, to

celebrate the 2021 HTLV World Day and discuss public health

policies worldwide. The webinar was covered by a report from

Rosadas et al. highlighting the most relevant points from each

presentation. Another interesting paper by Fowler and Einsiedel

investigated the perception of patients and health personnel

toward HTLV-1 in Australia, the geographical area with the

highest prevalence of HTLV-1 in the world, affecting mainly the

vulnerable aborigine population group and observed striking

differences between community and healthcare workers. In a

similar way, Martel and Gotuzzo, discussed and emphasized

the importance of the sexual transmission of HTLV-1 and

the relevance to the prevention and control of the virus.

Miranda A. E. et al. prepared a novel approach to evaluate

the public health policies in Brazil, using a methodology for

strategic planning commonly used in business and economics.

The SWOT (Strengths, Weaknesses, Opportunities, Threats)

analysis, allows policy makers to shed light into the advances

and the setbacks that need further attention. During the

preparation of the present Research Topic, it became clear

to the guest editors that we were facing a problem in regard

to the name of the virus. Vallinoto et al. prepared a formal

technical opinion to the HTLV academic community stressing

the importance of using the formal nomenclature established

by the International Committee on the Taxonomy of Viruses,

ICTV, and the negative implications to refer to the virus other

than Human T lymphotropic virus 1, in regard to its prevention

and control, considering the present search systems commonly

used in academic settings.

Concluding remarks

Prevention and control are key points to achieve the ultimate

goal to eliminate the circulation of an infectious agent and

its associated diseases. So far, few viruses were successfully

eliminated. HTLV-1 is a candidate for elimination despite the

nature of the persistent infection that results in some chronic
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diseases as strategies that could achieve this are known. The

manuscripts published in the present issue are highly significant

as they provide important information that can be easily applied

to many geographical areas in the world. Prevalence studies are

still needed to support a comprehensive international discussion

that will determine adequate methodological approaches and

define targets for the prevention and control of HTLV-1/2. The

contributions fulfilled the majority of the suggested subjects

of the Research Topic, but there is still a need to develop

economic analysis focusing on strategies to prevent and control

HTLV infection.

We hope the data presented here will contribute to improve

the quality of life of those living with HTLV and are applied halt

further infections by HTLV-1/2.
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Human Immunodeficiency Virus (HIV) and Human T-Leukemia Virus (HTLV) are

retroviruses that share similar routes of transmission. In Brazil, the prevalence of

HIV and HTLV varies according to geographic region. The state of Bahia, located

in the Northeast region, is considered endemic for both retroviruses. The present

study aimed to characterize the frequency of HIV/HTLV coinfection and evaluate the

geographic distribution of coinfection throughout the state. This cross-sectional study

was conducted at the state’s Central Laboratory of Public Health (LACEN-BA) and

included all samples from 2004 to 2013 submitted to serological testing for anti-HIV

and anti-HTLV-1/2, screened by chemiluminescence/ELISA and confirmed by Western

blot. Infection rates are expressed as the number of infected individuals per 100,000

inhabitants from each municipality. A total of 129,158 samples originating from 358/417

(85.8%) municipalities in Bahia were evaluated. HTLV was detected in 2.4% of the

HIV-positive samples (n = 42) compared to 0.5% of those with negative HIV serology

(n = 677) (OR: 4.65; CI: 3.39–6.37). HIV/HTLV coinfection was more frequent in

women (69.0%); the median age of coinfected individuals was 47.2 years [interquartile

range (IQR): 41.6–55.4 years]. In the 14/417 (3.4%) municipalities where at least

one case of HIV/HTLV coinfection was detected, the overall HTLV coinfection rate

in HIV-positive samples was 0.25 (range: 0.17–13.84) per 100,000 inhabitants. Most

cases of HIV/HTLV-1 coinfection (21/37, 57%) were concentrated in the municipality

of Salvador. Isolated instances (one or two cases) of HIV/HTLV-1 coinfection were

distributed across municipalities known to be endemic for HTLV infection.
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INTRODUCTION

Human Immunodeficiency Virus (HIV) andHumanT-Leukemia
Virus (HTLV) are retroviruses that share similar routes of
horizontal transmission, including unprotected sex, the sharing
of needles, syringes, or other drug injection devices, as well as
vertically from mother to child (1). HIV is divided into two
main types: HIV-1, the most common type responsible for the
AIDS pandemic, and HIV-2, which is relatively rare and less
pathogenic (2). There are four types of HTLV. HTLV-1, the most
frequently reported, causes both inflammatory and proliferative
diseases, such as HTLV-1-associated myelopathy/tropical spastic
paraparesis (HAM/TSP), adult T-cell leukemia (ATL), uveitis and
infective dermatitis (3). HTLV-2 has not been clearly linked to
disease development, and is mostly reported in Amerindians and
injectable drug users (IDU) (4). HTLV-3 and HTLV-4, found
in restricted areas in Western Africa, have not been associated
with disease (5). It is estimated that around 35 million people
are infected with HIV around the world (6), while HTLV
affects ∼10 million people (3). Rates of HIV/HTLV coinfection
vary worldwide, with higher rates found in larger metropolitan
regions throughout the Americas, Europe, and Africa (7). Both
viruses are endemic in Brazil, where it is estimated that over one
million individuals live with HIV, while around 800,000 live with
HTLV-1 (3, 8).

In Brazil, the prevalence of HIV and HTLV vary according
to geographic region, with higher rates of HIV found in the
Southeast and South regions, while HTLV is more frequently
detected in the North and Northeast regions (8, 9). Studies
evaluating HTLV in HIV-infected populations from several
regions of Brazil have demonstrated a prevalence varying from
1.5 to 10.9% (10–16).

Coinfection with HTLV may interfere with the outcome of
HIV infection. A Brazilian study showed that HIV/HTLV co-
infected patients presented shorter survival times compared
to HIV-monoinfected individuals (17). Infection with HTLV-
1 induces the pronounced activation of CD4+ T-lymphocytes,
which may provoke dysfunction in this cellular subset,
possibly favoring the appearance of opportunistic diseases, the
progression to AIDS and increased mortality in co-infected
patients (18). On the other hand, it has been suggested that
HIV/HTLV-2 coinfection may delay the progression to AIDS and
prolong survival (19).

In Salvador, the capital of the state of Bahia, located in
northeastern Brazil, the prevalence of HIV and HTLV-1 in
the general population have been estimated at 0.55 and 1.8%,
respectively (20, 21). Since Bahia is considered endemic for both
retroviruses, the present study aimed to better characterize
the frequency of HIV/HTLV coinfection and evaluate
the geographic distribution of coinfection throughout the
state of Bahia.

MATERIALS AND METHODS

Ethics Statement
This study received ethical approval from the Institutional
Review Board (IRB) for Human Research at the Goncalo

Moniz Institute, Oswaldo Cruz Foundation (IGM-FIOCRUZ),
Salvador, Bahia-Brazil (CAAE number 22478813.7.0000.0040).
All identifiable patient information was anonymized to maintain
confidentiality, thereby avoiding the need for individual verbal or
written consent.

Study Area
All samples evaluated in this study originated frommunicipalities
in the state of Bahia, Brazil. According the 2015 Brazilian national
census, the total state population was 15,203,934 inhabitants
(representing the fourth-largest state in terms of population size),
with an overall density of 27 inhabitants per km2 (565,733 km2,
the fifth-largest state in terms of area) (http://www.ibge.gov.br).
The state is comprised of 417 municipalities, which have been
grouped into 32 microregions and seven mesoregions by the
Brazilian National Institute of Geography and Statistics (IBGE) in
accordance with the economic and social similarities (Figure 1).

Study Design
A cross-sectional study was conducted using data obtained from
the Central Laboratory of Public Health of Bahia (LACEN-
BA), responsible for infectious disease surveillance via laboratory
analysis throughout the state. This laboratory’s target population
is mainly comprised of blood donors, pregnant women and
individuals exhibiting symptoms of infectious disease, whose
blood samples are referred by blood banks, prenatal physicians
or clinicians working in the public health system. All individuals
who were tested for both HIV and HTLV and had one or
more serological samples submitted for analysis at LACEN-
BA between 2004 and 2013, were investigated. Samples were
classified as HTLV-1, HTLV-2 or co-infection with HTLV-1/2—
the latter indicating that WB testing bands were positive for both
HTLV-1 and HTLV-2 infection accordingly to the manufacturer’s
instructions. To avoid multiplicity, each individual’s most recent
HIV and HTLV serological results were considered. Only
individuals with HIV andHTLV positivity confirmed byWestern
blot were included.

Laboratory Testing
HIV serology was performed from 2004 to 2008 using an
Elecsys HIV combi PT kit (Roche, Basel, Switzerland), which
offers 100% sensitivity and 99.88% specificity; in 2009, the
Architect HIV Ag/Ab Combo (ABBOTT, Germany), with 100%
sensitivity and 99.5% specificity, was adopted. After detection
of HIV seropositivity, confirmatory Western blot (HIV Blot
2.2, MP Diagnostics, Singapore) was performed for all samples.
Serological testing for HTLV was performed by ELISA from
2004 to 2008 using the Murex HTLV-1/2 kit (DiaSorin S.p.A.,
Dartford, United Kingdom) with a sensitivity of 100% and a
specificity of 99.94%, whereas from 2009 to 2010 the anti-
HTLV-1/2 kit Sym Solution (Symbiosis Diagnostica LTDA, Leme,
Brazil) was used (100% sensitivity, 99% specificity). In 2011, a
microparticle CLIA chemiluminescence assay (Architect rHTLV-
1/2, Abbott Diagnostics Division, Wiesbaden, Germany) was
used, offering a sensitivity of 100% and a specificity of 99.5%.
If HTLV seropositivity was detected, all samples were submitted
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FIGURE 1 | Illustration of the state of Bahia’s seven mesoregions and 32 microregions, as determined by IBGE to more accurately reflect economic and social

similarities among the 417 municipalities. Digital maps in the public domain were obtained from the IBGE cartographic database in shapefile format (.shp), which was

subsequently reformatted and analyzed using QGIS version 3.10 (Geographic Information System, Open-Source Geospatial Foundation Project. http://qgis.osgeo.

org).

to confirmatory Western blotting (HTLV Blot 2.4, Genelabs
Diagnostics R, Singapore).

Data Analysis
Data were extracted from clinical records at LACEN using
the SMART LAB laboratory manager, then transformed using
Talend Open Studio Data Integrator software to integrate
serologic and confirmatory test results on an annual basis. The
analyzed database was formatted using high volume extract,
transformation and load throughput (ETL). Subsequently, a CVS
table (Comma, separated values) was generated for validation
using the R package and extant analysis by the STATA v13.0
software. Absolute and relative frequencies were calculated
for the following categorical variables: age group (0–10, 11–
19, 20–29, 30–39, 40–49, 50–59, 60–69, and ≥70 years), sex
and serological test result. All extracted data were grouped
according to municipality and/or microregion for improved

accuracy with regard to differences among regions. Digital maps
obtained from the IBGE cartographic database in shapefile
format (.shp) were subsequently reformatted and analyzed using
QGIS software version 3.10 (Geographic Information System,
Open-Source Geospatial Foundation Project; freely available at:
http://qgis.osgeo.org) to determine the geographical distribution
of HIV and/or HTLV in the state of Bahia. Three-year moving
averages were calculated between 2004 and 2013 to construct
spatial distribution maps and to minimize the effects of random
fluctuations. Infection rates are expressed as the number of
infected individuals per 100,000 inhabitant.

RESULTS

From 2004 to 2013, a total of 129,158 individuals were submitted
to serological testing for both anti-HIV and anti-HTLV-1/2
(Figure 2). The median age of the studied population was 29.5
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FIGURE 2 | Flowchart describing study design and results of HIV and HTLV infection status in the studied population. All samples determined positive by ELISA

screening were then confirmed by WB.

years [interquartile range (IQR): 23.8–36.9 years], and the female:
male ratio was 10:1. The global prevalence of HIV was estimated
at 1.3% (n = 1,733) in the samples analyzed, while the global
prevalence of HTLV was 0.56% (n= 719). HTLV was detected in
2.4% of the HIV-positive individuals (n = 42) compared to 0.5%
of samples with negative HIV serology (n = 677) (OR: 4.65; CI:
3.39–6.37) (Figure 2).

HIV/HTLV coinfection (n = 42) was more frequently found
in women (69.0%) compared to men (31.0%) (p < 0.0001)
(Table 1). The median age of the 42 HIV/HTLV cases was 47.2
years [interquartile range (IQR): 41.6–55.4 years]. With regard to
age distribution, 42.9% of these individuals were aged between
40 and 49 years, followed by 50–59 years (26.2%), 31–39 years
(19.0%), over 69 years (7.1%) and 60–69 years (4.8%). No cases
of co-infection were detected in individuals aged 30 years or less
(Figure 3).

In the 42 cases of coinfection, WB identified 37 (75.5%)
samples as positive for HTLV-1 (prevalence ∼0.03%), 3 (6.1%)
for HTLV-2 (prevalence ∼0.002%) and 2 (4.1%) were positive
for both HTLV-1 and HTLV-2 (prevalence ∼0.002%) (Figure 2).
Considering those individuals who tested negative for HIV but
were positive for HTLV (n = 677), 617 of these samples were
positive for HTLV-1 (91.1%), 24 for HTLV-2 (3.6%) and 36 (5.3%)
were positive for both HTLV-1 and HTLV-2.

Out of 417 municipalities in the state of Bahia, 358 (85.8%)
sent samples to LACEN at some time during the study period. At
least one case of HIV was reported in 155 (37.2%) municipalities,

while HTLV-1, HTLV-2 and HTLV-1/2 coinfection were detected
in 121 (29.0%), 13 (3.1%) and one (0.2%) of the municipalities,
respectively (Figure 4).

In all, 14 (3.4%) municipalities presented at least one case of
HIV/HTLV-1 coinfection, with an overall rate estimated at 0.25
per 100,000 inhabitants (range: 0.17–13.84/100,000 inhabitants)
(Figure 5). The highest rates were found in the following
five municipalities: Muniz Ferreira (13.84 cases per 100.000
inhabitants), Itagi (7.05 cases per 100.000 inhabitants), Una (4.01
cases per 100.000 inhabitants), Iaçu (3.50 cases per 100.000
inhabitants) and Itamaraju (2.96 cases per 100.000 inhabitants)
(Table 1; Figure 5). The majority of cases of HIV/HTLV-1
coinfection (21/37, 57%) were concentrated in the municipality
of Salvador. Isolated instances (one or two cases) of HIV/HTLV-
1 coinfection were distributed in municipalities across eight
microregions (Table 1), concentrated mainly in the Salvador
(n = 21), Porto Seguro (n = 5), and Feira de Santana
(n= 2) microregions.

The global rate of HIV/HTLV-2 coinfection was estimated
at 0.02 per 100,000 inhabitants (range: 0.07–4.80/100,000
inhabitants) and identified in two municipalities: one case in
Paramirim (4.80 cases per 100.000 inhabitants) and two cases in
Salvador (0.07 case per 100.000 inhabitants) (Table 1; Figure 5).

The two cases of triple infection were found in the Salvador
microregion (0.07 cases per 100,000 inhabitants) (Table 1;
Figure 5). The overall rate of HIV/HTLV-1/HTLV-2 co-infection
was estimated at 0.01 per 100,000 inhabitants.
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TABLE 1 | Profile of HTLV/HIV coinfection in municipalities throughout Bahia, Brazil (2004–2013).

Municipality Population* Microregion # Samples (%Female) # Co-infection cases Age %Female Co-infection rate**

HTLV-1

Barreiras 136,741 Barreiras 89 (56.2) 1 48 100 0.73

Feira de Santana 588,102 Feira de Santana 484 (65.3) 1 48 100 0.17

Iaçu 28,609 Itaberaba 591 (94.9) 1 56 100 3.50

Ipirá 61,818 Feira de Santana 484 (65.3) 1 56 100 1.62

Itagi 14,190 Jequié 200 (89.0) 1 48 100 7.05

Itamaraju 67,660 Porto Seguro 5,655 (80.0) 2 54 100 2.96

Lauro de Freitas 154,976 M. de Salvadora 2,095 (88.1) 2 46 100 1.29

Muniz Ferreira 7,225 Sto A. de Jesusb 7 (57.1) 1 33 0 13.84

Porto Seguro 121,678 Porto Seguro 255 (87.1) 2 56 100 1.64

Salvador 2,973,395 M. de Salvadorb 24,330 (83.3) 21 49 61.9 0.71

Santo Amaro 58,031 Sto A. de Jesusb 153 (91.5) 1 39 100 1.72

Simões Filho 115,656 Salvador 1,719 (91.5) 1 44 100 0.86

Teixeira de Freitas 124,644 Porto Seguro 1,286 (91.5) 1 45 0 0.80

Una 24,969 Ilhéus-Itabuna 353 (87.5) 1 38 100 4.01

HTLV-2

Paramirim 26,670 L. do Brumadoc 248 (98.8) 1 66 0 4.80

Salvador 2,973,395 M. de Salvador 24,330 (83.3) 2 58 50 0.07

HTLV-1/2 coinfection

Salvador 2,973,395 M. de Salvador 24,330 (83.3) 2 46 50 0.07

Mean age (years); *Mean population size from 2008 to 2009 (www.ibge.gov.br); **No. of cases per 100,000 inhabitants. aMetropolitana de Salvador; bSanto Antônio de Jesus;
cLivramento do Brumado.

FIGURE 3 | Distribution of HIV/HTLV coinfection according to age among 29 females and 13 males in Bahia, Brazil (2004–2013).
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FIGURE 4 | Geographic distribution of cases of HIV-1, HTLV-1, HTLV-2 and HTLV-1/2, as well as merged graphs detailing the distribution of two or more of these

infections, throughout the municipalities in the state of Bahia (2004–2013). Public domain digital maps were obtained in shapefile format (.shp), subsequently

reformatted and analyzed using QGIS version 3.10 (Geographic Information System, Open-Source Geospatial Foundation Project. http://qgis.osgeo.org).

DISCUSSION

Our work represents the first large-scale study to evaluate
HIV/HTLV coinfection in the state of Bahia (Brazil), an area
considered endemic for both infections (22, 23). While HIV
and HTLV monoinfection was detected throughout most of
the state’s microregions, coinfection occurred sporadically in
15 out of 417 (3.4%) of the state’s municipalities, leading to
an overall rate of 0.25 per 100,000 inhabitants. A previous
study reported widespread HTLV infection throughout the state
of Bahia at an overall rate of 14.4/100,000 inhabitants. Many
of the municipalities in which HIV/HTLV coinfection cases
were presently identified are in microregions where clusters
of HTLV infection were previously reported, such as Salvador,
Barreiras and Porto Seguro (24). Although the prevalence of
HIV infection remains unknown in the state of Bahia, the global
rate of AIDS detection in the state was 12.9/100,000 inhabitants
from 2015 to 2019. The cities of Salvador, Ilhéus, Teixeira de
Freitas, Porto Seguro and Feira de Santana ranked among the
top 100 Brazilian cities with the highest rates of AIDS per
100,000 inhabitants (range: 17.7–27.9/100,000 inhabitants) (23).
The microregions in which HIV/HTLV coinfection was detected
share similar characteristics with respect to economic activity,
consisting mainly of commercial, service, tourism, and industrial
economies. As the municipality of Salvador, the state’s capital,
is one of the most endemic areas for HTLV-1 in Brazil (9, 25),
it was expected that the largest absolute number of coinfected

individuals would be found in this municipality. Population-
based studies conducted in this municipality have reported
that ∼0.5 and 1.5% of residents harbor HIV and HTLV-1
infection, respectively (20, 21). The Barreiras microregion is one
of the most developed in the state, with abundant agribusiness
and commercial activity. Due to its proximity to Brasília, the
federal district, as well as its importance as an agricultural
hub, the area receives regular influxes of workers as well as
many visitors. In the Porto Seguro microregion, located in
the southernmost region of the state, tourism and commercial
activities are essential to the local economy. A network of federal
highways connecting Bahia to different parts of the country runs
through the Feira de Santana and Itaberaba microregions; these
areas are important for several regional industries and generate
significant commercial activity. All regions where HIV/HTLV
coinfection was identified are important to the state’s economy,
which suggests while that the circulation of both viruses is
relevant, co-infection is dependent on multiple factors, notably
risk behaviors, such as unprotected sexual activity. It is therefore
expected that there is a higher potential for exposure to viruses
in these areas due to tourism and/or economic activity, which
encourages populational transience (26).

In the present study, 2.4% of HIV-infected individuals were
found to be coinfected with HTLV, in contrast to just 0.5%
among those not infected with HIV. This translates to an almost
five times greater risk of HTLV infection in individuals infected
with HIV. Several studies have demonstrated that individuals
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FIGURE 5 | Geographic distribution of cases of HIV/HTLV-1, HIV/HTLV-2, and HIV/HTLV-1/2 coinfection among municipalities in the state of Bahia (2004–2013).

Microregions are delimited by gray lines. Public domain digital maps were obtained in shapefile format (.shp), subsequently reformatted and analyzed using QGIS

version 3.10 (Geographic Information System, Open-Source Geospatial Foundation Project. http://qgis.osgeo.org).

infected by HIV have an increased risk for HTLV infection
than the general population. In Brazil, the reported prevalence
of HTLV infection in HIV-infected individuals ranges between
1.6% and 10.9% (11–16); lower rates have been observed in
blood donors (0.006%) (27) and pregnant women (2.7–3.4%)
(28, 29). Similar to the present results, most cases of HIV/HTLV
coinfection reported in Brazil are associated with HTLV-1 (14,
28, 30), except in Belém municipality, located in the Amazon
region, in Northern Brazil, where HTLV-2 predominates among
co-infected (10). Notably, HIV/HTLV coinfection in the US
and Europe has been predominantly associated with HTLV-2,
primarily due to injecting drug use (7, 31, 32). In addition,
since HTLV-1 is considered endemic in Brazil, notably in Bahia,
it follows that higher rates of HIV/HTLV-1 coinfection would
be detected compared to HIV/HTLV-2 (22, 24). Furthermore,
sexual contact has been shown to be a more relevant route of
transmission for HTLV in the population of Salvador, where
HTLV-1 is highly prevalent, which lends further support to the
comparatively higher rate of HIV/HTLV-1 coinfection observed
herein (21). Considering that the prevalence of HTLV-1 increases

with age, this may explain the discrepancy between the median
age of the total cohort (29.5 years) and that of the coinfected
individuals (42 years) (22).

Studies have associated HIV/HTLV coinfection with risk
factors that include previous blood transfusion, intravenous drug
use and sexual contact with multiple partners (7, 14, 33, 34).
A previous study conducted in Salvador demonstrated a 22.2%
rate of HIV/HTLV-1 and 10.6% of HTLV/HTLV-2 coinfection in
injectable drug users in contrast to the frequency found herein
(2.4%) (35).The low prevalence of coinfection of HIV/HTLV
found in the present study may be partially explained by the
Brazilian response to the HIV/AIDS epidemic among injecting
drug users, including the establishment of harm reduction
programs that provide sterile needles and syringes (36). Another
important factor that likely contributed to the lower rate of
coinfections is changing patterns of drug use in Bahia, i.e., the
replacement of injecting drugs with inhalants (37).

The main limitation of the present study was the use of
non-random sampling, which resulted in a predominance of
females. In the state of Bahia, serological HTLV screening for
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pregnant women was become compulsory in 2011, which surely
contributed to a higher proportion of women in the samples
analyzed. Therefore, gender imbalance may have impacted the
higher frequency of HIV/HTLV coinfection in women observed
herein. Another limitation was the absence of information
collected on risk factors for HIV/HTLV coinfection. However,
with respect to the representativeness of the municipalities,
∼86% of the state municipalities were evaluated throughout
the study.

In conclusion, HIV/HTLV coinfection in Bahia, an area
endemic for both viruses, can be considered a rare event,
detected in just 2.4% of all HIV-infected individuals evaluated
and in 3.4% of the municipalities throughout the state. The
areas with higher numbers of coinfection cases were those
considered hotpots for HTLV and HIV, representing important
economic or tourist centers in the state. The identification
of relevant risk factors associated with HTLV/HIV coinfection
can lead to efficacious actions in a variety of epidemiological
contexts specific to each affected region. It is our hope that
these findings will provide support for the implementation of
preventive measures to contain the spread of these viruses,
especially in areas where higher rates of HTLV/HIV coinfection
were described.
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Human T-lymphotropic virus (HTLV) infection is endemic in some group populations.
Prisoners are at high risk of acquiring HTLV infection mainly due to the environment
of closed penal institutions, socioeconomic conditions, and risk behaviors. This study
aimed to investigate the prevalence, the occurrence of new cases of HTLV infection after
a 1-year follow-up, and circulating subtypes of HTLV-1 among prisoners from twelve
closed prisons in Mato Grosso do Sul state, Central Brazil. A total of 1,507 prisoners
were randomly enrolled in the cross-sectional study. Out of the 1,507 participants,
1,000 prisoners, susceptible to HTLV infection, were included in the prospective cohort
study. In the cross-sectional study, serological evidence of HTLV infection was 0.4%
(CI 95%: 0.1-0.7), tested for anti-HTLV antibodies by enzyme-linked immunosorbent
assay (ELISA). Three samples were positive for HTLV-1, two samples were positive for
HTLV-2, and 1 sample was indeterminate by the Western blot method. The presence of
HTLV proviral DNA was detected in all positive samples by amplification of the HTLV
tax gene through nested-PCR. Phylogenetic analysis showed that HTLV-1 samples
belonged to the Cosmopolitan subtype Transcontinental subgroup. From a cohort of
1,000 individuals, no new case of HTLV infection was detected. Although the prevalence
rate of HTLV infection found in this study was similar to that observed in the Brazilian
general population, the lack of access to preventive interventions and harm reduction
measures all contribute to increasing the risk of HTLV transmission and acquisition
among this key and vulnerable population.

Keywords: human T-lymphotropic virus, prevalence, prisoners, high-risk population, Brazil

INTRODUCTION

Inmates represent a highly vulnerable population to several infectious diseases compared with the
general population, particularly blood, and sexually transmittable infections (STI) (Massoglia and
Remster, 2019). Use of intravenous drug use, needle sharing, sex work, tattoos, and piercing, or men
having sex with other men are behaviors associated with a higher risk of acquiring these infections
during the period before incarceration as well as during imprisonment (Augusto et al., 2017).
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Brazil has the third-largest prison population in the world,
with approximately 702,000 inmates in 2020 (Puga et al.,
2019; DEPEN, 2020). Heath care, prevention, diagnosis, and
treatment programs for infectious diseases are limited inside the
correctional institutions (Fialho et al., 2008). The state of Mato
Grosso do Sul (MS) in Central Brazil has approximately 17,600
inmates, it was the highest rate of incarceration in the country in
2017 (Puga et al., 2019; DEPEN, 2020).

The Human T-lymphotropic virus (HTLV) is a retrovirus that
has been found throughout the world (Gessain and Cassar, 2012).
In Brazil, the prevalence of HTLV-1/2 infection varies according
to the region and the population group studied. The prevalence
of HTLV-1/2 in blood donors of Brazil ranges from 0.09 to 0.48%
(Catalan-Soares et al., 2005; Pinto et al., 2012; Ribeiro et al.,
2018; Pessoni et al., 2019). A systematic review study estimated
a prevalence of HTLV-1 in Brazilian pregnant women of 0.32%,
while HTLV-2 was 0.04% (Vieira et al., 2021). This virus is
transmitted via unprotected sexual intercourse, exposure to the
infected blood, or from infected mother to child mainly through
breastfeeding (Nunes et al., 2017).

Considering the relevance of HTLV-1/2 infection and limited
data to this infection among the prison population, this study
aimed to investigate the prevalence, the occurrence of new cases
of HTLV infection after a 1-year follow-up, and circulating
subtypes of HTLV-1 infection among prisoners from twelve
closed penal institutions in Central Brazil.

MATERIALS AND METHODS

Study Population
The study population consisted of inmates from 12 of the
21 closed penal institutions of five different cities of Mato
Grosso do Sul State, Central Brazil, as follows: Campo Grande,
Corumbá, Ponta Porã, Dourados, and Três Lagoas (Figure 1).
Participants underwent an interview via a standard questionnaire
containing information about personal, demographic data, and
other variables of interest such as a history of injection drug
use and sexual practices. All subjects gave their written informed
consent to participate in the study. Participation in the study
was voluntary, confidential, and no compensation was provided.
Blood samples were collected from all subjects to perform
serological tests.

According to the sample size calculation based on the
estimated prevalence for anti-HTLV-1/2 of 1.05% (mean) for
anti-HTLV found among Brazilian inmate studies (Broutet
et al., 1996; Catalan-Soares et al., 2000; Fialho et al., 2008), a
significance level of 99% (α < 0.05), and 1% of alpha-type error
the present study should include at least 582 prisoners. Then,
between March 2015 and March 2018, a random selection of
1,507 from 3,368 participants of the previous cross-sectional
study was performed by individuals stratified proportionally by
each prison using Epi-Info 6.04 software (CDC, Atlanta, GA,
United States) to estimate the prevalence rate of HTLV infection.

To investigate the occurrence of new cases of HTLV infection
after a 1-year follow-up, 1,000 from the 1,507 participants were
included in the prospective cohort study. The inclusion criteria

were (a) having participated in the prevalence study; (b) not
leaving prisons (for any reason) during this period; (c) having
samples stored in sufficient quantity to perform the analyses
proposed; and (d) being susceptible to HTLV infection (anti-
HTLV-1/2 negative).

Serological Tests
The selected serum samples were screened by an enzyme-linked
immunosorbent assay (ELISA) commercial kit for the presence
of anti-HTLV-1/2 antibodies (GOLD ELISA HTLV-I/II – REM),
following the manufacturer’s instructions. Positive samples were
repeatedly tested and confirmed by HTLV-1/2 Western Blot
(WB) assay (MP Diagnostics HTLV BLOT 2.4–Singapore).

The samples reactive by screening and positive by WB were
considered positive for HTLV-1 or 2 infections. The selected
serum samples were also tested by ELISA method for anti-
HIV-1/2 (Murex HIV-1.2.0, DiaSorin, Italy), anti-HCV (ELISA–
Murex Diagnostics, United Kingdom), and for the presence
of HBV serological markers (HBsAg, anti-HBs, and total anti-
HBc) (ELISA, DiaSorin S.p.A) as described before by Sgarbi
et al. (2015), and Puga et al. (2017) and Rezende et al.
(2020), respectively.

Human T-Lymphotropic Virus-1/2
Molecular Characterization
Reactive samples (anti-HTLV-1/2 positive) were also confirmed
by nested polymerase chain reaction (PCR). To this end, a
whole blood collection from anti-HTLV positive individuals
was performed and DNA was extracted from these samples
using the QIAamp DNA Blood mini kit (QIAgen), according
to the manufacturer’s instructions. The amplification of a
218 bp fragment of the HTLV Tax gene of both HTLV-1
and -2 was performed to confirm the HTLV-1/2 infection as
previously described (Bandeira et al., 2015). Furthermore, the
amplification of a 672 bp fragment of the HTLV-1 5′LTR
region was performed on the same samples by nested PCR
for confirmation of the HTLV type 1 infection, specifically, as
previously reported (Bandeira et al., 2015), and to sequencing
analysis. The amplicons were purified using PureLink Quick
PCR Purification Kit (Invitrogen, Lithuania), according to the
manufacturer’s instructions. The fragments were sequenced using
BigDye Terminator Cycle Sequencing Ready Reaction Kit and
ABI 1373 (Applied Biosystems, Foster City, CA, United States)
using Sanger’s method. After nucleotide sequencing, the isolates
from the HTLV-1 5′LTR region were subjected to an analysis in
the BLAST (Basic Local Alignment Search Tool). The HTLV-2
LTR amplification was not performed since financial resources
for specific reagents were not available at the moment.

All anti-HTLV-1 infected individuals were recalled for a new
blood collection to confirm the result. On this occasion, all
anti-HTLV-1 infected individuals were submitted to the first
clinical screening by an infectious disease specialist of our group.
Hematologic tests and clinical manifestations of this disease
such as slow and progressive paraplegia of the lower extremities,
spasticity, hyperreflexia, bladder and bowel dysfunction, lower
back pain, and sphincter disorders were investigated.
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FIGURE 1 | The geographic location of study prisons, Mato Grosso do Sul State, Brazil (Adapted from Puga et al., 2017).

This study was approved by the Federal University of Mato
Grosso do Sul Ethics Committee on Human Research, under
protocol number 1.250.132, CAAE: 49361715.8.0000.0021.

Statistical Analysis
Statistical analyses were performed using STATA 13.0 software
(Stata Corporation, College Station, TX, United States). The
prevalence of HTLV infection, estimated with 95% confidence
intervals, and the categorical variables were presented by absolute
and percentage frequency. The chi-square test was used to
evaluate differences between proportions. Continuous variables
were expressed as mean, standard deviation, median, and range.
The sample size was calculated using BioEstat 5.0.

RESULTS

A total of 1,507 prisoners were included in the cross-sectional
study. The median age of participants was 29 ± 10 years
(range 18-76), including 1,307 males (86.73%) and 200 females
(13.27%). The majority reported less than 9 years of formal
education (73.39%) and was from Mato Grosso do Sul State
(67.00%). Regarding ethnicity, most of them declared themselves
as multiracial (52.60%).

Low frequency (1.16%) of inmates reported a history of illicit
injection drug use (IDU). History of drug use such as marihuana,
cocaine, and crack was reported by 29.40%, 18.50%, and 4.20%
of prisoners, respectively. Sharing sharp objects was reported
by 3.30% of the participants and was more frequent among
males (76.00%). History of blood transfusion was informed
by 12.64% of subjects, of whom 33 reported that received a
blood transfusion before 1993 when the screening for anti-HTLV

became mandatory in Brazilian blood banks. The presence of
tattoos was reported by 66.95%.

Regarding risk characteristics related to sexual transmission,
prisoners reported a high frequency of irregular condom use
(67.18%). History of STI was reported by 12.32% of participants.
Most of the prisoners declared themselves as heterosexual
(97.46%), however, 8.00% reported that they had already had
homosexual intercourse. 51.70% of individuals reported less than
10 sexual partners in the past 5 years. Anti-HIV and anti-HCV
were detected in 22 (1.46%) and 37 (2.46%) samples of the 1,507
prisoners. Table 1 shows the characteristics of the cross-sectional
and prospective cohort studied population.

Anti-HTLV was detected in six prisoners [0.40% (CI 95%: 0.1-
0.7)] in the cross-sectional study (Figure 2). All ELISA repeatedly
reactive samples were further tested by WB and PCR assay. No
double infection was found. Five samples confirmed anti-HTLV
reactivity with complete profiles in the WB test: three samples
were positive for HTLV-1, two samples were positive for HTLV-2,
and 1 sample was indeterminate HTLV.

The presence of HTLV proviral DNA was detected in all
positive samples (n = 6) by amplification of the HTLV Tax
gene through nested PCR. Out of 6 confirmed samples, only 2
(33.33%) amplified HTLV-1 5′LTR region and were successfully
sequenced by the Sanger method. The nucleotide sequencing
of the isolates from the HTLV-1 5′LTR region was subjected to
an analysis in the BLAST and the 2 isolates were classified as
Cosmopolitan (1a) subtype and Transcontinental (A) subgroup.
Nucleotide sequences were registered into the GenBank database
under accession numbers OK247616 and OK247617.

Table 2 shows sociodemographic and risk behavior
characteristics of anti-HTLV positive prisoners of the cross-
sectional study. All of them were males and reported less than

Frontiers in Microbiology | www.frontiersin.org 3 January 2022 | Volume 12 | Article 74024522

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-12-740245 January 17, 2022 Time: 19:23 # 4

Melo Bandeira et al. HTLV-1/2 Infection Among Prisoners

TABLE 1 | Characteristics of 1,507 inmates of the cross-sectional study and of 1,000 inmates of the cohort study.

Characteristics Cross-sectional study (N = 1,507) Prospective cohort study (N = 1,000)

N % N %

Age (years)a

18–24 358 24.22 183 18.47

25–39 834 56.43 608 61.35

40–59 271 18.34 191 19.27

≥ 60 15 1.01 9 0.91

Gender

Female 200 13.27 130 13.00

Male 1.307 86.73 870 87.00

Education level (years)a

≤ 9 1073 73.39 743 75.13

> 9 389 26.61 246 24.87

Marital statusa

Single 633 43.00 449 46.82

Married 469 31.86 399 41.61

Divorced/widowed 370 25.14 111 11.57

Ethnicitya

White 488 32.95 324 33.68

Multiracial 779 52.60 500 51.97

Black 164 11.07 108 11.23

Asian 34 2.30 17 1.77

Indigenous 16 1.08 13 1.35

City of imprisonment

Campo Grande 789 52.36 492 49.20

Corumbá 161 10.68 114 11.40

Dourados 270 17.92 225 22.50

Ponta Porã 148 9.82 94 9.40

Três Lagoas 139 9.22 75 7.50

History of Sexually transmitted infectiona

No 1246 87.68 953 96.55

Yes 175 12.32 34 3.45

Homosexual relationa

No 1333 92.00 918 93.67

Yes 116 8.00 62 6.33

Condom use a

Always 490 32.82 142 22.94

Sometimes/Never 1003 67.18 477 77.06

History of injectable drug use a

No 1443 98.84 994 99.70

Yes 17 1.16 3 0.30

Injectable drug use in prisona

No 154 98.09 939 99.89

Yes 3 1.91 1 0.11

History of Blood Transfusiona

No 1292 87.36 773 78.32

Yes 187 12.64 214 21.68

Blood Transfusion over the last yeara

No – – 980 98.59

Yes – – 14 1.41

Tattoo a

No 497 33.05 – –

Yes 1007 66.95 – –

(Continued)
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TABLE 1 | (Continued)

Characteristics Cross-sectional study (N = 1,507) Prospective cohort study (N = 1,000)

N % N %

Tattoo over the last yeara

No – – 860 86.17

Yes – – 138 13.83

Needle sharing a

No 1447 96.66 – –

Yes 50 3.34 – –

Needle sharing over the last yeara

No – – 982 98.69

Yes – – 13 1.31

Anti-HIV

Negative 1485 98.54 982 98.20

Positive 22 1.46 18 1.80

Anti-HCV

Negative 1470 97.54 992 99.20

Positive 37 2.46 8 0.80

Anti-Hbc

Negative 1365 90.58 960 96.00

Positive 142 9.42 40 4.00

a The total represents the number of individuals who answered the question. Percentages were calculated excluding missing data.

FIGURE 2 | Flow chart of the screening process for the detection of HTLV infection. Abbreviations: EPFCAJG – Estabelecimento Penal Feminino Carlos Alberto
Jonas Giordano, EPC – Estabelecimento Penal de Corumbá, EPFIIZ – Estabelecimento Penal Feminino Irmã Irma Zorzi, CTAL – Centro de Triagem Anízio Lima,
PTCG – Presídio de Trânsito de Campo Grande, IPCG – Instituto Penal de Campo Grande, EPJFC – Estabelecimento Penal Jair Ferreira de Carvalho, PHAC –
Penitenciária Harry Amorim Costa, EPFPP – Estabelecimento Penal Feminino de Ponta Porã, EPRB – Estabelecimento Penal Ricardo Brandão, EPFTL –
Estabelecimento Penal Feminino de Três Lagoas, PTL – Penitenciária de Três Lagoas.

9 years of formal education. Concerning the distribution of
anti-HTLV by age, the HTLV infected prisoners were over 29
years old, ranging from 29 to 62 years old. Regarding ethnicity,
most of them declared themselves as multiracial. Unsafe sexual
behavior was recorded in 83.33% of anti-HTLV seropositive
subjects. Most of the HTLV infection cases were among prisoners
incarcerated in Campo Grande prisons (4/6), and 3 of these were
from the same prison (EPJFC) and pavilion (ID-3270, ID-3417,

and ID-3484). Two HTLV infection cases were among prisoners
incarcerated in the same Três Lagoas prison (PTL). The median
time of incarceration of the positive ones was 292.16 months,
while the anti-HTLV negative group was 99 months. Because of
the low number of infected anti-HTLV individuals found in this
study, our ability to detect associated risk factors was limited.

Those participants infected with HTLV-1 were subsequently
referred to a clinical assessment by the prison infectious
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TABLE 2 | Sociodemographic and risk behavior characteristics of the six anti-HTLV infected prisoners of the cross-sectional study.

Characteristics ID-452 ID-2545 ID-3417 ID-3270 ID-3484 ID-573

HTLV HTLV-1aA HTLV-1aA HTLV-1 HTLV-2 HTLV-2 HTLV

Age (years) 33 62 55 46 29 44

Marital status Married Married Married Single Single Single

Gender Male Male Male Male Male Male

Ethnicity Multiracial Black Multiracial Multiracial White Multiracial

Naturality MS MS RN SP MS MS

City of imprisonment Três Lagoas Campo Grande Campo Grande Campo Grande Campo Grande Três Lagoas

Prison PTL IPCG EPJFC EPJFC EPJFC PTL

IDU history No No Yes Yes No No

Blood transfusion before 1993 No No No No No No

Condom use Always Sometimes Never Sometimes Never Sometimes

Sexual preference Heterosexual Heterosexual Heterosexual Heterosexual Heterosexual Heterosexual

Previous incarceration Yes Yes Yes Yes No No

Time in prison (months) 12 324 NA NA 156 1

Anti-HIV positive Negative Negative Negative Negative Negative Positive

Anti-HCV positive Negative Positive Positive Positive Negative Negative

HBsAg positive Negative Negative Negative Negative Negative Negative

Total anti-HBc positive Positive Negative Negative Positive Negative Negative

Active tuberculosis Negative Negative Negative Negative Negative Negative

ID-identification number of the participant sample, IDU-Injection drug use, MS-Mato Grosso do Sul state, RN-Rio Grande do Norte state, SP-São Paulo state NA:
data not available.

disease specialist. After clinical evaluations, none of the anti-
HTLV-1 positive subjects showed clinical signs compatible with
HAM/TSP or ATL. Only ID-3270 had already been tested for
anti-HTLV and had a positive HTLV-2 result in his medical
record. He reported injecting drug use with needle sharing,
was breastfed for approximately 1 year, and had unsafe sexual
behavior. It is noteworthy that half of the anti-HTLV positive
individuals were co-infected with HCV and 1 of them was co-
infected with HIV. There was a significant difference of positivity
for anti-HCV (8.11% vs. 0.20%; p < 0.001) between anti-HTLV
positive and non-HTLV-positive prisoners.

Out of the 1,507 participants included in the cross-sectional
study, 1,000 were included in the cohort study. Among them, no
new case of anti-HTLV infection was detected. Low frequency
was found for these variables among the studied population
in 1-year-follow-up: tattooing over the last year (13.83%),
sharing needle over the last year (1.30%), injecting drug use
in prison (0.11%), and history of blood transfusion over the
last year (1.41%).

DISCUSSION

This is the first survey on HTLV-1/2 infection prevalence
carried out among inmates in Central Brazil, involving the five
major closed penal institutions of Mato Grosso do Sul State
(DEPEN, 2020). The high-risk behavior to which this vulnerable
population is subjected and the critical conditions of Brazilian
penitentiaries motivated us to conduct this study. The study
population consisted of inmates who participated in a previous
cross-sectional study that included individuals from 12 of the 21

closed penal institutions of five different cities of Mato Grosso do
Sul State, Central Brazil (Campo Grande, Corumbá, Ponta Porã,
Dourados, and Três Lagoas) (Puga et al., 2017). Stored samples
from the previous study were used.

The HTLV prevalence found in this study [0.40% (CI 95%:
0.1–0.7)] is similar to the prevalence observed in the general
population from Mato Grosso do Sul such as blood donors
and pregnant, 0.2% and 0.1%, respectively (Freitas, 2002; Dal
Frabbro et al., 2008). In addition, our results are consistent
with a prior national study conducted among prisoners from
Fortaleza (0.47%), a city of Northeast Brazil (Broutet et al.,
1996). However, Catalan-Soares et al. found a seroprevalence of
1.6%, but this study included a considerably smaller number of
participants. Although it has important implications for public
health, it could not be considered representative of all prisons in
Brazil (Catalan-Soares et al., 2000). The Prevalence of HTLV-1/2
infection in incarcerated adolescents from Salvador (1.09%) also
was higher compared with our study (Fialho et al., 2008), which
can be explained by the fact that HTLV infection is prevalent in
this area of Brazil.

Additionally, when compared to international studies, the
prevalence of HTLV infection found in our study was
lower than that reported among imprisoned immigrants from
Northern Italy that found HTLV infection prevalence of 1.1%,
corresponding to 1.4% of HTLV-1 infection and 0.8% of HTLV-2
infection (Ansaldi et al., 2003). A study in a Danish medium-
security prison for males found no cases of HTLV infection
(Christensen et al., 2000).

Few studies assessed higher HTLV infection prevalence in
prisoners, most of them included inmates with a history of
injection drug use or with HIV infection, which may justify a
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higher number of infectious diseases in these studies compared
to our findings (Prasetyo et al., 2013; Augusto et al., 2017).

The presence of HTLV-2 infection among prisoners studied
was an important observation coming out of this survey. Most
cases of HTLV-2 infection described in Brazil have occurred
among people who inject drugs (PWID) and the indigenous
population (Braço et al., 2019; Oliveira-Filho et al., 2019). There
were few PWID in our sample (1.2%; 17/1,460), but if we
considered only the individuals who reported injecting drug
use, the rate of HTLV infection would be 11.8% (2/17). It
is known that the PWID is engaging in high-risk injection
practices such as needle/syringe sharing, increasing the risk of
acquiring infectious diseases such as HTLV, HIV, HCV, and
HBV infections (de la Fuente et al., 2006). It was observed
that half of the anti-HTLV positive individuals were co-infected
with HCV, and two of them reported injection drug use
history. In the HCV prevalence study conducted in the same
population, from which this study departed, injection drug use
was associated with HCV exposure in male prisoners (Puga
et al., 2017). In addition, the serological evidence of past HBV
infection (33.3%) found in anti-HTLV positive individuals of
this study was 3.4 times higher than in the prisoners enrolled
in the previous study (9.8%) conducted among 3,368 inmates
(Rezende et al., 2020). Moreover, most anti-HTLV positive
participants were still susceptible to HBV infection (66.7%).
These results and the comparable rates found in other studies
among inmates suggest that prisoners still have a greater
vulnerability to HBV acquisition (Fialho et al., 2008; Rezende
et al., 2020).

It was observed that only one anti-HTLV positive individual
was co-infected with HIV. Although there is strong evidence that
HTLV and HIV may be transmitted to susceptible individuals
by the same routes, in this case, risk behaviors such as a
history of STI, injecting drug use, multiple sexual partners,
and sharing needles were not reported by him. However, he
reported irregular condom use, non-injected drug use, and a
history of treating tuberculosis. Conclusions regarding routes
of transmission cannot be drawn from this single case of
HTLV/HIV co-infection (Osti et al., 1998; Prasetyo et al., 2013;
Kozlowski et al., 2016).

The distribution of HTLV-1/2 infection by gender differs
from previous reports which found a higher prevalence of
HTLV infection in female prisoners, possibly reflecting the high-
risk behavior observed among male prisoners [multiple sexual
partners, sexual risk practices, and history of injection drug use
(Ansaldi et al., 2003; Augusto et al., 2017)].

One sample (ID-573) was HTLV indeterminate in the
western blot test, but anti-HTLV was detected by ELISA
method and the presence of HTLV proviral DNA was detected
by amplification of the HTLV Tax gene through nested-
PCR. The finding of indeterminate results in the WB for
HTLV and positive by PCR has already been reported in
other studies (Broutet et al., 1996; Osti et al., 1998; Ji
et al., 2020; Halbrook et al., 2021). About this phenomenon,
one hypothesis that we can consider is a longer time for
seroconversion that can be associated with low antigenic
stimulation due to the defective proviruses (Cánepa et al., 2015;

Kuramitsu et al., 2017; Gomes et al., 2020). Therefore, this sample
was considered HTLV positive due to confirmation by nested-
PCR.

The HTLV transmission could occur through blood
transfusion until 1993 when serological screening for HTLV-1/2
became mandatory in Brazilian blood banks. History of blood
transfusion was found in one-third of HTLV infected individuals
(ID-452, ID-3270), but it occurred after 1993. However, both
individuals reported other risk factors, such as irregular condom
use (ID-452, ID-3270) and injecting drug use (ID-3270).

It is known that a greater number of sexual partners is a high-
risk behavior factor for acquiring sexually transmitted infections,
such as HTLV (Castro et al., 2018). However, the majority of
the cross-sectional study population reported having had sexual
intercourse with less than 10 people in the past 5 years. This
behavior was also observed in HTLV positive individuals, who
reported only one sexual partner in the last 5 years, except for
ID-452 who reported 5 sexual partners in this period.

The positive anti-HTLV-1 samples ID-452 and ID-2545 were
classified as belonging to the Transcontinental (A) subgroup of
the Cosmopolitan (a) subtype. HTLV-1aA is considered the most
prevalent in Brazil (Ishak et al., 2020).

Those participants infected with HTLV-1 were subsequently
referred to a clinical assessment by the prison infectious disease
physician and an investigation of symptoms was carried out.
No sensory, motor, and hematological changes were observed.
Furthermore, no deficits were observed in the general and
neurological examination.

Although new cases of HCV and HIV infections were
found by our group in cohort studies conducted in the same
population (Sgarbi et al., 2015; Puga et al., 2017), no new
case of HTLV infection was detected after a 1-year follow-
up. This finding may have been due to a low occurrence
of risk behavior reported by participants. It is important to
emphasize that this is the first investigation of new cases of HTLV
infection among Brazilian prison inmates after a 1-year follow-
up. Despite no new case of HTLV infection, the occurrence of
new cases of HCV and HIV, which share the same transmission
routes as HTLV, highlights the importance of effective HTLV
preventive measures.

This study has limitations that should be considered.
Regarding the veracity of the participant’s responses and
the possibility of some behavior risks that may have been
under-reported due to discrimination and stigma, leading to
underestimating potential risk factors associated with HTLV
infection. Despite these limitations, our study, having a
large sample size, has results that would contribute to a
clearer scenario of the circulation of HTLV-1/2 in the inmate
population. It is important to emphasize that HTLV infection
carriers are potential disseminators, although most of them
remain asymptomatic.

Cross-sectional and cohort surveys are important to study
the dynamics of this retrovirus in low prevalence areas. This
study indicates the circulation of HTLV-1/2 and the concomitant
infections by HIV and HCV in the prison population of Mato
Grosso do Sul, Central Brazil, representing a serious reality to be
considered by the Public Health authorities.
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Human T lymphotropic virus type 1 (HTLV-1) is a retrovirus that causes lifelong T-cell

infection in humans, impacting the host immune response. This virus causes a range of

clinical manifestations, from inflammatory conditions, including neuronal damage (HTLV-1

associated myelopathy, HAM) to life-threatening leukemia (adult T-cell leukemia, ATL).

Human T lymphotropic virus type 1 is also associated with increased risk of all-cause

mortality, but the mechanisms remain unclear. As a blood-borne and sexually transmitted

infection (STI), HTLV-1 shares transmission routes to many other pathogens and

although it has worldwide distribution, it affects mainly those in low- and middle-income

tropical areas, where the prevalence of other infectious agents is high. These factors

contribute to a high incidence of co-infections in people living with HTLV-1 (PLHTLV).

This comprehensive review addresses the impact of HTLV-1 on several co-infections

and vice-versa. There is evidence of higher rates of HTLV-1 infection in association

with other blood borne (HCV, HBV) and sexually transmitted (Syphilis, Chlamydia, HPV,

HSV) infections but whether this represents increased susceptibility or opportunity is

unclear. Higher frequency of Mycobacterium tuberculosis (MTb) and Mycobacterium

leprae (M. leprae) is observed in PLHTLV. Reports of opportunistic infections and high

frequency of crusted scabies in patients with HTLV-1 points to immune impairment in

those individuals. Human T lymphotropic virus type 1 may influence the persistence of

pathogens, exemplified by the higher rates of Schistosoma mansoni and Strongyloides

stercoralis (St. stercoralis) treatment failure observed in PLHTLV. This retrovirus is also

associated with increased tuberculosis (TB) severity with some evidence pointing to a

deleterious impact on leprosy outcome as well. These findings are supported by immune

alterations observed in those co-infected individuals. Although the role of HTLV-1 in HCV

outcome is debatable, most data indicate that HTLV may negatively impact the clinical

course of hepatitis C. Co-infections may also influence the risk of developing HTLV-1

associated disease, but data are still limited. The impact of HTLV-1 on the response to

more common infections, might contribute to the increased mortality rate of HTLV-1.

Large scale prospective controlled studies on the prevalence and impact of HTLV-1 in

co-infections and vice-versa are needed. Human T lymphotropic virus type 1 impact in

public health is broad. Measures to increase awareness and to prevent new infections

are needed.

Keywords: HTLV-1, co-infection, Mycobacterium tuberculosis, Mycobacterium leprae, HCV, HBV, sexually

transmitted infections, Schistosoma mansoni
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INTRODUCTION

Human T lymphotropic virus type 1 (HTLV-1) causes lifelong
infection mainly in CD4+ cells. The immune imbalance that
occurs in HTLV-1 infection is linked to the pathogenesis
of HTLV-1 associated diseases. The neurological disease
HTLV-1 associated myelopathy/tropical spastic paraparesis
(HAM/TSP), that greatly impacts patient‘s quality of life and
can result in wheelchair dependency, and other conditions,
such as uveitis and thyroiditis are examples of the many
inflammatory manifestations associated with HTLV-1. Adult
T-cell leukemia/lymphoma (ATL), the usually fatal neoplasm
caused by HTLV-1 is also linked to immunological impairment
as well as monoclonal expansion and transformation of an
infected T-cell. There are several evidences that patients with
ATL have severe immunosuppression which is associated
with opportunistic infections and other malignancies (1–4).
However, even in the absence of clinical disease, HTLV-1
can cause immune impairment (2, 5). Unprotected sexual
intercourse, contact with blood or tissue and breastfeeding
may expose individuals not only to HTLV-1 but to a variety
of other pathogens, such as human immunodeficiency virus
(HIV), Treponema pallidum, hepatitis C virus (HCV), hepatitis
B virus (HBV), human papillomavirus (HPV), and herpes
simplex virus (HSV). Moreover, the distribution of HTLV-1,
with high prevalence observed mainly in low- and middle-
income countries (LMIC) (6), overlaps with areas where
the prevalence of other infections, such as Strongyloides
stercoralis (St. stercoralis), Mycobacterium tuberculosis (MTb),
and Mycobacterium leprae (M. leprae), is high. Thus, HTLV-
1 infected individuals can be co-infected with a range of
pathogens. Indeed, the prevalence of co-infection is high in
some settings. The interactions between coexisting pathogens
are complex and may affect the natural course of both infections.
While an anti-viral immune response involves a dominant
Th1 type response, the ideal response to some parasites, e.g.,
helminths, usually involves a dominant Type-2 response.
Therefore, the response to co-infections can be conflicting
from an immunological perspective (5). Furthermore, clinical
conditions associated with different pathogens, including
HTLV-1 itself, may involve an exacerbated response in one
arm of the immunological system. Thus, co-infections can be
harmful or occasionally even beneficial to the host. Recently, a
meta-analysis showed that HTLV-1 infection is associated with
increased risk of death and identified 16 clinical conditions
associated with, or occurring more frequently with, HTLV-1
infection [seborrheic dermatitis, Sjogren’s syndrome, eczema,
pulmonary alteration, asthma, fibromyalgia, rheumatoid
arthritis, arthritis, tuberculosis (TB), kidney and bladder
infections, dermatophytosis, community acquired pneumonia,
strongyloides hyperinfection syndrome, liver cancer; lymphoma
other than ATL, and cervical cancer] (7). However, the range of
reported disease associations is broader still and here a number
of questions concerning the impact of HTLV-1 infection on the
susceptibility and outcome of other infections and vice-versa
are addressed.

DO OTHER INFECTIONS INCREASE THE
LIKELIHOOD OF HTLV-1 CO-INFECTION
OR VICE-VERSA?

Mycobacteria
In a Japanese study from the 80’s Hanada et al. demonstrated
a higher prevalence of HTLV-1 infection among patients with
pulmonary TB when compared to healthy individuals [29.5%
(64/217) vs. 11.9% (562/4,741), p < 0.01] but confirmatory
tests for HTLV-1 infection were not performed (8). Also in
Japan, the prevalence of anti-HTLV-1 antibodies was higher in
patients with TB than in a control group with bronchial asthma
(17/105 vs. 4/58, OR = 2.61, 95% CI 0.83–8.16) (9). In a case-
control study of 375 patients with TB and 378 control subjects
in Brazil, HTLV-1 prevalence was higher in TB patients (4.3%,
16/375) than in a control group (1.3%, 5/378), resulting in a
crude OR 3.31 (95% CI, 1.20–9.13) that remained statistically
significant after controlling for numerous variables (age, sex,
education, income, ethnicity, sexual history, history of blood
transfusion, and intravenous drug use) (10). Similar results were
observed in two other cross-sectional studies in Brazil (10.9
and 11.1% HTLV-1 infection in TB patients vs. 4.5 and 1.8%
in control patients without TB, respectively) (11, 12). In the
same country, the prevalence of HTLV-1 infection in patients
with TB was higher than in pregnant women (2/451 vs. 1/814,
OR = 3.62, 95% CI 0.33–40.05) (13). In Bissau, although the
prevalence of HTLV-1 infection was higher in TB patients when
compared to a population-based control group [11.4% (32/280)
vs. 3.5% (74/2, 117), OR = 3.6 (95% CI = 2.2–5.6), p <

0.05], the results were not statistically significant when separately
evaluating HIV-negative TB patients [3.7% (6/162) vs. 2.6%
(51/1,930), OR = 1.18 (95% CI = 0.48–2.89), p = 0.71] (14).
The authors hypothesized that the immunosuppression caused
by HTLV-1 alone was insufficient to increase the risk of TB,
but it adds to the risk of TB among HIV-infected individuals.
Later, the same group observed higher mortality in patients with
pulmonary TB when coinfected with HIV-2/HTLV-1 compared
to HIV-2-positive HTLV-1-negative patients in Guinea-Bissau
(15). There was no statistically significant difference between
HTLV-1 prevalence in patients with TB comparing to general
population from Ivory Coast [1/41 (2.4%) vs. 23/1,291 (1.8%)]
(16) and Senegal [3/197(1.5%) vs. 2/181 (1.1%)] (Table 1) (19).

A study conducted in Japan evaluated different diseases
among men with HTLV-1 infection and showed that 6.1%
(17/278) of HTLV-1 patients had a history of TB compared with
2.9% (74/2,569) of uninfected patients (OR = 3.1 95% CI 1.1–
3.3, p < 0.05) (24). When analyzing the incidence of TB amongst
HTLV-1 infected individuals from Brazil, by cross-matching of
records on the Brazilian national registry and the database of the
referral center for HTLV, Grassi et al. reported a relative risk of
developing TB in HTLV-1 infected patients of 2.6 (CI 95% 1.6–
4.2) when compared to the HTLV-1 uninfected group (23). No
differences in clinical presentation or TB outcome were observed.
In Peru, the history of active TB was analyzed in relatives of
HTLV-1 infected patients. History of active TBwasmore frequent
(11.4%, 45/394) among HTLV-1 infected compared to HTLV-1
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TABLE 1 | Prevalence of HTLV-1 infection in patients with M. tuberculosis.

Study Sample size Prevalence (%) 95% CI Weight (%)

Seaton (17) (Papua New Guinea) 102 0.0 0–3.5 6.8

Broutet et al. (13) (Brazil) 451 0.4 0.1–1.6 6.4

Kozlowski et al. (18) (Brazil) 402 1.0 0.3–2.5 7.5

Kaplan et al. (19) (Senegal) 197 1.5 0.3–4.4 7.3

Berini et al. (20) (Argentina) 187 2.1 0.6–5.4 7.3

Verdier et al. (16) (Ivory Coast) 41 2.4 0.1–12.8 5.8

Marinho et al. (10) (Brazil) 375 4.3 2.5–6.8 7.5

Pedral-Sampaio et al. (21) (Brazil) 378 8.5 5.9–11.7 7.5

Bastos et al. (22) (Brazil) 360 10.8 7.8–14.5 7.5

Moreira et al. (12) (Brazil) 90 11.1 5.5–19.5 6.8

Norrgren et al. (14) (Guinea-Bissau) 280 11.4 7.9–15.7 7.4

Kohno et al. (9) (Japan) 105 16.2 9.7–24.6 6.9

Grassi et al. (23) (Brazil) 73 45.2 33.5–57.3 6.9

Total (random effects) 3,493 8.5 5–12.9 100.0

uninfected relatives (4.3%, 36/839, p < 0.001). In a multivariate
analysis HTLV-1 infection was associated with TB history in Peru
(Adjusted OR 2.5, 95% CI 1.6–3.9) (25). This was also observed
in the USA (OR= 2.4, 95% CI 0.82–7.02) (26).

Higher prevalence of HTLV-1 infection among patients with
leprosy has been reported from Japan, Democratic Republic
of Congo, Congo, and Ivory Coast (8, 16, 27–29) compared
to healthy residents, including blood donors (Japan) and the
general population (Democratic Republic of Congo, Congo, and
Ivory Coast). Similar results were observed even in patients
with leprosy from HTLV-1 non-endemic areas from Japan (30).
However, other studies found no significant difference regarding
HTLV-1 prevalence in patients with M. leprae from Yemen,
Senegal, Ethiopia, and a non-endemic area for HTLV-1 from
Brazil (Curitiba). However, the sample size in each setting
was small (27, 31, 32). Prevalence studies are summarized in
Table 2 (32, 33, 35).

The data indicate that HTLV-1 is more common in patients
with MTb than expected (combined OR = 2.6, 95% CI 2.1–3.2)
suggesting an increased susceptibility to develop TB if HTLV-
1 infected or vice versa, the first option being most biologically
plausible (Table 1; Figure 1). While patients with a history of
TB were twice as likely to have HTLV-1 infection, those with
active TB had three times more chance of being co-infected with
HTLV-1. The low heterogeneity observed between this subgroup
strengthens this finding. Although limited, current data suggests
an association between HTLV-1 and M. leprae (Pooled OR =

4.67, 95% CI 2.23–9.77) (Table 2; Figure 2), which would fit with
the association between HTLV-1 andMTb.

Sexually Transmitted Infections
Murphy et al. demonstrated current diagnosis of syphilis to be
an independent risk factor for HTLV-1 infection in both females
[OR = 2.12 (1.12–3.99)] and males [OR = 3.56 (1.24–10.22)]
and hypothesized that although the efficiency of HTLV-1 sexual
transmission is lower from female-to-male, it can be increased
by the presence of a penile ulcer or concurrent syphilis (36). In

the US, a history of syphilis (OR = 4.2, p = 0.02, in Baltimore)
and positive syphilis serology (OR = 4.4; p = 0.01 in Baltimore
and OR = 3.9; p = 0.02 in New Orleans) were associated with
confirmed HTLV-1/2 infection (37). This association persisted
after adjusting for HIV status and was more robust for men (OR
= 8.5; 95% CI: 3.1–23.6) than for women (OR= 3.1; 95% CI:
0.9–10.5) (37). The frequency of T. pallidum antibodies was also
higher among HTLV-1 positive blood donors from Guadeloupe,
French West Indies, than in seronegative HTLV-1 donors (10.5
vs. 1.7%, p < 0.001; OR= 7.01; 95% CI: 2.33–23.11; Adjusted
OR = 2.83; 95% CI: 0.62–12.9) (38). An association between
seropositivity for syphilis and HTLV-1 infection was observed
in the general population in Gabon (19/106 vs. 83/1,134, OR =

2.77, 95% CI 1.6–4.77) (39) and Brazil (12/51 vs. 33/3,400, OR
= 31.4, 95% CI 15.1–65.3) (40). In Japanese women attending
antenatal care no association was found between syphilis and
HTLV-1 infection (OR = 0.48, 95% CI 0.49) (41). In Haitian
pregnant women although the prevalence of positive syphilis
serology was higher in HTLV-1 infected women this was not
statistically significant [6/44 (14%) vs. 7/89 (8%), p = 0.22] (42),
while in Brazil an association was reported in parturient women
(OR = 2.48, 95% CI 0.31–20.01) (43). In Peruvian women (sex
workers and those attending antenatal care) positive serology
for syphilis was also associated with HTLV-1 infection (OR =

1.78; 95% CI: 1.05–3.04, p= 0.03) and the prevalence of HTLV-1
infection was higher in patients seropositive for syphilis than in
seronegative patients (30.3 vs. 10.2%, p < 0.0001) (44). Another
study of female sex workers in Peru, confirmed that HTLV-1
infection was associated with history of syphilis (OR = 2.3, 95%
CI 0.9–5.9) and positive syphilis serology (OR = 1.5, 95% CI
0.6–3.6). The later association did not persist after adjusting for
condom use and duration of prostitution (AOR = 0.8, 95% CI
0.3–2.2) (45). In a STD clinic in Rome, Italy, 9/1,457 patients with
at-risk sexual behavior were found to beHTLV-1 seropositive and
the presence of antibodies to T. pallidum was associated with
risk of HTLV-1 infection (OR = 15.62; 95% CI: 3.2–75.6 and
Adjusted OR= 9.52; 95% CI: 1.7–52.3) (46). In Zaire, the OR for
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TABLE 2 | Prevalence of HTLV-1 infection in patients with M. leprae.

Study Sample size Prevalence (%) 95% CI Weight (%)

Verdier et al. (27) (Yemen) 117 0.0 0.0–3.1 7.6

Braga et al. (31) (Brazil non endemic area) 199 0.0 0–1.8 7.8

Tekle-Haimanot et al. (32) (Ethiopia) 250 0.4 0–2.2 7.9

Verdier et al. (27) (Senegal) 227 0.9 0.1–3.1 7.8

Glaser et al. (33) (USA) 107 1.9 0.3–6.6 7.5

Machado et al. (34) (Brazil) 245 2.4 0.9–5.2 7.8

Muneishi et al. (30) (Japan) 844 8.5 6.7–10.6 8.0

Kashala et al. (29) (Democratic Republic of Congo) 57 8.8 2.9–19.3 7.1

Milanga et al. (35) (Democratic Republic of Congo) 57 8.8 2.9–19.3 7.1

Verdier et al. (27) (Ivory Coast) 319 9.7 6.7–13.5 7.9

Verdier et al. (27) (Congo) 830 9.9 7.9–12.1 8.0

Verdier et al. (16) (Ivory Coast) 109 13.8 7.9–21.7 7.5

Lechat et al. (28) (Democratic Republic of Congo) 377 37.4 32.5–42.5 7.9

Total (random effects) 3,738 5.9 2.2–11.2 100.0

Test for heterogeneity: Q = 394.1; DF = 12; p < 0.0001; I2 (95% CI) = 96.96% (95.9–97.7).

FIGURE 1 | Forest Plot and meta-analysis showing the Odds Ratio of HTLV-1 infection in patients with Mycobacterium tuberculosis. The boxes and lines indicate the

odds ratios (ORs) and their confidence intervals (CIs) for each study. The pooled odds ratio is represented by a black diamond. The size of the blue squares indicates

the relative weight of each estimate. Statistical analysis and graph were performed using RevMan 5 Software. Odds Ratio was calculated using Random effects model

and Mantel-Haenszel statistical method. Measures of heterogeneity between studies in each subgroup (those with History of TB and those with Active TB) and

between subgroups is shown.

HTLV-1 seropositivity in syphilis co-infected sex workers was 2.8
(95% CI: 1.7–4.7), [15.2% (28/184) 15.2 vs. 5.9% (58/977)] (47).
Two studies found no association between HTLV-1 infection and
evidence of syphilis past or present: a study of police officers from
Guinea-Bissau where no association was found between HTLV-
1/2 infection and history of syphilis evaluated by T. pallidum

hemagglutination test (48), nor in 100 HTLV-1 positive Japanese
pregnant women compared to 100 uninfected controls [OR =

0.5 (95% CI: 0–5.5), p > 0.05] (41). Meta-analysis shows an
association between syphilis and HTLV-1 co-infection, with a
pooled OR ranging from 1.6 to 6.99, according to the population
being considered (Figure 3). Whether T. pallidum seropositivity
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FIGURE 2 | Forest Plot and meta-analysis showing the Odds Ratio of HTLV-1 infection in patients with Mycobaterium leprae. The boxes and lines indicate the odds

ratios (ORs) and their confidence intervals (CIs) for each study. The pooled odds ratio is represented by a black diamond. The size of the blue squares indicates the

relative weight of each estimate. Statistical analysis and graph were performed using RevMan 5 Software. Odds Ratio was calculated using Random effects model

and Mantel-Haenszel statistical method. Measures of heterogeneity between studies is shown.

FIGURE 3 | Forest Plot and meta-analysis showing the Odds Ratio of Syphilis infection in people living with HTLV-1. The boxes and lines indicate the odds ratios

(ORs) and their confidence intervals (CIs) for each study. The pooled odds ratio is represented by a black diamond. The size of the blue squares indicates the relative

weight of each estimate. Statistical analysis and graph were performed using RevMan 5 Software. Odds Ratio was calculated using Random effects model and

Mantel-Haenszel statistical method. Measures of heterogeneity between studies in each subgroup (population under investigation) and between subgroups is shown.

PLHTLV, people living with HTLV; GP, general population; BD, blood donors; PW, pregnant women; FSW, female sex workers; STI, sexually transmitted infection.

is associated with mucosal disruption and increased risk of
HTLV-1 infection or is only a surrogate marker of unsafe sexual
activity is unclear.

An association has also been observed between HTLV-1
and seropositivity for Chlamydia trachomatis (C. trachomatis)
amongst Peruvian female sex workers (with an OR = 3.7;
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95% CI 1.4–13.2 after adjusting for condom use) (45). This
association was previously reported for sex workers and pregnant
women from Ivory Coast (16) and in a case control study in
Guadeloupean blood donors where the detection of antibodies
to C. trachomatis was higher in cases [63.2% (60/102)] than
controls [43.4% (126/306), p < 0.001, OR = 2.23; 95% CI 1.38–
3.61; Adjusted OR = 1.95; 95% CI 1.03–3.68] (38). Although
the prevalence of antibodies to C. trachomatis was also higher in
HTLV-1 seropositive pregnant women from Japan, the difference
was not statistically significant (21/100 vs. 12/100; OR = 1.9;
95% CI 0.8–4.2; p > 0.05) (41). When these studies are analyzed
altogether it is observed that PLHTLV are 2.4 times more likely
to be infected by C. trachomatis than those without HTLV-1
(Figure 4). Zunt et al. analyzed the cervical shedding of HTLV-1
by detecting HTLV-1 proviral DNA in cervical samples collected
from Peruvian sex workers. They observed that cervicitis
(characterized by increased number of polymorphonuclear cells
in cervical mucus) increased the cervical shedding of HTLV-
1, but not Chlamydia or Gonorrhea (OR = 1.5; 95% CI 0.6–
3.8 and OR=1.1; 95% CI 0.2–5.2, respectively). As the authors
highlighted, the limited number of co-infected individuals may
have influenced the results (49).

Human T lymphotropic virus type 1 infection was associated
with HSV-2 seropositivity in pregnant women from Haiti (OR
= 3.7, 95% CI 1.6–11.5) (42) and female sex workers from Peru
[Adjusted OR (condom use and duration of prostitution) =

3.7, 95% CI 0.5–28.4] (45). The authors hypothesized that HSV-
2 may lead to disruption of the mucous membrane increasing
susceptibility to sexual transmission of HTLV-1 (42). Changes in
the frequency of immune cells at the mucosa, including HTLV-1
target cells (lymphocytes) or transporters (dendritic cells) as well
as the expression of activationmarkers in lymphocytes are factors
that may influence susceptibility to HTLV-1 infection.

Human T lymphotropic virus type 1 and HPV are both
sexually transmitted oncogenic viruses that cause persistent
infection. The progression to cervical cancer due to HPV is
more frequent among immunosuppressed women, such as those
co-infected with HIV. Studies concerning HTLV-1/HPV co-
infection are limited. In Brazil, the prevalence of HPV infection
was higher among HTLV-1 infected (mean age 38 years) than
uninfected women (mean age 36 years) attending a gynecology

clinic (44 vs. 22.5%, p= 0.03) (50). Human T lymphotropic virus
type 1 proviral load (PVL) was similar in HTLV-1 mono-infected
and HTLV-1/HPV co-infected women, no cervical cancer and
only one case of high grade squamous intraepithelial lesion was
observed (50). In HTLV-1 infected women from the Peruvian
Amazon the prevalence of HPV infection was also higher than
in HTLV-1 negative individuals (43.6 vs. 29.3%). They were twice
as likely to have HPV infection of any type (OR = 2.1 95%
CI 1.53–2.87) and to have high-risk HPV infection (OR =1.93
95% CI 1.04–3.59) than those not infected by HTLV-1, after
adjusting for confounding variables, including age, education,
age of sexual partner, number of sexual partners within the
last 12 months, and condom use at last sexual intercourse (51).
However, no difference was found between the prevalence of
epithelial cell abnormalities in the cervix or presence of low-grade
squamous intraepithelial lesion (LSIL) or higher grade lesion,
according to HTLV-1 infection status (51). Figure 5 shows the
forest plot and meta-analysis regarding the association of HPV
and HTLV-1 infection.

There is a consistency in the literature to indicate a
relationship betweenHTLV-1 and coinfection with other sexually
transmitted infections (STIs) [Pooled OR (95% CI): Syphilis =
4.6 (2.4–8.8); Chlamydia= 2.36 (1.6–3.4); HPV= 2.07 (1.3–3.4)].
However, causation has not been demonstrated. Prospective
studies are required and would be helpful to distinguish between
HTLV-1 infection acquired sexually and vertically.

Hepatitis
Several studies report a high frequency of HCV and HBV
infection in PLHTLV. Unfortunately, most of them do not
include a control group. Studies from China, Brazil, and Sweden
confirmed a higher prevalence of HTLV-1 infection among
patients that are seropositive for HCV (52–54). Pooled OR
revealed that individuals with anti-HCV antibodies are 20 times
more likely to be infected with HTLV-1 (Figure 6).

Respiratory Infections
Human T lymphotropic virus type 1 can cause pulmonary
disease that may result in important parenchymal damage and
bronchiectasis (55). However, little is known about HTLV-1
and respiratory co-infections. A study conducted in Australia

FIGURE 4 | Forest Plot and meta-analysis showing the Odds Ratio Chlamydia trachomatis infection in people living with HTLV-1. The boxes and lines indicate the

odds ratios (ORs) and their confidence intervals (CIs) for each study. The pooled odds ratio is represented by a black diamond. The size of the blue squares indicates

the relative weight of each estimate. Statistical analysis and graph were performed using RevMan 5 Software. Odds Ratio was calculated using Random effects model

and Mantel-Haenszel statistical method. Measures of heterogeneity between studies is shown. PLHTLV, people living with HTLV; BD, blood donors; PW, pregnant

women; FSW, female sex workers.
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FIGURE 5 | Forest Plot and meta-analysis showing the Odds Ratio HPV infection in people living with HTLV-1. The boxes and lines indicate the odds ratios (ORs) and

their confidence intervals (CIs) for each study. The pooled odds ratio is represented by a black diamond. The size of the blue squares indicates the relative weight of

each estimate. Statistical analysis and graph were performed using RevMan 5 Software. Odds Ratio was calculated using Random effects model and

Mantel-Haenszel statistical method. Measures of heterogeneity between studies is shown.

FIGURE 6 | Forest Plot and meta-analysis showing the Odds Ratio HTLV-1 infection in individuals with anti-HCV antibodies. The boxes and lines indicate the odds

ratios (ORs) and their confidence intervals (CIs) for each study. The pooled odds ratio is represented by a black diamond. The size of the blue squares indicates the

relative weight of each estimate. Statistical analysis and graph were performed using RevMan 5 Software. Odds Ratio was calculated using Random effects model

and Mantel-Haenszel statistical method. Measures of heterogeneity between studies is shown.

FIGURE 7 | Forest Plot and meta-analysis showing the Odds Ratio Schistosoma mansoni infection in people living with HTLV-1. The boxes and lines indicate the

odds ratios (ORs) and their confidence intervals (CIs) for each study. The pooled odds ratio is represented by a black diamond. The size of the blue squares indicates

the relative weight of each estimate. Statistical analysis and graph were performed using RevMan 5 Software. Odds Ratio was calculated using Random effects model

and Mantel-Haenszel statistical method. Measures of heterogeneity between studies is shown.

revealed an association between HTLV-1 and lower respiratory
tract infection, after adjusting for covariates (adjusted negative
binomial regression, coefficient 0.19; 95% CI, 0.04–0.34) (56). It
would also be interesting to know the impact of HTLV-1 and
SARS-CoV-2 coinfection, but no data are available yet.

DOES HTLV-1 INFECTION INCREASE THE
PROBABILITY OF THE PERSISTENCE OF A
CO-EXISTING PATHOGEN?

Human T lymphotropic virus type 1 infection may also influence
the ability of other parasites to persist within the co-infected host.
This was described in HTLV-1 and St. stercoralis co-infection.

Patients with HTLV-1 have more frequently positive stool test
for Ss and treatment failure (persistent parasite excretion despite
treatment). This topic is addressed in another study.

Similarly, high frequency of Schistosoma mansoni infection
among HTLV-1 infected individuals from Brazil [26/309 (8.4%)
vs. 6/331 (1.8%) controls, p = 0.0003] has been reported (57).
Two available studies combined give anOR= 4.6 (p< 0.001), but
both were carried out in Brazil by the same group, and probably
have an overlap of patients (Figure 7). Treatment failure, defined
as the persistence of S. mansoni eggs in stool samples 2 months
after therapy with praziquantel was more frequent in HTLV-
1 co-infected patients than in patients with schistosomiasis
only [4/20 (20%) vs. 1/44 (2.3%), p < 0.05]. Re-exposure to
parasite was excluded in all patients. One co-infected patient was

Frontiers in Medicine | www.frontiersin.org 7 February 2022 | Volume 9 | Article 81201635

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Rosadas and Taylor HTLV-1 and Co-infections

not able to eradicate the helminthic infection even after eight
courses of praziquantel (58). Although limited, evidence points
to therapeutic failure and persistence of Schistosoma mansoni
in people living with HTLV-1 (PLHTLV) but this is better
characterized for Strongyloides infection.

DOES HTLV-1 IMPACT THE PATHOLOGY
OF CO-INFECTION?

Unlike HTLV-1, Schistosoma sp infection elicits a Th-2 type
response. Although it seems to be important for parasite clearing,
it can be associated with the disease‘s pathophysiology (5). High
degree of infection associated with host’s immune reaction to
parasite can lead to granuloma formation and consequently
liver fibrosis, which is the most important pathological finding
and occurs in up to 5% of chronic infected individuals. Thus,
HTLV-1/S. mansoni co-infection may result in some beneficial
effect to the host. Indeed, the number of eggs/gram of stool
was lower in co-infected patients (58) and an inverse association
was found between HTLV-1 infection and liver fibrosis in
patients with schistosomiasis (evaluated by ultrasound in 22 co-
infected patients and 40mono-infected with S. mansoni) (57, 58).
However, Goon and Bangham (5) hypothesized that lower rates
of egg excretion observed in the stool of co-infected individuals
may be associated with either lower levels of IL-4 (as this cytokine
seems to be necessary to translocate eggs frommesenteric venules
through intestinal wall followed by secretion in animal models),
or with an impaired control of Schistomosoma’s reproduction
which could result in egg excretion even in individuals with low
parasite burden. As discussed before, persistence of S. mansoni
eggs in stool samples after therapy is more frequent in HTLV-
1 co-infected patients than in patients with schistosomiasis
only (58).

Regarding TB severity in HTLV-1 infected individuals, the
findings are contradictory. In Peru, HTLV-1 patients co-infected
with TB reported more frequently a history of relatives‘ deaths
due to TB infection (25). Human T lymphotropic virus type
1 co-infected patients also were more likely to have a highly
positive sputum smear (more than 10 acid-fast bacilli in at least
20 fields in microscopy stained by Ziehl-Neelsen) than those
mono-infected individuals (59), indicating that HTLV-1 patients
may have an impaired ability to control bacilli replication.
This finding is reinforced by the decreased skin reaction to
tuberculin skin test (TST) observed in co-infected HTLV-1/TB
patients and HTLV-1 mono-infected asymptomatic carriers (60–
62). Human T lymphotropic virus type 1/HIV-2 co-infected
patients hospitalized for TB have a higher CD4 count and higher
mortality rate when comparing to HIV-TB infected subjects from
Guinea-Bissau (15). Pedral-Sampaio et al. showed an increase in
mortality in co-infected individuals: amongst HIV-1 and HTLV-
1 negative TB patients the mortality was lower (8%, 25/319)
than in patients with HTLV-1 (25%, 8/32) or HIV-1 (33%,
6/18) co-infections. Five out of nine (56%) patients with triple
infection (TB-HIV-1-HTLV-1) died (21). On the other hand, in
another study from Brazil (Bahia), no differences were observed
in clinical presentation of TB according to HTLV-1 status, nor

in the number of hospitalizations, sputum and TST response,
however the number of patients was small (13 HTLV-1/TB and
24 TBmono-infected), they all had severe active TB (as they were
all hospitalized) and most were malnourished, which may have
impacted the findings (63).

A study from the Democratic Republic of Congo analyzed 378
leprosy patients for 22 years and reported a significant decrease in
the survival of M. leprae/HTLV-1 co-infected patients: Mortality
rates 5.5/100 vs. 3.6/100 person-years of observation, resulting
in a risk ratio of 1.4 (95% CI 1.04–1.89) for those infected with
HTLV-1 (28). In a study of the impact of viral co-infections
(including HTLV-1, HIV, HBV, and HCV) on leprosy outcome
in Brazil, co-infected patients showed higher rates of neuritis,
nerve function impairment and relapse, but those viruses were
analyzed altogether (34). A study from Japan and another one
conducted at Congo and Ivory Coast, did not observe differences
among HTLV-1 prevalence between patients with lepromatous
and tuberculoid forms of leprosy (27, 30).

The impact of HTLV-1 on HCV infection is still debatable.
Most studies report a deleterious impact on HCV outcome and
disease severity on co-infected patients. Higher HCV viral load
(64, 65), higher IFN-γ serum concentration (66), higher degree
of liver steatosis (66), higher risk of hepatocellular carcinoma
(67), reduced HCV clearance (both natural and in response
to IFN treatment) (65, 68, 69), and decreased survival rates
after HCV-related liver transplantation were already reported in
HCV/HTLV-1 co-infected patients comparing to HCV mono-
infected individuals (70, 71). A study from Miyazaki, Japan,
showed that HTLV-1 co-infection increased the risk of self-
reported incident liver disease (RR = 3.5, 95% CI 1.9–6.4) and
registered death due to liver cancer (RR = 8.2, 95% CI 1.6–
441.4) (72). Human T lymphotropic virus type 1 Tax protein
also facilitates HCV replication in vitro (73). On the other hand,
HTLV-1/HCV patients were reported to have lower levels of
markers of hepatic damage (ALT, AST, GGT, bilirubin) (74–
76) and increased platelet counts (74). No difference between
HTLV-1 PVL and HCV viral load between co-infected patients
and mono-infected individuals were reported by others from
Brazil (74).

The association between syphilis and HTLV-1 has been
described above. However, there are no data concerning the
impact of this coinfection on each disease outcome. There is
just one case report of atypical long-lasting secondary syphilis
with a localized and atypical eruption in a HTLV-1 co-infected
individual (77).

Crusted scabies (also called Norwegian scabies) is an
infrequent, albeit severe and highly contagious infection caused
by massive infestation of the mite, Sarcoptes scabiei (S. scabiei)
and may be considered a marker of HTLV-1 infection (78). In
Bahia, Brazil, severe scabies (more than 80% of body surface
affected but not fulfilling the crusted scabies criteria) was
associated with HTLV-1 infection (OR= 3.0; 95% CI 1.85–4.86, p
< 0.01) (79). History of chronic scabies were also associated with
HTLV-1 infection in Peruvian women (OR = 13, 95% CI = 1.6–
82, p < 0.02) (80). In Peru, in two different studies, 60–70% of
patients with crusted scabies were infected with HTLV-1 (81, 82),
while in two case series all six patients in French Guiana (83)
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and all 21 patients from Brazil were co-infected with HTLV-
1 (79). Among HTLV-1 seropositive hospitalized patients in
Dominica, 7.6% had crusted scabies (84). In the indigenous
Australian population scabies was more frequent in HTLV-1
infected patients than seronegative individuals [14.2% (72/507)
vs. 8.5% (80/944), p < 0.001] (56). Crusted scabies was already
reported in patients with ATL (82, 83, 85–87), with HAM/TSP
(81, 82, 88) and in asymptomatic individuals co-infected with
other infectious agents (Ss and TB) or other comorbidities (82,
83, 89, 90). During 30 months’ follow-up of 30 children with
HTLV-1 associated infective dermatitis (ID) in Brazil, 70% had
scabies, and one had crusted scabies (91). Therefore, HTLV-1
may be associated with severe cases of scabies, a clinical marker
of immunosuppression.

Fungal infections are frequently considered opportunistic
infections and may be used as a warning sign of immunological
impairment. The prevalence of HTLV-1 infection was higher
in Japan among patients with pulmonary cryptococcosis
than controls with other pulmonary disorders [32.6% (6/19)
vs. 13.8% (49/356), p = 0.033] (9). Dissemination of C.
neoformans to the CNS was not observed regardless of
HTLV-1 status (9). Cryptococcal lymphadenitis was reported
in one HTLV-1 individual in a small case series including
two patients with HIV-1. The HTLV-1/cryptococcus infected
patient had a smaller number of fungal cocci in the focal
area and a higher CD4+ cell count compared to the two
HIV/Cryptococcus co-infected individuals (92). Disseminated
Cryptococcus infection with CNS involvement was described
in a HTLV-1 patient from the Caribbean (93). Pulmonary
cryptococcosis in a HTLV-1 positive, HIV-negative patient
with disseminated molluscum contagiosum was also described
(84). Cryptococcosis has been reported in patients with
ATL (94–96).

Histoplasma capsulatum is a ubiquitous fungus that usually
causes asymptomatic infection. Patients co-infected with
HIV, those with primary immunodeficiencies or under
immunosuppressive treatments are at risk of developing
progressive disseminated histoplasmosis (PDH), a clinical illness
with extra-pulmonary involvement. The mortality of PDH can
be as high as 85% in untreated patients, and 25% despite a
standard “adequate” therapeutic regimen. Severe gastrointestinal
histoplasmosis in Peru (97), spinal cord histoplasmoma (98)
brain granulomas and lymphoma associated with several other
opportunistic infections (99) have been reported in HTLV-1
co-infected individuals, but no conclusive evidence of an
association between HTLV-1 and histoplasmosis outcome was
provided (100).

Paracoccidioides brasiliensis is a dimorphic fungus restricted
to Latin America. It is the agent of paracoccidioidomicosis, a
systemic fungal disease. Four cases of HTLV-1/P. brasiliensis co-
infection seen during a 2 years-period in a Peruvian hospital were
reported. Two had severe chronic clinical presentation and two
had aberrant clinical picture and co-infections (one co-infected
with H. capsulatum and the other had sepsis caused by Listeria
monocytogenes) (101).

The strongest evidence points to increased pathology due to
mycobacterium in the presence of HTLV-1. There is a suggestion

that HTLV-1 infection may favorably modulate the impact on S
mansoni but this needs to be substantiated. Whilst it is plausible
that HTLV-1 infection may impact the course of the many
mycotic infections that co-exist in HTLV-1 endemic areas the
need for better studies to determine the epidemiological and
biological associations between HTLV-1 and infections such as
histoplasmosis, paracoccidioidomycosis, and cryptococcosis is
clear (100).

DOES CO-INFECTION IMPACT
PATHOLOGY OF HTLV-1?

Data concerning the impact of co-infections in HTLV-1
outcome is scarce. It is known that Schistosoma antigens
downregulate in vitro pro-inflammatory cytokine response (IFN-
γ and CXCL9) by peripheral blood lymphocytes from HTLV-1
infected individuals (102, 103). These antigens also upregulate IL-
10 production (103). Interestingly, high prevalence of helminthic
infection (Schistosomo mansoni and St. stercoralis) was observed
among asymptomatic carriers when compared to individuals
with HAM [23% (71/310) vs. 3% (1/32), p < 0.05] (104).
Human T lymphotropic virus type 1 PVL was lower in co-
infected patients [2.2 copies/100 cells vs. 3.7 copies/100 cells, p
< 0.05]. They also showed lower levels of IFNg, CD8+IFN+
(57, 104), CD4+IFNg+, and an increase in T cells expressing IL-
5 and IL-10 compared to HTLV-1 monoinfected patients (104).
These observations, together with the immunological findings
gave rise to the hypothesis that HTLV-1/helminthic co-infection
in comparison to HTLV-1 single infection may decrease Th1
response, which may influence the clinical outcome of HTLV-
1 infection (104). As the majority of the data were obtained
by evaluating patients with HTLV-1/St. stercoralis and HTLV-
1/Schistosoma sp. together, more studies are needed to clarify the
impact of Schistosoma sp. on HTLV-1 clinical outcomes.

Regarding TB and HTLV-1 infection outcome, a history of
TB was associated with an increased risk of HAM development
among HTLV-1 infected individuals in Brazil (OR 3.8; 95% CI
1.9–9.1, p = 0.0001) in a retrospective association (105). Once
again, changes in immunological response may be responsible
for the observed alteration. Among patients with HAM, IFN-
γ/IL-10, and TNF-α/IL-10 ratios were higher in those individuals
with active TB than those HAM patients without co-infection.
These differences were not observed in HTLV asymptomatic
carriers nor in those with probable HAM (105). However, no
differences in HTLV-1 PVL and serum CCXCL9 and CXCL10
levels according to TB infection status (not infected, latent
infection, and active infection) were observed among patients
with HAM. These findings led to the hypothesis that the higher
susceptibility to develop TB in HTLV-1 infected individuals may
be due to an impaired innate immune response (such as lower
levels of TNF-α). However, more severe clinical presentation
observed in co-infection may be due to an enhancement of
Th1 response. Thus, the co-infection TB/HTLV-1 could increase
not only TB severity, but also HAM incidence. More studies
regarding HTLV-1 associated diseases in patients co-infected
with TB are necessary.
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A recent study amongst the Indigenous population of Central
Australia, demonstrated that although HBV co-infection did
not impact HTLV-1 PVL, HBV was associated with increased
expansion of HTLV-1 T-cell infected clones.Moreover, the degree
of clonal expansion positively correlated with the titer of HBsAg.
This finding indicates that HBV/HTLV co-infection may have a
role in the development of ATL (106) and this study should be
replicated for other infections. Although clinical data to support
this hypothesis are still limited, chronic HBV co-infection was
found in 47% (8/17) and chronic HCV in 35% (6/17) of patients
with ATL in a case series from Taiwan (compared to 15–20
and 2% prevalence found in general population) (107). Hepatitis
C virus infection was identified as a predictor of mortality in
PLHTLV in Brazil [HR (95% CI) = 5.2 (2.4–11.1), p < 0.0001]
(108). However, there are evidences that HCV co-infection does
not impact HTLV-1 PVL, T-cell proliferation rate (109) nor the
frequency of HAM (74).

During the follow-up (mean 6.75 years) of 36HTLV-1 infected
patients with ID from Bahia, 47.2% developed HAM and one
individual developed ATL (110). In a more recent study, the
same group showed that during follow-up of 37 patients with
ID 54% developed HAM before the age of 19 years old (111).
HTLV-1 associated myelopathy was observed in 30% of children
with ID in Brazil (112), and a history of ID was more frequent
in patients with HAM than in asymptomatic carriers (3/73 vs.
0/120, p = 0.02) (113). Moreover, in 74 ATL cases in Bahia,
44% had history of severe eczema in childhood, suggestive of ID
(114, 115). Interestingly, 30% of patients with ID had abnormal
lymphocyte in peripheral blood and 16.6% had flower cells (116).
A number of factorsmay contribute to these associations between
ID and HAM and ATL. First, infection in early life is strongly
associated with ATL, but the young age of ATL onset must still be
explained. Second, ID is associated with high HTLV-1 PVL, a risk
for both HAM and ATL. Third, ID which is characterized by both
lymphocytic infiltration in the skin and by persistence of, and
pathology due to, bacteria, may represent both the inflammatory
and the immunosuppressive consequences of HTLV-1 infection.

Data regarding the impact of co-infections on HTLV-1
outcome is extremely limited and more studies are needed.

CONCLUSION

There is evidence of higher rates of HTLV-1 infection in
association with other blood borne and STIs but whether this
represents increased susceptibility or opportunity is unclear. The
data suggest that HTLV-1 increases susceptibility to a range
of infection related disease resulting in either higher risk of
disease if exposed, longer persistence or greater severity. This
indicates that PLHTLVmay have a degree of immunosuppression
regardless of symptomatic or asymptomatic HTLV-1 clinical
status. Co-infections may also impact the risk of developing
HTLV-1 associated disease, but data are still extremely limited.

Human T lymphotropic virus type 1 infection is a neglected
infection that is responsible not only for diverse and severe
inflammatory diseases, such as HAM, uveitis, pulmonary
diseases, Sjogren syndrome, and arthritis, and the malignant
disease ATL, but also a degree of immunosuppression that can
increase susceptibility to and/or severity of co-infections, many
of which are also neglected tropical diseases. More subtle impact
of HTLV-1 on the response to more common infections, might
contribute to the increased mortality rate of HTLV-1, but this
will only be determined by large scale prospective controlled
studies. Identification of HTLV-1 status should therefore be
included in population-based studies. Human T lymphotropic
virus type 1 should be considered a global health concern as
its impact in public health is evident. Measures to improve the
global awareness about HTLV-1 and to prevent its transmission
are necessary.
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Introduction: Human T-lymphotropic virus (HTLV) infection is endemic in indigenous

populations of the Americas. We describe herein the prevalence of HTLV-1 and HTLV-2

infection among Warao indigenous refugees from Venezuela living in Belém, Pará, Brazil.

Methods: In total, 101 individuals of both sexes (43 men and 58 women) between 18

and 77 years of age were investigated. Blood samples were collected and separated into

plasma and leukocytes. Serological screening was performed using an enzyme-linked

immunosorbent assay (ELISA; Murex HTLV-I+II, DiaSorin, Dartford, UK), and seropositive

samples were submitted to proviral DNA extraction followed by real-time polymerase

chain reaction (qPCR). A nested PCR of the env region (630 bp) followed by enzymatic

digestion with XhoI was performed to identify themolecular subtype of HTLV-2, in addition

to sequencing analysis of the 5’LTR-I and 5
′

-LTR-II regions.

Results: Of the 101 individuals analyzed, 3 (3.0%) were seropositive. Molecular analysis

of the pol and tax genes confirmed the HTLV-1 infection in a 55-year-old woman and

HTLV-2 infection in a man (68 years old) and a woman (23 years old). HTLV-2 strains were

defined by enzymatic digestion as belonging to the HTLV-2b subtype. The sequencing

of the 5
′

LTR regions confirmed the presence of subtype 2b and identified HTLV-1 as

belonging to subtype 1A (Cosmopolitan) and the Transcontinental subgroup. Among the

infected patients, it was possible to conduct medical interviews with two individuals after

delivery of the result. One patient with HTLV-2 reported symptoms such as joint pain,

foot swelling, frequent headache, dizziness and lower back pain. The HTLV-1-positive

woman was diagnosed with a tumor, dementia, urinary incontinence, felt body pain, and

had spots on her body. The presence of the HTLV-2b subtype highlights the prevalence
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of this molecular variant among indigenous South Americans, as well as the presence of

HTLV-1 Transcontinental, which has a worldwide distribution.

Conclusion: These results reveal a high prevalence of HTLV-1/2 infection among

Warao immigrants, suggesting migratory flow as a virus spread mechanism among

human populations and alert public authorities to the need to create epidemiological

surveillance programs, public social and health policies aimed at welcoming immigrants

in the Brazilian territory.

Keywords: migration, Warao, Venezuelans, Amazon, public health

INTRODUCTION

Human T-lymphotropic viruses 1 and 2 (HTLV-1 and HTLV-
2) are members of the Retroviridae family that infect humans
and have numerous similarities in biological and molecular
properties (1).

HTLV-1 infection has endemic characteristics in well-defined
geographic regions such as southern Japan, the Caribbean, and
Australia (2, 3), where the infection is associated with adult T
cell leukemia (ATL), uveitis, and a chronic neurological disease
known as HTLV-1-associated myelopathy (HAM). HTLV-1
infection is present with varying frequencies among American
indigenous peoples, and its origin is attributed to the migratory
flow of ancestors or, more recently, to the trafficking of African
slaves during the colonial period (4).

HTLV-2 infection has an endemic distribution in Amerindian
populations (5–7). In North America, HTLV-2 is present in the
Navajo and Pueblo Indians of New Mexico (8, 9) and among the
Seminoles in Florida (10). In Central America, the infection is
endemic among the Guaymi of Panama (11–13) and Maya of
Mexico (14). In South America, the infection has been described
in the Wayu, Guahibo, Tunebo, and Orinoco of Colombia (15–
19), the Toba, Mataco, and Mapuche of Argentina (20–22), and
Gran Chaco of Paraguay (22). In Brazil, the presence of HTLV-
2 is described as hyperendemic in several ethnic groups, with
emphasis on the Kayapó people, where the prevalence reaches
percentages above 30% in some villages, with the endemicity
being associated with the spread of the virus through mother-
child (by breastfeeding) and sexual transmission routes (6, 23).

Molecular studies demonstrate the circulation of three HTLV-
2 molecular subtypes among these different indigenous peoples
of the Americas, with HTLV-2a and HTLV-2b (24) being
prevalent among peoples of North, Central and South America
(13, 14, 19, 22, 25–27) and the HTLV-2c subtype restricted to
indigenous peoples of the Brazilian Amazon (6, 7).

The origin of HTLV-2 infection among the native peoples
of the Americas has been attributed mainly to the migratory
flow of the Asian ancestors of the current Amerindian peoples
who ∼30,000 years ago migrated toward North America via
the Bering Strait, with a subsequent descent toward Central
and South America (28, 29). This migratory flow would have
introduced subtypes 2a and 2b among the current Amerindian
peoples, with the exception of the native peoples of Brazil,
whose 2c variant seems to have evolved independently after the

differentiated migration of ancestral peoples toward the Amazon
(7, 30).

Past and current human migratory flows are important
mechanisms for the dissemination, emergence and re-emergence
of infectious agents in different geographic areas (28), having a
marked role in the origin and spread of HTLV-1 and HTLV-
2 from the African continent toward Europe, Asia and the
Americas (4, 29, 31). Currently, social, political and economic
crises have motivated intense migratory movements and asylum
requests in Latin American countries, which certainly favors the
dispersion and emergence of infectious agents to new geographic
areas. In this sense, in the present study, we investigated the
occurrence of HTLV-1/2 infection and its subtypes in Venezuelan
immigrants of the Warao ethnic group living as refugees in
the city of Belém, one of the largest metropolises in the
Brazilian Amazon, to alert public authorities to the need to
create epidemiological surveillance programs, public social and
health policies aimed at welcoming immigrants, and the adequate
prevention of the spread of HTLV-1/2 in the Brazilian territory.

METHODS

Warao Population
The Warao people are the second most populous indigenous
group in Venezuela. Originally, they were located predominantly
in the Caribbean region of the Orinoco River Delta, in hundreds
of communities dispersed in rural, riverside, and coastal areas
and in several cities in the state of Delta Amacuro and regions
of the states of Monagas and Sucre, with archaeological records
of their presence in the area since 8 thousand years ago. The
economic and ecological pressures on their territories have been
ongoing for several decades, but they have become more acute
in the last 10 years, leading the Warao people to seek refuge in
other bordering countries (32, 33). They started to migrate to
Brazil in mid-2014, with migration intensifying with the increase
in the Venezuelan crisis in 2016, reaching the city of Belém
(Pará, Brazil), as well as other Bazilian capitals the following years
(Figure 1). The Warao migrated mainly in search of a better
quality of life and were motivated by the political, economic and
humanitarian crisis in their country. In Brazil, family groups
ultimately reside in public or self-managed shelters or even live
in street conditions and extreme poverty, often being exposed to
drug trafficking and prostitution (34, 35).
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FIGURE 1 | Map representing the migratory flow of the Warao people from Venezuela to Belém (State of Pará) and other Brazilian capitals.

In Venezuela, the Warao had fishing, crafts and the collection
of forest products as their main source of income. In their culture,
women are responsible for taking care of the home, raising
children and producing handicrafts sold in urban areas. In Brazil,
they are also responsible for collecting money at traffic signals.
Men, on the other hand, are responsible for feeding the family
and building houses (33).

Culturally, they try to maintain the role assignments between
men and women when they are refugees in other countries.
However, due to differences in territories, they ultimately try
other means of support. In some places, due to factors such
as prejudice, xenophobia and the absence of public policies,
indigenous Venezuelans are unable to enter the labor market and
become involved in crime and prostitution (34–36).

Ethical Aspects and Sample Collection
A total of 101 whole-blood samples were obtained from
individuals self-declared as belonging to the Warao ethnic
group, all of whom were from Venezuela and were living
in a refugee situation in the metropolitan region of Belém,
Pará, Brazilian Amazon. The project’s objectives were
presented to the communities in Spanish and Warao,
after which prior consent was obtained from the leaders
to carry out the research. All volunteers were interviewed
with the help of an interpreter, and after agreeing to
participate in the research, they signed a free and informed
consent term. The project followed the guidelines of
the Declaration of Helsinki and was approved by the
Ethics Committee for Research on Human Beings of the
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Health Sciences Institute of the Federal University of Pará
(CAAE: 31800720.1.0000.0018).

Collections were carried out from September 2020 to January
2021. From all participants, 4.5mL of venous blood was collected
in a vacuum tube containing EDTA (ethylenediamine tetraacetic
acid) as an anticoagulant. Then, the samples were transported
to the Virology Laboratory of the Federal University of Pará in
an insulated box. The samples were submitted to plasma and
leukocyte separation by means of centrifugation at 8,000 rpm for
15min, followed by storage at−20◦C until analysis.

Serological Screening
The samples were submitted to serological screening for the
detection of anti-HTLV-1 and anti-HTLV-2 antibodies using
an enzyme-linked immunosorbent assay (ELISA; Murex HTLV-
I+II, DiaSorin, Dartford, UK).

Real-Time PCR
ELISA-positive samples were subjected to DNA extraction using
a QIAamp DNAMini and Blood Mini Handbook Kit (QIAGEN,
Hilden, Germany).

qPCR was used to confirm and differentiate HTLV-1 and
HTLV-2 infection. In each sample, the human albumin gene was
used as an endogenous control, and the viral gene regions pol
(186 bp) and tax (75 bp) (37) were amplified.

The samples were tested in triplicate using Applied Biosystems
Step One Plus Real-Time PCR equipment. For each reaction,
12.5 µL of TaqMan Universal PCR Master Mix (2X), 6.0 µL of
ultrapure water (H2O), 0.5 µL of each primer, 0.5 µL of each
probe and 5.0 µL of DNA were used, resulting in a total volume
of 25 µL. The following temperature cycles were used: 95◦C
for 10min, followed by 45 cycles of 95◦C for 15 s and 60◦C for
binding of primers and probes for 1 min.

The primers used were 5
′

-CCCTACAATCCAACCAG
CTCAG-3

′

(HTLV-1F), 5
′

-GTGGTGAAGCTGCCATCG
GGTTTT-3

′

(HTLV-1R), 5
′

-CGATTGTGTACAGGCCG
ATTG-3

′

(HTLV-2F), 5
′

-CAGGAGGGCATGTCGATGTAG-3
′

(HTLV-2R), 5
′

-GCTGTCATCTCTTGTGGGCTGT-3
′

(Albumin
F), and 5

′

-AAACTCATGGGAGCTGCTGGTT-3
′

(Albumin
R), and the probe sequences were FAM-5

′

-CTTTACT
GACAAACCCGACCTACCCATGGA-3

′

-MGB (HTLV-1),
FAM-5

′

-TGTCCCGTCTCAGGTGGTCTATGTTCCA-3
′

-MGB
(HLTV-2) and FAM-5

′

-CCTGTCATGCCCACACAAATCTC-
3
′

-MGB (Albumin) (37).

Restriction Fragment Length
Polymorphism
Samples confirmed by qPCR as HTLV-2 positive were subjected
to molecular subtype identification through a nested PCR of the
env region (630 bp), followed by enzymatic digestion using the
restriction enzyme XhoI, which generates two fragments (430
and 180 bp). The first reaction consisted of 29.0 µL of water
(H2O), 5.0 µL of buffer (10X), 1.5 µL of MgCl2 (50mM), 0.5

µL of primer (E2) 5
′

CTGCAGAAGCTAGCAGGTCTA-3
′

(20
pmol), 0.5µL primer (E5) 5

′

-AGCCAAGTGTCCCTTCGACTA-
3
′

(20 pmol), 8.0µL of dNTPs (1.25mM), 0.5µL of Taq (1 U/µL),
and 5.0 µL of DNA.

The second reaction followed the same protocol, using the

primers (E1) 5
′

-CTGCAACAACTCCATTATCCT-3
′

and (E2)
5
′

CTGCAGAAGCTAGCAGGTCTA-3
′

and 5.0µL of DNA from
the first reaction (24). Both reactions employed the same
temperature cycles: 94◦C for 3min and 35 cycles of 94◦C for 40 s
for denaturation, 53◦C for 30 s for annealing primers, and 72◦C
for 40 s for extension.

For enzymatic digestion with XhoI, 7.3 µL of water (H2O),
2.0 µL of RE Buffer (10X), 0.2 µL of BSA, 10.0 µL of DNA from
the second PCR and 0.5 µL of the XhoI enzyme were incubated
for 4 h at 37◦C. The products were submitted to 3% agarose gel
electrophoresis at a voltage of 100V for 40min and visualized
with ethidium bromide staining.

Nested PCR of the 5
′

Long Terminal Repeat
Region
The sample confirmed for HTLV-1 was subjected to amplification

of the 5
′

LTR-1 region, with the aim of characterizing
the molecular subtype. First, 11.45 µL of ultrapure water
(H2O), 1.25 µL of buffer (10X), 3.0 µL of MgCl2 (50mM),
6.0 µL of dNTPs (10mM), 0.5 µL of each primer (20
pmol), 0.3 µL of Taq (1 U/µL) and 2.0 µL of DNA were
combined. The following HTLV-1 primer sequences were

used: (LTR-I.01) 5
′

-TGACAATGACCATGAGCCCCAA-3
′

,
(LTR-I.02) 5

′

-CGCGGAATAGGGCTAGCGCT-3
′

, (LTR-I.03)
5
′

-GGCTTAGAGCCTCCCAGTGA-3
′

, and (LTR-I.04) 5
′

-
GCTAGGGAATAAAGGGGCGC-3

′

. For HTLV-2, (F-IILTR)
5
′

-TCGCGATGACAATGGCGACTAGCCTC-3
′

, (Long-Gag)

5
′

-GGGGGCTTTGGGTATTGGAGTTGGG-3
′

, (Mo16)
5
′

-GCCTCCCAAGCCAGCCAC-3
′

, and (MSW-Gag) 5
′

-

GGGAAAAGCCCGTGGATTTGCCCCAT-3
′

were used. The
following temperature cycle was used: 94◦C for 5min; 35 cycles
at 94◦C for 40 s, 62◦C for 30 s and 72◦C for 40 s; ending at 72◦C
for 10 min.

DNA Sequencing and Phylogenetic
Analysis
After purification of the PCR product (5’LTR region), the
amplified DNA was sequenced using the Sanger method with a
BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher,
Waltham, MA, USA) using Genetic Analyzer 3130xl equipment
(Applied Biosystems) (38).

Sequence alignment of 430 bp for HTLV-1 and 534 bp for

HTLV-2 of the 5
′

LTR region was performed using the Clustal
W program implemented in BioEdit software v7.1.9 (39). The
phylogenetic relationships between the sequences described in
the present study (HTLV-1 - BRPA_31564 and HTLV-2 –
BRPA_31238) and those available in GenBank for HTLV-1
(BRPA; 146, BRPA; 180, CQ443748; BS130, EU108721; CA422,
CQ443755; K344, DQ005558; HTLV06, CQ443757; K535,
D1005565; HTLV24, M37299; H5, U12804; Algerian, U12806;
Pr52 Moroccan, U12805; OD Mauritanian, and L76310; pyg19,
JX501) and for HTLV-2 (AF306735; BrBel, AF306734; BrBel,
AF306725; BrBel, AF306726; BrBel, U10253; Br, AF306733; BrPa
Kararao, L42509; Br Kayapo, L42508; Br Kayapo, AF306731, BrPa
Kararao, AF306730; BrPa Tira; BrPa Kararao, AF306724; BrBel,
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AF306728; BrPa Gorotire, AF306727; BrPa Gorotire, AF306729;
BrPa Tiriyo, L42507; Ghana, L42510; Mex, U10257; USA,
Z46838; Afr, U10256; USA, U1060; USA, M10060, U10252; USA,
U10258; Nor, Y14364; Bambuti Afr, HTLVII_Y13051; Gab, L207;
USA, Z46888; Afr, U10263; USA, U12794; Wayu Col, U10260;
USA, U10264; USA, U10261; USA, L11456; Guay mi, U12792;
Wayu Col, X89270; Ita, U10255; ItA, L77241; Esp, L77237; Esp,
U10254; Ita, U10259; USA, L77244; Esp, L77238, Esp, U10265,
Esp, L77236; Esp, L77235; Esp, and U10266; Esp) were inferred
by the Bayesian method in the program MrBayes v3.2.7 (40),
using the replacement Hasegawa-Kishino-Yano (HKY) models
for HTLV-1 and the GTR+G model for HTLV-2 in the program
JmodelTest v2.1.10 (41). The statistical reliability of the Bayesian
tree was evaluated using 1,000 bootstrap replicates and visualized
using the FigTree v1.4.4 program (42).

RESULTS

Serological and Molecular Analysis
Among the 101 samples analyzed, the mean age of the
participants was 36 years, ranging between 18 and 77 years.
Three individuals (3.0%) tested positive by ELISA. Afterward, the
infection was confirmed by characterizing of the viral type in the
samples by means of qPCR analysis for the pol and tax genes.

HTLV-1 infection was confirmed in a 55-year-old woman
(1%), and HTLV-2 was present in a man (68 years old) and in a
woman (23 years old) (2.0%). Of the three positive samples, it was

possible to amplify the 5
′

LTR regions in only two for subsequent
sequencing and phylogenetic analysis.

The sample characterized as HTLV-1 positive showed, in
the phylogenetic tree, 100% grouping with samples of the
Cosmopolitan subtype (HTLV-1a), Transcontinental subgroup
(A) (Figure 2).

The HTLV-2 detected in one of the samples grouped in the
phylogenetic tree, with 76% support, with samples belonging
to the HTLV-2b subtype (Figure 3), forming a clade with
95% identity with strains isolated from the Guaymi (L11456)
and Wayu (U12792) indigenous communities from Colombia.
Although it was not possible to perform amplification and

sequencing of the 5
′

LTR region in one of the HTLV-2-infected
samples, nested PCR of the env region followed by enzymatic
digestion with XhoI confirmed that the sample also belonged to
subtype 2b.

Clinical-Epidemiological Characterization
of HTLV-1/2-Seropositive Individuals
As part of the Screening and Counseling Program for People
Living with HTLV implemented by the UFPA Virology
Laboratory, the results of the serological screening andmolecular
confirmation were delivered to all participants.

The three individuals positive for the infection were evaluated
by a physician from the Belém Municipal Health Department
for individual monitoring by the Unified Health System (SUS),
at which time a consultation and interview were carried out
to obtain information on risk factors and signs/symptoms
associated with HTLV infection (Table 1).

Individual #31564 (HTLV-1)

The individual is female, 55 years old, and single; has lived in
Brazil for 4 years; is illiterate and unemployed; and earns less than
half the national minimumwage per month (U$200). She did not
have tattoos or piercing, reported not knowing about receiving
blood transfusions, and reported having 25 children who were
breastfed for more than 6 months. She was breastfed as a child.
She refused to answer whether she had had sex with a sex worker
during her lifetime or if she had been sexually abused. She stated
that she did not use condoms during sexual intercourse and did
not remember the age of first sexual intercourse.

The patient had a central nervous system tumor identified by
CT at the health service, reported going to the bathroom more
frequently than usual, felt pain in her body, was progressing to
dementia, and had spots on her arm.

Individual #31235 (HTLV-2)

The individual was male and 68 years old, lived together with
his partner and had resided in Brazil for 3 years. He could read
and write Spanish, but he had incomplete basic education, was
unemployed, received emergency aid from the government, and
earned ∼1 national minimum wage per month. He reported
having been a smoker but had quit a long time ago. He did not
drink alcohol, had a tattoo located on his arm, reported that he
had never received a blood transfusion, had never used illegal
drugs, was breastfed as a child, had his first sexual intercourse
at age 20, had a steady sexual partner, did not use a condom
during sexual relations, had never had sex with a sex worker and
reported never having been sexually abused.

During the clinical evaluation, he reported having dizziness,
frequent headache, joint pain, lower back pain and a swollen foot
with spots for more than 1 year.

Individual #31238 (HTLV-2)

The individual was female and 23 years old, had lived in Brazil
for 1 year, lived with her partner, knew how to read and write in
Spanish, had incomplete basic education, and was unemployed
with a family income between half and one national minimum
wage per month.

Upon delivery of the result and interview with the physician
for information about the presence of signs and symptoms, the
patient refused to receive the result.

DISCUSSION

In the present study, we identified the presence of HTLV-1
and HTLV-2 infections in Warao immigrant refugees in Belém,
capital of the State of Pará. There are few studies on the
prevalence of HTLV-1/2 infection in Venezuela, with emphasis
by León et al. (43) on blood donors, in which an occurrence of
0.2% was detected, by Márquez et al. (44) on patients seen at a
health care unit (0.58%) and on indigenous populations, in which
the prevalence of HTLV-2 subtype b infection was described as
61% in the Yaruro and Guahibo populations (45), which once
again reinforces the presence of high frequencies of HTLV-2
infection in South American indigenous populations.
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FIGURE 2 | Rooted phylogenetic tree showing the relationships among the HTLV-1 samples available in GenBank and the one described in the present study

(BRPA_31564_Warao). The tree was constructed using the Bayesian method after aligning 430 nucleotides from the 5
′

LTR-1 region. The statistical sustainability test

(bootstrapping) was applied using 1,000 replicas of the sequence bank.

The first description of HTLV-2 in Venezuelan indigenous
peoples occurred in 1993 in the Pumé ethnic group, with 5%
of the samples being positive for HTLV-2. Perez et al. (46)
found this prevalence when investigating two villages that had
greater contact with non-indigenous individuals and four more
isolated villages, describing the presence of the infection as
something restricted to individuals who maintained contact with
outsiders, suggesting a non-indigenous origin of the virus. The
3% prevalence observed in our study is close to that described
for HTLV-2 among the Pumé, especially due to the character
of a non-isolated population that the Warao present in the
current context.

On the other hand, the description of the presence of HTLV-1
in the present study diverges from the three previous studies that
investigated the seroprevalence for HTLV-1/2 in Venezuela (46–
48). Notably, the presence of HTLV-1 subtype Cosmopolitan,
Transcontinental subgroup, suggests the circulation of HTLV-1
among the Warao, perhaps as a result of a possible transmission

from increased contact with non-indigenous individuals, as
suggested by Vandamme et al. (4) regarding contacts with
African-descendant populations living in the Americas.

Studies revealing a high prevalence of HIV-1 (9.55%) in
Warao have also indicated a high probability of HTLV infection
in this population since transmission routes and risk factors
are common for these and other sexually transmitted infections
(STIs) (48, 49).

The Warao refugee population in Brazil is looking for better
living conditions, such as work and access to the education
and health system. However, they ultimately live in precarious
situations, living in makeshift shelters and facing situations of
great social and economic vulnerability, commonly becoming
victims of racism, other forms of discrimination and the absence
of public policies that are culturally sensitive to their needs as
indigenous people and refugees (35, 50). All of these aspects
represent risk factors, with several reports of sexual abuse, drug
use and sex in exchange for money (49).
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FIGURE 3 | Rooted phylogenetic tree showing the relationships among the HTLV-2 samples available in GenBank and the one described in the present study

(BRPA_31238_Warao). The tree was constructed using the Bayesian method after aligning 534 nucleotides of the 5
′

LTR-2 region. The statistical sustainability test

(bootstrapping) was applied using 1,000 replicas of the sequence bank.

TABLE 1 | Epidemiological characteristics of HTLV-positive individuals belonging to the Warao ethnic group residing in the city of Belém, Pará, Brazil.

Individual Age Sex HTLV Partners Sexual Sex Age of first Condom Piercing Tattoo Received Was breastfed

per week abuse for sexual use blood as a

report money intercourse transfusion child

31,235 68 Male 2 1 No No 20 No No Yes No Yes

31,564 55 Female 1 0 RA RA NA No No No NA Yes

RA, refused to answer; NA, could not answer.

In our study, the occurrence of HTLV-1 and HTLV-2 in two
females is perhaps associated with a greater exposure of women
to a situation of risk for STIs due to the living conditions faced by
these indigenous communities, where women are subordinate to
men, resulting in cases of sexual abuse, family violence and risky
sexual practices (35).

To date, the results described here are unprecedented and
reinforce the findings of the high prevalence of HTLV-2 in
indigenous peoples, as already demonstrated by our group in
populations from the Brazilian Amazon (6, 23, 30, 51). However,
the presence of the HTLV-2b subtype represents a unique aspect
in the epidemiological context of HTLV infection in the city of
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Belém, where the HTLV-2c subtype, frequent in the indigenous
peoples of the region, prevails. Furthermore, the presence of
subtype 2b was described only once in the capital Belém, and
although it was not possible to clarify the entry route at that
time, it was most likely the result of introduction by migratory
flow (52). More recently, the same molecular subtype 2b was
described among injection drug users in the State of Pará (53),
reinforcing the need to implement molecular epidemiological
surveillance to prevent the entry and spread of new viral strains
in the population.

One of the hypotheses to explain the presence of HTLV-2b
in the Warao people would be the proximity of their place of
origin to the Guahibo people, in addition to the similar life habits
(35). During the collections and interviews, it was possible to
observe that there were, among the Warao residents in Belém,
cases of union between individuals of different ethnicities and
with non-indigenous individuals, suggesting possible alternative
routes for the presence of the virus in the studied group. Another
hypothesis would be that of sexual transmission through women
who end up having a greater degree of exposure to harassment
in large cities as a result of the sale of handicrafts or the act of
asking for money at traffic signals. Similarly, for men, the risk is
increased due to involvement with sex workers.

The sexual route being the main HTLV transmission route
in the Warao population was supported by reports of not using
condoms during sexual intercourse, increasing the susceptibility
to STIs. Additionally, this hypothesis is reinforced by the
precarious situation in which the Warao live, reporting lack of
food, child malnutrition, and cases of pneumonia, tuberculosis,
measles, coronavirus disease 2019 (COVID-19) and other
diseases such as HIV and other STIs (35, 54, 55).

HTLV-1 infection is associated with neurological symptoms
that can affect between 1 and 5% of those infected, especially
affecting middle-aged women (56). In the clinical evaluation that
HTLV-positive individuals underwent, it was possible to verify
the occurrence of skin changes, body aches, urinary incontinence,
dementia and diagnosis of a brain tumor in the 55-year-old
patient with HTLV-1.

CONCLUSION

Finally, our results reveal for the first time the circulation of
HTLV-1 andHTLV-2 in theWarao ethnic group fromVenezuela,
who are refugees in the State of Pará (northern Brazil). The
presence of the HTLV-2b subtype reinforces that this molecular
variant is prevalent among the indigenous peoples of South
America and highlights migratory flow as an important means
of introduction and dispersion of HTLV in human populations,
especially those in the Brazilian Amazon. Due to the economic,

political, environmental and humanitarian crises that several
countries in Latin America are experiencing, resulting in intense
migratory flows that mainly affect the most vulnerable groups,
national states need to plan and implement culturally sensitive
public health policies to welcome and care for traditional peoples
in their territories, as well as guarantee adequate epidemiological
surveillance and health services (among others) for immigrants,
following multilateral legal provisions and the principles of
humanitarian assistance and international solidarity.
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Background: The distribution of human T cell lymphotropic virus type 1 (HTLV-1)

overlaps with that of Strongyloides stercoralis. Strongyloides stercoralis infection has

been reported to be impacted by co-infection with HTLV-1. Disseminated strongyloidiasis

and hyperinfection syndrome, which are commonly fatal, are observed in HTLV-1

co-infected patients. Reduced efficacy of anti-strongyloidiasis treatment in HTLV-1

carriers has been reported. The aim of this meta-analysis and systematic review is to

better understand the association between HTLV-1 and S. stercoralis infection.

Methods: PubMed, Embase, MEDLINE, Global Health, Healthcare Management

Information Consortium databases were searched. Studies regarding the prevalence

of S. stercoralis, those evaluating the frequency of mild or severe strongyloidiasis, and

treatment response in people living with and without HTLV-1 infection were included.

Data were extracted and odds ratios were calculated. Random-effect meta-analysis was

used to assess the pooled OR and 95% confidence intervals.

Results: Fourteen studies were included after full-text reviewing of which seven

described the prevalence of S. stercoralis and HTLV-1. The odds ofS. stercoralis infection

were higher in HTLV-1 carriers when compared with HTLV-1 seronegative subjects (OR

3.2 95%CI 1.7–6.2). A strong association was found between severe strongyloidiasis and

HTLV-1 infection (OR 59.9, 95%CI 18.1–198). Co-infection with HTLV-1 was associated

with a higher rate of strongyloidiasis treatment failure (OR 5.05, 95%CI 2.5–10.1).

Conclusion: Strongyloides stercoralis infection is more prevalent in people living with

HTLV-1. Co-infected patients are more likely to develop severe presentation and to fail

treatment. Screening for HTLV-1 and Strongyloides sp. should be routine when either

is diagnosed.

Keywords: HTLV-1, Strongyloides stercoralis, co-infections, severity, treatment, prevalence

INTRODUCTION

HumanT-cell lymphotropic virus type 1 (HTLV-1) is a retrovirus that belongs to theDeltaretrovirus
genus in the Retroviridae family (1). This enveloped, single-stranded positive sense RNA virus
discovered in 1979, is the first reported human retrovirus. HTLV-1 infection is identified
worldwide, especially in subtropical and tropical countries, such as Southwest Japan, West Africa,
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South America, and the Caribbean. An estimated 5–10 million
individuals are infected with HTLV-1, of which 90–95% are
asymptomatic. This may be an underestimate as many regions
have not reported the prevalence of HTLV-1 (2). HTLV-1 infects
mainly CD4+ T lymphocytes and causes life-long infection.

Asymptomatic infection can progress to severe, or even fatal
diseases. Adult T-cell leukemia/lymphoma (ATL/ATLL) with
a median survival <1 year, develops in 5% HTLV-1 infected
patients (3, 4). HTLV-1-associated myelopathy / tropical spastic
paraparesis (HAM/TSP), a progressive inflammation in the
central nervous system (CNS) (5), occurs in ∼3% (6, 7) whilst
a range of other inflammatory conditions (8), such as uveitis (9),
Sjogren’s syndrome (10), and bronchiolitis (11) along with several
cancers may be associated with HTLV-1 infection. Importantly,
HTLV-1 infection is associated with an unexplained 57% increase
in overall mortality (12). This could be partly explained by the
impact of HTLV-1 on co-infections.

Strongyloides stercoralis has two life cycles, a free-living cycle
in soil and a parasitic cycle in the host (mainly human). In
the free-living cycle, eggs are hatched as rhabditiform larvae,
transformed into infectious filariform larvae, which penetrate the
skin and migrate to the intestine where they mature into adult
females and produce eggs parthenogenetically. The eggs hatch as
non-infective rhabditiform larvae and are excreted in feces. In the
soil or feces rhabditiform larvae are fertilized to filariform larvae.
However, autoinfection also occurs in which the rhabditiform
larvae fertilize into filariform larvae in the large bowel, migrate
to the lungs and return to the bowel through swallowed sputum,
allowing S. stercoralis to persist (13, 14).

Although ∼50% patients with strongyloidiasis are
asymptomatic, hyperinfection syndrome (HS) and disseminated
strongyloidiasis (DS) are severe clinical presentations with
85–100% mortality (15–17). HS is the uncontrolled proliferation
of larvae during immune compromise and characterized by a
high number of larvae in sputum and stool. In DS larvae are
detected in organs other than associated with the autoinfection
cycle (lung and intestine). High strongyloidiasis treatment failure
rate has been reported in HTLV-1 positive patients.

Here, we conducted a systematic review and meta-analysis of
the association between HTLV-1 and strongyloidiasis infections,
the impact of HTLV-1 co-infection on strongyloidiasis severity,
and on anti-helminth treatment efficacy.

METHODS

Search Strategy and Study Selection
This systematic review and meta-analysis were performed
following the guideline of PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analysis). PubMed and OVID
(MEDLINE, Embase, Healthcare Management Information
Consortium, Global Health) were used as the electronic
databases (up to 7 January, 2021). Keywords used in the search
were “Strongyloides stercoralis,” “S. stercoralis,” “Strongyloides,”
“Strongyloidiasis,” “Human T-lymphotropic virus,” “Human T-
cell Leukemia Virus,” “Human T-cell Leukemia Virus,” “HTLV-
1,” and “HTLV”. Studies were included if they focused on at
least one of these areas: (1) the prevalence of Strongyloides

stercoralis and HTLV-1 in the population; (2) the severity
of strongyloidiasis in people living with HTLV-1 and HTLV-
1 uninfected individuals; (3) the efficacy of anti-helminthic
treatment in S. stercoralis-infected patients co-infected with
HTLV-1 or without HTLV-1. Duplicate studies, review articles
and articles: that were not written in English, Portuguese, Spanish
or Chinese; where full text was not available; or had not been peer
reviewed, were excluded. Studies without a control group and
those without confirmatory test for HTLV-1 infection (Western
Blot, Line Immunoassay and/or PCR), those focusing only on
changes in biomarkers, for example, eosinophils count and IgE
levels, and HTLV-1 proviral load, were also excluded. Severe
strongyloidiasis was defined as hyperinfection, dissemination and
the identification of S. stercoralis-larvae in specimen other than
stool sample as well as the definition used by the authors.

Data Extraction and Analysis
For each paper that met the selection criteria, the following data
were extracted when available: year of publication, locations,
regions and country of the study, total number of participants,
number of positive subjects (infected by HTLV-1 and/or
Strongyloides), methods for S. stercoralis and HTLV-1 diagnosis.
To analyze the clinical outcome, the number of patients with
severe strongyloidiasis and those without in case and control
groups was extracted. For studies relating to efficacy of treatment,
the number of patients with evidence of treatment failure, the
dosages and the types of drugs used were collected.

Meta-analysis was performed using software Revman5. A
random-effect model was used to calculate the odds ratio of
Strongyloides stercoralis infection among the HTLV-1 positive
and HTLV-1 negative populations and 95% confidence intervals
(CI). The OR of S. stercoralis infection among people living
with HTLV-1 (PLHTLV) when different diagnostic methods were
used was calculated in the subgroup analysis (stool analysis or
serological techniques). A forest plot for this subgroup analysis
was plotted. Odds ratio (OR) and 95% CI were calculated for
the effect of HTLV-1 on S. stercoralis infection, i.e., severity
and treatment results. Heterogeneity in all meta-analyses was
calculated. The statistical significance level considered was p
< 0.05.

RESULTS

One thousand hundred and seventy studies had been retrieved
according to the keywords. Three hundred and twenty-four
studies were full-text available articles and written in English,
Portuguese, Spanish or Chinese. Eighty-five papers were screened
using full-text and 14 studies that met the inclusion criteria were
used in the meta-analysis (Figure 1).

The Risk of Strongyloids sp. Infection Is
Higher in People Living With HTLV-1
Seven studies examined the prevalence of HTLV-1 and
Strongyloides stercoralis co-infection: two from Australia (18, 19),
one from French West Indies (20), two from Brazil (21, 22),
two from Jamaica (23, 24). Both studies from Brazil used stool
examination for the diagnosis of S. stercoralis (21, 22). Serological
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FIGURE 1 | Flow chart of the selection of studies.

TABLE 1 | Studies reporting the prevalence of S. stercoralis and HTLV-1 that met the selection criteria.

References Country Number of

participants

H+SS+ n

(%)

H+SS- n (%) H-SS+ n (%) H-SS- n (%) Diagnosis of

HTLV-1

Diagnosis of

SS

Einsiedel et al. (18) Australia 72 6 (8.3) 22 (30.6) 4 (5.6) 40 (55.6) EIA, PA, WB, PCR Serology

Robinson et al. (23) Jamaica 207 14 (6.8) 9 (4.3) 48 (23.2) 136 (65.7) ELISA, WB Serology

10 4 7 41 ELISA, WB Stool

Chieffi et al. (19) São Paulo, Brazil 152 11 (7.2) 80 (52.6) 1 (0.7) 60 (39.5) ELISA, WB Stool

Einsiedel et al. (19)* Australia 950 111 (9.9) 237 (26.5) 158 (13.9) 444 (49.6) PA, EIA, IFA, WB Serology

Chaturvedi et al. (24) Jamaica 288 17 (5.9) 117 (40.6) 18 (6.3) 136 (47.2) EIA, WB, PCR Serology

Furtado et al. (22) Pará, Brazil 100** 6 (6.0) 36 (36.0) 3 (3.0) 55 (55.0) ELISA, PCR Stool

Courouble et al. (20) Guadeloupe, French

West Indies

238 37 (15.5) 82 (5.5) 13 (5.5) 106 (44.5) EIA, WB Serology

H, Human T-cell lymphotropic Virus Type 1; SS, Strongyloides stercoralis. + and – present positive and negative results. ELISA, Enzyme-linked immunosorbent assay; WB, Western
blot; PA, Particle agglutination; EIA, Enzyme immunoassay; IFA, Immunofluorescence assay; PCR, Polymerase chain reaction; NR, Not reported.
*Patients with borderline Strongyloids serology were not included.
**Patients infected with HTLV-2 and their relatives, were included in the group not infected by HTLV-1.

examination was used in four studies (18–20, 24) and one study
from Jamaica used both types of examination (23) (Table 1).

Two studies from Brazil compared the frequency of larvae
positive stool samples in patients with HTLV-1 and a control
group. Chieffi et al. (21) evaluated blood donors from São Paulo
and observed that the frequency of Ss infection was higher in
those infected by HTLV-1 when compared to the control group
[11/91 (12.1%) vs. 1/61 (1.6%), OR = 8.25 (1.05–175.6), p =

0.015]. In Pará, the detection of Ss larvae was more frequent in
patients with HTLV-1 than in their relatives, not infected by this

virus [6/42 (14.3%) vs. 0/29 (0%), p = 0.036] (22). In the same
study the frequency of Ss in HTLV-2 patients and their relatives
was also assessed but no significant difference was observed [2/18
(11.1%) vs. 1/11 (9.1%), p= 0.684] (22).

Four studies compared the prevalence of antibodies to Ss in
patients with HTLV-1 and a control group. One study from
Jamaica, found similar prevalence of antibodies to Ss in blood
donor candidates with and without HTLV-1 infection [HTLV-1
seropositive: 17/134 (12.7%) vs. HTLV-1 seronegative: 18/154
(11.7%), p= 0.79] (24). In a remote indigenous community from
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FIGURE 2 | Forest plot of subgroup meta-analysis of the association between S. stercoralis and HTLV-1 using different diagnostic methods.

FIGURE 3 | Meta-analysis of the association between severe strongyloidiasis and HTLV-1.

Australia, although the prevalence of Ss antibodies was higher
in those infected by HTLV, the difference was not statistically
significant [6/28 (21.4%) vs. 4/44 (9.1%), p= 0.17] (18). The same
research group then evaluated a higher number of participants
and the results whilst similar approaching statistical significance
[111/409 (27.1%) PLHTLV-1 had positive Strongyloides serology
compared with 158/717 (22%) of those who were not infected
with HTLV-1, p = 0.063] (19). In Guadeloupe, French West
Indies, blood donors seropositive for HTLV-1 had 3.68 (95%
CI 1.74–7.89) higher frequency of having antibodies to Ss than
HTLV-1 uninfected blood donors [37/119 (31.1%) vs. 13/119
(10.9%)]. When adjusting for age, the risk was two times higher
for people living with HTLV-1 (AdjOR = 2.08, 95%CI 1–
4.35) (20).

Another study from Jamaica found evidence of an association
between Strongyloides and HTLV-1 infection (Table 1). In
that occasion, 17 patients had been diagnosed positive for
S. stercoralis-larvae of whom 10 (58.8%) were co-infected with

HTLV-1. In contrast, 4 of 45 (8.9%) individuals with S. stercoralis-
seropositive but larva negative were HTLV-1 positive and only
9 out of 145 (6.2%) participants not infected by S. stercoralis
(evaluated by serology and stool tests) were HTLV-1 positive.
This study gave evidence that being a S. stercoralis carrier was
highly associated with the presence of HTLV-1 (OR 19.45, 95%
CI 6.36–59.5; Figure 2) (23).

In total, 2,390 participants were included (869 individuals
infected with HTLV-1 and 1,521 seronegative for HTLV-1)
(Figure 2). Strongyloides stercoralis infection wasmore frequently
observed in patients with HTLV-1 24.4% (212/869) compared
with 16.6% in HTLV-1 uninfected individuals (252/1,521), with
a pooled odds ratio 3.22 [95% Confidence interval (95%CI) =
1.66–6.25]. However, large heterogeneity was observed between
different studies (I2 = 63%, P = 0.001). The association was
stronger when analyzing patients diagnosed by stool methods
[OR (95%CI) = 8.43 (2.4–29.2)] than those diagnosed with
serological examination [OR (95%CI) = 2.12 (1.2–3.8)]. A high
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heterogeneity was observed within subgroups and among the
studies that used serology (Figure 2).

Patients With HTLV-1 Are More Likely to
Develop Severe Strongyloidiasis
Three studies reporting the association between the severity
of strongyloidiasis, and HTLV-1 co-infection met the inclusion
criteria (Figure 3) (25–27).

One study found all Peruvian patients with Strongyloidiasis
hyperinfection to be HTLV-1 positive (12/12). On the other
hand, only 4 of 42 (9.5%) patients with asymptomatic or mild
strongyloidiasis had concurrent HTLV-1 (0/12 asymptomatic,
4/30 symptomatic). This gives the odds of severe strongyloidiasis
to be 214 times (10.7–4,256) higher among PLHTLV compared
to those without HTLV-1 infection, although the 95% CI was
broad (27). In another study from Peru, the great majority
of patients with severe strongyloidiasis were co-infected by

HTLV-1 (18/21, 85.7%). The frequency of HTLV-1 infection was
significantly higher in patients with severe disease comparing
to those with intestinal Ss (6/62; 9.7%, p < 0.001) and to age-
matched healthy individuals with negative stool samples for
Ss (1/21, 4.7%) (26). The group reported that two patients
with intestinal Ss co-infected by HTLV-1 eventually evolved to
hyperinfection despite two courses of ivermectin treatment (26).
In both studies from Peru, severe cases were defined by “systemic
illness (chronic diarrhea, abdominal pain, loss of weight, cough,
edema, hypoproteinemia, and anemia), and with two or more
organs (usually lung, intestines, liver, and the central nervous
system) involved, with stools positive for Strongyloides larvae,
and at least one larvae in a sputum specimen” (26, 27). Severe
strongyloidiasis was not found among HTLV-1 negative subjects
from Brazil (0/40). In contrast, 3/27 of PLHTLV had severe
strongyloidiasis, characterized by hospitalization due to severe Ss
symptoms (diarrhea, dehydration and hypoalbuminemia) (OR=

FIGURE 4 | Forest plot of meta-analysis on treatment failure according to HTLV-1 serostatus.
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TABLE 2 | Summary of treatment efficacy of strongyloidiasis in patients with or without HTLV-1 according to the type of drugs used in the treatment.

References Country Follow-up duration Treatment HTLV-1 positive HTLV-1 negative

Success Failure Success Failure

Zaha et al. (31) Japan 12 months 6mg (110 µg/kg) Ivermectin,

repeated after 2 weeks

28 28 89 7

200 µg/kg Ivermectin, repeated after

2 weeks

18 2 42 0

Satoh et al. (29) Japan 12 months 400 mg/day Albendazole for 3 days,

repeated after 2 weeks

13 19 31 16

Toma et al. (30) Japan 12 months 5 mg/kg Pyrvinium pamoate for 3

days, repeated after 2 weeks

3 24 11 22

400 mg/day Albendazole for 3 days,

repeated after 2 weeks

12 7 53 12

1 tablet Ivermectin (6mg), repeated

after 2 weeks

14 2 51 0

Hoces et al. (28) Peru 3–6 months 200 µg/kg Ivermectin for 2 days, 2 ×

200 µg/kg Ivermectin after 15 days

6 0 13 0

11.57, 95%CI 0.6–233.7) (Figure 3) (25). Interestingly, all three
patients did not have anti-Ss IgE in serum nor a reactive skin
test to Ss, despite being severely ill with anti-Ss IgG in serum and
positive stool samples (25).

Furtado et al. (22) reported that 2/6 patients with HTLV-1 and
Ss co-infection had hyperinfection, but no case of Ss infection
was reported in the control group, uninfected by HTLV-1, and
therefore this study was not included in this analysis.

In total, 33/68 patients with HTLV-1 and Strongyloids had
severe strongyloidiasis, while only 3/157 individuals without
HTLV-1 co-infection had severe presentation of Ss infection,
resulting in a OR= 59.9 (18.1–198).

HTLV-1 Infection Negatively Impacts
Treatment Response to S. stercoralis
When considering the impact of HTLV-1 on anti-S. stercoralis
treatment response, three studies from Japan and one study from
Peru found association between treatment failure and HTLV-1
infection (Figure 4) (28–31). Data were presented according to
the drugs used in the studies (Table 2). The pooled odds ratio
of anthelminthic treatment failure among HTLV-1 positive was
5 times higher than among HTLV-1 negative individuals (95%
CI: 2.54–10.06) (Figure 4). Most studies assessed the efficacy at
12-month, varying from 3 to 12 months. All treatment regimens
comprised two courses with a 2-week interval before the second
course was taken. Toma et al. observed that the cure rates were
significantly lower in PLHTLV-1 regardless the treatment used
(30). The highest failure rate was observed when using Pyrvinium
pamoate, with 24/27 (88.9%) HTLV-1 seropositive and 22/33
(66.7%) HTLV-1 seronegative patients failing to eradicate the
larvae (p < 0.05) (30). Response to Albendazole (400 mg/day)
was also lower in co-infected patients (36.8% of HTLV-1 positive
patients failed treatment compared to 18.5% monoinfected, p <

0.02). Even when treated with Ivermectin (1 tablet, 6 mg/tablet,
∼110 µg/kg), which was considered the most effective drug
among the three analyzed in this study, patients co-infected with
HTLV-1 failed treatmentmore frequently than those seronegative

for HTLV-1 [2/16 (12.5%) vs. 0/51(0%), p < 0.002] (30). Zaha
et al. (31) compared the anthelmintic effect of two different doses
of ivermectin (110 and 200 µg/Kg) in patients with and without
HTLV-1 coinfection. Although he found a significant increase in
eradication of S. stercoralis larvae when treated with the higher
dosage of Ivermectin, the cure rate was consistently lower in
those PLHTLV. The long-term (4–12 months) anthelminthic
effect of 110 µg/kg Ivermectin in HTLV-1 co-infected patients
was 50% (28/56) and significantly increased to 90% (18/20, p
< 0.05), when the dosage increased to 200 µg/kg (31). The
increased dosage also increased the efficacy of treatment in
patients with strongyloidiasis only. None of the 42 HTLV-1
negative patients who received 200 µg/kg Ivermectin failed
the treatment compared to 7/96 when using the lower dose
(31). Hoces et al. found that all patients with strongyloidiasis
responded to two-course treatment with 200 µg/kg Ivermectin
followed by 400 µg/kg Ivermectin 15 days later, independent of
HTLV-1 serostatus (28).

A subgroup meta-analysis on the association of treatment
failure and HTLV-1 that used different drugs was performed. The
pooled OR for the non-cured cases in the patients co-infected
with HTLV-1 vs. without HTLV-1 treated with 400 mg/day
Albendazole was 2.73 (95% CI 1.33–5.57) and for those treated
with Ivermectin 110 µg/kg (1 tablet, 6mg) was 13.07 (95% CI
5.36–31.87). In total the OR of treatment failure was 5.05 (95%CI
= 2.5–10.1). The heterogeneity between subgroups was large and
reaching statistical significance (I2 = 60.6%, p= 0.05) (Figure 4).

DISCUSSION

A 2013 systematic review found an association between the
prevalence of Strongyloides and HTLV-1 infection (32) whilst
Schierhout et al. reported a strong association between HS and
HTLV-1 infection (12). Here, the impact of HTLV-1 infection on
the prevalence of S. stercoralis when diagnosed by either serology
or microscopy, on the severity of disease and anthelminthic
treatment efficacy have been systematically reviewed.
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In total, 14 studies from both S. stercoralis and HTLV-1
endemic areas were included in this meta-analysis, of which
five were from South America, four from Japan, three from the
Caribbean and two from Australia. Compared with uninfected
persons the risk of S. stercoralis infection is increased (OR
3.22) amongst HTLV-1 infected persons. This extends the earlier
observations of Schär et al. (32) (OR 2.48, 95% CI 0.70–9.03)
although their results did not reach statistical significance. As
expected, the prevalence of S. stercoralis infection, in HTLV-1
infected persons, when determined by serology (22.1%) is higher
than that determined by stool examinations (10%). However,
the odds for being HTLV-1 seropositive are higher when Ss is
detected in stool (OR 8.43), compared to those positive for S.
stercoralis by serology (OR 2.12). This suggests that persistent
parasite excretion contributes to these associated prevalence
rates, rather than incidence of infection. However, it remains
possible that patients infected with HTLV-1 are at higher risk
of becoming infected with S. stercoralis, although this may be
due to co-factors such as socio-economic and environmental
characteristics. The heterogeneity across the studies that used
serological tests was large and significant (I2 = 71%, p < 0.05),
while studies using stool examinations were more homogenous
(I2 = 52%, p = 0.13). Although the findings are robust, the
number of studies remain limited and further investigation
from a wider range of countries, using robust diagnostics test
and an adequate number of participants are required to better
understand the contribution of each (risk of infection or parasite
persistence) to the overall association.

The present study confirmed not only that Strongyloides
infection is more commonly observed in PLHTLV, but in
addition, that HTLV-1 infection is more frequently associated
with a severe outcome. The present study demonstrated that
the chance of developing severe strongyloidiasis is almost 60
times higher if the person is coinfected with HTLV-1 (OR =

59.9, 95%CI 18.1–199). The number of manuscripts that matched
the inclusion criteria is small and were restricted to two South
American countries (Peru and Brazil). However, there are enough
biological data to support this finding. Experimental data suggest
that HTLV-1, unlike HIV, activates, rather than kills, CD4+
T cells which upregulates Interleukin (IL)-2/IL-2 receptor and
subsequently induce Th1 responses (33, 34). In contrast, this
causes a reduction in the Th2 response which is important for
the eradication of the parasite. A suppressed immune response
against helminths, characterized by low level of eosinophils, IgE,
IL-5, and IL-4, was found in people co-infected with HTLV-
1 and S. stercoralis (25, 35, 36). Recent studies suggest that
regulatory T cells are expanded in patients living with HTLV-1,
which blunts the Th2 responses. Furthermore, steroids and other
immunomodulatory drugs used as routine treatment for HTLV-1
associated diseases, may contribute to increase the risk of severe
disease (37).

In addition to the evidences showing plausible immunological
basis underlying the association between HTLV-1 infection and
increased disease severity in Ss co-infected patients, Einsiedel
et al. (19) observed that HTLV-1 carriers in Central Australia
were more likely to be admitted in the hospital with a diagnosis of
Strongyloidiasis and had higher admission numbers due to this

condition [admission rates HTLV-1 positive (n = 490) = 0.23
vs. HTLV-1 negative (n = 827) = 0.11, p < 0.0001]; Adjusted
negative binominal regression coefficient = 0.563, p = 0.005).
This epidemiological data also supports the findings of our study.

Another concern that needs attention is that the impact of
this co-infection is not restricted to unfavorable outcome of
Ss, but it may also negatively impact the outcome of HTLV-1
infection. A number of studies reported higher HTLV-1 proviral
load among co-infected individuals, a known risk factor for
the development of HTLV-1 associated disease (36, 38, 39).
In addition, Ss stimulates oligoclonal proliferation of HTLV-
1-infected lymphocytes and, in patients with this coinfection,
HTLV-1 clonality is less stable over time, which may be a
precipitating factor for ATL (39, 40). In fact, the latency of onset
of ATL was shortened in patients with S. stercoralis (36, 40).
Higher rates of mother-to-child HTLV-1 transmission was also
reported among those women that were co-infected by Ss (41).

Altogether, these findings point to a negative impact of
S. stercoralis infection in the outcome of HTLV-1 infection and
the interplay between Ss and HTLV-1 in the pathogenesis of
both infections was recently reviewed. Nevertheless, the authors
highlighted that in the absence of suitable animal models, the
mechanisms in disrupting host’s immune system between HTLV-
1 and S. stercoralis is poorly studied (42).

Treatment efficacy of different anti-S. stercoralis drugs in
patients with or without HTLV-1 infection was also assessed.
Efficacy varied by treatment with some being very poor and
perhaps now obsolete. Nevertheless, regardless of treatment type,
HTLV-1 co-infected patients had higher odds of having failed
antiparasitic therapy than those without HTLV-1. The effective
of treatments were determined by stool examinations with a
post-treatment follow-up duration ranging from 3 to 12 months,
with a PCR test used in a proportion of patients in one study.
It is important to undertaken proper follow-up of patients
under/post-treatment and to perform multiple samplings to
avoid false-negative stool examination results caused by the
intermittent excretion of larvae (43, 44). All treatment regimens
included in the analysis comprised two courses with a 2-week
interval, taking into consideration drug toxicity and S. stercoralis
autoinfection cycle, which takes about 3 or 4 weeks for eggs
fertilizing to larvae and these to settle into the small bowel (44).
The most widely used and most effective agent was Ivermectin.
Ivermectin, approved since 2000 was the most efficient drug
to eradicate S. stercoralis, especially in immunocompromised
patients (45). Hoces et al. reported that all patients that had
been treated with higher dosages ivermectin showed negative
results, after treatment. However, late recurrences, even after two
courses of appropriately doses ivermectin may occur, months
or years later. In HTLV-1 co-infection, prolonged surveillance
post-Strongyloides treatment is essential. Also, prompt treatment
of strongyloidiasis in patients with HTLV-1 is important, as it
resulted in increased TNFα levels and decreased the risk of
recurrence (46). This shows the importance of diagnosing either
HTLV-1 or S. stercoralis. Whatsoever, as discussed above, there is
not such a “golden standard” of diagnosis of S. stercoralis, which
poses difficulties for routine diagnosis. As both S. stercoralis and
HTLV-1 may cause chronic and asymptomatic infection, active
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surveillance on those patients who are diagnosed with these
pathogens is important. In addition, co-infection cases may also
occur in non-prevalent areas due to influx of immigrants or prior
travel to endemic countries.

CONCLUSION

People living with HTLV-1 have a higher risk of being infected
by Strongyloides and have higher risk of developing severe
strongyloidiasis and anthelmintic treatment failure. Patients who
have been infected with S. stercoralis, especially those who had
traveled to or live in an endemic area, should be advised to be
tested for HTLV-1. HTLV-1 patients who live in a S. stercoralis
endemic area should be tested for S. stercoralis, especially before
starting treatment for HTLV-1 associated diseases, in order to
prevent the development of hyperinfection and disseminated
strongyloidiasis. All patients who had developed a HS or
DS should be screened for HTLV-1 as well as those who
failed treatment to strongyloidiasis. Increasing awareness about

the impact of this coinfection among general population and

healthcare workers is needed, as well as further studies about the
impact of HTLV-1 in other co-infections.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

LY conducted the literature search, undertook the analyses, and
wrote the first draft. CR and GPT designed and supervised the
work and edited the final version. All authors contributed to the
article and approved the submitted version.

FUNDING

GPT was supported by Imperial NIHR Biomedical
Research Center.

REFERENCES

1. ICTV. International Commitee on Taxonomy of Viruses. Taxonomy History:

Primate T-lymphotropic Virus 1 (2017).

2. Gessain A, Cassar O. Epidemiological aspects and world

distribution of HTLV-1 infection. Front Microbiol. (2012) 3:388.

doi: 10.3389/fmicb.2012.00388

3. Hinuma Y, Nagata K, Hanaoka M, Nakai M, Matsumoto T, Kinoshita KI, et al.

Adult T-cell leukemia: antigen in an ATL cell line and detection of antibodies

to the antigen in human sera. Proc Natl Acad Sci USA. (1981) 78:6476–80.

doi: 10.1073/pnas.78.10.6476

4. Katsuya H, Ishitsuka K, Utsunomiya A, Hanada S, Eto T, Moriuchi Y,

et al. Treatment and survival among 1594 patients with ATL. Blood. (2015)

126:2570–7. doi: 10.1182/blood-2015-03-632489

5. Gessain A, Barin F, Vernant JC, Gout O,Maurs L, Calender A, et al. Antibodies

to human T-lymphotropic virus type-I in patients with tropical spastic

paraparesis. Lancet. (1985) 2:407–10. doi: 10.1016/S0140-6736(85)92734-5

6. Orland JR, Engstrom J, Fridey J, Sacher RA, Smith JW, Nass C,

et al. Prevalence and clinical features of HTLV neurologic disease

in the HTLV Outcomes Study. Neurology. (2003) 61:1588–94.

doi: 10.1212/01.WNL.0000096011.92542.DA

7. Tanajura D, Castro N, Oliveira P, Neto A, Muniz A, Carvalho NB,

et al. Neurological manifestations in human T-cell lymphotropic

virus type 1 (HTLV-1)-infected individuals without HTLV-1-associated

myelopathy/tropical spastic paraparesis: a longitudinal cohort study. Clin

Infect Dis. (2015) 61:49–56. doi: 10.1093/cid/civ229

8. Martin F, Taylor GP, Jacobson S. Inflammatory manifestations of HTLV-1

and their therapeutic options. Expert Rev Clin Immunol. (2014) 10:1531–46.

doi: 10.1586/1744666X.2014.966690

9. Mochizuki M, Yamaguchi K, Takatsuki K,Watanabe T, Mori S, Tajima K, et al.

and uveitis. Lancet. (1992) 339:1110. doi: 10.1016/0140-6736(92)90699-4

10. Nakamura H, Eguchi K, Nakamura T, Mizokami A, Shirabe S, Kawakami

A, et al. High prevalence of Sjögren’s syndrome in patients with

HTLV-I associated myelopathy. Ann Rheum Dis. (1997) 56:167–72.

doi: 10.1136/ard.56.3.167

11. Einsiedel L, Fernandes L, Spelman T, Steinfort D, Gotuzzo E. Bronchiectasis

is associated with human T-lymphotropic virus 1 infection in an

Indigenous Australian population. Clin Infect Dis. (2012) 54:43–50.

doi: 10.1093/cid/cir766

12. Schierhout G, McGregor S, Gessain A, Einsiedel L, Martinello M, Kaldor

J. Association between HTLV-1 infection and adverse health outcomes: a

systematic review and meta-analysis of epidemiological studies. Lancet Infect

Dis. (2020) 20:133–43. doi: 10.1016/S1473-3099(19)30402-5

13. Carvalho EM, Da Fonseca Porto A. Epidemiological and clinical interaction

between HTLV-1 and Strongyloides stercoralis. Parasite Immunol. (2004)

26:487–97. doi: 10.1111/j.0141-9838.2004.00726.x

14. Kassalik M, Mönkemüller K. Strongyloides stercoralis hyperinfection

syndrome and disseminated disease. Gastroenterol Hepatol. (2011) 7:766–8.

15. Mejia R, Nutman TB. Screening, prevention, and treatment for hyperinfection

syndrome and disseminated infections caused by Strongyloides stercoralis.

Curr Opin Infect Dis. (2012) 25:458–63. doi: 10.1097/QCO.0b013e3283551dbd

16. Marcos LA, Terashima A, DuPont HL, Gotuzzo E. Strongyloides

hyperinfection syndrome: an emerging global infectious disease. Trans

R Soc Trop Med Hyg. (2008) 102:314–8. doi: 10.1016/j.trstmh.2008.01.020

17. Vasquez-Rios G, Pineda-Reyes R, Pineda-Reyes J, Marin R, Ruiz EF,

Terashima A. Strongyloides stercoralis hyperinfection syndrome: a deeper

understanding of a neglected disease. J Parasit Dis. (2019) 43:167–75.

doi: 10.1007/s12639-019-01090-x

18. Einsiedel L, Woodman RJ, Flynn M, Wilson K, Cassar O, Gessain A.

Human T-Lymphotropic Virus type 1 infection in an Indigenous Australian

population: epidemiological insights from a hospital-based cohort study. BMC

Public Health. (2016) 16:787. doi: 10.1186/s12889-016-3366-5

19. Einsiedel L, Spelman T, Goeman E, Cassar O, Arundell M, Gessain A.

Clinical associations of Human T-Lymphotropic Virus type 1 infection in

an indigenous Australian population. PLoS Negl Trop Dis. (2014) 8:e2643.

doi: 10.1371/journal.pntd.0002643

20. Courouble G, Rouet F, Hermann-Storck C, Nicolas M, Candolfi E, Strobel M,

et al. Human T-cell lymphotropic virus Type I association with Strongyloïdes

stercoralis: a case control study among Caribbean blood donors from

Guadeloupe (French West Indies). J Clin Microbiol. (2000) 38:3903–4.

doi: 10.1128/JCM.38.10.3903-3904.2000

21. Chieffi PP, Chiattone CS, Feltrim EN, Alves RCS, Paschoalotti MA.

Coinfection by Strongyloides stercoralis in blood donors infected with human

t-cell leukemia/lymphoma virus type 1 in São Paulo City, Brazil. Mem Inst

Oswaldo Cruz. (2000) 95:711–2. doi: 10.1590/S0074-02762000000500017

22. Furtado KCYO, Costa CA da, Ferreira L de SC, Martins LC, Linhares A

da C, Ishikawa EAY, et al. Occurrence of strongyloidiasis among patients

with HTLV-1/2 seen at the outpatient clinic of the Núcleo de Medicina

Tropical, Belém, State of Pará, Brazil. Rev Soc Bras Med Trop. (2013) 46:241–3.

doi: 10.1590/0037-8682-981-2013

23. Robinson RD, Lindo JF, Neva FA, Gam AA, Vogel P, Terry SI, Cooper

ES. Immunoepidemiologic studies of Strongyloides stercoralis and human T

Frontiers in Medicine | www.frontiersin.org 8 February 2022 | Volume 9 | Article 83243060

https://doi.org/10.3389/fmicb.2012.00388
https://doi.org/10.1073/pnas.78.10.6476
https://doi.org/10.1182/blood-2015-03-632489
https://doi.org/10.1016/S0140-6736(85)92734-5
https://doi.org/10.1212/01.WNL.0000096011.92542.DA
https://doi.org/10.1093/cid/civ229
https://doi.org/10.1586/1744666X.2014.966690
https://doi.org/10.1016/0140-6736(92)90699-4
https://doi.org/10.1136/ard.56.3.167
https://doi.org/10.1093/cid/cir766
https://doi.org/10.1016/S1473-3099(19)30402-5
https://doi.org/10.1111/j.0141-9838.2004.00726.x
https://doi.org/10.1097/QCO.0b013e3283551dbd
https://doi.org/10.1016/j.trstmh.2008.01.020
https://doi.org/10.1007/s12639-019-01090-x
https://doi.org/10.1186/s12889-016-3366-5
https://doi.org/10.1371/journal.pntd.0002643
https://doi.org/10.1128/JCM.38.10.3903-3904.2000
https://doi.org/10.1590/S0074-02762000000500017
https://doi.org/10.1590/0037-8682-981-2013
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Ye et al. HTLV-1 and Strongyloides Co-infection

lymphotropic virus type I infections in Jamaica. J Infect Dis. (1994) 169:692–6.

doi: 10.1093/infdis/169.3.692

24. Chaturvedi AK, Wilson M, Sanders-Lewis KA, Katki HA, Urquhart N,

Walters MA, et al. Hematologic and biochemical changes associated with

human T lymphotropic virus type 1 infection in Jamaica: a report from

the population-based blood donors study. Clin Infect Dis. (2007) 45:975–82.

doi: 10.1086/521932

25. Porto AF, Neva FA, Bittencourt H, Lisboa W, Thompson R, Alcântara

L, et al. HTLV-1 decreases Th2 type of immune response in

patients with strongyloidiasis. Parasite Immunol. (2001) 23:503–7.

doi: 10.1046/j.1365-3024.2001.00407.x

26. Watts DM, Terashima A, Infante R, Freedman DO, Alvarez H, Gotuzzo E,

et al. Strongyloides stercoralis hyperinfection associated with human T cell

lymphotropic virus type-1 infection in Peru. Am J Trop Med Hyg. (1999)

60:146–9. doi: 10.4269/ajtmh.1999.60.146

27. Huaman MC, Sato Y, Aguilar JL, Terashima A, Guerra H, Gotuzzo

E, et al. Gelatin particle indirect agglutination and enzyme-linked

immunosorbent assayfor diagnosis of strongyloidiasis using Strongyloides

venezuelensis antigen. Trans R Soc Trop Med Hyg. (2003) 97:535–8.

doi: 10.1016/S0035-9203(03)80017-2

28. Hoces D, Barros N, Woll F, Bauer A, White AC, Montes M. Regulatory

T cell expansion resolves after effective strongyloidiasis treatment in

subjects with HTLV-1 co-infection. Parasitol Int. (2020) 76:102092.

doi: 10.1016/j.parint.2020.102092

29. Satoh M, Toma H, Sato Y, Takara M, Shiroma Y, Kiyuna S, et al. Reduced

efficacy of treatment of strongyloidiasis in HTLV-I carriers related to

enhanced expression of IFN-gamma and TGF-beta1. Clin Exp Immunol.

(2002) 127:354–9. doi: 10.1046/j.1365-2249.2002.01733.x

30. Toma H, Sato Y, Shiroma Y, Kobayashi J, Shimabukuro I, Takara M.

Comparative studies on the efficacy of three anthelminthics on treatment of

human strongyloidiasis in Okinawa, Japan. Southeast Asian J Trop Med Public

Health. (2000) 31:147–51.

31. Zaha O, Hirata T, Uchima N, Kinjo F, Saito A. Comparison of anthelmintic

effects of two doses of ivermectin on intestinal strongyloidiasis in patients

negative or positive for anti-HTLV-1 antibody. J Infect Chemother. (2004)

10:348–51. doi: 10.1007/s10156-004-0345-Z

32. Schär F, Trostdorf U, Giardina F, Khieu V, Muth S, Marti H, et al. Strongyloides

stercoralis: global distribution and risk factors. PLoS Negl Trop Dis. (2013)

7:e2288. doi: 10.1371/journal.pntd.0002288

33. Verdonck K, González E, Van Dooren S, Vandamme A-M, Vanham

G, Gotuzzo E. Human T-lymphotropic virus 1: recent knowledge

about an ancient infection. Lancet Infect Dis. (2007) 7:266–81.

doi: 10.1016/S1473-3099(07)70081-6

34. Ding W, Kim S-J, Nair AM, Michael B, Boris-Lawrie K, Tripp A,

et al. Human T-cell lymphotropic virus type 1 p12I enhances interleukin-

2 production during T-cell activation. J Virol. (2003) 77:11027–39.

doi: 10.1128/JVI.77.20.11027-11039.2003

35. Montes M, Sanchez C, Verdonck K, Lake JE, Gonzalez E, Lopez G, et al.

Regulatory T Cell Expansion in HTLV-1 and Strongyloidiasis Co-infection Is

Associated with Reduced IL-5 Responses to Strongyloides stercoralis Antigen.

PLoS Negl Trop Dis. (2009) 3:e456. doi: 10.1371/journal.pntd.0000456

36. Plumelle Y, Gonin C, Edouard A, Bucher BJ, Thomas L, Brebion A, et al.

Effect of Strongyloides stercoralis infection and eosinophilia on age at onset

and prognosis of adult T-cell leukemia. Am J Clin Pathol. (1997) 107:81–7.

doi: 10.1093/ajcp/107.1.81

37. Fardet L, Généreau T, Poirot J-L, Guidet B, Kettaneh A, Cabane J. Severe

strongyloidiasis in corticosteroid-treated patients: case series and literature

review. J Infect. (2007) 54:18–27. doi: 10.1016/j.jinf.2006.01.016

38. Nakada K, Yamaguchi K, Furugen S, Nakasone T, Nakasone K, Oshiro Y,

et al. Monoclonal integration of HTLV-I proviral DNA in patients with

strongyloidiasis. Int J Cancer. (1987) 40:145–8. doi: 10.1002/ijc.2910400203

39. Gabet A-S, Mortreux F, Talarmin A, Plumelle Y, Leclercq I, Leroy A, et al.

High circulating proviral load with oligoclonal expansion of HTLV-1 bearing

T cells in HTLV-1 carriers with strongyloidiasis.Oncogene. (2000) 19:4954–60.

doi: 10.1038/sj.onc.1203870

40. Gillet NA, Cook L, Laydon DJ, Hlela C, Verdonck K, Alvarez

C, et al. Strongyloidiasis and infective dermatitis alter human T

lymphotropic virus-1 clonality in vivo. PLoS Pathog. (2013) 9:e1003263.

doi: 10.1371/journal.ppat.1003263

41. Gotuzzo E, Moody J, Verdonck K, Cabada MM, González E, Van Dooren

S, et al. Frequent HTLV-1 infection in the offspring of Peruvian women

with HTLV-1 - associated myelopathy / tropical spastic paraparesis

or strongyloidiasis. Rev Panam Salud Publica. (2007) 22:223–30.

doi: 10.1590/s1020-49892007000900001

42. Dykie A, Wijesinghe T, Rabson AB, Madugula K, Farinas C, Wilson S, et al.

Human T-cell Leukemia Virus Type 1 and Strongyloides stercoralis: partners

in Pathogenesis. Pathogens. (2020) 9:904. doi: 10.3390/pathogens9110904

43. Schär F, Hattendorf J, Khieu V,Muth S, CharMC,Marti HP, et al. Strongyloides

stercoralis larvae excretion patterns before and after treatment. Parasitology.

(2014) 141:892–7. doi: 10.1017/S0031182013002345

44. Zaha O, Hirata T, Kinjo F, Saito A. Strongyloidiasis–progress

in diagnosis and treatment. Intern Med. (2000) 39:695–700.

doi: 10.2169/internalmedicine.39.695

45. Henriquez-Camacho C, Gotuzzo E, Echevarria J, White AC, Jr., Terashima

A, Samalvides F, et al. Ivermectin versus albendazole or thiabendazole

for Strongyloides stercoralis infection. Cochrane Database Syst Rev. (2016)

2016:CD007745. doi: 10.1002/14651858.CD007745.pub3

46. Salles F, Bacellar A, Amorim M, Orge G, Sundberg M, Lima M, et al.

Treatment of strongyloidiasis in HTLV-1 and Strongyloides stercoralis

coinfected patients is associated with increased tnfα and decreased soluble

IL2 receptor levels. Trans R Soc Trop Med Hyg. (2013) 107:526–9.

doi: 10.1093/trstmh/trt052

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 © 2022 Ye, Taylor and Rosadas. 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 Medicine | www.frontiersin.org 9 February 2022 | Volume 9 | Article 83243061

https://doi.org/10.1093/infdis/169.3.692
https://doi.org/10.1086/521932
https://doi.org/10.1046/j.1365-3024.2001.00407.x
https://doi.org/10.4269/ajtmh.1999.60.146
https://doi.org/10.1016/S0035-9203(03)80017-2
https://doi.org/10.1016/j.parint.2020.102092
https://doi.org/10.1046/j.1365-2249.2002.01733.x
https://doi.org/10.1007/s10156-004-0345-Z
https://doi.org/10.1371/journal.pntd.0002288
https://doi.org/10.1016/S1473-3099(07)70081-6
https://doi.org/10.1128/JVI.77.20.11027-11039.2003
https://doi.org/10.1371/journal.pntd.0000456
https://doi.org/10.1093/ajcp/107.1.81
https://doi.org/10.1016/j.jinf.2006.01.016
https://doi.org/10.1002/ijc.2910400203
https://doi.org/10.1038/sj.onc.1203870
https://doi.org/10.1371/journal.ppat.1003263
https://doi.org/10.1590/s1020-49892007000900001
https://doi.org/10.3390/pathogens9110904
https://doi.org/10.1017/S0031182013002345
https://doi.org/10.2169/internalmedicine.39.695
https://doi.org/10.1002/14651858.CD007745.pub3
https://doi.org/10.1093/trstmh/trt052
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/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


SYSTEMATIC REVIEW
published: 07 March 2022

doi: 10.3389/fpubh.2022.820727

Frontiers in Public Health | www.frontiersin.org 1 March 2022 | Volume 10 | Article 820727

Edited by:

Ricardo Ishak,

Federal University of Pará, Brazil

Reviewed by:

Eduardo H. Gotuzzo,

Universidad Peruana Cayetano

Heredia, Peru

Carolina Rosadas,

Imperial College London,

United Kingdom

*Correspondence:

Carlos Brites

crbrites@gmail.com

Specialty section:

This article was submitted to

Infectious Diseases – Surveillance,

Prevention and Treatment,

a section of the journal

Frontiers in Public Health

Received: 23 November 2021

Accepted: 04 February 2022

Published: 07 March 2022

Citation:

Montaño-Castellón I, Marconi CSC,

Saffe C and Brites C (2022) Clinical

and Laboratory Outcomes in HIV-1

and HTLV-1/2 Coinfection: A

Systematic Review.

Front. Public Health 10:820727.

doi: 10.3389/fpubh.2022.820727

Clinical and Laboratory Outcomes in
HIV-1 and HTLV-1/2 Coinfection: A
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Carlos Brites 1,2,3*
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2 Programa de Pós Graduação em Medicina e Saúde (PPgMS), Universidade Federal da Bahia (UFBA), Salvador, Brazil,
3 Escola Bahiana de Medicina e Saúde Pública (EBMSP), Salvador, Brazil

Aim: To perform a systematic review to describe the available findings on clinical

outcomes in HIV-1 and HTLV-1/HTLV-2 co-infected individuals since 1995.

Design: This Systematic Review used PECO criteria follow by PRISMA reporting

guidelines and registered as CRD42021279062 (Prospero database). The

Newcastle-Ottawa Scale assessed the methodological quality of included studies.

Data Collection and Analysis: A systematical search in PubMed/MEDLINE, Embase,

Web of Sciences databases for cross-sectional, case-control, or cohort studies design

to identify clinical and laboratorial outcomes related to HIV-1 and HTLV-1/2 coinfection.

Search strategy: [(“HIV-1” AND “HTLV-1” OR “HTLV-2”) AND (“Coinfection”) AND

(1990/01/01:2021/12/31[Date- Publication])].

Results: A total of 15 articles were included on this systematic review describing

data of 2,566 mono and coinfected patients, 58% male, with mean age was 35.7

± 5.7 years. HIV-1 and HTLV-1 coinfected patients were more likely to had shorter

survival and faster progression to death or mortality than monoinfected ones. Coinfected

had higher CD4 cell counts and less likelihood of ART use. In addition, higher

frequency of diseases like ichthyosis (22.2 vs. 6.8%), scabies (18.6 vs. 0%), candidiasis

(42 vs. 12%), Strongyloidiasis (15.4 vs. 2%) and neurological manifestations like

encephalopathy, peripheral neuropathy and HAM/TSP were more frequently reported

in coinfected patients.

Conclusions: HIV-1 and HTLV-1 coinfection and HIV-1 and HTLV-1 /2 triple coinfection

were related to shorter survival, higher mortality rate, and faster progression to death,

while coinfection by HIV-1/HTLV-2 seems to have neutral association with longer survival,

slower AIDS progression, and lower mortality rate. The available evidence indicates an

urgent need for prevention and control measures, including screening, diagnosis, and

treatment of HIV-1 and HTLV-1/2 coinfected patients. Test-and-treat strategy for patients

living with HIV in areas endemic for HTLV infection is mandatory, to avoid the risks of

delayed therapy and death for coinfected patients.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier:

CRD42021279062.

Keywords: HIV-1, HTLV-1, HTLV-2, coinfection, clinical outcomes, mortality, survival
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INTRODUCTION

Human T-cell lymphotropic virus (HTLV) was the first human
retrovirus described (1). There are four types of HTLV but only
two (HTLV-1 and HTLV-2) are associated with diseases. HTLV-1
is the causative agent of adult T-cell leukemia and tropical spastic
paraparesis, while HTLV-2 has been associated with peripheral
neuropathy and potentially with tropical spastic paraparesis (2).
The human immunodeficiency virus (HIV) causes a progressive
depletion of T cells that leads to severe immunodeficiency,
increasing the risk of opportunistic infections and malignant
neoplasms (3). HIV and HTLV belong to the same family
(Retroviridae), share genomic organization, tropism for CD4+
and CD8+ T cells, and routes of infection (sexual, parenteral
and vertical). In consequence of common routes of infection,
coinfection by both viruses is frequently detected in endemic
areas, with higher prevalence in large metropolitan areas (4, 5).

HIV-1 and HTLV-1 infect the same cells but have different
biological characteristics (6). This can explain why coinfection
by these viruses is able to modify the natural history of both
infections. In HIV-1coinfection by HTLV-1 differs from that by
HTLV-2 in regulating cellular activation of target cells: HTLV-
1 promotes a high level of cellular activation, while it is lower
in HTLV-2 coinfected subjects. Both viruses promote increase in
the frequency of CD4+ cells, but it does not result in an evident
benefit to the immune response (4, 7).

Some studies have identified that HIV-1 subjects coinfected
by HTLV are at higher risk of developing neurological
complications, especially HAM/TSP (Human T-lymphotropic
virus type-I-associated myelopathy/tropical spastic paraparesis),
Adult T-cell leukemia (ATL), neuropathies, opportunistic
infections, accelerated progression of HIV, and shorter survival
(4, 8). On the other hand, some studies support the notion
that co-infection by HIV-1 / HTLV-2 does not alter the clinical
course of disease, or even that they can promote a protective
effect (9–11). Available studies on coinfection are heterogeneous
and fail to identify the factors driving the outcomes observed
in this population. The aim of this review is to describe the
available findings on clinical and laboratory outcomes in HIV-1
and HTLV-1 or HTLV-2 co-infected individuals since 1995.

MATERIALS AND METHODS

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting guidelines were followed (12), and
our systematic review protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO, register
number: CRD42021279062).

Eligibility Criteria
Studies considered for inclusion were those with a cross-
sectional, case-control, or cohort design reporting clinical
outcomes: AIDS progression, death, mortality, survival,
comorbidities, and opportunistic diseases in a population of
HIV-1 and HTLV-1 or HTLV-2 coinfected individuals of all ages,
regardless gender, race or ethnicity.

Search Strategy
A systematical search in Pubmed/MEDLINE, Embase, Web
of Sciences databases was done in August 2021, for articles
published from 1990 to 2021, without language restriction. Our
search strategy included three principal clusters of terms, one
related to HIV-1 infection, another one to HTLV-1 or HTLV-2
infection and the last one about coinfection. The following terms
to search PubMed/MEDLINE were:

((“HIV”[Mesh] OR “HIV Infections”[Mesh] OR
“HIV-1”[Mesh] OR “HIV-1”[Title/Abstract] OR “HIV-
I”[Title/Abstract]) AND (“Human T-lymphotropic virus
1”[Mesh] OR “HTLV-I Infections”[Mesh] OR “HTLV-
II Infections”[Mesh] OR “HTLV-1”[Title/Abstract] OR
“HTLV-2”[Title/Abstract] OR “HTLV-I”[Title/Abstract] OR
“HTLV-II”[Title/Abstract]) AND (“Coinfection∗”[Mesh]
OR “Coinfection∗”[Title/Abstract] OR “Co-
infection∗”[Title/Abstract] OR “coinfected”[Title/Abstract])
AND (1990/01/01:2021/12/31[Date - Publication])).

Study Selection and Data Extraction
This review included research articles reporting clinical outcomes
in HIV-1 and HTLV-1 or HTLV-2 coinfected individuals. Three
reviewers screened the eligible articles in a blinded form using
Rayyan tool to read the titles and abstracts, and using the
PECO (Population, Exposition, Control and Outcomes) criteria
(Table 1), to identify only the studies that met the objectives of
the review (13). The studies identified as relevant by title and
abstract reading (n = 33) were read in full and 15 studies were
eligible for this review. Any divergence between the researchers
was resolved by sending the conflicting article to a fourth
reviewer, and disagreements were solved by discussion among
the reviewers. The elimination of duplicates and the full text
read stage were done using the Mendeley reference manager.
Evaluation of the methodological quality of the studies was
assessed by The Newcastle-Ottawa Scale (NOS) and one version
adapted for cross-sectional studies (14).

RESULTS

Included Studies
A total of 326 articles were identified by the search strategy as
possibly relevant for the systematic review. After duplicates were
removed (n = 2), 324 articles were eligible for title and abstract
reading. By using PECO criteria as described in Table 1, were
selected 33 articles for full-text reading, 18 of themwere excluded.
Finally, 15 articles were considered to this systematic review and
included 5 case control 6 cross-sectional, and 4 cohort studies as
shown in Figure 1.

Quality Assessment
The risk of bias in the study was rated as “low” by using NOS
scale and an adaptation for cross sectional studies The mean final
scores were 7 (case-control studies), 6 (cross sectional studies),
and 6.5 (cohort studies).

Patients Characteristics
The data of 2,566 mono and coinfected patients were described,
58% male. Mean age was 35.7 ± 5.7 years, only one study

Frontiers in Public Health | www.frontiersin.org 2 March 2022 | Volume 10 | Article 82072763

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Montaño-Castellón et al. HIV-1 and HTLV-1/2 Coinfection: A Systematic Review

included children (2–16 years). Two studies did not report mean
age of patients but informed that most participants were aged
>35 or <40 years. A total of 581 individuals were coinfected,
as follows: 319 (HIV-1/HTLV-1), 178 (HIV-1/ HTLV-2), and 84
(HIV-1/ HTLV-1/2), as shown in Table 2.

Survival
Six articles describing survival were identified (8, 11, 15, 22, 23,
26). Four showed lower survival rate for HIV-1 and HTLV-1 or
HTLV-1/2 coinfected subjects (8, 15, 23, 26), while the remaining
studies found a neutral association between survival and HIV-1
and HTLV-2 coinfection status (11, 22).

Progression to Death and Mortality
HIV-1 and HTLV-1 or HTLV 1/2 coinfected subjects were more
likely to die thanmonoinfected ones, as shown in four studies (15,
19, 22, 26). However, Giacomo et al. described that progression
to death was slower in five HIV-1/HTLV-2 coinfected patients
when compared with forty-four mono-infected ones (17). Death
was largely caused by AIDS-related conditions andwas associated
with age > 40 years, CD4+ < 100 cell/µL, and no ART use
(22, 26). Brites found a higher mortality rate (17.8%) among
HIV-1 and HTLV-1 coinfected adults on ART, while Pedroso

described 34% of mortality in a pediatric HIV-1 and HTLV 1/ 2
coinfected population (23, 26). On the other hand, Hershow did
not find any association between mortality and HIV-1 / HTLV-2
coinfection in 61 coinfected adults, and 23% of mono-infected vs.
20% of coinfected patients were on Zidovudine monotherapy, (p
= 0.54) (18).

AIDS or Opportunistic Diseases
HIV-1 and HTLV-1 coinfection was associated with AIDS
progression in some studies and coinfection by these agents
was also associated with a higher frequency of pneumonia,
extrapulmonary tuberculosis, and esophageal candidiasis (7, 25).
Coinfected patients also presented with a higher frequency of
diseases like ichthyosis 8/36 (22%) vs. 12/148 (6.8%), p =

0.038 (16), crusted scabies 17 (18.6%) vs. 0 (0%), p = 0.01
(19), candidiasis 10 (42%) vs. 21 (12%), p = 0.0004 (21), and
Strongyloidiasis 4/26 (15%) vs. 2/97 (2%), p = 0.02 (24) than
monoinfected ones.

Other Clinical Manifestations
Coinfected patients were more likely to present any clinical
symptoms, 64.6 vs. 35.4%, OR: 9.6, 95% CI (2.8–32.5) (23, 25),
central nervous system manifestations like encephalopathy 2

FIGURE 1 | PRISMA 2020 Structured search strategy flow diagram.
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TABLE 1 | The PECO criteria used in the study.

Criteria Description

Participants Inclusion criteria: HIV 1 and HTLV1/2 coinfected individuals of

all ages, without regard to gender, race, or ethnicity. Exclusion

criteria: HTLV 1 or HTLV 2 monoinfection, HIV-2 coinfection,

triple non-HIV/HTLV coinfections.

Exposure Coinfection (HIV-1 and HTLV 1/2).

Control Due to limited number of studies and their methodological

type (a control group was not mandatory). However, data

from HIV-1 mono-infected patients, when available, will be

included for comparison’s purposes.

Outcomes Clinical outcomes related to HIV 1 and HTLV 1/2 coinfection

defined as one of the following outcomes: opportunistic

diseases, AIDS progression, death, mortality, survival,

and comorbidities. Laboratorial: CD4 cell count. ART use.

HIV, human immunodeficiency virus; HTLV, human T-cell lymphotropic virus; AIDS,
acquired immunodeficiency syndrome.

vs. 0, (p = 0.04) (24), peripheral neuropathy 20 (40%) vs. 8
(13.3%), p= 0.004 and HAM/TSP, 2/12 (16%) vs. 46/357 (12.8%)
(20, 25) or more aggressive clinical manifestation like ichthyosis
8/36 (22.2%) vs. 12/148 (6.8%), p = 0.038, characterized by the
scales larger, rhomboidal, extremely coarse, resembling those of
lamellar ichthyosis, with also frequent palmoplantar keratoderma
(16), and severe scabies, OR: 3.0; 95% CI (1.85–4.86) with crusted
form being highly predictive of retroviral coinfection (19).

HIV/AIDS Related Findings
CD4 cell count was consistently higher in coinfected patients
as described also in Table 2 (7, 17, 23). In addition, one study
reported that coinfected patients who died during the studies
had higher CD4T cells count than monoinfected ones 113 vs.
10 cells, (p = 0.023) (18). Survival was shorter for coinfected
patients with detectable plasma viremia 6.7 ± 0.9 in comparison
to those with undetectable viral load 11.0 ± 0.1 years (p = 0.04)
(26). ART use was less frequent on coinfected patients when
compared to monoinfected ones as follows: 42 vs. 64%, (p =

0.04) (24), 16/30 (53.3%) vs. 49/60 (81.6%) (20), 5 vs. 0% (p =

0.58) (7), 44 vs. 53% (p = 0.5) (22), but in two studies there
was not statistical difference. In Zehender et al. study no patient
with peripheral polyneuropathy was on ART at the moment of
symptoms onset (20).

DISCUSSION

The aim of this systematical review was to describe the
published information about clinical outcomes in HIV-1 and
HTLV-1/HTLV-2 co-infected individuals from 1990 to October
2021. The available studies are controversial, methodologically
heterogeneous and fail to identify the factors driving the
outcomes observed in HIV-HTLV coinfected population.
Although the present review lacks important information due to
design of included studies, we were able to detect some relevant
findings associated to coinfection.

HTLV-1 mono-infection can cause severe diseases in ∼10%
of infected individuals, including adult T-cell leukemia, infective
dermatitis and HAM/TSP (27, 28). It is also associated with

an increase in all-cause mortality, inflammatory and infectious
conditions, and other cancers than ATL (27). On the other hand,
HTLV-2 mono-infection is probably associated with HAM/TSP
like disease, and some bacterial or parasitic infection (28).
According to the findings described on this review similar
outcomes are detected in HIV-1 / HTLV-1 coinfected patients, as
well as in triple coinfection in HIV-1 and HTLV 1/2, resulting
in a shorter survival/ higher mortality rates and faster AIDS
progression (7, 8, 15, 19, 21, 23, 25, 26). Collins et al. showed
similar results, but without reaching statistical significance (p =

0.06), despite describing that AIDS clinical stage [HR: 13.5, 95%
CI (1.4–132.3)] and lack of antiretroviral therapy [HR: 96.5, 95%
CI (17.0–546.3)], were associated to a higher risk of dying in
HIV-1 and HTLV-1 coinfected ones (22). Although HIV-1 and
HTLV-2 coinfection has been associated with longer survival,
slower AIDS progression, and lower mortality rates (as described
in Table 2), the reports describing a potential protective effect
of HIV-1 and HTLV-2 coinfection against disease progression
found a neutral association, and the available studies have clear
limitations, due to the small number of participants, whichmakes
difficult to reach reliable conclusions (11, 16, 22).

Higher rates of neurological manifestations were found in
coinfected individuals, especially the myelopathy (HAM/TSP)
related to HIV-1/HTLV-1 coinfection) and peripheral
neuropathy (PN, in association with either HIV-1/HTLV-1
or HIV-1/HTLV-2 coinfection). HAM/TSP like manifestations
was also described among HIV-1/HTLV-2 coinfection (29).
Such findings are compatible with those reported by Zehender,
who detected a higher frequency of peripheral neuropathy
in HIV-1/HTLV-2 coinfection. Brites also reported cases of
encephalopathy among HIV-1 and HTLV 1 co-infected patients,
while Mendoza found a higher percentage of HAM/TSP in HIV-
1/HTLV-1 co-infected patients (24, 25, 30). However, we found
only a few clinical and neurological studies in coinfection, most
of them describing small samples and having a short follow-up.

The rate of HIV disease progression may be affected by
many factors, like the infecting viral strain, host susceptibility
and immune function, as well as, to exogenous influences such
as access to healthcare and presence of coinfections (31, 32).
Our review shows that AIDS-defining conditions were more
frequently seen on coinfected groups (16, 19, 21, 24, 25). Some
published clinical studies are contradictory when describing the
impact of HTLV-1 on AIDS evolution, but most of available
evidence suggest that coinfection by HTLV-1 can modify the
clinical course of HIV infection and that HIV also can promote a
higher risk of HTLV-1 associated diseases (6, 9, 33, 34).

Several reports concluded that HIV/HTLV-1 co-infected
patients show an increase in CD4+T cells count in comparison
with HIV mono-infected ones, although there is no clear benefit
in terms of immune response (7, 9, 17, 23, 24, 35). It is
likely that a rise in dysfunctional CD4+T lymphocytes due to
lymphoproliferative effect of HTLV- 1 would be responsible for
such findings, leading to a false sense of immune competence in
HIV co-infected individuals that could cause a delay in starting
ART, when therapy initiation is guided by CD4 counts (25).
On the other hand, in the coinfection by HTLV-2, the results
consistently indicate no modification on the natural course of
disease, and even a protective role to AIDS progression (9, 33).
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TABLE 2 | Summary of the included studies related to HIV-1 and HTLV-1/2 coinfection.

Study Study Design,

country

Population Characteristics Coinfection Main outcomes: Coinfected vs.

Monoinfected

Other outcomes

Page (15) Cohort, USA Total n = 107 Male: 78 (72.9%)

Age >35: n = 58

HTLV-1/2 and HIV-1, n = 23 Coinfected patients had shorter survival,

[HR: 3.326; CI 95% (1.12–9.87)] and were

more likely to die of AIDS [RR: 2.92, CI

95% (1.30–6.95)].

Death was mainly due to respiratory

impairment involving either Pneumocystis
carinii pneumonia or other opportunistic

infections in the lungs.

Kaplan (16) Cross- sectional,

USA

Total n = 184 Male: 127 (85.1%)

Age <40 n = 144

HTLV-2 and HIV-1, n = 36 Ichthyosis: 8/36 (22.2%) vs. 12/148 (6.8%),

p = 0.038.

Clinical presentation of coinfected patients

was far from usual acquired ichthyosis: the

scales were large, rhomboidal, and

extremely coarse, resembling those of

lamellar ichthyosis and frequent

palmoplantar keratoderma.

Visconti (11) Cohort, Italy Total n = 145 Male: 103 (71%)

Age: m = 28.8 (19–41)

HTLV-2 and HIV-1, n = 22 Survival was longer for coinfected patients

(p = 0.08).

No difference related to AIDS progression

(p = 0.10) or death (p = 0.30) was found.

When the analysis was restricted to (IV A)

or (IV) stage, no survival-related difference

was found, p = 0.5.

Schechter (7) Retrospective

nested, case

control, Brazil

Total n = 126 Male: 90 (71.4%)

Age: m = 38.2 (±9.2)

HTLV-1 and HIV-1, n = 27 AIDS progression:4(15%) vs. 3(3%), [OR:

4.9; 95% CI (1.1–21.9)].

WHO late clinical stages (3 and 4): 12(44%)

vs. 21 (21%), [OR: 3.1; 95% CI (1.2–7.8)].

CD4+ T cell count: 21 (88%) of coinfected

patients had a greater count than 0.200

X109 cells/ L vs. 52 (56%) of monoinfected

ones [OR: 4.0; 95% CI (1.3–12.5)].

Only 5% of monoinfected and none of

coinfected (0%) were on ART, p = 0.58.

Giacomo (17) Cross- sectional,

Italy

Total n = 49 Male: 33 (67%) Age:

m = 32.4 (±4.1)

HTLV-2 and HIV-1, n = 5 Progression to AIDS and death from AIDS

was slower in coinfected subjects, p = <

0.01, no difference was found in the

cumulative survival estimated by Cox test.

p = 0.23.

Higher CD4cell count at 36–47 months for

coinfected 625 ± 231 vs. 390 ± 231 for

monoinfected ones, p = 0.23.

Hershow (18) Cohort, USA Total n = 370 Female:101(27.3%)

Age: m = 31.4 (± 8.6)

HTLV-2 and HIV-1, n = 61 Coinfection was not associated with AIDS

or AIDS progression, Univariate RH: 0.82,

95% CI (0.34–1.94); Multivariate RH: 0.74,

95% CI (0.28–1.97).

Coinfected patients had a higher CD4 cells

median at the time of death: 113 vs. 10

cells, p= 0,023.

Brites (8) Case-Control,

Brazil

Total n = 198 Male: 75% Age:

32.6 (m = 33)

HTLV-1 and HIV-1, n = 63 Coinfected patients had a shorter survival

than monoinfected ones: 1,849 vs. 2,430

days, p = 0.001.

Patients who died of AIDS had an initial

CD4 cell count similar to survivors: 371 ±

244 vs. 481 ± 417 cells/mm3, p = 0.7

Brites (19) Cross-sectional,

Brazil

Total n = 91 Female: 52(57.1%)

Age: m = 36.25 (±16.45)

HTLV-1 and HIV-1, n = 18 Higher mortality rate among coinfected

patients: n = 5, p = 0.01.

Severe forms of scabies are strongly

associated with HTLV-1 infection OR: 3.0;

95% CI (1.85–4.86). Crusted form was

highly predictive of coinfection (p = 0.01).

All deaths were on coinfected, presented

with crusted scabies and with a deeper

degree of immunodeficiency.

(Continued)
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TABLE 2 | Continued

Study Study Design,

country

Population Characteristics Coinfection Main outcomes: Coinfected vs.

Monoinfected

Other outcomes

Zehender (20) Cohort, Italy Total n = 90 Male: 64 (71%)

Age:m = 32.5 (23-55)

HTLV-2 and HIV-1, n = 30 Higher probability of developing PN in

coinfected than in monoinfected patients, p
= 0.004.

None of the patients with PN were on ART

when the symptoms appeared.

ART use in coinfected individuals was less

frequent 16 (53.3%) compared with

monoinfected 49 (81.6%).

AIDS progression rate was not different

between groups, p = 0.1

Castro-Sansores

(21)

Prospective cross-

sectional, Mexico

Total n = 192 Male: 149(78%)

Age: m = 32.7 (17–75)

HTLV-2 and HIV-1, n = 24 AIDS-defining pathologies were more

frequently observed in the coinfected

patients: 9/19(47%) vs. 30/128(23%) p
= 0.02.

Similar Initial lymphocytes CD4 (cell/mL):

261 ± 232 vs. 202 ± 146, p = 0.4.

Candidiasis more frequently in coinfected:

21/168 (12%) vs 10/24 (42 %), p = 0.0004

Collins (22) Case control, Peru Total n = 150 Male: 121 (87%)

Age: m = 41 (± 11)

HTLV-1 and HIV-1, n = 50 Survival: 47 months (range = 17–77) vs. 85

months (range = 70–100) p = 0.06.

Death rate: 7 (32%) vs. 7 (13%), [HR 1.6

(95% CI 1.0–2.8; p = 0.06)].

ART Use: 22/50 (44%) vs. 53/100 (53%), p
= 0.5.

The variables associated to death were:

Age > 40 years: HR Unadjusted = 1.8

(95% CI 1.1–3.0).-CD4+ < 100 cell/µL, HR

Unadjusted = 3.8 (95% CI

1.4–10.2).–AIDS, HR Adjusted = 13.5

(95% CI 1.4–132.3).-No HAART use, HR

Adjusted = 96.5 (95% CI 17.0–546.3).

AIDS clinical stage [HR: 13.5, 95% CI (1.4

−132.3)] and lack of antiretroviral therapy

[HR: 96.5, 95% CI (17.0–546.3)], were

associated to a higher risk of dying.

Pedroso (23) Nested case

control, Brazil

Total n = 74 Female: 39 (52.7%)

Age: 2 to 16 years

HTLV-1/2 and HIV-1, n = 35 Mortality: 12/35 (34.3%) vs. 3/39 (7.7%), p
= 0.01

Opportunistic: 88.6 vs. 44.7%, p =

<0.001. –Shorter survival for coinfected

patients, p = 0.003

The CD4+ cell count was higher in

coinfected than in monoinfected patients:

1,429 ± 608 vs. 928 ± 768, p = 0.003.

–Any clinical symptoms were described

more frequently on coinfected (64.6%) than

monoinfected patients (35.4%), OR: 9.6,

95% CI: (2.8–32.5).

Brites (24) Retrospective,

cross- sectional,

Brazil

Total n = 123 Male: 97 (78.9%)

Age: m = 33.4 (± 8.1)

HTLV-1/2 and HIV-1 n = 26 Strongyloidiasis: 4/26 (15.4%) vs. 2/97

(2.1%), [OR = 8.55; 95% CI: (1.21–73.62)],

p = 0.02.

2 cases of encephalopathy were diagnosed

in coinfected, vs. no case detected on

monoinfected patients, p = 0.04.

Coinfected patients were less frequently on

ART use than monoinfected ones, (42.3 vs.

64.3%, p = 0.04).

Mendoza (25) Cross- sectional,

Spain

Total n = 369 Female: 227

(63.6%) Age: m = 50

HTLV-1 and HIV-1, n = 12 AIDS progression: 7/12(58%) vs.

10/357(2.8%).

HAM/TSP: 2/12 (16%) vs. 46/357. (12.8%).

Frequency of clinical manifestations in

coinfected patients was significantly higher

than in monoinfected ones.

The AIDS conditions reported on HTLV

monoinfected patients were recurrent

pneumonia, extrapulmonary tuberculosis,

and esophageal candidiasis.

Late diagnosis explains the high rate (9/12)

of clinical manifestations in the HIV-HTLV

co-infected population.

(Continued)
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This effect may be the result of maintaining normal range
levels of CD4 and CD8 counts, lowering HIV replication and
immune activation (6). In addition, while HTLV-1 has tropism
to CD4+ T cells, HTLV-2 is tropic to CD8+ T cells, which
can explain part of the different outcomes observed in HTLV-
1 and HTLV-2 infections. Furthermore, it is widely recognized
that high viral load is strongly associated with faster progression
to AIDS in HIV monoinfected subjects (36). The survival
normalization observed in HIV/HTLV-1 coinfected subjects with
suppressed plasma viremia, and the predominance of AIDS-
related conditions as a cause of death in coinfected patients
indicates that uncontrolled HIV infection is likely to be the
main cause of worse prognosis observed in HIV-1 and HTLV-
1 coinfected patients. The overestimation of immune status of
coinfected patients due to the increase in CD4+ cells could
lead, in the past, to a delay in starting ART. However, most of
the current clinical guidelines for adults living with HIV AIDS
recommend starting ART regardless of CD4 T-cell count (26).
The reasons for the observed absence of significant impact of
HTLV-2 coinfection onHIV infection are still poorly understood.

LIMITATIONS

This review has some limitations: the findings described by the
selected articles were observed in only 5 countries (USA, Italy,
Brazil, Mexico and Perú), which limits the generalization to other
populations in prevalent regions like, Australia and Japan. Most
studies included middle-aged, and only one study was focused on
a pediatric population limiting any conclusion related to this age
group (23). Finally, we could not perform a direct comparison
between studies due to their high methodological heterogeneity.

CONCLUSIONS

HIV-1 and HTLV-1 coinfection and HIV-1 and HTLV-1/2
triple infection are related to lower survival rate, death, and
faster progression to death, while coinfection by HIV-1/HTLV-2
seems have neutral associations with higher survival rate, slower
AIDS progression, and lower mortality rate. AIDS defining
conditions, opportunistic and neurological manifestations were
more frequently described on HIV-HTLV-1 coinfected subjects,
which indicates AIDS condition as the main cause of death
for them. The implementation of test-and-treat strategy for
patients living with HIV in areas endemic for HTLV infection
is mandatory, to avoid the risks of delayed therapy and death for
coinfected patients.
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NOMENCLATURE

HIV (Human Immunodeficiency Virus); HTLV (Human T-cell
lymphotropic Virus); AIDS (Acquired Immunodeficiency
Syndrome); WHO (World Health Organization);
HAM/TSP (Human T-lymphotropic virus type-I-associated
myelopathy/tropical spastic paraparesis); ART (Antiretroviral
Therapy); PN (Peripheral Neuropathy); pVL (Plasma Viral
Load); HR (Hazard Ratio).
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Paula Loureiro 3,4, Isabel Gomes 5, Maísa Aparecida Ribeiro 6, César de Almeida-Neto 7,
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It is unknown whether HTLV-1/2 prevalence has been stable or changing with time in

Brazil. We present a 10-year (2007–2016) analysis of HTLV-1/2 infection in first-time

blood donors from four blood banks in Brazil. The Brazilian blood centers participating in

this multicenter Recipient Epidemiology and Donor Evaluation Study (REDS) are located

in Recife in the Northeast and in São Paulo, Rio de Janeiro and Belo Horizonte located

in the Southeast of the country. A previous REDS study using the same database from

2007 to 2009 showed that the prevalence per 100,000 donors was 222 in Recife, 83 in

Belo Horizonte and 101 in São Paulo. From 2007 to 2016, HTLV-1/2 prevalence was

calculated by year, blood center and birth cohort. Covariates included age, gender,

schooling, self-reported skin color and type of donation. From 1,092,174 first-blood

donations, in the general analysis, HTLV-1/2 infection predominated in females, donors

over 50 years of age, black skin color and less educated. The average prevalence was

228 per 100,000 donors in Recife, 222 in Rio de Janeiro, 104 in Belo Horizonte and

103 in São Paulo. In the 10-year analysis, HTLV-1/2 prevalence was stable, but a trend

was observed toward an increase in HTLV-1/2 infection among younger people (p <

0.001), males (p = 0.049), those with white skin color (p < 0.001), and higher education

(p = 0.014). Therefore, this 10-year surveillance of the infection showed stable HTLV-1/2

prevalence overall but a trend toward increased prevalence among the younger andmore

educated donors despite Brazilian policies to control sexually transmitted infections being

in place for more than 10 years.

Keywords: HTLV-1/2, blood donors, prevalence, risk factor, sexually transmitted infections
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INTRODUCTION

Screening for HTLV-1/2 was introduced in Brazilian blood
banks in 1993. In the routine of blood banks, all candidates for
blood donation undergo pre-donation screening, which includes
a questionnaire with their health history and a brief physical
examination followed by serological and molecular tests for
infections susceptible to transmission by blood. All serological
results are recorded in databases in each blood center under
the recommendation of the Ministry of Health, Brazil. Ongoing
monitoring of infectious diseases markers in the blood donor
population places blood banks in a privileged position to observe
infection trends in the population (1). Modifications in the rates
of infectious diseases in donors may be an indication of changes
in the general population thus enabling new strategies to attract
safe donors (2, 3).

Regarding HTLV-1/2 prevalence in blood donors in Brazil,
Catalan-Soares et al. conducted in the year 2000 a pioneering
epidemiological survey in all Brazilian states. It showed
that HTLV-1/2 had a heterogeneous geographical distribution
in which there was a predominance of infection in the
Northern/Northeastern regions, intermediate prevalence in the
Southeast and a lower prevalence in the Southern region (4).
Later, Carneiro-Proietti et al. confirmed with data from 2007 to
2009 that the prevalence rates of HTLV-1/2 differed among the
regions of the country, with the highest rate in the Northeast.

The safety of the blood supply has been a concern and it was
reinforced by the change in the donor profile triggered by the
onset of the HIV epidemic. Since 1989, a study has been carried
out in the United States of America, the Retrovirus Epidemiology
Donor Study (REDS), funded by the National Heart, Lung, and
Blood Institute (NHLBI) of the National Institutes of Health
(NIH) (5). Since 2006, REDS has been conducted in the US and
internationally in Brazil. The Brazilian transfusion safety research
program consider as one of its main objectives the safety of the
blood and its products in the context of HIV/AIDS, HTLV-1/2,
and other infectious diseases transmitted through it. In Brazil,
the REDS project was established initially in four blood centers
located in different regions of the country, including Pernambuco
State in the Northeastern region and São Paulo, Rio de Janeiro,
and Minas Gerais States in the Southeastern region. Recently,
REDS expanded to the Amazonas State in Northern region (6).

We present here the results of a 10-year collaborative study
(2007–2016) of HTLV-1/2 infection screening in first-time
donors, utilizing the REDS database covering four Brazilian
blood centers that have been participating in the REDS project
during this period.

MATERIALS AND METHODS

Study Design
This study has an observational design; the database was set
up by the REDS program in a study carried out by four
large Brazilian blood centers located in state capitals Recife
(Pernambuco State), Rio de Janeiro (Rio de Janeiro State), Belo
Horizonte (Minas Gerais State), and São Paulo (São Paulo State).
The database contains consolidated information recorded by

computer systems in the participant blood banks, encompassing
all steps of the donation process, from the donor registration at
the time of donation to the release of the serological results.

Participants
We studied all eligible, first-time blood donors from January 1st,
2007, to December 31, 2016 at the four participating Brazilian
blood centers. To be eligible, the candidate had to be approved
as a blood donor, according to the standard operating procedures
of the blood centers, which comprise the clinical screening and
blood collection. There were no other exclusion criteria. Donors
were classified as community or replacement donors according to
their declaration at registration as to whether they came to donate
as a voluntary, community donor or in the name of a specific
patient (to “replace” the blood he might need).

Serological Tests
The serum samples used in the present study were tested
using the immunoenzymatic assay (EIA) for HTLV-1/2 detection
(OrthoHTLV-I/HTLV-II Ab-Capture ELISA test system, Raritan,
New Jersey, United States of America, or Abbott Murex HTLV I
+ II, Dartford, United Kingdom).

The reactive samples were sent to the central laboratory of
this study, in São Paulo, for the second EIA using a kit that
was different from the one used in the assay in the serological
screening of the blood bank where the first sample came
from (BioMérieux, Vironostika I/II, Boxtel, Netherlands; Ortho,
Pencoed, England or Abbott Murex, Illinois, United States of
America). A positive result was defined as a serum testing reactive
in two different EIA assays. The subset of reactive samples in
the first EIA and non-reactive or borderline in the second assay,
performed in São Paulo, were retested at the blood bank of
origin using a Western blot (WB) MP Diagnostics HTLV Blot.
Western blot results were considered positive when they showed
reactivity to gag (p24 or p19) and env (GD21) proteins. Reactive
samples for rgp46I and rgp46II were considered HTLV-1, and
HTLV-2, respectively. The absence of bands characterized the
WB as negative. The presence of isolated bands characterized
indeterminate WB result. If the sample was positive in WB assay,
the donor was considered reactive for HTLV-1/2.

Statistical Analysis
Statistical analysis was performed using the R statistics version
4.0.5 program (R Core Team: R Foundation for Statistical
Computing. Vienna, Austria, 2021). The characteristics of the
HTLV-1/2-infected blood donor included year of donation, age,
gender, education, self-reported skin color, type of donation. The
analysis considered the comparison of these characteristics and
of the prevalence among the four participant blood centers.

The prevalence of HTLV-1/2 and 95% confidence intervals
(CI) was calculated for first-time donors per year. For cases in
which the result of the second test was classified as indeterminate
WB, the probability of a positive result was applied to impute
cases as either positive or negative. We define a positive ratio
as the number of positive results in the first and second tests
divided by the total number of units tested in the first test. We
applied this positive ratio to define the positivity of the samples
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that were undefined by the WB. The prevalence was calculated
as the number of positive HTLV1/2 result after the imputation
divided by the number of donors, multiplied by 100,000. The
comparison of prevalence between the years 2007 and 2016 was
performed using the comparison of proportions test. To assess
trends in the prevalence over the years, the univariate Poisson
model was used. The frequency was considered to estimate the
prevalence and, to analyze the birth cohort effect, the donors
were stratified into five birth cohort groups: (1) born before
1980, (2) born between 1980 and 1984, (3) born between 1985
and 1989, (4) born between 1990 and 1994, and (5) born
after 1995.

The association between qualitative variates was evaluated
using the Chi-Square test. The level of significance considered
was 5%.

Ethical Aspects
The study protocols were approved by the National Research
Ethics Commission of the Ministry of Health in Brazil (Number:
13236), as part of the International REDS Program, and by the
local ethical committees in each blood center. In addition, it
was also approved by the Institutional Review Board (IRB) of
the University of California San Francisco, USA (Number: IRB#
H5866-28606 and IRB# 11-05195).

RESULTS

From 2007 to 2016, a total of 1,092,174 first-time blood
donations were received in the four participating centers. São
Paulo represents the largest and more populated Brazilian
capital. Therefore, the majority of the donations came from
São Paulo, representing 36.5% of analyzed donations. Table 1
shows the donations included in the study by year and by
blood center.

Figure 1 shows the prevalence of HTLV-1/2 by year and blood
center over the 10-year period. HTLV-1/2 average prevalence
[per 100,000 donors (95%CI)] was higher in Recife [228.3
(211.5; 245.1)] and Rio de Janeiro [222.0 (197.4; 246.6)],
in relation to Belo Horizonte [103.7 (90.6; 116.8)] and São
Paulo [103.3 (93.3; 113.4)]. In 2015, a peak of HTLV-
1/2 infection was detected in first time blood donors in
Belo Horizonte.

Figure 2 shows the effect of the birth cohort in relation to the
prevalence of HTLV-1 and the aging led to an increase in the
prevalence for each birth group (p < 0.001; Table 1).

In order to disclose variations and possible trends over
the period regarding the HTLV-1/2 prevalence in relation
to gender, age, schooling, skin color, and type of donation,
we presented the 10-year data and compared the HTLV-
1/2 prevalence of 2007 and 2016 regarding the covariates
(Table 2).

TABLE 1 | Number of first blood donations that were collected from January 2007 to December 2016, by year of collection, birth cohort, and blood center location.

Characteristics Total Number of donations N [% (CI)] P-value

Recife

n (%)

Belo Horizonte

n (%)

São Paulo

n (%)

Rio de Janeiro*

n (%)

Year <0.001

2007 57,461 11,511 (20.0) 22,609 (39.3) 23,341 (40.6) 0 (0)

2008 94,783 29,975 (31.6) 22,705 (24.0) 42,103 (44.4) 0 (0)

2009 96,170 31,953 (33.2) 23,683 (24.6) 40,534 (42.1) 0 (0)

2010 98,985 32,277 (32.6) 24,361 (24.6) 42,347 (42.8) 0 (0)

2011 97,935 33,186 (33.9) 23,916 (24.4) 40,833 (41.7) 0 (0)

2012 129,958 33,307 (25.6) 22,682 (17.5) 43,841 (33.7) 30,127 (23.2)

2013 125,431 33,901 (27.0) 21,856 (17.4) 41,209 (32.9) 28,465 (32.9)

2014 128,236 35,829 (27.9) 23,986 (18.7) 41,364 (32.3) 27,057 (21.1)

2015 131,982 35,027 (26.5) 25,296 (19.2) 43,792 (33.2) 27,867 (21.1)

2016 131,233 37,505 (28.6) 25,592 (19.5) 39,776 (30.3) 28,360 (21.6)

1,092,174 314,471 (28.8) 236,686 (21.7) 399,141 (36.5) 141,876 (13.0)

Birth Cohort <0.001

<1980 378,876 109,634 (28.9) 7,378 (19.4) 148,459 (39.2) 47,105 (12.4)

1980–1984 197,959 52,939 (26.7) 46,232 (23.4) 76,034 38.4) 22,754 (11.5)

1985–1989 248,128 68,806 (27.7) 59,424 (23.9) 92,756 (37.4) 27,142 (10.9)

1990–1994 194,388 60,392 (31.1) 42,904 (22.1) 60,058 (30.9) 31,034 (16.0)

1995–1999 63,002 20,926 (33.2) 12,931 (20.5) 17,006 (27.0) 12,139 (19.3)

1,082,353** 312,697 (28.9) 235,169 (21.7) 394,313 (36.4) 140,174 (13.0)

P-value refers to Chi-Square test.
*Rio de Janeiro was included in REDS program in 2012. So, donations included the period 2012–2016.
**There were 9,821 records missing the birth age.
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FIGURE 1 | HTLV-1/2 prevalence in first-time donors per 100,000 donors per year and by blood center (2007–2016). Poisson model. Rio de Janeiro entered into the

REDS study in 2012.

FIGURE 2 | HTLV-1/2 prevalence by age and birth cohort. Dots and lines of differing color indicate birth cohorts as specified under the figure.

The analysis by gender showed that HTLV-1/2 prevalence
was higher among women (Table 2), although there was a
longitudinal progressive increase among men (Figure 3).

In relation to age groups, during the 10-year period, there was
a trend toward an increase in the seropositivity for individuals
under 20 years of age (p= 0.014) and between 20 and 29 years of
age (Figure 4).

Regarding educational attainment, the 10-years analysis
showed an increasing trend in the HTLV-1/2 seropositivity for
the lowest level (p < 0.001) and for the highest level of education
(Figure 5).

Regarding the self-declared skin color, black skin color
predominated in the general analysis (p = 0.045; Table 2) and
a stronger trend in the HTLV-1/2 seropositivity was observed in
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TABLE 2 | Comparative analysis of HTLV-1/2 prevalence (per 100,000) among first-time blood donors in the years 2007 and 2016 regarding gender, age groups,

schooling, skin color, and type of donation.

Characteristics

N per 100,000

Period Variation P-value

All 10 years 2007 2016 (%)

Blood center

Recife 228.3 (211.5; 245.1) 281.5 244.6 −13.1 0.563

Rio de Janeiro* 222.0 (197.4; 246.6) 227.3 206.7 −9.1 1.000

Belo Horizonte 103.7 (90.6; 116.8) 63.8 67.9 6.4 0.218

São Paulo 103.3 (93.3; 113.4) 86.5 123.8 43.1 0.658

Gender

Female 179.6 (167.5; 191.7) 128.5 169.9 32.2 0.207

Male 136.0 (136.7; 145.3) 108.7 161.9 48.9 0.046

Age

(years)

<20 86.0 (71.7; 100.3) 44.4 88.0 98.2 0.303

21–29 103.9 (94.3; 113.6) 57.4 112.1 95.3 0.032

31–39 184.5 (168.4; 200.6) 161.6 209.8 29.8 0.349

41–49 244.5 (218.2; 270.9) 259.2 243.6 −6.0 0.943

50+ 361.4 (315.9; 407.0) 322.0 354.2 10.0 0.934

Schooling

Elementary 240.1 (219.6; 260.7) 116.7 253.7 117.4 0.001

Middle 138.4 (128.5; 148.4) 76.2 174.4 128.9 0.003

College 90.5 (78.3; 102.6) 45.8 89.4 95.2 0.369

Skin color

Black 206.1 (179.6; 232.5) 95.3 221.9 132.8 0.045

White 109.0 (99.1; 119.0) 78.7 129.3 64.3 0.063

Mixed 174.1 (161.7; 186.4) 98.7 177.9 80.2 0.035

Other 154.9 (85.3; 224.5) 267.7 147.8 −44.8 0.936

Donor type

Community 140.8 (130.8; 150.7) 107.8 137.9 27.9 0.298

Replacement 171.2 (159.8; 182.6) 118.8 199.5 67.9 0.009

*The year 2012 was the reference.

people with white skin color (p < 0.001) compared to black skin
color (p= 0.023) during the 10-year period (Figure 6).

Regarding the type of donation, replacement donors had
higher HTLV-1/2-seroprevalence when compared to community
donors (Table 2). Both types of donors showed a trend of
increased seropositivity over the years (Figure 7).

In Table 3, we presented the HTLV1/2 prevalence by blood
center and covariates. Females were more frequent in Belo
Horizonte (60.6%) and São Paulo (61.5%) when compared to
Recife (59.3%) and Rio de Janeiro (56.3%). Infected individuals
with upper education were more frequent in São Paulo
and Rio de Janeiro (<0.001). In relation to skin color, the
prevalence of people who self-reported black skin and mixed
skin was higher in Recife in comparison to Rio de Janeiro
and São Paulo (<0.001). Regarding the type of donation,
the rates of community donors vs. donors of replacement
varied, and Rio de Janeiro and São Paulo presented the larger
number of infected individuals who were community donors,
which means individuals who come spontaneously to donate.

Supplementary Table 1 shows the prevalence of all the covariates
per year.

DISCUSSION

The analysis of a 10-year HTLV-1/2 surveillance in four blood
centers in Brazil representing the Northeastern and Southeastern
regions, which are the most populous in the country, showed that
overall HTLV-1/2 prevalence has been stable from 2007 to 2016.
However, during the period, there was an increase in HTLV-
1/2 seropositivity among male, white skin color, more educated
people and younger aged. The same trend was detected in the
four blood centers (Table 3). This occurred despite blood bank
policies in place since 1993 to safeguard blood transfusions from
HTLV-1/2 infection as well as the public health policies aiming
at the reduction of sexually transmitted infections (STIs). In
Brazil, there are about 800,000 people infected by HTLV-1/2 and,
certainly, the country represents one of the largest endemic areas
worldwide (7, 8).
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FIGURE 3 | Prevalence per 100,000 donors per year and gender. There was a significant increasing trend for men (p = 0.049), Poisson model.

FIGURE 4 | Prevalence per 100,000 donors per year and age group. There was a significant increasing trend for groups <20 years (p = 0.014), 20–29 years (p <

0.001), in the Poisson model.

When we compared our results encompassing data from
2007 to 2016 with those published by REDS with data from
2007 to 2009 regarding the same blood banks and using the
same diagnostic algorithm presented here, it is evident that the
prevalence barely changed (1). This previous REDS study showed

that the prevalence per 100,000 donors was 222 in Recife, 83 in
Belo Horizonte and 101 in São Paulo (1). However, after the first
decade of HTLV-1/2 screening in blood banks, a reduction in
the prevalence of HTLV-1/2 occurred when comparing the REDS
results with data from 1995 to 2000 in the Brazilian national
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FIGURE 5 | Prevalence per 100,000 donors per year and education level. There was a significant increasing trend for HTLV-1/2-infected donors who studied less than

high school (p < 0.001), up to high school (p < 0.001), and higher or more (p = 0.014), in the Poisson model.

FIGURE 6 | Prevalence per 100,000 donors per year and skin color. There was a significant increasing trend for blacks (p = 0.023) and whites (p < 0.001) in the

Poisson model.

seroprevalence study in blood centers, but done without the
use of confirmatory testing and based on an EIA (4). Based
on data of all the Brazilian States and the Federal District, the
prevalence per 100,000 blood donors was 750 in Recife, 470 in

Rio de Janeiro, 660 in Belo Horizonte, and 320 in São Paulo (4).
Although the comparison of the prevalence presented in these
two studies has been hampered by divergent methods of testing,
there was a reduction in rates in all capitals, as expected (1, 4). The
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FIGURE 7 | Prevalence per 100,000 donors per year and type of donor. There was a significant upward trend for both groups, including community donors (p =

0.025) and donors of replacement (p < 0.001) in the Poisson model.

implementation of public health policies to control blood-borne
diseases certainly influenced this decline.

HTLV-1/2 prevalence has been falling in other HTLV-
1/2-endemic countries. A study carried out from 2000
to 2006 with data from blood donors in Nagasaki, an
endemic area for HTLV-1/2 in Japan, demonstrated a
reduction in the prevalence of HTLV-1/2 among people
born after 1987 and the persistence of high prevalence
among those born before 1960. The reasons for this
declining trend in the prevalence of HTLV-1/2 include
social changes over the years, such as decreased duration
of breastfeeding, increased frequency of artificial feeding,
migrations and common use of condoms by younger people
in endemic areas (9). However, in the last two decades,
the estimated number of HTLV-1 carriers has not dropped
much (10).

Regarding gender, the overall prevalence in females was
higher, which is a feature of HTLV-1/2 infection already
known in Brazil and worldwide (1, 7, 11). The transmission
has been considered to be more effective in the male-female
direction during sexual intercourse (12, 13). The analysis
of the 10-year period showed an increasing trend in male
prevalence, which must be analyzed considering that if, on the
one hand, candidates for blood donation are predominantly
men, on the other hand, this preponderance has always
been the same in the blood banks in an epidemiological
context of higher prevalence of HTLV-1/2 in female blood
donors. Thus, there seems to be occurring a change in the
profile of the individual infected with HTLV-1/2 (p = 0.049;
Figure 3).

The distribution of donors by age group was similar in the four
capitals and the HTLV-1/2 prevalence increased with age, which
is another known epidemiological feature of HTLV-1/2 infection
and previously attributed to a birth cohort effect (1, 11, 14). We
confirmed in the birth cohort analysis that the prevalence of
HTLV-1/2 increased with the aging of the population (Figure 2).

The age group analysis during the 10-years period showed
a trend toward an increase in prevalence of people under
the age of 29, which suggests recent transmission by sex
(Figure 4). Injection drug use is a possibility for increasing
HTLV-1/2 but probably unlikely in the blood donor population.
The recent recrudescence of syphilis and an increase in HIV
prevalence among young people in Brazil corroborate the
hypothesis of sexual transmission (15, 16). A study carried
out in São Paulo found that a large percentage of adolescents
has not learned about safe sexual behavior (17). Another
study comprising 1,208 young people interviewed in the survey
“Youth, Behavior and STD/AIDS” showed that 4 out of 10
Brazilian citizens aged between 18 and 29 years admitted that
they did not use condom in their last sexual intercourse (18).
Undoubtedly, unsafe sex among young people is an important
risk factor for ISTs, which have been increasing in this age
group in the last two decades in Brazil. In fact, despite
social dissemination of information about sex education, it
seems that the target population has not yet been effectively
reached. Similarly, in Japan, despite preventive measures, the
rate of infection in young men has been increasing in non-
endemic areas comparing to endemic, which suggest that
horizontal transmission among adolescents and adults has been
happening (10).
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TABLE 3 | HTLV-1/2- prevalence (95% confidence interval) from 2007 to 2016 (10

years) in the four participating blood banks.

Characteristics Recife Belo

Horizonte

São Paulo Rio de

Janeiro

Gender

Female 287.5

(255.2; 319.8)

125.9*

(105.4; 146.5)

127.8*

(111.7; 143.9)

255.6

(215.0; 296.2)

Male 197.6

(178.4; 216.9)

82.0*

(65.8; 98.4)

80.0*

(67.7; 92.3)

198.6

(167.9; 229.2)

Age (years)

≤20 116.2

(87.8; 144.7)

77.8

(49.5; 106.1)

51.6*

(31.8; 71.5)

106.1

(59.6; 152.6)

20–29 152.1

(129.9; 174.3)

79.6*

(62.4; 96.8)

65.2*

(52.6; 77.9)

159.8

(125.2; 194.3)

30–39 282.7

(245.7; 319.8)

113.0*

(85.1; 140.9)

118.7*

(97.5; 139.8)

260.3

(208.8; 311.7)

40–49 351.1

(292.9; 409.4)

146.5 *

(98.7; 194.3)

185.9*

(148.8; 223.1)

307.8

(229.4; 386.2)

≥50 605.2

(487.0; 723.5)

289.7*

(186.2; 393.2)

211.2*

(157.4; 265.1)

438.1

(319.3; 556.9)

Schooling

Elementary 342.8

(300.0; 385.7)

142.8*

(114.2; 171.3)

176.1*

(143.1; 209.1)

424.0

(327.0; 521.1)

Middle 190.2

(167.3; 213.0)

93.4*

(75.9; 110.9)

93.9*

(80.8; 107.0)

246.1*

(209.0; 283.1)

College 103.9

(70.9; 136.9)

74.5

(49.9; 99.2)

70.5

(53.6; 87.3)

128.1

(98.1; 158.1)

Skin color

Black 306.0

(241.0; 370.9)

120.2*

(84.7; 155.7)

134.7*

(94.0; 175.4)

358.4

(268.6; 448.2)

Mixed 245.1

(219.9; 270.2)

113.0*

(93.6; 132.4)

124.4*

(104.8; 143.9)

230.2

(187.6; 272.7)

White 140.5

(112.8; 168.1)

86.5*

(65.5; 107.5)

78.9*

(66.7; 91.2)

184.9*

(153.9; 216.0)

Other 176.2

(0.0; 420.2)

50.5

(0.0; 149.5)

182.3

(90.1; 274.5)

216.0

(0.0; 515.0)

Donor type

Community 208.4

(181.0; 235.8)

103.5*

(80.3; 126.8)

104.8*

(93.0; 116.6)

218.3

(185.4; 251.2)

Replacement 239.7

(218.5; 261.0)

103.9*

(87.3; 120.5)

99.4*

(80.3; 118.5)

234.0

(194.1; 273.8)

P-values refers to Poisson model.
*Indicate the prevalence with significative difference compared to Recife prevalence
(reference). P-value was omitted because it would be a P-value for each comparison
of each center with the reference (Recife).

Educational status varied among the centers, with São Paulo
and Rio de Janeiro presenting a higher prevalence of HTLV-
1/2-positive donors with more years of schooling (Table 3). This
reflects the better economic conditions of these two capitals,
which influences the access to education. It is noteworthy that São
Paulo had the largest increase in HTLV-1/2 prevalence (43.1%)
comparing 2007 and 2016 (Table 2). The other capitals presented
a minimal increase in HTLV-1/2 prevalence (Belo Horizonte) or
a decrease (Recife and Rio de Janeiro). Prospective blood donors
in São Paulo have been shown to withhold information in the
pre-donation interview in order to have access to free testing

for sexually transmitted infections (19). The 10-years analysis
about education (Figure 5) showed an ascendant line in HTLV-1
prevalence for either low or high schooling, which may indicate
that educational policies in Brazil have not led to changes in
sexual behavior.

Socio-economical vulnerability has largely been correlated
with HTLV-1/2 infection (20–24), something which was
confirmed in the present study. Several publications have
reported that the indicators of more vulnerable socioeconomic
markers, such as less formal education and black skin color, are
associated with increased HTLV-1/2 prevalence in endemic and
non-endemic areas (20, 24, 25). In addition, the higher HTLV-
1/2 prevalence among self-declared black people found in the
present study has already been reported and it is possibly due to
the African origin of HTLV-1/2 and its dissemination to Brazil
via slave trade (1).

Regarding the type of donor, we found a higher prevalence
of replacement donors when compared to community
donors among the HTLV-1/2-positive individuals. Donors
of replacement have been reported to have a higher prevalence of
several viral markers, including HTLV-1/2 infection (26).

Our study has limitations. We confirm the higher prevalence
of HTLV-1/2 in Recife and Rio de Janeiro compared to São
Paulo and Belo Horizonte (1), although statistics for Rio de
Janeiro were only available for 2012–2016 because Rio de Janeiro
entered the REDS program in 2012. Regarding the prevalence
during the period, Belo Horizonte presented an isolated peak
of infection in 2015 (Figure 1), which can be explained by a
change of reagent lots in this blood center that occurred during
the months of August and September coinciding with the peak
in prevalence. We suspect that the corresponding increase in
HTLV-1/2 seropositivity was due to either increased sensitivity
or reduced specificity of the new assay. The circumstance that
gives support to this inference is that the changing in the lots
resulted in the normalization of the current prevalent value.
The lack of HTLV-1/2 confirmatory testing is another limitation,
although we agree that a dual EIA testing strategy is an acceptable
alternative for an epidemiological study.

In conclusion, STIs have been considered a serious public
health problem in Brazil due to their widespread occurrence,
lack of symptoms and concurrent transmission of HIV. We
believe that HTLV-1/2 infection deserves more attention within
STIs prevention efforts since the current profile of the infected
population includes younger people, indicating an increase in
recent infection.
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Breastfeeding is recommended by the World Health Organization for at least 6 months
up to 2 years of age, and breast milk protects against several diseases and infections.
Intriguingly, few viruses are transmitted via breastfeeding including Human T-cell
leukemia virus Type 1 (HTLV-1). HTLV-1 is a highly oncogenic yet neglected retrovirus,
which primarily infects CD4+ T-cells in vivo and causes incurable diseases like HTLV-
1-associated inflammatory conditions or Adult T-cell leukemia/lymphoma (ATLL) after
lifelong viral persistence. Worldwide, at least 5–10 million people are HTLV-1-infected
and most of them are unaware of their infection posing the risk of silent transmissions.
HTLV-1 is transmitted via cell-containing body fluids such as blood products, semen,
and breast milk, which constitutes the major route of mother-to-child transmission
(MTCT). Risk of transmission increases with the duration of breastfeeding, however,
abstinence from breastfeeding as it is recommended in some endemic countries is
not an option in resource-limited settings or underrepresented areas and populations.
Despite significant progress in understanding details of HTLV-1 cell-to-cell transmission,
it is still not fully understood, which cells in which organs get infected via the oral
route, how these cells get infected, how breast milk affects this route of infection
and how to inhibit oral transmission despite breastfeeding, which is an urgent need
especially in underrepresented areas of the world. Here, we review these questions and
provide an outlook how future research could help to uncover prevention strategies that
might ultimately allow infants to benefit from breastfeeding while reducing the risk of
HTLV-1 transmission.

Keywords: HTLV-1, virus transmission, breastfeeding, breast milk, tonsils, small intestine, oral route

INTRODUCTION

Human T-cell leukemia virus type 1 (HTLV-1) is a neglected highly oncogenic retrovirus infecting
at least 5–10 million people worldwide, which is probably an underestimation (1). Endemic regions
are located in Japan, Melanesia, Central Australia, Sub-Saharan Africa, parts of South America
(e.g., Brazil), the Caribbean, and the Middle East (2). A high frequency of people infected with
HTLV-1 (PHTLV) worldwide lives in resource-limited settings or belongs to social or ethnic
minorities (2, 3). Problematically, many of the PHTLV are unaware of their infection since
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HTLV-1 is not screened routinely in every endemic country
(1). Therefore, PHTLV might pass the virus to other vulnerable
groups via blood products, sexual transmission and mother-to-
child transmission (MTCT). Upon infection, HTLV-1 integrates
into the host cell genome and PHTLV are life-long suffering
from the burden of HTLV-1-infection and an increasingly
recognized impairment of quality of life (4). Carriers face the
risk of developing diseases with high morbidity and mortality,
especially if infection has been acquired during infancy and
due to the high incidence of co-infections (5). Approximately
10% of PHTLV develop incurable diseases including HTLV-
1-associated inflammatory conditions like HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), or the fatal
neoplasia Adult T-cell leukemia/lymphoma (ATLL). Infection
upon MTCT poses an exceptional high risk for the infants
to develop ATLL during their lives (6). In endemic areas of
HTLV-1-infection, such as southwestern Japan, MTCT has been
demonstrated to be the primary mode of transmission (7), while
the main route of transmission for other countries like Brazil
(ca. 0.8–2.5 million PHTLV) or Central Australia is still a matter
of discussion (3, 8, 9). Although intra-uterine transmission of
HTLV-1 has been described and perinatal transmission cannot
be fully excluded (10, 11), the majority of HTLV-1 MTCT occurs
via breastfeeding since the level of infection among babies that
are exclusively formula fed is low (6, 7). In breastfed infants,
MTCT occurs at rates varying from 7.4 to 32%, compared with
a rate of less than 2.5–5% among bottle-fed children (6, 8, 12).
Risk factors for HTLV-1 transmission via breastfeeding are (1)
high proviral loads (PVL) in milk and blood, (2) low income,
(3) breastfeeding over a longer period, (4) previous HTLV-1-
infected offspring, (5) HLA-concordance between mother and
child, (6) coinfection with the nematode Strongyloides sp., or
(7) being a HAM/TSP patient (6, 13). Infection most likely
results from the prolonged exposure of infants to HTLV-1
infected cells in breast milk after the loss of protective maternal
antibodies (9, 14).

Overall, there is a dilemma whether the benefits from
breastfeeding outweigh the risk of virus transmission (Figure 1).
On the one hand, breastfeeding is recommended by WHO
for the first 6 months up to 2 years of age since breast milk
provides optimal nutrition to the infant and protects against
severe diseases and infections, especially diarrheal infections
attributed to contaminated drinking water (15). On the other
hand, few viruses are transmitted via breast milk including
Human Cytomegalovirus (CMV), Human Immunodeficiency
Virus (HIV), HTLV-1, and the related HTLV-2 (16, 17). For
arboviruses like Zika Virus, Dengue Virus, or Yellow Fever Virus,
transmission via breast milk is under debate (18). However,
abstinence from breastfeeding is no option in resource-limited
settings due to impaired access to clean drinking water. In
addition, social stigmatization of non-breastfeeding mothers, in
certain cases, might serve as a hurdle to cease from breastfeeding,
or impact adherence to the recommendation of avoidance of
breastfeeding. Moreover, freezing of milk from HTLV-1-infected
mothers has been shown to reduce risk of transmission in
Japan (19), but this may not be feasible in developing countries.
Therefore, this mini-review provides an overview of the oral

route of HTLV-1 transmission via breastfeeding and an outlook
how future research could help to uncover prevention strategies
of MTCT, which proves to be one of WHO main priorities
(12). These implementations should ultimately allow infants to
benefit from breastfeeding while reducing the risk of HTLV-
1 transmission.

WHICH CELLS IN WHICH ORGANS GET
INFECTED via THE ORAL ROUTE OF
HTLV-1 TRANSMISSION?

Ingestion of breast milk constitutes the major pathway of HTLV-
1 MTCT, and common marmosets, rabbits and rats can be
experimentally infected with HTLV-1 via the oral route (20–23).
Upon ingestion, breast milk first comes to pass the oral cavity
of the infant. Due to their location, architecture and enrichment
in lymphocytes, palatine tonsils represent the first possible viral
entry site (Figure 2). Indeed, tonsils seem to constitute an HTLV-
1 reservoir as proviral DNA could be detected in extrafollicular
areas in tonsil sections from HTLV-1 seropositive patients (24).
Several lines of evidence additionally suggest that labial salivary
glands (LSG) represent a non-lymphoid viral reservoir since
proviral DNA as well as HTLV-1 gene products have been
detected in LSG tissues and acini cells of HAM/TSP patients
and individuals presenting with Sjögren’s syndrome (25, 26).
Moreover, in co-culture with the chronically infected T-cell line
HCT-5, HTLV-1 Gag protein was rapidly transferred to salivary
gland epithelial cells, indicating that this cell type might—at
least in vitro—be susceptible to HTLV-1 infection (27). Yet, it
remains to be experimentally determined whether these tissues
are permissive for primary HTLV-1 infection, especially in the
context of breast milk carrying infected cells.

Having passed the suckling’s pharynx, subsequent potential
HTLV-1 entry sites are located in the gut and small intestine
(Figure 2). To this end, infected cells or infectious virus have
to withstand the passage through the infant’s stomach. This
idea is bolstered by experimental data indicating that medium
pH = 3 had little influence on leukocyte survival as well as
on HTLV-1 transmissibility from in vitro transformed breast
milk macrophages to stimulated PBMC (28, 29). In fact, several
animal models including rat, sheep and baboon, showed that
colostral cells and milk leukocytes that were delivered to the
newborn by lactation or oral application were able to pass
the gastric epithelium and reach the neonate’s tissues and
circulation (30–32).

After gastric transit, infected cells or infectious virus
encounter the small intestine. Here, the gut-associated
lymphoid tissue (GALT), a major secondary lymphatic organ,
arises as an ideal candidate for potential HTLV-1 entry.
Beneath the protective mucus film containing a multitude
of antimicrobial peptides like defensins and lysozymes, the
intestinal epithelial cell layer followed by the lamina propria is
located (33). These structures contain many innate immune cells
including macrophages and dendritic cells as well as intestinal
intraepithelial lymphocytes (IEL) (34). Since most IELs at the
surface mucosal compartment are partially activated T-cells it
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FIGURE 1 | The dilemma of breastfeeding and HTLV-1 transmission. HCMV, Human Cytomegalovirus; HIV, Human Immunodeficiency virus; HTLV, Human T-cell
leukemia virus; WHO, World Health Organization. Created with BioRender.

FIGURE 2 | The oral route of HTLV-1 transmission. HTLV-1 is transmitted from mother to child via breastfeeding. It remains to be determined (1) whether HTLV-1 or
HTLV-1-infected cells cross epithelial barriers in the tonsils, the stomach, or the intestine of the infant in vivo, and (2) by which mechanisms the virus is transmitted
in vivo. Tissues and cells displayed in this figure were drawn manually by Annika P. Schnell with Procreate R© Version 5.2.4 (Hobart, Tasmania) on the Apple iPad Pro
11" 2020 (Cupertino, United States).

is conceivable that these cells are easily susceptible to HTLV-I
infection (29). Importantly, the GALT contains accumulated
lymphoid follicles clustering as Peyer’s patches (PP) in the
ileum. Of note, in the murine system, maternal leukocytes that
are transferred upon ingestion of breast milk preferentially
localize to the offspring’s PPs (35). PPs are surrounded by the
follicle-associated epithelium (FAE), which constitutes a junction
between the GALT and the luminal microenvironment (36). The
FAE is not only characterized by a large number of infiltrated

B- and T-cells as well as macrophages and dendritic cells (DCs)
but also encompasses specialized cells termed M-cells (microfold
cells). Interestingly, M-cells were shown to serve as entry ports to
the host for several viruses, including HIV-1, reo- and poliovirus
in humans, as well as murine leukemia virus in mice (37–40).
Therefore, M-cells might represent an attractive target also for
HTLV-1 transmission, which remains to be addressed. General
permissiveness of intestine tissues for HTLV-1 infection was
demonstrated as the virus was detected in the mesenteric lymph
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nodes and the GALT after intravenous viral inoculation of
squirrel monkeys or rabbits, respectively (41, 42).

HOW DO CELLS GET INFECTED WITH
HTLV-1 via THE ORAL ROUTE?

Establishing an HTLV-1 infection via the oral route could occur
in several ways, which has been nicely summarized in recent
reviews (43, 44). First, HTLV-1 infected cells could readily pass
a physically damaged or disrupted epithelial cell layer. Of note,
in humans, intestinal permeability is very high shortly after
birth but drops soon during the infant’s development (45). Since
subsequent gut closure is a very gradual process this might serve
as an entry point for infected cells. In fact, an in vitro study
conducted by Afonso and colleagues showed that infection of
cerebral endothelial cells mimicking the blood-brain-barrier led
to barrier breakdown (46). On the other hand, using intestinal
epithelial cell lines, no loss of epithelial cell layer integrity was
observed (47), indicating cell type specific outcomes in different
tissues. Interestingly, a recent study suggested that co-infection
with HIV-1 and HCMV evoked a disruption of the mucosal layer,
allowing viral spread to the tonsils using an in vitro model (48).
Similarly, a report by Ohata and colleagues analyzing an HTLV-
1/HCMV co-infected patient described a gastroenterocolitis
setting, indicating that viral interplay might affect mucosal
integrity (49). Interestingly, mixed feeding (powdered infant
formula and breastfeeding) is associated with higher rates of HIV-
1 transmission (50). This finding is probably due to altered gut
mucosal lining and permeability as a result of an increased gut
pH and altered microbiota, which has been observed in infants
fed with formula milk or prematurely with solid foods (51–53).
Therefore, it would be interesting to determine whether mixed
feeding also impacts transmission of HTLV-1.

Apart from that, HTLV-1 infected macrophages, although
not formally demonstrated yet, but which might be present in
breast milk, could transmigrate through the intact epithelium.
This mode of action was observed to be employed by HIV-1
using ex vivo organ tissue models, however, until now there is no
experimental data in regard to HTLV-1 (54). Another plausible
mechanism establishing HTLV-1 infection is productive infection
of the epithelial cell layer. Indeed, an in vitro study observed
HTLV-1 infection of enterocytes with newly generated virus
being released from the basal surface (55). In contrast, Martin-
Latil and colleagues could not observe productive infection
in their epithelial cell line models but rather demonstrated
that HTLV-1 crosses the epithelial barrier by transcytosis (47).
Such transit of virions incorporated into vesicles from the
apical-to-basal surface has been delineated also for HIV-1 in a
monostratified epithelium in vitro model (56).

Irrespective of the mechanism, HTLV-1 is dependent on
close cell-cell contacts to establish infection. A well-described
specialized structure, which is formed after contact between an
HTLV-1 infected and a target T-cell, is the virological synapse
(VS) (57, 58). Adding to the model of virus transmission by close
cell-cell contacts, in vitro data put forward the idea that clusters of
virus containing components of the extracellular matrix (ECM)

are transferred to target cells, so called viral biofilms (VB) (27,
59–61). However, it remains to be determined whether formation
of the VS or of infectious VB occurs during the oral infection
route. Moreover, it is unclear whether extracellular vesicles
secreted from HTLV-1 infected cells, which enhance viral spread
in vitro, also modulate primary infection via the oral route (62).
Of special note, it was shown that subepithelial DCs were infected
in a co-culture model after transcytosis of HTLV-1 through an
intestinal epithelial cell layer (47). Plasmacytoid and myeloid DCs
from the peripheral blood of HTLV-1 seropositive individuals can
be infected by HTLV-1 and are able to transmit the virus to and
productively infect CD4+ target T-cells (63, 64). This mode of
action was demonstrated to occur not only after cis infection of
DCs but also as an in trans model with HTLV-1 virions binding
to DCs followed by transfer of the virus to target T-cells prior to
infection of the DCs themselves (64, 65). Moreover, plasmacytoid
DCs from uninfected people are susceptible to infection, can be
experimentally infected with viral biofilm and pass the infection
to T lymphocytes in vitro (60). These findings altogether propose
DCs to be key player in primary infection of HTLV-1 permissive
tissues as well as in activation of innate immunity (66). Still, the
role of DCs in the context of HTLV-1 transmission by breast milk
remains elusive and needs to be experimentally investigated.

WHICH CELLS IN BREAST MILK CARRY
HTLV-1 AND HOW DOES BREAST MILK
IMPACT ON VIRUS TRANSMISSION?

Breast milk constitutes of water, probiotic bacteria, breast milk
cells, and macro- and micronutrients including lipids, fats,
proteins and carbohydrates. The repertoire of breast milk cells
is highly heterogeneous and contains (1) breast-derived cells
including luminal epithelial cells (LEC; ductal non-secretory
epithelial cells and lactocytes), myoepithelial cells from the ducts,
squamous epithelial cells (from skin and nipple of the breast),
progenitor and stem cells, and (2) blood-derived cells including
immune cells (e.g., macrophages, lymphocytes, and neutrophils),
and hematopoietic progenitor and stem cells (67–69). Moreover,
breast milk is also rich in biologically active components like
growth hormones, immunoglobulins, microbiota, and human
milk oligosaccharides (HMOs), the latter representing important
nutrients in human milk, which also function in direct pathogen
binding and as prebiotics during the establishment of the infant’s
microbiome. Interestingly, HMOs have also antiviral properties,
e.g., against HIV, rotavirus, norovirus, influenza, and respiratory
syncytial virus (68, 70, 71).

In breast milk, cell free HTLV-1 virions have not been detected
yet, but HTLV-1-infected mononuclear cells (72, 73). There are
large numbers of macrophages present in early lactation that
decrease with the maturation of the milk (68). In experimentally
infected breast milk macrophages (BMM), integrated provirus
as well as Gag p24 (intracellular) and Gag p19 (secreted) were
detectable. Immortalized BMM retained their phagocytic activity
and were able to transmit HTLV-1 to T-cells (29). Next to
lymphocytes and macrophages of human breast milk, also LEC
can be experimentally infected with HTLV-1 and may pass
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the infection to other cells (43, 74). Interestingly, productively
HTLV-1-infected LEC could be kept in continuous culture
and synthesized an extensive extracellular matrix containing
Collagen IV, which is also part of the viral biofilm (59, 61, 75).
LEC were able to infect milk and intestinal epithelial cells as
well as blood and milk leukocytes, and HTLV-1-infected LEC
have been detected in breast biopsies of an ATLL patient with
gynecomastia. Therefore, it is possible that LEC could play a role
as an HTLV-1 reservoir in vivo (75, 76). Yet, it remains to be
determined whether also breast milk lymphocytes are infected
with HTLV-1. Recent studies from mothers vaccinated against
SARS-CoV-2 revealed that breastmilk T-cells (BMTC) contain
higher concentrations of antigen-experienced effector and central
memory T-cells (77). This is in agreement with an earlier study
in people with HIV infection, and it may be speculated that
BMTC arise from a tissue-resident population in breast tissue
rather than from the peripheral blood. Thus, breast biopsies of
HTLV-1-infected mothers as well as a detailed characterization
of the HTLV-1-infected cells in breast milk would broaden our
understanding of the initial steps of MTCT.

Next to breast milk cells, other milk components may impact
HTLV-1-transmission. Testing of paired blood and milk samples
from HTLV-1-infected mothers using a newly developed anti-
HTLV IgG capture assay showed the presence of anti-HTLV-1/2
IgG in milk in the same proportion as blood but in lower
quantity and that PVL in milk correlates with blood (14).
Anti-HTLV-antibodies may protect transmission in utero, but
decline after birth, and levels are low in breast milk. Therefore,
prolonged breastfeeding and decline of protective antibodies
may finally increase the risk of HTLV-1-transmission over time
(14). Several milk components have been shown to interfere
with HTLV-1 transmission, amongst them the soluble milk
protein lactoferrin, transforming growth factor beta (TGF-β), and
prostaglandin E2 (PGE2), which enhance HTLV-1 transmission
to cord blood lymphocytes and transactivate the HTLV-1 long
terminal repeat promotor (78–80). PGE2 has also been shown to
enhance Gag p19 secretion, depending on viral replication (80).
Interestingly, lactoferrin gene expression can also be induced by
the HTLV-1 Tax transactivator, even when Tax is extracellularly
administered, suggesting the existence of a paracrine loop in
the lactic compartment between infected cells and lactoferrin-
expressing cells of the mammary epithelium (81). Analysis with
recombinant vaccinia viruses expressing HTLV-1 Env suggested
that lactoferrin diminishes fusogenic activity of Env, but this
has not been verified with HTLV-1-infected cells (78). Yet, a
systematic evaluation of pro-and antiviral factors in breast milk
and their impact on HTLV-1 MTCT is lacking.

HOW TO INHIBIT ORAL HTLV-1
TRANSMISSION DESPITE
BREASTFEEDING? PAST, PRESENT,
FUTURE

A prerequisite for installing prevention strategies of HTLV-1
MTCT is to raise public awareness about virus transmission in

endemic regions and, especially, to gain more knowledge about
HTLV-1 prevalence in pregnant women worldwide. Still, there is
a lack of cost-effective implementation strategies targeting HTLV-
1 transmission in public health programs of many different
realities around the world. An important step would be antenatal
screening programs of pregnant women and education or
counseling campaigns of seropositive mothers about the potential
risks of viral transmission by breastfeeding, which has only been
implemented for few endemic regions of HTLV-1-infection yet
(6, 8). In fact, several studies showed that antenatal screening
programs would not only prevent MTCT events but would even
be financially beneficial to national health authorities (82, 83).

Nationwide antenatal screening programs have been installed
in Japan in 2010 (84, 85), while in France, Brazil and Chile,
people with certain risk factors or from endemic regions are
screened (86). In addition, screening of breast milk donations
is recommended in the United Kingdom and in France, at least
for donors from endemic regions (12). Routine screening of
milk banks originating from donors of endemic regions should
be advisable. Brazil has been recommending HTLV-1/2 infected
mothers to avoid breastfeeding in 2019 (3), a strategy that proved
successful in Japan earlier: Abstinence from breastfeeding by
PHTLV mothers reduced the prevalence of HTLV carriers from
20–25% to 4% in the Nagasaki population in Japan (8). In Japan,
HTLV-1 infected mothers are advised not to breastfeed or to
do so only for less than 3 months (7). These recommendations
are based on studies showing that avoidance of breastfeeding
and exclusive formula feeding, short-term breastfeeding up to
3–6 months, or, in few studies, the freeze-thaw method reduce
MTCT (19, 87, 88).

However, these practices may not be feasible in any setting:
avoidance of breastfeeding may not only be harmful to the infant
due to the loss of maternal passive immunity but also due to
the risk of infection-related infant mortality, e.g., as a result of
limited access to clean water, or limited financial resources (89,
90). Several studies have described severe diarrheas and weight
loss upon weaning (91). Next to economic problems, social
stigmatization in some cultures when mothers do not breastfeed
their children should not be ignored (92). On the other hand,
seropositive mothers, who are aware of their infection, might
be hampered to breastfeed due to their fear of transmitting the
virus to their offspring or even feel guilty upon inadvertent
transmission due to the lack of efficient education and
MTCT prevention strategies. Taking into account the different
realities around the world, it should be acknowledged that
every recommendation favoring or possible obstacle precluding
breastfeeding should be carefully weighed against each other. It
is important to asses a seropositive mother’s particular risk of
MTCT considering individual settings. Ideally, future prevention
strategies should focus on inhibition of HTLV-1 MTCT despite
breastfeeding to allow optimal nutrition of the infants.

But how could this be achieved? Prevention strategies
could target either the infected mother or the newly infected
infant. For HIV, WHO guidelines on HIV and Infant Feeding
recommend “Mothers living with HIV should breastfeed for
at least 12 months and may continue breastfeeding for up to
24 months or longer while being fully supported for antiretroviral

Frontiers in Medicine | www.frontiersin.org 5 March 2022 | Volume 9 | Article 86714787

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-867147 March 7, 2022 Time: 14:50 # 6

Millen and Thoma-Kress Milk Transmission of HTLV-1

therapy (ART) adherence” (93). In fact, this contrasts with
recommendations provided in several high-income countries,
including the United States, which advise complete cessation
from breastfeeding to mothers living with HIV regardless of viral
load and ART therapy (94, 95). However, unlike HIV, HTLV-
1 predominantly expands by mitotic division of the infected
cells rather than by new infections, thus, it remains to be
determined whether ART could interfere with HTLV MTCT.
Currently, clinical studies addressing the impact of ART on
the PVL in breast milk of HTLV-1-infected mothers or, vice
versa, assessing the use of prophylactic treatment of the suckling,
using for example integrase inhibitors, are lacking but might
serve as a promising and cost-effective tool to prevent MTCT.
Future challenging strategies to get rid of the integrated virus
within infected mothers could include excision strategies using
HTLV-1-specific recombinases that have already been evolved
for HIV (96, 97), zinc finger nucleases (98) or genetic editing
strategies using CRISPR/Cas 9 (99). Hence, it may be easier
to prevent de novo infection of the infant. From a practical
point of view, mothers being aware of their infection should
be equipped with easy-to-use, cheap, heat-resistant prevention
tools, which can be applied while breastfeeding. These prevention
tools do not exist yet and have to be developed. A specific
tool to block HTLV-1 MTCT could be based on the anti-
gp46 (env) neutralizing monoclonal antibody (mAb) termed
LAT-27, which prevents in vivo transmission of HTLV-1 in a
simple humanized mouse model of HTLV-1 infection (100).
Of note, LAT-27 was not able to prevent MTCT in an orally
HTLV-1 infected rat model when injected intraperitoneally,
indicating that the mode of application might be decisive to
inhibit MTCT (101). It remains to be determined whether
MTCT could be prevented by neutralizing HTLV-1 specific
antibodies in humans, which is an effective strategy to inhibit
Hepatitis B Virus (HBV) transmission using Hepatitis B immune
globulin (HBIG) (102). Moreover, it may also be interesting to
see whether these antibodies can be applied as a spray into
the oral cavity while suckling. Moreover, little is known about

therapeutics that prevent entry of the infected cell, e.g., by
interfering with the HTLV-1-receptor, the virus, or the infected
cells, and which could ideally be applied topically on the breast
of the infected mother or within the oral cavity of the suckling
infant.

CONCLUDING REMARKS

Overall, there is a great need to develop novel prevention
strategies of HTLV MTCT with the potential to protect the
most vulnerable members of our society, newborn infants, from
live-long, live-threatening, and incurable infections.
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PCR Platforms and Reagent Brands
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Fábio Takenori Higa and Adele Caterino-de-Araujo*
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Brazil currently has the highest number of individuals infected with human
T-lymphotropic virus 1- and 2- (HTLV-1 and HTLV-2) globally. At present, neither
molecular protocols nor commercial assays are available for HTLV-1/-2 diagnosis
or validated by the Brazilian Ministry of Health regulatory agency (ANVISA). We
developed and validated two in-house multiplex quantitative real-time PCR for HTLV-
1/-2 (mqPCR_HTLV) assays, targeting the pol and tax genes, for the simultaneous
identification of HTLV-1, HTLV-2, and the albumin reference gene. The robustness
of the assays was evaluated on two platforms using seven commercial master mix
formulations. The reactions employed double plasmids (pHTLV1-Alb and pHTLV2-Alb)
for the standard curve’s construction and for expressing the detection limit of the assays.
They were able to detect 10 and 10 copies of HTLV-1 and 10 and 70 copies of HTLV-2
for the tax and pol targets, respectively. High efficiency was obtained using both the
platforms and all the reagents evaluated and were successfully reproduced by other
analysts. DNA samples from HTLV-1/-2-infected and non-infected patients and from
HIV/HTLV-coinfected patients were evaluated to determine the feasibility of their use
in routine diagnosis. The mqPCR_HTLV (pol and tax) assays demonstrated an overall
specificity of 100% and a sensitivity of 97.4% when testing samples from patients
without HIV infection, and sensitivities of 77.1% (pol) and 74.6% (tax) in samples from
HIV/HTLV-coinfected patients. In addition, they resolved the issue of HTLV western
blotting (WB) indeterminate and WB-untyped results in 45.5 and 66.7% of cases,
respectively. The developed mqPCR_HTLV (pol and tax) assays indicated their feasibility
for efficient and reliable HTLV diagnosis in various core facility laboratories under different
conditions and supplies.

Keywords: HTLV-1, HTLV-2, multiplex qPCR, pol, tax
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INTRODUCTION

Human T-lymphotropic virus 1 and 2 (HTLV-1 and HTLV-2)
are endemic to Brazil and their distribution varies according
to the ethnic background of individuals and geographic regions
(CGIST/DDCI/SVS et al., 2020). Brazil has the highest number of
HTLV-1/2-infected individuals in Latin America and worldwide
(Gessain and Cassar, 2012; CGIST/DDCI/SVS et al., 2020).
Although the majority of the individuals remain asymptomatic,
many people living with HTLV may develop one or more of
a range of related diseases (Haziot et al., 2019; Rosadas et al.,
2021a). At least two diseases of high morbidity and mortality
rates are associated with HTLV-1, including HTLV-1-associated
myelopathy (HAM) and adult T-cell leukemia/lymphoma (ATL),
while HTLV-2 is rarely associated with a disease (Paiva and
Casseb, 2015; Rosadas et al., 2021a). Thus, it is important to
perform confirmatory and discriminatory diagnosis of HTLV-
1/2 infections. There is no curative treatment available for these
infections, therefore preventive measures, which include correct
diagnosis, are the only means to eliminate HTLV transmission
(Rosadas et al., 2021b).

The laboratory diagnosis of HTLV-1 and -2 is performed
on blood samples from patients using screening tests followed
by confirmatory tests. The screening tests detect antibodies
against HTLV-1/2 in plasma/serum samples; they have high
sensitivities, and negative results exclude HTLV-1/2 infection (da
Silva Brito et al., 2018; Caterino-de-Araujo et al., 2021). The
most common screening tests are the particle agglutination (PA),
enzyme immunoassays (EIA or ELISA), and chemiluminescence
immunoassays (CLIA) (Okuma et al., 2020; Caterino-de-Araujo
et al., 2021; Rosadas et al., 2021a). Confirmatory serologic tests
identify antibodies specific for HTLV-1 and -2 antigens in
plasma/serum samples, and the most common types of these
tests are western blotting (WB) and the line immunoassay (LIA).
Both these serologic confirmatory assays help in diagnosis, but in
some cases, inconclusive results may occur (HTLV untyped and
indeterminate), especially when samples obtained from patients
with HTLV-2 infection and those from patients coinfected with
HIV, and/or HBV, and/or HCV (Campos et al., 2017a,b, 2020;
Caterino-de-Araujo et al., 2021) are tested. LIA has a greater
accuracy in comparison to WB for the confirmation of HTLV-
1 and -2 infection (Campos et al., 2020; Okuma et al., 2020),
but in cases of LIA- or WB-indeterminate and untyped results,
molecular assays that amplify segments of the proviral DNA
present in the HTLV-infected cells samples, must be conducted
(Caterino-de-Araujo et al., 2021; Rosadas et al., 2021a). These
molecular tests are based on polymerase chain reaction (PCR)
in various formats: nested PCR (n-PCR), PCR followed by
restriction fragment polymorphism analysis (PCR-RFLP), real-
time quantitative PCR (qPCR), and loop-mediated isothermal
amplification (LAMP) (Gomes et al., 2020; Caterino-de-Araujo
et al., 2021; Rosadas et al., 2021a).

The HTLV Brazilian Protocol for Sexually Transmitted
Infections 2020 recommends performing WB or LIA as the first
confirmatory assay, and in case of inconclusive results conducting
a PCR for confirmation (Rosadas et al., 2021a). However, at
present, neither molecular protocols nor commercial molecular

assays for HTLV-1/-2 diagnosis are commercially available in
Brazil or validated by the Brazilian Ministry of Health regulatory
agency (ANVISA). The molecular tests used in Brazil have been
developed in-house and most of them have not been validated.
This makes the implementation of routine molecular testing and
the comparison of results from different laboratories difficult.

Since 1992, the Instituto Adolfo Lutz (IAL) Central Public
Health Laboratory in São Paulo, Brazil, has been conducting
studies on HTLV-1 and -2 infections, and has performed
HTLV serology routinely since 1998. At this laboratory, we
searched for the best assays and algorithms that could be
used for testing in São Paulo and Brazil in general, based on
performance and cost-effectiveness. During these years we had
the opportunity to use WB (several trademarks and versions),
LIA, n-PCR (env, tax, LTR), PCR-RFLP (env, tax), and qPCR
(pol) as confirmatory assays (de-Araujo et al., 1994; Caterino-
de-Araujo et al., 1998, 2014, 2015; Jacob et al., 2007, 2008;
Morimoto et al., 2007; Costa et al., 2011; Campos et al.,
2017a,b, 2020), and it was concluded that laboratories without
appropriate infrastructure for molecular biology studies could
confirm infection using LIA instead of WB (Campos et al.,
2020). For laboratories that had the appropriate infrastructure
and supplies to perform both the confirmatory tests (serological
and molecular), molecular tests should be first-line test used,
considering the better cost/benefit ratio (Caterino-de-Araujo
et al., 2021). Of all the molecular confirmatory assays, qPCR
has the advantage of quantifying the HTLV-1/2 proviral load
(PVL), and consequently, stratifying the risk of HTLV-1-
associated disease development (Haziot et al., 2019; Rosadas et al.,
2021a).

A study of the literature published regarding the molecular
assays for the diagnosis of HTLV-1/2, particularly in Brazil,
revealed the differences in PCR protocols among laboratories,
regions of the proviral DNA amplification, primer pairs and
probes, PCR platforms and reagents, and criteria of positivity
(Caterino-de-Araujo and Gonçalves, 2021).

In light of this scenario, and considering the exorbitant
expenses on reagents, the shortage of clinical specimens,
the different qPCR platforms, and the supplies available in
each Central Public Health Laboratory in Brazil, we decided
to develop and validate two in-house multiplex quantitative
real-time PCR assays (mqPCR_HTLV), targeting the pol and
tax genes, for the simultaneous identification of HTLV-
1, HTLV-2, and the human albumin reference gene using
double plasmids (pHTLV1-Alb and pHTLV2-Alb) for the
standard curve construction. We used two platforms and
seven commercial master mix formulations simulating the
various core facility laboratories in Brazil and their different
conditions and supplies.

MATERIALS AND METHODS

Samples
Blood samples obtained from patients tested for HTLV-1/-
2 specific antibodies which were infected and not infected
with HIV-1, HBV and HCV were distributed in the following
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groups: Group 1, 37 patients infected with HTLV-1 alone
confirmed by WB; Group 2, 152 patients infected with HIV-1
and reactive of HTLV-1/2 infection by screening assays; Group
3, 30 patients not infected with HTLV but infected with HIV-1
and/or HBV and/or HCV.

Briefly, samples of Group 1 belonged to blood donors
from Recife, Pernambuco (Northeast Brazil), tested positive
for HTLV-1 during the years 2012–2017, and sent to IAL for
HTLV-1 subtype characterization (LTR, env and tax sequencing)
using DNA extracted from peripheral blood mononuclear
cells (PBMCs) isolated by Ficoll-Paque Plus density gradient
centrifugation (GE Healthcare, Uppsala, Sweden). The HTLV-1
sequences from Recife were deposited in GenBank (Accession
Numbers LTR: MF178246.1 to MF178269.1; tax: KY928553.1
to KY928577.1; env: KY928459.1 to KY928480.1), and the
remaining DNA samples were tested for mqPCR_HTLV assays.

Samples from Group 2 and Group 3 belonged to patients
infected with HIV/AIDS attending AIDS Reference Centers
in São Paulo, and were sent to IAL during the years 2015–
2018 (n = 2,991) for HTLV-1/2 diagnosis. The samples were
used to detect the prevalence of HTLV-1 and HTLV-2 in HIV-
1 infected patients from São Paulo, for HTLV-1/2 subtype
surveillance, and for searching markers of diagnostic and
prognostic values in retroviruses coinfection. The data of such
research were published elsewhere (Caterino-de-Araujo et al.,
2015; Campos et al., 2017a,b, 2020). Blood samples were collected
in tubes containing EDTA, and the plasma and peripheral blood
leukocytes (PBLs) were separated by centrifugation at 800 g
for 10 min. Plasma samples were first tested for HTLV-1/2
specific antibodies using two immunoenzymatic assays (Gold
ELISA HTLV I+II, REM Industria e Comercio Ltda, São Paulo,
Brazil and Murex HTLV I+II, Diasorin, United Kingdom), and
subsequently by WB (HTLV Blot 2.4, MP Biomedicals, Asia
Pacific Pte. Ltd.), which is considered the reference method for
confirming and differentiating between HTLV-1 from HTLV-2
infections in a majority of laboratories in Brazil and elsewhere.
The PBL were stored at −20◦C for further DNA extraction and
qualitative qPCR analysis.

In some of the HTLV-1/-2-infected patients (Group 2) in
clinical and laboratory follow-up tests (n = 16), PBMCs were
isolated by Ficoll-Paque Plus density gradient centrifugation
(GE Healthcare, Uppsala, Sweden), washed twice in phosphate
buffered saline, and 106 cells pellets stored at −20◦C for further
qPCR quantitative analysis.

All samples refer to the routine diagnosis and projects
on HTLV-1/2 approved by the Ethics Committee for
Research of IAL (Ministry of Health protocol numbers CAAE
#55837316.0.0000.0059 and #52493316.1.0000.0059).

DNA Extraction
Genomic DNA was extracted and purified from PBL and PBMC
samples using Roche MagNA Pure R© LC Robot Instrument,
(Mannheim, Germany), with the LC MagNA Pure Nucleic Acid
Isolation kit I from Roche Diagnostics, (Mannheim, Germany),
according to the manufacturer’s instructions, and eluted with 100
µL of PCR-grade water. The extracted DNA was aliquoted into 4
vials for subsequent analysis and thawed only once.

Primers and Probes
Table 1 presents the sequences of primers and probes used in the
mqPCR_HTLV (pol and tax) assays for HTLV-1 and HTLV-2
detection, their position in the genomic prototypes (ATK
HTLV-1 infected cell line; GenBank accession number J02029.1),
MoT (HTLV-2 infected cell line; GenBank accession number
M10060.1), human albumin (GenBank accession number
M12523.1), amplicon size, and the authors’ reference. The
oligonucleotide concentrations were optimized using different
concentrations of primers and probes in the range of 0.2–0.9 and
0.1–0.3 µM, respectively.

Comparative analysis of sequences of HTLV-1 and HTLV-
2 isolates from Brazil and abroad using the Basic Local
Alignment Search Tool of the National Center for Biotechnology
Information (NCBI) website,1 showed a mismatch (A and G)
among some HTLV-2 Brazilian isolates at position 4,780 of the
pol target region. Thus, to overcome this problem, a degenerate
base (R) was included in the probe design (see Table 1, in bold
and underlined).

Plasmids
Double recombinants plasmids of HTLV-1- and HTLV-2-
albumin for both the gene targets (pol and tax) were employed
as positive controls for standard curves construction.

The double recombinant plasmid of the pol target gene
of HTLV-1 and the human albumin (pHTLV1pol-Alb) was
kindly provided by Jorge Casseb from the Instituto de Medicina
Tropical, São Paulo, and it was constructed by cloning a segment
of 246 bp of the pol region of HTLV-1 (nucleotide position
range from 4,708 to 4,953) and a 1,183 bp segment (nucleotide
position range from 15,758 to 16,940) of intron 12 of the human
albumin gene, according to Dehée et al. (2002). The pHTLV2pol-
Alb double plasmid was kindly provided and designed by
Marina Lobato Martins from the Fundação HEMOMINAS, Belo
Horizonte, Minas Gerais, and consisted of a synthetic DNA of
321 bp, cloned into the vector pENO8H, containing a 138 bp
fragment of the pol gene of HTLV-2 (nucleotide position range
from 4,723 to 4,860) and a 170 bp fragment of the human albumin
gene (nucleotide position range from 16,202 to 16,371).

The double recombinant plasmids for the tax target genes
were designed at IAL and synthesized by Invitrogen GeneArt
Gene Synthesis (Thermo Scientific, Waltham, United States). The
pHTLV1tax-Alb plasmid consisted of a 321 bp synthetic DNA
sequence (nucleotide position range from 7,339 to 7,488), and
the pHTLV2tax-Alb plasmid consisted of a 297 bp fragment
(nucleotide position 7,252–7,377), and both the plasmids
contained a 170 bp fragment of the human albumin gene
(nucleotide position range from 16,202 to 16,371). The plasmids
containing the HTLV-1 or HTLV-2 tax and albumin target genes
were expanded in E. coli cells in Luria Bertani (LB) medium
containing 0.2 mg/mL ampicillin, and subsequently extracted
and purified using the QIAprep Spin up Miniprep kit (Qiagen,
Hilden, Germany). The sequences of the cloned inserts were
determined and confirmed by performing a sequencing reaction
on ABI 3130xl equipment and subsequently compared with

1http://www.ncbi.nlm.nih.gov/BLAST/
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TABLE 1 | Primers and probes employed in two multiplex qPCR_HTLV assays (pol and tax) for detecting HTLV-1 and HTLV-2.

Gene Primer/probe Sequences (5′→3′) Nucleotide
positiona

Amplicon
size (bp)

References

pol HTLV-1 F GAACGCTCTAATGGCATTCTTAAAACC 4,788–4,814 Tamegão-Lopes et al., 2006

HTLV-1 R GTGGTTGATTGTCCATAGGGCTAT 4,895–4,872 108

HTLV-1 Pbb FAM- ACTTTACTGACAAACCCGACCTACCCATGG-BHQ1 4,828–4,857

HTLV-2 F CAACCCCACCAGCTCAGG 4,740–4,757

HTLV-2 R GGGAAGGTTAGGACAGTCTAGTAGATA 4,830–4,804 91

HTLV-2 Pbb Cy5- TGGTCGAGAGAACCAATGGTRTAATCAAAA-BHQ2 4,760–4,789

tax HTLV-1 F CGGATACCCAGTCTACGTGTT 7,359–7,379

HTLV-1 R CAGTAGGGCGTGACGATGTA 7,458–7,439 100 Takenouchi et al., 2011

HTLV-1 Pb FAM-CTGTGTACAAGGCGACTGGTGCC-BHQ1 7,386–7,408

HTLV-2 F CGATTGTGTACAGGCCGATTG 7,272–7,292

HTLV-2 R CAGGAGGGCATGTCGATGTAG 7,347–7,327 76 Waters et al., 2011

HTLV-2 Pb Cy5-TGTCCCGTCTCAGGTGGTCTATGTTCCA-BHQ2 7,294–7,321

Albumin F GCTCAACTCCCTATTGCTATCACA 16,222–16,245 Tamegão-Lopes et al., 2006

Albumin Albumin R GGGCATGACAGGTTTTGCAATATTA 16,351–16,327 130

Albumin Pbb HEX-TCTCTTGTGGGCTGTAATCATCGTCTAGGC-BHQ1 16,290–16,319

F, Forward; R, Reverse; Pb, Probe; FAM, 6-carboxy-fluorescein; CY5, cyanine dye; HEX, phosphoramidite dye; BHQ, black hole quencher, R, degenerate base—
recognition of A or G bases (in bold and underlined).
aPrimer and probe nucleotide positions aligned with ATK (HTLV-1 infected cell line; GenBank accession number J02029.1), MoT (HTLV-2 infected cell line; GenBank
accession number M10060.1) and human albumin, intron 12 (GenBank accession number M12523.1).
bProbes adapted/modified from Tamegão-Lopes et al. (2006).

reference sequences in GenBank (Accession Numbers J02029.1,
M12523.1, and M10060.1).

The plasmid concentrations (ng/µL) were determined
using the NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Waltham, United States), and the Avogadro’s constant
was used to convert it to the number of copies per microliter.

To determine the performance of the plasmids in
mqPCR_HTLV assays, their standard curves and the limit
of detection (LOD) were obtained by amplification of 10-fold
dilutions of the plasmids containing 106 to 1 copy/5 µL in
Tris-EDTA solution (10 mM Tris, 1 mM EDTA) and pH 8.0, in
duplicate. The cycle quantification (Cq) values obtained were
plotted against the logarithm of copy number.

Since HTLV-2 is known to have fewer copy numbers in
relation to HTLV-1 (Lee et al., 2004; Murphy et al., 2004;
Montanheiro et al., 2008), the LOD for HTLV-2 (pol) assay with
concentrations of plasmids varying from 100 to 10 copies was
tested in six replicates among the range of 100–15 copies and in
12 replicates for 10 copies.

The efficiencies of the assays were calculated according to the
formula E = 10(−1/slope)

−1 (Kubista et al., 2006; Raymaekers
et al., 2009); the parameters for a singleplex assay were: efficiency
90–110% (slope between−3.6 and−3.1) and R2

≥ 0.99; those for
a multiplex assay were: efficiency 80–120% (slope between –3.9
and –2.9) and R2

≥ 0.98 (Broeders et al., 2014).

Standardization of Multiplex Quantitative
Real-Time PCR for HTLV-1/-2 Assays
The serial dilution of plasmids were utilized in mqPCR_HTLV
using the Roche LightCycler 480II (Roche Diagnostics,
Indianapolis, Indiana) and the 7.500 Applied Biosystems—
ABI (Applied Biosystems) platforms. Each mqPCR_HTLV

reaction was 25 µL in volume and contained: 5 µL of
DNA template, 12.5 µL of master mix reagent, 0.2 µM
of each set of oligonucleotides, except for the tax probe,
which was used at 0.1 µM. Passive reference dye (ROX) was
added to the reaction mix when using the ABI platform,
according to the manufacturer’s instructions. PCR thermocycler
conditions for amplification were as follows: 1 cycle at 50◦C
for 2 min, 1 cycle at 95◦C for 10 min, 50 cycles at 90◦C
for 50 s, and 1 cycle at 60◦C for 1 min (Tamegão-Lopes
et al., 2006; Costa et al., 2011). The reactions were conducted
in duplicate and considered positive if the amplification
curves displayed the shape/slope and characteristics of an
amplification reaction with a Cq value ≤ 40, according to
the LOD of assays.

Seven different commercial master mix brands for hydrolysis
probes were analyzed in the mqPCR_HTLV assays, using the
ABI/Roche platforms: LightCycler Probes Master (Roche),
Platinum R©Quantitative PCR SuperMix-UDG (Invitrogen),
GoTaq R©Probe qPCR Master Mix (Promega), PerfeCTa qPCR
ToughMix (Quantabio); Sso AdvancedTM Universal Probes
Supermix (Bio-Rad), Kapa Probe Fast qPCR Kit Master Mix
(2X) Universal (Kapa Biosystems) and LuminoCt R© qPCR
ReadyMixTM (Merck/Sigma).

Validation of Multiplex Quantitative
Real-Time PCR for HTLV-1/-2 Assays
To validate the multiplex qPCR format using plasmids, we
compared the performance of multiplex and singleplex reactions
in detecting HTLV-1 and HTLV-2 (pol and tax) at six points along
the standard curves.

The LOD and efficiency of the mqPCR_HTLV assays were
evaluated simultaneously on ABI and ROCHE platforms using
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serial dilutions of the double plasmids. The same LOD protocol
was followed for conducting the reactions with different master
mix formulations, as well as for analyzing the reproducibility
of the assay by three different analysts and that of the robotic
workstation for high-precision dilution setup of PCR-QIAgility
(Qiagen). These professionals reproduced the reactions without
previous knowledge of the mqPCR_HTLV results, having
received only the initial concentration of the plasmids and
the LOD protocol.

Performance of Multiplex Quantitative
Real-Time PCR for HTLV-1/-2 Assays in
Diagnosis
For calculating the efficiency of analytical performance of
mqPCR_HTLV assays (pol and tax), we employed genomic DNA
samples obtained from patients who were HTLV seropositive
in screening assays, and for calculating the sensitivity and
specificity of assays we considered the WB results. In case of
divergent results, we observed the results of another confirmatory
serological assay (LIA, INNOLIA HTLV-I/II, Fujirebio, Europe
N.V., Belgium) and/or the PCR-RFLP (tax) assay, as previously
described (Tuke et al., 1992; Campos et al., 2017b).

The sensitivity of the assays was evaluated in DNA samples
obtained from PBL or PBMC of 37 patients infected with
HTLV-1 alone (Group 1) and 152 patients infected with
HIV and suspected of HTLV-1/-2 coinfection (Group 2). The
specificity of assays was evaluated using genomic DNA samples
of 30 HTLV-1/-2-seronegative patients infected with HIV-1
(Group 3), which included 22 HIV-monoinfected, 2 HIV/HBV-
coinfected, 3 HIV/HCV-coinfected, and 3 HIV/HBV/HCV-
coinfected.

The precision of mqPCR_HTLV (pol and tax) assays
(reproducibility intra- and inter-assays) was assessed in DNA
samples of patients that had different positive Cq values (profiles):
Cq ≤ 30 (high); Cq from 31 to 35 (median); Cq from
36 to 37 (low); Cq from 38 to 40 (scarce). Eight clinical
DNA samples were processed (4 HTLV-1 and 4 HTLV-2) in
duplicate and the experiments were conducted daily across 4
consecutive days.

In addition to the qualitative use of the assays, we evaluated
their possible use in PVL quantification. Unfortunately, due
to the low volume of the remaining DNA samples, this
analysis could not be performed for all the mqPCR_HTLV
assays, but only mqPCR_HTLV (pol), which was conducted
in duplicate using the ABI equipment. Using 5 µL of the
100 µL of DNA samples extracted from 1 × 106 PBMCs
of 16 HTLV-1/2-infected patients in follow-up (Group 2),
we inferred that the Cq value obtained corresponds to
0.5 × 105 cells. Thus, for calculating the number of copies
of HTLV-1 and HTLV-2 in 105 cells, we plotted the Cq
value obtained in the standard curve and multiplied the
number of copies by 2.

Statistical Analysis
The mqPCR_HTLV assay data were analyzed by descriptive
statistics using 2 × 2 contingency tables and the Microsoft

Excel 2016 software. 95% confidence interval (CI) and the
Kappa index were calculated. The Grubbs test was employed
for the comparison of the methods and the creation of the
linearity graphs.

The intra- and inter-assay reproducibility were calculated
in percentage using the mean Cq, standard deviation (SD)
values, and coefficient of variation (CV) (CV = 100 × standard
deviation / mean, %). CV of Cq values of intra- and
inter-assay reproducibility of 3 and 10%, respectively, are
considered acceptable according to Dehée et al. (2002), and
Estes and Sevall (2003).

RESULTS

Multiplex Quantitative Real-Time PCR for
HTLV-1/-2 (pol and tax) Assays
Optimization
After testing several concentrations of primers (0.2–0.9 µM), and
probes (0.1–0.3 µM), the mqPCR_HTLV (pol and tax) assays
were optimized using 0.2 µM primers and probes, except for the
tax probe which performed better at a concentration of 0.1 µ M.

Comparative Efficiency of Singleplex and
Multiplex qPCR_HTLV Assays
Figure 1 represents the comparative efficiency of singleplex
and multiplex qPCR_HTLV in detecting HTLV-1/-2 pol
(Figures 1A,B) and tax (Figures 1C,D) target genes using serial
plasmid dilutions and linear regression graphics analyses. Six
synthetic DNA concentrations were detected in both the assays,
with R2 values > 0.99 or 0.98 and at least 90 or 80% efficiency as
acceptable values for the two detection assays, respectively.

Efficiency and Limit of Detection of the
Multiplex Quantitative Real-Time PCR for
HTLV-1/-2 Assays With Respect to
Plasmids Dilutions and Different
Platforms
The efficiencies and LODs of mqPCR_HTLV (pol and tax) assays
analyzed using the ABI and Roche’s equipment are shown in
Table 2. Independent of the equipment utilized, the best LODs
were set for detecting HTLV-1 and the tax target gene.

All results obtained (pol, tax and Albumin) agree with the
acceptance performance parameters for mqPCR assays, but
because the LOD for HTLV-2 pol ranged from 10 to 100 copies
per reaction, it was decided to conduct additional evaluations
in this range of plasmid dilutions to determine the best final
LOD using intra-assay reproducibility analyses (Table 3). The
reactions were conducted in 6 replicates for concentrations
ranging between 15 to 100 plasmid copy number, and in 12
replicates for 10 plasmid copy number. The results obtained
disclosed 100% consistent detections (6/6) for 70 copies, 66%
(4/6) for 50 copies, and 50% (3/6) for 20 copies (Table 3). Thus,
we decided to consider 70 copies as the LOD for HTLV-2 (pol).
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FIGURE 1 | Comparative efficiency of the singleplex and multiplex qPCR_HTLV in detecting HTLV-1/-2 pol (A,B) and tax (C,D) target genes using serial plasmid
dilutions and linear regression analyses, conducted in ROCHE platform.

TABLE 2 | Efficiency of the mqPCR_HTLV (pol and tax), slope and correlation
coefficients (R2) for detecting HTLV-1 and HTLV-2 using two platform/equipment.

gene HTLV-1 HTLV-2

Platforms ABI ROCHEa ABI ROCHEa

Efficiency % pol 100.0 101.4 99.3 104.0

Slope −3.32 −3.29 −3.33 −3.19

Linearity–R2 0.991 0.998

LOD 10 10 70 70

Efficiency % tax 110.6 100.2 96.2 100.2

Slope −3.30 −3.31 −3.41 −3.31

Linearity–R2 0.996 1.000

LOD 10 10 10 10

LOD, limit of detection (copy per reaction); ABI, Applied Biosystems 7.500-ABI
platform; ROCHE, LightCycler 480 II equipment.
aR2 not calculated by this equipment.

Sensitivity and Efficiency of the Multiplex
Quantitative Real-Time PCR for
HTLV-1/-2 Assays Using Several Master
Mix Formulations
We assessed the feasibility and performance of seven different
commercial master mix reagents, available in the Brazilian
market, for mqPCR assays for HTLV-1 and HTLV-2 provirus

TABLE 3 | Limit of detection and intra-assay reproducibility of the mqPCR_HTLV
(pol) for detecting HTLV-2.

Copy
number

positive + / negative –
(HTLV-2_pol)

Reproducibility (%) (number of
positive/number of replicates)

100 ++++++ 100 (6/6)

90 ++++++ 100 (6/6)

80 ++++++ 100 (6/6)

70 ++++++ 100 (6/6)

60 −/++++/− 66 (4/6)

50 ++/−−/++ 66 (4/6)

40 −−−−/++ 33 (2/6)

30 −−/++/−− 33 (2/6)

20 −+++/−− 50 (3/6)

15 −−−−/+/− 16 (1/6)

10 −−−−−−/+/−/+/−−− 16 (2/12)

Reactions conducted using plasmid number dilutions ranging from 100 to 10
copies, Kapa Biosystems master mix, ROCHE LightCycler 480II equipment, and
six and twelve replicates.

detection using the LOD protocol for pol and tax target
genes. The results obtained are shown in Figures 2, 3.
All commercial reagents exhibited the parameters required
of the mqPCR assays, displaying good performance in the
reactions, with the lowest efficiency being over 90% (Table 4),
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FIGURE 2 | Limit of copy number detection of the mqPCR_HTLV assay (pol) for detecting HTLV-1 (A) and HTLV-2 (B) using plasmids and seven different master mix
trademarks, and ROCHE LightCycler 480II equipment. The Cq values are disclosed inside the rectangles.

confirming the flexibility of use of master mix formulations
in these assays.

Precision of Multiplex Quantitative
Real-Time PCR for HTLV-1/-2 Assays
The intra- and inter-assay reproducibility results of the
mqPCR_HTLV (pol and tax) assays conducted with respect
to the plasmid dilutions prepared by the three analysts, and
those prepared by the robotic workstation for high-precision
PCR, are presented in Table 5. The data analysis showed no
substantial differences among the professionals in reproducing
the assays, with acceptable values of CV for all. All of them
were able to detect at least 10 copies of HTLV-1 in both the
mqPCR_HTLV (pol and tax) assays, 10 copies of HTLV-2 in

mqPCR_HTLV (tax) assay, and approximately 10–100 copies
of HTLV-2 in mqPCR_HTLV (pol) assay, thereby corroborating
previous results.

Performance of the Multiplex
Quantitative Real-Time PCR for
HTLV-1/-2 Assays in Diagnosis
(Sensitivity and Specificity)
To calculate the sensitivity of the mqPCR_HTLV (pol and tax)
assays we compared the WB results. Of the 37 DNA samples from
patients infected with HTLV-1 alone analyzed by WB (Group
1), 36 were positive in both mqPCR_HTLV (pol and tax) assays
(97.3%; CI 95% 76.9–84.6). The single mqPCR_HTLV negative
sample showed discordant results on screening (data not shown).
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FIGURE 3 | Limit of copy number detection of the mqPCR_HTLV assay (tax) for detecting HTLV-1 (A) and HTLV-2 (B) using plasmids and seven different master mix
trademarks, and ABI 7.500 equipment. The Cq values are disclosed inside the rectangles.

The testing of 152 DNA samples from HIV-infected patients
that were HTLV reactive on screening (Group 2) using
the mqPCR_HTLV pol and tax assays showed different and
interesting results (Table 6). Per WB results, 118 out of the
152 samples were HTLV positive (77.6%, 95% CI 76.9–84.6):
77 HTLV-1, 29 HTLV-2, 3 HTLV-1+2, 9 HTLV untyped, 22
indeterminate, and 12 negative. Per the mqPCR_HTLV (pol)
assay, 101 out of the 152 samples were positive (66.4%, 95%
CI 57–75.4), and as per the mqPCR_HTLV (tax) assay, 95 out
of the 152 samples were positive (62.5%, 95% CI 52.7–72.2).
The mqPCR_HTLV (pol) assay was able to detect more cases of
HTLV-2 than the mqPCR_HTLV (tax) assay and WB (Table 6).

Among the 22 WB-indeterminate samples, the
mqPCR_HTLV (pol) assay identified ten as positive (45.5%):
nine as HTLV-2 (Patients N. 14, 20, 29, 35, 83, 116,144, 146, and

148), and one as HTLV-1 (Patient N. 7). By the mqPCR (tax)
assay, seven were positive (31.8%): six were HTLV-2 (Patient N.
14, 29, 35, 83, 144, and 146) and one was HTLV-1 (Patient N.
7). Regarding the nine WB HTLV untyped samples, six (66.7%)
were identified as positive: three HTLV-1 (Patient N. 31, 88, and
120) and one HTLV-2 (Patient N. 84), using both the mqPCR
(pol and tax) assays, one HTLV-2 using mqPCR pol (Patient N.
129) and one HTLV-1 by mqPCR tax (Patient N. 108) (Table 7).

Furthermore, three discrepant results were observed among
the confirmatory assays, one sample confirmed HTLV-2 infection
in three tests (WB, LIA and mqPCR_HTLV pol), and was
repeatedly detected positive for HTLV-1 and HTLV-2 by mqPCR-
tax and for HTLV-1 by PCR-RFLP (tax) (Patient N. 40, Table 7),
data published elsewhere (Campos et al., 2017b). The other two
samples were confirmed HTLV-1 and HTLV-2 by WB analysis
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TABLE 4 | Efficiency values of the mqPCR_HTLV assays for detecting HTLV-1 and HTLV-2 (pol and tax) and the reference gene (human albumin gene), using seven
commercial master mix reagents.

Efficiency of Master Mix solutions detections in the mqPCR_HTLV

Trademarka pol target gene tax target gene

HTLV-1 RG HTLV-2 RG HTLV-1 RG HTLV-2 RG

ROCHE 101.20% 111.70% 100.45% 97.80% 108.98% 94.20% 94.60% 99.40%

Invitrogen 100.30% 106.70% 100.45% 100.10% 102.90% 102.60% 91.24% 93.90%

Promega 98.20% 108.10% 107.80% 103.40% 105.15% 106.80% 94.60% 94.80%

Quanta 100.35% 100.35% 100.25% 108.00% 101.80% 99.60% 101.60% 93.20%

BioRad 100.45% 95.90% 100.35% 100.50% 100.10% 102.30% 93.37% 94.90%

Kapa 100.45% 107.40% 100.25% 100.10% 102.06% 107.60% 96.37% 94.20%

Sigma 100.35% 109.60% 102.00% 102.50% 105.90% 107.80% 94.17% 94.80%

Eff. Mean 100.14% 105.68% 101.65% 101.77% 103.84% 102.99% 95.14% 95.03%

aMaster mix names described in Materials and Methods. mqPCR assays conducted using plasmids in the ROCHE-LightCycler 480II (pol) and ABI 7.500 (tax) equipments.
RG, Reference Gene (Albumin-target); Eff, efficiency.

but were only HTLV-1 positive by mqPCR_HTLV (pol and tax)
assays (Patients N. 11 and 56). In one of these samples the LIA
was indeterminate.

Thus, the relative sensitivity of the mqPCR_HTLV (pol and
tax) assays compared to that of WB in HTLV-1 monoinfected
patients was 97.4%; in HIV/HTLV-coinfected was 77.1%,
Kappa index—0.405 (95% CI 0.238–0.575) (mqPCR_HTLV
pol) and 74.6%, Kappa index—0.435 (95% CI 0.277–0.593)
(mqPCR_HTLV tax). No sample from Group 3 (HIV- and/or
HBV- and/or HCV-infected) and or samples negative per WB
and LIA assays from Group 2 were positive in mqPCR_HTLV
assays. Additionally, all samples tested negative for HTLV-
1 and HTLV-2 in molecular assays were positive for the
reference gene (Albumin).

Table 8 shows the intra- and inter-assay reproducibility
for detecting HTLV-1 and -2 using the mqPCR_HTLV assays
(pol and tax). The DNA samples from eight individuals with
different positive Cq profiles were tested in duplicates across four
consecutive days. The mean Cq and CV values were determined
and the results showed minor variation and good reproducibility
of results in samples with low DNA concentrations (Cq > 36).
Although the same input volume of DNA was used for both the
assays to detect HTLV-2, a difference around 3 Cq was detected,
the greater value being for pol target gene detection. Despite the
fact that the mqPCR_HTLV tax presented lower Cq values in
relation to the mqPCR_HTLV pol, the tax target gene was more
difficult to detect in samples with scarce DNA copy number,
corroborating previous findings of assays standardization.

Application of Multiplex Quantitative
Real-Time PCR for HTLV-1/-2 Assays for
Proviral Load Measurement
Sixteen DNA samples from patients of Group 2 in clinical
and laboratory follow-ups were analyzed for PVL quantification
using the mqPCR_HTLV (pol). Four (25%) were negative, seven
(43.7%) were HTLV-1 positive, and five (31.3%) were HTLV-
2 positive. The results of provirus copy number calculated as
described in section “Materials and Methods” are presented as

Supplementary Table 1. Additionally, all samples that were
negative for HTLV-1 and HTLV-2 in mqPCR_HTLV assays had
DNA of good quality and quantity, indicated by the positive
results of the albumin reference target gene.

DISCUSSION

Molecular confirmatory assays, mostly qPCR, are important tools
for HTLV-1/2 diagnosis, for avoiding vertical transmission in
children born to HTLV-1/2-infected mothers, and for monitoring
HTLV-1/2 PVLs and disease development (Rosadas et al., 2021b).
Serological confirmatory assays for HTLV-1 and HTLV-2 (WB
and LIA) are expensive and prone to delivering inconclusive
results (indeterminate or HTLV untyped results) (Campos et al.,
2020; Caterino-de-Araujo et al., 2021). In Brazil, all molecular
assays for HTLV diagnosis are developed in-house but only a
few of them were validated (Andrade et al., 2010; Waters et al.,
2011; Furtado et al., 2012; Ribeiro et al., 2012; Rosadas et al., 2013;
Caterino-de-Araujo and Gonçalves, 2021). The aim of the present
study was to develop and validate two multiplex qPCR_HTLV
assays capable of simultaneously detecting the presence of HTLV-
1 and HTLV-2 target genes and the albumin reference gene,
using different PCR platforms and master mix formulations. This
design and validation aimed to solve problems related to time
constraints, cost, low quantity of biological specimens, and the
diversity of PCR platforms and reagents available in the Public
Health Laboratories in Brazil.

We used four double synthetic plasmids for standard curve
construction (two of which were customized by us), since
this kind of reference material is stable, provides reproducible
results, and could be used for absolute PVL quantification
(Dehée et al., 2002; Kamihira et al., 2010; Abad-Fernández et al.,
2014; Bandeira et al., 2020). Bandeira et al. (2020) identified
the potential of using synthetic oligonucleotides to prepare
a standard curve for HTLV-1 PVL quantification based on
the linearity, qPCR efficiency, and equivalent results of such
references when compared with a validated qPCR assay using
a conventional TARL-2 cell standard curve, as constructed by
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TABLE 5 | Intra- and inter-assay reproducibility of mqPCR_HTLV (pol and tax) for detecting HTLV-1 and HTLV-2 using serial plasmid dilutions prepared by three analysts and a robot, conducted in duplicate using
the ABI equipment.

Target gene Copies/ 5 µL mqPCR_HTLV-1 mqPCR_HTLV-2

*QIAgility
Cq

Analyst 1
Cq

Analyst 2
Cq

Analyst 3
Cq

Mean Cq SD CV% *QIAgility
Cq

Analyst 1
Cq

Analyst 2
Cq

Analyst 3
Cq

Mean Cq SD CV%

pol 1,000,000 20/20 20/20 21/21 21/21 20.5 0.5 2.6 23/23 23/23 24/24 25/25 23.8 0.9 3.7

100,000 23/24 24/24 25/25 24/24 24.1 0.6 2.7 27/27 26/27 27/27 29/28 27.3 0.9 3.3

10,000 27/27 27/27 28/28 27/27 27.3 0.5 1.7 30/30 30/30 31/31 32/32 30.8 0.9 2.9

1,000 30/30 30/30 31/31 31/31 30.5 0.5 1.8 34/34 33/33 34/35 35/35 34.1 0.8 2.4

100 34/33 34/34 35/35 34/34 34.1 0.6 1.9 37/37 36/37 37/38 37/38 37.1 0.6 1.7

10 38/36 37/38 38/38 38/37 37.4 0.7 2.0 40/40 0/39 38/39 39/38 39.0 0.8 2.1

1 0/37 0/39 0/0 38/0 0/0 0/0 0/0 0/0

tax 1,000,000 18/18 18/19 17/18 18/19 18.1 0.6 3.5 19/20 20/21 20/19 20/19 19.8 0.7 3.6

100,000 22/22 22/22 21/20 22/21 21.5 0.8 3.5 23/23 23/23 23/22 22/23 22.8 0.5 2.0

10,000 25/25 26/26 24/24 25/25 25.0 0.8 3.0 26/26 25/26 27/25 26/26 25.9 0.6 2.5

1,000 28/28 29/29 27/28 28/28 28.1 0.6 2.3 30/30 29/29 30/29 28/29 29.3 0.7 2.4

100 31/31 32/32 30/31 30/31 31.8 0.8 2.2 33/33 31/31 33/33 33/33 32.5 0.9 2.8

10 35/35 36/36 34/35 34/35 35.0 0.8 2.2 36/36 34/35 36/36 36/35 35.5 0.8 2.1

1 38/39 0/0 45/0 38/37 39/38 0/39 0/0 38/0

*QIAgility, robotic PCR setup; SD, standard deviation; CV, coefficient of variation (calculated between non-zero values).
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TABLE 6 | Results of HTLV-1/2 confirmatory tests (WB, mqPCR_HTLV pol and tax) when employed in HIV-infected individuals suspected of HTLV-1/2 infection by
screening assays (Group 2).

Confirmatory test HTLV-1 HTLV-2 HTLV-1 and HTLV-2 HTLV Ind Neg Pos Total Positivity %

WB 77 29 3 9 22 12 118 152 77.6

mqPCR_HTLV (pol) 69 31 1 51 101 152 66.4

mqPCR_HTLV (tax) 68 25 2* 57 95 152 62.5

WB, western blot; mqPCR_HTLV (pol), multiplex quantitative real-time PCR for pol target gene; mqPCR_HTLV (tax), multiplex quantitative real-time PCR for tax target
gene; HTLV, HTLV untyped sample; Ind, indeterminate; Neg, negative; Pos, positive. *Three samples with discrepant results described in the text.

Rosadas et al. (2013). In addition, these authors highlighted
that procuring and maintaining such reference material is less
expensive than using DNA obtained from cells lineages infected
with HTLV-1 and -2 (Bandeira et al., 2020).

We selected two segments of the proviral genome of HTLV-
1 and -2 to standardize these assays, pol, and tax, and utilized
probes labeled with FAM (HTLV-1), CY5 (HTLV-2) and HEX
(albumin). We used two assays employing different target genes
to avert possible false negative results due to the presence of
point mutations in primers and probes binding regions or the
presence of defective provirus particles (absence of such genes)
in HTLV-1 and -2 infected individuals (Tamiya et al., 1996;
Ramirez et al., 2003; Takenouchi et al., 2011; Kuramitsu et al.,
2017; Campos and Caterino-de-Araujo, 2020; Blanco et al., 2021;
Caterino-de-Araujo and Campos, 2021). We evaluated theses
assays in two Platforms (ROCHE and ABI) and with seven master
mix formulations.

Comparative performance analysis of the plasmid standard
curves construction and sensitivities in singleplex and multiplex
assays showed no difference, which indicates that there is no
interference of one labeled probe with another labeled probe in
the multiplex qPCR_HTLV assays. The comparative analyses of
the standard curves showed similar efficiency, and the overall
sensitivities (LOD) of assays were 10 and 10 copies for HTLV-1
and 10 and 70 copies for HTLV-2 using tax and pol target genes,
respectively, with efficiencies above 90%.

Although previous studies of mqPCRs disclosed greater
sensitivities for detect and quantify HTLV-1/2 compared to the
present study, they are restricted to equipment and reagents,
with trademark exclusivity. For instance, Moens et al. (2009)
developed a triplex qPCR for simultaneous detections of 1 copy
of HTLV-1 (FAM), HTLV-2 (JOE), and HTLV-3 (CY5) using
tax specific target primers and human β-globin as reference
gene (NED). However, the reference gene to quantify cells
number was detected separately and the dye NED is exclusive to
the ABI platform.

Lee et al. (2004) developed one biplex qPCR assay using a
primer pair that amplifies a segment of tax gene common to
HTLV-1 and HTLV-2, and as reference gene another single qPCR
for HLA-DQ alpha; both assays employed the Sybr Green dye.
Thus, although these qPCR showed high sensitivity (1 copy per
reaction), and could be employed in different PCR platforms, the
biplex qPCR does not distinguish HTLV-1 from HTLV-2. Estes
and Sevall (2003) described another biplex qPCR that utilizes the
tax segment of HTLV-1 and a segment of the 5′ LTR of HTLV-2
as targets and the singleplex assay for human β-globin for PVL

quantification. In these assays, the ABI equipment and supplies
were utilized and a LOD of ∼60 copies were detected for both
HTLV-1 and HTLV-2.

Besson and Kazanji (2009) developed a fourplex qPCR to
detect HTLV-1, HTLV-2, HTLV-3, and human albumin. The
authors used primer pairs for the pX regions of HTLV with LOD
of 1 copy for HTLV-1 and 10 copies for HTLV-2. Nevertheless,
the probe used for HTLV-1 pX detection was labeled with ROX.
Since this dye is a passive reference that the ABI platform needs to
normalize the fluorescence data, this component does not allow
the use of such fourplex qPCR for quantitative analyses in this
equipment, as well as commercial reagents that have ROX or
similar passive reference in their formulation.

Waters et al. (2011) developed and validated a triplex qPCR
for detecting the segments pol of HTLV-1, tax of HTLV-2,
and the human albumin as reference. They used the labeled
probes HTLV-1 (JOE), HTLV-2 (FAM) and Albumin (NED)
and detected sensitivities varying from 1 to 10 copies for all
target genes but solely using the ABI platform. Thus, considering
the previous information, the present mqPCR_HTLV assays
have the advantage of being used in two different platforms,
representative of the PCR platforms available in Public Health
Laboratories in Brazil.

Furthermore, the present mqPCR_HTLV showed similar
sensitivity (LOD) using seven different master mix formulations,
solving the problem of using varied brands of master mix
depending on availability and cost.

The concern reported around the LOD (more sensitivity)
in the previous qPCR assays compared with the present
mqPCR_HTLV assays, is that the discordant results could be
partially explained by the target choice. When we used the
pol as target gene, differences in sensitivity (LOD) of assays
were detected. In contrast, when we used the tax target gene
a significant LOD was detected, corroborating with previous
descriptions. The majority of mqPCR assays above employed the
tax gene for HTLV-1/2 detection. We do not know the cause
of these results, but despite the lower LOD of the mqPCR pol,
this assay was able to detect 1 copy of HTLV-1 and 10 copies of
HTLV-2, but without consistent reproducibility. In this regard,
according to the Poisson’s distribution, LOD < 3 copies, and the
detections of 1 copy of DNA are considered only hypothetical
to qPCR assays (Bustin et al., 2009), and needed to define
the dynamic range of the method and the PCR characteristics
(Raymaekers et al., 2009). Detection below the LOD IC 95%
could be obtained in DNA samples from pathogens, but with
less accuracy (Kralik and Ricchi, 2017), corroborating the present
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TABLE 7 | Final results of HTLV-1/2 confirmatory tests (mqPCR_HTLV pol and tax, WB when employed in 152 HIV-infected individuals suspected of HTLV-1/2 infection
by screening assays (Group 2).

N mqPCR_pol mqPCR_tax WB N mqPCR_pol mqPCR_tax WB N mqPCR_pol mqPCR_tax WB

1 HTLV-1 NEG HTLV-1 26 HTLV-1 HTLV-1 HTLV-1 51 HTLV-2 HTLV-2 HTLV-2

2 HTLV-1 HTLV-1 HTLV-1 27 NEG NEG HTLV-1 52 HTLV-2 HTLV-2 HTLV-2

3 HTLV-1/-2 HTLV-1/-2 HTLV-1/-2 28 HTLV-2 HTLV-2 HTLV-2 53 HTLV-1 HTLV-1 HTLV-1

4 HTLV-1 HTLV-1 HTLV-1 29 HTLV-2 HTLV-2 IND 54 HTLV-1 HTLV-1 HTLV-1

5 HTLV-2 HTLV-2 HTLV-2 30 NEG NEG IND 55 NEG NEG HTLV-2

6 HTLV-1 HTLV-1 HTLV-1 31 HTLV-1 HTLV-1 HTLV 56 HTLV-1 HTLV-1 HTLV-1/-2*

7 HTLV-1 HTLV-1 IND 32 HTLV-1 HTLV-1 HTLV-1 57 HTLV-1 HTLV-1 HTLV-1

8 HTLV-1 HTLV-1 HTLV-1 33 HTLV-1 HTLV-1 HTLV-1 58 HTLV-1 HTLV-1 HTLV-1

9 NEG NEG HTLV-1 34 HTLV-1 HTLV-1 HTLV-1 59 HTLV-1 HTLV-1 HTLV-1

10 HTLV-2 HTLV-2 HTLV-2 35 HTLV-2 HTLV-2 IND 60 HTLV-1 HTLV-1 HTLV-1

11 HTLV-1 HTLV-1 HTLV-1/-2* 36 HTLV-2 HTLV-2 HTLV-2 61 HTLV-1 HTLV-1 HTLV-1

12 HTLV-1 HTLV-1 HTLV-1 37 HTLV-1 HTLV-1 HTLV-1 62 NEG NEG IND

13 HTLV-1 HTLV-1 HTLV-1 38 HTLV-1 HTLV-1 HTLV-1 63 HTLV-1 HTLV-1 HTLV-1

14 HTLV-2 HTLV-2 IND 39 HTLV-2 NEG HTLV-2 64 HTLV-1 HTLV-1 HTLV-1

15 HTLV-1 HTLV-1 HTLV-1 40 HTLV-2 HTLV-1/-2* HTLV-2 65 HTLV-1 HTLV-1 HTLV-1

16 NEG NEG NEG 41 HTLV-2 HTLV-2 HTLV-2 66 HTLV-1 HTLV-1 HTLV-1

17 HTLV-1 HTLV-1 HTLV-1 42 HTLV-1 HTLV-1 HTLV-1 67 HTLV-1 HTLV-1 HTLV-1

18 HTLV-1 HTLV-1 HTLV-1 43 HTLV-1 HTLV-1 HTLV-1 68 HTLV-1 HTLV-1 HTLV-1

19 NEG NEG NEG 44 HTLV-1 HTLV-1 HTLV-1 69 HTLV-1 HTLV-1 HTLV-1

20 HTLV-2 NEG IND 45 HTLV-1 HTLV-1 HTLV-1 70 HTLV-1 HTLV-1 HTLV-1

21 NEG NEG HTLV-1 46 HTLV-2 HTLV-2 HTLV-2 71 HTLV-1 HTLV-1 HTLV-1

22 NEG NEG NEG 47 NEG NEG NEG 72 NEG NEG HTLV-2

23 NEG NEG HTLV-1 48 HTLV-2 HTLV-2 HTLV-2 73 NEG NEG IND

24 HTLV-2 HTLV-2 HTLV-2 49 NEG NEG HTLV-2 74 HTLV-1 HTLV-1 HTLV-1

25 HTLV-2 HTLV-2 HTLV-2 50 HTLV-1 HTLV-1 HTLV-1 75 NEG NEG NEG

76 HTLV-1 HTLV-1 HTLV-1 102 NEG NEG IND 128 HTLV-1 NEG HTLV-1

77 NEG NEG HTLV-1 103 HTLV-1 HTLV-1 HTLV-1 129 HTLV-2 NEG HTLV

78 NEG NEG IND 104 HTLV-1 HTLV-1 HTLV-1 130 NEG NEG HTLV-1

79 HTLV-2 HTLV-2 HTLV-2 105 NEG NEG HTLV-2 131 HTLV-1 HTLV-1 HTLV-1

80 HTLV-1 HTLV-1 HTLV-1 106 NEG NEG HTLV 132 NEG NEG IND

81 NEG NEG NEG 107 HTLV-1 HTLV-1 HTLV-1 133 HTLV-1 HTLV-1 HTLV-1

82 NEG NEG NEG 108 NEG HTLV-1 HTLV 134 HTLV-1 HTLV-1 HTLV-1

83 HTLV-2 HTLV-2 IND 109 NEG NEG HTLV-2 135 HTLV-1 HTLV-1 HTLV-1

84 HTLV-2 HTLV-2 HTLV 110 NEG HTLV-1 HTLV-1 136 HTLV-1 HTLV-1 HTLV-1

85 NEG NEG NEG 111 NEG NEG IND 137 HTLV-1 HTLV-1 HTLV-1

86 HTLV-2 HTLV-2 HTLV-2 112 NEG NEG HTLV-2 138 NEG HTLV-1 HTLV-1

87 NEG NEG HTLV-1 113 HTLV-1 HTLV-1 HTLV-1 139 HTLV-1 HTLV-1 HTLV-1

88 HTLV-1 HTLV-1 HTLV 114 HTLV-1 HTLV-1 HTLV-1 140 HTLV-1 NEG HTLV-1

89 NEG NEG HTLV-1 115 NEG NEG HTLV-1 141 NEG NEG IND

90 HTLV-1 HTLV-1 HTLV-1 116 HTLV-2 NEG IND 142 HTLV-2 HTLV-2 HTLV-2

91 NEG NEG NEG 117 HTLV-1 HTLV-1 HTLV-1 143 HTLV-1 HTLV-1 HTLV-1

92 HTLV-1 HTLV-1 HTLV-1 118 NEG NEG HTLV-2 144 HTLV-2 HTLV-2 IND

93 NEG NEG NEG 119 HTLV-1 NEG HTLV-1 145 HTLV-2 HTLV-2 HTLV-2

94 NEG NEG NEG 120 HTLV-1 HTLV-1 HTLV 146 HTLV-2 HTLV-2 IND

95 NEG NEG HTLV-1 121 HTLV-2 HTLV-2 HTLV-2 147 HTLV-2 HTLV-2 HTLV-2

96 NEG NEG NEG 122 NEG NEG HTLV 148 HTLV-2 NEG IND

97 NEG NEG IND 123 NEG NEG IND 149 NEG NEG HTLV-1

98 HTLV-1 HTLV-1 HTLV-1 124 NEG NEG HTLV-1 150 NEG NEG HTLV-2

99 HTLV-1 HTLV-1 HTLV-1 125 NEG NEG IND 151 HTLV-1 HTLV-1 HTLV-1

100 NEG NEG IND 126 HTLV-1 HTLV-1 HTLV-1 152 HTLV-2 HTLV-2 HTLV-2

101 NEG NEG HTLV-2 127 NEG NEG HTLV

N, patient code number; mqPCR_HTLV (pol), multiplex quantitative real-time PCR for pol target gene; mqPCR_HTLV (tax), multiplex quantitative real-time PCR for tax
target gene; WB, western blot (HTLV Blot 2.4, MP Biomedicals); HTLV, HTLV WB untyped sample; Ind, indeterminate; Neg, negative.
*Discrepant results described in the text, HTLV-1 positive by PCR-RFLP (tax). Results according to in section “Materials and Methods”.
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TABLE 8 | Intra- and inter-assay reproducibility of mqPCR_HTLV assays (pol and tax) for detecting HTLV-1 and HTLV-2 using DNA samples from eight individuals with different positive Cq profiles, in duplicate and in
four consecutive days of analysis.

Positive
profiles

HTLV-1+ (pol) HTLV-1+ (tax) HTLV-2+ (pol) HTLV-2+ (tax)

S REP Cq Mean SD CV% ND Cq Mean SD CV% ND S REP Cq Mean SD CV% ND Cq Mean SD CV% ND

High 1 1 28.9 29 0.4 1.5 8/8 28.8 29 0.1 0.5 8/8 5 1 32.2 33 0.2 0.5 8/8 29.7 30 0.4 1.2 8/8

28.0 28.9 32.5 29.7

2 28.9 28.8 2 32.5 29.8

28.9 28.8 32.5 30.0

3 29.0 28.9 3 32.8 30.7

29.4 29.2 32.5 30.5

4 29.5 28.8 4 32.3 29.6

28.6 28.7 32.6 29.7

Median 2 1 32.7 33 0.3 0.9 8/8 32.3 33 0.4 1.2 8/8 6 1 35.8 36 0.4 1.1 8/8 32.9 33 0.7 2.1 8/8

32.2 33.3 35.4 32.8

2 32.6 32.2 2 35.8 32.9

32.6 33.3 35.7 32.7

3 32.6 32.8 3 35.9 34.2

32.4 32.5 36.2 32.8

4 32.6 32.6 4 35.8 32.9

33.4 32.4 34.7 31.3

Low 3 1 35.8 36 0.2 0.6 8/8 35.8 36 0.6 1.8 8/8 7 1 39.3 39 0.5 1.3 8/8 34.9 36 1 2.8 8/8

35.6 35.7 38.0 36.4

2 35.9 34.9 2 39.4 34.5

36.4 34.5 39.3 36.4

3 36.0 36.9 3 39.4 38.2

36.1 35.7 38.2 35.7

4 35.8 35.9 4 38.5 36.4

35.9 35.2 38.5 35.9

Scarce 4 1 0.0 *38 18 46.7 2/8 *37.5 *38 18 46.7 2/8 8 1 0.0 *40 17 43.8 1/8 0.0 0 0 0.0 0/8

0.0 *37.6 0.0 0.0

2 0.0 0.0 2 0.0 0.0

0.0 0.0 0.0 0.0

3 *37.0 0.0 3 0.0 0.0

0.0 0.0 0.0 0.0

4 0.0 0.0 4 0.0 0.0

*37.8 0.0 *40 0.0

S, samples; REP, repetition/days; Cq, Cycle quantification/amplification value; SD, Standard deviation; CV, Coefficient of variation; ND, number of detections. *Calculated between non-zero values; Positive profiles: high
(Cq < 30), median (Cq from 31 to 35), low (Cq from 36 to 37) and scarce (Cq from 38 to 40).
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results. Although the LOD = 1 copy is possible when conducted
usually with plasmids, in clinical samples they will be incredibly
rare, except for digital-PCR.

Curiously, although Cq values > 40 were obtained in
mqPCR_HTLV (pol) assay using plasmids, when this assay
was employed in clinical DNA samples, no sample showed Cq
values > 40. Thus, we could suggest in the future, after gaining
experience from testing many samples, to reduce the number of
cycles repetition from 50 to 45, and consider the Cq value ≤ 40
for positive samples.

Another important fact that emerged from this study
was the greater diagnostic sensitivity of mqPCR_HTLV (pol)
for detecting samples infected with HTLV-2, which seems
contradictory with the fact that this assay has a lower LOD
compared to mqPCR_HTLV (tax). HTLV-2 is more difficult to be
confirmed by serological and molecular confirmatory assays, as
HTLV-2 accounts for more indeterminate WB results (Morimoto
et al., 2007; Costa et al., 2011; Caterino-de-Araujo et al., 2014,
2015; Campos et al., 2017b, 2020) and has a low PVL (Lee et al.,
2004; Murphy et al., 2004; Montanheiro et al., 2008).

The relative sensitivity of 97.4% detected in samples from
patients monoinfected with HTLV-1 in both mqPCR assays
of the present study is in accordance with a series of studies
reported in a review of molecular assays for HTLV-1/2 diagnosis
(Caterino-de-Araujo and Gonçalves, 2021); the unique sample
that resulted negative on these assays presented discordant results
in serologic screening, which could be due to low PVL (under
the detection limit of assays) and consequently low levels of
antibodies production, and/or the presence of provirus mutations
or defective particles circulating in this patient.

Among samples of HIV/HTLV-coinfected patients,
relative sensitivities of 77.1% (mqPCR-HTLV pol) and 74.6%
(mqPCR_HTLV tax) were detected and the negative results
could be due to: (i) provirus mutations and defective HTLV
particles circulating in HIV/HTLV-coinfected patients (Campos
and Caterino-de-Araujo, 2020; Caterino-de-Araujo and Campos,
2021), (ii) fluctuations in HTLV-1/-2 PVL in patients under
antiretroviral therapy (Machuca and Soriano, 2000), (iii) use of
highly active antiretroviral therapy (HAART) for long periods
of time by the patients (Costa et al., 2011; Caterino-de-Araujo
et al., 2015), and (iv) low PVL, mostly of HTLV-2 (Lee et al.,
2004; Murphy et al., 2004; Montanheiro et al., 2008). Despite
these limitations, the present mqPCR_HTLV were able to
confirm and distinguish HTLV-1 and HTLV-2 infections in
HIV-infected patients that resulted WB-indeterminate or HTLV
untyped, as occurred in the past using the singleplex qPCR
assays (Costa et al., 2011; Caterino-de-Araujo et al., 2015).
As expected, no complete agreement of results was detected
between mqPCR assays and WB (Kappa index = 0.4), since
they are designed for different targets (proviral DNA and
antibodies, respectively).

Notably, both mqPCR_HTLV assays disclosed 100%
specificity when applied in samples of patients infected with
HIV, and/or HBV, and/or HCV. In patients with HIV infection,
the correct diagnosis of HTLV-1 and HTLV-2 coinfection has
predictive value, since they impact in HIV disease progression
to AIDS: HTLV-1 accelerates HIV disease progression while

HTLV-2 has been pointed to delay progression to AIDS
(Beilke, 2012).

Concerning the use of present assays for PVL quantification,
although only the mqPCR_HTLV (pol) could be evaluated, the
results obtained support its use for monitoring infection and
stratifying the risk for HTLV-1-associated disease development
(Haziot et al., 2019; Rosadas et al., 2021a).

Finally, although the present study had some limitations
regarding: (i) limited volume of biological samples to conduct
all comparative experiments, (ii) absence of samples of patients
infected only with HTLV-2, (iii) possible low PVL in HIV-
infected patients on HAART treatment, (iv) insufficient volume
of samples for validate PVL quantification for both target
genes (pol and tax), and (v) no inter-labs comparative analysis,
the present mqPCR_HTLV assays were validated for routine
diagnosis considering the parameters previously described for
qualitative assays (standard curves, efficiencies, R2 values),
without false positive results.

In conclusion, the present mqPCR_HTLV (pol and tax)
assays displayed feasibility in diagnosing HTLV-1 and HTLV-2
in different core facilities laboratory, conditions, and supplies.
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Introduction: To identify the prevalence of infection in the urban area of the capital city of

Belém, Brazil, the Laboratory of Virology of the Federal University of Pará implemented,

as a public service, serological screening for human T-lymphotropic viruses 1 and 2

(HTLV-1/2) infection and, if necessary, counseling service and referral to specialized

medical care. The project is funded by the National Council of Science and Technology,

the Ministry of Health of Brazil and the Pan American Health Organization.

Methods: From January 2020 to June 2021, 1,572 individuals of both sexes were

approached to answer a questionnaire and were tested using an enzyme immunoassay

(Murex HTLV-I+II, DiaSorin, Dartford, UK). Seropositive samples were confirmed as

HTLV-1 and HTLV-2 infection by line immunoassay (INNO-LIA® HTLV I/II Score, Fujirebio,

Japan) and/or by real-time polymerase chain reaction. G and Fisher’s exact tests

were applied to identify the association between epidemiological characteristics and

HTLV-1/2 infection.

Results: Of the 1,572 screened individuals, 63.74% were females between the ages

of 30 and 59 years (49.04%). Infection was confirmed in six individuals (0.38%), among

whom three (0.19%) were infected with HTLV-1 and three with HTLV-2 (0.19%). Blood

transfusion before 1993 was the main risk factor associated with the route of exposure to

the virus (p= 0.0442). The infected individuals were referred to a counseling session with

a nursing professional, and two patients whomanifested signs and symptoms suggestive

of myelopathy associated with HTLV were referred to a neurologist.

Conclusion: The implementation of the screening service revealed the occurrence of

moderate endemicity of HTLV-1/2 in Belém, reinforcing the importance of continuing the

service as a means of establishing an early diagnosis and providing counseling as a

measure to prevent and control viral transmission in the general population.
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INTRODUCTION

Human T-lymphotropic viruses 1 and 2 (HTLV-1 and HTLV-2)
belong to the family Retroviridae, subfamily Orthoretrovirinae,

and genus Deltaretrovirus (1), and both were isolated in the early

1980s (2, 3). HTLV-1/2 is characterized by the ability to cause

a persistent and silent infection, and its forms of transmission
are contact with contaminated organic fluids through sexual
intercourse, syringe and needle sharing and breastfeeding (4, 5).

Although most individuals infected with the virus show
no symptoms, HTLV-1 is associated with serious diseases,
such as HTLV-1-associated myelopathy (HAM) and adult T-
cell leukemia/lymphoma (ATL), pathologies that may occur
in ∼2–3% of people living with HTLV (PLHTLV) (2, 6, 7).
HTLV-1 is also associated with other diseases, such as uveitis,
infectious dermatitis, bronchitis, bronchiectasis, arthropathies,
myositis, urinary dysfunction, and strongyloidiasis (8–10).
For HTLV-2, there are reports that correlate it to cases of
neurological disorders similar to HAM; however, there are
no precise indications of the clinical manifestations of these
disorders (11, 12).

The diagnosis of infection is initially performed using an
enzyme-linked immunosorbent assay (ELISA) as a screening
method for the detection of anti-HTLV-1/2 antibodies. Positive
cases are referred for infection confirmation by Western blot,
INNO-LIA and/or conventional (PCR) or real-time (qPCR)
polymerase chain reaction assays (13). The first two tests are
used for the detection of specific antibodies to different virus
proteins, and PCR is used for the detection of proviral DNA, to
differentiate between viral types and subtypes, and to quantify the
proviral load (13–15).

Globally, it is estimated that 5 to 10 million individuals are
infected with HTLV, with the distribution varying based on
ethnic group, behavioral risk factors for infection and geographic
location; southwestern Japan, sub-Saharan Africa and South
America have the highest endemicity of the virus (16). In
Brazil, there are an estimated 2.5 million PLHTLV (17), and
Brazil is considered the country with the highest absolute
number of HTLV-1/2 seropositive individuals in the world (18).
The infection is endemic, being heterogeneously distributed
among the different Brazilian regions and states, with Bahia,
Maranhão and Pará recording the highest prevalence rates in
Brazil (6, 17, 18).

Previous studies conducted in the state of Pará have reported
high prevalence rates of HTLV infection in specific groups, such
as blood donors (18, 19), pregnant women (20), indigenous
populations (21), the Quilombola people (22) and people
living with human immunodeficiency virus (PLHIV) (23). The
prevalence of the virus in the metropolitan region of Belém,
the most population-dense area in the state of Pará, is still
unknown because of a lack of the early diagnosis of infection and
diseases associated with HTLV (24), reinforcing the fact that the
epidemiology of this viral agent should be better described for the
capital of Pará.

It is of paramount importance the counseling of asymptomatic
HTLV-1-infected subjects, to perform a clinical follow-up of
the individual aiming to detect early the symptoms of diseases

associated with the virus. Additionally, the lack of public policies
for the active identification of cases of infection and subsequent
counseling and screening for intrafamilial transmission results
in a loss of productivity for those affected and their families. In
addition, the absence of policies for preventing new infections
and for providing adequate care for those living with HTLV-1
contributes to the increase in socioeconomic disparity between
and within countries (25). Given this, the Laboratory of Virology
of the Institute of Biological Sciences of Federal University of
Pará (Universidade Federal do Pará—UFPA), with support from
the Brazilian National Council for Scientific and Technological
Development (CNPq, acronym in Portuguese) and the Pan
American Health Organization (PAHO), implemented a public
HTLV-1/2 serological screening and confirmation service for
the general population of the city of Belém (metropolis of the
Brazilian Amazon) and, if necessary, provided counseling and
follow-up by a nurse and a referral for care by various health
professionals (nurse, occupational therapist and doctor). In the
present study, we aimed to describe the main results after the first
year of service implementation.

METHODS

Study Design
In the period from January 2020 to June 2021, the Laboratory
of Virology of the Federal University of Pará began the HTLV-
1/2 serological screening project in the city of Belém, the capital
of the state of Pará, and tested a total of 1,572 individuals of
both sexes who were categorized into the following age groups:
children (7 to 11 years); adolescents (12 to 17 years); adults (18 to
59 years); and elderly individuals (>60 years).

The individuals were approached through an active search via
the promotion of social actions in health, carried out primarily
in community and religious centers in different neighborhoods
in the capital. A portion of the sample consisted of people who
voluntarily sought the Laboratory of Virology of UFPA, seeking a
diagnosis for an infection, after extensive posts and dissemination
on social networks and in a newspaper (printed and online) with
high circulation in the state.

The participants were given basic information about HTLV
and educated on the importance of diagnosing the infection and
implementing prevention methods. All participants answered an
epidemiological survey, after which peripheral venous blood was
collected into 4-mL EDTA tubes. Subsequently, the samples were
centrifuged to separate the plasma and cells (erythrocytes and
leukocytes) and stored at −20◦C until serological and molecular
tests were performed at the UFPA Laboratory of Virology. The
participants were informed that if they presented reactive or
indeterminate results, blood would be collected again to confirm
the infection and that if infection was confirmed, they would be
referred to counseling and follow-up with a nurse. Individuals
who manifested clinical signs suggestive of diseases associated
with HTLV were referred to specialized medical care.

Serological Screening
Plasma detection of total anti-HTLV-1/2 antibodies was
performed using an ELISA (Murex HTLV-I+II, DiaSorin,
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Dartford, UK) following the manufacturer’s protocol. Samples
with reactive or indeterminate results (cut-off = 0.284) were
subjected to confirmatory tests (INNO-LIA and/or qPCR).

Line Immunoassay
LIA was used as a supplementary confirmation method for
HTLV infection and used to differentiate viral types. An INNO-
LIA R© HTLV I/II Score kit (Fujirebio, Japan) was used to
detect anti-HTLV-1 and/or HTLV-2 antibodies following the
manufacturer’s protocol.

DNA Extraction
For the analysis of HTLV proviral DNA, DNAwas extracted from
200 µL of cell mass (leukocytes) with a QiaAmp DNA mini kit
(Qiagen, Germany) following the manufacturer’s protocol.

Real-Time PCR
Samples with positive ELISA results that were subsequently
confirmed by INNO-LIA were subjected to qPCR using the
TaqMan system (Applied Biosystems, Foster City, CA) on the
Applied Biosystems StepOne Plus Real Time PCR platform.
The human albumin gene was used as an endogenous reaction
control, and the viral gene regions pol (186 bp) of HTLV-1 and tax
(75 bp) of HTLV-2 were used as viral confirmation andmolecular
differentiation targets (26). Each reaction contained 12.5 µL of
TaqMan Universal PCR Master Mix (2X) (Applied Biosystems,
Foster City, USA), 6.0 µL of ultrapure water, 0.5 µL of each
primer, 0.5 µL of each probe and 5.0 µL of DNA, resulting in
a total volume of 25 µL. The following temperature cycles were
used: 95 ◦C for 10 mins, followed by 45 cycles of 95 ◦C for 15 secs
and 60◦C for 1min for primer and probe binding.

The following primers were used in the reactions:
5′-CCCTACAATCCAACCAGCTCAG-3′ (HTLV-1F),
5′-GTGGTGAAGCTGCCATCGGGTTTT-3′ (HTLV-
1R), 5′-CGATTGTGTACAGGCCGATTG-3′ (HTLV-2F),
5′-CAGGAGGGCATGTCGATGTAG-3′ (HTLV-2R),
5′-GCTGTCATCTCTTGTGGGCTGT-3′ (Albumin F),
and 5′-AAACTCATGGGAGCTGCTGGTT-3′ (Albumin
R). The probe sequences were as follows: FAM-
5′- CTTTACTGACAAACCCGACCTACCCATGGA-
3′-MGB (HTLV-1), FAM-5′-
TGTCCCGTCTCAGGTGGTCTATGTTCCA-3′-MGB (HLTV-
2) and FAM-5′- CCTGTCATGCCCACACAAATCTC-3′-MGB
(Albumin) (26).

Statistical Analysis
The data obtained from the epidemiological survey answered by
the participants was input in a database in Epi-Info 7.2. Statistical
analyses were performed using BioEstat 5.3 (27) and GraphPad
Prism 6.0. The studied variables were analyzed using descriptive
statistics, and the estimated prevalence was analyzed by point and
confidence interval (95% confidence interval [CI]) estimators. To
identify the epidemiological characteristics associated withHTLV
infection, the chi-square and Fisher’s exact tests were applied,
adopting a significance level of 95% (p < 0.05).

Ethical Aspects
This study complied with ethical precepts and was submitted
to and approved by the Human Research Ethics Committee
of the Health Sciences Institute of UFPA and by the National
Research Ethics Committee (CAAE No. 27290619.2.0000.0018;
opinion: 4.351.470), in accordance with Resolution no. 466/12
of the Ministry of Health of Brazil. Individuals over 18 years of
age who agreed to participate signed an informed consent form.
Children under 18 years of age signed an informed assent form,
and their legal representatives signed an informed consent form,
authorizing their participation in the study.

RESULTS

Serological Screening and Infection
Confirmation
Of the 1,572 individuals evaluated, 63.74% were female, with a
mean age of 41 years, ranging from 30 to 59 years (49.04%).
Among the other characteristics identified in the epidemiological
survey, 54.03% self-reported being mixed race, 33.81% reported
having a higher education, and 38.69% reported having a family
income equal to or greater than five times the minimum wage,
with no significant differences between infected and non-infected
individuals (Table 1).

After obtaining the serology results for anti-HTLV-1/2
antibodies, six individuals were positive and were contacted by
telephone to schedule an appointment for blood collection to
confirm the viral infection. The new samples were subjected
to the same testing sequence, and ELISA and INNO-LIA
were performed again. Additionally, qPCR was performed as
previously described. Infection was confirmed in six individuals
(0.38%; CI: 0.07–0.69%), with 3 (0.19%) infected by HTLV-1 and
3 infected byHTLV-2 (0.19%). Among those infected, 66.7%were
women aged 49 to 87 years (Table 2).

INNO-LIA indicated two cases of an HTLV profile without
defining the viral type, and qPCR confirmed the presence of
proviral DNA of HTLV-1 and HTLV-2. One HTLV-1-positive
individual, as determined by INNO-LIA, did not have proviral
DNA detected by qPCR (Table 2).

Clinical and Epidemiological
Characteristics of Individuals Seropositive
for HTLV-1/2
When evaluating the responses obtained in the epidemiological
survey answered by the six HTLV carriers, blood transfusion was
the main risk factor associated with the virus exposure route (p
= 0.0442) (Table 3). However, when this result was stratified into
“before” and “after” 1993, the year in which screening for HTLV
in blood bags became mandatory in blood centers in Brazil,
statistical significance was not maintained (Table 3).

The infected individuals received their respective laboratory
diagnostic for the infection and were referred for a first
counseling session with a nurse who took the medical
history of the patients and talks about some virus’ aspects,
such as transmission modes, diseases associated, intrafamilial
segregation, prevention, and treatment. The close relatives
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TABLE 1 | General characteristics of the study population.

General characteristics Study population p

Total

n (%)

Positive

n (%)

Negative

n (%)

Prevalence 1,572 (100) 6 (0.38) 1,566 (99.62)

Sex

Male 570 (36.26) 2 (33.33) 568 (36.27) 0.7845

Female 1,002 (63.74) 4 (66.67) 998 (63.73)

Ethnicity

White 459 (29.59) 2 (33.33) 457 (29.58) 0.7476

Black 223 (14.38) 2 (33.33) 221 (14.30)

Mixed 838 (54.03) 2 (33.33) 836 (54.11)

Asian 31 (2.00) 0 31 (2.01)

Age group (years)

7 to 11 28 (1.84) 0 28 (1.84) 0.1107

12 to 17 68 (4.46) 0 68 (4.48)

18 to 29 382 (25.06) 0 382 (25.15)

30 to 59 748 (49.04) 1 (16.67) 747 (49.18)

≥ 60 299 (19.60) 5 (83.33) 294 (19.35)

Education level

Illiterate 6 (0.38) 0 6 (0.38) 0.3691

Primary 162 (10.35) 4 (66.66) 158 (10.14)

Secondary 423 (27.03) 1 (16.67) 422 (27.07)

Higher 529 (33.81) 1 (16.67) 528 (33.87)

Graduate 445 (28.43) 0 445 (28.54)

Income (minimum wages)

<1 105 (6.97) 1 (16.67) 104 (6.93) 0.8907

1 to 2 470(31.19) 2 (33.33) 468 (31.18)

3 to 4 349 (23.15) 1 (16.67) 348 (23.18)

≧5 583 (38.69) 2 (33.33) 581 (38.71)

(parents, spouses and children) of the six patients were invited to
undergo testing for possible intrafamilial transmission; however,
to date, they have not yet responded to our first call.

Of the six individuals with confirmed cases, four were
asymptomatic. Two female HTLV-2-positive individuals had
clinical signs suggestive of neurological disorders and were
referred for evaluations by a neurologist, as described below.

Patient #04 (HTLV-2), female, single, 49 years old, had
incomplete primary education and reported in the survey that
she had been pregnant three times and breastfed for more than
6 months. At the time of the interview, she reported not having
an active sex life. During counseling with a nurse, she reported
feeling hand tremors, urinary urgency, swelling and joint pain,
with restricted movements and gait changes.

Patient #06, widower, 87 years old, was hospitalized during
the study with severe pulmonary fibrosis and presented
with alternating consciousness, which prevented a complete
neurological evaluation. It was possible to observe only the
absence of clear signs of HAM, but there was a history of urinary
incontinence associated with motor deficit (leg weakness) but
without signs suggestive of a pyramidal corticospinal tract injury. T
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TABLE 3 | Risk factors associated with HTLV infection.

Risk factors* HTLV-1/2 p**

Total

(%)

Positive

(%)

Negative

(%)

Tattoo

Yes 273 (17.65) 1 (20.00) 272 (17.64) 0.6302

No 1,274 (82.35) 4 (80.00) 1,270 (82.36)

Not reported 25 1 24

Piercing

Yes 105 (06.92) 0 105 (06.94) 0.7977

No 1,413 (93.08) 5 (100) 1,408 (93.06)

Not reported 54 1 53

Blood transfusion

Yes 109 (07.18) 2 (40.00) 107 (07.07) 0.0442***

No 1,410 (92.82) 3 (60.00) 1,407 (92.93)

Not reported 53 1 52

Blood transfusion period

Before 1993 26 (27.08) 2 (100) 24 (25.53) 0.0713

After 1993 70 (72.92) 0 70 (74.47)

Use of illicit drugs

Yes 90 (06.02) 0 90 (06.04) 0.7310

No 1,404 (93.98) 5 (100) 1,399 (93.96)

Not reported 78 1 77

Sexually active

Yes 1,303 (87.86) 5 (83.33) 1,298 (87.88) 0.5406

No 180 (12.14) 1 (16.67) 179 (12.12)

Not reported 89 0 89

Use of condoms

Yes 585 1 (20.00) 584 (43.52) 0.1705

No 532 4 (80.00) 528 (39.34)

Sometimes 230 0 230 (17.14)

Not reported 225 1 224

Practices sex for money

Yes 20 0 20 (01.40) 0.2817

No 1,416 5 (100) 1,411 (98.60)

Not reported 136 1 135

Diagnosis of STI

Yes 104 1 (20.00) 103 (07.24) 0.5765

No 1,223 3 (60.00) 1,220 (85.79)

Does not know 100 1 (20.00) 99 (06.96)

Not reported 145 1 144

*The relative frequencies only of the answered questions are shown.
**Unanswered questions were not considered in the statistical analysis.
***Significant p value.

DISCUSSION

Investigations of the prevalence of HTLV-1/2 infection in the
state of Pará have been conducted in specific population groups,
such as blood donors, indigenous populations, the Quilombola
people, PLHIV and Japanese immigrants (22, 28–30). The
present study provides seroepidemiological information on the
prevalence of HTLV-1 and HTLV-2 in the general population of
Belém, the capital of the state of Pará.

A study by Silva et al. (24), conducted between 2014 and 2015,
showed a 2% prevalence of HTLV infection (1.4% for HTLV-
1 and 0.5% for HTLV-2) in a sample from the city of Belém,
classifying this location as an area of moderate endemicity. The
prevalence found in the present study of 0.38% was well below
that described by Silva et al. (24); this difference may be due to (i)
a possible reduction in prevalence over the 6 years separating the
studies; (ii) the fact that Silva et al. (24) sampled adult individuals
who were passing public places such as the Ver-o-Peso Complex,
a location with a high circulation of people from other
municipalities of the metropolitan region of Belém, which differs
from the present study, which evaluated only people residing
in Belém; (iii) sample size; or (iv) differences in the sensitivity
of the different ELISAs used in the two studies. Currently, we
are collecting seroepidemiological information from neighboring
municipalities that compose the metropolitan region of Belém,
for example, Ananindeua, Marituba and Benevides, with the
objective of separately evaluating prevalence and thus identifying
the overall occurrence of infection in the region. Our results
did not differ from those observed by Maneschy et al. (31) in
a study conducted between 2015 and 2019 in a blood center in
the state of Pará; the results indicated an HTLV prevalence of
0.3% (1476/453,626) among blood donors, among whom most
positive individuals were from the metropolitan region of Belém.
In another study conducted with pregnant women, the estimated
prevalence of HTLV was 0.6% (32).

During the screening and confirmation analyses, two
individuals were identified by INNO-LIA with a serological
profile of HTLV, and qPCR molecular analysis confirmed the
presence of HTLV-1 proviral DNA in one individual and HTLV-
2 proviral DNA the other. Another individual was positive for
HTLV-1 based on INNO-LIA diagnostic criteria, but proviral
DNA was not detected by qPCR. These serological (INNO-LIA)
and molecular (qPCR) methods have been used and endorsed
for the confirmatory and differential diagnosis of HTLV-1
and HTLV-2 infections (13). Differences in results between
serological and molecular methods are frequent and result from
differences in the sensitivity and specificity of the tests (26).
Furthermore, Caterino-de-Araújo and Rodrigues Campos (33)
described difficulties in the laboratory diagnosis of the infection,
including the presence of incomplete HTLV viral particles
(characterized by the absence of a viral gene, such as the tax gene),
low quality of extracted DNA, mutations and a low proviral load,
which can potentially lead to the absence of gene amplification
and thus result in a false-negative diagnosis for infection.
Therefore, the use of a single laboratory method to confirm
and differentiate HTLV-1/2 infection is not recommended; it
is necessary to adopt complementary confirmatory assays to
minimize diagnostic and prevalence estimate errors.

In addition to an accurate laboratory diagnosis that allows
identifying the prevalence of infection in a given geographic
area, it is necessary to implement a counseling and follow-
up service for PLHTLV to provide efficient clinical, laboratory
and psychological monitoring. Rosadas et al. (34) emphasize
the importance of including the multiprofessional screening
of HTLV in the routine care provided in services for people
infected with HIV and other STIs. For this reason, all
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individuals diagnosed in our study were referred to initial
counseling with a nurse, at which time they were informed
about HTLV, its modes of transmission and prevention,
associated diseases and supportive therapies for infection-
related symptoms. Subsequently, those individuals who, in
counseling, complained of neurological changes were referred
to a neurologist. Of the six individuals with confirmed cases
of infection, four individuals were asymptomatic. Interestingly,
the two individuals who presented complaints suggestive of
neurological disorders were infected with HTLV-2. Although
there is some rare evidence in the literature associating this viral
type with neurological diseases similar to HAM (11, 12), the
initial evaluation by the neurologist did not identify the presence
of clinical changes that confirmed a diagnosis of HAM.

CONCLUSIONS

The results presented here are part of the first year of
a screening, confirmation, counseling and multiprofessional
follow-up service for PLHTLV offered through the Laboratory
of Virology of the Federal University of Pará and implemented
as part of a National Network of laboratories, funded by the
Ministry of Health and PAHO. The main limitation of the study
can be considered the difficulty of convincing the seropositive
individual to perform a new blood collection in order to
carry out the confirmatory tests. On the other hand, the main
strength of the study is to contribute with the prevention and
control measures for HTLV infection to reduce transmission
and to identify the main risk factors associated with infection,
characterizing the individuals or groups that may be more
vulnerable to HTLV, and thus provide information that will
support the development of public health policy strategies to
combat the spread of this virus in Brazil.
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Introduction: Human T-lymphotropic virus 1 (HTLV-1)-associated myelopathy (HAM)
restricts activities of daily living (ADLs), affecting health and quality of life. Occupational
therapy is used to promote independence during ADL in people living with HTLV
(PLHTLV).

Objective: To quantify the clinical aspects, levels of functionality, performance in
ADLs and occupational roles of PLHTLV and propose an occupational therapeutic
intervention.

Method: A cross-sectional, descriptive, observational study was designed with 40
PLHTLV monitored at two referral laboratories of the Federal University of Pará. The
Evandro Chagas Research Institute Neurological Disability Scale (EIPEC-2), the Barthel
Index and the Occupational Roles Identification List were applied. The G test and
Fisher’s exact test (to identify associations between qualitative variables), the Mann–
Whitney test (to identify associations between quantitative variables) and Pearson
correlation analysis (to identify associations between the total Barthel Index and EIPEC-
2 scores) were performed with Microsoft Excel and BioEstat 5.0, and the significance
level was set at p ≤ 0.05.

Results: Motor aspects, the presence of spasticity, sensory aspects, and pain in
the lumbar region and lower limbs were significantly (p = 0.0002) higher among
symptomatic individuals, who also had more difficulties urinating, traveling up and down
stairs and transferring from a chair to a bed. Being a worker, performing housework
and socializing (with friends or family members) were the most affected activities among
HAM patients.
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Conclusion: The impact of HAM on PLHTLV should include an intervention plan with
occupational therapists in rehabilitation programs to create an important third-level
prevention initiative, which may help achieve short-, medium-, and long-term goals.
Asymptomatic PLHTLV should also be able to prevent future ADL impairment.

Keywords: HTLV-1, HAM, activity of daily living, occupational roles, intervention plan, occupational therapy, public
health policy

INTRODUCTION

Human T-lymphotropic virus (HTLV) belongs to the
family Retroviridae, subfamily Orthoretrovirinae, and genus
Deltaretrovirus and was isolated for the first time in the
United States in 1980 (1). HTLV-1 is distributed globally. Based
on available data, HTLV-1 is considered an ancient infection,
with approximately 20 million people infected worldwide (2, 3).
However, due to the lack of information on the prevalence of the
infection, this number is underestimated, i.e., the actual number
of infected individuals may be higher (2–6).

In Brazil, HTLV-1 infection is considered endemic, and all
Brazilian regions have reported HTLV-1 and HTLV-2 infections;
however, the prevalence rates differ from one state to another
and are highest in the states of Bahia, Pernambuco, and Pará
(7). In the state of Pará, several studies have demonstrated
the endemicity of HTLV-1 in the Amazon region, with
prevalence rates ranging from 0.2 to 5.3% (8). The main
groups analyzed were blood donors, people with HIV-1, Japanese
immigrants and quilombola and indigenous populations (9–
12). The transmission of HTLV can occur through blood and
blood product transfusions and through sharing needles and
syringes among intravenous drug users (13–15). The main
forms of HTLV-1 transmission are sexual transmission, maternal-
infant transmission, especially breastfeeding, and parenteral
transmission (3).

Human T-lymphotropic virus-1 is associated with broad
severe pathologies, such as T-cell malignancy (adult T-cell
leukemia – ATL) and inflammatory disorders (uveitis, infective
dermatitis, polymyositis, and bronchitis), particularly HTLV-1-
associated myelopathy (HAM), which is a neurodegenerative
and inflammatory disease with a slow and progressive evolution
that occurs more frequently in women than men aged 40–
50 years (2, 16, 17). The neurological manifestations related to
HTLV-1 are characterized by a broad spectrum, i.e., the HTLV-
1 neurological complex (17, 18), which can cause difficulties
regarding employment and occupational roles, in addition
to compromising the quality of life of people living with
HTLV (PLHTLV). Accordingly, occupational therapy, as a field
of knowledge based on a biopsychosocial understanding of
occupations, considers that occupations are fundamental in
the lives of people, highlighting their consequent therapeutic
value. Occupational therapy aims to help individuals engage
in significant occupations and occupational roles through
interventions (19) because occupations are essential for health
and well-being (20).

Occupational roles are “guidelines” for the behavior of
individuals in each context, providing structure for the time

required to perform personal activities and those required
by society. They are representations that promote individual
identity. An individual’s place in society develops through these
roles (21). These occupations and occupational roles may be
affected by the clinical and neurological manifestations of HAM.

Human T-lymphotropic virus 1-associated myelopathy is
marked by inflammation in the spinal cord, which causes
motor and sensory impairment, bladder and intestinal
sphincter disorders and erectile dysfunction (17, 22–24).
Some characteristics are commonly observed in symptomatic
patients and manifest in the following order: mild sensory
and motor signs followed by urinary disorders and subsequent
weakness in the lower limbs (25).

Motor signs and symptoms in symptomatic patients are
marked by changes in gait and the presence of spasticity,
with involuntary contractions of flexor and extensor muscle
groups, especially in the lower limbs, thus affecting functional
aspects such as climbing up and down stairs, running and
jumping. Conversely, sensitivity symptoms are related to
the occasional or permanent appearance of paresthesia and
pain in the lower back and lower limbs. Thus, the use of
systematic rehabilitation programs guided by a multidisciplinary
team is essential because a decline in or loss of functional
capacity (FC) affects autonomy and consequently the quality
of life of these patients (26). Another relevant clinical and
functional aspect is the change in bladder control. Neurological
changes can compromise bladder function, leading to a
state of neurogenesis, causing voiding dysfunctions such as
nocturia, urgency, dysuria, hesitancy and straining to urinate,
feelings of incomplete emptying, and urinary incontinence
(27, 28).

The appearance of signs and symptoms linked to functional
losses has diverse impacts on functionality or FC. FC can be
defined as the degree of preservation of the ability to perform
activities of daily living (ADLs) and instrumental activities
of daily living (IADLs) in an autonomous and independent
manner, which require physical, mental, and environmental
conditioning skills, such as overcoming physical barriers and time
limitations (29).

Given the above considerations regarding the infectious agent
and its specificities, the prevalence of HTLV in the North
region of Brazil and the clinical, epidemiological, functional,
and occupational characteristics of patients infected with HTLV-
1, we analyzed the associations of clinical aspects, levels of
functionality, performance in ADLs and occupational roles in
groups of symptomatic HAM patients treated in a reference unit
and proposed an occupational therapeutic intervention plan for
symptomatic cases.
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MATERIALS AND METHODS

Type of Study
This study entailed observational, descriptive, and cross-sectional
design with a quantitative approach. The study was conducted
from February to October 2019 at the Laboratory of Clinical
and Epidemiology of Endemic Diseases of the Tropical Medicine
Center (Núcleo de Medicina Tropical – NMT) and the
Laboratory of Studies in Functional Rehabilitation (Laboratório
de Estudos em Reabilitação Funcional – LAERF) of the
Institute of Health Sciences of the Federal University do Pará
(Universidade Federal do Pará – UFPA).

Sampling and Ethical Aspects
Sampling in the present study was based on a spontaneous
demand for care from patients diagnosed with HTLV, and
the sample was composed of regularly registered patients who
sought the service for periodic evaluations. Contact was made
with the patients on the day of the medical consultation when
the objective of the study was clarified and the invitation
to participate was extended. A total of 40 individuals were
selected and evaluated. The selected subjects were diagnosed
with HTLV-1 infection and were 18 years of age or older.
All individuals who agreed to participate in the study signed
an informed consent form. This study was submitted to and
approved by the Research Ethics Committee of the Health
Sciences Institute (Instituto de Ciências da Saúde – ICS) of
the Federal University of Pará (Universidade Federal do Pará –
UFPA) (opinion 1.592.979).

The study subjects were divided into two groups: (i)
symptomatic patients with a clinical and laboratory diagnosis
of HAM based on the Castro-Costa criteria (22) and (ii)
asymptomatic patients. The instruments used for data
collection included an adapted semistructured interview
questionnaire (30), the Barthel Index, the Evandro Chagas
Research Institute Neurological Disability Scale (EIPEC-2) (31)
and the Occupational Roles Identification List. Notably, none
of the analyzed patients underwent a therapeutic intervention
during the study period.

Data Analysis
The information obtained was stored and organized to build
a database in Microsoft Excel 2007 with the goal of analyzing
the sociodemographic, clinical, epidemiological, and functional
profiles of patients infected with HTLV-1 using descriptive
statistics. Inferential statistical analysis was performed using
the program BioEstat 5.0. (32) to analyze clinical findings,
levels of functionality, performance in ADLs, and occupational
roles between groups. The G test and Fisher’s exact test were
used to identify the association between qualitative variables
(Barthel Index and Occupational Roles List), the Mann–Whitney
test was used to identify associations between quantitative
variables (EIPEC-2 scores), and Pearson correlation was used
to identify the association between the total Barthel Index
and EIPEC-2 scores. The significance level adopted was 5%
(p ≤ 0.05).

RESULTS

The study population consisted of 27 (67.5%) asymptomatic
and 13 (32.5%) symptomatic carriers. The comparative analysis
of clinical and functional characteristics using the EIPEC-
2 indicated a statistically significant difference (p = 0.0002)
between the groups of patients (Table 1).

A higher frequency of females was observed (75%). When the
clinical classification was subdivided by sex, we found female
ratios of 77.8% in the asymptomatic group and 69.2% in the
symptomatic group.

When considering the distribution of patients evaluated
according to age group, we observed a greater number of
asymptomatic individuals in the age group of 41–50 years
(33.3%) and of symptomatic individuals in the age group of
51–60 years (53.8%).

Table 2 shows the most frequent signs and symptoms in
the symptomatic group and whether these were present in the
asymptomatic group and shows the level of functionality of both
groups. In the motor score category “walking,” 26 asymptomatic
patients (96.3%) had a preserved walking ability, with a score of 0
(normal). The highest score frequency in the symptomatic group
was 1 (abnormal but walking independently) (p = 0.003). For
the “running” category, most asymptomatic patients (25/92.6%)
were able to run, and nine symptomatic patients (69.2%) were
unable to run (p = 0.0001). In the category “climbing stairs,” in
the symptomatic group, six patients (46.2%) scored 1 (climbing
stairs only by holding the handrail), and four (30.8%) scored
2 (unable to climb stairs). Among asymptomatic patients, most
(96.3%) were able to climb stairs, even without the aid of
a handrail (p = 0.0001). The “jumping” task was performed
without difficulty in 92.6% of asymptomatic patients, and 61.5%
of symptomatic patients presented difficulty (score of 3, unable to
jump) (p= 0.002).

In terms of the spasticity score, the category “flexor/extensor
spasms” was significantly different (p = 0.001) between the
groups analyzed. These signs and symptoms were more frequent
in symptomatic patients (61.5%). Only nine asymptomatic
patients (33.3%) occasionally exhibited symptoms in the sensitive
score category “paresthesia,” and seven of the symptomatic
patients (53.8%) presented this sensory change chronically
(p= 0.0001).

In the “lumbar pain” category, pain symptoms were
recorded in both groups; occasional pain was more frequent

TABLE 1 | Distribution of patients infected by HTLV-1 based on the clinical and
functional characteristics of the Evandro Chagas Research Institute Neurological
Disability Scale (EIPEC-2) by group of patients.

Evaluation Asymptomatic
(n = 27)

Symptomatic
(n = 13)

p-Value

Median (ID) Median (ID)

EIPEC-2 2.0 (4.0) 13.0 (15.0) 0.0002

Mann–Whitney test.
ID, interquartile deviation.

Frontiers in Medicine | www.frontiersin.org 3 March 2022 | Volume 9 | Article 859889117

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-859889 March 23, 2022 Time: 15:55 # 4

Sampaio et al. Occupational Therapy for PLHTLV

TABLE 2 | Distribution of patients infected by HTLV-1 based on clinical and functional characteristics and clinical classification.

Variable Asymptomatic (n = 27) Symptomatic (n = 13) p-Value

n % n %

Motor score

Gait

0. Normal 26 96.3 03 23.1 0.0030

1. Abnormal, but walks independently 01 3.7 05 38.5

3. Abnormal and depends on permanent unilateral support 00 0.0 02 15.4

6. Abnormal, permanent bilateral support, and occasional use of WC 00 0.0 01 7.7

9. Permanent use of WC, standing up with help, standing with support 00 0.0 01 7.7

1. Permanent use of WC, unable to stand up 00 0.0 01 7.7

Running

Runs 25 92.6 04 30.8 0.0001

Unable to run 02 7.4 09 69.2

Climbing stairs

Climbs up stairs 26 96.3 03 23.1 0.0001

Climbs up stairs only with handrail 01 3.7 06 46.2

Unable to climb up stairs 00 0.0 04 30.8

Jumping

Jumps with 1 or 2 feet 25 92.6 04 30.8 0.0020

Jumps only with both feet 00 0.0 01 7.7

Unable to jump 02 7.4 08 61.5

Spasticity score

Clonus 1.0000

Absent 26 96.3 06 46.2

Only induced by the examiner 00 0.0 00 0.0

Spontaneous 01 3.7 07 53.8

Flexor/extensor spasms

Absent 25 92.6 05 38.5 0.0010

Present 02 7.4 08 61.5

Sensitive score

Paresthesia 0.0001

Absent 18 66.7 02 15.4

Present occasionally 09 33.3 04 30.8

Present constantly 00 0.0 07 53.8

Lumbar pain 0.0300

Absent 10 37.0 02 15.4

Present occasionally 12 44.4 03 23.1

Present constantly 05 18.5 08 61.5

Lower limb pain 0.0060

Absent 14 51.9 03 23.1

Present occasionally 12 44.4 04 30.8

Present constantly 01 3.7 06 46.2

Sphincter score

Bladder control

Total 22 81.5 04 30.8 0.0070

Urgency 04 14.8 05 38.5

Incontinence or occasional retention 01 3.7 04 30.8

Fecal control

Normal 23 85.2 08 61.5 0.1000

Constipation 04 14.8 05 38.5
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in asymptomatic patients (44.4%), and chronic pain was more
frequent in symptomatic patients (61.5%) (p = 0.03). Patients
in the symptomatic group had more frequent complaints about
pain in the “lower limb pain” category, even if only occasionally
(p= 0.006).

The sphincter score in the “bladder control” category was
significantly different (p = 0.007) between asymptomatic and
symptomatic patients. Only five asymptomatic patients (18.5%)
had some sphincter change, while nine symptomatic patients
(69.3%) had some change, such as urgency, incontinence or
occasional retention (Table 2).

As shown in Table 3, all asymptomatic patients performed
ADLs independently. Among symptomatic patients, 10 (76.9%)
performed ADLs independently, and three (23.1%) were
dependent (partially or completely). For ADL feeding, dressing,
bathing, personal hygiene and evacuation, asymptomatic patients
were independent. In contrast, symptomatic patients required
help for more than one ADL and were dependent on others for
at least one of the five ADLs listed above. The need for help when
dressing was more frequent in the symptomatic group (61.5%).

Additionally, the ADLs “urination,” “chair-to-bed transfer”
and “climbing up and down stairs” were significantly different
between the groups (p = 0.006, p = 0.03, and p = 0.0004,
respectively). Notably, symptomatic patients reported the need
for help from others to perform these ADLs, and to a lesser extent,
patients exhibited dependence in all the aforementioned ADLs.

The data related to occupational roles are recorded in Table 4.
The “worker” occupational role, which included part-time or full-
time (formal or informal) paid employment, was significantly
different between groups (p= 0.04). Most asymptomatic patients
(25 patients/59.3%) but only three symptomatic patients (23.1%)
were “workers.”

A significant difference for the occupational role “housework”
was found between the groups in the present and in the future
(past/p = 0.2; present/p = 0.0006; future/p = 0.008). Both the
occupational roles “friend” and “family members” were linked to
“social participation,” with significant differences in performance
between the groups (p= 0.01 and p= 0.002, respectively).

Figure 1 shows a strong correlation (r = 0.8313) between
the two EIPEC-2 scales and the Barthel Index, indicating
an association between clinical and functional variables
(p= 0.0001).

From the evaluation of asymptomatic and symptomatic
patients in this study and using the document “Estrutura
da Prática da Terapia Ocupacional: domínio e processo”
(“Structure of the Occupational Therapy Practice: domain

TABLE 3 | Distribution of patients based on the total Barthel Index score by group.

Barthel Index Asymptomatic
(n = 27)

Symptomatic
(n = 13)

p-Value

N % n %

Level of functional independence 0.0300

Independent 27 100.0 10 76.9

Dependent 00 0.0 03 23.1

TABLE 4 | Distribution of patients based on the Occupational Roles Identification
List score by group.

Variable Asymptomatic
(n = 27)

Symptomatic
(n = 13)

p-Value

n % n %

Occupational role

Student

PAST 0.0600

Yes 11 40.7 1 7.7

No 16 59.3 12 92.3

PRESENT 0.6000

Yes 02 7.4 02 15.4

No 25 92.6 11 84.6

FUTURE 0.3000

Yes 12 44.4 03 23.1

No 15 55.6 10 76.9

Worker

PAST 0.6000

Yes 25 92.6 11 84.6

No 02 7.4 02 15.4

PRESENT 0.0400

Yes 16 59.3 03 23.1

No 11 40.7 10 76.9

FUTURE 0.7000

Yes 23 85.2 10 76.9

No 04 14.8 03 23.1

Volunteer

PAST 1.0000

Yes 10 37.0 05 38.5

No 17 63.0 08 61.5

PRESENT 0.3000

Yes 02 7.4 02 15.4

No 25 92.6 11 84.6

FUTURE 0.1000

Yes 05 18.5 06 46.2

No 22 81.5 07 53.8

Occupational roles

Caregiver

PAST 0.3000

Yes 23 85.2 13 100.0

No 04 14.8 00

PRESENT 0.1000

Yes 20 74.1 06 46.2

No 07 25.9 07 53.8

FUTURE 0.4000

Yes 23 85.2 09 69.2

No 04 14.8 04 30.8

Housework

PAST 0.2000

Yes 26 96.3 11 84.6

No 01 3.7 02 15.4

PRESENT 0.0006

Yes 26 96.3 06 46.2

No 01 3.7 07 53.8

FUTURE 0.0080

Yes 27 100.0 09 69.2

No 00 0.0 04 30.8

(Continued)
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TABLE 4 | (Continued)

Variable Asymptomatic
(n = 27)

Symptomatic
(n = 13)

p-Value

n % n %

Occupational role

Friend

PAST 0.7000

Yes 20 74.1 11 84.6

No 07 25.9 02 15.4

PRESENT 0.0100

Yes 13 48.1 01 7.7

No 14 51.9 12 92.3

FUTURE 0.0800

Yes 24 88.9 08 61.5

No 03 11.1 05 38.5

Family member

PAST 0.6000

Yes 22 81.5 12 92.3

No 05 18.5 01 7.7

PRESENT 0.0020

Yes 21 77.8 03 23.1

No 06 22.2 10 76.9

FUTURE 0.0900

Yes 26 96.3 10 76.9

No 01 3.7 03 23.1

Occupational role

Churchgoer

PAST 0.7000

Yes 14 51.9 08 61.5

No 13 48.1 05 38.5

PRESENT 1.0000

Yes 16 59.3 07 53.8

No 11 40.7 06 46.2

FUTURE 0.3000

Yes 25 92.6 10 76.9

No 02 7.4 03 23.1

Hobby/Amateur

PAST 0.1000

Yes 18 66.7 12 92.3

No 09 33.3 01 7.7

PRESENT 0.7000

Yes 09 33.3 03 23.1

No 18 66.7 10 76.9

FUTURE 0.0900

Yes 26 96.3 10 76.9

No 01 3.7 03 23.1

Participation in organizations

PAST 0.5000

Yes 02 7.4 00 0.0

No 25 92.6 13 100.0

PRESENT 0.1000

Yes 02 7.4 01 7.7

No 25 92.6 12 92.3

FUTURE 0.1000

Yes 02 7.4 01 7.7

No 25 92.6 12 92.3

FIGURE 1 | Correlation of the Evandro Chagas Research Institute
Neurological Disability Scale (EIPEC-2) with the Barthel Index, Belém, Pará.

and process”) as a reference (33), possible occupational
problems were identified: (i) impairment of the patient
(functions of the body), (ii) impairment of performance
skills (motor skills), (iii) changes in performance patterns
(occupational roles), and (iv) changes in performance of
occupations (ADLs, IADLs, work, and social participation).
Based on these findings, a proposal for an occupational
therapy intervention plan (Supplementary Material and
Figure 2) was developed with definitions of occupational
domains, the identification of occupational problems of
patients infected with HTLV-1 and HAM, interventions and
target outcomes.

DISCUSSION

The performance of ADLs by individuals infected by HTLV-
1 with HAM is impaired. In a study conducted at an HTLV
reference center in Salvador (Bahia), these changes were related
not only to mobility/locomotion or functional mobility (34) but
also to the ability to dress oneself and self-care (35).

Accordingly, rehabilitation programs should include an
occupational therapist to support the performance of ADLs and
other occupations to allow PLHTLV to achieve and maintain
an optimal level of functionality while interacting with their
environments. Therefore, evaluations and interventions should
be closer to the reality of these individuals.

Human T-lymphotropic virus 1-associated myelopathy
symptoms are more frequent in women (36) and manifest
predominantly in the fourth and fifth decades of life (37). The
literature reports that the incidence and prevalence of all HTLV-1
neurological manifestations remain underexplored, sometimes
resulting in manifestations or even oligosymptomatic forms of
the disease being overlooked (17, 38).

The appearance of signs and symptoms associated with
functional losses causes diverse impacts on the functionality or
FC and on the performance of ADLs. In the present study, data
were not obtained related to the time that the patient lived with
HAM symptoms; therefore, this variable could not be associated
with the performance of ADLs. However, the relationship
between performance and the symptoms investigated during
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FIGURE 2 | Flowchart of the proposal for an occupational therapy intervention
plan for people living with HTLV-1. ADLs, activities of daily living; IADLs,
instrumental activities of daily living.

data collection was established using data collected through the
Barthel Index and EIPEC-2 instruments. These associations are
known to be relevant in terms of broadening the understanding
of the limitations of patients with HAM symptoms with
respect to ADLs and other occupations and warrant greater
attention in HAM studies.

In the present study, symptomatic patients experienced more
losses regarding occupational roles. This finding should be of
interest to multidisciplinary teams and lead to the development
of strategies and actions that contribute to the involvement of
PLHTLV in their occupational roles and occupations in general,
including the maintenance of affective relationships and support
and social support networks (39), and thus combat the social
exclusion of individuals with HTLV and HAM.

Among the occupational roles, housework was affected
because the demands related to this role include the preservation
of motor skills and factors such as body functions and structures.
Participation should be supported by providing, for example,
guidelines on energy conservation techniques, such as breaks in
activity before the onset of fatigue (40). Changes in occupational
roles can also be observed in people living with HIV or AIDS.
Negative repercussions were identified in workers and in social
participation (friends and family members). Prejudice and low
social acceptance markedly influence the social participation of
these people (41).

People affected by HTLV can also experience stigmas,
whether from family members, sexual partners, friends, or even
oneself. Moral implications are attributed to sexually transmitted
infections (STIs), embarrassment on the part of PLHTLV and
pejorative connotations about behavior considered deviant by
society that depreciate infected individuals given the burden of
prejudice and the lack of knowledge about STIs. In addition,
infected individuals perceive disapproval from others in relation
to sexual affective experiences prior to infection; feel morally
judged when labeled promiscuous; and feel hurt, ashamed

and guilty because of HTLV infection (42). Prejudice and
discrimination may compromise the social participation of these
people more so than clinical aspects.

Individuals fulfill occupational roles in their daily lives
through performance standards and their habits, routines,
roles, and rituals, employing performance skills in different
contexts and environments (21). Individuals who suffer from
chronic conditions, for example, PLHTLV, can experience
interruptions or changes in occupations due to changes in body
functions and structures.

Given the restrictions of occupational roles, when comparing
the present to past and future expectations, these individuals
must readapt and should be encouraged to participate in
occupational roles that are important to them, with consideration
of independence and technological maximization to help these
people (43).

Therefore, these people must be assisted by a qualified
multidisciplinary team within an integrated health care network
that includes an occupational therapist—a professional who
facilitates the therapeutic use of occupations in individuals or in
groups—with the purpose of improving or enabling participation
in different roles, habits, routines, and rituals in the home,
school, workplace, and community, among other settings (43).
Additionally, an intervention plan that systematically considers
patient demands related to clinical and functional findings,
performance in ADLs and occupational roles, as constructed
in the present study, must be formulated for symptomatic
patients with HAM.

Living with HTLV is complex and results in radical changes,
which often impact the daily lives of people with HAM. The
changes are highly correlated with the symptoms of the disease
and require special care regarding daily activities, FC and skills
that require more effort from the lower limbs and posture and
balance transfers (44).

Thus, occupational therapists can develop interventions
and strategies, such as environmental adaptations, appropriate
wheelchair use and ADL training, thus fostering greater
independence and helping improve the quality of life of these
individuals.

Professional occupational therapists use their knowledge
about the relationship between individuals, their involvement
in meaningful occupations and their context to design
intervention plans based on occupations that facilitate changes or
improvements in patient factors (values, beliefs and spirituality;
body functions; and body structures) and performance skills
(motor skills, procedural, and social interactions) necessary for
successful participation (43). These professionals seek results
through patient participation and thus facilitate involvement
through adaptations and modifications in the environment or to
local objects when necessary (33).

Occupational therapy services are provided for rehabilitation
and promotion of the health and well-being of individuals with
disabilities or with needs unrelated to disability. These services
include the acquisition and preservation of occupational identity
for those who have or are at risk of developing disease, injury,
illness, disorders, conditions, impairment, disability, activity
limitations, or participation restrictions (43).
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In this particular study, the importance of understanding
changes in occupational roles due to illness is revealed, as
this demand has been studied by occupational therapy to
support clinical practice in the creation of strategies to recover
occupational roles and autonomy.

In addition, professionals must be trained to provide correct
guidance to patients (44) and family members and to encourage
such patients to establish a support network (45). Such
measures can create a favorable environment for adherence to
a rehabilitation program (35). This study sought to strengthen
other perspectives on how health professionals can intervene
with patients infected with HTLV, including broadening the
understanding of occupational dimensions.

People living with HAM suffer from physical manifestations
and symptoms that limit their social participation (46). In this
context, occupational therapy in the care of patients infected with
HTLV-1 can contribute to reducing the difficulties encountered
by these patients when adapting to a new routine, changing
occupational roles and learning and developing life skills with the
maximum possible autonomy (44).

Occupational therapists recognize that people’s health is
maintained when they are able to engage in occupations
performed at home, at work and in the community. Furthermore,
these professionals are also concerned with the variety of
factors that hinder or strengthen people’s involvement and
participation in occupations (43). Thus, the impacts of the
COVID-19 pandemic on the occupational life of PLHTLV must
be considered, including repercussions for the mental health of
these subjects and the consequences of the infection for the FC
of people with HAM who already have limitations, such as ADL
performance and social interaction constraints related to HAM.
Notably, further studies should examine the implications of the
COVID-19 pandemic for the occupations of PLHTLV, especially
those with HAM symptoms, and target knowledge acquisition
that can support the interventions of occupational therapists
during the pandemic and postpandemic period.

CONCLUSION

The limitation of the study was the inability to associate patient
performance with the time of infection at which symptoms
emerge. The impact of HAM on the ADLs of PLHTLV can
be reduced through the use of an intervention plan that
includes occupational therapists as part of a multidisciplinary
treatment team in rehabilitation programs, representing an
important third-level prevention initiative that supports short-,
medium-, and long-term goals depending on the therapeutic
needs of patients. Asymptomatic individuals infected with HTLV-
1 should be monitored to prevent future losses in ADLs and
occupational roles.

Interventions by health professionals should consider all
dimensions of each human being, including occupations,
and occupational therapists are responsible for involving
functionality and occupational roles, among other domains, in
their actions and strategies to promote patient autonomy.
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Human T-lymphotropic viruses 1 and 2 (HTLV-1 and HTLV-2) are retroviruses that

originated on the African continent and dispersed throughout other continents through

human migratory flows. This study describes the prevalence of HTLV-1 and HTLV-2

infection in residents of 11 quilombo remnant communities in the state of Pará, Brazil,

and the associated risk factors. A total of 859 individuals (334 men and 525 women),

aged between 7 and 91 years, participated in the study. All subjects answered a

questionnaire with questions on sociodemographic characteristics and on risk factors

associated with HTLV infection, and blood samples were collected and separated into

plasma and leukocytes. An immunoenzymatic assay (ELISA; Murex HTLV-I+II, DiaSorin,

Dartford, UK) was used as a screening test, and positive samples were subjected to

line immunoassay confirmatory tests (Inno-LIA HTLV I/II Score FUJIREBIO) and DNA

extraction for subsequent real-time PCR to differentiate the viral type. Four of the

859 individuals were seropositive for HTLV. HTLV-1 infection was confirmed in one

individual from the Itamoari community (0.92%), and HTLV-2 infection was confirmed

in two individuals from São Benedito (3.17%) and in one individual from Arimandeua

(2.22%). Blood transfusion was the only risk factor associated with HTLV infection in this

study. This study reports the occurrence of HTLV-1 and HTLV-2 in quilombo remnant

communities in the state of Pará. Considering the African origin of the virus and its

introduction into Brazil from the slave trade, the continued evaluation of quilombola

communities in the state of Pará is essential to better characterize the distribution of

infections in these populations and to create public health policies for the control of the

spread of the virus and associated diseases.
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INTRODUCTION

Human T-lymphotropic viruses 1 (HTLV-1) and 2 (HTLV-2)
were the first isolated retroviruses to infect humans (1, 2).
They are viruses with known tropism for T lymphocytes and
belong to the family Retroviridae, subfamily Orthoretrovirinae,
and genus Deltaretrovirus (3–5). Evidence suggests an African
origin for both viruses from independent events of interspecies
transmission of the simian T-lymphotropic virus (STLV-1
and STLV-2) from non-human primates to humans (6–8).
HTLV-1 has been associated with several diseases, particularly

a neoplasm, i.e., adult T cell leukemia/lymphoma (ATLL),

and an inflammatory neurodegenerative disease, i.e., HTLV-1-

associated myelopathy (HAM) (9–11). In addition, HTLV-1 is
also associated with ocular (uveitis) (12, 13), rheumatologic (14)

and pulmonary (15, 16) diseases, among other pathologies (17–
19). HTLV-2, in turn, does not have clinical manifestations
necessarily associated with infection; however, clinical symptoms
have been described in some patients (20, 21).

The main forms of HTLV-1/2 transmission are unprotected
sex (22, 23), blood transfusion (24), sharing syringes and

FIGURE 1 | Geographic location of the quilombolas communities: Poeirinha, municipality of Bonito; Bela Aurora, Camiranga and Itamoari, municipality of Cachoeira

do Piriá; Arimandeua, Aripijó Bacuri, Cabanagem, and São Benedito, municipality of Cametá; Umarizal Beira, municipality of Baião; and Nova Jutaí, municipality of

Breu Branco. PA, Para State; Belém, capital of the Para State; AP, Amapá State; TO, Tocantins State; RR, Roramia State; AM, Amazonas State; AC, Acre State; RO,

Rondônia State.

needles (25), and vertical transmission, in particular, prolonged
breastfeeding (26, 27). HTLV-1 is widely distributed in
geographic areas such as sub-Saharan Africa, Japan, Melanesia,
the Caribbean, and South America (28–31). HTLV-2 has a more
restricted distribution to pygmy populations in Africa and to
indigenous peoples of the Americas, especially in the Brazilian
Amazon region (7, 8, 32–36).

The entry of HTLV-1 into Brazil must have occurred along
the east coast of the country, between the 16th and 19th
centuries, through the African slave trade (37, 38). HTLV-
2 may have followed the oldest human migratory flows that
occurred thousands of years ago from the Asian continent via
the Bering Strait, reaching North America and moving toward
South America and, thus, Brazil (35, 37, 39). In Brazil, the viruses
are distributed throughout the territory, and the main foci of
infection are found in the North and Northeast regions (40). In
the North region of the country, in the state of Pará, HTLV-1,
and HTLV-2 have been described in several population strata,
including urban, rural, and riverine populations, blood donors,
and pregnant women, in addition to the presence of coinfections
in people living with HIV (PLHIV), intravenous drug users, and
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isolated populations such as indigenous and quilombola peoples
(25, 41–47). During the colonial period in Brazil, enslaved blacks
in search of freedom fled coffee and sugarcane farms to the forest
interior, where they formed isolated societies called quilombos.
In the state of Pará, there are indications that quilombos formed
in the 18th century, of which many were formed on the
banks of rivers, such as the Gurupi, Tocantins, and Trombetas
rivers (48). Many quilombo remnant communities lack basic
sanitation, which promotes the transmission of diseases and
fosters precarious health conditions; thus, this is one of the most
vulnerable populations in Brazil (49–51). Infections by HTLV-1
and HTLV-2 have already been described in quilombo remnant
communities in the Marajó Archipelago (43), but there are no
studies on these viruses in other quilombos in the state of Pará.
Thus, the aim of this study was to describe the prevalence of
HTLV-1 and HTLV-2 and the main risk factors in 11 quilombola
communities in the state of Pará.

MATERIALS AND METHODS

Study Population and Sample Collection
A total of 11 quilombola communities located in the state of
Pará (northern Brazil) were visited from September 2020 to
April 2021, and information was collected from 859 individuals.
The following communities were studied: Poeirinha (n = 20),
Umarizal Beira (n = 303), Arimandeua (n = 45), Aripijó (n =

31), Bacuri (n = 10), Cabanagem (n = 17), São Benedito (n =

63), Bela Aurora (n = 35), Camiranga (n = 89), Itamoari (n =

109), and Nova Jutaí (n= 137) (Figure 1).
All study participants signed an informed consent

form and answered a questionnaire with questions about
sociodemographic aspects (age, sex, marital status, education,
and family income) and behavioral risk factors for exposure
to HTLV (“tattoos,” “use of illicit drugs,” “blood transfusion,”
“piercings,” “sexually active,” “use of condoms,” and “previous
diagnosis of STI,” among others). Individuals under 18 years old
signed an informed assent form, and their legal guardians signed
an informed consent form.

From all participants, peripheral blood samples (4mL) were
collected in vacuum tubes containing ethylenediaminetetraacetic
acid (EDTA) as an anticoagulant. The samples were then
subjected to centrifugation to separate the plasma and leukocyte
fractions, followed by storage at−20◦C until use.

Ethical Aspects
This study was approved by the National Research Ethics
Committee (CONEP, acronym in Portuguese) (CAAE:
27290619.2.0000.0018), in compliance with resolution 466/12
of the Ministry of Health, which regulates research involving
human beings. All subjects who voluntarily agreed to participate
in the study signed an informed consent form.

Serological Analysis
Immunoenzymatic assays (Murex HTLV-I+II, DiaSorin,
Dartford, UK) were used to detect anti-HTLV-1/2 antibodies
in the tested samples following the manufacturer’s instructions.
Samples with positive results were subjected to line

TABLE 1 | Sociodemographic profile of the study participants.

Sociodemographic variable N = 859 %

Sex

Female 525 61.1

Male 334 38.9

Color

Yellow 9 1.0

White 42 4.9

Black 520 60.5

Brown 288 33.5

Marital status

Married/living with partner 429 49.9

Separated 59 6.9

Single 311 36.2

Widowed 41 4.8

Not reported 19 2.2

Education

Illiterate 22 2.6

Literate 349 40.6

Elementary education 142 16.5

Secondary education 244 28.4

Higher education 63 7.3

Graduate 15 1.7

Not reported 24 2.8

Income

<1 400 46.6

1–3 405 47.1

>3 7 0.8

Not reported 47 5.5

Age (years)

07–11 45 5.2

12–18 108 12.6

19–29 141 16.4

30–59 424 49.4

60 or 60+ 136 15.8

Not reported 5 0.6

immunoassays (INNO-LIA R© HTLV I/II Score, Fujirebio,
Japan) and real-time PCR (Applied Biosystems Step One Plus
Real Time PCR) to confirm infection and differentiate the viral
type, respectively.

Real-Time PCR
To perform real-time PCR, DNA was extracted from the
seropositive samples using a QiaAmp DNA mini kit (Qiagen,
Germany) following the manufacturer’s protocol. Molecular
confirmation of infection was performed using a multiplex
real-time PCR for three target sequences: the albumin gene
(141 bp), as an endogenous control; the pol gene (186 bp)
of HTLV-1; and the tax-2 gene (75 bp) of HTLV-2. The
primer sequences used were 5′-ccctacaatccaaccagctcag-3′

(HTLV-1F), 5′-gtggtgaagctgccatcgggtttt-3′ (HTLV-1R), 5′-
cgattgtgtacaggccgattg-3′ (HTLV-2F), 5′-caggagggcatgtcgatgtag-3′
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TABLE 2 | Prevalence of HTLV-1 and HTLV-2 in the communities based on the tests used.

Population N ELISA Inno-Lia Real-time PCR

HTLV-1 (%) HTLV-2 (%) HTLV-1 (%) HTLV-2 (%)

Baião

Umarizal Beira 303 00 – – – –

Breu Branco

Nova Jutaí 137 00 – – – –

Bonito

Poeirinha 20 00 – – – –

Cachoeira do Piriá

Bela Aurora 35 00 – – – –

Camiranga 89 00 – – – –

Itamoari 109 01 01 (0.9) – 01 (0.9) –

Cametá

Arimandeua 45 01 – 01 (2.2) – 01 (2.2)

Aripijó 31 00 – – – –

Bacuri 10 00 – – – –

Cabanagem 17 00 – – – –

São Benedito 63 02 – 02 (3.2) – 02 (3.2)

Total 859 04 01 (0.1) 03 (0.3) 01 (0.1) 03 (0.3)

TABLE 3 | Sociodemographic and behavioral characteristics of individuals with confirmed HTLV-1 and HTLV-2 infection.

Characteristics Infected individuals

SBEN-002 SBEN-019 ARI-007B ITM-040

Sex F M M M

Age 64 67 67 23

Color Black Black Brown Brown

Marital status Single Single Married/lives with partner Single

Education IE IE IE IE

Income (number of minimum wages) 1 >1 1 >1

Tattoo(s) N N N Y

Piercing(s) N N N N

Blood transfusion Y N N Y

Breastfed Y NR Y Y

Sexually active N N Y Y

Age at 1st sexual relationship NR NR 18 NR

Sex for money N N N NR

Condoms N N Y Y

Number of partners NR 1 1 1

Diagnosis of an STI N N N N

Type of HTLV HTLV-2 HTLV-2 HTLV-2 HTLV-1

F, female; M, male; IE, incomplete elementary school; IM, incomplete middle school; N, no; Y, yes; NR, not reported.

(HTLV-2R), 5′-gctgtcatctcttgtgggctgt-3′ (F Albumin), 5′-
aaactcatgggagctgctggtt-3′ (R Albumin); the probe sequences used
were JOE-5′-ctttactgacaaacccgacctacccatgga-3′-BHQ (HTLV-
1), FAM-5′-tgtcccgtctcaggtggtctatgttcca-3′-MGB (HTLV-2),
and NED-5′-cctgtcatgcccacacaaatctc-3′-MGB (albumin). The
reaction components, based on the TaqMan R© Universal system,
were as follows: 12.5 µL of Master Mix, 6.0 µL of water, 1.0 µL of
Assay-by-Design (primer and probe set) and 0.5 µL of DNA in

a final volume of 20 µL. For cycling, the protocol was as follows:
50◦C for 2min; 95◦C for 10min; and 50 cycles of 90◦C for 50 s
and 60◦C for 1 min.

Statistical Analyses
The collected information was stored in a database using
Epi-Info7.2 software. The socioeconomic aspects, behavioral
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factors, and risk factors for exposure to HTLV-1 and HTLV-
2 are described as frequencies and percentages. The confidence
interval (95% CI) was used to estimate overall and community
prevalence. Fisher’s exact test was used to evaluate the association
of behavioral risk factors with the presence/absence of HTLV-
1 or HTLV-2. The significance level adopted was 5%. Statistical
analyses were performed using the programs BioEstat 5.3,
GraphPad Prism 7.0 for Windows, and MINITAB Release 14
for Windows.

RESULTS

The median age of the individuals was 39 years (IIQ: 32); 61.1%
(n = 525) of the individuals were women, and 38.9% (n = 334)
were men. A total of 49.9% (n = 429) of the individuals said
they weremarried/living with a partner.Most of these individuals
declared themselves black (60.5%; n = 520) and brown (33.5%;
n = 288). Regarding education, 40.6% (n = 349) were literate,
16.5% (142) had completed elementary school, and 28.4% (n =

244) had completed secondary education. A total of 46.6% (n =

400) live on <1 (1) minimum wage, and 47.1% (n = 405) live on
one (2) to three (3) minimum wages (Table 1).

HTLV-1/2 infection was detected in four individuals (0.4%,
95% CI: 0.13–1.19). Table 2 provides the distribution of infection
by community, with 3.2% (2/63) of those tested in São Benedito
(95% CI: 0.38–11) and 2.2% (1/45) of those tested in Arimandeua
(95% CI: 0.05–11) being positive for HTLV-2 infection and 0.9%
(1/109) of those tested in Itamoari (95% CI: 0.02–5.00) being
positive for HTLV-1 infection; all of the communities are located
in the northeastern region of the state of Pará. HTLV-1 infection
was identified in a young, 24-year-old male. Two males and one
female were diagnosed with HTLV-2; all three were over 60 years
of age.

Only the individual diagnosed with HTLV-1 infection
reported having a tattoo (25%). Three individuals (75%) denied
having used illicit drugs, and one did not report anything. All of
them denied having piercings, a previous diagnosis of an STI,
or having more than one sexual partner. Two (50%) of those
infected reported having received blood transfusions. Half (2) of
the diagnosed individuals were sexually active and used condoms
during sexual intercourse. Three (75%) of the individuals were
breastfed, and one individual did not know (Table 3). According
to Fisher’s exact test, there was a significant association between
blood transfusion (p = 0.0176) and HTLV-1/2 infection, with no
association with any of the other factors investigated (Table 4).

DISCUSSION

Herein, we report the occurrence of anti-HTLV-1/2 antibodies
in four of the 859 individuals tested, with confirmed HTLV-1
infection in only one resident of the Itamoari community and
confirmed HTLV-2 infection in two communities—Arimandeua
and São Benedito. This is the first time that HTLV-1 and HTLV-
2 have been identified in these communities, and no previous
studies have been conducted in these communities.

TABLE 4 | Association of HTLV-1/2 infection with behavioral risk factors.

Positive Negative Grand total P

n = 4 n = 855 n = 859

N (%) N (%) N (%)

Tattoo(s)

Yes 1 (25) 51 (6) 52 (6.1)

No 3 (75) 778 (91) 781 (90.9) 0.2276

Not reported 26 (3) 26 (3)

Illicit drugs

Yes 0 (0) 34 (4) 34 (4)

No 3 (75) 756 (88.4) 759 (88.4) 1.000

Not reported 1 (25) 65 (7.6) 66 (7.7)

Blood transfusion

Yes 2 (50) 44 (5.1) 46 (5.4)

No 2 (50) 763 (89.2) 765 (89.1) 0.0176

Not informed 48 (5.6) 48 (5.6)

Piercing(s)

Yes 0 (0) 21 (2.5) 21 (2.4)

No 4 (100) 781 (91.3) 785 (91.4) 1.000

Not reported 53 (6.2) 53 (6.2)

Breastfed

Yes 3 (75) 774 (90.5) 777 (90.5)

No 0 (0) 27 (3.2) 27 (3.1) 1.000

Not reported 1 (25) 54 (6.3) 55 (6.4)

Sexually active

Yes 2 (50) 637 (78.6) 639 (78.5)

No 2 (50) 159 (19.6) 161 (19.8) 0.1823

Not reported 0 (0) 14 (1.7) 14 (1.7)

Number of sexual partners (week)

1 2 (100) 532 (83.5) 534 (83.6)

≥2 0 (0) 23 (3.6) 23 (3.6) 0.1000

Not reported 82 (2.9) 82 (2.8)

Condoms

Yes 2 (50) 262 (32.3) 264 (32.4)

No 2 (50) 459 (56.7) 461 (56.6) 0.6279

Not reported 0 (0) 89 (11) 89 (10.9)

Diagnosis of an STI

Yes 0 (0) 32 (3.7) 32 (3.7)

No 4 (100) 677 (79.2) 681 (79.3) 1.000

Does not know 0 (0) 34 (4) 34 (4)

Not reported 0 (0) 112 (13.1) 112 (13)

Vallinoto et al. (43) found that the prevalence rate of HTLV-
1 in quilombolas of the Marajó Archipelago (Pará) ranged from
1.0% in the Ponta de Pedras community to 2.06% in Santana
do Arari; these numbers are close to those found in this study.
Regarding the prevalence of HTLV-2, the rates found in this study
were also similar to those described in Santana do Arari (1.06%).
Regarding other Afro-descendant populations studied in Brazil,
the prevalence of HTLV-1 in the present study was similar to
that found in quilombo remnant communities in Central Brazil
(0.5%) (52).
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The prevalence of HTLV-2 in the present study was lower than
that reported by other studies involving traditional populations
of Pará, such as indigenous populations. The prevalence in three
Kayapó villages in the Xikrin territory was 29%, ranging from
21 to 38% among the villages (41). In turn, the prevalence data
for this study are consistent with the data for the population of
Belém, the capital of Pará, and for blood donors in this same state
(42, 44).

Itamoari is a community located on the Pará side of the
Gurupi River. The Gurupi River and the Turiaçu River (State
of Maranhão) form a region called Turiaçu. The port in this
region served as an entrance for a large number of slave through
illegal slave trade during the 19th century (48). In this sense,
the occurrence of HTLV-1 in the Itamoari community may be
related to the African origin of the virus, and its entry into Brazil
may have been by the slave trade from the African continent,
considering that cases occur in isolated communities.

There are historical reports (48) that slaves sometimes found
indigenous tribes during their escape into forests and lived with
residents in locations highly endemic for HTLV-2 (48). Thus,
the detection of HTLV-2 in São Benedito and Arimandeua can
be attributed to the contact between indigenous populations
and slaves.

History of an STI, multiple sexual partners, and non-use
of condoms are risk factors that have been associated with
a higher risk of HTLV-1/2 infection; however, in the present
study, no associations were found (23, 25, 53). Nevertheless,
two individuals infected with HTLV-2 reported not using
condoms because they were no longer sexually active, leading
to the hypothesis or inference that they did not use condoms
in previous relationships. None of the four infected had
any history of an STI or reported having more than one
sexual partner.

Blood transfusion was a risk factor for HTLV-1/2 infection
in this study as well as in other studies (54, 55). In November
1993, the Brazilian Ministry of Health filed Ordinance No.
1,376, through which blood donation candidates are subjected
to clinical screening, including HTLV screening, to ensure
their safety and that of recipients (56). Of the two individuals
who reported receiving blood transfusions, the resident of
São Benedito reported that this procedure was performed in
1994, while the other did not provide the date on which
the transfusion was received. Because clinical screening was
established shortly before the woman with HTLV-2 was
transfused, there is no certainty as to whether she received
screened blood, and thus, the transfusion may have been
a source of infection. However, the association with blood
transfusion could be a spurious result if we consider the
small number of HTLV-1/2 positive subjects found in the
present study, which could be considered a limitation of
our study.

All three HTLV-2-infected patients have one surname in
common; thus, it is possible that there is some degree
of kinship between them due to the isolation of these
communities. In addition, the 67-year-old woman who was
infected reported that she had 11 pregnancies and breastfed
all of her children for more than 6 months. However, her

children could not be found to be tested, and thus, it is
not known whether there was vertical transmission of the
virus or if her infection occurred after her pregnancies. A
new visit to the community is being arranged to investigate
intrafamily transmission.

Although most of those infected with HTLV-1 are
asymptomatic, this virus is associated with clinical manifestations
that can lead to severe symptoms and death, and there is
no cure or treatment available for the infection, which is
neglected, not only in Brazil but also in several regions
of the world (57). Therefore, HTLV-1/2 infection is a
public health problem, especially in vulnerable populations
(40, 57).

Although many Brazilian population segments are in a
situation of vulnerability, there is a higher prevalence of
black populations among the vulnerable populations, including
those living in quilombo remnant communities (49, 58). These
populations are vulnerable because of health determinants of
individual control (behaviors) and collective control (low health
conditions and poor infrastructure). Thus, measures such as
(i) providing prenatal screening, (ii) providing screening for
infection in different quilombola communities, (iii) performing
confirmatory tests, (iv) increasing the awareness of the
population about the virus and its modes of transmission,
(v) encouraging the use of condoms, and (vi) providing
counseling for infected pregnant women about the risk of
transmission to the child through breastfeeding are means that
can mitigate the transmission of HTLV in these communities;
these actions promote health promotion/prevention from the
perspective of comprehensive care, which is in line with
the national policy of comprehensive health for the black
population (59).

CONCLUSIONS

Considering the occurrence of HTLV-1/2 infection in
populations associated with the African origin of the virus
and its introduction into Brazil from the slave trade, the
continuous evaluation of quilombola communities in the
state of Pará and other locations in the Brazilian Amazon is
needed to better characterize the distribution (prevalence)
of infection in these populations to better formulate public
health policies to control the spread of the virus and
associated diseases.
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HTLV-1 is a retrovirus which causes diverse diseases in 10% of its infected population,

significantly worsening their quality of life and mortality rate. Even though it is globally

distributed and is endemic in many countries (including Peru), it is still highly neglected.

It spreads through vertical, sexual and parenteral transmission. As no effective treatment

against this virus exist, prevention is required to contain it. The World Health Organization

published a technical report on the matter in 2021, with the collaboration of international

HTLV-1 experts. However, neither the impact of sexual transmission (cause of themajority

of adult cases and infection in non-endemic areas) nor its prevention were considered.

Evidence is presented, which shows themagnitude of sexual transmission, its risk factors

and preventive measures; hoping it will encourage health workers to help eradicate

this infection.

Keywords: human T-lymphotropic virus 1, sexually transmitted diseases, risk factors, sex work, organization,

world health

INTRODUCTION

Human T-cell lymphotropic virus 1 (HTLV-1) was the first human oncogenic retrovirus to be
discovered 40 years ago (1). With clinical presentations, ranging from immunosuppression to
excessive inflammation and the appearance of opportunistic infections, it was determined as the
main cause of adult T-cell leukemia/lymphoma (ATL) and tropical spastic paraparesis or HTLV-1
associatedmyelopathy (TSP/HAM) (1). Of those infected, only 10% develop disease but have a high
risk of complications and mortality (2).

According to outdated 9-yeard-old information, it affects more than 10 million people (3). But
this has not been updated due to the lack of interest in HTVL-1. By being transmitted vertically
(from mother to child through breastfeeding), sexually and parenterally (blood transfusion and
intravenous drug users) (3), it is possible to reduce its incidence through prevention. This is of vital
importance because there is no efficient treatment for its multiple clinical manifestations (1) and it
is totally neglected wordlwide.

HTLV-1 has a global distribution: spanning Japan, the Caribbean Islands, South America, West
and Central Africa, Romania, parts of the Middle East (Iran), and Central Australia (4). In Peru,
it is estimated that this virus affects 1–2% of the population (5), with a recent systematic review
and meta-analysis finding a pooled proportion of HTLV-1 of 2.34% in the general population of
the country (95% CI; 1.96–2.75%; I2 = 95.51%) (6). A study carried out in the Quechua population
from the provinces of Cangallo, Vilcashuaman, and Parinacochas foundHTLV-1 in two of the three
included villages (5). Additionally, the authors refer to a previous cohort of infected patients in
Lima, of whom more than 50% where from this population (5). This suggests a high frequency of
infection in the Andean region of Peru (5).
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The prevalence of HTLV-1 is higher in women, who are
more susceptible to TSP/HAM (1); which is associated with
sexual transmission because it occurs mainly in people infected
during adulthood (4). In contrast, men are more likely to suffer
from ATL (1), of which the majority of cases are attributed to
vertical (perinatal) infection (4). In order to prevent new HTLV-
1 infections that could later end up in ATL, HTLV-1 screening of
pregnant women and avoidance of lactation by carrier mothers
was carried out in Japan. These measures managed to reduce
the prevalence of this virus in the prefecture of Nagasaki from
7.2 to 1.4% in 30 years (4). However, the prevention of sexual
transmission is not promoted internationally.

SEXUAL TRANSMISSION OF HTLV-1

Sexual transmission of HTLV-1 has been observed to be
more efficient from male to female (1), presenting in Japan a
transmission rate of 60.8% if the carrier is male (in stable partners
for over 10 years); and one of 0.4% if the carrier is female
(7). Similarly, a cohort carried out in Miyazaki found a rate of
transmission 3.9 times higher in serodiscordant couples if the
male was seropositive (8).

Cross-sectional data from the Miyazaki population strongly
reinforce the likelihood of heterosexual transmission of HTLV-
1, as men were more likely to be seropositive if their wives were
positive and vice-versa (p < 0.001) (8), meaning it is highly
possible that the transmission rate fromwomen tomen in HTLV-
1 discordant couples has increased over the years.

This infectionmechanism could be the most important within
epidemiologically closed communities, such as the indigenous
populations of Brazil; where there is an increase in the prevalence
of HTLV-1 with age and a similar transmission from male to
female and female to male (9).

In Salvador, epicenter of HTLV-1 in Brazil, a higher prevalence
of the virus was seen in patients with a history of sexually
transmitted infections (STIs) and older age, predominantly
women, and there was an absence of infection in children
under 13 years of age (10); all these being indicative of sexual
transmission. A study in this area found that people with syphilis
were 40 times more likely to be seropositive for HTLV-1. The
risk factors associated with the transmission of the virus in
this population were unprotected sex, multiple sexual partners,
history of STIs, low level of education and low socioeconomic
status (10). Risky sexual behaviors were hypothesized to stem
from the cultural differences between developed and developing
countries. For example, widespread use of condom in Japan
could explain the predominance of vertical transmission in
this region, compared to Brazil, where the sexual transmission
predominates (10).

Extensive evidence suggests the importance of sexual
transmission of HTLV-1. A cohort study of Japanese blood
donors aged 16–69 years found a higher incidence in women
(50–59 years) than in men (60–69 years) in endemic and non-
endemic areas (11). However, men aged 20–29 years from
metropolitan areas had a higher seroconversion rate than
those from endemic areas. Thus, highlighting the probability

of horizontal transmission between heterosexual couples, as
opposed to vertical, which is believed to be the most common
route of transmission in endemic areas (11). In Australia, it
was thought that mother-to-child transmission could explain
the number of cases, but a 2000–2013 cohort of indigenous
children and adults found associations of HTLV-1 infection with
increasing age, male sex, and previous STIs (12). There is even
documentation of TSP/HAM developed by a female patient who
was infected with HTLV-1 by her seropositive partner through
sexual transmission, as other routes were dismissed during
diagnosis (13).

Due to the similarity between the human immunodeficiency
virus (HIV) and HTLV-1 transmission, multiple studies were
done on HIV risk groups to define the groups susceptible to
HTVL-1: female sex workers (FSW), men who have sex with
men (MSM), STI patients and injecting drug users (14). HTLV-
1 has been associated with coinfection with hepatitis B virus
(HBV) and, to a lesser extent, HIV and syphilis (14). Patients
infected with these STIs were considered responsible for HTLV-1
expansion into non-endemic areas. In Pará, Brazil, a study of 339
FSW determined the practice of unprotected sexual relations as
a significant risk factor for HTLV-1 infection (adjusted OR/AOR
9.3; 95% CI; 4.9–14.2; p= 0.01) (15).

Before the appearance of current antiretroviral therapy (ART)
against HIV, HTLV-1 was an influencing factor in the outcome of
infected patients. A publication from the pre-ART era, described
a not significant higher mortality and a shorter survival time in
those with CDC (Centers for Disease Control and Prevention)
stage IV (acquired immunodeficiency syndrome or AIDS) with
dual infection of HIV and HTLV-1/2 (16). HIV-1 is also known
to influence the outcome of HTLV-1 infection by increasing the
lifetime risk of TSP/HAM in co-infected patients (17).

Fortunately, there has been a decrease in co-infection of these
retroviruses, as observed in Pará, Brazil, where the prevalence
of dual infection with HTLV-1/2 and HIV-1 has decreased
from 8% in the 1990’s to 1.4% in 2020 (18). Sex with multiple
partners remained as the principal risk factor for transmission
of both viruses throughout the years, denoting the role of sexual
transmission in the HTLV-1 infection (18).

Holmesmentions, in his book on sexually transmitted diseases
(19), that an increase in the prevalence of HTLV-1 consistent
with age can be observed in all the populations studied. He
reports the presence of sexual transmission in married couples
and sexually active populations (sexual workers and homosexual
and bisexual men), states that STIs are risk factors that increase
the transmission of this virus and that infection from woman to
man requires regular sexual exposure long-term. Additionally,
he comments on the Peruvian studies of HTLV-1 in FSW (19),
many of which revolve around the efficacy of contraception use
in preventing infection.

SEXUAL TRANSMISSION OF HTLV-1 IN
PERU

Various studies performed in Peru highlight the magnitude of
the sexual transmission of HTLV-1 and the need for prevention;
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FIGURE 1 | Seroprevalence of HTLV-1 according to duration of prostitution

and condom use, Gotuzzo et al. (24).

since its prevalence is higher in FSW than in the general
population. In a study of cervical secretions of seropositive
FSW, virus shedding in genital tract secretions was associated
with mucopurulent cervicitis (OR 4.6; 95% CI; 1.8–10.1) and
gross and visible vaginal secretions (OR 2; 95% CI; 1.2–3.4)
(20). No significant association between cervical shedding of
HTLV-1 and gonococcal or Chlamydia infection (AOR 1.4; 95%
CI, 0.6–3.2) was found. Out of 30 patients, 24 presented with
bacterial vaginitis, 12 with candidiasis, and 2 with trichomoniasis;
but these were not associated with HTLV-1 secretion (20). The
transmission of HTLV-1 from women to men could increase
due to the presence of STIs and the amount of viral load
secreted, as is the case with HIV-1 (20). This would mean the
treatment and prevention of STIs with the use of condoms could
reduce transmission.

An early study carried out in FSW from Callao and Iquitos,
documented a significantly higher prevalence of HTLV-1 in
this group, which increased consistently with age, compared
to a control group of prenatal clinic patients (21.8% vs.
3.1%; p < 0.0001). In addition, a significant association
between the virus and duration of prostitution (OR 1.34 in
5-year increments; 95% CI; 1.06–1.69; p < 0.016) was found
(21). An analysis, including controls, indicated that HTLV-1
positivity was higher in subjects with syphilis (p < 0.0001)
and HBV markers (p < 0.0001). Independent associations
between the virus and having been a FSW in Callao (OR
6.68; 95% CI; 3.34–11.58; p < 0.001), older age (OR 1.19;
95% CI; 1.04–1.36; p < 0.009) and positive RPR/FTA (OR
1.78; 95% CI; 1.05–3.04; p < 0.034) were observed (21).
Once adjusted for age and occupation as FSW, the analysis
identified a significant association between HTLV-1 and HBV
(OR 2.05; 95% CI; 1.25–3.35) (21). The relationship between
the infectious mechanisms of both viruses and the greater
exposure to infection of STIs and time working as a FSW
highlight the importance of sexual transmission for HTLV-1
dissemination (21).

Studies in MSM in Peru are scarce. One of the largest, looked
for the presence of retrovirus in 2,655 subjects, finding HTLV-
1 in 1.8%, HTLV-2 in 1.1% and HIV in 12.4% (22). In 4.6%
of HIV positive patients coinfected with HTLV-1, the risk of

FIGURE 2 | HTLV-1 prevalence according to time working as a FSW, Gotuzzo

et al. (24).

infection was significantly associated with older age (p < 0.000),
homosexual orientation (p < 0.012), receptive role (p < 0.021),
considering themselves a sex worker (p < 0.012), the number
of male partners (p < 0.047), syphilis (p < 0.004) and HSV-2
(p < 0.000) (22). Meanwhile, in those with only HTLV-1, the
virus was significantly associated with older age (p < 0.000),
having only male sexual partners (p < 0.030), being receptive
(p < 0.007), anorectal abnormalities (p < 0.002), syphilis (p <

0.000) and HSV-2 (p < 0.000). Once the multivariate regression
analysis was done, HTLV-1 was found to be associated with
syphilis (AOR 2.2; 95% CI; 1.2–4.1), HSV-2 (AOR 7.7; 95%
CI; 2.6–22.8), coinfection with HIV (AOR 2.6; 95% CI; 1.4–
4.8), coinfection with HTLV-2 (AOR 2.9; 95% CI; 1.1–8.4)
and older age (AOR 1.1; 95% CI; 1.0–1.1) (22). The authors
deduced that the relationship of HTLV-1 with bisexuality and
self-perception as a sex worker could lead to greater contact
with FSW networks, which tend to have a higher prevalence of
HTLV-1 (22).

It should be emphasized that the increase in condom
use by sex workers in Lima and Callao during the 1990’s
was related to the decrease of HTLV-1 seropositivity from
21.8% in 1987–1988 to 8.7% in 2002 (20). FSW from this
area reported a significant increase in condom use from
57.7% in 1993 to 84.4% in 2010 (p < 0.01), parallel to
a significant decrease in HTLV-1 prevalence from 14.5% in
1993 to 3.1% in 2010 (p < 0.01) (23). A study in FSW
from Lima significantly associated HTLV-1 seropositivity with
condom use by women: those who were in prostitution for
more than 3 years and had used a condom with more
than 50% of their sexual partners and those who had been
FSW for <3 years and used condoms with all their partners
(OR 0.34; 95% CI; 0.13–0.89; p < 0.05) (Figure 1). Time
working as FSW (Figure 2) and a history of infection with
Chlamydia trachomatis (OR 3.8; 95% CI; 1.3–11.3; p <

0.02) were also significantly associated with HTLV- 1 (24).
Similarly, non-significant associations were found between a
higher prevalence of HTLV-1 and the practice of oral and
anal sex (24).
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Another study in clandestine sex workers in Lima documented
the decrease of infection rate of HTLV-1 from 10.3% to 1.7%
thanks to the use of condoms with all sexual partners instead
of occasionally (OR 0.15; 95% CI; 0.03–0.86) (25). Likewise, a
significant reduction in the history of undiagnosed STIs, genital
ulcers, and inguinal adenopathy was observed due to constant
condom use (25).

HTLV-1 also affects both genders of the general population.
A study in asymptomatic women from three regions of Peru
determined a prevalence of HTLV-1 of 2.5% (26). First sexual
intercourse before the age of 20 (OR 6.4; p < 0.04), having had
more than four sexual partners (OR 8.2; p< 0.04), more than four
pregnancies (OR 3.1; p < 0.03), age ≥38 years (OR 3.8; p < 0.03)
and <7 years of studies (OR 5, 5; p < 0.02) (26) were defined as
risk factors for infection. This could be due to a cumulative effect
caused by increased exposure to one seropositive partner for a
longer time or to more sexual partners over the years; pointing
out sexual transmission as the main route of dissemination. It
was found as well that half of the seropositive patients were
born in the Andean region and that having a father or mother
with HTLV-1 was a significant risk factor (p < 0.05) in one of
the regions evaluated (26); reaffirming this area as endemic for
the virus.

Genital ulcers, sexual relations with prostitutes in the case
of men, not using a condom, and a large number of sexual
partners are also risk factors in the general population (7, 27–
29). Likewise, the presence of the virus isolated in mononuclear
cells from semen and cervical secretions (7, 30), the percentage
of stable couples infected (45–55% of couples were infected in a
family study, but the rate of infection was 60–75% if the index
case was male) (31), the existence of dual infection of HTLV-1/2
andHIV (18.0%) (16) and the association of HTLV-1 with human
papillomavirus (HPV) in Shipibo-Konibo indigenous Peruvians
(32) are data that may indicate the impact of sexual transmission
of HTLV-1 in Peru.

DISCUSSION

The low relevance given to the sexual transmission of HTLV-1
worldwide led HTLV experts from the Global Virus Network to
write an open letter to the World Health Organization (WHO)
in 2018 (33, 34), where they explained that 80% of infections
are caused by sexual transmission and mostly affect women
(source of vertical transmission). They proposed a prevention
plan, which consisted of HTLV-1 screening at sexual health
clinics, with follow-up of seropositive patients, notification to
their partners and promotion of condom use. Donor screening;
prenatal screening; provision of free safe needles; and access to
an up-to-date WHO HTLV-1 database, available to all, were also
proposed (33, 34).

Consequently, supported by the Australian and Japanese
governments, the WHO organized a meeting in Japan, where it
where it convened international experts on HTLV-1 (including
from Peru) to consolidate current knowledge about the virus and
how to prevent it (35). InMarch 2021, the conclusive reports were
made public, marking a milestone in the history of HTLV-1 by

recognizing it as a global public health problem and accentuating
the need for preventive measures (35). However, these reports do
not go into detail about the prevention of sexual transmission,
given that the respective evidence is limited to observational
studies on specific preventive interventions and that “there are
no reports related to the prevention of sexual transmission (. . . )”
(35). This information is incomplete, since the symposium only
included controlled studies and not series or case reports, or other
types of observational studies, such as those discussed here.

This article presents evidence that shows that HTLV-1
infection is more frequent in high-risk populations and that
sexual transmission is greater from men to women. Likewise, the
presence of other sexual infections and bacterial vaginosis favor
this type of transmission, not to mention that it is consistent with
time practicing as sexual workers (mostly heterosexual women).
Condom use can reduce this transmission and is an inexpensive
measure available to all. Nonetheless, HTLV-1 is not mentioned
in the STI Treatment Guidelines of 2021 of the Center for Disease
Control, be it for prevention, screening or treatment.

HTLV-1 screening is usually performed in blood and organ
donors and diagnosis is reserved for those with a positive
result or symptoms and risk factors which require molecular
confirmation. The absence of commercially available tests of such
nature and of (reliable) register systems for infected patients
make the mapping of the actual dissemination of HTLV-1
difficult (36). This occurs in Brazil, in spite of the fact that they
include antenatal screening in some states. Nevertheless, this
country provides an example on the prevention of HTLV-1 in
some areas (36).

Ideally, sexual partners of seropositive patients should be
screened for infection and referred for counseling and follow up
if they have a positive result, but the lack of knowledge of this
virus among the population and health professionals restricts
this procedure (36). Although the Brazilian government has not
actively participated in the prevention of the sexual transmission
of HTLV-1, numerous initiatives were developed by academic
and non-governmental groups and organizations (Research
Support Center on Retroviruses of the University of São Paulo,
the Hemominas Foundation Journals on HTLV infection, the
HTLVida Association and the Vitamoré Group – Association
of HTLV carriers) looking to disseminate information
about it (36).

This review highlights the lack of information on the sexual

transmission of HTLV-1, the risk different sexual practices pose
to the infection, and its prevention. This should be of great
interest, because no appropriate treatment for the disease it
causes exist and the creation of a vaccine is not yet affordable.
The authors hope the information presented helps to encourage

health workers and institutions responsible for the care of the
population to further investigate and participate in HTLV-1
sexual transmission prevention, promoting simple and cheap
methods such as adequate counseling on sexual and reproductive

health and the use of condoms. It may take a long time
to introduce national measures, but the awareness of health
professionals can help spread prevention initiatives among local
institutions and speed up the creation of adequate country and
worldwide programs.
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Human T lymphotropic virus 1 (HTLV-1) is a public health issue for most countries

and imposes important consequences on patients’ health and socioeconomic status.

Brazil is one of the global leaders of the public health response to these viruses.

The country has challenges to overcome to implement meaningful policies aiming to

eliminate HTLV-1/2. An analysis of strengths, weaknesses, opportunities, and threats

(SWOT) for the implementation of public health policies on HTLV-1/2 was performed.

The strengths identified were the Brazilian Unified Health System (SUS); Brazilian

expertise in public health programs successfully implemented; currently available policies

targeting HTLV; and strong collaboration with researchers and patient’s representative.

Lack of awareness about HTLV, insufficient epidemiological data, lack of reference

centers for patient care, insufficient availability of confirmatory tests, lack of universal

antenatal screening, and absence of cost-effectiveness studies were identified as

weaknesses. Some interesting opportunities included the increased interest from

international organizations on HTLV, possibility of integrating HTLV into other programs,

external funding for research, available online platforms, opportunity to acquire data from

HTLV-1/2 surveillance to gather epidemiological information, and HTLV policies that were

implemented independently by states and municipalities. In addition to the COVID-19

pandemic, existing demands from different diseases, the country’s demography and

its marked sociocultural diversity and the volatility of the technical team working with

HTLV-1/2 at the Brazilian Ministry of Health are threats to the implementation of public

policies on HTLV-1/2. This SWOT analysis will facilitate strategic planning to allow

continuous progress of the Brazilian response to HTLV-1/2 infection.

Keywords: HTLV-1, SWOT analysis, public health policies, prevention, control, public policies, transmission
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INTRODUCTION

Human T-lymphotropic virus (HTLV) is a public health issue
for most countries. HTLV-1 was identified as the first human
oncogenic retrovirus in 1980, and since then, few strategies
have been implemented to control it. It is estimated that at
least 5–10 million individuals are infected by HTLV-1 globally.
However, there are major gaps in the epidemiology of infection,
which create difficulties in assessing its public health burden
and evaluating policies that favor the prevention and control of
HTLV-1/2 (1). The main endemic regions are the southwestern
part of Japan, sub-Saharan Africa and South America, the
Caribbean area, and the Middle East and Australo-Melanesia (2).

HTLV-1 is the etiologic agent of adult T cell leukemia
lymphoma (ATLL), an aggressive neoplasm, and HTLV-1-
associated myelopathy (HAM), a chronic severe myelopathy
(1, 3). This virus is also associated with infective dermatitis,
uveitis, pulmonary lesions, increased mortality (3), and impaired
quality of life (4) and contributes to health inequities through
its socioeconomic impact (5). Patient care is complex and
requires a multidisciplinary approach. The main routes of
HTLV-1 transmission are sexual, parenteral and from mother
to child (primarily through breastfeeding) (2). There are
effective measures for preventing HTLV-1 dissemination, such
as screening of blood donors, antenatal screening, counseling,
shortening or avoidance of breastfeeding, and promotion of safe
sex, but few policies have been implemented in most countries
(1). The implementation of public health policies for HTLV-1 in
Brazil has been advancing considerably in recent years. However,
there are many challenges that need to be overcome to achieve a
meaningful response to HTLV-1/2 (6), aiming at the elimination
of this virus, as proposed by the Pan-American Organization
(PAHO)/World Health Organization (WHO) (7).

METHODS

SWOT analysis is a strategic planning technique that
is commonly used in business planning to evaluate an
organization’s strategic position. The analysis comprises four
core elements: strengths, weaknesses, opportunities, and threats.
Here, a SWOT analysis is employed to achieve a situational
evaluation of the implementation of public health policies for
HTLV in Brazil to facilitate future strategic planning (Figure 1).

Based on SWOT Analysis, governments can choose the
appropriate strategy. The analysis’ process for this study started
by identifying the strategic management process and conducting
an external and internal analysis. The external analysis identified
the critical threats and opportunities for the implementation
of HTLV related policies in the competitive Brazilian health
scenario. While external analysis focused on the environmental
threats and opportunities, internal analysis helped to identify
structural strengths and weaknesses associated with HTLV
policies and understanding which resources and capabilities are
likely to be sources of reasonable advantage.

The analysis was conducted by reviewing Brazilian official
documents and papers related to HTLV approaches in Brazil and

using researchers, government managers and non-governmental
experiences and expertise regarding health policies in Brazil.

RESULTS AND DISCUSSION

Strengths
Four strengths, i.e., what the Brazilian Ministry of Health
(BMoH) excels at, were identified: the Brazilian Unified Health
System, successful health programs already implemented in
Brazil, specific policies on HTLV-1/2 that are already available in
the country and the strong collaboration with HTLV experts and
patient representatives.

(a) Brazilian Unified Health System
The country has a decentralized, universal public health system,
the Unified National Health System (Sistema Único de Saúde,
SUS). The SUS was proposed in the late 1980s and has been
widely acknowledged as an example of successful health system
reform in Latin America. It was structured on three principles:
universality, comprehensiveness, and equity (8). Brazil is one
of the countries that has a varied and well-established care
network, ranging from care for people with general illnesses
through a network of screening, counseling, care and monitoring
of pregnant women to the unique experience of applying
sequential and universal immunobiological care, as required
by national vaccination programs against polio, measles, and
hepatitis B, among others. Reforms in health system governance
and major expansion of primary healthcare have contributed to
major improvements in health service coverage and access to
better health outcomes (9–11). However, disparities in access to
effective care persist (12, 13), and the private sector, represented
by private health insurance, has been introduced as a supplement
to the public health system in many regions.

Primary health care, the service that is responsible for local
care in Brazil, is the preferential entry for persons with HTLV-
1/2 into SUS, acting in an integrated manner with specialized
services, with well-defined reference and counterreferral flows
with secondary and tertiary levels of attention. The expansion of
primary care in Brazil has been linked to a decline in unnecessary
hospitalization (11). Secondary referral or specialized care
services are able to provide multidisciplinary care, including
psychological support and physiotherapy, and can be used for
patients with HTLV-1-associated diseases. Timely treatment can
minimize or delay disease progression. Specialized health services
are also able to identify patients infected by HTLV-1/2, such as
patients with leukemia and lymphomas or patients with other
HTLV-1-associated diseases.

(b) Successful Health Programs Implemented in SUS
Public health in Brazil is structured within the SUS, where
∼75% of the Brazilian population is formally seen during the
first stage of health access. In this context, the BMoH has
priority actions to address some public health issues, including
the Family Health Strategy, which is the gateway to the SUS;
the National Immunization Program; mobile emergency care
services (SAMU 192); the “Mais Médicos Program,” recently
renamed to “Doctors for Brazil,” which aims to meet a demand

Frontiers in Medicine | www.frontiersin.org 2 April 2022 | Volume 9 | Article 859115140

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Miranda et al. HTLV-1/2 Brazil’s Response: SWOT Analysis

FIGURE 1 | SWOT analysis of the implementation of public policies for HTLV in Brazil.

for the absence or scarcity of health professionals in regions
with populations of higher vulnerability; the national system
for organ and bone marrow donation and transplantation;
the psychosocial care network; and the Popular Pharmacy
Program that aims to supply essential medicines. In addition
to the drugs offered by the popular pharmacy, there are drugs
that are considered strategic and used for the treatment of
diseases with an endemic profile that have a socioeconomic
impact, such as for STI/AIDS (antiretrovirals, penicillin and
condoms), endemic diseases (malaria, leishmaniasis, Chagas
disease, leprosy, tuberculosis), thalidomide for systemic lupus
erythematosus, multiple myeloma, hematological diseases and
blood products, influenza and drugs and supplies for tobacco
control (13).

The SUS has also presented some strategies for professional
development and health education. Telessaúde (Tele-health
Program) is a nationwide initiative that seeks to improve
the quality of care and primary care in the SUS, integrating
education and service through information technology tools,
which offer conditions to promote tele-assistance and tele-
education for health professionals. Additionally, the Open
University System of the SUS (UNA-SUS) was implemented
for professional training and continuing education needs. This
system has a collaborative network that includes more than 35
higher education institutions that offer free online courses. UNA-
SUS has more than 4.9 million enrollments, and more than
355 courses are offered nationwide (https://www.unasus.gov.br/).

From this same perspective, the Virtual Learning Environment
of the Unified Health System (AVASUS), which is also a virtual
learning space developed for professionals and students in the
health area and for civil society, has been implemented, and
its main objective is to improve training, management and
assistance in the SUS. AVASUS has ∼2 million registrations,
and a total of 315 active courses. One of them is the Course
on Comprehensive Care for People with Sexually Transmitted
Infections, which was a partnership with BMoH, PAHO and
the Federal University of Rio Grande do Norte. The course is
presented with subtitles in Spanish and English and includes a
module about HTLV infection (https://avasus.ufrn.br/).

(c) Health Policies on HTLV-1/2 Implemented in the

Country
Figure 2 summarizes the public policies adopted in the country
regarding the control of HTLV infection in Brazil. HTLV-1/2
infection screening has been routinely included in blood banks
since 1993 (14) and in organ or tissue recipients and donors since
2009 (15). In 2014, a ministerial decree (#371/14) was published
establishing guidance for newborn care, and in 2016, another
ministerial decree established confirmatory tests for people with
ATLL and the regulation of AZT use (16). The first edition of the
Ministry of Health Protocol for Clinical Management Guidelines
for patients with HTLVwas published in 2003 (17); the second, in
2013 (18); and the third, in 2021 (19). BMoH recommended the
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FIGURE 2 | Timeline of the implementation of public policies for HTLV control in Brazil.
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use of 0.5mg cabergoline and infant formula to prevent vertical
transmission of HIV and HTLV in 2021 (20).

The integration of HTLV-1/2 into the Department of Chronic
Diseases and STI centralized the response to this virus and has
been beneficial to the implementation of successful strategies in
recent years.

(d) Strong Collaboration With HTLV Experts and

Patient Representatives
The Department of Chronic Diseases and Sexually Transmitted
Infections in the BMoH has a long history of collaboration
with HTLV experts and patient representatives. This has been
reinforced in recent years and has resulted in meaningful
achievements, comprising HTLV awareness campaigns, training
of healthcare professionals, production of technical material such
as manuscripts on HTLV (21, 22), the HTLV epidemiological
bulletin (23) and the HTLV Clinical Guideline (19). HTLV
experts and patient representatives also support the BMoH
in identifying priorities for action and in closing gaps in the
understanding of the burden of HTLV in the country.

Weaknesses
The weaknesses identified included lack of awareness about
HTLV infection, insufficient epidemiological data, lack of
specialized reference centers for HTLV care, lack of confirmatory
tests, lack of implementation of HTLV-1/2 universal antenatal
screening, and lack of cost effectiveness studies.

(a) Lack of Awareness About HTLV
One of the major obstacles to implementing policies for HTLV-
1/2 is the lack of awareness about these viruses. This contributes
to delayed diagnosis of infection, which, in turn, has severe
consequences, such as missed opportunities for preventing
transmission and delayed treatment, which contributes to poor
therapeutic response. In addition, lack of awareness contributes
to increased stigma and feelings of abandonment (24–26). Patient
advocacy groups may play a major role in this regard but are
limited in the country. A recent study showed that HTLVida, a
patient advocacy group from Bahia, Brazil, played a central role
in the implementation of policies on HTLV in Bahia (27).

HTLV is a silent infection, and many patients are unaware of
their serostatus. It is important to increase the visibility of this
infection and generate data to inform health professionals and
managers about the different aspects of the infection, including
its associated diseases, forms of transmission, diagnosis and
treatment, with information on how to monitor people living
with HTLV in Brazil (19). Increased awareness is important to
support proposals for primary prevention and secondary and
tertiary HTLV care in the scope of the SUS. Awareness about
this infection among the general population is pivotal for the
successful inclusion of HTLV in the governmental agenda.

(b) Insufficient Epidemiological Data
The national prevalence of HTLV-1/2 is not well-known in
Brazil, but regional studies show that it is significant but
not homogenous throughout the country. Situational diagnosis
of the infection is important to elaborate significant policies.

An epidemiological bulletin about HTLV prevalence and
distribution in the country was published by the BMoH in
collaboration with HTLV experts (23). Most information comes
from specific populations, such as blood donors, pregnant
women, patients with HTLV-1/2-associated diseases, relatives
of infected individuals, and specific groups, such as injectable
drug users (IDUs) and sex workers. Although none of these
populations represent the general population, the pooled analysis
of these data allowed the identification of HTLV as a matter of
concern in the country. Therefore, insufficient epidemiological
data are still considered a weakness for the implementation of
policies to prevent and control HTLV infection in Brazil. Recent
and reliable information is needed to adapt and implement
targeted public healthmeasures (28). The lack of a register system
contributes to the lack of epidemiological data on HTLV-1/2.
Although it is possible to obtain information about HTLV-1/2
from some national information systems, such as tests prescribed
or complications of outpatients and hospitalized patients, these
data are focused on providing information for financial purposes
and not for infection surveillance. Notification systems have been
useful to the response to HTLV and to better understand disease
pathogenesis in Japan and in the UK (29, 30).

(c) Lack of Reference Centers for Patient Care
Another challenge is providing reference centers with adequate
health care for patients with HTLV in Brazil. Assistance is
spread across different clinics, and patients do not have a
referral service that can provide adequate care. There is a need
to create centers for people suspected of being infected with
HTLV-1/2, offering counseling regarding diagnosis, clinical and
psychological support, and treatment of associated diseases,
including rehabilitation, when necessary.

The BMoH performed a situational diagnosis and mapped all
centers that are currently providing HTLV care in the country.
There are 33medical centers providing care for people living with
HTLV-1/2 in the country, some of which are linked to public and
private universities and offer comprehensive multidisciplinary
care, including access to complex laboratory tests that are
necessary for the care of people living with HTLV. However,
less than half (44%) had laboratory services to support patient
care, and only nine had a multidisciplinary team. There is
also an unequal distribution of those centers, with the lowest
numbers located in the North region (Figure 3). It is important
to mention that some centers receive federal funds from SUS
for providing clinical, laboratory, treatment, follow-up, and
supportive psychological and physiotherapy, when available.

There is a need to improve the support for existing services
and create new ones in areas where necessary. A first step should
be the establishment of local and regional reference centers
for laboratory diagnosis for HTLV-1/2, taking advantage of the
national network of Public Health Central Laboratories (LACEN)
and the National HIV-1 and hepatitis B (HBV) networks. A hub-
spoke system, such as that observed for patient care in services
linked to universities that are similar to the Nacional Centre of
Human Retrovirology (NCHR) in the UK (http://htlv.eu/) (31),
could be a feasible and interesting model to be implemented in
all regions of Brazil.
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FIGURE 3 | Distribution of centers that offer care for people living with

HTLV-1/2 in Brazil.

(d) Confirmatory Tests Are Not Available for all

Seropositive Patients
Confirmatory testing for HTLV-1/2 infection is needed but is not
offered for all individuals with a positive result on the screening
test (6, 32). PCR and Western blot are included in the SUS to
confirm infection but are limited for those with clinical suspicion
of ATLL (16). This hampers the identification of the actual
burden of infection and prevents adequate counseling, patient
management, and control of virus transmission. Confirmatory
testing is not compulsory at blood banks. Indeed, the BMoH
recently performed a survey and observed that only 40% of the
blood centers that participated in the survey offer confirmatory
tests for HTLV-1/2. This represents an important weakness of the
Brazilian response to this virus, as the same survey identified that
only 42% of reactive samples were further confirmed. In contrast,
most blood centers (93.3%) reported a link to other institutional
services to provide patient counseling, testing and care.

(e) Universal Antenatal Screening Is Not Implemented

Nationally
Prevention of mother-to-child transmission is considered a
priority; however, antenatal national screening has not been

implemented nationally in Brazil. The BMoH recommends
cabergoline for seropositive mothers and provision of formula
for babies who are born to seropositive mothers (20). Optimal
clinical management of pregnant women throughout the country
was proposed recently (6). Although antenatal screening is
already implemented in some Brazilian states, such as Bahia,
Mato Grosso do Sul and the Federal District, it needs to be
expanded to a national level. Japan alone has a nationwide
antenatal screening program, and it is one of the main pillars of
the country’s response to HTLV (33, 34).

(f) Lack of Cost-Effectiveness Studies
Cost-effectiveness analyses are extremely limited in the HTLV-
1/2 field and hampered by the lack of key information (35–
37) but are important for establishing priorities in public health
policies to be implemented in a scenario of limited resources and
many demands.

Opportunities
Different opportunities were identified: increased prioritization
by international organizations on HTLV, possibility of including
HTLV in other programs, external funding for research,
availability of online platforms, opportunity to acquire data from
HTLV-1/2 surveillance to gather epidemiological information,
and policies on HTLV that have already been implemented
by some states and municipalities. Taking advantage of these
timely opportunities will foster the implementation of policies on
HTLV-1/2 in the country.

(a) Increased Priority From International

Organizations
International organizations have been showing increased
attention to HTLV. In 2019, the WHO held a global consultation
on HTLV, which was followed by the publication of a fact
sheet (38) and a technical report on HTLV (1). In 2020, the
PAHO included HTLV-1 among the pathogens that should
be considered for elimination (7), and in 2021, along with
the HTLV Channel (a platform to increase awareness about
HTLV founded by Brazilian researchers), PAHO co-organized
a webinar to discuss public policies on HTLV. The Webinar is
fully available at the HTLV channel (https://www.youtube.com/
channel/UCI6aLSTtk7chXMeybJ92Fhw).

This increased focus on HTLV-1/2 is catalytical for the
implementation of policies by WHO Member States and
facilitates the introduction of HTLV-1/2 into the governmental
agenda. The HTLV community should take advantage of this
opportunity to push for the advancement of public health policies
toward this virus.

(b) Inclusion of HTLV-1/2 Response in Other

Programs
The association of HTLV-1/2 with existing platforms, such as
STIs, maternal health, and indigenous health, is an interesting
alternative for optimizing resources. In fact, the inclusion of
HTLV-1/2 in the Department of Chronic Diseases and STIs
was beneficial and should be further put forward as universal
knowledge in the country. The inclusion of HTLV-1/2 in
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awareness campaigns for other STIs is of utmost importance.
This represents an opportunity, and policymakers need to
take advantage of the network and human resources that are
available for those programs to implement public health policies
for HTLV. Apparently, there is no other country publishing
specific guidelines to prevent sexual transmission of HTLV. In
Brazil, HTLV has been included recently in the clinical protocol
and therapeutic guidelines for sexually transmitted infections
(STI) (6).

(c) External Funding for Research
The BMoH promotes scientific and technological development
in the country by funding research projects in each of the
Brazilian states in partnership with the research program for
the SUS. In addition, there are possibilities with the Program
for Institutional Development of SUS (PROADI-SUS); this is a
program through which non-profit hospital institutions develop
projects using their skills to qualify and develop processes to
improve the assistance provided by SUS throughout Brazil.
Presently, six hospitals of national excellence participate in this
program. Additionally, there are national calls for partnerships
with other federal ministerial areas and international agencies,
including the Ministry of Science and Technology and PAHO.
Recently, HTLV was included in two research opportunities that
are currently underway. In 2019, the PROADI-SUS approved a
project to assess the national prevalence of HTLV and other STIs
and patterns of sexual behavior among pregnant women.

In 2021, the BMoH, in partnership with PAHO, co-founded a
project conducted by public universities in the north, northeast
and midwest regions on the implementation of HTLV laboratory
diagnosis in Brazil. This project aims to expand the network
for diagnosing HTLV-1/2 infection in six Brazilian capitals and
to characterize the types and subtypes of HTLV-1/2 that are
circulating in the Brazilian population. The project was initially
funded by the National Council for Scientific and Technological
Development in the Ministry of Science and Technology and the
Brazilian Ministry of Health, initiated in 2019 in a partnership
with the State Health Department of Para, Special Indigenous
Sanitary District (DESAI) and Special Secretariat for Indigenous
Health (SESAI) and 13 other research institutions. A large and
comprehensive seroepidemiological study will provide specific
and updated information in 11 states, from at least 6,000
persons from 50 population groups residing in urban, rural and
indigenous areas. It is expected that at the end, this study will
provide a more reliable figure of the prevalence of HTLV-1/2.
Vulnerable populations, including quilombola (originally formed
by slave escapees), female sex workers (FSW), men who have
sex with men (MSM), and indigenous communities, will be
investigated, and full support will be provided, including training
and information teaching programs for health professionals
from the DSEI/SESAI and the preparation of an informational
leaflet in indigenous languages. It is expected that such an
opportunity will also help DESAI/SESAI to understand the
current epidemiological situation of indigenous people.

However, this should be expanded, and collaboration between
these institutions and patient representatives and specialists
should be supported. Some key areas for research were identified

as (1) the development of a rapid, cost-effective point-of-
care screening test, (2) the proposal of multicentric studies
with validated methodologies for standardizing the diagnosis
of HTLV-1/2 in the national territory; (3) the evaluation of
HTLV mother-to-child transmission and policies to prevent
vertical transmission; (4) cost-effectiveness studies; and (5)
the development of new therapies and care for HTLV-1-
associated diseases.

(d) Online Platforms for HTLV Awareness
Social media has played an important role in sharing health-
related information. In recent years, the BMoH has been
increasingly using their social media platforms to advertise about
HTLV (Figure 4). There are also an increasing number of online
platforms that were created with the aim of raising awareness
about this virus, such as the HTLV Channel and HTLVida.
HTLVida social media was created by the patient advocacy
group from Bahia, and the HTLV Channel was founded by
researchers and has been collaborating with the BMoH, for
example, for the organization of two webinars in 2020 and 2021
on the occasion of the HTLV World Day [both webinars are
fully available at the HTLV Channel (https://www.youtube.com/
channel/UCI6aLSTtk7chXMeybJ92Fhw)].

(e) Data Acquisition From HTLV-1/2 Routine

Surveillance
HTLV-1/2 screening of blood and organ donors has been
performed in the country for decades. However, these data have
not been routinely used to inform policymakers about HTLV-1/2
prevalence and distribution. Although the burden of infection
in this specific population may underestimate the real burden of
HTLV-1/2 infection, it can be a starting point for those areas of
the country where there are no data available about HTLV-1/2
distribution as has been done recently in China (39).

(f) HTLV Policies Implemented Independently by

Brazilian States and Municipalities
Different states and municipalities have implemented policies
for HTLV-1/2 independent of national financial support. Bahia,
considered the epicenter of HTLV-1 infection in Brazil, has
approved a program for the integral care of patients with
HTLV infection (40). This should be considered a model
for other states. It will be helpful to perform a situational
assessment of the available local policies on HTLV-1/2 in each
Brazilian state. This would facilitate the expansion of policies
to a national level and support those local governments that
are aiming at starting implementation of such policies in
their area.

Threats
Brazil’s demography and sociocultural diversity, demands of
different health problems, including the COVID-19 pandemic,
and the volatility of the technical team working on HTLV-1/2 at
the BMoH are common causes hampering the implementation of
policies toward HTLV-1/2 and therefore are considered threats.
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FIGURE 4 | Awareness campaign about HTLV-1/2 promoted by the Brazilian Ministry of Health. (A,B) 2019 awareness campaign; (C) HTLV National day awareness

campaign 2020; (D,E) HTLV National day awareness campaign 2021; (F) HTLV World Day awareness campaign 2021.

(a) The Country’s Demography and Sociocultural

Diversity
Brazil is a large country, with an area of 8.5 million km2, with

more than 214 million individuals distributed in five different

geographical regions. According to the International Monetary

Fund the country is considered of medium income. The illiteracy
rate of the population aged 15 and over in Brazil is 7.0%

(2017). This rate varies across the country, being higher in

the North and Northeast regions when compared to the South

and Southeast. The country is marked by great sociocultural

diversity and inequal income distribution. Its municipalities are
highly diverse in terms of population size, structure of local

and regional health systems, and the private sector’s greater or

lesser presence in some regions (13). Regarding the access to
internet, Brazil has the fifth largest online population in the
world, around seven out of 10 Brazilians are online, and 90% have
daily access to the web. This poses additional difficulties when
implementing national policies on HTLV. Although national
policies are needed, the particularities should be considered when
designing health policies for preventing and controlling this
virus. This is also of utmost importance when designing policies
targeting specific vulnerable populations, such as indigenous
communities, sex workers, and people who inject illicit drugs.
In addition, this diversity particularly influences the access and
effectiveness of care for those living with HTLV-1/2 in the
country. Therefore, an effective network with care centers located
regionally is needed.

(b) Demands of Other Health Problems
As a tropical middle-income country with a population that is
aging, there are many demands from other health problems.
These include non-communicable diseases (NCDs), neglected
tropical infections, and recurrent epidemics. In 2016, NCDs were
the leading cause of death, followed by interpersonal violence, but
infectious diseases were still common causes (41). In this regard,
increasing awareness about HTLV is beneficial for its inclusion in
the governmental agenda.

(c) The COVID-19 Pandemic
The pandemic caused by SARS-CoV-2 disrupted the health care
system in every country worldwide (42). In Brazil, this was no
different (43). Preparedness was not enough to face such an
explosive epidemic in the country (44). Preventive care declined
significantly during the pandemic by approximately 1.4-fold
(45), vaccination coverage decreased 20% (46), and research was
deeply affected. This threatens the advancement of research on
other health issues and care for patients, including those with
HTLV-1/2. In Brazil, telemedicine helped to ensure continuous
care of patients with HTLV during the COVID-19 pandemic (47)
and can be applied to facilitate the implementation of regional
specialized reference centers and linked local services.

(d) Volatility of the Technical Team Responsible for

the HTLV Response
The implementation of policies for preventing and controlling
HTLV-1/2 infection are usually long-term actions that require
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long-term planning. Continuity needs to be guaranteed, despite
changes in government parties. There is a need to assure that
these policies, which will benefit the population in the short- and
long-term period, should be dealt with as a country rather than
as a government policy. The volatility of the technical team at
the BMoH responsible for the HTLV response is detrimental to
the continuous progress of policies on HTLV-1/2 in the country.
It is also important to highlight that the volatility of state and
municipal health teams in the public system may also impact the
implementation of policies. The high turnover of health teams
in public clinics, can impair patient’s care, as it may be difficult
to do a long-term follow-up of HTLV patients, individuals with
life-long infection, and who usually present chronic diseases,
impacting the quality of the service offered.

CONCLUSION

HTLV-1/2 antenatal screening should be considered a priority.
The expansion of confirmatory tests to all individuals with a
positive screening test is needed.Mapping local policies toHTLV-
1/2 in different Brazilian states will be beneficial for evaluating
policies that can be easily expanded to a national level. The
integration of HTLV-1/2 into existing programs and available
networks may be achieved in a short-term period and at relatively
low cost. A network comprising regional reference centers and
local linked services needs to be organized. Training of healthcare
professionals is essential to the success of every proposed policy.

The government needs to continuously work in partnership
with the scientific community and non-governmental
organizations to increase the visibility of the HTLV infection. It
should be interesting to support, whenever possible, initiatives
proposed by partners, such as the propagation of National HTLV
Day and World HTLV Day, and to expand the information
network on HTLV-1/2. The conjunction of efforts between the
government, health professionals and the scientific community,
in addition to the active participation of organized civil society,
provides conditions for adequately addressing HTLV-1/2
infection and its complications in the country.

In conclusion, this analysis may help policymakers to
develop a strategic planning with short and long-term goals to
improve Brazil’s response to HTLV-1/2 infection to facilitate
the implementation of recommended policies targeting HTLV

that were recently published (6). In addition, this SWOT
analysis may be used as a model to be implemented in other
scenarios worldwide.
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Human T-cell leukemia virus type 1 (HTLV-1) is a replication-competent human retrovirus
associated with two distinct types of diseases: a malignancy of mature CD4+ T
cells called adult T-cell leukemia-lymphoma (ATL) and a chronic inflammatory central
nervous system disease HTLV-1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP). It was the first human retrovirus ever associated with a human
cancer. Although most HTLV-1-infected individuals remain asymptomatic for life, a
subpopulation develops ATL or HAM/TSP. Although the factors that cause these
different manifestations of HTLV-1 infection are not fully understood, accumulating
evidence suggests that the complex virus-host interactions, as well as the host immune
response against HTLV-1 infection, appear to regulate the development of HTLV-1-
associated diseases. This review outlines and discusses the current understanding,
ongoing developments, and future perspectives of HTLV-1 research.

Keywords: HTLV-1, ATL, HAM/TSP, tax, HBZ

INTRODUCTION

Human T-cell leukemia virus type 1 (HTLV-1) belongs to the genus Deltaretrovirus of the
Orthoretrovirinae subfamily and infects approximately 5–10 million individuals worldwide (1).
HTLV-1 is a causative agent of adult T-cell leukemia (ATL), an aggressive form of T-cell malignancy.
Some 4–5% of HTLV-1 carriers develop ATL during their lifetime (2). HTLV-1 also causes HTLV-
1-associated myelopathy/tropical spastic paraparesis (HAM/TSP) in another 0.25–4% of infections
(3). In HAM/TSP, the corticospinal (pyramidal) tracts of the spinal cord are severely affected by
inflammatory reactions. This inflammatory disease results in irreversible paraparesis of the lower
limbs (4). The majority of infected individuals remain lifelong asymptomatic carriers (ACs).

Since the discovery of HTLV-1 and its association with these diseases in the 1980s (5–7),
significant progress has been made in molecular studies of this virus and the infected host, from
sequencing the viral genome to revealing the mechanisms of viral gene regulation and from
identifying molecular markers to developing molecular therapeutics to treat the disease. However,
HTLV-1 infection remains a threat to the human population. Although some new treatments have
been developed, the prognosis of ATL is poor (8), and HTLV-1 significantly deteriorates the quality
of life of HAM/TSP patients (9).

HTLV-1 is a latent virus. The host immune system is unable to clear the virus; therefore, HTLV-
1 persists in the host and poses a lifelong threat of ATL, HAM/TSP, and other inflammatory
disorders (10). The mechanism by which HTLV-1 controls viral gene expression and evades
immune clearance has not yet been fully elucidated. In this review, we describe persistent HTLV-1
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infection and recent findings on the nature of HTLV-1 gene
expression. We will discuss the clinical implications of HTLV-1
gene expression in the development of ATL and HAM/TSP.

PERSISTENCE OF HTLV-1 INFECTION

Global Endemicity and How HTLV-1
Spreads
HTLV-1 is prevalent across the globe. HTLV-1 is particularly
endemic in some areas, including southwestern Japan, Central
Australia, South America, the Caribbean islands, and sub-
Saharan Africa (11). Approximately 5–10 million people are
estimated to be infected with HTLV-1 globally (1). HTLV-
1 is transmitted via infected lymphocytes from HTLV-1
carriers; breastfeeding and sexual contact are common routes of
transmission where infectious lymphocytes are transferred to a
new host (12–14).

HTLV-1 is mainly found in CD4+ T lymphocytes. An infected
lymphocyte transmits HTLV-1 through cell-to-cell contact with
other lymphocytes. HTLV-1 viral components, including its
single-stranded RNA genome, are transferred to target cells
through this junction (15). Recently, Hiyoshi et al. reported
that the host factor M-Sec plays a critical role in efficient viral
transmission (16). M-Sec induces membrane protrusions and
establishes intercellular conduits (17). This is likely the molecular
basis of what is known as the virological synapse in HTLV-1
infections (15).

HTLV-1 genomic RNA is reverse-transcribed in the target cell,
and the resulting double-stranded DNA, 9 kb in size, is inserted
into the host genome. The location at which the HTLV-1 provirus
is inserted in each infection is not completely random. HTLV-
1 favors genomic sites near genes, CpG islands, and chromatin
regions with epigenetic marks associated with gene regulation
(18). Unlike HIV-1 infection, where the reverse-transcribed HIV-
1 genome is guided to actively transcribed genes by the host factor
LEDGF (19), the mechanism by which HTLV-1 is preferentially
integrated in these characteristic regions is currently unknown.
Host factor PP2A has been identified as a binding partner of the
HTLV-1 integration complex (20, 21). More studies are needed
to elucidate the mechanisms underlying HTLV-1 integration
preferences.

Latent Infection of HTLV-1
It has been postulated that HTLV-1 propagates rapidly in a new
host during the early stages of infection. HTLV-1 is believed not
to produce cell-free infectious viral particles in vivo. HTLV-1
increases the proviral copy number by a combination of de novo
cell-to-cell infection and mitotic division in each infected cell.
Each infected cell carries a single HTLV-1 provirus copy in its
genome (22).

The expression of viral genes for HTLV-1 propagation in the
new host elicits the host immune response. HTLV-1-infected cells
will be lysed by cytotoxic T lymphocytes (CTLs) that are specific
for viral antigens (23, 24, 25). Therefore, HTLV-1 propagation
is counterbalanced by the host immune response, which in turn
determines the set point of proviral load (PVL) in the host. PVL

in ACs is approximately 1% [i.e., HTLV-1 is found in 1% of total
peripheral blood mononuclear cells (PBMCs)]; PVL varies by
1,000-fold among ACs (26, 27). It is estimated that PVL in each
individual is typically maintained by the mitotic division of cells
in the chronic phase of infection (28). PVL positively correlates
with the risk of developing ATL and HAM/TSP; that is, the risk
of disease onset is greater with a higher PVL (26, 29).

HTLV-1 inserts its genome at a unique location on the host
chromosome during de novo infection. Each infected cell carrying
a single copy of the HTLV-1 provirus in the genome gives rise
to a group of sister cells, or a clone, by mitotic division, which
shares the same proviral integration site. Gillet et al. estimated
the abundance of each clone, or clonality, in ACs and patients
with ATL and HAM/TSP by quantifying the frequency of each
provirus integration site using high-throughput sequencing (30).
It is estimated that tens of thousands of unique HTLV-1-infected
clones exist in a typical host. These clones persist for many years,
from which a malignant clone emerges (31).

Progression to Diseases
ATL is a malignancy characterized by clonal expansion of HTLV-
1-infected lymphocytes, often with a PVL of >90% in acute ATL
cases. It takes decades for a malignant clone to emerge from a
typical HTLV-1 infection. Recently, two studies retrospectively
performed exon sequencing of clinical samples to track gene
mutations before ATL onset. These studies found, among other
genes, recurrent mutations in CCR4, PLCG1, PRKCB, and
NOTCH1 that precede the onset of ATL (32, 33). It is possible
that HTLV-1 infection per se does not cause ATL. HTLV-1
infection prolongs the lifetime of infected lymphocytes, during
which infected lymphocytes acquire a set of gene mutations and
undergo malignant transformation.

HAM/TSP is another clinical entity associated with HTLV-1
infections. The PVL is significantly higher in HAM/TSP patients
than in ACs (26). Monoclonal expansion is not observed in
HAM/TSP; instead, it is envisaged that the number of clones
increases, which accounts for the high PVL (30).

HTLV-1 tax and HBZ, as we describe in the next section, are
the main viral factors that confer a growth advantage to infected
cells. It appears that HTLV-1 performs two contradicting tasks:
expressing viral genes to sustain the infected cells and avoiding
CTL killing exerted by the host immune response. Therefore,
understanding the regulation of HTLV-1 genes in vivo is crucial
for understanding HTLV-1 infection and its associated diseases.

NATURE OF HTLV-1 GENE EXPRESSION

Genomic Structure of HTLV-1
HTLV-1 viral genes are encoded in both the plus and minus
strands of the provirus, which is 9 kb in size and is embedded
in the host chromatin (Figure 1). HTLV-1 has two long terminal
repeats (LTRs) at the 5′ and 3′ ends of its provirus. HTLV-1
gag, pol, and env, the essential retroviral genes, are encoded on
the plus strand. HTLV-1 carries an additional genomic segment,
referred to as pX, which is downstream of the env gene. The pX
region encodes HTLV-1 tax, rex, and other accessory genes (34).
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FIGURE 1 | Genome structure of the HTLV-1 provirus. The proviral DNA with
the LTRs and viral transcripts encoded in either the plus or minus strand of the
viral genome. Alternative splicing yields doubly spliced (tax, rex and p30),
singly spliced (env, p21, p13, and p12) mRNAs as well as the unspliced gag
and pol transcript. The structural genes (gag, pol and env) and the pX region
are flanked by the 5′ and 3′ LTRs. HBZ, encoded on the minus strand, is
transcribed from the 3′ LTR.

The plus strand is transcribed from the promoter, which resides
within the 5′ LTR. Alternative splicing yields mature mRNA for
each gene. On the minus strand, HTLV-1 encodes the HTLV-1
bZIP factor, or HBZ, and its transcription is initiated within the
3′ LTR.

Distinct transcription factors operate in plus- and minus-
strand transcription. Each LTR consists of three regions:
U3, R, and U5. U3 contains binding sites for activating
transcription factor (ATF), cAMP response element-binding
protein (CREB), and activator protein 1 (AP-1) for plus-strand
transcription. In contrast, minus-strand transcription is driven
from U5 in the 3′ LTR by transcription factor Sp1 (35).
HTLV-1 Tax, once it is produced, forms a complex with the
transcription factors on the 5′ LTR and recruits CBP/p300,
thereby enhancing viral gene transcription. Recently, another
mechanism of plus-strand transcription was reported by Wang
et al., where Yin Yang 1 (YY1) binds to the R region of
HTLV-1 transcripts and enhances transcription initiation (36).
Interestingly, transcriptional enhancement was not observed
when the YY1-binding element was placed upstream of the
transcription start site. It has been proposed that YY1 binds
to HTLV-1 plus-strand transcripts, as opposed to DNA, and
enhances transcription initiation.

HTLV-1 Tax and HBZ
HTLV-1 tax and HBZ have been extensively studied to
understand the pathogenicity of HTLV-1 (37) (Figure 2). Tax
binds to several proteins. For example, Tax binds to the
nuclear factor κB (NF-κB) components and activates its pathway,
resulting in the activation of inflammatory signaling. Conversely,
HBZ has a counteracting effect on HTLV-1 tax. HBZ protein

interferes with the NF-κB pathway (38). The HBZ protein binds
to ATF and AP-1 transcription factors and inhibits their function
(39). HBZ RNA also functions in the nucleus. Two recent studies
performed RNA precipitation to identify chromatin regions
targeted by HBZ RNA. Gazon et al. found that HBZ RNA binds
to HTLV-1 LTR and displaces TATA-box binding protein, thereby
suppressing the transcription of the plus strand (40). Ma et al.
reported that HBZ RNA associates with the CCR4 promoter and
enhances CCR4 expression (41). CCR4 is a chemokine receptor
highly expressed in ATL (42) and HAM/TSP (43). CCR4 is an
important molecule in HTLV-1 infection, not only because its
mutation significantly contributes to the development of ATL
as described above, but also because it serves as a marker for
ATL and HAM/TSP (44, 45), and is targeted by the monoclonal
antibody mogamulizumab, a clinically approved drug for the
treatment of ATL and HAM/TSP (46, 47).

Silent Infection of HTLV-1 in PBMCs
in vivo
Despite the pleiotropic functions of HTLV-1 plus-strand gene tax,
tax mRNA is often not detected in clinically isolated PBMCs (48,
49). This observation can be explained by three mechanisms: gene
deletion, gene mutation, and DNA methylation near the 5′ LTR,
where the plus-strand transcripts are encoded.

HTLV-1 proviruses are often defective in ATL. Tamiya et al.
reported two types of defective proviruses: lacking the retroviral
gag and pol segments or lacking the 5′ LTR (50). In some
ATL cases, the deletion occurs before the HTLV-1 provirus
is integrated into the genome (51). A proviral deletion was
preferentially found at the 5′ end of the provirus, whereas the
3′ end of the provirus was unaffected. This raises the possibility
that plus-strand genes are not essential, whereas the antisense
HBZ gene is crucial for pathogenesis (52). More recently, Katsuya
et al. reported a gene deletion in the 3′ LTR of the HTLV-1
provirus (53). The significance of losing the 3′ LTR, and hence
HBZ expression, on HTLV-1 persistence and pathogenesis is yet
to be investigated.

The second mechanism of gene silencing involves point
mutation in the tax gene. A point mutation that introduces a
premature termination codon in the tax mRNA results in the
loss of functional Tax protein, a strong activator of its viral sense
promoter (48, 54).

The third mechanism involves epigenetic modification. The
cytosine residues in the 5′ LTR and the adjacent downstream
region are highly methylated; although the 3′ LTR has a sequence
identical to the 5′ LTR, the 3′ LTR is not methylated (55, 56).
Currently, it is not known what regulates the contrasting DNA
methylation patterns in the 5′ LTR and 3′ LTR. Recently, Satou
et al. reported that HTLV-1 binds the host factor CTCF in the
pX region upstream of the 3′ LTR (57). CTCF is responsible
for transcriptional regulation, DNA insulation, and chromatin
folding. Therefore, it was hypothesized that CTCF binding
regulates DNA methylation in the pX region and keeps the 3′ LTR
open for transcription. Cheng et al. showed that the boundary of
DNA methylation moved beyond the CTCF-binding site toward
the 3′ LTR without CTCF (58), whereas two CRISPR-mutated
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FIGURE 2 | Role of Tax and HBZ. Two viral genes, Tax and HTLV-1 bZIP factor (HBZ) play critical roles in viral transcription and promotion of T-cell proliferation by
interacting cellular factors, which is closely related to the long-term survival and persistence of HTLV-1 in infected individuals and development of HTLV-1-associated
diseases. SRF, serum response factor.

primary T cell clones eliminating the CTCF binding on the
provirus reported no impact (59). It is possible that the effect of
CTCF on regulating DNA methylation depends on the location
at which the HTLV-1 provirus is integrated.

Spontaneous Reactivation of the
Plus-Strand Transcription in PBMCs
ex vivo
Although viral gene expression appears to be silenced during
latency in HTLV-1 infection, a strong cellular immune response
has been detected for plus-strand products such as Gag and
Tax (60). This indicates that plus-strand transcription is not
permanently silenced; however, HTLV-1 genes are expressed
intermittently, which constantly evokes the host immune
response against viral antigens. The apparent silencing of HTLV-
1 plus-strand transcription in vivo is reversible. HTLV-1-positive
PBMCs from HTLV-1-infected individuals initiate viral gene
expression once they are isolated from the peripheral blood
and cultured (24, 61, 62). Approximately half of HTLV-1-
infected PBMCs reactivate plus-strand transcription, although
this varies among HTLV-1-infected individuals (20 to 80%)
(24, 63). Reactivation occurs rapidly within the first few hours
of in vitro culture (63, 64). The plus-strand transcription
reactivation is intense: about a hundred of transcripts are
produced per hour in a single cell with the positive feedback
of Tax protein (63). Kulkarni et al. showed that p38 MAP
kinase and deubiquitylation of histone H2A in the HTLV-1

provirus are responsible for viral gene activation in ex vivo
culture (65). The primary stimulation that ultimately leads to
the activation and deubiquitylation of these factors is obscure.
Any physical or chemical stress that PBMCs experience when
drawn from the circulation may trigger spontaneous viral
transcription reactivation. It is probable that HTLV-1 reactivates
in breast milk in response to non-specific stimulation due to
environmental changes.

Stochastic Transcription of HTLV-1
Genes in vitro
Billman et al. recently applied single-molecule RNA fluorescence
in situ hybridization (FISH) to detect viral transcripts in HTLV-
1-infected cells in vitro (66). They used HTLV-1-infected cells
freshly established and cultured from patient PBMCs (22). Single-
molecule FISH detects diffraction-limited spots, each of which
are from a single mRNA, thereby allowing for the absolute
quantification of viral transcripts expressed in each cell (67).
Using this technique, Billman et al. found that plus-strand genes
are expressed in a transcription burst. Transcription is rare;
however, once the genes are expressed, hundreds of transcripts
are produced at a time. In contrast, the minus-strand transcripts
contained per cell were much fewer (up to ∼10 molecules).
A slight deviation from the Poisson distribution indicates that
minus-strand transcription also occurs in a burst, yet it is much
smaller. Stochastic HBZ transcription results in approximately
20% of a clonal population with no HBZ transcripts at a given
time. The occurrence of the plus-strand transcription burst is
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associated with the progression to the G2/M cell cycle stage.
Although the causation of these two events is not clear, the
function of tax and HBZ genes suggests that HTLV-1 gene
expression accelerates cell cycle progression.

The termination of a transcriptional burst is a common
question in gene regulation. In the study by Billman et al. the
occurrence of plus-strand transcription was significantly lower
in HBZ-positive cells, in line with other observations that HBZ,
in the form of protein (35, 68) or RNA (40), suppresses plus-
strand expression.

Conundrums in HTLV-1 Gene Expression
in vivo and in vitro
It has been postulated that HTLV-1 genes are intermittently
expressed in vivo. Does the rare expression of HTLV-1 plus-
strand genes observed in vitro account for the viral expression
in vivo? Therefore, if, and when PBMCs intermittently transcribe
HTLV-1 plus-strand genes in vivo, are the frequency and intensity
of expression similar to those observed in vitro? In a previous
study where single-molecule RNA FISH was performed on
hundreds to thousands of HTLV-1-infected PBMCs for each
HTLV-1-positive subject, no intense plus-strand transcription
burst was reported unless cultured in vitro (63). The frequency
and intensity of plus-strand gene bursts in vivo should be much
smaller than those observed in vitro.

There is an apparent discrepancy between PBMCs in vivo,
fresh in vitro culture, and HTLV-1-infected cells maintained
in vitro. Is it possible to translate the findings of HTLV-1 gene
expression in vitro into the unseen nature of HTLV-1 gene
expression in vivo?

First, there is a correlation between spontaneous plus-
strand reactivation in HTLV-1-positive PBMCs in vitro and the
expression of HTLV-1 genes in vivo. Patient-derived PBMCs
contain many distinct clones of HTLV-1-infected lymphocytes.
The provirus integration site is a strong determinant of
spontaneous plus-strand transcription in vitro, and the degree of
spontaneous expression in vitro is inversely correlated with the
clonal abundance (18). This indicates that a clone that reactivates
plus-strand transcription in vitro also transcribes HTLV-1 genes
at high frequency in vivo, as the relatively small abundance
of that clone is a result of CTL killing that recognizes viral
expression (24).

It appears that cells in vitro, where a strong plus-strand
transcription burst is observed, are in another equilibrium
state that is different from what might otherwise be in vivo
in which HTLV-1 is silenced. HTLV-1-positive PBMCs show
transient, spontaneous reactivation of plus-strand transcription
along the way throughout the circulation. It is possible that
HTLV-1-positive lymphocytes express plus-strand genes when
certain conditions are met in vivo, if not in peripheral blood,
such as in lymph nodes or bone marrow (69), especially with
the aid of local stimulatory signals from other cells in those
compartments. This possibility is supported by the in vitro
study by Kulkarni et al. that lower glucose availability and
hypoxic conditions both enhance tax transcription (70). We are
currently developing a microscopic technique to capture the

transcription burst in each HTLV-1-positive clone in a given
native tissue environment.

Finally, is the spontaneous expression of viral genes truly
stochastic? If it is truly stochastic, then the expression is governed
by the probabilistic binding of biochemical molecules under
random thermodynamic fluctuations. Or if it is not otherwise,
there should be unseen factors that determine the HTLV-1 gene
expression. It is tempting to assay the transcription burst on
an HTLV-1-infected cell line carrying multiple copies of the
HTLV-1 provirus: if the multiple HTLV-1 copies burst at the
same instance within a single cell, then this predicts that there
are unseen factors that coordinate the HTLV-1 transcription
initiation. The outcome of the in vitro study will be translated into
an understanding of how HTLV-1 gene expression is regulated
in vivo.

CLINICAL IMPLICATIONS OF THE
HTLV-1 GENE EXPRESSION

Overview
As HTLV-1 transmission requires cell contact, HTLV-1
propagates within the host by both clonal expansion of infected
cells and de novo viral infection. In HTLV-1-infected individuals,
cell-free virus particles are usually undetectable, and the plasma
does not transmit the infection. Furthermore, PVL in PBMCs,
which reflects the number of virus-infected cells, correlates with
the risk of developing ATL and HAM/TSP (26, 29). It is therefore
believed that HTLV-1 is almost entirely cell-associated in vivo,
and clonal proliferation of infected cells predisposes individuals
to ATL and HAM/TSP. Among HTLV-1 genes, tax and HBZ
play a particularly important role in regulating the expression of
viral and host genes as well as the activation and proliferation
of host cells (71) (Figure 2). Tax induces the expression of
serum response factor (SRF) and various cellular genes via
transcriptional pathways, such as the NF-κB, CREB, and AP-1
pathways (72, 73). In contrast, the HBZ protein suppresses the
transcription of the tax gene and the cellular pathways that Tax
activates. HBZ RNA suppresses apoptosis by inducing survivin
expression (74) and, therefore, promotes the proliferation of
T cells (52). Thus, understanding how HTLV-1 regulates the
expression of viral and cellular genes in vivo is key to elucidating
the mechanisms of long-term survival and the persistence of
HTLV-1 in infected individuals, which is closely related to the
development of HTLV-1-associated diseases. The roles of Tax and
HBZ in the pathogenesis of ATL and HAM/TSP are summarized
in Figure 3.

Clinical Implications of the HTLV-1 Gene
Expression in ATL
Approximately 60% of ATL patients do not express tax mRNA
in freshly isolated PBMCs (48). Tax is often repressed once ATL
develops (75), whereas HBZ mRNA is expressed in all ATL
cases (49), because HTLV-1 provirus is substantially silenced
by proviral defects and/or epigenetic mechanisms (see section
“Silent Infection of HTLV-1 in PBMCs in vivo”). These findings
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FIGURE 3 | Roles of HTLV-1 Tax and HBZ in the pathogenesis of ATL and HAM/TSP. This figure illustrates the model for ATL and HAM/TSP development. Both Tax
and HBZ play crucial roles in oncogenic and inflammatory processes through multiple mechanisms.

suggest that Tax is essential to initiate transformation, while HBZ
has roles in promoting viral replication and cellular proliferation
to maintain the transformed ATL cells when Tax expression is
extinguished. If this is the case, it may be the most efficient
method to escape HTLV-1-specific CTLs.

Previous reports have described the downregulation of
microRNAs in ATL cells (76, 77). This may cause disordered
gene expression at the transcriptional and post-transcriptional
levels, thereby contributing to the development of ATL. The
relationship between downregulation of microRNA and gene
expression of tax and/or HBZ has not been reported; thus, it
should be investigated in future studies.

Clinical Implications of the HTLV-1 Gene
Expression in HAM/TSP
In patients with HAM/TSP, the quantity of PVL in PBMCs
is significantly higher than that in ACs and is well correlated

with the concentration of neopterin in the cerebrospinal fluid
(CSF) (26), a marker associated with cell-mediated immunity
(78), and with disease progression (79). In individual HAM/TSP
patients, PVL in CSF cells was higher than that in PBMCs,
and the ratio of PVLs in CSF cells/PBMCs was significantly
associated with clinically progressive disease and recent onset of
HAM/TSP (80). Thus, HTLV-1 PVL is an important biomarker
for HAM/TSP. Meanwhile, the total amount of HTLV-1 tax
mRNA in PBMCs and mRNA expression level in HTLV-1-
infected cells (mRNA/DNA ratio) were significantly higher in
HAM/TSP patients than in ACs and correlated with PVL, Tax-
specific CTL frequency, and disease severity of the patients (81).
In addition, HBZ mRNA load was positively correlated with
PVL, disease severity, and neopterin concentration in the CSF of
HAM/TSP patients (82).

HTLV-1-specific CTLs are abundant in PBMCs of infected
individuals, and their frequency is proportional to the PVL,
indicating that HTLV-1 is not latent in vivo but is expressed
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persistently or at frequent intervals in infected individuals
(3). Interestingly, in HTLV-1 infection, although the dominant
antigen recognized by HTLV-1-specific CTLs is the Tax protein
(83, 84), PVL and the risk of HAM/TSP are determined by the
CTL response to poorly immunogenic HBZ proteins (85, 86).
This is consistent with the idea that a persistent HTLV-1 infection
establishes an equilibrium between viral replication and the host
immune response, and that the response of HTLV-1 specific
CTLs determines the equilibrium PVL and the risk of HAM/TSP.
Meanwhile, it remains possible that the chronically activated anti-
HTLV-1 CTLs found in patients with HAM/TSP contribute to
systemic inflammation. Many host genes dysregulated by Tax and
HBZ may activate and proliferate host cells and induce systemic
inflammation in vivo.

Inflammation and Tumorigenesis
In recent decades, it has become evident that chronic
inflammation and tumor development are closely related
(87). Infection, chemical substances, and injury can initiate
tumorigenesis at the associated inflammation site. Alternatively,
tumor induction triggers inflammation through the secretion
of chemokines and inflammatory signaling molecules, creating
a local microenvironment that supports further tumor
development.

There is strong evidence suggesting that inflammation,
induced by HBZ, promotes the development of ATL. HBZ-
transgenic mice develop lymphoma, in which it was shown
that HBZ induces Foxp3 expression and the proliferation of the
regulatory T-cell phenotype (88). However, the Foxp3 expression
in these cells is not stable; such cells secrete IFN-γ (Interferon-
gamma) and promote systemic chronic inflammation (89). The
incidence of lymphoma was significantly low in HBZ-transgenic
mice lacking IFN-γ, suggesting that IFN-γ, alongside HBZ,
promotes tumorigenesis in HTLV-1 infection (90). More recently,
Higuchi et al. reported an unexpected observation; the deletion of
IL-6, also a pro-inflammatory cytokine, increased the incidence

of lymphoma development in their transgenic mice, and IL-10
was upregulated in HBZ-transgenic mice lacking IL-6 (91). IL-
10 is an immunosuppressive cytokine and it is known to promote
the proliferation of HTLV-1-infected T cells in vitro (92). Higuchi
et al. have shown that IL-10 signaling is redirected to T-cell
proliferation by HBZ modulating the STAT pathway.

CONCLUDING REMARKS

HTLV-1 induces T-cell leukemia/lymphoma and systemic
inflammation in vivo. Increasing evidence suggests that both
HBZ and Tax play distinct but important roles during very long
latency periods in disease induction. Characterization of the
viral gene expression profile throughout the infection process
is essential to provide key functional information to shed light
on HTLV-1 pathogenesis. As ATL is still dismal and HAM/TSP
remains an intractable disease, the establishment of a precise
understanding of disease developmental pathways is an urgent
requirement. Further studies using newly developed methods
with large amounts of data, such as computational biology and
bioinformatics, are warranted to provide in vivo evidence for
these points.
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Background: Human T-lymphotropic virus type 1 (HTLV-1)-associated myelopathy
(HAM) is a neuroinflammatory disease, causing various neurological symptoms,
including motor, sensory, and bladder and bowel dysfunctions. This study was designed
to reveal the impact of HAM and related symptoms on health-related quality of life
(HRQoL).

Methods: We analyzed the Short Form-36 (SF-36) and clinical data of 538 patients with
HAM registered in the HAM-net, a nationwide patient registry for HAM in Japan. HRQoL
was evaluated using the SF-6D (a health state utility value calculated from the SF-36)
and eight SF-36 subscales. A general liner model was used to estimate the impact of
major HAM-related symptoms, including gait dysfunction, sensory disturbance in the
legs (pain and numbness), urinary dysfunction, and constipation, on the SF-6D and
SF-36 subscale scores.

Results: The mean age and disease duration were 62.0 and 16.5 years, respectively. Of
the patients, 73.2% needed walking aid; 42.7 and 67.1% had leg pain and numbness,
respectively; 92.1% had urinary dysfunction; and 77.9% had constipation. The mean
SF-6D score was 0.565, which was significantly lower than the national average
(0.674 in the 60–69 years age group; p < 0.001), exceeding the minimal important
difference (0.05–0.1). All the major symptoms were significantly associated with a
decrease in the SF-6D score. The SF-36 subscale scores were significantly lower
than the national standard of 50 (p ≤ 0.001), except for mental health (MH). Gait
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dysfunction was associated with lower scores in physical functioning (PF), limitations on
role functioning because of physical health, bodily pain, general health perception (GH),
vitality (VT), and social functioning; however, no association was observed between gait
dysfunction and limitations on role functioning because of emotional problems and MH.
Meanwhile, sensory disturbance in the legs was associated with a decrease in scores
in all subscales. Urinary dysfunction was associated with worse PF, GH, VT, and MH.
Constipation was associated only with PF.

Conclusion: HRQoL of patients with HAM was worse than that of the general
population and was associated with all major symptoms. Thus, patients should be
comprehensively managed to achieve better HRQoL.

Keywords: HTLV-1, SF-36, SF-6D, quality of life, HTLV-1-associated myelopathy

INTRODUCTION

Human T-lymphotropic virus type 1 (HTLV-1) is estimated to
infect at least 5–10 million individuals with a heterogeneous
global distribution (1). Its endemic regions include the
Southwestern part of Japan, South America, the Caribbean
area, and sub-Saharan Africa. This retrovirus causes
a neuroinflammatory disease, called HTLV-1-associated
myelopathy (HAM), in a small proportion of infected individuals
(2, 3). Due to the chronic inflammatory destruction of the
spinal cord, HAM results in various symptoms, including motor
and sensory disturbance in the legs and neurogenic bladder
and bowel dysfunctions (4). In severe cases, patients become
wheelchair-bound and require urinary catheters and enemas.
Although corticosteroids are most widely administered to
slow the disease progression, no curative therapy is currently
available (5). Thus, symptomatic treatment is the mainstay
of management. Therefore, data regarding the burden of
complicated symptoms on health-related quality of life (HRQoL)
are necessary to enhance medical care and research for patients
with HAM. However, information is extremely limited because
of the rarity of the disease.

Among the HRQoL measures, the Short Form-36 (SF-36) and
the EuroQoL 5-dimension (EQ-5D) are most widely used to
measure generic health status in clinical research (6, 7). The SF-
36 assesses physical and mental health status using 36 questions.
The Short Form 6-dimension (SF-6D), which is a health state
utility index, can be calculated from the SF-36 in some languages
(8, 9). The EQ-5D also generates a health state utility index
using five questions (10). Regarding HRQoL of patients with
HAM, several reports from Brazil have been published. Mainly
using the SF-36, they have shown that this patient population
had poor HRQoL (11–17). Although the SF-6D has not been
reported to date, Rosadas et al. have recently demonstrated
that the EQ-5D index in patients with HAM living in Brazil
and the United Kingdom was significantly lower than that in
the general population and HTLV-1 carriers (18). Moreover,
these studies have reported that HAM-related symptoms, such
as gait dysfunction, pain, and lower urinary tract symptoms,
decreased HRQoL by comparing patients with each symptom
with those without each symptom (11–18). However, as HAM

simultaneously causes multiple symptoms, strictly estimating the
effect of each symptom is impossible using univariate analysis
performed in these studies with relatively small sample sizes
(<60 subjects).

Therefore, this study analyzed the SF-36 and SF-6D data
obtained from more than 500 patients in Japan to reveal the
effects of HAM and related symptoms on HRQoL. These patients
had worse HRQoL than the general population. Moreover,
multivariate analysis demonstrated that not only gait dysfunction
but also other symptoms of HAM were significantly associated
with poorer HRQoL. To our knowledge, this is the first
study that has examined the SF-36 and SF-6D of patients
with HAM from Japan.

MATERIALS AND METHODS

Data Source and Study Population
We used data from the “HAM-net,” a nationwide patient
registration system for HAM in Japan (UMIN000028400) (19).
The HAM-net recruits patients from all over Japan through the
website or leaflets distributed to patients at clinics and patient
meetings. Patients can apply to the HAM-net office via telephone,
fax, or e-mail. After registration, trained nurses and coordinators
uniformly conduct annual telephone interviews with patients
to collect their data, including demographic information and
medical conditions, such as HAM-related symptoms and
medications. This study analyzed data at enrollment in the HAM-
net. Of the 558 patients enrolled in the HAM-net between April
1, 2012 and December 31, 2018, 538 patients who had SF-36 data
were included in this study (Figure 1). The Bioethics Committee
of St. Marianna University School of Medicine approved this
study (Approval ID no. 2044). All participants provided written
informed consent.

Evaluation of Health-Related Quality of
Life
The patients included in this study answered the Japanese
standardized version of the SF-36, version 2 (20, 21). The
SF-36, which includes 36 questions, comprises the following
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FIGURE 1 | Study flow chart. HAM, HTLV-1-associated myelopathy.

TABLE 1 | Osame motor disability score.

Grade Motor disability

0 No walking or running abnormalities

1 Normal gait but runs slowly

2 Abnormal gait (stumbling, stiffness)

3 Unable to run

4 Needs handrail to climb stairs

5 Needs a cane (unilateral support) to walk

6 Needs bilateral support to walk

7 Can walk 5–10 m with bilateral support

8 Can walk 1–5 m with bilateral support

9 Cannot walk, but able to crawl

10 Cannot crawl, but able to move using arms

11 Cannot move around, but able to turn over in bed

12 Cannot turn over in bed

13 Cannot even move toes

eight subscales: physical functioning (PF), limitations on role
functioning because of physical health (role physical, RP), bodily
pain (BP), general health perception (GH), vitality (VT), social
functioning (SF), limitations on role functioning because of
emotional problems (role emotional, RE), and mental health
(MH). We evaluated the subscales of the SF-36 using the norm-
based scoring method based on the national standard value. The
norm-based score is standardized with a mean value of 50 and
standard deviation (SD) of 10, with higher values indicating
better HRQoL. Scores of less than 50 indicate that the HRQoL
is worse than that of the general Japanese population. Moreover,
we calculated the SF-6D score from the SF-36. The SF-6D is a
preference-based HRQoL score for economic evaluation, ranging
from 0 to 1, with higher values indicating better HRQoL (9).

Valuables Extracted From the HAM-net
All data analyzed in this study were collected via telephone
interviews conducted at the time of enrollment in the HAM-
net. In addition to the SF-36 scores, we extracted data on
age and sex as well as medical data regarding the major
symptoms of HAM at enrollment, including gait dysfunction,
sensory dysfunction in the legs (pain and numbness), urinary
dysfunction, and constipation. Gait dysfunction was evaluated
using the Osame Motor Disability Score (OMDS), a scale specific
to HAM (Table 1) (19). The OMDS ranges from 0 to 13, with
higher scores indicating greater walking disability. We divided

the OMDS into four levels (i.e., 0–4, 5, 6, and 7–13) to assess the
relationship between the OMDS and HRQoL.

• OMDS 0–4: patients who can walk without walking aid.
• OMDS 5: patients who can walk more than 10 m with

unilateral support.
• OMDS 6: patients who can walk more than 10 m with

bilateral support.
• OMDS 7–13: patients who cannot walk 10 m with bilateral

support, including those who cannot walk at all.

Leg pain and numbness were reported by patients as
absent, occasional, or persistent. Urinary dysfunction was
evaluated using the HAM-bladder dysfunction severity
grade (HAM-BDSG) (22). The HAM-BDSG comprises four
grades (grades 0–III) according to the dependency on urinary
catheters and the presence or absence of lower urinary tract
symptoms or medications.

• Grade 0 (HAM-BDSG 0): patients who do not use urinary
catheters, have no lower urinary tract symptoms, and take
no medications for lower urinary tract symptoms.
• Grade I (HAM-BDSG I): patients who do not use urinary

catheters but have lower urinary tract symptoms or
take medications.
• Grade II (HAM-BDSG II): patients who require

intermittent catheters.
• Grade III (HAM-BDSG III): patients who use indwelling

catheters.

The presence or absence of constipation was reported by
patients without defining constipation. Data on the use of oral
laxatives, manual extraction, enemas, and corticosteroids were
also extracted. Of the extracted data, only the HAM-BDSG data
of eight patients (1.5%) were missing; they were excluded from
the HAM-BDSG analyses.

Outcomes
The outcomes of interest were as follows: (1) HRQoL evaluated
using the SF-6D and SF-36 subscales in patients with HAM and
(2) impact of HAM-related symptoms on HRQoL.

Statistical Analysis
Patient characteristics were reported as means and SDs or
medians with interquartile ranges (IQRs) for continuous
variables and frequencies for categorical variables.

We used the unpaired t-test to compare the SF-6D scores
of patients with HAM against the national population norm
reported by Shiroiwa et al. (23). This report includes SF-6D
scores classified according to the age category; however, it did
not include an overall population score. Therefore, we compared
the SF-6D score of our whole cohort with that of the 60–69 years
age category in the general population [mean (SD) score: 0.674
(0.128), n = 199], because the mean age of our patients was
62.0 years. The one-sample t-test was used to compare the SF-36
subscale scores with the national standard of 50.

We estimated the associations of the SF-6D and SF-36
subscale scores with HAM-related symptoms using a general
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linear model. We included the following predetermined
covariates for multivariate adjustment: age (age categories:
39 years or younger, 40–49 years, 50–59 years, 60–69 years,
and 70 years or older), sex, OMDS (0–4, 5, 6, and 7–13),
leg pain (absent, occasional, and persistent), leg numbness
(absent, occasional, and persistent), HAM-BDSG (Grade 0,
I, II, and III), and constipation [absent, present (controlled
with or without oral laxatives), and present (needs manual
extraction or enemas)]. All variables were treated as
categorical. No evidence for multicollinearity problems
between covariates were found using the variance inflation
factor test (less than 5).

All statistical analyses were performed using Statistical
Package for the Social Sciences (version 25; IBM Corporation,
Armonk, NY, United States). Two-sided p-values of less than 0.05
were used to denote statistical significance.

RESULTS

Patient Characteristics
Table 2 summarizes the patient characteristics according to
the OMDS category (n = 538). The mean age and disease
duration were 62.0 and 16.5 years, respectively. Among the

patients under study, 74.7% were females. The median grade of
OMDS was 5 (IQR, 4–6) with a wide distribution from OMDS
0–4 to OMDS 7–13. The prevalence of leg pain was 42.7%
(occasional, 20.6%; persistent, 22.1%), and that of leg numbness
was 67.1% (occasional, 19.7%; persistent, 47.4%). Regarding
bladder dysfunction, 65.5% of the patients had lower urinary tract
symptoms and/or medications (HAM-BDSG I). Intermittent
(HAM-BDSG II) and indwelling catheters (HAM-BDSG III) were
used in 23.6 and 3.0%, respectively. Among the study population,
77.9% had constipation and 9.3% required manual extraction or
enemas. The frequency and severity of HAM-related symptoms
increased with worsening OMDS.

The Short Form 6-Dimension and Short
Form-36 Subscale Scores in Patients
With HTLV-1-Associated Myelopathy
The SF-6D and SF-36 subscale scores are shown in Figure 2. The
mean SF-6D score of 0.565 was significantly lower (p < 0.001)
than the Japanese population norm (mean score in the 60–
69 years age group: 0.674) (23). The SF-36 subscale scores were
significantly lower than the national standard of 50 (p ≤ 0.001),
except for the MH score (mean score, 49.8; p = 0.715). While
subscales associated with physical health (i.e., PF, RP, BR, and

TABLE 2 | Patient characteristics.

Characteristic All
(n = 538)

OMDS 0–4
(n = 144)

OMDS 5
(n = 178)

OMDS 6
(n = 96)

OMDS 7–13
(n = 120)

Age at interview (years), mean (SD) 62.0 (10.8) 58.3 (11.4) 61.4 (10.7) 65.8 (9.4) 64.4 (9.8)

Age at disease onset (years), mean (SD) 45.4 (14.8) 47.6 (14.1) 46 (14.6) 46.2 (14.6) 41.3 (15.3)

Disease duration (years), mean (SD) 16.5 (11.6) 10.6 (8.8) 15.4 (10.8) 19.6 (11.2) 23 (12.0)

Female sex, n (%) 402 (74.7) 96 (66.7) 139 (78.1) 71 (74.0) 96 (80.0)

OMDS, median (IQR) 5 (4–6) 4 (3–4) 5 6 9 (8–10)

OMDS 0–4, n (%) 144 (26.8) – – – –

OMDS 5, n (%) 178 (33.1) – – – –

OMDS 6, n (%) 96 (17.8) – – – –

OMDS 7–13, n (%) 120 (22.3) – – – –

Leg pain

Absent, n (%) 308 (57.2) 92 (63.9) 107 (60.1) 52 (54.2) 57 (47.5)

Occasional, n (%) 111 (20.6) 31 (21.5) 30 (16.9) 22 (22.9) 28 (23.3)

Persistent, n (%) 119 (22.1) 21 (14.6) 41 (23.0) 22 (22.9) 35 (29.2)

Leg numbness

Absent, n (%) 177 (32.9) 46 (31.9) 72 (40.4) 30 (31.3) 29 (24.2)

Occasional, n (%) 106 (19.7) 39 (27.1) 30 (16.9) 12 (12.5) 25 (20.8)

Persistent, n (%) 255 (47.4) 59 (41.0) 76 (42.7) 54 (56.3) 66 (55.0)

HAM-BDSG

Grade 0, n (%) 42 (7.9) 23 (16.0) 16 (9.0) 2 (2.1) 1 (0.9)

Grade I, n (%) 347 (65.5) 103 (71.5) 121 (68.4) 69 (71.9) 54 (47.8)

Grade II, n (%) 125 (23.6) 18 (12.5) 38 (21.5) 22 (22.9) 47 (41.6)

Grade III, n (%) 16 (3.0) 0 (0) 2 (1.1) 3 (3.1) 11 (9.7)

Constipation, n (%) 419 (77.9) 101 (70.1) 135 (75.8) 75 (78.1) 108 (90.0)

Oral laxatives, n (%) 355 (66.0) 90 (62.5) 117 (65.7) 65 (67.7) 83 (69.2)

Manual extraction or enemas, n (%) 50 (9.3) 4 (2.8) 12 (6.7) 9 (9.4) 25 (20.8)

Corticosteroid treatment, n (%) 231 (42.9) 55 (38.2) 87 (48.9) 46 (47.9) 43 (35.8)

HAM-BDSG, HAM-bladder dysfunction severity grade; OMDS, Osame Motor Disability Score.
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FIGURE 2 | SF-6D and SF-36 subscales. The means and standard deviations (SDs) of the SF-6D and SF-36 subscale scores are presented (n = 538). The dashed
line (50 points) represents the mean SF-36 subscale score among the general Japanese population. The unpaired t-test was used to compare the SF-6D score of
patients with HAM to the national population norm reported by Shiroiwa et al. [mean (SD) score in the 60–69 years age: 0.674 (0.128)] (23). The SF-36 subscale
scores were compared with the national standard of 50 using the one-sample t-test. Abbreviations of SF-36 subscales: BP, bodily pain; GH, general health
perception; MH, mental health; PF, physical functioning; RE, role emotional; RP, role physical; SF, social functioning; VT, vitality.

FIGURE 3 | SF-6D according to HAM-related symptoms. The SF-6D score is expressed as mean and standard deviation (n = 538). HAM-BDSG, HAM-bladder
dysfunction severity grade; OMDS, Osame Motor Disability Score.

GH) tended to be lower than those associated with mental
health (i.e., VT, SF, RE, and MH), the PF score was the lowest
(mean score, 18.9).

Impact of HTLV-1-Associated
Myelopathy-Related Symptoms on the
Short Form 6-Dimension
First, we analyzed the association of the SF-6D score with
each HAM-related symptom. In all symptoms, the SF-6D score
decreased with worsening (Figure 3). Because patients had
multiple symptoms, we estimated the associations using a
multivariate model while adjusting for age and sex (Table 3).

All symptoms were significantly associated with a decrease in
the SF-6D score. The influence of the OMDS (coefficients vs.
OMDS 4: OMDS 5, −0.050; OMDS 6, −0.057; and OMDS 7–13,
−0.060; p < 0.001 for all) and persistent leg pain (coefficient of
persistent pain vs. absent: −0.061; p < 0.001) was greater than
that of the other symptoms.

Impact of HTLV-1-Associated
Myelopathy-Related Symptoms on the
Short Form-36 Subscales
Similar to the SF-6D, the SF-36 subscale scores decreased as
the symptoms worsened (Figure 4). However, the tendency was
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TABLE 3 | Association between the SF-6D and HAM-related symptoms.

Variable β 95% CI P value

Intercept 0.673 0.642, 0.705 <0.001

Age (years)

20–39 −0.003 −0.043, 0.037 0.889

40–49 0.008 −0.018, 0.034 0.535

50–59 (reference) Ref

60–69 0.015 −0.002, 0.032 0.089

70+ 0.015 −0.004, 0.034 0.125

Sex

Male (vs. female) −0.002 −0.018, 0.014 0.826

OMDS (reference: OMDS 0–4)

5 −0.050 −0.068,−0.032 <0.001

6 −0.057 −0.078,−0.035 <0.001

7–13 −0.060 −0.081,−0.038 <0.001

Leg pain (reference: absent)

Occasional −0.029 −0.046,−0.011 0.002

Persistent −0.061 −0.079,−0.042 <0.001

Leg numbness (reference:
absent)

Occasional −0.012 −0.031, 0.008 0.241

Persistent −0.029 −0.046,−0.012 0.001

HAM-BDSG (reference: Grade 0)

Grade I −0.028 −0.054,−0.001 0.039

Grade II −0.037 −0.067,−0.007 0.015

Grade III −0.036 −0.085, 0.013 0.150

Constipation (reference: absent)

Present, controlled with or without
oral laxatives

−0.018 −0.035,−0.001 0.042

Present, needs manual extraction or
enemas

−0.010 −0.039, 0.019 0.513

β coefficients (β) and 95% confidential intervals (95% CIs) were calculated using a
general linear model to estimate the association between the SF-6D and HAM-
related symptoms. Statistically significant coefficients (p < 0.05) are shown in
bold. HAM-BDSG, HAM-bladder dysfunction severity grade; OMDS, Osame Motor
Disability Score.

weaker in the mental health components than in the physical
health components.

Next, we estimated the influence of the symptoms on the
SF-36 subscales using multivariate analysis (Table 4). Compared
with OMDS 0–4, OMDS 5 or higher was significantly associated
with lower scores in PF, RP, GH, and SF. BP and VT scores
significantly decreased only in OMDS 7–13. In contrast, RE
and MH were not associated with OMDS. Occasional leg pain
was significantly associated with lower BP and VT scores.
Moreover, persistent pain was associated with a decrease in PF,
RP, BP, VT, RE, and MH scores. While occasional numbness
was associated only with lower GH scores, persistent numbness
was associated with a decrease in RP, GH, VT, SF, and MH
scores. Collectively, sensory disturbance in the legs (pain and
numbness) was associated with all subscales. HAM-BDSG I
was associated with lower PF and VT scores. Furthermore,
HAM-BDSG II was associated with a decrease in PF, GH,
VT, and MH scores. Constipation was associated only with
lower PF scores.

DISCUSSION

In this study, we evaluated the HRQoL of Japanese patients with
HAM for an average disease duration of 16.5 years. Most patients
had not only gait dysfunction but also sensory disturbance,
urinary dysfunction, and constipation. In this study, the SF-
6D and SF-36 subscale scores were lower than the population
standards. Multivariate analyses demonstrated that all these
symptoms were significantly associated with worse HRQoL.

To our knowledge, no studies have reported on the SF-6D
score in patients with HAM; however, the poor scores found
in this study were consistent with those reported in a study
conducted in Brazil and the United Kingdom, which used the
EQ-5D index as a health-related utility value (18). We considered
that the decrease in the SF-6D score was clinically meaningful
because it was as large as a minimal important difference of 0.05–
0.1 (23). Moreover, all symptoms analyzed were significantly
associated with lower SF-6D scores in the multivariate analysis.
The coefficients in OMDS 5 or higher (vs. OMDS 0–4) and
persistent leg pain (vs. absent) were remarkably large and met the
minimal important difference, indicating that the management of
motor and sensory dysfunctions in the legs has a strong impact
on HRQoL. However, caution is required in interpreting the
results of this study. Although the SF-36 comprises questions
directly reflecting gait function (PF) and pain (BP), no questions
focus on other HAM-related symptoms. Hence, compared to gait
function and pain, the SF-36 indirectly evaluates the effects of
leg numbness, urinary dysfunction, and constipation on HRQoL,
which may lead to an underestimation of their burden. Therefore,
recognizing that all major symptoms of HAM can significantly
affect HRQoL is important.

In this study, the SF-36 subscale scores other than the MH
score were below the national average, and the subscales related
to physical health were lower than those related to mental health.
PF was worst of all the subscales. These findings are consistent
with those reported in a Brazilian study (15), suggesting that
poor physical health is a characteristic feature of HAM. Regarding
the association between OMDS and the subscale scores, PF is
naturally and strongly correlated with OMDS because PF mainly
reflects mobility. Moreover, OMDS 5 or higher was significantly
associated with a decrease in RP, GH, and SF scores; however,
the differences in the coefficients between OMDS 5, 6, and 7–
13 were relatively small, indicating that there is a large gap in
HRQoL between OMDS 0–4 and 5. As a result, maintaining
gait function better than OMDS 5 may be important for better
HRQoL and can be a therapeutic goal for patients with HAM.
In general, gait dysfunction caused by HAM progresses slowly,
requiring 5–10 years on average to reach OMDS 5 (19, 24).
However, some patients with high inflammatory activity in
the spinal cord experience faster deterioration, with OMDS 5
or higher within 2 years after the disease onset (25). Thus,
early diagnosis is important for preventing loss of treatment
opportunities. Although there is no curative treatment for
HAM, evidence suggests that corticosteroid therapy is effective
in maintaining gait function (26). The international guideline
for HAM recommends the use of corticosteroids based on the
rate of disease progression (5). Early diagnosis, evaluation of
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progression, and treatment initiation at the appropriate time are
all essential in the treatment of HAM.

In addition, we found that sensory disturbance and urinary
dysfunction affect HRQoL in patients with HAM. First, persistent

leg pain and numbness were associated with lower RP scores,
indicating that not only gait dysfunction but also sensory
disturbance hamper daily activity in patients with HAM.
Second, although the OMDS had no significant influence on

FIGURE 4 | (Continued)
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FIGURE 4 | SF-36 subscales according to HAM-related symptoms. The SF-36 subscale scores are expressed as means and standard deviations (n = 538). The
dashed lines (50 points) indicate the mean score of the SF-36 subscales among the general Japanese population. (A) Physical functioning (PF), (B) role physical
(RP), (C) bodily pain (BP), (D) general health perception (GH), (E) vitality (VT), (F) social functioning (SF), (G) role emotional (RE), (H) mental health (MH). HAM-BDSG,
HAM-bladder dysfunction severity grade; OMDS, Osame Motor Disability Score.
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TABLE 4 | Association between SF-36 subscales and HAM-related symptoms.

PF RP BP GH

Variable β 95% CI P value β 95% CI P value β 95% CI P value β 95% CI P value

Intercept 41.8 38, 45.6 <0.001 51.2 45.7, 56.7 <0.001 51.0 46.6, 55.3 <0.001 53.6 49.6, 57.6 <0.001

Age (years)

20–39 1.2 −3.6, 6 0.623 −2.6 −9.7, 4.4 0.467 2.2 −3.4, 7.8 0.445 −3.1 −8.2, 2 0.229

40–49 1.2 −1.9, 4.2 0.465 −1.5 −6, 3.1 0.528 1.6 −2, 5.2 0.391 −1.7 −5, 1.6 0.309

50–59 (reference) Ref Ref Ref Ref

60–69 1.4 −0.7, 3.4 0.200 1.0 −2, 4 0.512 0.0 −2.4, 2.5 0.974 0.0 −2.2, 2.2 0.993

70+ 0.0 −2.3, 2.3 0.996 3.0 −0.3, 6.4 0.078 0.0 −2.6, 2.7 0.979 0.6 −1.8, 3.1 0.613

Sex

Male (vs. female) −0.4 −2.3, 1.5 0.668 1.5 −1.2, 4.3 0.272 2.9 0.7, 5.1 0.009 −1.4 −3.4, 0.6 0.177

OMDS (reference: OMDS 0–4)

5 −15.8 −18,−13.7 <0.001 −4.9 −8,−1.8 0.002 −1.9 −4.4, 0.5 0.123 −3.7 −5.9,−1.4 0.002

6 −25.0 −27.5,−22.4 <0.001 −3.7 −7.5, 0 0.050 −1.4 −4.4, 1.6 0.357 −3.4 −6.1,−0.7 0.013

7–13 −28.9 −31.4,−26.4 <0.001 −5.5 −9.2,−1.8 0.004 −3.5 −6.4,−0.5 0.020 −4.9 −7.6,−2.2 <0.001

Leg pain (reference: absent)

Occasional −1.9 −4, 0.2 0.076 −1.0 −4.1, 2.1 0.541 −9.9 −12.3,−7.4 <0.001 −1.5 −3.8, 0.7 0.187

Persistent −2.9 −5.2,−0.7 0.010 −3.6 −6.9,−0.3 0.032 −16.1 −18.7,−13.5 <0.001 −1.2 −3.6, 1.2 0.335

Leg numbness (reference: absent)

Occasional −0.9 −3.3, 1.4 0.425 −0.5 −3.9, 2.9 0.767 −0.9 −3.7, 1.8 0.497 −2.7 −5.2,−0.2 0.032

Persistent −0.4 −2.4, 1.6 0.669 −3.5 −6.4,−0.5 0.021 −2.0 −4.3, 0.4 0.103 −2.6 −4.7,−0.5 0.017

HAM-BDSG (reference: Grade 0)

Grade I −3.7 −6.9,−0.6 0.021 −1.5 −6.1, 3.1 0.525 0.5 −3.2, 4.2 0.801 −2.6 −6, 0.8 0.132

Grade II −5.1 −8.7,−1.6 0.005 −0.5 −5.7, 4.8 0.859 0.9 −3.3, 5.1 0.669 −6.2 −10.1,−2.4 0.001

Grade III −5.2 −11, 0.6 0.080 −0.2 −8.8, 8.3 0.959 2.9 −3.9, 9.7 0.399 −0.3 −6.5, 5.9 0.919

Constipation (reference: absent)

Present, controlled with or without oral laxatives −2.5 −4.5,−0.5 0.017 −1.6 −4.6, 1.4 0.305 −2.0 −4.4, 0.4 0.102 −1.9 −4.1, 0.3 0.084

Present, needs manual extraction or enemas −2.9 −6.4, 0.5 0.097 −0.4 −5.4, 4.7 0.889 −1.9 −5.9, 2.1 0.346 −1.1 −4.7, 2.6 0.573

VT SF RE MH

Variable β 95% CI P value β 95% CI P value β 95% CI P value β 95% CI P value

Intercept 56.3 52.3, 60.3 <0.001 53.5 48.6, 58.4 <0.001 53.1 48.4, 57.8 <0.001 58.9 54.9, 62.9 <0.001

Age (years)

20–39 −2.1 −7.2, 3 0.417 −1.8 −8, 4.4 0.574 1.2 −4.8, 7.2 0.700 −1.7 −6.8, 3.4 0.514

40–49 −1.8 −5.1, 1.5 0.276 −0.4 −4.4, 3.7 0.863 2.2 −1.6, 6.1 0.258 −0.7 −4, 2.6 0.664

50–59 (reference) Ref Ref Ref Ref

60–69 −0.9 −3.1, 1.3 0.420 1.9 −0.8, 4.5 0.169 0.1 −2.5, 2.7 0.930 −1.6 −3.8, 0.6 0.161

70+ −0.9 −3.3, 1.5 0.461 4.8 1.8, 7.8 0.002 1.4 −1.5, 4.2 0.346 −1.0 −3.5, 1.4 0.420

Sex

Male (vs. female) −0.6 −2.6, 1.4 0.536 −1.7 −4.2, 0.7 0.167 0.7 −1.7, 3 0.573 −0.5 −2.6, 1.5 0.596

OMDS (reference: OMDS 0–4)

5 −1.8 −4.1, 0.4 0.115 −4.3 −7.1,−1.6 0.002 −2.3 −5, 0.3 0.087 −0.7 −3, 1.6 0.542

6 2.2 −0.5, 4.9 0.107 −4.9 −8.2,−1.6 0.004 −1.7 −4.9, 1.4 0.283 0.7 −2.1, 3.4 0.635

7–13 −4.0 −6.6,−1.3 0.004 −1.4 −4.7, 1.9 0.404 −0.5 −3.7, 2.6 0.749 −2.7 −5.4, 0 0.050

Leg pain (reference: absent)

Occasional −2.3 −4.5,−0.1 0.043 1.2 −1.6, 3.9 0.398 −0.7 −3.3, 2 0.618 −1.9 −4.1, 0.4 0.104

Persistent −4.4 −6.8,−2 <0.001 −2.1 −5, 0.7 0.146 −3.8 −6.6,−1 0.007 −5.0 −7.4,−2.6 <0.001

Leg numbness (reference: absent)

Occasional −1.2 −3.7, 1.3 0.348 −1.8 −4.8, 1.2 0.243 −0.8 −3.7, 2.1 0.596 −0.8 −3.3, 1.7 0.553

Persistent −2.7 −4.8,−0.5 0.014 −2.9 −5.5,−0.3 0.030 −1.9 −4.4, 0.7 0.147 −2.8 −4.9,−0.6 0.011

HAM-BDSG (reference: Grade 0)

Grade I −3.4 −6.8,−0.1 0.045 −2.4 −6.5, 1.7 0.255 −2.1 −6.1, 1.8 0.288 −2.5 −5.9, 0.8 0.141

Grade II −5.7 −9.5,−1.9 0.003 −4.0 −8.6, 0.7 0.093 −2.7 −7.1, 1.8 0.242 −4.7 −8.5,−0.9 0.016

Grade III −3.3 −9.5, 2.9 0.292 −3.1 −10.6, 4.4 0.420 0.5 −6.8, 7.7 0.902 −1.8 −8, 4.4 0.575

Constipation (reference: absent)

Present, controlled with or without oral laxatives −1.7 −3.8, 0.5 0.135 −1.3 −3.9, 1.4 0.353 −0.4 −3, 2.1 0.756 −2.0 −4.2, 0.2 0.071

Present, needs manual extraction or enemas −0.9 −4.6, 2.7 0.617 −0.4 −4.9, 4.1 0.861 0.4 −3.9, 4.7 0.860 −0.3 −4, 3.4 0.860

β coefficients (β) and 95% confidential intervals (95% CIs) were calculated using a general linear model to estimate the association between SF-36 subscales and HAM-
related symptoms. Bold values represent p-values of less than 0.05. Abbreviations of the SF-36 subscales: BP, bodily pain; GH, general health perception; MH, mental
health; PF, physical functioning; RE, role emotional; RP, role physical; SF, social functioning; VT, vitality. HAM-BDSG, HAM-bladder dysfunction severity grade; OMDS,
Osame Motor Disability Score.
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MH, persistent leg pain and numbness as well as the use
of intermittent catheters (HAM-BDSG II) were significantly
associated with lower MH scores. These findings are consistent
with those reported in recent HRQoL studies in patients with
multiple sclerosis and neuromyelitis optica, both of which are
neuroinflammatory diseases causing symptoms similar to those
in HAM. They reported that not gait dysfunction but chronic
pain, including numbness, was associated with depression and
mental health satisfaction (27, 28). Third, leg pain, numbness,
and urinary dysfunction were also associated with lower GH
and VT scores. Intermittent catheterization had the greatest
impact on GH and VT of all the symptoms analyzed. In an
HRQoL study involving patients who developed neurogenic
bladder dysfunction after radical hysterectomy, GH, VT, and
MH scores were lower in patients on intermittent catheterization
than those in patients with spontaneous voiding, despite similar
clinical backgrounds other than the use of intermittent catheters
(29). The negative effects of urinary dysfunction on GH, VT, and
MH observed in the present study are supported by this report.
Collectively, sensory and urinary dysfunctions in patients with
HAM should be carefully managed to maintain better HRQoL
both physically and mentally.

In this study, the use of indwelling catheters or manual
extraction or enemas was not associated with the SF-36 subscale
scores despite being the most severe form of bladder and bowel
dysfunction. Although the reason is unclear, “response shift” may
be one of the reasons. Response shift is a psychological process
occurring in individuals with deteriorating health, in which
internal standards and values change to adapt to a new situation
(30, 31). Longitudinal studies are required to understand the
changes in HRQoL over time in patients with HAM.

This study has several limitations. First, HRQoL is influenced
by several factors not included in our analysis, such as education,
employment status, and comorbidities (23). Moreover, we did not
evaluate the intensity of the symptoms; HAM causes many other
symptoms, including low back pain and spasticity (4). Therefore,
we could not completely adjust symptom severity and potential
confounders. Second, the coefficients only indicate associations,
and therefore, may not necessarily mean the impact of the
symptoms. Third, all symptoms were assessed using information
collected through telephone interviews. Although telephone
interviews were conducted uniformly by trained nurses and
coordinators to collect reliable information, the accuracy of these
assessments may be lower than that of a physical examination.
In addition, because leg pain, numbness, lower urinary tract
symptoms, and constipation are common even in the general
population, we could not conclude that these symptoms were
caused by HAM. Finally, because we only included Japanese
patients, generalizability to other populations may be limited.

CONCLUSION

We demonstrated that HRQoL of patients with HAM was
poorer than that in the general population and was associated
with various symptoms, including motor, sensory, and
bladder and bowel dysfunctions. Therefore, these patients

should be comprehensively monitored and managed to
achieve better HRQoL.
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INTRODUCTION

Human T-lymphotropic virus 1 (HTLV-1) is an important human pathogen. A fair estimate
indicates that at least 5–10 million people harbor the virus worldwide (Legrand et al., 2022),
and more recently the World Health Organization (WHO) was called upon (Martin et al., 2018)
to respond positively to establish adequate public health policies toward its elimination (World
Health Organization, 2021). This virus is associated with a large array of diseases, including
lymphoma/leukemia, neurodegenerative diseases, uveitis, infective dermatitis, Sjogren’s syndrome,
bronchiectasis, bronchitis and bronchiolitis, rheumatoid arthritis, arthritis, kidney and bladder
infections, dermatophytosis, community acquired pneumonia, Strongyloides hyperinfection
syndrome, tuberculosis, liver cancer, lymphoma other than adult T-cell leukemia-lymphoma and
cervical cancer (Schierhout et al., 2020). Human T-lymphotropic virus 2 (HTLV-2) is still not
conclusively etiologically linked to a disease although a number of disease associations have
been reported particularly from the HOST study (Araújo and Hall, 2004; Orland et al., 2004;
Martinez et al., 2019). Two other types, Human T-lymphotropic virus 3 (HTLV-3) and Human
T-lymphotropic virus 4 (HTLV-4) have been described in a forest area in Cameroon (Wolfe et al.,
2005) as result of cross-species transmission, with their occurrence restricted to this geographic
area, without evidence of pathogenicity and human-to-human transmission (Duong et al., 2008;
Perzova et al., 2010).

HTLV-1 and HTLV-2 share molecular properties, including the evolutionary aspect of viral
and cell nucleic acid integration, silent and lifelong persistence and transmission pathways (Hall
et al., 1996; Ciminale et al., 2014; Martinez et al., 2019) and are classified into the family
Retroviridae, subfamily Orthoretrovirinae, genus Deltaretrovirus, which has four species: Bovine
Leukemia virus and Primate T-lymphotropic viruses (PTLV) 1, 2, and 3 (ICTV—ICTV International
Commitee on Taxonomy of Viruses, 2022). Within PTLV-1, 2 and 3, ICTV includes three types of
human retroviruses, HTLV-1, HTLV-2, and HTLV-3, respectively. HTLV-4 remains a related but
unclassified virus.

HISTORICAL PERSPECTIVE

HTLV-1 was the first described human retrovirus, isolated from a patient with a severe form of
cutaneous T-cell lymphoma resembling mycosis fungoides (Poiesz et al., 1980). The first name
used to describe HTLV-1 was human cutaneous T-cell lymphoma virus (HTLV; Poiesz et al.,
1980) with an additional reference to its origin (HTLVCR). Subsequently, a second HTLV-1 isolate,
HTLV-1MB was described (Poiesz et al., 1981). Concurrently, investigations in Japan into the
etiology of a previously known disease, Adult T-cell Leukemia/Lymphoma (ATL), resulted in the
isolation of a retrovirus provisionally named Adult T-cell Leukemia Virus (ATLV) (Yoshida et al.,
1982). Subsequently, HTLV-1MB and ATLV were shown to be indistinguishable by a range of
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molecular assays (Popovic et al., 1982; Reitz et al., 1983), resulting
in the suggestion to unify the viruses’ names to “Human T-cell
leukemia” and the disease as “adult T-cell leukemia”.

Since then, different denominations have been used: human
T-cell leukemia-lymphoma virus (Gallo et al., 1982); Human T-
cell lymphoma virus (Mann et al., 1983); Human T-cell leukemia
virus (Clarke et al., 1983) and Human T-cell lymphotropic virus
(Kühnl et al., 1985). In 1982, a new type of HTLV was isolated
from a patient with an atypical form of hairy cell leukemia
and named Human T-cell leukemia virus type II (Kalyanaraman
et al., 1982). It is worth mentioning that by 1989, both viruses
were already named as Human T-lymphotropic virus (Sodroski
et al., 1984), a denomination highlighting their tropism for T
lymphocytes as an important biological characteristic.

In 1991, the 5th Report of ICTV (Francki et al., 1991) listed
both viruses as the species Human T-cell lymphotropic virus 1
and 2 (in the genus HTLV-BLV). In 1995, the 6th Report of ICTV
(Murphy et al., 1995) kept them as species (of the genus then
called BLV-HTLV), but listed both as Human T lymphotropic
virus 1 and 2. In the 7th Report (van Regenmortel et al., 2000) the
genus BLV-HTLV was changed to Deltaretrovirus and included,
the species Primate T lymphotropic virus-1 (PTLV-1, with the
human type HTLV-1), PTLV-2 (with type HTLV-2) and PTLV-
3 (with type HTLV-3). Since then, there were no other suggested
changes in the nomenclature nor in HTLV classification.

DISCUSSION

Although there were several names used before and after the
definition of the genus Deltaretrovirus and its species and
types, many of the different nomenclatures were perpetuated
because of the repetitive use of suggestions for the abbreviated
denomination HTLV (leukemia, leukemia, lymphoproliferative,
lymphotropic, etc.) with numbers either in Roman (I and II) or in
Arabic (1, 2, 3, and 4) according to the preference of the authors.
All of these different denominations are the cause of confusion
and do not help to increase awareness both among healthcare
workers or the lay community. Nowadays when search sites are
essential to collate an understanding of infection and disease,
important gaps appear unless all the permutations are entered as
illustrated in Table 1.

A change of HTLV-1 denomination back to “human T-
cell leukemia virus 1” has been proposed (Gallo et al., 2017).
The arguments included “(1) Precedent throughout animal
retroviruses and notably these animal retroviruses also can cause
non-neoplastic disorders as well as leukemias/lymphomas, (2)
Precedent as the first formal name for HTLV, (3) the fact
that leukemia is the most frequent severe outcome of HTLV-1
infection, and (4) the fact that viruses commonly cause more
than one disease”. The major argument is that HTLV is the
most oncogenic virus known. On the other side of the argument,
the proposal could not be extended to HTLV-2 (or HTLV-
3 and HTLV-4) due to the lack of evidence to link them to
human leukemia.

Although infection by HTLV-1 carries an enormous toll when
results in leukemia/lymphoma, this is not the most common

TABLE 1 | The impact of search systems of HTLV nomenclature/denomination on

scientific literature based on PubMed.Gov.

Nomenclature/denomination Number of studies

identified in

PubMed

Human T-lymphotropic virus 12,961

Human T-lymphotropic virus type 1 (or type I) 12,203

Human T-lymphotropic virus 1 (or I) 12,483

Human T-cell leukemia (or leukemia) virus 24,575

Human T-cell leukemia (or leukemia) virus type 1 (or type I) 25,837

Human T-cell leukemia (or leukemia) virus 1 (or type I) 29,820

Human T-cell lymphotropic virus 4,189

Human T-cell lymphotropic virus type 1 (or type I) 9,768

Human T-cell lymphotropic virus 1 (or I) 7,509

HTLV-1 (or HTLV-I) 18,974

HTLV-1 associated disease diagnosed outside Japan, although
underdiagnosis of ATL may occur in many countries (van
Tienen et al., 2019; Rosadas et al., 2020b). In most areas of
the world, the life-time risk of developing HTLV-1 associated
myelopathy (HAM) is estimated to be higher than for Adult T-cell
leukemia (ATL) as commonly seen for instance in Brazil (Araújo
et al., 1993; Segurado et al., 1998; da Silva et al., 2013). Mild
and subclinical neurological symptoms are frequently reported
in patients from Brazil and were identified in up to 30%
of asymptomatic subjects during 8 years of follow-up of an
asymptomatic cohort in the country (Tanajura et al., 2015; Haziot
et al., 2019).

A “leukemia virus”, although a highly significant
denomination when describing HTLV-1, would not describe
correctly such common neurological disease or the many
other inflammatory conditions listed above. Furthermore,
we need to consider that a “leukemia virus” would certainly
increase confusion of the possible outcome among PLHTLV and
healthcare professionals. Patients with asymptomatic infection
or with other clinical manifestations would be led to believe
that a leukemia would be their inexorable next step in this
persistent infection.

Although general medical information is widely available, this
is not usually true when it refers to HTLV-1 infection. There is
still a lack of information about this virus. Patient’s counseling is
usually poor and naming the virus as “a leukemia virus” would
add stress to the newly diagnosed individuals. Until today, many
healthcare workers have no or only limited knowledge about this
virus (Zihlmann et al., 2012). As a result, when facing a patient
with “leukemia virus” they may underestimate the complexity
of these individuals and the real burden of the infection, that
negatively affects even those considered asymptomatic (Rosadas
et al., 2020a; Schierhout et al., 2020). Indeed, in Central Australia,
healthcare workers did not consider HTLV a priority (despite
the extremely high infection rate among First Nation People-
almost half of adult population) as they assumed that the impact
of HTLV-1 on health was limited, due to rare ATL cases (Fowler
and Einsiedel, 2022).
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A further argument to rename HTLV to “Human T-cell
Leukemia Virus” was that this had been endorsed in two distinct
polls—one conducted among Global Virus Network members
(16/21 voters) and the second during the 18th International
Conference on Human Retrovirology (in Tokyo 2017; 78/104
voters). Although this might be taken into consideration in
the process to define a virus name when there is more than
one candidate for the same taxon, the policy of the ICTV is
that, as far as possible, decisions on questions of taxonomy and
nomenclature should reflect the majority view of the appropriate
virologic constituency (Lefkowitz et al., 2018), and so far, the
ICTV has not changed what was previously established since the
7th Report in 2000.

Viral taxonomy has not been always been precise and
the first denomination of a virus is not always maintained.
Since the establishment of the ICTV, there is a strong effort
to put some order in the initial “naming” of viruses which
started at the beginning of the XX century when taxonomy
was quite defined and followed in botany, zoology, and
microbiology. It would be highly undesirable to define two
distinct taxonomic rules for both viruses (and HTLV-3, HTLV-4,
and others). A fact that undeniably links HTLV-1 and HTLV-
2 is that they are both lymphotropic viruses and this tropism
characteristic should be the main aspect to be kept in their
present denomination.

According to the International Code of Virus Classification
and Nomenclature of the ICTV (https://talk.ictvonline.org/
information/w/ictv-information/383/ictv-code), essential
principles of virus nomenclature are: (i) to aim for stability; (ii)
to avoid or reject the use of names which might cause error or
confusion; (iii) to avoid the unnecessary creation of names.

Considering that: (i) the names “Human T-lymphotropic
virus 1” and “HumanT-lymphotropic virus 2” are comprehensive
in their meaning and have been widely used, (ii) the fact that the
clinical presentation goes beyond leukemia, (iii) the possibility of
misleading healthcare professionals once ATL is a rare clinical
manifestation, and most importantly (iv) the term “leukemia
virus” is detrimental to patients as it would add stress to those
diagnosed with this infection, we recommend that the name
should not only be maintained but followed strictly as defined
by the ICTV, which is the only institution capable of analyzing
and defining viral taxonomy, since 1966. It would be desirable if
editors of scientific journals could also stick to the appropriate
denominations in viral taxonomy (including HTLV) to ensure a
consistency in the published literature. Since the 7th Report of the
ICTV in 2000, we are perpetuating an equivocal denomination.
It is time to reach a consensus for the sake of consistency to
refer properly to such a burden among the viruses of human
medical importance.
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Introduction: The absence of nursing care plans aimed at people living with HTLV-1

(PLHTLV) led us to develop and test a proposed nursing care plan based on the evaluation

of 55 PLHTLV to outline interventions according to the clinical stage.

Methods: After interviews with symptomatic patients, nursing diagnoses were made

using the NANDA International Nursing Diagnoses (The International Nursing Knowledge

Association). Subsequently, interventions were selected through the Classification

of Nursing Interventions (NIC), and expected results were selected through the

Classification of Nursing Outcomes (NOC).

Results: The actual diagnoses included (ii) chronic pain, (iii) impaired urinary elimination,

and (iv) sexual dysfunction; the health promotion diagnosis was (i) risk-prone health

behavior; and the risk diagnoses were (i) risk of feeling powerless and (ii) risk of falls

in adults. Nursing care must prevent the lack of adherence to monitoring, establish

goals and promote family involvement. A safe home environment requires intervention for

fall prevention. Full support in understanding pharmacological and non-pharmacological

therapies for chronic pain is needed. Interventions allow patients with impaired urinary

function to be reintroduced to society. For sexual dysfunction, it is necessary to discuss

safe sex and behavioral changes. Regarding risk behaviors, it is necessary to guide the

patient/family, adapt language to the education level of these individuals, and help them

better accept the condition, among other guidelines.

Conclusion: The development of a nursing care plan for PLHTLV is essential for

preventing the rapid progression of disease and the improvement of the quality of life

of PLHTLV and should be included in the multidisciplinary approach to the secondary

level of prevention of HTLV-1.

Keywords: HTLV-1, care plan, nursing, diagnostics, assistance
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INTRODUCTION

Human T-lymphotropic virus 1 (HTLV-1) was the first human
retrovirus to be isolated from lymphocytes from a person with
T-cell lymphoma (1). Studies carried out in the Caribbean and
Japan made it possible to detect anti-HTLV-1 antibodies in
people who had a neurological picture of spastic paresis, with
the lower limbs being the most affected (2–4). The first clinical
findings showed that HTLV-1 was a neurotropic agent and that,
somehow, it was associated with the pathogenesis of the disease
(2), currently called HTLV-1-associated myelopathy (HAM) (5).

Even 40 years after its isolation, HTLV-1 infection continues
to be neglected (6), with no efficient drug treatment (7, 8) that
promotes healing. Currently, treatment has been administered
in the clinical practice of many health professionals, with the
application of palliative care associated with the use of some
drugs aimed at improving the health status of people living with
HTLV-1 (PLHTLV) and, consequently, their quality of life (9, 10).

In Brazil, the follow-up of less complex cases of HTLV-1
can be performed in primary health care (PHC), while more
complex cases, in which there is a need for the diagnosis
of diseases associated with infection or the elaboration of
the clinical management of these patients, should be aimed
at secondary or tertiary levels of health care (11). Assistance
for PLHTLV takes place through multidisciplinary teams, and
nursing deserves to be highlighted since, especially in Brazil,
it is one of the professions with the highest number of
professionals and the closest proximity to users of the Unified
Health System (SUS). For this professional class, the nursing
process represents a great achievement because it allows the
organization, energization, improvement and individualization
of the care process. In addition, it allows for humanized
care that is complementary to the assistance of other health
professionals (12).

However, in Brazil, there is a lack of information among
health professionals (13), especially among nurses (14),
which makes it difficult to assist and monitor PLHTLV,
as nurses must be able to identify diagnoses and plan
interventions that are appropriate to improve the quality
of care provided to the patient (14, 15). Associated with
this, HTLV infection remains a public health problem in
Brazil, with the absence of effective public policies that allow
the reduction of transmission and the use of therapeutic
measures (11). In this sense, the importance of building
effective care plans is highlighted based on validation studies
of tests and the creation of protocols (11), which provide an
improvement in quality of life (15) and reduce vulnerability
among PLHTLV (13).

The care plan must provide parameters to monitor the clinical
status of patients, assist in the education process regarding
prevention measures, and encourage the promotion of care for
both PLWHA and their families to improve quality of care and
quality of life, reduce stigma and discrimination, direct care, and
increase the visibility of the topic (13). Thus, the present study
aimed to develop a nursing care plan based on the evaluation
of 55 PLHTLV and to design interventions according to the
clinical picture.

METHODS

Study
This was an observational, descriptive and cross-sectional study.
The research was carried out from August 2016 to December
2018 at the Laboratory of Clinical and Epidemiology of Endemic
Diseases of the Nucleus of Tropical Medicine (NMT) and at the
Laboratory of Studies in Functional Rehabilitation (LAERF) of
the Federal University of Pará (UFPA).

Sampling and Ethical Aspects
The present study was based on a spontaneous demand for care
from patients diagnosed with HTLV who sought the service
for periodic evaluation. Fifty-five PLHTLV were evaluated (34
asymptomatic and 21 symptomatic for HAM), over 18 years of
age and who agreed to participate in the research, by signing
the Free and Informed Consent Form (TLCE). The research was
approved by the Research Ethics Committee of the Institute of
Health Sciences (ICS) of the Federal University of Pará (UFPA)
(CAAE: 55699316.6.0000.0018).

Data Collection
As described previously (16), data collection took place through
the clinical assessment of PLHTLV using a semistructured
interview questionnaire, including the following questions:
(i) identification; (ii) socio-economic data (marital status,
profession/occupation, family income and education); (iii)
epidemiological data (blood transfusion, injecting drug use,
information on sexual relations, number of partners, use of
contraceptive methods, history of STI, history of breastfeeding,
family history of HTLV or HTLV-associated disease); and (iv)
clinical data (time of HTLV infection, how the diagnosis was
made, and questions about HAM symptoms). The following
instruments were used: the SALSA Scale, a social participation
scale, the Brazilian version of the SF-36 Quality of Life
Questionnaire and the Summarized Pain Inventory.

After the evaluation of the patients, the following steps were
performed: (a) identification of diagnoses; (b) formulation of
nursing results; (c) initial proposal of nursing interventions; and
(d) elaboration of a care plan.

After the patients were interviewed, the identification of
nursing diagnoses was carried out through the use of the
Nursing Diagnoses of NANDA International (The International
Nursing Knowledge Association) definitions and classification
2021–2023 (17).

The Nursing Outcomes Classification (NOC) (18) was used
to select the expected outcomes for each proposed intervention.
Subsequently, the selection of nursing interventions was made
using the Classification of Nursing Interventions (NIC) (19). The
intervention consisted of a therapy that could be directed to both
the patient and his or her family (19).

RESULTS

The evaluation of 55 PLHTLV allowed the construction of
a nursing care plan to be used in clinical practice in an
outpatient setting. This plan was organized according to specific
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TABLE 1 | NANDA-I nursing diagnoses of patients with HTLV-1.

Nursing diagnosis

Domains Actual diagnoses Related factors/associated

conditions

Ultimate characteristics

Activity/rest Ineffective home maintenance

behaviors

Insufficient family planning;

Insufficient support system

• Impaired ability to maintain housing;

• Difficulty maintaining a comfortable environment

Comfort Chronic pain Chronic musculoskeletal condition • Change in ability to continue previous activities;

• Self-report of pain intensity using a standardized pain scale;

• Self-report of pain characteristics using a standardized pain

instrument

Elimination and

exchange

Impaired urinary elimination Sensory-motor damage • Urinary urgency

Sexuality Sexual dysfunction Change in bodily function • Decreased sexual desire;

• Unwanted change in sexual function;

• Perceived sexual limitations

Domains Health promotion

diagnosis

Related factors Ultimate characteristics

Health promotion Risk-prone health behavior Negative perception of

recommended health care strategy

• Non-acceptance of the change in health status

Domains Risk diagnosis Risk factors Associated conditions

Coping with or tolerating

stress

Risk of feeling powerless Progressive disease;

Unpredictability of the course of the

disease

• Insufficient knowledge to control the situation;

• Aches;

• Stigmatization

Security/protection Risk of falls in adults Impaired physical mobility;

Chronic musculoskeletal pain;

Decreased strength in the lower

extremities

• Musculoskeletal diseases

nursingmethodologies based on the NANDA-I taxonomy (2021–
2023) (17).

The diagnoses are listed in Table 1 by domain to facilitate
the identification of the main affected areas in the patients. Of
the 13 domains established in the NANDA-I taxonomy (17), the
patients in this research had seven affected areas and needed
special attention from nurses during the consultation.

The domains identified were (i) activity/rest, (ii) comfort, (iii)
elimination and exchange, (iv) sexuality, (v) health promotion,
(vi) coping/stress tolerance and (vii) safety/protection.

Thus, in Table 1, the following real nursing diagnoses are
presented: (i) lack of adherence, (ii) impaired homemaintenance,
(iii) chronic pain, (iv) impaired urinary elimination and (v)
sexual dysfunction. In addition, the health promotion diagnosis
was risk-prone health behavior, and the following risk diagnoses
were identified: risk of feeling helpless and risk of falls.

The identification of diagnoses allows the nurse to draw up a
care plan that must be followed for the proposed interventions
and, later, must be evaluated to see if the expected results
were achieved.

Table 2 presents the care plan established for the assessment
and monitoring of PLHTLV. Notably, such a plan should be used
as a guide for nurses’ conduct during care for PLHTLV since such
diagnoses were common to the patients evaluated. It is relevant
to highlight that each patient must be individually and critically

evaluated so that the nurse can implement care directed to the
real needs of PLHTLV.

The nurse must, at each consultation, reassess the patient
and identify the diagnoses to establish new behaviors to be
followed based on the care plan produced in this research. The
routine periodic consultations allow the clinical follow-up of
the patient, targeted care aimed at improving the quality of life,
and sex education with the purpose of interrupting the chain of
transmission of the virus.

DISCUSSION

Nursing consultations for PLHTLV are intended to promote self-
care actions, institute care for recovery, and provide guidance for
adaptation to the consequences imposed by diseases associated
with the virus (20). In this sense, the care plan deserves to
be highlighted, as it can be used as a tool to promote holistic
care (21), but it requires planning and must be created based
on nursing diagnoses, as these allow the identification of what
achievements are desired and what interventions are needed (22).

Nursing must act based on two main aspects: the
establishment of mutual goals and the promotion of family
involvement. It is entirely relevant that professionals be trained
to promote the correct orientation to patients (23). Family
members, in turn, should be encouraged so that a support
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TABLE 2 | Nursing care plans for HTLV-1-infected patients.

Nursing diagnoses (NANDA-I) Nursing interventions (NIC) Expected results (NOC)

(i) Impaired home maintenance:

Inability to independently maintain a

safe environment to promote

growth.

1. Environment control - security:

• Identify safety hazards in the environment;

• Remove hazards from the environment where possible;

• Modify the environment to minimize hazards and risks;

• Provide adaptation devices in order to increase the safety

of the environment.

1. Safe home environment:

The patient must take physical measures to minimize

environmental factors capable of causing injury or physical

injury at home.

INDICATORS:

• Provisions for internal lighting;

• Placement of handrails;

• Provision of auxiliary devices in an accessible location;

• Organization of furniture in order to reduce risks.

(ii) Chronic pain:

Unpleasant sensory and emotional

experience associated with actual

or potential tissue damage or

described in terms of such damage

(International Association for the

Study of Pain); sudden or slow

onset, mild to severe, constant or

recurrent, with no anticipated or

predictable end, lasting longer than

3 months.

1. Pain control:

• Conduct a complete pain assessment, including location,

characteristics, onset/duration, frequency, quality, intensity

and severity, in addition to precipitating factors;

• Determine the impact of pain on quality of life;

• Investigate with the patient the factors that relieve/worsen

pain;

• Use a properly developed assessment method that allows

the monitoring of changes in pain (e.g., journaling);

• Teach the use of non-pharmacological techniques;

• Investigate the patient’s current use of pharmacological

pain relief methods.

1. Pain control:

The patient must report personal actions to control the pain.

INDICATORS:

• Using a diary to monitor symptoms over time;

• Use of non-analgesic relief measures;

• Reporting of uncontrolled changes in pain symptoms to the

healthcare professional.

2. Customer satisfaction - Pain management:

The patient must achieve a positive perception of nursing care

to relieve pain.

INDICATORS:

• Pain level monitored regularly;

• Actions implemented to provide comfort;

• Safety issues addressed regarding pain medication use.

(iii) Impaired urinary elimination:

Dysfunction in the elimination of

urine.

1. Control of urinary elimination:

• Monitor urinary elimination, including frequency,

consistency, odor, volume, and color, as appropriate;

• Teach the patient the signs and symptoms of a urinary tract

infection;

• Assist the patient in developing a toileting routine, as

appropriate.

2. Urinary habit training:

• Keep a specific continence record for 3 days to establish

the urinary elimination pattern;

• Establish the range of initial times to use the toilet, based

on the urinary elimination pattern and the usual routine;

• Discuss the daily continence record with staff to provide

reinforcement and encourage adherence to toileting

schedules;

• Maintain toileting schedules to help establish and maintain

a urinary elimination habit.

1. Urinary elimination:

The patient should progress to urine storage

and elimination.

INDICATORS:

• Elimination pattern;

• Recognition of urgency.

(iv) Sexual dysfunction:

The state in which the individual

undergoes a change in sexual

function, during the sexual

response phases of desire, arousal,

and/or orgasm that is seen as

unsatisfactory, unrewarding, and

inappropriate.

1. Teaching safe sex:

• Reinforce condom use;

• Educate the patient on the correct application and removal

of condoms, as appropriate;

• Discuss ways to convince the partner to use condoms;

• Plan sex education classes for patient groups as

appropriate.

2. Behavior modification:

• Determine the patient’s motivation to change;

• Help the patient identify strengths and reinforce them;

• Encourage the replacement of undesirable habits with

desirable habits.

1. Risk control: sexually transmitted infections (STIs):

The patient must present personal actions to prevent, eliminate

or reduce behaviors associated with the sexually transmitted

infection.

INDICATORS:

• Recognize the individual risks of STIs;

• Recognize the personal consequences associated with

STIs;

• Commitment to exposure control strategies;

• Warning to sexual partner(s) in the event of an STI.

(v) Risk-Prone Health Behavior:

Impaired ability to modify

lifestyle/behaviors in order to

improve health status.

1. Improvement in coping:

• Assess the patient’s adaptation to changes in body image,

if indicated;

• Assess the impact of the patient’s life situation on roles and

relationships;

• Use a calm approach;

• Provide an atmosphere of acceptance;

• Offer information about diagnosis, treatment

and prognosis.

1. Acceptance of the state of health:

The patient should report acceptance of a significant change

in health status.

INDICATORS:

• Abandonment of the previous concept of personal health;

• Recognition of the reality of the health situation;

• Adaptation to changes in health status;

• Performance of self-care tasks.

(Continued)
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TABLE 2 | Continued

Nursing diagnoses (NANDA-I) Nursing interventions (NIC) Expected results (NOC)

(vi) Risk of feeling of

powerlessness:

Risk of perceived lack of control

over a situation and/or a person’s

ability to significantly affect an

outcome.

1. Learning facilitation:

• Start instruction only after the patient demonstrates

readiness to learn;

• Adapt instruction to the patient’s level of knowledge and

understanding;

• Adapt the content to the patient’s cognitive, psychomotor

and/or affective abilities/difficulties;

• Use familiar language;

• Allow time for the patient to ask questions and discuss his

or her concerns.

2. Teaching about the disease process:

• Assess the patient’s current level of knowledge;

• Review what the patient knows about the condition;

• Describe the common signs and symptoms of the disease,

as appropriate;

• Discuss lifestyle changes that may be necessary to avoid

future complications and/or control the disease process;

• Describe possible chronic complications, as appropriate.

1. Knowledge of the disease process:

The patient should gain a broad understanding of a specific

disease process and the prevention of complications.

INDICATORS:

• Strategies to minimize disease progression;

• Precautions to prevent complications from the disease.

(vii) Risk of falls in adults:

Adult susceptibility to experiencing

a fall event that can compromise

health.

1. Environment control:

• Create a safe environment for the patient;

• Identify patient safety needs based on level of physical and

cognitive functioning and previous behavioral history;

• Remove environmental hazards (e.g., carpet);

• Offer adaptation devices.

• Have escorts if the patient is elderly or in a critical health

condition.

1. Behavior for fall prevention:

The patient should report personal or family caregiver actions

to minimize risk factors capable of precipitating falls in the

personal environment.

INDICATORS:

• Placement of support handrails if necessary;

• Use of rubber mats in the shower area;

• Use of laced shoes that fit well;

• Offering of mobility assistance;

• Removal of loose rugs;

• Elimination of clumps of objects, spilled liquids and floor

shine.

2. Knowledge: fall prevention:

The patient should report the extent of understanding about

the prevention of falls.

INDICATORS:

• Correct use of auxiliary devices;

• Correct use of safety devices;

• Correct use of support bars.

network can be established (24). In this way, a favorable
environment is created to promote adherence to rehabilitation,
as well as to enable the improvement of trust and, consequently,
the improvement of the nurse/patient interpersonal relationship
(25). It becomes possible for the patient to redefine many issues,
such as their plans and dreams, which are often left aside after
the diagnosis (23).

The diagnosis of ineffective home maintenance behaviors
refers to the impossibility of independently leaving the safe
environment. Environmental control has been instituted as an
intervention to achieve a safe home environment (17–19). It is
common for patients with HTLV-1 to report falls and even fear
of falls (26); therefore, some changes in the environment in which
the patient lives are necessary.

Pain causes not only physical discomfort but also functional
limitations and limitations in carrying out activities (24);
in addition, pain treatment is often tiring and does not
always achieve positive results (27). Therefore, the teaching of
pain control and/or monitoring becomes indispensable. Thus,
pharmacological and non-pharmacological therapies must be

maintained so that pain is controlled (28), and nursing must
remain attentive to eliminate patients’ possible doubts and to help
them understand the therapies chosen by health team.

Another nursing diagnosis verified in the patients in this
study was impaired urinary elimination, so the interventions
suggested in the care plan included elimination control and
urinary habit training, which aim, above all, for efficient urinary
elimination (17–19). The neurological sequelae are painful, and
many patients develop urinary disorders, which often make it
impossible to carry out their usual activities. In this sense, the
instructions and the promotion of bladder reestablishment allow
the patient’s reintroduction to society, with the accomplishment
of their tasks and with the strengthening of ties (29).

Disabilities that occur as a result of the neurodegenerative
process often cause the patient to lose privacy, as he or
she becomes dependent on other people to perform self-care
activities such as going to the bathroom (23). Furthermore, the
increase in urinary frequency causes not only emotional damage
but also social damage due to inherent isolation (23). As a
result, the quality of life is affected, and as there is no treatment
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that totally improves this urinary issue, rehabilitation must be
offered (30).

Sexual issues must be addressed during patient education
practices, as diagnosis with HTLV-1 causes changes in the sexual
life of PLHTLV (29). The condition of the person living with
the virus, increased urinary frequency and sexual dysfunction
change the routine of couples and, as a consequence, change
the ability to experience pleasure and sometimes cause the
separation of couples who previously had sexual and affective
relationships (20). The diagnosis of sexual dysfunction was
evident in this research, and due to its consequences, the
following intervention was established: teaching safe sex and
behavior modification (17–19).

Teaching and counseling actions are very important health
promotion activities and therefore require professionals to know
the implications of HTLV-1 infection, as there is a lack of
knowledge among health professionals (31). Counseling should
include questions about sexuality and the use of prevention
measures and should also address pregnancy, prenatal care,
childbirth and the postpartum period, in particular issues
related to avoiding breastfeeding and using formulas to replace
breastmilk (29).

The health promotion and risk diagnoses identified from
the assessment of PLHTLV demand the following interventions:
improving coping, facilitating learning and/or teaching the
disease process and controlling the environment (17, 19).

HTLV-1 is associated with a chronic disease that promotes
mobility impairment, which becomes an important factor in the
risk of falls. To prevent and/or reduce this risk, the patient should
be instructed to use mobility aids. However, even with the risk of
falling, patients prefer to derive support from objects rather than
use an aid (24). The importance of guidance is evident so that
such risk is avoided.

Guidance can also be provided to help the patient and/or
family member better accept the health condition, preventing
risk-prone health behavior. Understanding allows for better
acceptance and encourages the continuity of participation and
engagement in activities in society, thus enabling the acquisition
of a new attitude toward the disease (24).

The risk of feeling helpless was evidenced among the patients
in this research, and for this situation to be avoided, it is
necessary for nurses to teach the health and disease process,
always clarifying the doubts of the patient and family members.
Such instruction must be performed orally and/or in writing,
with the language always being adapted according to the level
of education of patients and their families (32), as has already
occurred in other care centers for PLHTLV (20).

Within this context of health promotion, it is essential to carry
out activities through nursing, either based on the guidelines, the
care taught or the possibility of identifying risks and the use of
timely interventions. This enables the patient to provide care not
only for the treatment of the consequences of the pathology but
also for himself or herself as a human being, thus providing more
comprehensive care (20, 23).

Nursing is a profession that stands out in the context of health
care for PLHTLV, given the possibility for nurses to work in

different care contexts, from primary to tertiary health care, and
to always seek to develop promotion activities and the protection
and recovery of health according to the guidelines of the SUS. The
care activity of nurses takes place through the nursing process,
which consists of a scientific work methodology that directs
care based on clinical findings. Thus, it is understood that the
elaboration of a care plan for PLHTLV constitutes an advance
for care to become more directed to the clinical characteristics
of this specific public. Additionally, it enables the redefinition of
the nurse’s role in this context.

CONCLUSIONS

The clinical evaluation of the patients in this research allowed the
identification of nursing diagnoses that enabled the construction
of a care plan, which aims to improve care for PLHTLV. The
findings of this research confirm the importance of nurses being
able to assess and identify diagnoses to enable the creation of
more comprehensive care. Finally, the development of a nursing
care plan allowed the planning of feasible actions that aim to
improve and complement the multidisciplinary care offered to
PLHTLV and their families, seeking to increase the perseverance,
comfort and quality of life of patients.
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Cabotegravir, the Long-Acting
Integrase Strand Transfer Inhibitor,
Potently Inhibits Human T-Cell
Lymphotropic Virus Type 1
Transmission in vitro
Bethany S. Schneiderman†, Michal S. Barski† and Goedele N. Maertens*

Department of Infectious Disease, Imperial College London, London, United Kingdom

Human T-cell lymphotropic virus type 1 (HTLV-1) is a deltaretrovirus most prevalent
in southwestern Japan, sub-Saharan Africa, Australia, South America, and the
Caribbean. Latest figures approximate 10 million people worldwide to be infected
with HTLV-1. This is likely a significant underestimation due to lack of screening in
endemic areas and absence of seroconversion symptoms. The two primary diseases
associated with HTLV-1 infection are adult T cell leukaemia-lymphoma, a malignant
and, sometimes, aggressive cancer; and HTLV-1 associated myelopathy/tropical
spastic paraparesis, a debilitating neurological degenerative disease. Unfortunately,
despite the poor prognosis, there is currently no effective treatment for HTLV-1
infection. We previously showed that integrase strand transfer inhibitors (INSTIs)
clinically used for human immunodeficiency virus type 1 (HIV-1) prophylaxis and
treatment are also effective against HTLV-1 transmission in vitro. In 2021 a new
INSTI, cabotegravir, was approved by the FDA for HIV-1 treatment. We thus set
out to evaluate its efficacy against HTLV-1 infection in vitro. Strand transfer assays
performed using recombinant HTLV-1 integrase treated with increasing concentrations
of cabotegravir, effectively inhibited strand transfer activity, displaying an IC50 of
77.8 ± 22.4 nM. Furthermore, cabotegravir blocked HTLV-1 transmission in tissue
culture; we determined an EC50 of 0.56 ± 0.26 nM, similar to bictegravir. Alu-PCR
confirmed the block in integration. Thus, there are four INSTIs and one reverse
transcriptase inhibitor approved by the FDA for HIV-1 treatment, that potently block
HTLV-1 infection in vitro. This should strongly encourage the establishment of a new
standard of HTLV-1 treatment – particularly for pre-exposure prophylaxis and prevention
of mother-to-child transmission.
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INTRODUCTION

Three decades ago, infection with human immunodeficiency
virus type 1 (HIV-1), a close relative of human T-cell
lymphotropic virus type 1 (HTLV-1), was almost universally fatal.
Introduction of antiretroviral therapy with drugs targeting the
viral reverse transcriptase (RT) enzyme and protease enzymes,
seropositive patients got a second chance to live. Since 2007,
a novel class of inhibitors, targeting the viral integrase (IN)
enzyme, integrase strand transfer inhibitors (INSTIs) completed
the current list of approved antiretrovirals (1, 2). HIV-1 RT is
error-prone; this, in addition to the high rate of viral replication
and high viral load, gives rise to a large number of quasi-
species that can be circulating within one host at any time
(3). Generation of drug resistant HIV-1 escape mutants is high,
given the propensity of RT to mutate and further promoted by
low adherence to a strict drug regimen. Consequently, due to
monotherapy treatment proving unsuccessful, combined anti-
retroviral therapy (cART) has been the standard treatment option
for HIV-1 carriers. Careful monitoring of the viral load continues
to be important to detect whether (multi-)drug resistant viruses
develop over the course of time.

Human T-cell lymphotropic virus type 1, discovered shortly
before HIV-1 (4), infects around 10 million people worldwide
(5). At least for the majority of HTLV-1 carriers, infection
is not universally fatal. Indeed, ∼5% of HTLV-1 infected
individuals develop an aggressive form of leukaemia, adult
T-cell lymphoma/leukaemia (ATLL), and, when acute, will die
within 8 months from presentation (6). HTLV-1 associated
myelopathy/tropical spastic paraparesis affects another ∼5% of
HTLV-1 carriers and results in a debilitating neurodegenerative
disease where most affected patients become wheelchair bound,
having to live in constant pain and have their social and
economic status severely degraded. In addition to ATLL and
HAM/TSP, HTLV-1 is known to cause a wide range of other
inflammatory diseases (7), is the main risk factor for the
development of severe strongyloidiasis (8), and HTLV-1 carriers
have a substantially elevated risk of developing a further
16 diseases (9). Most strikingly, a recent study showed that
most otherwise asymptomatic carriers suffer from ailments that
severely impact their quality of life, including pain, general
discomfort, and depression, indicating a much greater impact on
society (including health care costs) than previously anticipated
(10). Current treatments for HTLV-1 associated diseases are
limited and often poorly effective; improved therapies are
urgently required.

Developing disease is positively correlated with the proviral
load (PVL) (≥4%), and in the case for ATLL, an oligoclonality
index determined by flow cytometry >0.77 increases the risk of
developing disease (11). Use of condoms are advised for people
with HTLV-1 to reduce the likelihood of sexual transmission
between serodiscordant couples. Mother-to-child transmission
(MTCT) which contributes to about 24% of HTLV-1 transmission
events, can be partially prevented by, e.g., reducing the time of
breastfeeding (<6 months), freeze-thawing the breastmilk and/or
using formula (12–15). However, the pressure on women to
breastfeed their children, either due to cultural or environmental

factors, or due to lack of access to a freezer or clean water, often
prevents this type of intervention.

We previously reported on the efficacy of INSTIs in
blocking HTLV-1 transmission in vitro (16, 17). Most recently,
we also identified a novel naphthyridine compound XZ450
which efficiently blocks HTLV-1 integration in cells (17). The
development of the long-acting drug cabotegravir (CAB), which
allows for a regimen of (bi-)monthly injections has the potential
to greatly affect the quality of life of people living with HIV-
1, such as serodiscordant couples where both the seronegative
partner could use CAB as pre-exposure prophylaxis (PrEP)
and/or the seropositive partner could use CAB-based treatment
as prevention, as well as patients that are less likely to adhere to a
strict and regular drug regimen.

We thus thought to investigate how efficiently CAB can block
HTLV-1 infection and integration. Here, we report our findings
and show that CAB is a highly potent inhibitor of HTLV-1
infectivity in tissue culture, with an EC50 similar to bictegravir
(BIC) (16) in the low nanomolar range.

METHODS

Measurement of Human T-Cell
Lymphotropic Virus Type 1 in vitro
Strand-Transfer Activity
Human T-cell lymphotropic virus type 1 integrase (IN) was
purified as reported previously (17). Inhibition of HTLV-1 IN
in vitro strand-transfer activity was measured by means of a
strand-transfer assay. A schematic illustrating the assay is shown
in Figure 1A. Oligonucleotides mimicking the U5 3′-processed
LTR ends of the viral DNA (vDNA) copy (H1U5_S20UP and
H1U5_S20B, Supplementary Table 1), were firstly annealed in
100 mM Tris pH 7.4, 400 mM NaCl. The reaction mixture
contained 73 mM PIPES pH 6.0, 175 mM NaCl, 16.7 mM
MgCl2, 5.8 µM ZnCl2, 12.8 mM DTT, 0.53 µM donor vDNA,
1.6 µM HTLV-1 IN. This was then incubated in the presence
of a given concentration of CAB (dissolved in DMSO) or
with DMSO alone (final concentration in the reaction mixture
was 5%) for 30 min at room temperature. A total of 300 ng
of target DNA [supercoiled pGEM-9Zf(-)] was then added to
initialise the reaction, which was carried out at 37◦C for 30 min.
Once completed, samples were deproteinised and DNA products
precipitated as described previously (16, 18). Resultant DNA
sample was loaded on a 1.5% agarose gel and analysed after
staining with ethidium bromide. Experiments were conducted
in triplicate. Bands corresponding to products of concerted
integration were quantified by densitometry in ImageLab 4.1
(Bio-Rad). Dose-response curve fitting was done in Prism 8.
Cumulative standard deviation for each drug was calculated as
an average of the upper limit and lower limit values:

Lower limit =
IC50

10log SE(IC50)
;Upper limit = IC50 × 10log SE(IC50)

SD =
[(Upper limit − IC50)+ (IC50 − lower limit)]

2
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FIGURE 1 | Inhibition of in vitro strand transfer activity of recombinant HTLV-1
IN by CAB. (A) Schematic illustrating the strand-transfer assay. Products of
half-site integration co-migrate with open circular forms of DNA; concerted
integration linearizes the supercoiled target DNA. (B) Representative gel
shown used to quantify IN inhibition by CAB as shown in panel (C).
Precipitated DNA samples were analysed on an agarose gel stained with
ethidium bromide. Lane 1, negative control: no IN; lane 2: positive control, IN
in the absence of drug. Lanes 3–12: in the presence of CAB; lane 3: 200 µM,
lane 4: 20 µM, lane 5: 2 µM, lane 6: 634 nM, lane 7: 200 nM, lane 8:
63.4 nM, lane 9: 20 nM, lane 10: 2 nM, lane 11: 200 pM, and lane 12: 20 pM.
Migration of DNA species in the gel is indicated on the right of the gel. S.c.,
supercoiled; o.c., open circular. The 1 kb DNA ladder (NEB, indicated on the
left of the gel) was used as a reference. (C) Dose-response curve of CAB
calculated based on the amount of concerted integration activity of HTLV-1 IN
quantified by densitometry. Averages and standard deviations of three
independent replicates are shown.

where SE denotes the standard error computed by Prism.

Human T-Cell Lymphotropic Virus Type 1
Infection
The MT-2 and Jurkat (E6.1) T cell lines (ATCC) were maintained
in Roswell Park Memorial Institute (RPMI) media supplemented
with 10% heat inactivated foetal bovine serum (Gibco), 100 U/mL
penicillin, 100 µg/mL streptomycin, and 0.25 µg/mL fungizone
(Gibco) (referred to as complete medium). Cells were cultured in
a humidified atmosphere at 37◦C with 5% CO2. HTLV-1 infection
was conducted as previously outlined (16, 17). In brief, Jurkat

E6.1 cells were seeded in complete medium and pre-treated with
CAB ranging from 200 nM to 8 fM, or DMSO (CAB vehicle), for
24 h. MT-2 cells were exposed to a sub-lethal dose of gamma-
irradiation (400 Gray) and resuspended in serum free media to
2e6 cells/mL. Pre-treated Jurkat cells were resuspended in serum
free media to 2e6 cells/mL. A total of 250 µL of both the producer
cell line (MT-2) and the target cell line (Jurkat cells) were co-
cultured in serum free medium, in the presence of increasing
concentrations of CAB and 15 mM MgCl2. This resulted in a
culture of 0.5e6 of each cell type in a total of 500 µL. Following
a 17.5-h infection, cells were washed with PBS and mixed with
25 µL magnetic anti-CD25 beads (DynaBeads, Thermo Fisher
Scientific) to enable depletion of MT-2 cells from the culture
(16, 17). Both the beads and cells were equilibrated in 1 mL
depletion buffer (1× PBS + 0.1% FBS + 2 mM EDTA). Cells were
gently tumbled for 1 h at 4◦C. The resultant mixture was applied
twice to a magnet and unbound supernatant was resuspended
in 500 µL complete media in the presence of CAB or DMSO.
Cells were maintained for 12 days in the presence of drug and
DNA was harvested on day 13 (DNeasy Kit, Qiagen). Data of four
independent biological replicates are shown. Depletion of MT-2
cells was optimised and verified by FACS as described previously
(16). Cell viability was monitored throughout the duration of the
experiment by trypan blue exclusion.

Quantification of Human T-Cell
Lymphotropic Virus Type 1 Proviral Load
and Integrated DNA
Proviral load was determined as described previously (16, 19,
20), with the modification that we used Taqman PCR rather than
SYBR green incorporation. To this end, extracted gDNA was
quantified using a spectrophotometer (DeNovix) and gDNA was
diluted to 5 ng/µL. A total of 20 ng of gDNA was loaded in
each TaqMan qPCR reaction, using the primers for HTLV-1 tax
gene and human ALBUMIN. Copy numbers of each gene were
quantified via comparison to standard curves generated from
clone 11.50 (a kind gift from Professor Charles Bangham; 11.50
is a clone with a known single integration site), or uninfected
control, respectively. With the knowledge that there is one copy
of tax gene and two copies of ALBUMIN per cell, PVL was
calculated [(2× tax) / albumin]. Data was normalised to DMSO,
which was set to 100%. Dose-response curve fitting was done
in Prism 8. Cumulative standard deviations were calculated as
described above for the in vitro IC50 data. The 200 nM and DMSO
samples underwent Alu-qPCR to quantify integrated DNA, as
previously explained (16), with the alteration of using TaqMan
reagents (Supplementary Table 1). Integrated provirus copy
numbers were normalised to ALBUMIN. Data were normalised to
DMSO, which was set to 100%. Averages and standard deviations
of four independent biological replicates are shown. p-Values
were calculated using the Student’s t-test.

RESULTS AND DISCUSSION

We first tested the ability of CAB to inhibit HTLV-1 IN strand
transfer activity in vitro. Thus, strand transfer assays (Figure 1A)
were performed using recombinantly purified HTLV-1 IN in
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the presence of a range of CAB concentrations (micromolar
to picomolar range), or its vehicle DMSO. DNA was separated
by agarose gel electrophoresis (Figure 1B). Upon concerted
integration of the two vDNA mimics, the supercoiled plasmid
target DNA migrates as a linear form and can be readily
separated from the target DNA as indicated on the figure.
Products of concerted strand transfer activity were quantified
by densitometry as described previously (16). CAB potently
inhibits HTLV-1 IN strand transfer activity and has an IC50 of
77.8 ± 24.2 nM (Figure 1C), similar to elvitegravir and BIC
(16) (Table 1).

To investigate its ability to suppress HTLV-1 transmission in
tissue culture, we performed HTLV-1 infection of Jurkat CD4+
T cells by co-culture with the persistently HTLV-1 infected MT-2
cell line (16, 17). To this end, gamma-irradiated MT-2 cells were
co-cultured with Jurkat cells in the presence of DMSO (vehicle)
or a range of CAB concentrations (8 fM–200 nM). Productive
infection of Jurkat cells was measured by determining PVL (16,
17, 21). CAB very effectively blocked HTLV-1 transmission; we
determined an EC50 of 0.56 ± 0.26 nM (Figure 2A and Table 1).
A block in integration was confirmed by measuring the products
of integration using Alu-qPCR (16) (Figure 2B). CAB thus
inhibits HTLV-1 infection in vitro as effectively as BIC (Table 1).
Similar inhibition profiles for CAB and BIC were also reported
for HIV-1 (22).

It is important to note that the much higher observed IC50
values in in vitro reactions compared to our observed EC50 values
in infection assays is expected. Indeed, the concentration of IN in
the strand transfer assays is much greater than in the context of
an infected cell. Thus, the IC50/EC50 ratio of CAB is∼139, which
is similar to raltegravir (∼83). BIC, however, is much more potent
in cell culture (16), with an IC50/EC50 ratio of 600. Whether
this is due to more efficient cellular uptake of BIC or because
this compound influences HTLV-1 transmission in an additional
fashion requires further investigation.

Cabotegravir is the latest addition to the list of potent INSTIs
capable of blocking HIV-1 transmission and replication. Unlike
the other INSTIs, the half-life of intramuscularly administered
CAB is exceptionally long, typically ranging from 40 to 55 days
(23, 24). Reportedly, a single dose of 800 mg intramuscularly
delivered CAB achieved a mean concentration above the protein
adjusted IC90 of approximately 16 weeks (23). This makes
CAB attractive for monthly or even less frequent injections

TABLE 1 | Calculated parameters of in vitro HTLV-1 IN strand-transfer and HTLV-1
infection inhibition by INSTIs and one NRTI.

Antiretroviral IC50 ± SDa (nM) EC50 ± SDb (nM)

Raltegravir 530 ± 102c 6.42 ± 4.24c

Elvitegravir 100 ± 16c 9.57 ± 5.54c

Bictegravir 180 ± 29c 0.302 ± 0.173c

Cabotegravir 78 ± 24 0.557 ± 0.255

Tenofovir disoproxil fumarate NR 17.78 ± 7.16c

a IC50 = half maximal inhibitory concentration. bEC50 = half maximal
effective concentration. cBarski et al. (16).

FIGURE 2 | Cabotegravir potently blocks HTLV-1 infection and integration in
tissue culture. (A) Infection was quantified by measuring the PVL of INSTI
treated cells compared to DMSO treated cells arbitrarily set at 100%.
Averages and standard deviations of four independent experiments are
shown. (B) Integrated provirus of DMSO and 200 nM CAB (CAB) treated
samples was quantified by Alu-qPCR and normalised to ALBUMIN numbers.
Values are relative to DMSO control. Average and standard deviations of four
independent experiments are shown; ∗∗∗∗p-value < 0.0001.

for patients who, e.g., poorly adhere to other cART regimens
and are therefore more likely to develop drug-resistant HIV, as
well as for use as PrEP. For the treatment of HIV-1 infection,
CAB is usually offered in combination with rilpivirine (RPV),
a non-nucleoside reverse transcriptase inhibitor that is inactive
against HTLV-1. Given that HTLV-1 is much less prone to
genetic drift than HIV-1 (25), and therefore less likely to develop
resistance, the use of CAB for monotherapy especially as a
PrEP, including to prevent sexual transmission of HTLV-1,
seems appealing.

Whilst there are multiple factors that influence MTCT, and
even more questions that require urgent answers [excellently
reviewed by Rosadas and Taylor (26)] we do know that exposure
to HTLV-1 early on in life has been associated with an increased
risk of developing ATLL (27–29), HAM/TSP, and infective
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dermatitis associated with HTLV-1 (IDH) (30–33). In fact, IDH
in children is associated with high PVL and an increased risk
of developing HAM/TSP and ATL, often with an onset during
young adulthood.

At present, there is limited knowledge on the
pharmacokinetics of CAB in pregnant women. Indeed, data
is available from 26 women receiving CAB + RPV who became
pregnant during clinical trials (34). There were six miscarriages
[of which five in the first 9 weeks of gestation which is close to the
∼17–22% reported early pregnancy losses in HIV-1 uninfected
women (35)], 9 elective terminations, and of the 11 live births,
1 was reported with a congenital anomaly. Although obviously
more research is necessary, it is encouraging that the women
becoming pregnant on CAB had adequate CAB concentrations
throughout pregnancy as well as post-delivery. Nevertheless,
careful monitoring of birth defects following antiretroviral
therapy during pregnancy is critical, as well as more research is
required to determine the pharmacokinetics of CAB on neonates
and maternal breast milk.

A reduction of the PVL in baboons naturally infected with
simian T-cell lymphotropic virus type 1 (STLV-1) was achieved
through combination therapy with zidovudine (RT-inhibitor)
and the HDAC inhibitor valproic acid (36). In humans, mostly
zidovudine in combination with IFN-alpha or valproic acid has
been used to treat HTLV-1 patients with some forms of ATLL, and
was shown to reduce PVL in some cases (37–39). A recent report
however, suggests ATLL patients treated with zidovudine/IFN-
alpha are more likely to present with invasive fungal infections,
which for patients with the aggressive subtype of ATLL resulted
in lower overall survival (40). The exact mechanism of how
zidovudine/IFN-alpha/valproic acid reduces the PVL in ATLL
patients is unknown; data suggests that it is more likely due
to induction of cellular senescence and apoptosis of HTLV-1
infected cells rather than inhibition of RT (41, 42). Thus, whilst
the use of zidovudine has shown promise in a few cases of ATLL,
more studies are necessary to establish whether antiretrovirals are
efficacious in reducing PVL in HTLV-1 carriers and can impact
the development of IDH, HAM/TSP and/or ATLL.

Human T-cell lymphotropic virus type 1 infection dynamics
is different from HIV-1. HIV-1 continues to actively replicate in
infected carriers. By contrast, following initial weeks of active
viral replication, the HTLV-1 proviral burden is maintained
mainly through clonal expansion of the infected lymphocytes.
Although viral proliferation continues, this happens at a much
slower rate than the observed mitotic spread (43). Thus,
the most promising use of antiretrovirals could be pre- or
immediate (h/days) post-exposure intervention. We know indeed
that the time frame to administer antiretrovirals to recently
exposed HTLV-1 patients is very narrow (44). Zidovudine
can block HTLV-1 infection somewhat (<10–20% inhibition
at 50 µM concentration) (45). We reported previously that
tenofovir disoproxil fumarate (TDF), a nucleoside RT-inhibitor
(NRTI), efficiently blocks HTLV-1 transmission in cell culture
(EC50 = 17.8± 7.2 nM) (16). Therefore, there is scope to possibly
prevent HTLV-1 transmission in the first place by using TDF
and INSTIs as PrEP.

Japan is the only country where pregnant women are screened
for HTLV-1, and infected mothers are closely monitored and

strongly advised to formula feed their babies (14). Although not
100% effective, this approach has shown significant reduction in
MTCT [down to 2.4–3.6% in formula fed children compared to
up to 24% in breastfed children (12, 13, 15)]. This suggests that
(a) perinatal transmission might contribute in part to MTCT,
it was shown indeed that HTLV-1 infects placental trophoblasts
(46); and (b) MTCT can be blocked and that will have a huge
impact on society given that up to 24% of children seroconvert
upon prolonged (>6 months) breastfeeding.

From HIV-1 research, we know that both the pregnant woman
and the developing embryo are safe when the mother uses RAL or
TDF during pregnancy (47, 48). We have shown high efficacy of
inhibiting HTLV-1 transmission by four FDA approved INSTIs
(raltegravir, elvitegravir, BIC, and CAB) as well as one FDA
approved NRTI, TDF (Table 1). Whilst more research is required
to understand the pharmacokinetics, safety, and efficacy of
blocking MTCT by using BIC and CAB in pregnant women,
the safety data for RAL and TDF are available [reviewed in van
der Galien et al. (47)]. Why wait? If we know that there are
no cures for HTLV-1 associated diseases, up to 24% of HTLV-1
transmission is due to MTCT, and it is those children that are
most likely to develop IDH, ATLL, and/or HAM/TSP, is it not
time we try and prevent this from happening by introducing RAL
and TDF as a standard of care for HTLV-1 pregnant women, and
in due course, potentially the later generation INSTIs like CAB?

In December last year, the FDA approved the use of long-
acting injectable CAB for HIV PrEP1 following two large studies
which illustrated that bimonthly CAB injections reduced the risk
of HIV transmission more than daily PrEP pills. Given that >70%
of HTLV-1 transmission occurs via condomless intravaginal sex,
and the knowledge that INSTIs and TDF efficiently block HTLV-
1 transmission in tissue culture, it is time to consider PrEP to
prevent HTLV-1 transmission, and possibly prioritise CAB-based
PrEP in HTLV-1 endemic settings.

Finally, whilst we urgently need to know if we can effectively
block HTLV-1 sexual transmission and MTCT by using INSTIs
with or without TDF, we should not forget the people
who inject drugs, and patients who depend on organ donor
transplantations – they too could profit from PrEP.
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Background: Central Australia has the highest recorded prevalence of infection with the
human T cell leukaemia virus type 1 (HTLV-1) worldwide. Each of the clinical diseases
associated with HTLV-1 have been reported in this region, including deaths due to
adult T cell leukaemia, which is causally linked to HTLV-1. Nevertheless, no public
health response has been implemented to reduce HTLV-1 transmission among the
affected Aboriginal population. In the first study to explore the perceptions of healthcare
professionals along with those of Aboriginal people whose communities are actually
impacted by HTLV-1, we sought to understand the barriers to preventing HTLV-1
transmission in this remote area.

Methodology/Principal Findings: Semi and un-structured interviews were conducted
with 30 Australian Aboriginal people, 26 non-Aboriginal healthcare professionals and
3 non-Aboriginal community workers. The purpose of the interviews was to explore
perceptions towards HTLV-1 in a health context with a focus on sexual and reproductive
rights. Deductive and inductive analyses were applied to the data and a decolonizing
lens brought peripheral stories to the fore. A major finding was the contrast between
views expressed by Aboriginal participants and healthcare professionals regarding
the provision of knowledge to those affected. Aboriginal participants consistently
articulated that they and their communities should be informed of, and can hold,
knowledges pertaining to HTLV-1. This finding controverted the perceptions of
healthcare professionals that the complexities of the virus would not be well-understood
by their Aboriginal patients and that sharing HTLV-1 knowledges might overwhelm
Aboriginal people. Further analyses revealed a spectrum of understanding and clinical
practice, while also delineating signs of an imagined public health response.

Conclusions/Significance: HTLV-1 remains a neglected infection in Australia.
Knowledge of HTLV-1 is held by a privileged medical elite and does not flow to
marginalised Aboriginal people living in affected communities. We demonstrate that
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differences in the perspectives of stakeholders presents a significant barrier to the
development of cohesive, culturally safe prevention programs that foster a shared
knowledge of HTLV-1. The interview data suggests that a successful public health
program is likely to require a dual approach that includes clinical care and community-
driven health promotion. Aspects of this approach, which would raise awareness and
potentially reduce transmission and lower HTLV-1 prevalence in Central Australia, may
be applicable to other endemic settings with similar conditions of social disadvantage,
geographic remoteness, resource limitations and cross-cultural challenges.

Keywords: HTLV-1, infectious diseases, Central Australia, Indigenous health, decolonizing

INTRODUCTION

The human T cell leukaemia virus type 1 (HTLV-1) is a
human retrovirus that predominantly infects CD4+T cells,
which are crucial to the body’s adaptive immune response.
HTLV-1 is epidemiologically linked as the cause of two serious
diseases; an aggressive haematological malignancy (adult T cell
leukaemia/lymphoma, ATL) and a neurodegenerative disease of
the spinal cord (HTLV-1 associated myelopathy, HAM) (1, 2).
The estimated lifetime risk of developing an HTLV-1 associated
disease is generally given as 5%, which is the combined risk of
developing ATL and HAM, the two conditions for which data are
available [5% and 1–4% for ATL and HAM, respectively (1–5)].
However, this is undoubtedly an underestimate.

Other clinically recognised conditions that contribute to
the HTLV-1 disease burden include uveitis, HTLV-1 associated
pulmonary disease (HAPD) and infective dermatitis (6–8).
Moreover, HTLV-1 seropositivity is associated with an increase in
mortality that cannot be attributed to ATL or HAM in all endemic
areas where this has been studied (9). In Central Australia, a
high baseline number of HTLV-1 copies in peripheral blood
leucocytes (proviral load, PVL) prospectively increased the risk
of death three to fourfold in hospital based studies, with most of
these deaths resulting from complications of chronic pulmonary
disease (10, 11).

Infection with HTLV-1 was first reported in an Aboriginal
Australian population in 1988 and high infection rates were
confirmed in Central Australia in 1992 (12, 13). In this region,
each of the recognised clinical entities associated with HTLV-
1 have been recorded, including fatalities resulting from ATL
(7, 14–19). The average adult community-based prevalence of
HTLV-1 among Aboriginal people in Central Australia was
recently recorded to be 39% (19); the highest prevalence reported
worldwide. In contrast, the overall prevalence of HTLV-1 among
blood donors in Australia in the years 2009–2018 was 0.003%,
demonstrating that elsewhere in the country HTLV-1 is not
endemic (20). Notwithstanding the high infection rates and
reports of HTLV-1 associated diseases in Central Australia (14),
no systematic public health response has been implemented
to reduce transmission among Aboriginal Australian people.
Indeed, the perceived value of such an initiative remains
controversial among Australian public health professionals (21).

Globally, most infections are thought to result from sexual
transmission (22, 23). However, HTLV-1 is also transmitted
through blood contact and from mother to child via prolonged
breastfeeding, making infection and progression to associated

diseases preventable. In the absence of a vaccine or treatment
for HTLV-1, preventative approaches are key to an effective
public health response. A dramatic reduction in incidence rates
followed the introduction of measures targeting mother-to-child
transmission and the testing of blood donors in Japan (24).
Few jurisdictions have implemented similar strategies to prevent
and reduce HTLV-1 transmission. In Central Australia, antenatal
testing for HTLV-1 has been discouraged due to a perception that
it will “add to the burden” experienced by Aboriginal women
(21).

The correspondent “invisibility” of HTLV-1 has been
attributed to its silent transmission, an extended latent
period before currently recognised clinical manifestations
become apparent, the focus by public health professionals and
researchers on the relatively low occurrence of ATL and HAM,
and the failure to develop direct acting anti-viral therapies
(25). This has led some healthcare professionals to doubt the
clinical significance of the virus, which in turn deters them from
discussing transmission risks and unfavourable health outcomes
with patients and their families (26).

An additional feature that is instrumental in perpetuating the
anonymity of this virus is its occurrence in poor communities,
which is the case in South America, the Caribbean, Sub-
Saharan Africa and areas of Oceania, including Central Australia
(27–29). HTLV-1 infection is closely linked to socio-economic
disadvantage (30–32) and particularly in Central Australia, with
the ongoing impact of colonization. Consequently, the voices
of those affected are seldom heard and the lived experience
of HTLV-1 is interpreted by a privileged medical profession
that is largely drawn from a very different social context (33).
Acknowledging the power of the latter group in influencing
perceptions toward HTLV-1, engaging clinicians and public
health professionals in HTLV-1 education has been highlighted as
the essential first step towards changing the lives of people living
with HTLV-1 (34).

Qualitative research, which is derived from the study of the
human experience, is recognised for its value in illuminating
and addressing important socio-systemic dilemmas. In health,
including Aboriginal health, qualitative research cultivates
socially and culturally informed hypotheses for larger clinical
studies, guides the development of public health interventions
through the establishment of grounded theory, and engages
patients as partners (35–37). Qualitative research holds value
for the development of HTLV-1 knowledges that are context-
specific, and patient-centred. The first qualitative study in
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HTLV-1 explored knowledges and awareness of HTLV-1 among
breastfeeding Noir-Marron women in French Guiana (38). More
recently, research groups in Brazil have utilised oral history
techniques to examine the experiences of HTLV-1 patients,
critiquing the biomedical focus on disease risk at the expense
of prevention and family support (26), interrogating the failure
of healthcare providers to support mothers with decisions about
breastfeeding (39), exploring how HTLV-1 diagnosis and illness
impacts on the sexual relationships of affected women (40) and
influences the reproductive decisions of prospective parents (41),
and highlighting the adverse impacts of HAM on social and
emotional wellbeing (42). Similar studies have not been done
in Australia and the perceptions of clinicians who control the
HTLV-1 narrative have not been explored in any context to date.

Our study adds to this small body of research a descriptive
account of HTLV-1 perceptions as shared by healthcare
professionals and an Australian Aboriginal community cohort
in Central Australia. We chose qualitative methods for their
strength in providing an avenue for Aboriginal people to
make visible their experiences and gain control over a health
issue by which they are disproportionately affected. Storytelling
methods according to their Aboriginal and Western iterations
are the means by which participants were invited to engage
in this process, and decolonization, the practice of “undoing”
colonialism, was the principle theoretical framework through
which the non-Aboriginal researchers sought to understand the
themes that emerged (43–47).

The findings of this study justify narrative enquiry as a
“two-world” medium through which to explore experiences
of heath care in a colonized context (48). While significant
barriers to a public health response were identified in the
perceptions offered by some healthcare professionals, further
participant contributions offered a margin in which to probe
opportunities for prevention that are both community-led and
clinically informed.

MATERIALS AND METHODS

Study Setting
Central Australia covers a large, arid landmass of some
500 million km2. It is home to more than 500 small, remote
Aboriginal communities and some 22 language groups (49, 50)
(see Figure 1). Communities are serviced by several primary
health care organisations and one community-based hospital in
the remote centre of Alice Springs (Alice Springs Hospital, ASH).
Thirty-six individual and 5 group interviews were conducted
with a total of 59 participants: 30 Aboriginal people and 29
non-Aboriginal healthcare or community workers. Aboriginal
participants were recruited from Alice Springs and from a very
remote Aboriginal community with an estimated adult resident
population (ERP) of 140 (51). All participants had lived or
worked in Central Australia (Tables 1, 2).

Research Paradigm
A narrative approach guided the collection, interpretation and
representation of participant contributions. Narrativity, often
assumed to have its origins in Western ontological theories of

persons as rhetorical beings (43), is predated by the ancient
Indigenous practice of storytelling, or “yarning.” Yarning has
been described by Aboriginal researchers as a fluid and revelatory
oral engagement between Aboriginal peoples and their past,
present and future, preserving cultural integrity while enabling
Aboriginal people to positively reconstruct their lives (44). It is a
practice that has been recognised in various qualitative studies in
Aboriginal health (52–59).

As a research strategy, yarning held weight for this study,
facilitating a familiar practice through which to discuss what for
many Aboriginal participants was an unfamiliar disease entity,
while promoting the emplacement of the HTLV-1 story where
it belongs, with those very participants. Privileging Aboriginal
participant contributions in the data analysis was paramount to
this approach and pursued by the lead researcher (FF) as far as
possible within the constraints of her non-Aboriginal status. Also
integral, however, was the inclusion of non-Aboriginal voices in
the dataset, a decision which functioned dually as a means of
revealing the perceptions of a group without lived experience
of HTLV-1, and an invitation to non-Aboriginal participants to
explore possible reasons for HTLV-1 inaction (58, 60).

Recruitment Strategy
Semi- and unstructured interviews were conducted over an
8-month period in 2020. Interviews ranged from 45 min
to 1.5 h in length, totalling over 52 h of raw data which
was manually transcribed by FF. The research question—to
explore perceptions towards HTLV-1 in Central Australia—
informed the aims of this endeavour, which were to examine
understandings and experiences of HTLV-1 health contact, and,
to interrogate the socio-cultural drivers for HTLV-1 transmission,
including the interface between this virus and sexual and
reproductive health.

Recruitment was progressed on a rolling basis via purposive
sampling through existing connections, snowballing techniques
and the establishment of collaborative relationships with health
or community organisations (61, 62). Introductions formed an
important part of the interview pro forma, initiating dialogue in
a culturally safe way by beginning with a “social yarn” before
progressing to a “research yarn” (63). All interviews commenced
with a statement by each participant about their cultural
background and motivations for facilitation or participation in
the project. This functioned to reduce the researcher/researched
binary and increase the opportunity for a more empowered
participant experience (44, 64).

Recruitment and Consent of Aboriginal
Participants
All Aboriginal participants were recruited via a trusted health
professional, colleague, community organisation or support
person (65). Knowledge of one’s HTLV-1 status was not required
for participation and consenting materials made it clear that
participants were not being approached because they have HTLV-
1. This approach was intended to maximise participation, serving
as an acknowledgement of collective notions of wellbeing and
health participation in Aboriginal communities (66), mitigating
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FIGURE 1 | Map of Central Australia. Central Australia covers a remote tri-state region of more than 500 million square kilometres. It includes the vast geographies
and diverse language groups of the Ngaanyatjarra (NG) lands, the Anangu Pitjantjatjara Yankunytjatjara (APY) lands and the southern pans of the Northern Territory,
including the health hub and regional centre of Alice Springs. These are shown by the shaded sections in above map. *Map not to scale. Modified figure ©
OpenStreetMap contributors.

the risk of participant shame and stigmatisation, and promoting
principles of safety, respect and confidentiality (67).

Consent was sought from Aboriginal contributors at various
stages of participation (68, 69). Following introductions between
the interviewing researcher and the participant/s, FF facilitated
a discussion regarding the purpose of the study and de-
identification and use of data. Participants then provided verbal
and written consent agreeing for their contributions to be
recorded using an audio recording device. The consent process
was continued by “checking in” with participants during and after
the interview, or during a subsequent visit to the community,
organisation or workplace.

In the remote community, a poster about the study was
hung at the community clinic, store and aged care centre
during the periods when FF visited the community. One
female remote community member responded directly to the

poster, initiating her involvement in the study by attending the
clinic and requesting participation. The remaining nine remote
community participants were recruited via Aboriginal staff at
the clinic, a non-Aboriginal remote primary care physician
(PCP), and through Aboriginal and non-Aboriginal staff at the
art and child-care centres. Ten of eleven community members
who were approached for an interview accepted the invitation
to participate. One remote community member who initially
consented withdrew participation at the commencement of the
interview due to the method of data collection using an audio
recording device.

To facilitate the interview itself, a simple flipbook was
developed at the Baker Heart and Diabetes Institute Central
Australia using health education material from the “HTLV-1
community survey” (NHMRC 1088517) (19) and incorporating
images from a video resource that was developed at the institute.
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TABLE 1 | Profile of Aboriginal participants.

Sex Primary language(s) Location Previous HTLV-1 knowledges Interview format Interview medium

1 F Pitjantjatjara Alice Springs Individual F2F

2 F Pitjantjatjara Alice Springs Group F2F

3 F Warlpiri Alice Springs Group F2F

4 F Arrernte, Luritja Alice Springs Y Group F2F

5 F Arrernte Alice Springs Group F2F

6 F Anmatyerre Alice Springs Group F2F

7 F English Alice Springs Y Group F2F

8 F Arrernte, Luritja Remote community Y Individual F2F

9 M Arrernte, Luritja Remote community Y Individual F2F

10 F Luritja Remote community Individual F2F

11 F Arrernte Remote community Individual F2F

12 M Luritja, Arrernte Remote community Y Individual F2F

13 M Arrernte, Luritja Remote community Y Individual F2F

14 F Luritja Remote community Individual F2F

15 F Pitjantjatjara Remote community Individual F2F

16 F Luritja Remote community Group F2F

17 F Luritja Remote community Group F2F

18 F Arrernte Alice Springs Y Group F2F

19 F Arrernte Alice Springs Group F2F

20 F Arrernte Alice Springs Group F2F

21 F Arrernte Alice Springs Group F2F

22 F Arrernte Alice Springs Group F2F

23 F Arrernte Alice Springs Group F2F

24 F English Alice Springs Group F2F

25 F Arrernte Alice Springs Group F2F

26 F Arrernte Alice Springs Group F2F

27 F Arrernte Alice Springs Group F2F

28 F Arrernte Alice Springs Group F2F

29 F Warlpiri Alice Springs Individual F2F

30 F Luritja Alice Springs Y Individual F2F

The text for the flipbook was formed in consultation with
a remote nurse, a remote PCP and four HTLV-1 researchers
at the institute, two of whom were Aboriginal and had
extensive experience in providing health education to Aboriginal
people about HTLV-1 and other medical conditions. The
project’s objective was to explore existing knowledges, not to
develop health literacy tools or to provide clinical advice. The
chosen remote community therefore was one where community
members had previously participated in the HTLV-1 community
survey (19) and who were more likely to have some knowledge
of the virus. Participants who desired information beyond that
included in the flipbook were encouraged to speak with their
treating medical practitioner.

In the interest of preserving confidentiality, eight of the
nine interviews in the remote community were carried out as
one-on-one yarns in either the clinic or a private, outdoor
space. In contrast, three of six interviews conducted in Alice
Springs were carried out as collaborative yarns (63). The
latter interviews took heed of the collective nature of the
bodies represented; one yarning group bringing together female
Aboriginal workers in health and the others female leaders in two
Arrernte organisations. Cultural safety was ensured in the group

interviews by the presence of a trusted person nominated by the
participants who subsequently verified the interview transcript.

Recruitment and Consent of
Non-Aboriginal Participants
Non-Aboriginal participants were approached via email, phone
call or in person at their workplace and provided with
written information about the study including a letter of
invitation and consent form. Fifteen of the interviews with non-
Aboriginal participants were carried out face-to-face at the Baker
Heart and Diabetes Institute Central Australia. The remaining
interviews were conducted at participant’s workplaces, via video
or telephone call. Two prospective non-Aboriginal participants
declined participation. These prospective participants sought
organisational approval from two Aboriginal community-
controlled health organisations (ACCHOs) and this was declined
(in one case due to involvement in the Federal Department of
Health HTLV-1 longitudinal study; no reason for declination
given by the second organisation). Three town-based Aboriginal-
controlled community organisations (ACCOs) that provided
health promotion programmes in Aboriginal communities also
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TABLE 2 | Profile of non-Aboriginal participants.

Sex Profession Location Duration of service in
Central Australia

Remote experience (outside
Alice Springs)*

Experience in
women’s health

Interview medium
and format**

1 F PCP Alice Springs >5 Zoom

2 F PCP Alice Springs <5 Zoom

3 M PCP Alice Springs >5 Zoom

4 F PCP Remote >10 Y Zoom

5 M PCP Alice Springs >5 Y F2F

6 F PCP Alice Springs >5 Y Telephone

7 F PCP Remote >5 Y F2F

8 M PCP Remote >10 Y F2F

9 F Specialist physician Hospital <5 Y Telephone

10 M Specialist physician Hospital >5 Y Zoom

11 F Specialist physician Hospital >10 Y F2F

12 M Specialist physician Hospital >5 F2F

13 M Specialist physician Hospital >5 Y F2F

14 F Nurse Alice Springs >10 Y Zoom

15 F Nurse Darwin/remote <5 Zoom

16 F Nurse Remote >10 Y Telephone

17 F Nurse Alice Springs > 10 F2F

18 F Midwife Hospital >10 Y F2F

19 F Midwife Hospital >10 Y F2F

20 F Midwife Alice Springs >10 Y F2F

21 F Midwife Hospital >10 Y F2F

22 F Midwife Hospital/AS >10 Y Y F2F

23 F Midwife Remote/AS >10 Y Y F2F

24 F Midwife Remote <5 Y Y F2F

25 F Social worker Hospital >10 Y Y F2F, group

26 F Social worker Hospital >5 Y Y F2F, group

27 F Community worker Alice Springs >10 Y Y F2F, group

28 F Community worker Alice Springs >10 Y Y F2F. group

29 M Community worker Alice Springs <5 F2F, group

*Current, previous or corresponding with present role. **Individual interview unless otherwise stated.

declined participation in the study due to increased servicing
pressures associated with the SARS-Cov-2 pandemic and because
HTLV-1 was not thought to be relevant to their work.

Thematic Analysis
Conforming with recommendations in the decolonizing
literature, a combination of deductive and inductive analyses
were applied to the data, where an empowerment lens both
instructed the dissection of narratives gathered and acted as
a vehicle to see peripheral stories (70). The progression of
themes mirrored the participants’ rhetorical passage through the
interviews. These were:

1. An inconsistent clinical approach to HTLV-1,
2. Perceived challenges associated with sharing HTLV-1

knowledges,
3. The collective impact of HTLV-1, and collective responsibility

for resolution,
4. Reflections on HTLV-1 and prolonged breastfeeding,
5. HTLV-1 as sexually transmissible infection, and
6. Imagined action.

Ethics Statement
This study was carried out with the approval of the Central
Australian Human Research Ethics Committee, reference
number CA-19-3573.

RESULTS

Participant Profile
A total of 30 Aboriginal participants were recruited to the study
(Table 1). Twenty-eight Aboriginal participants represented
Central Australian language groups (Southern and Western
Arrernte, Anmatyerre, Luritja, Pitjantjatjara, and Warlpiri).
Two other Aboriginal participants were from outside Central
Australia. Nineteen Aboriginal participants were living in Alice
Springs, ten were residents of a small very remote community
and one was visiting Alice Springs from a second, very remote
community. Three of the remote community participants
were male. Twelve Aboriginal participants had experience
as either an Aboriginal Liaison Officer (ALO), Aboriginal
Health Worker (AHW)/Aboriginal Health Practitioner
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(AHP), or an Aboriginal Community Worker (ACW), the
roles of which are to promote culturally safe healthcare
services. With the exception of the participant who was
visiting Alice Springs, all Aboriginal participants declined
the offer of an interpreter and expressed a preference to be
interviewed in English.

Three of 12 Aboriginal participants who had worked in health,
and 8 of the total 30 Aboriginal participants had prior knowledges
of HTLV-1. Two had provided cultural brokerage for the HTLV-
1 community survey and two had participated in the survey (19),
one had interacted with HTLV-1 as an AHP, one had read a media
article about HTLV-1 posted on Facebook in 2018 and one was
aware of, and disclosed, their own diagnosis of HTLV-1.

The non-Aboriginal sample (see Table 2) was largely
comprised of healthcare professionals, which included
4 nurses, 7 midwives and 13 doctors; 8 PCPs and 5
specialist physicians based at ASH. Two further interviews
were carried out as focus groups, one with two hospital-
based social workers and the other with three community
workers from a non-government organisation whose
services included sexual health promotion. More than
a third (10) of the non-Aboriginal participants were in
managerial positions.

In Australia, remoteness is defined in terms of the road
distance from services, with Alice Springs considered a “remote”
location and surrounding communities “very remote” (71). The
authors acknowledge that these definitions were developed to
assist with the distribution of government services and are
not necessarily meaningful for Aboriginal people (72). In the
proceeding section, participants are identified with their place
of employment or residence as follows; ASH (“hospital”), Alice
Springs (“town”) or in a very remote community (“remote”).
An asterisk is used to indicate Aboriginal participants who
also work or have worked in health (e.g., female remote
community member∗).

Theme 1. An Inconsistent Clinical
Approach
Interviews with healthcare professionals revealed a
spectrum of understandings about HTLV-1. Thirteen
of 26 practitioners referred to their limited experience
with the virus and 17 stated a need for guidelines to
inform clinical practice. All healthcare professionals first
learnt of HTLV-1 while working or preparing to work in
Central Australia.

HTLV-1 knowledges were generally higher among hospital-
based specialist physicians than other healthcare professionals
based in Alice Springs. The knowledges of remote PCPs
varied. Hospital-based specialists and PCPs trained at ASH
were most likely to identify diseases associated with HTLV-
1. Clinical manifestations including bronchiectasis, sepsis
and strongyloidiasis, together with dermatological and
neurological conditions were cited as examples of clinically
recognised disease associations of HTLV-1. The ambiguity
regarding whether or how an HTLV-1 agenda would progress
was unsettling for hospital-based healthcare professionals,

whose responses broadly established the perception that
HTLV-1 is probably underappreciated as a disease entity
and that everyone [at ASH] feels uneasy about it (specialist
physician 1).

This was in contrast to the perceptions of physicians working
in primary care in Alice Springs, for whom a consideration for
HTLV-1 was largely absent from their practice. Four of the five
town-based PCPs did not perceive HTLV-1 to be relevant to their
work:

It doesn’t change our clinical decision-making or anything like that.
It’s just something we know is probably rumbling in the background
to some degree. But um, we also know that overcrowding and poor
diet and all that sort of thing are huge, or alcohol use, are huge
contributors to disease as well.

(town-based PCP 1)

Poor social determinants of health, the dominance of
chronic, non-communicable diseases such as diabetes in
the primary health setting, and the absence of HTLV-1
management protocols, seemed to undergird a perception
among PCPs that HTLV-1 is not a clinically significant
infection:

. . . we have very high turnover (of staff). And people come in and
someone gets a discharge summary that mentions it. And then
there’s all this often, I think, an overreaction, of ‘oh they’ve got this
terrible virus, I looked it up’. And [they] get quite distracted from
the core business, which is about chronic diabetes and heart failure
and kidney disease.

(remote PCP 1)

I wonder if [addressing] it (HTLV-1) would make that much of a
difference in some ways. Because like you said, there’s no [antiviral]
treatment for it. I wonder if it would just make people more
anxious.. . .Like in the end, unfortunately our population are going
to be dying before they get leukaemia [ATL].

(town-based PCP 2)

The perception that a high burden of non-communicable
diseases and a low life expectancy disqualified the inclusion of
HTLV-1 in clinical practice consistently emerged in the data,
although this was not the case for some remote PCPs:

I guess there would be presentations that I wouldn’t have recalled
being a potential effect of HTLV-1, and I would have a diagnostic
dilemma. And then consider could this be HTLV? And then do the
serology and it would be positive. And then I would refer on to
Infectious Diseases and bit-by-bit really, cases were mounting up. . .

you would think that it’s a significant problem, and because the
two recognised conditions, the tropical spastic paraparesis [HAM]
and the T-cell leukaemia [ATL] have both occurred in my small
population. That seems well beyond coincidence.

(remote PCP 2)

This participant raised three examples of residents with
HTLV-1 associated inflammatory diseases (ATL, HAM and
myositis) (6, 73, 74) in the remote community where they
worked, but also articulated the tension that deterred most

Frontiers in Medicine | www.frontiersin.org 7 April 2022 | Volume 9 | Article 845594195

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-845594 April 28, 2022 Time: 11:27 # 8

Fowler and Einsiedel Perceptions Toward HTLV-1 in Australia

healthcare professionals in this study from engaging with HTLV-
1: the dilemma of balancing patient self-management with
the encumbrance of being unable to offer a clear treatment
pathway:

They’re relatively engaged with it (HTLV-1). They have been willing
to get further tests. But that hasn’t necessarily helped them. . . When
Aboriginal people are worried, they will take action. But then that’s
hard when you don’t know what action they can take. I guess there’s
enough understanding there [among Aboriginal patients] that there
is this other infection that could be causing different diseases.

(remote PCP 2)

One remote community participant disclosed his own
positive HTLV-1 status to the interviewing researcher, reporting
associated inflammatory symptoms which had led him to become
more actively involved in managing his own health:

This is something, sickness that’s in me that I know. You know,
everybody can have that on the bloodline. . . When you’re older, that
will come to you. So that’s why I always keep on coming in and
checking out the clinic.

(male remote community member 1)

Theme 2. Sharing Knowledges With
Aboriginal Patients
Notwithstanding the engagement with HTLV-1 by remote
Aboriginal people, healthcare professionals were uncomfortable
with the responsibility of sharing HTLV-1 knowledges with their
patients. Attempts to convey HTLV-1 knowledges were a rarity
for all healthcare professionals, and this was ascribed to the
challenges of working in a two-world health setting:

I wouldn’t do specific pre- or post-counselling like you’re
recommended to do with HIV.. . .Because I don’t think the degree
of um, health literacy is there for that to be beneficial to the people
that we’re screening.

(specialist physician 2)

Even though I’m sure they’re [Aboriginal people are] able to
understand this stuff um, there’s a. . .language problem, in having
conversations about complexity much of the time. It’s not clear to
me how much people want to know about HTLV-1. And so whether
it’s right to start off those conversations, particularly when it’s not
clear what the next steps should be with that information.

(specialist physician 3)

These difficulties coincided with perceptions that discussing
HTLV-1 with Aboriginal patients may be irrelevant to their
preferences and could be unethical or detrimental to Aboriginal
people. The imbalance of power between healthcare professionals
and patients, whether conceded or not, was a noticeable dynamic:

I try not to talk about it (HTLV-1) because I think we’ve got more
important things to talk about.. . .Sometimes people come in and
say oh, they told me I have this infection, what does this mean?
So I have talked about it. . .I just really don’t know the burden of
disease associated with it (HTLV-1). And we do know that there’s
a high burden of disease associated with other things. It does seem

appropriate not to use energy talking about that (HTLV-1) when
there’s other things that need to be talked about.

(remote PCP 1)

And they (Aboriginal patients) often look to you for that decision-
making as well because when you say to them, this is what you
should be doing, not this. And they go, okay. And whether they do
it or not is their choice.

(town-based midwife 1)

Perceptions Toward Screening Practices
The finding that healthcare professionals avoid or experience
difficulties explaining HTLV-1 to patients was further discussed
by participants in relation to screening practices. The clinical
impetus to test and the ethics of testing in the absence of
treatment were central to this rationale. Hospital staff identified
several situations in which patients were tested for HTLV-1: prior
to commencing immunosuppressive therapy, in the presence
of unexplained neurological signs and symptoms, as part of a
diagnostic work-up for immunosuppression, in clinical situations
in which ATL is suspected, prior to organ transplantation and
as part of the blood-borne virus protocol in the renal dialysis
unit. Nevertheless, physicians were reluctant to discuss the
implications of a diagnosis with their patients:

I can’t think of any specific patient where I’ve sat down and said,
we’ve done this test, we’ve found out that um, that you are positive
for this HTLV story (informal; story is a word used cross-culturally
to refer to a body of ideas, beliefs or experiences).

(specialist physician 3)

Perceptions that HTLV-1 has an ambiguous natural history
and that the diseases associated with HTLV-1 are untreatable
were cited as a fundamental impediment to testing or counselling
patients by eight physicians (seven PCPs and one specialist
physician) and one mid-wife. Among physicians, advancing
medical knowledge was generally given priority over public
health measures to reduce infection rates. Four of the five
specialist physicians and five of the eight PCPs dwelt on the
hierarchy of evidence regarding disease associations other than
ATL and HAM, stating a need for greater causational certainty.
Paradoxically, six of these physicians stated that they had
not consulted existing literature regarding their views, though
four had attended seminars about HTLV-1 at ASH where the
clinical evidence for HTLV-1 associated diseases beyond ATL
and HAM was presented. In contrast, non-medical professionals
(nurses, midwives, social and community workers) and those
who identified as Aboriginal were more likely to reiterate the need
for public health measures to protect Aboriginal people from
further transmission.

Theme 3. Collective Impact and
Responsibility
The effect of European colonization on Aboriginal Australians
and specifically, the gap in Aboriginal health outcomes was
seen as closely tied to inaction on HTLV-1 in Central Australia.
Ten of 29 non-Aboriginal participants (two PCPs, two specialist
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physicians, two nurses, three midwives and both social workers)
remarked that a virus affecting non-Aboriginal Australians which
caused serious diseases and occurred with a prevalence similar to
that of HTLV-1 in Central Australia would elicit an immediate
response:

Maybe that’s the thing that we all need to be thinking, is just to try
and take the colour out of it and really, what would we seriously be
doing you know, if this was happening in Sydney?

(remote PCP 2)

The obligation for HTLV-1 action in Central Australia was
seen to lie with those belonging to a higher social class who have
greater capacity to instigate change; the scale of action required
held not as an impossibility, but rather asserted as a human right:

Are we all in this for our jobs? That’s the question that actually
has to be asked.. . .It’s very easy to say that (HTLV-1) is not
my responsibility, that’s somebody else’s responsibility. . . And
Aboriginal people know that. [But] people have to want to see
Aboriginal people improve for the right reasons with no self-gain
in that. . . [to] do it because we’re human beings.

(female town-based Aboriginal participant 1)

Although Aboriginal participants were made aware that
most individuals do not develop currently recognised HTLV-1
associated diseases (3), they remained concerned that no attempt
had been made to provide their communities with knowledge
about this lifelong infection:

I want to say for some of us, that could be late, you know. We might
have already got infected, which is a shame. . ..[if] I find that I have
it. You know, it’s just going to turn my world upside down. That’s
when I’m going to worry about my partner and my kids, you know.
What if they have it too? And my grandchild, you know?

(male remote community member 2∗)

If people have known about this for as long as you say, the question
more is, then what have all of those highly paid individuals been
doing with that information and that knowledge, and what role
have they played in withholding that information and ah, to some
extent they’re culpable for Aboriginal people not getting relevant
information and access to the services that they require. . . And if
this (HTLV-1) is already occurring, then my guess is some of my
people have died because of this.

(female town-based Aboriginal participant 1)

In the remote community, HTLV-1 knowledges assumed a still
more personal nature as participants reflected on the death of a
community member due to ATL:

I think I heard about this [time frame redacted] when somebody
from this community passed away. Like, I think this is the story.
’Cause they (the deceased) was happy and like, they didn’t know
they had it.. . .And then it caught them later on.

(female remote community member 1∗)

Deaths resulting from ATL are uncommon, however,
participant narratives revealed the profound psychological
impact that such a loss can have on surviving residents of a

small remote community (adult ERP, 140). Seven of ten remote
community participants voiced concerns about HTLV-1 in the
context of the death of this community member, including
fears that their relatives, or they themselves might be infected.
In contemplating HTLV-1, its silent transmission, possible
progression to disease and its neglect by those responsible for
public health, participants questioned their own and their family’s
HTLV-1 status:

Do we just have the same thing as them (the deceased)?

(male remote community member 3∗)

Our people don’t even know about that, you know. . .it’s [the virus
is] like a ticking time bomb (male remote community member 2∗).

Clearly, the HTLV-1 experience was very intimate to
participants in this community.

Social risks that have the potential to overlap with experiences
of HTLV-1 were conceptualised, and lamented, by many
participants. One remote community member stressed the
potential attribution of positive HTLV-1 status to promiscuity,
and raised concerns that this might be associated with shame, and
with social and family division:

. . .So it’s like, really careful to talk to people about anything.
Especially people in the same family. . .if family’s getting all cheeky
(in this context, aggressive) or anything, then they’ll go and pull this
out. . .

(female remote community member 1∗)

The same participant questioned the value of providing results
of HTLV-1 tests to community members:

What if you tell them they have this, and you have no medicine for
it? How do you think they’re gonna feel? That’s what I’m thinking
like, just don’t talk to them.

(female remote community member 1∗)

This view was not shared by others in the remote community.
However, participants reinforced the requisite that the concept
of HTLV-1 be demystified; that even in the absence of a cure, a
clinical pathway, the ‘what next’ (female town-based Aboriginal
participant 1), be offered to affected individuals:

If you give us the information, everyone talks about this. Education
is power.

(female town-based Aboriginal participant 2)

Theme 4. Reflections on Breastfeeding
Consistent with the demands made by healthcare professionals
working in the Aboriginal community-controlled health sector
(21), HTLV-1 testing is not included in antenatal screening
in Central Australia. Nevertheless, the HTLV-1 status of some
women of reproductive age is known because they were tested
for clinical reasons before pregnancy. Poor health literacy and
uncertainty around securing informed consent was identified by
healthcare professionals as a major obstacle to the instigation of
antenatal testing:
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Rather than testing everyone, they only test a select group because
they find to explain it (HTLV-1) and ensure, you know, informed
consent, is too difficult. So that’s why it hasn’t happened.

(hospital midwife 1)

Despite these challenges, however, participants who worked
in maternal health also expressed their unease with the tension
between equity in maternal care and the failure to include HTLV-
1 testing in antenatal screening:

You’re taking choice away from people. They can choose not to be
tested, but they should have the right to have it offered.. . . I think
it’s going to be a big issue here, in the long term. Once the full
extent and it gets more publicised and more known. It’s going to
be a serious problem for Central Australia. As in, a human rights
violation. . .those children, if they become well-educated and stuff,
you know, they may well have a case against the health system for
not protecting their interests.

(remote midwife 1)

In general, participants who worked in maternal health were
unsympathetic to narratives in which the disclosure of HTLV-1
knowledges is resisted:

What are they (healthcare professionals) frightened of? That people
can’t wrap their heads around the fact that you know, you can
be asymptomatic? Do they think that Aboriginal people can’t
understand that concept?

(specialist physician 4)

At the same time, the tension between sharing HTLV-1
information and the need to promote breastfeeding clearly
preoccupied maternal healthcare professionals. Recognising the
importance of breastfeeding to infants in remote Aboriginal
communities, ASH guidelines recommend individualised
management of HTLV-1 infected mothers according to her social
circumstances and the family’s ability to provide safe alternatives
to breast milk. Nevertheless, the acceptance of these guidelines
remains low:

We’re not going to do that. We’re not going to tell people at
six months or twelve months, whenever the hell it says, to stop
breastfeeding. If people are still breastfeeding at six months, the risks
associated with not breastfeeding are huge. . .So I don’t think we
liked that policy, and that’s where I got to.

(town-based midwife 1)

It’s like all guidelines, we do write them, but do I think my staff do
it? No, but anyway, you have to do it to start.

(specialist physician 4)

Breastfeeding Perceptions of Aboriginal Women
Aboriginal women reiterated the concerns that were raised by
healthcare professionals, and which are incorporated in ASH
guidelines, about difficulties in accessing safe alternatives to
breast milk. The safety of breast milk substitutes was thought
to be compromised by high cost, uncertain access, inadequate
storage facilities, poor hygiene, substandard water quality in some
remote communities, the high mobility of some families and

social stigma. Breastfeeding was also identified with certain social
benefits including having a soothing role in families under stress
and contributing to reflective bonding between women who
come together to feed. All participants were troubled by the ripple
effect of interrupted breastfeeding on the interwoven experiences
of attachment, food security and collectivity, particularly in a
low-resource, remote setting:

So then what? The bond between us and our children is impacted,
the nourishment of our children is impacted. . . The [up to] $80 for
formula, the $80 for the box of nappies. You’re already looking at
$160 just to keep that little person surviving. And that’s $160 that
doesn’t get to be spread around the household of 30 others, you
know, with the overcrowding situation, and in line with what we
do, with regards to our obligations [cultural, and to family].

(female town-based Aboriginal participant 1)

Of the 12 Aboriginal women who shared their personal
experiences, 10 reported breastfeeding well into the child’s second
and third birth year. Breastfeeding cessation was often expressed
as a response to the child’s strength and physical development as
opposed to chronological intervals (75). Many women, including
some who had bottle-fed their children, viewed breastfeeding
as best, natural, and right for the baby. Breastfeeding was also
identified as a protective factor aiding women to avoid peer
pressures to drink alcohol or to use other recreational drugs.
Midwives attested to this positive health story when there are
so many negative stories and statistics about Aboriginal health
(hospital/town-based midwife 1). Some referred to the crucial
and affirming intersection between breastfeeding and the right to
nutrition, and to life (76).

Nevertheless, it was identified that young Aboriginal women
may increasingly be choosing to bottle-feed. Several Aboriginal
participants, especially older women, grieved this change.
Others adopted a more flexible approach. There was a
strong voice for greater inclusivity regarding bottle-feeding
practices:

But the people that work in the health, sorry, but white people,
they think we’re breastfeeding really well when we’re sent home, you
know? They (women) just do it here (at the hospital) just to satisfy
the nurses and midwives.. . .They’ve already bought the bottles and
everything on their way out. But nine times out of ten [statistic
unverified] the person out of shame will tell the doctor what they
want to hear.

(female town-based Aboriginal participant 3)

. . .we also have to be responsive to culture changes. So culture
should evolve, and that does include about ways about how people
bring their children up. So there’s changes in culture anyway that
could impact on HTLV-1 and how it spreads. In this current
generation, breastfeeding is being questioned.. . .They want different
things to what their mums had. So they want a baby, there’s no
question about that. And they love their babies very much. But they
also still don’t want to be tied to that baby 24/7.. . .And they see
bottles as more convenient for that. They see things on tele[vision],
they see things on the internet.. . .They see other people bottle
feeding and well, why can’t we do that? I don’t think anyone’s done
actual research into who’s breastfeeding and who’s bottle, ’cause
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that’s a touchy subject.. . .It’s such a colonial pressure to say the right
thing to the right people.

(remote nurse 1)

Theme 5: Reflections on Sexual and
Reproductive Health: HTLV-1 as a
Sexually Transmissible Infection
Participants identified various structural deficiencies that
impeded the promotion of sexual health in remote Australia.
These included the absence of specific sexually transmissible
infection (STI) education for community members, difficulties
engaging with men due to long-standing challenges in employing
male AHPs (female town-based Aboriginal participant 4∗), and
difficulties with cultural navigation in communities where there
were no “Strong Women” (77) (remote midwife 1). Despite a
desire to harmonise Western sexual health perspectives with
Aboriginal realities, it was emphasised that entrenched power
inequalities that impede on sexual health promotion remain
unresolved:

We’ve had lots of literature; we’ve had lots of research. We’re still
researching it. We’ve had lots of education. The resources we’ve
got to educate people about it, they change over the years for the
generations. We are not getting anywhere with sexually transmitted
infections. And a lot of it comes back to power and control. . .about
women and saying no. And it’s really difficult, because you’re [as a
health professional] an authoritative person with a lot of power. We
have a medical model and an understanding in another perspective.

(remote nurse 1)

Although many healthcare professionals had not categorised
HTLV-1 as an STI, there was some agreement that that’s where
it fits (town-based/remote midwife 1) and that adding HTLV-1 to
that umbrella is useful (specialist physician 5). Some participants
regarded the incorporation of HTLV-1 into routine sexual health
screening, counselling and contact tracing as overdue. Some
participants, however, thought that including HTLV-1 as an STI
may be misleading due to a perception in the community that
STIs are treatable. Others referred to the possible low uptake of
condom use in long-term partnerships (41).

In addressing these challenges, participants spoke of the
influence that community mobilisation might have in reducing
the sexual transmission of HTLV-1:

If I think of the woman who has the gait problem, you know, her
confidently knowing that it (HTLV-1) was the problem, even if
nothing could be done about it. I think those people then might be
able to start a conversation with their community to then look at
people protecting themselves [with condoms].

(remote PCP 2)

Once a community knows about a certain thing, they definitely pass
it on to the next lot you know, friends and family.. . .It might be a
good idea to start in one community. Spread your wings from there.

(male remote community member 3∗)

I mean, it’s about having a community that think it’s the place where
we’re gonna crack this problem. To have people think that they really
are important to the rest of the country, or at least the rest of the

country they care most about.. . .With the possibility that it’s like
yeast, it might actually make the dough rise.

(remote PCP 3)

Comparison With HIV
Resonating with this notion of community initiative were
numerous references to the mobilisation of Aboriginal
communities during the HIV era (78–80). On learning
that HTLV-1 was first discovered in Central Australia
in 1988, Aboriginal participants were disappointed that
attention to HTLV-1 was eclipsed by the dynamism of HIV
initiatives:

When I was in schooling there was a lot of talk about that AIDS
thing but not realise that other disease (HTLV-1) there. But that
other disease (HTLV-1) been here all those time.

(female town-based Aboriginal participant 6)

We knew about that (HIV). We knew it was coming. Difference with
HTLV-1 is that already here. And we protected ourselves, you know?
Using stuff that you know, when you [are] having sex and all that.
To protect yourself. But this one is like a wolf in the night.

(male remote community member 2∗)

The parallels drawn between HTLV-1 and HIV by Aboriginal
participants signalled that they conceived it possible to
implement strategies to reduce HTLV-1 prevalence in their
communities. The community workers and those healthcare
professionals with international experience also emphasised the
efficacy of HIV programmes and their potential application in
Central Australia:

I say that HTLV-1 sickness in the blood. They (Aboriginal people)
understand me, you know. Blood cancer, sex things. It’s like HIV.

(female town-based Aboriginal participant 5∗)

Theme 6: Imagined Action
The possibility of an HTLV-1 public health agenda was
entertained by all participants; even those who were most
doubtful about the virus’ clinical significance or the value
of such an initiative. Participants were inclined to imagine
HTLV-1 literacy developing on a continuum in which a
consistent message is provided to individuals at various
junctions of clinical care and occurring simultaneously with
the development of community knowledges through health
promotion; each component being equal in a multi-level public
health endeavour (81).

Aboriginal participants expressed a desire to have HTLV-
1 testing made available to them via culturally safe health
messaging where community members are invited to request a
test or discuss their known status. Epidemiological surveillance
testing was not supported, and responses also indicated
difficulties with obtaining consent for de-identified data linkage
in research:

Our mob, like, we just don’t want our stuff [blood] floating
out there in never-never land. Don’t even know what’s touching
with it because still, that’s part of us you know. That’s what I
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think, and I think most of us would agree, we just don’t want
yous doing whatever.

(female town-based Aboriginal participant 2)

Healthcare professionals and Aboriginal participants
envisaged clinical and educational spaces where individuals
could approach HTLV-1 knowledges at their own pace. A shared
language, untroubled physical environment and the use of
visual aids were enmeshed in the aspirations of both groups.
Discussions about sexual wellbeing were identified as an
important touchpoint for the promotion of knowledges:

I think it’s safe to have those conversations. And they’re
conversations that have to be had. It’s how we go about doing it.. . .I
think we find now that a lot of health providers can break through
having those conversations with the affected individuals.

(female town-based Aboriginal participant 1)

Specific emphasis was placed on the complementary role
of Aboriginal community members who work with health
services. In particular, the readiness of Aboriginal people working
in healthcare (ALOs, AHPs, AHWs, and ACWs) to provide
cultural mediation—(re)presenting Western health paradigms
and addressing colonial processes that repress the sharing of
health knowledges between generations—was seen as a key
attribute in navigating the sensitivities presented by HTLV-1
transmission. The resolve of participants who held this status
testified to this position:

I’d like to know more about this HTLV so I can explain it to my
people.

(female town-based Aboriginal participant 7∗)

The suggestion of men’s and women’s wellbeing camps as a
means to facilitate this knowledge transfer gestured towards a
recognised practice in Aboriginal health (82, 83) that, according
to older Aboriginal participants, dates back to the HIV era.
Men and women shared previous experiences of going out bush
specifically to talk about their sexual health. Integral to coming
together was the stipulation that this occurred in gender-separate
groups away from the community, ensuring cultural safety and
confidentiality, and establishing the meeting as a protected
yarning space (84). There was consensus that the transmission
of HTLV-1 via sex and breastfeeding were appropriate discussion
topics at such camps.

Despite the socio-economic challenges, Aboriginal women
felt that the use of breast milk alternatives to protect
their children from transmission was possible. Healthcare
professionals, particularly those with a background in women’s
health, were also supportive of action via community clinics
that would assist remote women living with HTLV-1 to alter
breastfeeding practises in order to reduce viral transmission.
There was agreement that an integrated approach, where all
healthcare professionals own HTLV-1 (hospital physician 4) would
ensure that families are offered continuous support. However,
Aboriginal women also highlighted the limitations of clinic-
based, patient-centred care for infected women in families where
parenting is non-nuclear (75), indicating that breastfeeding

practices and how they relate to supporting women with HTLV-1
is an area for further exploration.

Finally, a chronic disease model was suggested as a
framework for HTLV-1 patient management, with some
healthcare professionals already incorporating principles of
chronic disease management with HTLV-1 positive patients.
Regular dermatological examination of a young child infected
maternally from a mother with a high HTLV-1 PVL and end-
stage bronchiectasis, was one example of this.

In the absence of direct acting antiviral agents and limited
treatment options for HTLV-1 associated inflammatory diseases,
the value of pursuing new HTLV-1 knowledges was recognised:

Because we might be missing a whole lot of prevention and
treatment. But we don’t know, so we need to be both researching
and practicing. Bringing it (HTLV-1) online quickly and studying it
at the same time, as opposed to a you know, a twenty-year study if
you’re going to do it from birth. And that’s really too long.

(remote PCP 1)

Importantly, the acknowledgement that an extant preventative
approach may lead to improved community awareness of HTLV-
1 challenged counter-narratives in the data, which postulated that
HTLV-1 knowledges continue to be withheld from Aboriginal
communities until the science and epidemiology of the virus is
fully understood.

DISCUSSION

Although HTLV-1 was first found to affect Aboriginal Australians
in Central Australia and the far north of Western Australia
in 1988 (12), there has been no coordinated public health
response to reduce transmission in this population. In the first
qualitative study to examine perceptions toward HTLV-1 in
Central Australia, we identify possible causes for this lack of
progress across several thematic areas: (i) assumptions about
Aboriginal people by non-Aboriginal health professionals; (ii)
perceptions of HTLV-1 among these health professionals; (iii)
ethical considerations, and (iv) concerns voiced by Aboriginal
people themselves (Figure 2).

A salient barrier to HTLV-1 prevention in Australia is a focus
on the low number of Aboriginal deaths resulting from ATL, a
narrative historically rooted in the interpretation of Aboriginal
socio-cultural beliefs by non-Aboriginal clinicians (85, 86) and
the perception that HTLV-1 would not be considered a priority
by Aboriginal people (87). Discordant perceptions of HTLV-
1, particularly between hospital-based specialist physicians and
physicians in primary care, continue to limit access to HTLV-
1 healthcare and to obscure the representation of HTLV-1 to
patients and their communities. While clinicians universally
acknowledged that HTLV-1 has been a cause of death for
some Aboriginal people, only 10 of 26 healthcare professionals
in this study directly stated their support for a public health
response to reduce the risk of HTLV-1 transmission among
Aboriginal people.

Central Australia has the highest regional adult HTLV-1
prevalence worldwide (39%) (19), with a 50% prevalence among
those older than 45 years (88). Each of the major clinically
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FIGURE 2 | Barriers to the prevention of HTLV-1 in Central Australia. Modified figure © PresentationGO.

recognised HTLV-1 associated diseases have been reported in
this region including HAM (7, 16), HAPD (19), uveitis, infective
dermatitis (7, 89), and ATL (14, 15, 18), a condition that
has proved rapidly fatal in this remote Aboriginal population.
The evidence supporting a causal association between HTLV-
1 and chronic lung disease has been recently reviewed (8),
and bronchiectasis has been recognised as a disease association
of HTLV-1 in international guidelines of the British Thoracic
Society and the American Public Health Association (90, 91).
Increasing HTLV-1 PVL has a strong dose response effect on the
risk of developing ATL and HAM (92, 93), and this has been
repeatedly demonstrated for HAPD in hospital (10, 11, 94) and
community based studies in Central Australia (19, 88) where
the risk of adverse clinical outcomes and death is substantially
higher among those with a PVL exceeding one HTLV-1 copy

per 100 peripheral blood leukocytes (19). Significantly, 36% of
adults with HTLV-1 in a recent community survey had an HTLV-
1 PVL exceeding this level (88). Similarly, HTLV-1 seropositivity
is associated with increased mortality in all endemic areas where
this has been studied (9).

The present study highlighted the impact of a single
death due to ATL on surviving residents of an Aboriginal
community who were unaware of their HTLV-1 status, provoking
serious existential concerns with implications for individual and
collective wellbeing. In Brazil, higher rates of depression and
anxiety have been attributed to the risk of developing life-
threatening complications of HTLV-1 (95). In the remote context
of Central Australia, further social and cultural dislocation can
result from complications of diseases such as HAPD and HAM,
which require repeated visits to Alice Springs for treatment,
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and ultimate relocation to this regional centre if residence and
associated care in very remote communities can no longer be
supported (96).

Healthcare professionals in this study voiced concerns that
Aboriginal people would find it difficult to grasp the complex
nature of HTLV-1 and its associated diseases; a perspective that
contrasted sharply with that of Aboriginal participants, who
indicated that they wanted to increase their understanding of
HTLV-1. Differences between PCPs and specialist physicians in
their perceptions of HTLV-1 make the provision of clinically
accurate information to Aboriginal people difficult, a situation
rendered still more complex by the failure to fund HTLV-1 related
public health literacy information independent from the activities
of research institutes that have a potential conflict of interest in
this area. Beliefs held by non-Aboriginal clinicians with regards
to the capacity or desire of Aboriginal people to hold HTLV-
1 information follow a historical trajectory in Central Australia
that flows from similar views that were published 25 years
ago (85) and which were more recently expressed by PCPs at
the first Australian consultative HTLV-1 forum in 2018 (21).
Notably, this Federal Department of Health sponsored forum
was not attended by residents of affected Aboriginal communities
(21). The resulting consensus statement did not support the
implementation of a public health response to reduce viral
transmission in the affected population (21, 97), a position that
continues to deny productive pathways for HTLV-1 knowledge
sharing in Central Australia.

The major outcome of the Australian consultative HTLV-1
forum was a longitudinal study (21), the purpose of which is
to prospectively determine the impact of HTLV-1 on mortality
and illness among Aboriginal people living in Central Australia
(98). Whether Aboriginal communities must experience a specific
level of morbidity due to HTLV-1 or a certain number of
HTLV-1 attributable deaths before a public health response
is implemented has not been made clear (98). However, the
present study suggests that this approach has inadvertently
encouraged Central Australian clinicians to disregard evidence
of HTLV-1 pathogenicity while they await the results of what
they perceive to be the definitive study. Significantly, due to
the inability to exclude at baseline participants with pre-existing
HTLV-1 associated conditions, such as neurological diseases
not diagnostic of HAM (99) or small airway disease which is
commonly associated with HAPD (8), such a study will not
be able to accurately identify incident cases of most HTLV-1
associated diseases. Further, the reliance on data-linkage and
medical records in this remote context (98) will substantially
under-estimate true rates of these conditions (88) and it is
extremely unlikely that the 5 year follow-up period (98) will be
adequate to demonstrate an effect. The unrealistic expectations
that have been raised around this study therefore pose further
risks to Aboriginal people who may have to wait years for the
results of a project with major limitations before they receive
pertinent knowledge that could reduce the risk of HTLV-1
transmission in their communities.

Accordingly, and despite the evident risks posed by HTLV-
1 infection in this highly endemic region, the majority of
healthcare professionals interviewed avoided considering HTLV-
1 associated diseases in their clinical practice, requiring that

“causation” for entities other than ATL and HAM be established
before they would either change their clinical practice or
advocate for a public health initiative. Three of eight PCPs
interviewed explicitly doubted the pathogenic potential of HTLV-
1 despite acknowledging that ATL is a cause of death in Central
Australia. The rationale for not supporting a public health
response to HTLV-1 was based on the ethical principle of
non-maleficence and the perception that sharing knowledges
about HTLV-1 was likely to be harmful to Aboriginal people.
For example, many healthcare professionals grappled with
HTLV-1 testing as either “right” or “wrong” in an abstract
moral sense that did not countenance any possible benefit
to patients or their communities. Benefits to the individual
that might be expected to result from securing a diagnosis,
such as preventing futile cycles of investigation, accessing
treatment for some HTLV-1 associated diseases, gaining access to
specialist support and allowing patients to gain agency over the
disease process were not considered by the majority of clinical
participants, nor was the potential for any associated public
health benefit acknowledged.

The failure to implement a strategy to reduce HTLV-
1 transmission among Aboriginal Australians is in contrast
with measures taken to prevent HTLV-1 entering the non-
Indigenous Australian population. Since 1994, all Australian
blood donors—who are drawn from a population in which
HTLV-1 is not endemic—have been tested for HTLV-1 (100), and
post-exposure prophylaxis with anti-retroviral drugs is provided
without charge to clinical staff working in Central Australia
who are occupationally exposed to HTLV-1 (101, 102). The
Australian approach to its Aboriginal people differs markedly
from that of two other developed countries in which HTLV-1
is endemic. In Canada, a single death due to ATL and fewer
than 20 identified HTLV-1 cases among First Nations people
in Nanavut prompted a rapid and comprehensive public health
response (103–105). Similarly, HTLV-1 incidence rates fell by
80% in Japan (24) following the introduction of a systematic
public health program that reduced infant exposure to HTLV-1
through antenatal screening and recommendations to limit the
duration of breastfeeding (24). This was followed by a public
policy response emphasising research, awareness-raising, care
coordination and counselling by trained counsellors (106). In less
wealthy countries, including Brazil and French Guiana, women
with HTLV-1 have been advised not to breastfeed (38, 107).
A more structured public health intervention appears likely in
the North and Northeast regions of Brazil where infection rates
are 1% and where there are long established, multidisciplinary
HTLV-1 clinics providing care to those living with HTLV-1 (108–
110). Similar clinics were established as part of the national
retrovirology service in the United Kingdom, a country that is not
considered to be endemic with HTLV-1 (111). Notwithstanding
the extraordinarily high adult HTLV-1 prevalence in Central
Australia (88), no funding has been provided for a similar
dedicated HTLV-1 clinic in this region.

Although our data are drawn from a remote Australian
context, many of the issues raised resonate with other affected
populations. Establishing meaningful community-based control
of HTLV-1 health literacy and clinical management is rendered
difficult by the disenfranchised nature of communities impacted
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by HTLV-1 around the world (112). The stories of affected
individuals are rarely in the spotlight of public health policy
development, a marginality that is further exacerbated by
the clinical consequences of HTLV-1 diseases that can limit
social participation (42). In Australia and elsewhere, health
professionals who have no personal experience of HTLV-1 and
are largely derived from a privileged socioeconomic group
dominate discussions about public health policy and determine
what information is received by those who are directly affected.
This is contrary to themes of empowerment, community control
and agency that are emerging in approaches to sexual health
promotion for other STIs in remote Australian settings (113–
115) and which have been successful in reducing transmission
and stigmatisation for HIV (80). A similar absence of HTLV-
1 initiatives led participants in a study from French Guiana to
express a preference for infection with HIV on the grounds that
the virus was better understood by their communities (38).

Importantly, our study begins to draw attention to the
sexual and reproductive challenges faced by remote Aboriginal
women in navigating experiences of HTLV-1. Condom-less sex
is considered to be the predominant pathway for HTLV-1
transmission globally (23) and in contrast to HIV, women are at
much greater risk of acquiring HTLV-1 by sexual transmission
than are men (116). Experiences of gender inequality therefore
intersect with risk of infection among potential carriers (117,
118). Only two qualitative studies in Brazil have explored gender
imbalances in relation to HTLV-1 (40, 41) and few Australian
studies have highlighted the difficulties encountered by women
negotiating condom use in remote settings (119, 120). Women
with HTLV-1, who often reside in impoverished communities
where adherence to recommendations to limit breastfeeding is
extremely challenging (121), also bear most of the responsibility
for making difficult decisions regarding breastfeeding (38, 39).

It was determined at the Australian consultative HTLV-1
forum in 2018 that offering families routine antenatal screening
would place an unnecessary burden on Aboriginal women (21).
Consequently HTLV-1 testing is not part of routine antenatal
care in Central Australia (122) and advice to breastfeeding
mothers with HTLV-1 who were previously tested for clinical
reasons is individualised according to ASH guidelines (123). In
the present study, Aboriginal women felt that the use of breast
milk alternatives to protect their children from transmission
was possible, a finding that resonated with a qualitative study
with Noir-Marron women in French Guiana (38). The imagined
support for mothers with HTLV-1 was a significant story in
our data which, in the face of anticipated challenges, powerfully
underpinned Aboriginal understandings of health, resilience and
cultural continuity that transcend Western constructs of social
determinants, risk and time (124–126). Supporting women with
HTLV-1 and normalising their experiences by integrating HTLV-
1 awareness into relevant aspects of women’s healthcare will
be crucial to any attempt to prevent maternal transmission in
Central Australia.

The present study was able to explore perceptions to HTLV-1
among representatives of three stakeholder groups: hospital-
based specialists, primary care physicians and Aboriginal people
residing in Central Australia. Narrative inquiry, or yarning,

privileged the grounded contributions of research participants
and in this study yielded a resonant metanarrative in which
the perspectives of stakeholders could be compared, contrasted
and reconciled. Nevertheless, several important limitations must
be acknowledged. Although only one Aboriginal participant
required an interpreter, the use of primary languages for other
participants may have provided a richer data narrative, although
it is notable that all other Aboriginal participants chose to
discuss this difficult topic in English. A self-selection bias in
which those more interested in the subject responded to calls for
interviewees is also possible, in particular in a remote area where
health professionals have a heavy caseload with many competing
priorities. Attempts to involve three ACCOs were unsuccessful
due to the demands made of their health promotion services by
SARS-CoV-2, and two ACCHOs declined to participate (in one
case due to involvement in the Federal Department of Health
HTLV-1 longitudinal study). The study did not include the far
north of Western Australia (the Kimberley region), where HTLV-
1 has previously been identified (12). Further, our data relates
to Central Australia and may not be relevant in other endemic
HTLV-1 settings.

Nevertheless, the perceptions of healthcare workers in our
study remained consistent with those in the published literature
(21, 85–87) suggesting that their expressed opinions reflect
those of a section of the healthcare workforce in this region.
Local HTLV-1 clinical guidelines are being developed, the
dissemination of which may alter the views expressed by some
health professionals in this study. However, our study also
found that the uptake of breastfeeding guidelines at ASH was
compromised by the beliefs of staff members, and the provision
of more comprehensive clinical guidelines is unlikely to change
the perceptions of healthcare professionals unless these are
accompanied by a suite of public health measures. Understanding
the factors that influence the attitudes of healthcare professionals
toward HTLV-1 in Central Australia will be critical to the
successful introduction of clinical guidelines (Figure 2).

Capitalising on international interest in the high prevalence
of HTLV-1 in Central Australia (127), in 2018 experts wrote an
impassioned letter to the World Health Organisation (WHO)
requesting that the organisation acknowledge the significance of
HTLV-1 and support the implementation of prevention measures
across all modes of transmission in accompaniment with the
education of healthcare professionals and the general population
(128). The recent addition of HTLV-1 to the WHO’s Department
of Global HIV, Hepatitis and STI Programmes (129) may assist
public health authorities to develop community-based strategies
to reduce HTLV-1 transmission. Concerns about stigmatisation
following contact tracing, however, were prominent in our
study as they are in other settings (130), and this presents
practical difficulties to the inclusion of HTLV-1 testing in the
routine STI screening of marginalised populations. Nevertheless,
a systematic public health response to prevent HTLV-1 infection
is otherwise possible, and this is made still more important by
the absence of effective antiviral therapies (131). Participants in
the present study were able to foresee a structured prevention
program in which strong, community-led health promotion is
combined with a clear clinical pathway. However, the public
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health leadership and genuine engagement with Aboriginal
communities that is required for such an approach is yet to
emerge in remote Australia.

NOMENCLATURE

A discussion regarding the various appellations for Australia’s
Indigenous populations was beyond the scope of this manuscript.
We predominantly use the term “Aboriginal” as it broadly
describes the cohort of populations in Central Australia.
Conforming to international human rights language, on occasion
we use the term “Indigenous” to locate the experience of
Australian Aboriginal people within a global movement that
recognises and prioritises Indigenous lives.
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HIV pre-exposure prophylaxis (HIV-PrEP) is effective in reducing the likelihood of HIV

acquisition in HIV-negative people at high risk of exposure. Guidelines recommend

testing for sexually transmitted infections (STIs) before starting, and periodically on

PrEP, including bacterial infections, HIV, hepatitis C virus, and, for those who are

non-immune, hepatitis B virus. Diagnosed infections can be promptly treated to reduce

onward transmission. HTLV-1 is not mentioned; however, it is predominantly sexually

transmitted, causes adult T-cell leukaemia/lymphoma (ATL) or myelopathy in 10% of

those infected, and is associated with an increased risk of death in those without any

classically HTLV-associated condition. The 2021 WHO Technical Report on HTLV-1

called for the strengthening of global public health measures against its spread. In

this scoping review, we, therefore, (1) discuss the epidemiological context of HIV-PrEP

and HTLV-1 transmission; (2) present current knowledge of antiretrovirals in relation to

HTLV-1 transmission prevention, including nucleos(t)ide reverse transcriptase inhibitors

(NRTIs) and integrase strand transfer inhibitors (INSTIs); and (3) identify knowledge gaps

where data are urgently required to inform global public health measures to protect

HIV-PrEP users from HTLV-1 acquisition. We suggest that systematic seroprevalence

studies among PrEP-using groups, including men who have sex with men (MSM), people

who inject drugs (PWIDs), and female sex workers (FSWs), are needed. Further data are

required to evaluate antiretroviral efficacy in preventing HTLV-1 transmission from in vitro

studies, animal models, and clinical cohorts. PrEP delivery programmes should consider

prioritizing the long-acting injectable INSTI, cabotegravir, in HTLV-1 endemic settings.

Keywords: HTLV-1, PrEP (pre-exposure prophylaxis), antiretroviral (ARV), transmission prevention, integrase

inhibitors, nucleoside reverse transcriptase inhibitor (NRTI), PEP (post-exposure prophylaxis)

BACKGROUND

HIV pre-exposure prophylaxis (PrEP) reduces the likelihood of HIV acquisition and is
recommended for high-risk groups. Indications include being HIV-negative and reporting anal
or vaginal sex plus any of (1) HIV-positive partners with unknown or detectable viral load, (2) a
bacterial sexually transmitted infection (STI), and (3) inconsistent condom use; or injecting drugs,
and sharing injecting equipment or injecting with HIV-positive partners (1).
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Guidelines recommend STI testing before starting and,
periodically on PrEP (1) given the increased risk for STI
acquisition. This includes testing for bacterial infections, HIV,
hepatitis C virus (HCV), and for non-immune patients, hepatitis
B virus (HBV). Diagnosed infections are promptly treated to
reduce onward transmission. HTLV testing is not mentioned
(1, 2), although HTLV-1 is predominantly sexually transmitted
and causes adult T-cell leukaemia/lymphoma (ATL) or HTLV-
1 associated myelopathy (HAM) in ∼10% of those infected,
and is associated with an increased risk of death (Relative Risk
(RR) 1.57, 95%CI 1.37–1.80) in those without any classically
HTLV-associated condition (3). HTLV-1 is endemic in South
America, the Caribbean, Sub-Saharan Africa, Romania, Iran,
Japan, and Melanesia. Populations with high seroprevalence are
also described within many non-endemic countries. However,
data for >2/3 of the global population are lacking (4, 5).

In 2021, the WHO HTLV-1 Technical Report called for the
strengthening of public health measures against its spread (6). In
this review, we (1) discuss the epidemiological context of HIV-
PrEP and HTLV-1 transmission; (2) present current knowledge
of antiretrovirals in relation to HTLV-1 transmission prevention;
and (3) identify knowledge gaps where data are required to
inform the global public health measures to protect HIV-PrEP
users from HTLV-1.

HIV PRE-EXPOSURE PROPHYLAXIS

Efficacy
The current US Food and Drug Administration-approved HIV-
PrEP antiretrovirals are an oral combination of nucleos(t)ide
reverse transcriptase inhibitors (NRTI), emtricitabine (FTC)
plus either tenofovir disoproxil fumarate (TDF) or tenofovir
alafenamide (TAF), taken daily or episodically around a potential
exposure, or intramuscular, twice-monthly injections of the long-
acting integrase strand transfer inhibitor (INSTI), cabotegravir.
Randomized trials have shown the efficacy of TDF/FTC (7,
8) and TAF/FTC (9) PrEP in preventing sexual transmission
of HIV-1 (86–97%), with most PrEP failures arising from
reduced adherence to oral regimens. The efficacy of injectable
cabotegravir is superior (10, 11).

Characteristics of Groups Using, or Eligible
For, HIV-PrEP
Men who have sex with men (MSM) are the major PrEP-user
group in industrialized countries. In the UK, 96% of 24,255

Abbreviations: 3TC, lamivudine; ATL, adult T-cell leukaemia/lymphoma;

AZT, zidovudine; CCR5, C-C Motif Chemokine Receptor 5; CD4, cluster of

differentiation 4; CRAI, condomless receptive anal intercourse; CSF, cerebrospinal

fluid; FSW, female sex worker; FTC, emtricitabine; HAM, HTLV-1 associated

myelopathy; IFN, interferon; INSTI, integrase strand transfer inhibitor; MSM,men

who have sex with men; MTCT, mother to child transmission; NF-kB, nuclear

factor kappa-light-chain-enhancer of activated B cells; NNRTI, non-nucleoside

reverse transcriptase inhibitor; NRTI, nucleos(t)ide reverse transcriptase inhibitor;

PBMC, peripheral blood mononuclear cell; PCOAN, phosphonated carbocyclic

2
′

-oxa-3
′

aza nucleosides; PEP, post-exposure prophylaxis; PrEP, pre-exposure

prophylaxis; PVL, proviral load; PWID, people who inject drugs; RT, reverse

transcriptase; STI, sexually transmitted infection; STLV-1, simian T-lymphotropic

virus type 1; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

users were cis-gender MSM (12). Approximately 1.14 million
U.S. adults have indications for PrEP, namely, 71% MSM, 23%
heterosexual, and 6% people who inject drugs (PWIDs); notably,
69% were black or Latino (13). In non-industrialized settings,
PrEP-user demographics differ. In Kenya, Lesotho, and Tanzania,
77% of 47,352 PrEP-users were women; 50% overall were female
sex workers (FSWs) (14).

The MSM and others at risk of HIV acquisition in HTLV
endemic countries are increasingly interested in, or already using,
PrEP, including Brazil (15), Peru (16), Jamaica (17), and Nigeria
(18). In a Brazilian PrEP delivery study, 450/738 (61%) of MSM
and transgender women accepted an offer of PrEP (15). Across
Brazil, the country with the greatest number of HTLV cases at
almost 1 million (19), PrEP demand amongst eligible MSM was
estimated at 66,000–98,000 (20). In Japan, modeling suggests
that PrEP roll-out would reduce HIV transmission and will
likely expand, although prescriptions are not yet widely accessible
(21). HIV incidence in indigenous Australians is increasing, a
group with one of the highest HTLV seroprevalences in the
world (37%, 213/578) (22), and targeted PrEP programmes are
expanding (23).

HTLV-1 Seroprevalence Amongst Groups
Eligible for HIV-PrEP
Amongst STI clinic attendees in Jamaica, multiple partners,
condomless sex, and a history of STIs or anogenital ulcers were
associated with increased HTLV risk (24). HSV-2 seropositivity
was associated with increased HTLV-1 seroprevalence amongst
UK STI clinic attendees (25).

The HTLV-1 seroprevalence may be increased in MSM in
endemic and non-endemic settings (Table 1). In Barbados, 0.7%
(1/134) of a predominantly MSM cohort tested HTLV-1 positive
at PrEP baseline (26). HTLV risk factors in MSM include HIV
(27), multiple partners, condomless receptive anal intercourse
(CRAI), syphilis, and HSV-2 (28), a profile that overlaps with that
of PrEP-users (29, 30). HTLV-1 seroprevalence in HIV-positive
individuals, including MSM, has been reviewed previously and is
generally increased compared with that of the general population,
indicating either greater exposure or susceptibility (31).

Increased HTLV-1 prevalence is reported amongst FSW
in endemic settings. A systematic review in Latin America
demonstrated greater prevalence than in blood donors or
pregnant women, up to 21.8, 0.9, and 1.7%, respectively, in
Peru (4, 73). A systematic review in Africa, mostly of endemic
countries, identified increased HTLV-1 seroprevalence in FSWs
although the difference could have been due to chance (74). In
non-endemic settings, HTLV seroprevalence in FSW varies, for
example, 0.3% in Spain (HTLV-1) (75) and 6.7% (HTLV-1/2) in
the USA (76).

A high HTLV seroprevalence has been reported in PWIDs.
HTLV-1 and HTLV-2 seroprevalence amongst HIV-1 positive
PWID in Sao Paulo was 15.3 and 11.1%, respectively (37). HTLV-
2 seroprevalence amongst U.S. STI clinic attendees was 7.6% vs.
0.7% for PWIDs vs. non-PWIDs, respectively (77). In other non-
endemic countries, no HTLV cases among PWID were found, as
in Germany (78).
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TABLE 1 | HTLV-1 seroprevalence studies amongst men who have sex with men.

Country name HTLV-1

seroprevalence in

MSM [*indicates

HTLV untyped]

Notes HTLV-1 country-specific

seroprevalence in the general

population, pregnant women

or blood donors [ECDC 2015

(4)]

Reference

HTLV-1 endemic

Brazil (Central—Mato Grosso do

Sul)

0.7% (3/430) 0.4% (GP)** (32)

Brazil (North—Para) 0.9% 1/107 HIV coinfected 0.4% (GP)** (33)

Brazil (North—Para) ≥1.6% (2/124) 2/2 HIV-1 coinfected. 4 cases of HTLV-2 in

MSM also seen. Denominator comprised

HIV-infected MSM and heterosexuals.

0.4% (GP)** (34)

Brazil (North East—Ceara) 0.6% (1/171) HIV-1 coinfected. CSW and PWID. 0.4% (GP)** (35)

Brazil (South East—Campinas, Sao

Paulo)

1.4% (8/558)* 8/8 HIV uninfected 0.4% (GP)** (36)

Brazil (South East—Sao Paulo) 0.9% (2/229) 2/2 cases HIV-1 coinfected. 1 additional

HTLV-2 case (0.4%)

0.4% (GP)** (37)

Brazil (South East—Rio de Janeiro) 4.7% (6/128) 2/6 cases HIV-1 coinfected 0.4% (GP)** (27)

Brazil (South—Rio Grande Do Sul) 2.9% (15/525)* 0.4% (GP)** (38)

Brazil (South—Rio Grande Do Sul) 7.0% (5/71)* 5/5 HIV-coinfected 0.4% (GP)** (39)

Burkina Faso 4.0 (13/329)* 1.0% (PW) (40)

Dominican Republic 1.5% (1/68) HIV-uninfected 1.2% (BD) (41)

Dominican Republic 26.7% (8/30)* All cases were casual sex workers and/or

PWID

1.2% (BD) (42)

Jamaica 4.8% (6/125) 1/6 cases HIV-1 coinfected 2.5% (BD) (43)

Peru 2.0% (53/2655) Additionally, 1.3% HTLV-2 (33/2655).

Includes 5 (0.2%) with HTLV-1 + HTLV-2

coinfection. 24/86 (27.9%) HTLV cases

were HIV-1-coinfected

1.7% (PW) (44)

Peru 6.2% (3/48) 1/3 cases HIV-1 coinfected 1.7% (PW) (45)

Peru 2.7% (2/74)*** 1.7% (PW) (46)

Trinidad 15.7% (14/89) 5/14 cases HIV-1 coinfected 1.5% (BD) (47)

HTLV-1 non-endemic

Argentina 0.4% (3/682) 1/3 HIV-coinfected 0.02-−0.9% (BD) (48)

Argentina 0.5% (1/200) HIV uninfected 0.02-−0.9% (BD) (49)

Argentina 1.3% (1/75) HIV-1-coinfected 0.02-−0.9% (BD) (50)

Australia 0.5% (1/200) 1 additional patient was HTLV-1

seropositive by ELISA with insufficient for

confirmatory western blot

0% (BD), 33.3% (IAP) (51)

France 0/32 0.005% (FTBD) (52)

Indonesia 0.7% (1/143)* HIV uninfected 0% (GP) (53)

Italy 1.4% (4/285) 0.02% (PW) (54)

Italy 7.8% (5/64) 5/5 HIV uninfected 0.02% (PW) (55)

Italy 11.5% (6/52) 6/6 HIV-1-coinfected. All South American

male to female transexuals.

0.02% (PW) (56)

Italy 1.5% (1/66)* HIV uninfected 0.02% (PW) (57)

Mexico—Tijuana (North West) 1.0% (1/105)* 0% (PW), 0.3% (HW) (58)

Mexico—Guadalajara (West

Central)

2.1% 3/146*** HTLV ELISA and particle agglutination

positive, immunoblot indeterminate.

3/3 HIV-coinfected.

0% (PW), 0.3% (HW) (59)

Mexico—North East 0/87 0% (PW), 0.3% (HW) (60)

Mexico—Merida Yucatan (South

East)

0/47 0% (PW), 0.3% (HW) (61)

(Continued)
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TABLE 1 | Continued

Country name HTLV-1

seroprevalence in

MSM [*indicates

HTLV untyped]

Notes HTLV-1 country-specific

seroprevalence in the general

population, pregnant women

or blood donors [ECDC 2015

(4)]

Reference

Mexico—Yucatan (South East) 0/114 12.3% (14/114) were HTLV-2 infected. All

HIV-1-coinfected

0% (PW), 0.3% (HW) (62)

Netherlands 0.4% (3/697) Further 2/694 developed incident HTLV-1

during follow up.

2/5 were HIV-1 coinfected

0.004% (FTBD) (63)

Paraguay 3.4% (4/117)* No reliable data (64)

Singapore 1.6% (1/63) HIV-uninfected. All CSWs 0.03% (incidence in BD and PW) (65)

Spain 0/62 0.01% (PW) (66)

Tahiti 0.6% (1/167) 0% (GP), 0.25% (BD) (67)

USA—San Francisco 0/349 MSM-PWID cohort 0.005% (FTBD) (68)

USA—Los Angeles 0/634 HIV infected cohort 0.005% (FTBD) (69)

USA—Los Angeles 0.08-0.2% (1-3/1290) 1 case HTLV-1; 2 cases untyped. 1 case

HTLV-2. All HIV coinfected

0.005% (FTBD) (70)

USA—Los Angeles 0.08% (1/1276) HIV-1-coinfected 0.005% (FTBD) (71)

USA—Washington DC, New York,

Hawaii

0/316 0.005% (FTBD) (71)

USA—Washington DC 1.6% (3/187) 3/3 cases HIV-1 coinfected 0.005% (FTBD) (72)

*HTLV untyped.
**800,000/212,600,000 (Brazilian Ministry of Health)(19).
***HTLV sero-indeterminate.
BD, blood donors; FTBD, first time blood donors; CSW, commercial sex worker; GP, general population; HW, healthy women; IAP, indigenous adult population; PW pregnant women;
PWID, people who inject drugs.

HTLV-1 as an STI
The rising HTLV seroprevalence observed with increasing age
in Japanese and Brazilian cohorts suggests that the major mode
of transmission is sexual, with >80% of infections acquired in
adulthood (79, 80). Seminal fluid contains T-lymphocytes and
macrophages, cells permissive to HTLV infection, and enhances
HTLV-1 replication by transactivation of the long terminal
repeat promoter (81). Proviral DNA was detected in the cervical
fluid of 68% HTLV-1 infected women (82). Phylogenetics has
demonstrated sexual transmission within serodiscordant couples
(83) and sexual acquisition has been described in other case
reports, including subsequent rapidly progressive HAM (84, 85).

Male-to-female transmission is more efficient than vice
versa, with a four times greater relative transmission rate (86).
Sexual transmission risk per annum is ∼0.6–4.9% (86–89).
Data are limited on risk for male-to-male contact, for insertive
and receptive anal sex. Female-to-female transmission has not
been reported.

Reasons for increased efficiency of male-to-female
transmission may include enhancing co-factors or greater
lymphocyte content within a seminal fluid, inhibitory factors
in cervical fluid, or the greater area of susceptible mucosa in
the female genital tract. Most seroprevalence studies found
that HTLV-1 seroprevalence increases after menopause,
suggesting the mucosa becomes more susceptible after
this event. Amongst MSM, the association of CRAI with
transmission could be explained by the enhancing presence

of seminal fluid, or a greater area of susceptible anorectal vs.
penile mucosa.

THE ANTI-HTLV ACTIVITY OF
ANTIRETROVIRALS

Nucleos(t)ide Reverse Transcriptase
Inhibitors
Zidovudine

In vitro

Zidovudine (AZT) reduced HTLV-1 proviral DNA production
following co-culture of infected cell lines with lymphocytes when
added at time zero of infection (90–94) but with no impact when
added to cells with established infection (91). IC50 was reported
as 0.11µM (94). Enzymatic susceptibility of HTLV-1 and HIV-1
reverse transcriptase (RT) to AZT was equivalent (95).

In vivo

In an ATLmodel, where rabbits were inoculated intraperitoneally
with an HTLV-1 transformed cell line, AZT at time zero
prevented infection (96). In knockout mice inoculated with
human PBMCs and a chronically infected cell line (MT-2),
AZT at time zero blocked HTLV-1 infection, but not if given
1 week later (97). In baboons naturally infected with simian T-
lymphotropic virus type 1 (STLV-1), treatment with the histone
deacetylase inhibitor, valproate, which induces viral expression,
followed by AZT, persistently reduced the proviral load (PVL),
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with a rebound on treatment discontinuation (98). PVL decline
was associated with an increase in STLV-1-specific cytotoxic T-
lymphocytes. However, AZT did not impact PVL in patients with
HAM (99).

Zidovudine/Interferon-Alpha (IFN-Alpha)
The combination AZT/interferon (IFN)-alpha improves survival
and is the first-line treatment for certain ATL types (100,
101) although the mechanism is uncertain. Although treatment
is usually administered indefinitely, cases are described by
ATL remission following discontinuation (102). One report
demonstrated AZT/IFN-induced inhibition of HTLV-1 RT in
responding but not resistant patients with ATL (103), consistent
with direct antiviral effects. As RT-mediated viral replication does
not occur in malignant cells, this suggests antiviral activity in
the ATL microenvironment, either within infected cells or in
preventing de novo T-cell infection, as such cells are critical for
the survival of the malignant clone (104).

Lamivudine

In vitro

Lamivudine (3TC) protected lymphocytes from HTLV-1
infection in vitro, although with reduced potency vs. AZT (105),
in one study, 200 times lower (94). However, a methionine-
to-valine substitution in the conserved motif of HTLV-1 RT,
tyrosine (Y)-methionine (M)-aspartic acid (D)-aspartic acid
(D) (YMDD), conferred high-level lamivudine resistance. This
motif is homologous with that of HIV-1 RT, where the M184V
substitution confers lamivudine resistance, indicating HTLV-1
RT as the target of inhibition (94).

Others reported that lamivudine did not block infection (106)
and high-level resistance was observed in an RT enzymatic
assay (95). By homology with the reduced susceptibility to
3TC conferred by V118I in association with other HIV-
1 RT mutations, HTLV-1 RT resistance to 3TC may be
due to the naturally occurring presence of isoleucine at this
codon (107).

In vivo

Lamivudine therapy in five people with HAM initially reduced
the HTLV-1 proviral DNA load by 10-fold, with the nadir reached
over a variable period of 1–6 months. However, the effect was not
sustained (99).

Lamivudine/Zidovudine
AZT-3TC therapy vs. placebo over 48 weeks in 16 patients with
HAM had no effect on PVL or clinical response (108) with
lack of effect not due to the development of phenotypic NRTI
resistance. AZT consistently inhibited HTLV-1 from primary
isolates; however, sensitivity was reduced compared to HTLV-1
from MT-2 cells and varied amongst patients. HTLV-1 RT from
both primary isolates and MT-2 cells was 3TC-insensitive (109).

Tenofovir and Adefovir (Acyclic Nucleoside

Phosphonates)

In vitro

Inhibition of HTLV-1 cell-to-cell transmission by tenofovir was
twenty times more potent in one study than AZT (94). Others

reported a similar activity of tenofovir and AZT (110). In cell-
free assays, tenofovir inhibited HTLV-1 RT enzymatic activity
(93). Others reported the activity of the prodrugs, TDF and TAF,
but not of tenofovir, in blocking HTLV-1 cell-to-cell transmission
(106). Adefovir and its prodrug, adefovir dipivoxil, approved
for anti-HBV therapy, were more active against HTLV-1 than
AZT (106). Other groups also observed the blocking of HTLV-1
infection of cells by TDF (111).

In vivo

Limited data are available on in vivo activity of tenofovir. In
a knock-out mouse model, TDF at time zero of inoculation
prevented infection, with no effect if administered 1 week later
(97). TDF administered for a mean of 9 months in six patients
with HTLV-1 had no benefit on PVL or clinical status (109). In
the analyses of primary isolates of HTLV-1 RT from patients’
peripheral blood mononuclear cells (PBMCs), variable sensitivity
to TDF was noted prior to and not altered by AZT/3TC exposure
in vivo, in contrast with consistent sensitivity to AZT (109).

Other NRTIs
Abacavir blocked HTLV-1 infection of cells in vitro although less
potently than tenofovir (94). The historic NRTIs, didanosine,
zalcitabine, and stavudine, were partially active (94, 95, 112). An

experimental NRTI class, phosphonated carbocyclic 2
′

-oxa-3
′

aza
nucleosides (PCOANs), prevented HTLV-1 infection of PBMCs
in vitromore potently than tenofovir and inhibited the growth of
infected cells (109, 110).

Integrase Strand Transfer Inhibitors
In vitro
INSTI, including raltegravir, inhibit HTLV-1 integrase and blocks
PBMC infection (113, 114). Barski et al. described INSTI effects
against HTLV-1 integrase enzymatic activity and cell-to-cell
infection. The EC50 for blocking infection was 0.3, 6.4, and
9.6 nM for bictegravir, raltegravir, and elvitegravir, respectively,
and 17.8 nM for TDF. Antiviral activities were comparable with
HIV-1 and HTLV-1 integrase (111). Dolutegravir exerted anti-
enzymatic activity but potency in blocking infection was not
evaluated (111).

In vivo
Raltegravir for 12 months reduced the PVL in patients with
HAM (n = 2) for the first 6 months followed by a rebound,
with no impact on the asymptomatic infection (n = 3) (115).
Genetic substitutions were not observed post-therapy, consistent
with a lack of drug selection pressure. Amongst patients with
HAM (n = 16) receiving 6 months of raltegravir, PVL in PBMC
and/or cerebrospinal fluid (CSF) declined in some individuals
but with no impact on the overall cohort. Spontaneous
lymphoproliferation, a measure of ex vivo T-cell activation, was
significantly reduced overall. Clinical measurements remained
stable (116).
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Other Antiretroviral Classes
Non-nucleoside Reverse Transcriptase Inhibitors
The non-nucleoside reverse transcriptase inhibitor (NNRTI),
dapivirine intravaginal ring, has been approved by the European
Medicines Agency for use as HIV-PrEP in high prevalence
settings (117, 118). However, NNRTI is ineffective against HIV-2,
a closer relative of HIV-1 than HTLV-1, and nevirapine exerted
no activity on HTLV-1 RT in vitro (95, 119). This may reflect the
greater sequence diversity in RT at the NNRTI-binding pocket
than at the substrate-binding site, and the dependence of NNRTI
binding on RT structure (120, 121).

Protease Inhibitors
Ritonavir inhibits ATL cell growth ex vivo, probably due to the
anti-nuclear factor kappa-light-chain-enhancer of activated B-
cells (NF-kB) activity rather than HTLV-1 protease inhibition
(122). The historic HIV-1 protease inhibitor, indinavir, did not
inhibit HTLV-1 (123). In vitro, darunavir weakly inhibits HTLV-1
protease; novel darunavir analogs have increased activity (124).

Entry Inhibitors
The anti-HTLV-1 activity of other antiretrovirals is unknown,
including the C-C Motif Chemokine Receptor 5 (CCR5) co-
receptor antagonist, maraviroc; fusion inhibitor, enfuvirtide;
attachment inhibitor, fostemsavir; or the post-attachment
inhibitor, ibalizumab-uiyk. However, a lack of anti-HIV-2 activity
of enfuvirtide and fostemsavir suggests inactivity against HTLV-
1. A lack of use of a cluster of differentiation 4 (CD4) receptors or
CCR5 co-receptors for HTLV-1 attachment predicts the inactivity
of ibalizumab and maraviroc, respectively.

Antiretrovirals: Summary
Data on HTLV-1 susceptibility to NRTIs are conflicting across in
vitro studies reflecting (1) different assays, particularly comparing
cell-to-cell transmission vs. enzyme inhibition, (2) cell-type-
dependent drug uptake and intracellular phosphorylation, (3)
RT sequence variation, and (4) intracellular RT activity, which
may vary with the cellular environment. In vivo, most studies
have yielded disappointing results for NRTI in established
HTLV-1 infection (106). Amongst INSTI, the second-generation
agent, bictegravir, showed greater potency in blocking HTLV-1
transmission in vitro than TDF. In vivo, the antiviral effects of
raltegravir in established infection have been disappointing.

The lack of antiretroviral activity in patients probably reflects
the greater contribution of HTLV-1-driven cellular proliferation
to PVL than viral replication. Extrapolating from HIV-1, a
predominance of HTLV-1 transmission through cell-to-cell
contacts over virus entry from plasma could reduce RT inhibitor
sensitivity, by producing a greater number of infection events
per target cell and, therefore, reducing the likelihood of all
transmitted viruses being exposed to drugs (106, 125).

NRTI and/or INSTI may be insufficiently potent to treat
established HTLV-1 infection. However, the signal for preventing
cell-to-cell transmission, mostly marked for AZT, TDF, and
bictegravir, suggests a potential role as HTLV-1 PrEP or post-
exposure prophylaxis (PEP).

Current Knowledge of HTLV-PrEP and
HTLV-PEP
It has been speculated that following exposure, HTLV-1
proliferation is first through viral replication and infectious
transmission, and then predominantly although not exclusively
by the mitotic expansion of infected clones (126). However, early
infection is asymptomatic and dynamics are poorly understood.
The effect of HIV-PrEP is likely through early inhibition of
HIV replication, before the infection is established, and similar
pre-exposure or post-exposure antiretrovirals with anti-HTLV
activity could plausibly prevent HTLV-1 transmission. However,
no studies have evaluated HTLV-PrEP, and information on
HTLV-PEP is limited to case reports.

HTLV-PEP

Organ Transplantation
In iatrogenically immunosuppressed patients infected with
HTLV-1 through organ transplantation, any initial phase
of infectious spread lasted no more than a few weeks
(127). For three organ recipients of one infected donor,
AZT/raltegravir was administered from days 17–26 to 43–
80 post-transplantation, following the detection of low-level
PVL. Peak proviral doubling time was achieved on days
38–45, followed by a steady state. HTLV-1 antibodies were
detected on days 16–39. Findings suggested rapid virus
dissemination despite antivirals, with both the early infectious
spread and mitotic expansion. No rapidly progressive HAM was
observed (127).

Elsewhere, AZT/3TC/raltegravir was initiated 24 h post-
renal transplantation from an infected donor for 1 month.
At PEP cessation, both PVL and HTLV antibodies were
undetected. Two months later, high-level PVL and HTLV-
1 antibodies were detected, followed by HAM. Antivirals
were re-initiated but HAM rapidly progressed (128). The
authors speculated that early PEP might delay but not prevent
viral propagation. AZT/3TC/raltegravir initiated within 1 week
of renal transplantation from another infected donor, and
continued for >18 months, did not prevent HAM development
in the recipient at 8 months. A second kidney recipient,
who received AZT/3TC/raltegravir in the first 2-months post-
transplant, and whose allograft was removed following rejection,
developed asymptomatic infection over 3 years of follow-
up (129).

Consensus, opinion-based guidelines recommend 6 weeks
of AZT/raltegravir PEP initiated within 48 h of transplantation
from an HTLV-1 seropositive donor; or as pre-emptive therapy,
where the donor’s HTLV-1 seropositivity is detected >48 h post-
transplant and the recipient’s PVL is undetected (130). Some
clinicians also recommend raltegravir post-stem cell transplant
for ATL as this may prevent infection of the donor’s lymphocytes;
however, data are required to evaluate this approach.

Neonatal
Although most mother-to-child HTLV-1 transmission (MTCT)
occurs via breastfeeding, intrauterine and perinatal infection is
also reported. Transmission rates are 7-32% for long term (>6
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months) breastfeeding vs. 2.5–5.7% for exclusive formula-feeding
(131). There are insufficient data on the use of antivirals to
preventMTCT. In UK patients with ATL,MTCT occurred in one
case where no antivirals were administered; no MTCT occurred
in two cases where maternal AZT/raltegravir plus neonatal AZT
were provided (132).

Occupational
Although occupational exposure, such as in healthcare workers,
is a recognized transmission route for HTLV-1 and HTLV-2
(133, 134), data on PEP efficacy are lacking. Some recommend 6
weeks of AZT/3TC/raltegravir after cellular fluid exposure from
an HTLV-1 source, especially with a known high PVL (135).

Sexual
There are no data on antiviral PEP after sexual exposure
to HTLV-1.

FUTURE DIRECTIONS

HIV-PrEP roll-out has critical implications for HTLV
transmission. First, sexually transmitted HTLV outbreaks
could occur, as described for HCV (136). Data are urgently
required to ascertain the risk and to inform public health
interventions. Seroprevalence studies amongst HIV-PrEP-
using groups, including MSM, PWID, and FSW, should be
performed. In other populations, HTLV seroprevalence may
vary considerably even within one country, probably due to
founder effects and high transmission rates. Epidemiological
findings should inform guidelines indicating country-specific
HTLV testing algorithms within PrEP programmes.

Second, PrEP programmes should evaluate antiretroviral
efficacy in preventing HTLV-1 transmission. Unlike HIV,
antiviral therapy to treat established HTLV is lacking, placing

greater emphasis on transmission prevention. Observational
cohort studies should measure HTLV-1 incidence in PrEP-users
and matched non-PrEP user controls. Cohorts should include
MSM and PWID, as most HTLV incidence data are from
heterosexual couple studies.

Third, further data on antiretroviral activity against HTLV-
1 transmission are required. This should include cabotegravir
in vitro and in animal models, including in combination with
NRTI. Antiretrovirals under development and clinical trials
should also be evaluated, particularly, long-acting agents such
as the HIV-1 capsid inhibitor, lenacapavir. Data could also be
obtained from HBV MTCT prevention studies of TDF, where
individuals are HTLV-1-coinfected and compared to non-TDF-
receiving controls; however, such studies might only assess the
effect of transplacental TDF to prevent intrapartum transmission.
In the interim, PrEP programmes should prioritize injectable
cabotegravir for roll-out in HTLV-1 endemic settings, both for
its predicted greater efficacy in blocking HTLV-1 transmission,
and superior efficacy in preventing HIV-1 transmission vs. oral
NRTI PrEP.

Finally, country-specific data are required to understand
HTLV-1 awareness amongst PrEP users, clinicians,
and community groups, including risk factors, clinical
consequences, treatments for HTLV-related conditions, and
measures to prevent onward transmission. Findings should
encourage campaigns to improve HTLV-1 knowledge and
clinical care.
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Human T-cell leukemia virus type 1 (HTLV-1) is an oncogenic human retrovirus which
causes a lifelong infection. An estimated 5–10 million persons are infected with HTLV-
1 worldwide – a number which is likely higher due to lack of reliable epidemiological
data. Most infected individuals remain asymptomatic; however, a portion of HTLV-1-
positive individuals will develop an aggressive CD4+ T-cell malignancy called adult
T-cell leukemia/lymphoma (ATL), or a progressive neurodegenerative disease known as
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). Few treatment
options exist for HAM/TSP outside of palliative care and ATL carries an especially
poor prognosis given the heterogeneity of the disease and lack of effective long-term
treatments. In addition, the risk of HTLV-1 disease development increases substantially
if the virus is acquired early in life. Currently, there is no realistic cure for HTLV-1
infection nor any reliable measure to prevent HTLV-1-mediated disease development.
The severity of HTLV-1-associated diseases (ATL, HAM/TSP) and limited treatment
options highlights the need for development of a preventative vaccine or new therapeutic
interventions. This review will highlight past HTLV-1 vaccine development efforts,
the current molecular tools and animal models which might be useful in vaccine
development, and the future possibilities of an effective HTLV-1 vaccine.

Keywords: HTLV-1, vaccine, envelope, retrovirus, glycoprotein

HUMAN T-CELL LEUKEMIA VIRUS TYPE 1 BACKGROUND

Epidemiology
Human T-cell leukemia virus type 1 (HTLV-1) was the first identified human retrovirus and is
the only oncogenic human retrovirus known to date (Poiesz et al., 1980; Hinuma et al., 1981).
An estimated 5–10 million individuals are infected with HTLV-1 worldwide (Gessain and Cassar,
2012). Pockets of endemic infection exist in Southwestern Japan, sub-Saharan Africa, parts of South
America, foci in the Middle East, Australo-Melanesia, and the Caribbean. However, given the
modes of viral transmission, lack of large population-based studies, and insufficient screening or
prevention in many countries, the number of HTLV-1-infected individuals is likely much higher
than the last published estimate from 2012. Indeed, the number of HTLV-1 infections is increasing
in parts of the world, with new reports outside the historical endemic regions (Martin et al., 2018).
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A recent study found communities of Aboriginal people in
Australia had 45% HTLV-1 sero-positivity (Einsiedel et al., 2016).
HTLV-1 is the etiologic infectious agent of two highly aggressive
diseases, adult T-cell leukemia/lymphoma (ATL) (Uchiyama
et al., 1977; Poiesz et al., 1980; Yoshida et al., 1982) and HTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/TSP)
(Gessain et al., 1985; Osame et al., 1986; Matsuura et al., 2016;
Enose-Akahata et al., 2017).

Transmission
Retroviruses can infect cells as either cell-free virus particles
or through cell-to-cell transmission. Several studies have
demonstrated that HTLV-1 is a highly cell-associated virus that
exclusively relies on cell-to-cell transmission to infect a target
cell (Igakura et al., 2003; Majorovits et al., 2008; Mazurov et al.,
2010). As such, HTLV-1 is most efficiently transmitted through
(1) mother-to-child transmission (MTCT), (2) contaminated
blood products, and (3) sexual transmission involving the
transfer of bodily fluids. MTCT of HTLV-1 occurs primarily
through breastfeeding, with few cases of infection in utero or
during delivery. Several risk factors increase the chances of
HTLV-1 MTCT including duration of breastfeeding, HTLV-1
proviral load in the mother’s blood and/or breastmilk, level of
HTLV-1 antibody titer, HLA concordance, presence of disease
in the mother, Strongyloides co-infection, and family income
(Rosadas and Taylor, 2019). MTCT has been estimated to account
for up to 30% of HAM/TSP cases and almost all ATL cases
demonstrating that MTCT contributes disproportionately more
to the global disease burden than other transmission routes
(Bartholomew et al., 1998). In the absence of a preventative
vaccine, one of the best approaches to eliminate risk and reduce
HTLV-1-associated diseases is antenatal screening and avoidance
of breastfeeding – two options which unfortunately are not widely
available or feasible in many developing parts of the world.

HTLV-1 transmission can also occur through exposure to
infected blood products such as in intravenous (IV) drug users,
blood donations, and organ transplantation. Cases of transplant-
derived HAM/TSP and ATL have been reported in many
countries (Tajima et al., 2016; Moreno-Ajona et al., 2018; Nayar
et al., 2018; Taylor, 2018; Motomura et al., 2019; Roc et al.,
2019; Goto et al., 2020). In one such report, three recipients
were monitored following organ transplantation from a HTLV-1-
infected individual (not known to be positive at time of donation)
(Cook et al., 2016). Despite early anti-retroviral treatments,
HTLV-1 rapidly disseminated in each organ transplant recipient.
Proviral load set points were reached within 6 weeks following
transplantation and clonal expansion of infected cells was
observed, indicating a high rate of infectious spread.

Sexual transmission of HTLV-1 is more efficient from men
to women than women to men (Kajiyama et al., 1986; Roucoux
et al., 2005). Infection is also enhanced by the presence of
sexually transmitted diseases (syphilis, herpes simplex virus type
2), which are thought to cause ulcers, disruption of mucosal
barriers, and recruitment of inflammatory cells (Paiva and
Casseb, 2014). Other factors associated with increased HTLV-
1 sexual transmission include the presence of Tax antibodies, a
higher proviral load in peripheral blood lymphocytes, increased

cervicovaginal or seminal secretions, age at first sexual encounter,
unprotected sex, and the number of sexual partners.

Genomic Structure
Like all retroviruses, HTLV-1 has two positive polarity single-
stranded RNA genomes, packaged with several viral enzymes
(reverse transcriptase, integrase, and protease), surrounded by
capsid proteins forming a roughly spherical viral nucleocapsid.
A host-derived lipid bilayer envelope, studded with viral
glycoproteins (gp62, Envelope, Env) surrounds the viral capsid.
As a member of the deltaretrovirus genus, HTLV-1 is a complex
retrovirus that expresses several regulatory and accessory genes,
in addition to the standard structural and enzymatic genes
common to all retroviruses (Figure 1). These regulatory and
accessory genes are critical to numerous viral functions such
as persistence, pathogenesis, transmission, and immune evasion
(Bindhu et al., 2004; Bai and Nicot, 2012; Giam and Semmes,
2016). The viral genome is approximately 9 kb in length with long
terminal repeats (LTRs) flanking the ends of the linear genome.
The LTRs contain important elements for transcriptional
regulation and polyadenylation of retroviral transcripts.

Viral Entry and Lifecycle
In order to develop a protective HTLV-1 vaccine, the structure
and function of the proteins that mediate viral entry and the
viral life cycle must be characterized. The HTLV-1 envelope
is the primary protein that mediates viral entry. It is an
immunodominant viral glycoprotein composed of two subunits:
gp46 (surface, SU) and gp21 (transmembrane, TM) (Figure 1).
Like most retroviral envelope proteins, Env is synthesized as a
precursor protein in the ER and then cleaved into gp46 and gp21
in the Golgi prior to transportation to the cell surface (Ghez et al.,
2010). Experimental conditions which abolish precursor cleavage
(tunicamycin or monensin treatments) results in the absence
of envelope surface expression, indicating the importance of
envelope cleavage during Golgi transport (Pique et al., 1992).
Once at the cell surface, the gp46 portion of Env remains
associated with gp21 through interchain disulfide bonds and the
entire glycoprotein is anchored to the cell membrane through a
membrane-spanning region found within gp21. On the surface
of the virion, the gp46-gp21 subunits are organized as trimers
and together facilitate viral entry: gp46 interacts directly with
cell surface receptors and gp21 enables fusion of the viral and
cellular membranes (Ghez et al., 2010). Prior to binding of
gp46 to a receptor, gp21 is maintained in close association gp46
in a fusogenic-inactive metastable conformation (Jones et al.,
2011). This conformation helps keep a fusion peptide found
on gp21 buried, thus preventing premature membrane fusion,
Env inactivation, and cell toxicity. gp21 activation occurs when
gp46 binds to a cellular receptor, triggering alterations of the
gp46/gp21 interaction and enabling gp21 to attain its fusogenic
state (Weissenhorn et al., 2007; Melikyan, 2008). Based on a
collective body of work, it is thought that Env uses neuropilin-1
(NRP1) and heparan sulfate proteoglycan (HSPG) for attachment
and binding to target cells (Pinon et al., 2003; Ghez et al.,
2006). The binding between gp46 and HSPG/NRP1 allows a
conformation change in gp46 that exposes a binding domain
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FIGURE 1 | Schematic of the HTLV-1 proviral genome and envelope protein. Viral proteins Hbz, Tax, and Env are potential targets for a protective HTLV-1 vaccine.
The viral gag, pro, pol, and env structural and enzymatic genes are flanked by 5′ and 3′ LTRs. The Hbz and Tax genes are located in the 3′ end of the viral genome.
Hbz transcription initiates in the 3′ LTR. The envelope glycoprotein is comprised of two subunits, gp46 and gp21, which are cleaved at a furin cleavage site. Several
potential glycosylation sites are denoted. Drawing is intended to be illustrative and not to exact scale.

that interacts with glucose transporter-1 (GLUT-1), followed by
viral/cell fusion and the release of HTLV-1 nucleocapsid into the
cytoplasm (Manel et al., 2003). The HTLV-1 Env glycoprotein
also contains five potential N-glycosylation sites. Inhibitors
that block Golgi glycosylation result in Env transport to the
cell surface, but a reduction in syncytia formation indicating
some defect in normal envelope function (Pique et al., 1992).
HTLV-1 primarily infects CD4+ T-cells, but due to its widely
available target receptors (NRP1, HSPG, GLUT-1), it has the
ability to infect a wide variety of cell types such as CD8+
T-cells, B-cells, endothelial cells, myeloid cells, and fibroblasts
(Furuta et al., 2017).

Unlike many other viruses, cell-free infection by HTLV-1 is
extremely inefficient (although HTLV-1 infected cells do produce
low titers of detectable virus) (Mazurov et al., 2010; Kalinichenko
et al., 2022). Efficient HTLV-1 infection requires cell-to-cell
contact between an infected cell and an uninfected target cell.
One of the primary mechanisms for HTLV-1 transmission is
thought to involve the formation of a virological synapse (VS),
a specialized viral-induced cellular structure (Igakura et al., 2003;
Majorovits et al., 2008). Once an HTLV-1 virion enters a target
cell, its RNA genome is reverse transcribed into dsDNA. The
dsDNA genome is then transported into the nucleus where

it integrates into the host genome and is now referred to
as a proviral genome. Once integrated, the proviral genome
can be transcribed by cellular RNA polymerase II to express
viral gene products.

Viral transcription initiates at promoter/enhancer elements
found in the 5′ LTR, while a polyadenylation signal is found in the
3′ LTR. The first viral transcript expressed from the provirus after
integration is the doubly spliced tax/rex transcript (Li et al., 2009).
Tax functions as a viral transcriptional activator – it associates
with the 5′ LTR at regions known as Tax-responsive elements
(TREs) (Felber et al., 1985; Yoshimura et al., 1990; Zhao and
Giam, 1992). Tax recruits the transcription factor CREB and
facilitates its binding to the TREs (Zhao and Giam, 1991, 1992).
Additional factors p300 and CBP are also recruited and form a
complex at the 5′LTR which promotes transcription of all sense
viral gene products (Giebler et al., 1997; Georges et al., 2003;
Kim et al., 2007). Derived from the anti-sense strand of the
proviral genome, Hbz can counteract several functions of Tax.
Hbz interacts with CBP and p300, sequestering them away from
Tax and thus diminishing Tax-mediated viral transcription (Clerc
et al., 2008). Not only do Tax and Hbz play critical roles in viral
transcriptional regulation, but they both play a critical role in
viral pathogenesis.
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In addition to viral transactivation, Tax is able to activate
other cellular signaling pathways such as CREB, NF-κB, and
AP-1 pathways (Giam and Semmes, 2016). Irregular activation
of these pathways helps to drive clonal proliferation and
survival of HTLV-1-infected T-cells. In addition to its role as
a transcriptional activator, Tax serves as a viral oncoprotein
and is critical for virus-mediated transformation. The Tax
oncoprotein is also able to deregulate the cell cycle through
silencing of cellular checkpoints that normally guard against
DNA damage and chromosomal segregation. The cumulative
effect of these aberrant cellular processes allows HTLV-1 to
maintain a persistent viral infection through clonal expansion of
infected T-cell clones, rather than primarily de novo infection. In
addition to its transcriptional role, Hbz also regulates genomic
integrity, apoptosis, autophagy, and immune evasion in infected
cells (Matsuoka and Mesnard, 2020). Somewhat surprisingly, Hbz
has been shown to promote proliferation of infected cells in both
its protein and mRNA forms (Satou et al., 2006). The field has
gradually adopted the idea that Tax is responsible for initiating
transformation, while Hbz is responsible for the maintenance
of infected cells.

HTLV-1-Associated Diseases
It is estimated that HTLV-1 persists in approximately 103–106

infected T-cell clones within an infected host (Bangham et al.,
2019). After initial viral infection, the virus is thought to become
transcriptionally silent, or latent, as it is difficult to detect sense
viral transcripts or proteins in infected individuals. However, the
presence of activated cytotoxic T lymphocytes (CTLs) directed
against sense viral antigens would suggest that some viral
transcription is present, albeit at varying times and levels in
HTLV-1-infected individuals. In fact, a recent study found that
Tax is transcribed in intense, intermittent bursts within the
infected cell (Billman et al., 2017). This burst is triggered by
cellular stress and can be modulated through hypoxia and
glycolysis (Kulkarni et al., 2017). Unlike Tax, Hbz is transcribed at
more constant, lower levels. Indeed, hbz transcript is found in all
asymptomatic, ATL, and HAM/TSP patient samples (Satou et al.,
2006; Saito et al., 2009).

Unlike other oncogenic retroviruses, HTLV-1 does not capture
a proto-oncogene or induce proviral insertional mutagenesis.
Instead, the virus uses the combined effects of Tax, Hbz, and
other virally encoded accessory proteins to induce cellular
transformation. As such, disease development related to HTLV-
1 infection can take upwards of several decades. HTLV-
1 is the causative infectious agent of both an aggressive
and fatal non-Hodgkin’s CD4+ T-cell lymphoma called ATL
and a chronic, progressive neurodegenerative disease termed
HAM/TSP (Uchiyama et al., 1977; Poiesz et al., 1980; Yoshida
et al., 1982; Gessain et al., 1985; Osame et al., 1986). The
lifetime risk of disease development related to HTLV-1 infection
is 5–10%. HTLV-1-infected T-cells are the precursors to both
ATL and HAM/TSP. Regulation of HTLV-1 gene expression
allows the virus to evade immune detection, immortalize infected
target cells, and establish persistent infection. There is limited
information concerning the detailed molecular mechanism(s)
behind disease development and disease penetrance. ATL is

a heterogenous disease, posing a challenge to the selection
of effective treatment strategies, and patients most commonly
present with aggressive subtypes and face poor prognosis due
to factors such as large tumor burden and lack of efficacious
therapeutic drugs. Likewise, an ideal therapeutic strategy against
HAM/TSP is not established, with most treatments aimed
toward treating the symptoms and not the cause. Patients
with HAM/TSP typically progress quickly after the onset of
neurological symptoms, leading to deterioration in quality of
life. The severity of both ATL and HAM/TSP—and limited
treatment options for diagnosed individuals—highlights the
need for development of a preventative vaccine or new
therapeutic interventions.

Immune Response to HTLV-1
Antibody and cell-mediated host immune responses against
HTLV-1 occur within a few weeks after exposure to the virus
(Kakuda et al., 2002; Bangham, 2003). During the first several
months of infection, Gag antibodies are the most prevalent
(Manns et al., 1991). Antibodies against Env appear shortly
thereafter. In approximately half of all infected individuals there
is a detectable Tax antibody response (Bangham, 2000). HTLV-
1-infected patients often develop a strong CTL response with the
majority of CTLs against Tax, and a smaller percentage directed
against Gag, Env, and other non-structural gene products
(Bangham et al., 1999). The immune response helps control viral
infection but cannot eliminate the integrated virus. This immune
pressure results in little to no cell-free HTLV virions found in
the plasma (Pique and Jones, 2012). As a result, the most reliable
method used to quantify viral infection or viral burden in both
humans and animal models is proviral load. Proviral load is the
number of proviral copies per set number of peripheral blood
mononuclear cells (PBMCs). Higher proviral loads are associated
with an increased risk of HTLV-1 disease. The immune response
typically plays an important role in reducing proviral load in
healthy HTLV-1-infected individuals.

Several studies have suggested the immune response can
determine the course of HTLV-1-associated disease. The
development of ATL is observed more frequently in patients who
acquired HTLV-1 early in life (e.g., via breastfeeding) (Uchiyama
et al., 1977; Fujino and Nagata, 2000). ATL is characterized by a
late onset, and it is believed the initial reduced anti-viral immune
response favors viral persistence. HAM/TSP patients typically
acquire their HTLV-1 infection via infected blood products
(Osame et al., 1990). This elicits a vigorous immune response,
and these patients have 10–100-fold higher proviral load than
asymptomatic patients (Bangham, 1993; Nagai et al., 1998). The
humoral and cell-mediated CD4+ and CD8+ T-cell responses
are highest in HAM/TSP compared to ATL and asymptomatic
carriers (Usuku et al., 1988; Kamihira et al., 1989; Nagasato et al.,
1991; Elovaara et al., 1993). Indeed, a vigorous expansion of
CD8+ T-cells, the presence of Tax-specific CTLs in the cerebral
spinal fluid (CSF), and high levels of anti-HTLV-1 antibodies in
the serum and CSF characterize HAM/TSP (Enose-Akahata et al.,
2017). There has been a suggested role of Tax-specific CTLs in
the cellular destruction and inflammation in the central nervous
system and spinal cord of HAM/TSP patients.
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HTLV-1 ANIMAL MODELS USEFUL FOR
VACCINE RESEARCH

The availability of a well-established animal model is an
essential feature of vaccine design. The HTLV-1 field has
two widely available and established animal models: one that
mimics early infection in humans (rabbits) and one that models
lymphoproliferative disease after HTLV-1 infection [humanized
immune system (HIS) mice].

The rabbit model of infection was first demonstrated in
1985 when intravenous inoculation of rabbits with a HTLV-
1-infected rabbit lymphoid cell line (Ra-1) lead to rabbit
seropositivity (Miyoshi et al., 1985). Other possible routes of
HTLV-1 transmission have also been demonstrated using rabbits,
including semen and breast milk (Iwahara et al., 1990), making
this a valuable model for studying and better understanding viral
transmission. The rabbit model was further refined in the mid-
1990s with the use of molecular clones for HTLV-1. Infection
of rabbits with a HTLV-1 molecular clone behaved similarly to
previously characterized virus isolated from infected humans
(Zhao et al., 1995; Collins et al., 1996). This discovery allowed
researchers to analyze the importance of viral genes or even
viral regulatory elements during in vivo infection (Collins et al.,
1998; Ye et al., 2003; Silverman et al., 2004; Arnold et al.,
2006; Xie et al., 2006; Martinez et al., 2019). New Zealand
white rabbits inoculated with lethally irradiated HTLV-1-infected
cells become persistently infected. The early rabbit humoral
antibody responses against viral antigens Gag and Env mimic
that of asymptomatic early viral infection in humans. Proviral
load is readily detected in these animals as early as 2 weeks
post-infection. Detection of viral transcripts is possible but
does present a challenge as viral transcripts peak early after
infection and then decrease (Kannian et al., 2012). Importantly,
these animals do not develop disease, but do recapitulate viral
persistence and reliably mimic early viral infection events. The
rabbit model of infection has several advantages which make
it an ideal candidate system for vaccine development including
low cost and little maintenance, the presence of a functional
immune system, and genetic diversity of outbred rabbits. As with
any animal model, rabbits also have limitations that should be
carefully considered, such as the absence of disease related to
HTLV-1 infection.

Murine models have significantly contributed to our
understanding of HTLV-1 pathogenesis and have provided
a valuable tool for the testing of therapeutics. A modified
humanized mouse model was first introduced in 2006: NOG
[NOD/SCID/gammac(null)] mice were inoculated with human
PBMCs followed by infection with HTLV-1-infected cells
(Miyazato et al., 2006). This resulted in a readily detectable
proviral load in both the human CD4+ and CD8+ T cells.
In a separate approach, engraftment of PBMCs from HTLV-
1-carriers was performed in NOG mice (Takajo et al., 2007).
These mice were able to harbor HTLV-1-infected human
cells and permit clonal proliferation of these cells. In 2010,
a more humanized mouse model was reported using NSG
mice (NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ) (Banerjee et al.,
2010). NSG mice are severely immunodeficient (lacking B
and T-cells, as well as functional NK cells), but are able to be

humanized by engraftment of human CD34+ hematopoietic
stem cells (HSC), PBMCs, patient derived xenografts, or
adult stem cells and tissues. In this study, NSG mice were
inoculated with ex vivo HTLV-1-infected CD34+ hematopoietic
progenitor and stem cells (HP/HSCs) and subsequently
developed CD4+ T-cell lymphomas with elevated T-cell
proliferation. In a 2011 report, NSG mice were reconstituted
with CD34+ stem cells and subsequently infected with HTLV-1
(Villaudy et al., 2011). This study found proviral integration in
thymocytes and increased proviral load throughout the course
of infection. Activated human CD4+ and CD8+ T-cells were
found in the thymus and spleen of infected mice. These mice
also developed hepatosplenomegaly, lymphadenopathy, and
lymphoma/thymoma after infection, with Tax expression present
in all tumors. Further studies have found that HTLV-1-infected
HIS-NSG mice reproduce several characteristics of chronic
infection in humans, such as activation of CD8+ T-cells and
proliferation of effector/memory CD4+ and CD8+ T-cells
(Espindola et al., 2021).

Although HIS mouse models are able to reproduce HTLV-
1-associated T-cell lymphomas, they do not accurately depict
human immune responses against HTLV-1. Humoral immunity
and CTL-mediated cytotoxicity play a critical role in controlling
the proliferation or selection of HTLV-1-infected T-cell
clones in vivo. One approach to develop better adaptive
immune responses was reported in 2014. In this study,
HIS mice were created by transplanting human CD133+
hematopoietic stem cells into the bone marrow cavity of
NOG mice using an intra-bone marrow injection method
(Tezuka et al., 2014). After HTLV-1 infection, these mice
developed a large number of pathological features characteristic
of ATL including hyperproliferation of CD3+ T-cells, clonal
proliferation of CD25+ CD4+ T-cells, splenomegaly, and
inflammatory hypercytokinemia. These mice also exclusively
developed leukemia, whereas previous models of HIS mice
developed lymphoma or thymoma. Most importantly, these
mice developed an adaptive immune response against HTLV-1,
including HLA-restricted CTLs against Tax and IgG antibodies
specific to HTLV-1.

HIS mice inoculated with HTLV-1 consistently reproduce
the three key stages of HTLV-1-induced tumorigenesis:
persistent infection, chronic proliferation of CD4+ T-cells,
and development of lymphoproliferative disease. Future HIS
mouse studies aimed at development of an adaptive immune
response will be useful to evaluate the efficacy of vaccine
candidates to prevent viral expansion in vivo. Each animal
model has limitations that should be carefully considered when
interpreting data, and ultimately human trials are a necessity for
a successful human vaccine.

DEVELOPMENT OF A HTLV-1 VACCINE:
PAST VACCINATION EFFORTS

HTLV-1 vaccine research began shortly after the discovery
of HTLV-1 nearly four decades ago. Although there is
currently no candidate HTLV-1 vaccine in clinical trial, the
development of a successful vaccine is considered feasible.

Frontiers in Microbiology | www.frontiersin.org 5 May 2022 | Volume 13 | Article 897346223

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-13-897346 April 28, 2022 Time: 14:49 # 6

Tu et al. Development of a HTLV-1 Vaccine

HTLV-1 vaccine approaches can be organized into several broad
categories: HTLV-1 protein-expressing recombinant viruses such
as recombinant vaccinia virus (rVV), protein vaccines, DNA
vector vaccines, and peptide vaccines.

Recombinant Vaccinia Virus
One of the first published HTLV-1 vaccine studies in 1987
used a recombinant vaccinia virus (rVV) that expressed the
envelope glycoprotein in place of the hemagglutinin gene
(Shida et al., 1987). One inoculation of this vaccine candidate
induced antibodies in rabbits and had a reported protective
effect against HTLV-1 infection. Although proviral detection
methods at the time of this study were rudimentary, this
initial study does lend positive support for the eventual
development of a successful HTLV-1 vaccine. Subsequent studies
constructed various attenuated rVV expressing Env glycoprotein
and inoculated them in rabbits (Shida et al., 1988). The different
recombinant viruses synthesized similar amounts of envelope
proteins in vitro, but had varying antibody responses, suggesting
that the capacity of various vaccinia strains to induce antibody
titers in vivo may be affected by their growth rates in rabbits.

A subsequent study in 1995 used the entire envelope DNA
sequence (sequence taken from a West African healthy HTLV-1-
infected patient) and expressed it in a highly attenuated poxvirus
vaccine vector (Franchini et al., 1995). New Zealand white rabbits
were inoculated with this live recombinant vector and exposed to
an HTLV-1 cell-associated virus challenge. Although this study
showed initial protection against the virus up to 5 months after
the last immunization, all animals challenged 5 months after
immunization were subsequently infected. Additional studies
using rVV with Env at the site of hemagglutinin found that
this vaccine candidate protected 1/3 vaccinated rabbits, with the
initial protected rabbit becoming infected upon virus rechallenge
12 weeks after the first challenge (Hakoda et al., 1995). This trial
suggests that this vaccine candidate was incapable of introducing
neutralizing antibodies.

HTLV-1 Env rVV vaccine trials have also been tested in
cynomolgus monkeys (Ibuki et al., 1997). This recombinant
virus was constructed with plasmid pSFB5 which contains the
A type inclusion body promoter of cowpox viruses and five
units of synthetic vaccinia virus 7.5 kDa early promoter. The
Env sequence was flanked with segments of the vaccinia virus
HA gene. This vaccine was successful at inducing long-term
protective immunity as immunized monkeys had no detectible
virus after challenge and had sustained neutralizing antibody
activity 136 weeks after challenge. Upon virus re-challenge at
136 weeks, the immunized monkeys had no antigen or provirus
detected in cultured PBMCs.

A recent rVV study used either Hbz or Tax as a target
for host immune responses (Sugata et al., 2015). Vaccination
with either rVV expressing Tax or Hbz induced specific T-cell
responses in mice and rhesus monkeys. Interestingly, multiple
boosters were needed to elicit the Hbz response, likely due to low
immunogenicity of Hbz protein compared to Tax. The authors
were also able to demonstrate a protective effect with the anti-Hbz
CTLs in an Hbz-transgenic mouse model. This study was the first

to demonstrate that Hbz could be a potential immunotherapy
target for HTLV-1 diseases.

Protein Vaccines
Protein vaccine approaches have also showed promising results.
One study from 1990 immunized pig-tailed macaques with
soluble proteins isolated from MT2 cells, an HTLV-1 transformed
cell line (Dezzutti et al., 1990). After challenge using a simian
T-cell lymphotropic virus type 1 (STLV-1) producing cell line,
the vaccinated macaques generated a strong serological response
compared to placebo vaccinated animals. Sera from both groups
of animals recognized Gag and Env proteins after virus challenge,
however the vaccinated animals reacted more strongly to Env
proteins. The antibodies produced by both groups of animals had
antibody-dependent, complement-mediated cytotoxic activity
directed against both HTLV-1 and STLV-1-infected cell lines.
Most importantly, immunized macaques had no detectable
reverse transcriptase activity after STLV-1 challenge.

DNA Vector Vaccines
In 1997, the first report of direct DNA inoculation with a plasmid
encoding HTLV-1 envelope in BALB/c mice was reported
(Grange et al., 1997). Protein boosts with gp62 Baculovirus
recombinant protein were also utilized. This study found that
protein boosts were necessary to generate a high antibody
response in mice with neutralizing antibody titers. Subsequent
studies by this group found the choice of vector is critical for the
design of DNA vector vaccines (Armand et al., 2000). Inoculation
of mice with a human desmin muscle specific promoter driving
Env expression (DesEnv) elicited a higher humoral response
with better neutralization properties than injection with a CMV
promoter driving Env expression. Another study used a Tax-
coding DNA vaccine in a rat model [F344/N Jcl-rnu/+ (nu/+)],
exploring its use as a therapy for ATL (Ohashi et al., 2000). This
vaccine used a mutant Tax which lacked transforming ability and
was successful at inducing CTL responses in immunized rats, thus
reducing HTLV-1 transformed tumor growth.

A study in 2001 evaluated the immunogenicity and protective
effect of a vaccine involving priming with a highly attenuated
vaccinia virus NYVAC HTLV-1 vaccine, followed by a booster
with HTLV-1 Env DNA in squirrel monkeys (Kazanji et al.,
2001). Squirrel monkeys were vaccinated with HTLV-1 Env and
Gag- expressing NYVAC and naked env DNA. One group was
primed with NYVAC and boosted with env DNA while the other
group was primed with env DNA and boosted with NYVAC.
The DNA prime/NYVAC boost was the most protective, with
all three immunized monkeys having no detectable virus. In this
study, anti-Env antibodies and cell-mediated responses against
Env and Gag were detected in all protected animals. This study
demonstrated that an ideal HTLV-1 vaccine candidate – which
should induce long-lasting neutralizing antibodies against HTLV-
1 and a strong cell-mediated immune response – might be
difficult to achieve with a single vaccine preparation.

Peptide Vaccines
Peptide vaccines have also had some success for HTLV-1
vaccine purposes. One of the first peptide studies in 1992
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used a synthetic peptide derived from an immunodominant
external envelope region mapping within amino acids 242–257
(Lairmore et al., 1992). When tested in rabbits, this peptide
elicited a strong antibody response to gp46, however these
antibodies failed to inhibit HTLV-1-mediated cell fusion and
immunized rabbits were not protected from HTLV-1 challenge.
This could be because while HTLV-1 specific antibodies were
elicited, neutralization responses were either low or undetectable.
A subsequent study tested several peptides from Env as vaccine
candidates in the rabbit model (Tanaka et al., 1994). These
epitopes were recognized by antibodies which could neutralize
HTLV-1 syncytia and inhibit transformation. Env peptides
190–199 and 180–204 elicited neutralizing antibody responses
in rabbits. When challenged with live HTLV-1-producing
MT2 cells, the peptide immunized rabbits had no detectable
provirus in PBMCs over an extended period of time. N-linked
glycosylation is a major mechanism used by viruses to minimize
neutralizing antibody response. A study examining the influence
of N-linked glycosylation on HTLV-1 Env peptide structure and
immunogenicity was conducted in 1995 (Conrad et al., 1995).
A peptide from 233 to 253 of gp46 was engineered to contain
an N-acetylglucosamine at residue Asn244. Similar conformation
between both the glycosylated and non-glycosylated peptides was
observed and both chimeric peptides were highly immunogenic
in rabbits – producing antibody titers within 3 weeks post
vaccination. Human sera from HTLV-1-positive individuals were
able to recognize both the glycosylated and non-glycosylated
constructs. Together this data suggests glycosylation of HTLV-1
gp46 does not affect the conformational preference or stability of
the glycoprotein nor alter immunogenicity.

One disadvantage of peptide-based vaccines is their poor
immunogenicity, thus often requiring tailored immunization
procedures and adjuvants to evoke immune responses.
A previous study used a gp46 peptide sequence from amino
acids 175–218 linked C-terminal by a four-residue motif (GPSL)
turn to the promiscuous T-cell epitope of the measles virus
fusion protein (Frangione-Beebe et al., 2000). This chimeric
peptide elicited high titer antibodies in both mice and rabbits and
these antibodies were capable of inhibiting HTLV-1-mediated
cell fusion. However, rabbits were not protected from cell-
associated viral challenge, suggesting this vaccine failed to elicit
cell-mediated immune responses necessary to protect against
cell-associated HTLV-1 infection. Subsequent peptide-based
vaccine studies have used a variety of target peptide sequences
including a multivalent peptide from Tax connected by double
arginine residues (aa11–19, 178–186, 233–241) (Sundaram
et al., 2003), a peptide with the coiled-coil structure from gp21
(aa347–374) fused to a promiscuous T-cell epitope from tetanus
toxoid (Sundaram et al., 2004), and most recently a unique
multi-epitope chimera from immunodominant HTLV-1 epitopes
in Tax, gp21, gp46, and p19 Gag (Kabiri et al., 2018).

Much of the HTLV-1 vaccine research that has predominated
the literature are preventative vaccines. In 2015, a pilot study
(three patients) investigated the safety and efficacy of a Tax
peptide-pulsed dendritic cell vaccine used to treat ATL patients
(Suehiro et al., 2015). HTLV-1-specific CTLs play a critical role
in regulating the expansion or proliferation of HTLV-1-infected

cells. The CTL responses in some HTLV-1-infected individuals
and most ATL disease patients is severely impaired, allowing
for infected cell proliferation and elevated proviral load. All
three ATL patients in this study demonstrated Tax-specific CTL
responses which peaked at 16–20 weeks post vaccination. Two
patients achieved partial remission within the first 8 weeks (one of
these later achieved complete remission), while the third patient
(whose tumor cells lacked Tax expression) maintained stable
disease and later developed slowly progressive ATL disease.

DEVELOPMENT OF A HTLV-1 VACCINE:
FUTURE VACCINATION EFFORTS

The development of mRNA vaccines has become a promising
prophylactic strategy against viruses. Immunization with
encapsulated mRNA offers numerous benefits over conventional
vaccines, including improved safety through the delivery of a
non-infectious agent and ability to regulate in vivo half-life, as
well as enhanced efficacy through modulation of stability and
translation (Pardi et al., 2018). Although vaccines composed of
HTLV-1 env-encoding constructs have demonstrated efficacy
in vivo, mRNA circumvents the potential for an anti-vector
response. The potential use for mRNA vaccines in HTLV-1
research warrants study.

HTLV-1 Vaccine Targets and Feasibility
An effective protective vaccine against HTLV-1 remains feasible
for several reasons. One important argument can be found in the
setting of MTCT. Babies born to HTLV-1-positive mothers have
circulating anti-HTLV-1 antibodies at birth. These antibodies
decrease exponentially during the first several months until most
babies are seronegative by 6–9 months of age (Rosadas and
Taylor, 2019). Not surprisingly, the duration of breastfeeding is
one of the most important risk factors associated with MTCT of
HTLV-1. Breastfeeding for shorter durations of time is associated
with lower viral transmission rates, while breastfeeding for longer
periods increases the risk of viral transmission (Rosadas and
Taylor, 2019). This phenomenon has also been tested in vivo
with rabbits. A HTLV-1 infected rabbit gave birth to 4 litters,
2 were given human HTLV-1 hyperimmunoglobulin (HTLVIG)
and 2 were given no treatment at birth. HTLVIG treated litters
had significantly less infection compared to control litters (8.3
vs. 42.9%) (Sawada et al., 1991). A separate study that infused
rabbits with HTLVIG also showed protection against intravenous
challenge (Takehara et al., 1989). However, a similar study
in rats infused with anti-Env neutralizing antibody (LAT-27)
observed a decrease in proviral loads when rats were challenged
intraperitoneally but not orally, indicating that route of infection
is important for in vivo studies pertaining to MTCT (Murakami
et al., 2017). Taken together, these studies suggest that a vaccine
that elicits a potent neutralizing antibody response may protect
against infection, but also that the route of HTLV-1 infection
should be considered in vaccine design.

The best way to prevent HTLV-1 infection is to block viral
entry into host cells. The HTLV-1 envelope is one of the most
immunogenic HTLV-1 proteins and is required for entry of
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target cells and establishment of initial viral infection. Antibody
responses against Env can be detected in ATL patients as well
as asymptomatic carriers (Enose-Akahata et al., 2012) and it
is genetically stable and highly conserved among viral isolates
both in its nucleotide and amino acid sequences (Sherman et al.,
1993). Neutralizing antibodies have been mapped to epitopes
in the portion of Env that mediates receptor binding, gp46,
and have been shown to inhibit HTLV-1 Env-mediated entry
of target cells (Kuroki et al., 1992; Astier-Gin et al., 1997; Kuo
et al., 2011). The envelope protein alone has been shown to be
immunogenic in animal models thus making it a good target
protein for vaccine design.

Some of the major roadblocks to HIV-1 Env vaccine design
are the extreme sequence diversity of viral isolates worldwide and
the extensive glycosylation of HIV-1 Env. The HTLV-1 genome
exhibits very few sequence variations, and a low overall genetic
diversity is found in gp46 (Mota-Miranda et al., 2013). This is
likely because HTLV-1 persists through clonal expansion, rather
than continual viral spread like HIV-1. The glycosylation of HIV-
1 Env has also been shown to change the exposure of neutralizing
antibody epitopes, creating an additional hurdle for vaccine
design. Conversely, HTLV-1 Env is not heavily glycosylated (5
potential sites) compared to HIV-1 Env (∼25 potential sites). In
fact, in vivo data in rabbits suggests glycosylation of HTLV-1 gp46
does not alter immunogenicity (Conrad et al., 1995).

Other viral proteins which have been targeted in HTLV-
1 vaccine studies are Tax and Hbz. Since HTLV-1 infection
primarily occurs through cell-to-cell transmission, it may be
important to create cellular responses against viral proteins
that are widely expressed and presented by infected cells. In
the context of acute infection, Tax is highly expressed by
infected cells. Additionally, several peptides made from the
Tax sequence are immunogenic in vitro. However, it has been
shown that Tax expression can fall to undetectable levels in ATL
patients, making anti-Tax responses as an ATL therapeutic an
ineffective strategy. However, Tax could still be a viable target
for HAM/TSP therapeutic vaccines as well as for protective
vaccines if sterilizing immunity cannot be achieved. Hbz plays
a key role in pathogenesis and persistence and, unlike Tax,
it is detectible in all HTLV-1-infected cells and most diseased
states. This makes Hbz an interesting target for therapeutic
vaccine design in ATL as well as HAM/TSP patients, although
the feasibility of this strategy is somewhat unclear. One study
identified an Hbz-specific CTL clone, thus demonstrating that
the Hbz protein is immunogenic. However, the Hbz-specific
CTL clone was unable to lyse ATL cells (Suemori et al., 2009).
Another study also found limited killing from Hbz-specific CTLs
compared to Tax-specific CTLs (Rowan et al., 2014). Conversely,
mice vaccinated with recombinant vaccinia virus expressing Hbz
induced CTL responses and increased survival in lymphoma
cell-inoculated mice (Sugata et al., 2015). Additionally, in a
human cohort with 30 participants, IL-2 secreting, CD8+ T
cells specific for Hbz were associated with low viral load and
an asymptomatic phenotype (Hilburn et al., 2011). The current
data are somewhat inconclusive and more studies are needed
to evaluate the feasibility of Hbz as a successful vaccine target.
Interestingly, no studies have been performed testing the efficacy

of a vaccine targeting both Hbz and Tax in vivo. Such a vaccine
may be able to elicit higher CD4+ and CD8+ T cell responses
than those targeting Hbz or Tax alone, and retain efficacy even if
Tax is downregulated in HTLV-1 infected cells. Targeting multiple
HTLV-1 viral proteins may be a promising approach for both
therapeutic and preventative vaccines.

Challenges to HTLV-1 Vaccine
Development
Despite the feasibility of developing a protective HTLV-1 vaccine,
no candidate vaccine has ever proceeded to a clinical trial. This
is because there are still several challenges in vaccine research
that need to be overcome to achieve a protective immune
response in humans.

A major challenge in eliciting protective vaccine responses is
the cell-to-cell transmission of HTLV-1. Cell-to-cell transmission
of HTLV-1 can occur through the establishment of cellular
conduits, the formation of a virological synapse (VS), or
extracellular viral assemblies (Gross and Thoma-Kress, 2016).
It is understood that HTLV-1 Env is required for cell-to-
cell transmission, but all known infection mechanisms of the
virus allow for immune evasion (Derse and Heidecker, 2003).
While it has been shown that HTLV-1-infected patient sera
do contain neutralizing antibodies that can inhibit cell-to-cell
infection (Mazurov et al., 2010), it is unclear, at least in vivo,
what neutralizing antibody titers need to be induced by a
vaccine in order to be protective. Antibody effector functions
like antibody-dependent cellular phagocytosis and antibody
dependent cellular cytotoxicity (ADCP and ADCP), as well as
cellular responses, may be required to identify and eliminate
infected cells for protection.

Another challenge of HTLV-1 vaccine design is the lack
of research characterizing the HTLV-1 Env structure. While
HTLV-1 virions have been imaged and the structure of the
gp21 transmembrane domain has been solved, the structure of
subunit gp46 has still not been resolved (Kobe et al., 1999;
Majorovits et al., 2008; Cao et al., 2015). Since this subunit of Env
directly interacts with the host receptors required for infection,
it is important that we visualize these receptor interactions
for successful vaccine design. Previous studies have shown that
HTLV-1 Env conformation is important for the proper binding
of antibodies isolated from HTLV-1 infected patients (Frangione-
Beebe et al., 2000). Protein imaging techniques like Cryo-EM
have been used in the HIV-1 field to characterize broadly
neutralizing antibodies (bnAbs) and have used this information
to develop vaccine candidates that elicit bnAb precursors and
robust neutralization responses in mice and Rhesus macaques
(Saunders et al., 2019). Imaging has also been used in studying
SARS-CoV-2, which allowed for the development of spike protein
stabilized in the prefusion conformation used in Moderna’s
mRNA vaccine, mRNA-1273 (Jackson et al., 2020; Wrapp et al.,
2020). An understanding of the prefusion spike protein structure
of SARS-CoV-2 has been essential to identify and characterize
antibodies used in monoclonal antibody therapies (Baum et al.,
2020; Hansen et al., 2020; Pinto et al., 2020; Loo et al., 2022). If
the HTLV-1 field can image and solve the structure of the gp46
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subunit, the possibilities for HTLV-1 vaccine design will increase
significantly and accelerate the timeline for the development of
HTLV-1 vaccine candidates.

CONCLUSION

HTLV-1 is a bloodborne pathogen that infects 5-10 million
people and transmission occurs through breastfeeding, sexual
transmission, and contaminated blood products. It is the
causative infectious agent of several diseases including an
aggressive CD4+ T-cell malignancy (ATL) and a progressive
neurodegenerative disease (HAM/TSP). Approximately 5–10%
of infected individuals develop disease after a prolonged clinical
latency period of several decades. Despite decades of research,
the complex mechanism of HTLV-1 persistence and disease
development remains poorly defined and current treatment
options are largely ineffective.

There is currently no vaccine for HTLV-1, although the
development of one is considered feasible. Past vaccination efforts
have focused on preventative vaccines targeting the envelope
glycoprotein. Various approaches including recombinant
vaccinia virus vectors, protein vaccines, DNA vector vaccines,
and peptide vaccines have been explored with some success. Env
is one of the most immunogenic HTLV-1 proteins, and antibody
responses against Env can be detected both in ATL patients
and asymptomatic carriers. The genetic stability of Env, high

sequence conservation among viral isolates, and anti-Env activity
in infected individuals makes this protein a favorable target for
vaccine development. Recent approaches have also examined the
safety and efficacy of therapeutic Tax peptide-pulsed dendritic
cell vaccines to treat ATL patients.

Current advances in vaccine research have made mRNA
vaccines a promising prophylactic strategy against viruses, and
their potential use for HTLV-1 is intriguing. While hurdles
remain, such as viral transmission strategies (cell-to-cell) and
lack of structural research tools, there are several advantages,
including the wide use of animal models and highly conserved
nature of the HTLV-1 genome, which would benefit the
development of a preventative vaccine.
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MD, United States

Human T cell leukemia virus type 1 (HTLV-1) persists in the host despite a vigorous
immune response that includes cytotoxic T cells (CTL) and natural killer (NK) cells,
suggesting the virus has developed effective mechanisms to counteract host immune
surveillance. We recently showed that in vitro treatment of HTLV-1-infected cells with
the drug pomalidomide (Pom) increases surface expression of MHC-I, ICAM-1, and
B7-2, and significantly increases the susceptibility of HTLV-1-infected cells to NK and
CTL killing, which is dependent on viral orf-I expression. We reasoned that by restoring
cell surface expression of these molecules, Pom treatment has the potential to reduce
virus burden by rendering infected cells susceptible to NK and CTL killing. We used the
rhesus macaque model to determine if Pom treatment of infected individuals activates
the host immune system and allows recognition and clearance of HTLV-1-infected cells.
We administered Pom (0.2 mg/kg) orally to four HTLV-1-infected macaques over a
24 day period and collected blood, urine, and bone marrow samples throughout the
study. Pom treatment caused immune activation in all four animals and a marked
increase in proliferating CD4+, CD8+, and NK cells as measured by Ki-67+ cells.
Activation markers HLA-DR, CD11b, and CD69 also increased during treatment. While
we detected an increased frequency of cells with a memory CD8+ phenotype, we also
found an increased frequency of cells with a Treg-like phenotype. Concomitant with
immune activation, the frequency of detection of viral DNA and the HTLV-1-specific
humoral response increased as well. In 3 of 4 animals, Pom treatment resulted in
increased antibodies to HTLV-1 antigens as measured by western blot and p24Gag
ELISA. Consistent with Pom inducing immune and HTLV-1 activation, we measured
elevated leukotrienes LTB4 and LTE4 in the urine of all animals. Despite an increase
in plasma LTB4, no significant changes in plasma cytokine/chemokine levels were
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detected. In all cases, however, cellular populations, LTB4, and LTE4 decreased to
baseline or lower levels 2 weeks after cessation of treatment. These results indicated
that Pom treatment induces a transient HTLV-1-specific immune activation in infected
individuals, but also suggest Pom may not be effective as a single-agent therapeutic.

Keywords: human T cell leukemia virus, HTLV-1, pomalidomide, CTL and NK cell activation, macaque model,
immune activation

INTRODUCTION

Human T cell leukemia virus type 1 (HTLV-1) is a pathogenic
retrovirus that affects 10–20 million people worldwide. It is
directly associated with adult T cell leukemia-lymphoma (ATLL),
one of the most aggressive T cell malignancies, and HTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/TSP),
a progressive neurodegenerative disorder (1–6). HTLV-1 is
also associated with other clinical disorders including HTLV-
1-associated arthropathy, HTLV-1-associated uveitis, infective
dermatitis, and polymyositis (7, 8). While considerable advances
have been made in understanding the virology, cell biology,
immunology, and pathology of HTLV-1 infection and associated
diseases, no highly effective treatments have been realized. In
addition, no single biological marker or clinical feature has been
identified that accurately predicts disease development, although
the HTLV-1 proviral load has been suggested as a possible risk
factor for disease development (9–14).

Increases in the HTLV-1 proviral load and persistent infection
are likely linked with the virus’ ability to evade the host
immune response. We and others have shown that the viral
orf-I (open reading frame 1) gene product contributes to
viral transmission and persistence. The orf-I gene product
encodes the non-structural protein product p12 which is post-
translationally cleaved to the p8 protein (15–17). Both p8 and
p12 are dispensable for viral replication in vitro (18–21), but
have been shown to be essential for viral infectivity/persistence
in vivo (18, 22). The p12 and p8 proteins counteract natural
killer (NK) cells (23) and CD8+ cytotoxic T cell (CTL) (22)
responses in vitro and augment T cell proliferation (24, 25) and
viral transmission (26–28). We recently showed that treatment
of HTLV-1-infected cells with the drug pomalidomide (Pom)
increases surface expression of MHC-I, ICAM-1, and B7-2, and
significantly increases the susceptibility of HTLV-1-infected cells
to NK killing (29). The effect of Pom on HTLV-1-infected
cells is dependent on viral expression, and specifically on the
expression of orf-I, as demonstrated by a lack of MHC-class
I or ICAM-1 upregulation by Pom in human CD4+ T cells
infected with the HTLV-1 orf-I knock-out virus (p12KO). These
data suggest that Pom affects the pathway used by orf-I proteins
to downregulate MHC-I and ICAM-1. By restoring cell surface
expression of these molecules, Pom treatment has the potential
to reduce virus burden by rendering infected cells susceptible to
killing by NK and CTL.

In the present study, we examined the effect of Pom treatment
of HTLV-1-infected rhesus macaques to determine if Pom could
decrease viral infection in vivo via activation of CTL and NK cell
activity. We report that Pom treatment caused immune activation

as measured by increases in the frequency of activated CD4+ and
CD8+ cells and proliferating memory T cells and NK cells, as
well as cells with a Treg phenotype. Consistent with a response
to HTLV-1 infection, we also measured an increase in the LTB4
and LTE4 inflammatory markers in urine. Pom treatment also
resulted in viral activation as measured by increased detection of
viral DNA and HTLV-1-specific antibodies.

MATERIALS AND METHODS

Pomalidomide Treatment of Human T
Cell Leukemia Virus Type 1-Infected
Cells in vitro
Human T cell leukemia virus type 1-infected MT-2 cells were
grown as previously described (30). HTLV-1 production was
determined by p19Gag antigen detection by a commercially
available ELISA in the culture supernatants (Zeptometrix,
Buffalo, NY, United States) according to the manufacturer’s
instructions. Viral DNA load was determined for established
CD4+ cell cultures as previously described (31). HTLV-1-infected
cells were cultured for 3 days in medium alone, 10 µM of Pom
(provided by Bristol Myers Squibb, Summit, NJ, United States), or
DMSO as control. For cell-surface staining, cells were incubated
with Live/Dead Fixable Blue dye (Thermo Fisher Scientific,
Eugene, OR, United States), BV650-conjugated anti-CD54 (BD
Biosciences, San Jose, CA, United States), and Alexa 700 Fluor R©

700-conjugated anti-CD86 (BD Biosciences) for 30 min at room
temperature. For intracellular staining, cells were fixed and
permeabilized using eBioscienceTM Foxp3 / Transcription Factor
Staining Buffer Set (Thermo Fisher Scientific) according to the
manufacturer’s instructions prior to their 30 min incubation with
the following antibodies: PE-CF594-conjugated anti-Ki-67 (BD
Biosciences), PE-Cy7-conjugated anti-human Ikaros (BioLegend,
San Diego, CA, United States), and Alexa Fluor R© 647-conjugated
anti-EZH2 (BD Biosciences). The stained cells were analyzed on
a BD FACSymphony A5 analyzer using FACSDiva 8 software and
obtained data were analyzed using FlowJo Version 10.6.

Treatment of Human T Cell Leukemia
Virus Type 1-Infected Macaques With
Pomalidomide
Four HTLV-1 seropositive and PCR positive rhesus macaques
(31) were administered 0.2 mg/kg/day pomalidomide (provided
by Bristol Myers Squibb) orally via gavage on a schedule of
6 days on drug treatment followed by 1 day off for 24 days.
Blood, bone marrow and urine samples were collected on days
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5, 12, 18, 24, and 47 of the study. All animals included in
this study were colony-bred Indian rhesus macaques (Macaca
mulatta). This study was carried out in strict accordance with
the recommendations described in the Guide for the Care and
Use of Laboratory Animals of the National Institute of Health,
Office of Laboratory Animal Welfare, and the United States
Department of Agriculture. The animals were housed, and
experiments conducted at the National Institutes of Health
(Protocol VB033). Animals were cared for in accordance with
Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) standards in an AAALAC-accredited
facility (Animal Welfare Assurance A4149-01). All animal care
and procedures were carried out under protocols approved by the
NCI and/or NIAID Animal Care and Use Committees (ACUC;
Protocol number: VB033). Animals were closely monitored
daily for any signs of illness, and appropriate medical care was
provided as needed. All clinical procedures, including biopsy
collection, administration of anesthesia and analgesics, and
euthanasia, were carried out under the direction of a laboratory
animal veterinarian. Steps were taken to ensure the welfare
of the animals and minimize discomfort of all animals used
in this study. Animals were fed daily with a fresh diet of
primate biscuits, fruit, peanuts, and other food items to maintain
body weight or normal growth. Animals were monitored for
mental health and provided with physical enrichment including
sanitized toys, destructible environments (cardboard and other
paper products), and audio stimulation. All procedures were
carried out under anesthesia (Telazol, Ketamine/Xylazine or
Ketamine HCl) by trained personnel under the supervision of
veterinary staff and all efforts were made to ameliorate the
welfare and to minimize animal suffering in accordance with
the Weatherall report recommendations for the use of non-
human primates. Early endpoint criteria, as specified by the
IACUC approved score parameters, were used to determine when
animals should be humanely euthanized. Animal information is
found in Supplementary Table 1.

Human T Cell Leukemia Virus Serology
and Viral DNA Detection
Reactivity to specific viral antigens in the plasma of infected
animals was detected with the use of a commercial HTLV-1
western immunoblot assay (MP Diagnostics, Singapore). Monkey
anti-measles IgG ELISA (Alpha Diagnostics International, Inc.,
Antonio, TX, United States) was used to detect antibodies
in plasma samples from macaques as described by the
manufacturer. HTLV-1 p24 antibodies in plasma samples from
macaques were detected and quantified against purified HTLV-
1 p24 protein using an ELISA assay (Advanced BioScience
Laboratories, Inc., Rockville, MD, United States) according to the
manufacturer’s instructions. The plate was read at 450 nm (E-max
reader, Molecular Devices, San Jose, CA, United States).

Genomic DNA from PBMC and bone marrow was isolated
from animals at baseline and on days 5, 12, 18, 24, and 47
(24 days off drug treatment) of the study using the DNeasy
Blood and Tissue Kit (Qiagen, Germantown, MD, United States).
One hundred nanograms of DNA were used as templates

for the first round of PCR amplification using primers
pX-F1, 5′-CCTCGCCTTCCAACTGTCT-3′ and pX-R1, 5′-
AGGAAGGAGGGTGGAATGTT-3′. Three microliters of the
PCR reaction were used as a template for nested PCR using
primers p12-F2, 5′-CGCCTTCCAACTGTCTAGTATAGC-
3′and p30-R2, 5′-GGGAGTCGAGGGATAAGGAA-3′. The PCR
conditions used were 94◦C for 7 min, followed by 35 cycles of
94◦C for 30 s, 55◦C for 30 s, 68◦C for 60 s, and a final extension
at 68◦C for 7 min, and a hold at 4◦C. Platinum High Fidelity
PCR SuperMix (Invitrogen, Carlsbad, CA, United States) was
used according to the manufacturer’s protocol. Correctly sized
amplicons were identified by 1% agarose gel electrophoresis.
Sanger sequencing was carried out on the amplicons at the
Center for Cancer Research Genomics Core at the National
Cancer Institute, NIH, to verify HTLV-1 sequence amplification.

The HTLV-1 proviral load (PVL) was measured by real-
time PCR using 5 ng/µl of DNA and the TaqMan Universal
PCR Master Mix (Applied Biosystems, Foster City, CA,
United States) in the Rotor-Gene Q system (Qiagen). Standard
curves were generated by amplification of RNase P gene
fragments from HTLV-1-negative genomic DNA with the
use of Taqman RNase P Detection Reagents FAM (Applied
Biosystems) and the HTLV-1 pX region fragment from pAB-
D26 cells (22). The sequences of primers and probes for pX
gene were as follows: 5′-CGGATACCCAGTCTACGTGTT-3′,
5’′CAGTAGGGCGTGACGATGTA-3′, and 3′-FAM/CTGTGTA
CAAGGCGACTGGTGCC-3′ (32). The reaction conditions were
95◦C for 60 s and then 40 cycles of 15 s at 95◦C, followed by
60 s at 60◦C. HTLV-1 provirus DNA levels were calculated by the
following formula:

copies of HTLV− 1
(
pX

)
÷

copies of RNase P
2

× 100 cells

Samples with unquantifiable provirus by qPCR (PVL < 0.02%
PBMC) were amplified by nested PCR to confirm the
presence of viral DNA.

Leukotriene
Leukotriene B4 (LTB4) and Leukotriene E4 (LTE4) are potent
mediators of inflammation, and detectable levels arise from
the activation of leukotriene pathways. Plasma samples were
collected from whole blood and urine collected by cystocentesis.
Urine (2 mls) was centrifuged at 15 K rpm for 1 min at
4◦C and supernatant was transferred to a new vial and flash
frozen for storage at −80◦C until assayed. LTB4 levels in urine
and plasma were measured using an ELISA kit (R&D Systems,
Minneapolis, MN, United States) following the manufacturer’s
instructions. LTE4 levels in urine were measured using an ELISA
kit (Cayman Chemical, Ann Arbor, MI, United States) following
the manufacturer’s instructions.

Multiplex Assay of Plasma
Cryopreserved supernatants from plasma collected from rhesus
macaques at baseline and days 5, 12, 18, 24, and 47 (24 days off
drug treatment) of the study were analyzed using MILLIPLEX
MAP Non-Human Primate Cytokine Magnetic Bead Panel kit
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(Millipore Sigma, St. Louis, MO, United States). The following
targets were assayed following the manufacturer’s instructions:
IFN-γ, IL-10, IL-15, sCD40L, IL-13, IL-1β, IL-6, IL-8, MIP-
1α, MIP-1β, TNF-α, IL-12/23, and IL-18. After thawing the
plasma on ice, 25 µl of each were briefly loaded into the
well and mixed with 25 µl of assay buffer and 25 µl of
magnetic beads. The plates were incubated under agitation at
4◦ C for 18 h. After washing, 25 µl of detection antibody
were added to each well, the plate was incubated, then
25 µl of Streptavidin-Phycoerythrin were added and the plate
was washed and mixed with 150 µl of Sheath Fluid. The
Median Fluorescent Intensity (MFI) was measured with the Bio-
Plex R© 200 system with HTF (Bio-Rad Laboratories, Hercules,
CA, United States).

Flow Cytometry Analysis of Rhesus
Macaque Samples
Two staining panels were developed for analysis of macaque
PBMC and bone marrow from these experiments. A 24-color
panel was designed to examine T cell and NK cell phenotypes in
response to Pom treatment (surface staining for CD3, CD4, CD8,
CD14, CD16, CD20, CD56, NKp44, NKG2a, NKG2d, KIR2DS4,
CD45, CD69, CCR2, CD11b, CD11a, CD95, CCR4, IL-15Rα,
CD54, CD86, HLA-ABC, HLA-DR, and intracellular Ki-67).
A 17-color panel was designed to measure cytotoxic activity in
those cell populations (surface staining: CD3, CD4, CD8, CD11b,
CD16, CD20, CD45, CD56, NKG2a, intracellular staining for
CD107a, perforin, TNF-α, IL-2, granzyme B, and IFN-γ). All
antibodies were selected based on cross-reactivity with rhesus
macaques and fluorochrome availability. Antibody information
for both panels, including clones and fluorochromes, is listed in
Supplementary Table 2.

Briefly, frozen cells were thawed, counted, and resuspended
(1 × 106 cells/ml) in D-PBS (Thermo Fisher Scientific) and
stained with Live/Dead Fixable Blue dye (Thermo Fisher
Scientific) and surface stained at room temperature for
30 min. Cells were then fixed with IC Fixation Buffer
(Invitrogen), permeabilized with Permeabilization Buffer 10×
(Invitrogen) and stained intracellularly for 30 min at room
temperature. Samples were washed with D-PBS and resuspended
in 1% ultrapure formaldehyde (Tousimis, Rockville, MD,
United States). Cytokine production by T cells was measured
in cells stimulated with PMA + ionomycin (eBioscience Cell
Stimulation Cocktail, Invitrogen) or with peptide pools of
15-mers overlapping by 11 amino acids derived from the
entire HTLV-1 Tax (1 µg/ml) and HTLV-1 Gag (1 µg/ml)
or medium alone in the presence of brefeldin A (GolgiPlug,
BD Biosciences) and monensin (Golgi Stop, BD Biosciences).
Following incubation for 6.5 h at 37◦C in the presence of
5% CO2, cells were subjected to surface and intracellular
staining as described above. Samples were acquired on a
BD FACSymphony A5 analyzer using FACSDiva 8 software.
Data were analyzed using FlowJo Version 10.6. The gating
strategy outlined in Supplementary Figure 1 was established
using a combination of isotype and fluorescence-minus-
one (FMO) controls.

Statistical Analysis
The parametric student’s paired t-test was used and
p-values < 0.05 were considered significant (∗p ≤ 0.05,
∗∗p ≤ 0.01, ∗∗∗p ≤ 0.001, ∗∗∗∗p ≤ 0.0001). The assumption of
normality was verified by the Shapiro–Wilk test. Correlation
analyses were performed using non-parametric the Spearman-
rank correlation method with two-tailed p-values calculated
(p ≤ 0.05).

RESULTS

Pomalidomide Increases Surface Marker
Expression on Human T Cell Leukemia
Virus Type 1-Infected Cells
The cytotoxic activity of CD8+ cells plays a major role in
controlling viral infection. We previously demonstrated that the
immunomodulatory drug pomalidomide (Pom) increased MHC-
1, ICAM-1/CD54, and B7-2/CD86 in HTLV-1 immortalized
and transformed T cell lines. Importantly, this upregulation
significantly increased their susceptibility to NK cell-mediated
cytotoxicity (29). In MT-2 cells, a transformed HTLV-1-infected
cell line, we measured surface expression of ICAM-1 and B7-2
on Pom treated cells (10 µM) compared to untreated (Control)
or DMSO treated cells (Figure 1A). As we previously reported,
ICAM-1 and B7-2 increased in Pom treated MT-2 cells (29).
In addition, Pom treatment also caused a decrease in the
transcription factors Ikaros and EZH2 in MT-2 cells (Figure 1A),
as recently reported (33). Notably, we did not detect a significant
decrease in supernatant p19Gag. Because the reduction of Ikaros
and EZH2 impact cancer cell growth and increase recognition
of infected cells by the host immune system through increased
ICAM-1 and B7-2, Pom may have both a direct and an indirect
effect on the survival of HTLV-1-infected cells.

Pomalidomide Treatment Increases the
Frequency of Activated CD4+ and CD8+

T Cells
Four HTLV-1-infected macaques described in a previous study
(31) were treated with Pom. All 4 animals had detectable viral
DNA and antibody responses by 8 weeks after exposure to wild
type HTLV-1, which were sustained over 21 weeks. The animals
were infected for nearly a year at the initiation of the current
study. To mitigate adverse drug reactions, Pom (0.2 mg/kg/day)
was administered orally on a schedule of 6 consecutive days
of drug and 1 day off for a total of 24 days. All animals were
monitored for an additional 23 days (total of 47 days). The study
scheme and sample collection are shown in Figure 1B. Blood
samples were taken at baseline, day 24 (corresponding to the last
dose of Pom), and day 47 to determine absolute T cell, B cell, and
monocyte counts (Figure 1C). Pom treatment was well-tolerated
in the 4 macaques. Pom treatment did not significantly change
the number of CD4+ T cells, CD8+ T cells, or B-cells in the four
animals, but a marginal increase in monocytes from day 24 to day
47 was noted (final panel, Figure 1C).
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FIGURE 1 | Pomalidomide (Pom) treatment of HTLV-1 transformed cells and HTLV-1-infected rhesus macaques. (A) MT-2 cells were cultured for three days in Pom
(10 µM) or vehicle (DMSO). Cells were stained for the intracellular factors Ikaros, EZH2, and Ki67, as well as surface-marker expression of CD54 (ICAM-1) or CD86
(B7-2). Representative graphs are shown of percentage of Max vs. Fluorescence Intensity and the supernatant p19Gag concentration from MT-2 cells after three
days of culture with Pom (10 µM) or DMSO control. (B) Schematic diagram of Pomalidomide treatment and sample collection. Four rhesus macaques previously
infected with HTLV-1 (31) were treated orally with 0.2 mg/kg/day of Pomalidomide on a schedule of 6 days of treatment (black arrows) and 1 day off over a 24 day
period. Blood and urine (blue arrows), bone marrow (triangles), and bronchioalveolar lavage (squares), were collected as indicated. Twenty-three days after the last
drug dose (day 47) final samples were collected. Baseline samples were collected 48 days before starting drug treatment (–48). (C) The absolute cell number in
cells/mm2 for CD3+CD4+ T cells, CD3+CD8+ T cells, B-cells, and monocytes were graphed for blood samples for each animal at baseline (B.), day 24 when the
last dose of Pom was given, and day 47. Animals are represented as follows: Zj22, circle; Zi51, square; Zj11, triangle; HPM, diamond (*p < 0.05).
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FIGURE 2 | Immunophenotypic profiles and surface/activation markers expression in peripheral blood mononuclear cells (PBMCs) isolated from Pom-treated
animals. Graphs represent the frequency (%) of different subsets of (A) CD3+CD4+ cells, (B) CD3+CD8+CD95+ cells, and (C) CD3−CD8+NKG2a+ (NK) and
CD3+CD8+NKG2a+ (NKT) cells at baseline (B.), day 18, day 24 (last dose of Pom), and day 47 (23 days after treatment). The mean ± standard deviation (error bars)
is shown and p-values (∗p < 0.05, ∗∗p < 0.01, and ∗∗∗p < 0.001) are given above the columns.

To test if Pom affected specific cell populations in HTLV-
1-infected macaques, we used flow cytometry to measure the
frequency of specific CD4+, CD8+, and NK cell populations
in PBMC samples from the 4 animals over the course of the

study. Supplementary Table 2 provides the antibody clones
and fluorochromes used. Frequency of cell populations for all
surface markers and intracellular factors are listed for CD4
(Supplementary Table 3), CD8 (Supplementary Table 4), and
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NK cells (Supplementary Table 5). Flow cytometry analysis
showed a clear pattern of cell proliferation and activation in all
four animals treated with Pom (Figure 2). In most cases, the
highest frequency of CD4+ cells with activation markers CD95,
HLA-DR, CD11b, and CD69 peaked at day 18 of Pom treatment,
and a significant increase in CD4+CD95+, CD4+HLA-DR+, and
CD4+CD11b+ was detected at the last dose of Pom (day 24)
as compared to baseline before Pom treatment (B.). Consistent
with activation, the frequency of CD4+ Ki67+ cells also peaked
at day 18 of Pom treatment and was significantly increased at
the last dose of Pom compared to baseline (Figure 2A). We
also observed an increase in the frequency of CD4+ cells with
the co-stimulatory molecule CD86+ (B7-2). Interestingly, the
frequency of CD4+CCR4+ cells also increased significantly at
day 18 compared to baseline (Figure 2A). CCR4 is a potential
marker of T regulatory cells known to suppress T cell responses
found on HTLV-1-infected CD4 cells. Likewise, we note a
significant increase in the frequency of memory CD8+ cells
at the last dose of Pom (D24) compared to baseline before
treatment (B.). Consistent with increased memory CD8+ cells, we
observed a significant decrease in the frequency of CD8+CD95−
cells (Figure 2B). Further, an increased frequency of activated
CD8+CD95+ cells was detected as measured by CD11b+ and
HLA-DR+. Similar to that observed for CD4+ cells, a significant
increase in proliferating memory CD8 cells (CD8+CD95+Ki67+)
was measured at day 18 compared to baseline (Figure 2B).
Although the frequency of NK and NKT cells did not significantly
change over the course of the study, we did detect an increase
in proliferating, Ki67+ NK, and NKT cells (Figure 2C). As with
CD4+ and memory CD8+ cells, the highest frequencies of Ki67+
NK and NKT cells were measured at day 18. The frequencies of
Ki67+ NK and NKT cells significantly decreased by day 47.

Pomalidomide Increases the Frequency
of CD4+ TNF-α+ and CD8+ Granzyme B+

Cells in Response to Human T Cell
Leukemia Virus Type 1 Peptides
We next assessed HTLV-1-specific T cell responses by
intracellular cytokine staining for IFN-γ, TNF-α, IL-2, and
Granzyme B (GranB) in response to a peptide pool of two major
antigenic proteins of HTLV-1, Gag and Tax. Representative
flow cytometric plots of IFN-γ staining in isolated CD4+
and CD8+ T cells are shown in Figure 3A. Flow cytometric
analysis of the frequency of CD4+ and CD8+ T cells producing
cytokines demonstrated low levels of antigen-specific responses
(Figures 3B, 4A). We note that CD4+ and CD8+ responses to
HTLV-1-specific peptides varied in each animal. However, in
all four animals, Pom treatment enhanced the percentage of
TNF-α+CD4+ cells in response to HTLV-1-specific peptides
at one or more timepoints throughout the study. Similarly, we
noted an increase in the percentage of GranB+CD8+ cells in
response to HTLV-1-specific peptides at one or more timepoints
(Figures 3B, 4A). As a control, we measured CD4+ and CD8+
non-specific responses induced by PMA/ionomycin and found
a high percentage of responding CD8+ cells for IFN-γ, TNF-α,
IL-2, and GranB in all animals throughout the study.

To determine if Pom increased NK cell activity, we
measured intracellular CD107a, GranB, IFN-γ, TNF-α, and
IL-2 in unstimulated and PMA/ionomycin stimulated samples
throughout the course of the study. The NK cell count in baseline
samples from HPM were too low to accurately measure changes,
and this animal was thus excluded from analysis. In unstimulated
and PMA/ionomycin stimulated NK cells, animals Zj22 and Zi51
had initial levels of CD107a+ and GranB+ at >95%, while Zj11
had much lower levels at baseline which increased approximately
twofold by day 47 (Figure 4B). We noted CD107a, GranB, and
IL-2 positive populations of NK cells in unstimulated cultures,
irrespective of Pom treatment. In response to PMA/ionomycin,
NK cells responded in a similar manner, again irrespective of
Pom treatment, in all three animals. NK cells in PMA/ionomycin
stimulated cultures had detectable CD107a, GranB, IFN-γ, TNF-
α, and IL-2 positive populations (Figure 4B). This suggests that
Pom did not affect the response of NK cells to strong stimuli in
HTLV-1-infected macaques.

Pomalidomide Treatment Is Associated
With Increased Human T Cell Leukemia
Virus Type 1-Specific Humoral Response
and Detection of Viral DNA
Next, we assessed changes in HTLV-1-specific antibody
responses. Western blot analysis of plasma from infected animals
over the course of the study indicate that there was low to
no reactivity at baseline. Increased antibody responses were
observed in all four animals after treatment with Pom, although
the timing of these increases varied (Figure 5). In addition, p24
antibody titers, as measured by ELISA, reflected an increase in
3 of the 4 treated animals and a sustained p24 antibody level
in animal Zi51 (Figure 5). To determine if the increase in the
antibody response induced by Pom was specific for HTLV-1 or
a general increase in reactivity, we measured the IgG antibody
titers for measles, as three of the four macaques (Zi51, Zj11, and
Zj22) had previously been vaccinated for measles. In contrast to
Pom treatment, we detected a decrease in IgG titers for measles
over the course of the study (Supplementary Figure 2), thereby
demonstrating Pom to have specifically induced increased
antibody responses to HTLV-1.

To determine if Pom treatment affected the viral DNA level,
we isolated genomic DNA from PBMCs from each animal over
the course of the study and used PCR analysis for detection of
the pX region of HTLV-1. In this model, the HTLV-1 provirus
DNA level in infected animals is <0.02% and often undetectable,
and proved unquantifiable in this study. We therefore used
nested PCR to detect viral DNA in PBMCs before, during, and
after Pom treatment (Figure 5 and Table 1). Macaque Zj11 had
detectable levels of viral DNA in PBMCs at baseline and sustained
positivity throughout the study. Although negative at baseline,
the remaining three animals had detectable HTLV-1 DNA at
least once during Pom treatment. Zj11 and Zj22 had detectable
viral DNA in PBMCs at day 47, 23 days after suspending
Pom treatment. In genomic DNA isolated from bone marrow
mononuclear cells, Zj11, Zj22, and Zi51 all had detectable viral
DNA at day 47 (Figure 5 and Table 1). No viral DNA could
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FIGURE 3 | Cell-mediated responses in Pom-treated animals. (A) Representative flow cytometric pseudocolor plots showing the frequency of IFN-γ producing
CD4+ (upper) and CD8+ (lower) T cells in bone marrow from unstimulated cultures or after stimulation with HTLV-1 Tax/Gag peptide pools or after stimulated with
PMA/ionomycin. (B) Plots of the frequency (%) of cytokine producing CD4+ cells over the course of the study are shown for each animal. Colors for individual
cytokines/granzyme B (GranB) are indicated in the figure. The upper panels represent cultures stimulated with a peptide pool of overlapping 15-mer peptides
spanning the HTLV-1 Tax and Gag proteins. The lower panels represent cultures stimulated with PMA/ionomycin.
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FIGURE 4 | CD8+ and NK cell responses in Pom-treated animals. (A) Plots of the frequency (%) of cytokine producing CD8+ cells over the course of the study are
shown for each animal. Colors for individual cytokines/granzyme B (GranB) are indicated in the figure. The upper panels represent cultures stimulated with a peptide
pool of overlapping 15-mer peptides spanning the HTLV-1 Tax and Gag proteins. The lower panels represent cultures stimulated with PMA/ionomycin. (B) NK cell
responses were measured in unstimulated (lower panel) and PMA/ionomycin stimulated (upper panel) cells at baseline (B.) before Pom treatment, day 24 (24) at the
last dose of Pom, and day 47 (47).
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FIGURE 5 | Pomalidomide (Pom) treatment in HTLV-1 non-human primate model. Plasma samples of Zj22, Zi51, Zj11, and HPM prior to infection (uninfected), week
21 post-infection (week 21 pi), at baseline (457 days after infection), and days 5, 12, 18, 24, and 47 were evaluated for reactivity to HTLV-1 antigens using HTLV Blot
2.4 Western Blot Assay (MP Diagnostics, Singapore). Animal IDs are given above each timespoints. Positive and negative control strips are show and HTLV-1
antigens marked. Administration of Pom is indicated at the bottom of the western blot strips. HTLV-1 p24Gag antibody titers were quantified in these same plasma
samples using an ELISA assay (Advanced BioScience Laboratories, Inc.). Antibody titers are listed below each timespoints. The minus symbol indicates
undetectable levels of p24Gag antibody. Nested PCR for detection of the HTLV-1 pX region was performed on genomic DNA isolated from PBMC or bone marrow
(BM) samples at the given timespoints. The plus symbol indicates detection of HTLV-1 pX sequence, the minus symbol indicates undetectable levels of pX and ND
means “not done,” as no sample was available.
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TABLE 1 | Human T cell leukemia virus type 1 (HTLV-1) DNA detection in infected
macaques after Pomalidomide treatment.

pX region

Material* Animal Baseline Day 5 Day 12 Day 18 Day 24 Day 47

PBMC Zj22 + +

Zi51 + + +

Zj11 + + + + + +

HPM +

BM Zj22 + +

Zi51 + +

Zj11 + +

HPM

*PBMC-peripheral blood mononuclear cells; BM-bone marrow cells. (+) indicates
the sample was positive by nested PCR for the 755 base pair pX region of HTLV-1.

be detected in bronchiolar lavage samples from any of the four
animals. Thus, Pom increased the frequency of detection of
viral DNA. Taken together, the viral DNA and HTLV-1-specific
antibody responses indicate a reactivation of viral expression
and/or proliferation of infected cells upon treatment with Pom.

Inflammatory Response
Leukotrienes are lipid mediators associated with several
inflammatory diseases which have been shown to be biomarkers
for HTLV-1 infection. Leukotrienes LTB4 and LTE4, the latter
a stable metabolite of cysteinyl leukotrienes, were previously
shown to be increased in HTLV-1-infected individuals compared
to controls and correlated with viral DNA load (34). Since
leukotrienes are detectable in plasma and/or urine, samples
were collected from both sources before, during, and after
Pom treatment to measure LTB4 and LTE4 levels. The levels
of LTB4 concentration in the urine of uninfected animals were
in the range of 17–36 pg/ml (Figure 6A and Supplementary
Table 6). Three of the four HTLV-1-infected macaques had
high urine LTB4 levels ranging from 47 to 197 pg/ml. One
macaque, Zj22, had low LTB4 levels at baseline (4.9 pg/ml) but
upon Pom treatment the level of LTB4 dramatically increased to
731.7 pg/ml at day 24 of treatment (Figure 6 and Supplementary
Table 6). Likewise, LTB4 levels increased dramatically in
HPM at day 18 of Pom treatment to 720.7 pg/ml, and to a
lesser extent in Zj11 to 236.1 pg/ml at day 18 and in Zi51
to 166.9 pg/ml at day 24. LTB4 increases followed a similar
profile in the plasma of Pom treated animals (Figure 6A and
Supplementary Table 6).

Leukotriene E4, which is only detectable in urine, showed
fluctuation upon treatment with Pom. As with LTB4, animals
Zi51, Zj11, and HPM had higher baseline levels of LTE4 in
urine than uninfected animals, at a range of 160–958 pg/ml
compared to a range of 45–119 pg/ml, respectively (Figure 6A
and Supplementary Table 6). Zj22 had baseline urine LTE4 levels
of 70 pg/ml, which is consistent with the range in uninfected
macaques. Similar to what we observed for LTB4, LTE4 urine
levels increased during Pom treatment. For all Pom treated
animals, the urine levels of LTE4, as well as LTB4, dropped
23 days (day 47) after stopping drug treatment. Indeed, a

significant difference was detected between the plasma LTB4
levels at baseline compared to day 47 (Figure 6A). Therefore,
consistent with above results, the leukotriene levels suggest that
Pom causes a reactivation of HTLV-1 in infected macaques
resulting in increased inflammation, which resolves when Pom
treatment is stopped.

Next, we measured cytokine and chemokine levels in plasma at
baseline, during Pom treatment, and 23 days after stopping Pom
treatment (day 47). Of the twelve cytokine/chemokines assessed,
we detected IL-1β, MIP-1α, MIP-1β, IL-6, IL-8, IL-15, and
sCD40L. Unlike what we observed for leukotriene levels, Pom
did not cause consistent changes in cytokine/chemokine levels
in HTLV-1-infected macaques (Figure 6B and Supplementary
Table 7). Interestingly, there was a positive correlation in
three of the four macaques (Zj22, Zj11, HPM; p = 0.033,
p = 0.003, p = 0.033, respectively) between IL-15 levels and
Ki-67+memory CD8+ cells. IL-15 is known to stimulate antigen-
specific CD8 cells and NK cells and used in immunotherapy (35).
Together, these results provide evidence that Pom causes immune
activation in HTLV-1-infected macaques.

DISCUSSION

Viruses have evolved a variety of mechanisms to evade the host
immune response to establish a persistent infection. For HTLV-1,
immune evasion may be associated with a high viral replication
rate that can lead to a high proviral load, which, in turn, is
associated with disease manifestation (11, 12, 14, 36, 37). We and
others have shown that the HTLV-1 orf-I gene plays an important
role in cellular proliferation and viral persistence (38).

The Orf-I protein interacts with the heavy chain of major
histocompatibility complex class I (MHC-I) and reroutes it to
proteasomal degradation (39), causing a decrease in cell surface
MHC-I expression and suboptimal recognition of infected cells
by cytotoxic T cells (22, 29). Orf-I also down regulates ICAM-
1 and ICAM-2, reducing NK cell recognition (23, 29). At the
plasma membrane, the p8 protein isoform of Orf-I is recruited
to the immunological synapse, and, upon antigen stimulation,
downregulates proximal T cell receptor (TCR) signaling, thus
causing T cell anergy (27). In addition, the p8 protein is
transferred from cell to cell by cellular conduit and increases
T cell adhesiveness and HTLV-1 transmission (22, 26, 40–43).
Recently, we found that in vitro the immunomodulatory drug
pomalidomide could counter the Orf-I protein’s down-regulation
of MHC-1, B7-2, and ICAM-1 and allow CTL and NK cell
killing (29).

The thalidomide analogs lenalidomide and pomalidomide are
used in the treatment of multiple myeloma, and pomalidomide
was recently approved in the United States for the treatment
of Kaposi sarcoma (44). Recently, a phase II clinical trial using
lenalidomide to treat 26 patients with relapsed/recurrent ATL (15
acute, 7 lymphoma, 4 chronic) was conducted (45). Lenalidomide
(Len) demonstrated tolerable toxicity with significant anti-
leukemic activity, leading to approval of lenalidomide in the
treatment of relapse/refractory ATL in Japan. However, in a phase
II study of lenalidomide in 4 patients with relapsed/refractory
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FIGURE 6 | Inflammatory response. (A) Leukotriene concentrations in urine and plasma. The lipid mediators LTB4 and LTE4 play a pivotal role in acute and chronic
inflammation. The concentration of LTB4 (in urine and plasma) and LTE4 (in urine) were measured over the time of infection using commercial ELISA kits.
Concentrations of LTB4 and LTE4 in the urine of uninfected control animals are included (Con). Symbols represent individual animals at given timespoints: Zj22,
circle; Zi51, square; Zj11, triangle; HPM, diamond. The mean ± standard deviation (error bars) is shown (∗p ≤ 0.05). (B) Cytokine/Chemokine levels in plasma. The
levels of cytokines/chemokines in the plasma of HTLV-1-infected animals at the given timespoints throughout the study were measured with MILLIPLEX MAP
Non-Human Primate Cytokine Magnetic Bead Panel kit (Millipore Sigma). Graphs represent the results at baseline (B.), day 18, day 24 when the last dose of Pom
was administered, and day 47 for cytokines/chemokines detected in all four animals. The mean ± standard deviation (error bars) is shown and p-values < 0.15 are
given above the columns.
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ATL performed in the United States, lenalidomide showed no
clinical activity (46).

Our in vitro results confirm earlier findings that Pom can
have both a direct and an indirect effect on HTLV-1-infected
cells (29, 33, 47). Treatment of HTLV-1-transformed cells with
Pom causes a decrease in transcription factors EZH2, Ikaros,
Aiolos, STAT3 and IRF4, which are involved in cell survival and
signaling pathways. Pom treatment resulted in reduced HTLV-
1-infected cell growth. Although Ikaros and EZH2 decreased
with Pom treatment, we did not detect a significant decrease in
supernatant p19Gag, a measure of virus production. In addition
to a direct effect on cell growth, the ability of Pom to increase
surface expression of MHC-1, ICAM-1, and B7-2 on HTLV-1-
infected cells increases the possibility of recognition of infected
cells by the host immune response via CTL and NK cells. We
treated HTLV-1-infected macaques with Pom in order to test
whether or not the drug could activate the host immune response
to HTLV-1 and lower the viral burden.

Because the DNA viral load is below the level of detection
in these animals, we could not quantify changes in viral DNA
load. Surprisingly, using nested PCR, we found that Pom
treatment increased the frequency of detection of viral DNA
in PBMCs of treated animals. This suggests that in vivo Pom
may induce proliferation of infected cells or viral transmission.
Further, Pom treatment transiently augments the humoral
response to the virus and inflammatory markers. With Pom
treatment, we detected increased HTLV-1-specific antibodies
and LTB4 in plasma as well as elevated LTB4 and LTE4 in
urine. Leukotrienes are lipid mediators involved in several
inflammatory disorders and have been shown to be elevated in the
plasma of HTLV-1-infected individuals, with LTB4 concentration
positively correlating with the HTLV-1 proviral load (34). In
addition, LTB4 was found to be secreted from HTLV-1-infected
CD4+ T cells in a Tax-dependent manner and that LTB4 in
culture supernatants favors cell to cell interaction and viral
spread (48). Further, approximately 3-5% of HTLV-1 infected
individuals will develop the inflammatory disease HTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/TSP).
Although mixed results have been reported, HAM/TSP patients,
especially those from Japan, seem to have a good response to
steroid treatment (49–52). It would be interesting to test if the
combination of Pom or Len with steroids could reduce pain and
improve or stabilize motor function in these patients. Indeed,
lenalidomide plus low-dose dexamethasone until progression is
the standard of care for newly diagnosed multiple myeloma
patients (53, 54).

Consistent with viral activation or proliferation of infected
cells, we measured increased immune activation and noted
CD4, CD8, and NK cell proliferation, which peaked at 18 days
following Pom treatment. We also measured increases in
activated CD4+ and CD8+ cells. Interestingly, the CD8+ cells
show a memory phenotype expressing CD95+, CD11b+, and
HLA-DR+. CD4+CCR4+, which are markers associated with
T regulatory (Treg) cells, also increased. A declining response
seen at day 24 may possibly be explained by the last dose of
Pom increasing Treg cells, although further studies are needed
to confirm this hypothesis. When we measured changes in

HTLV-1-specific responses with Pom treatment, we detected
increases in the percentage of CD4+ producing the inflammatory
cytokine TNF-α+ and cytotoxic CD8+ expressing Granzyme B
in all four animals. However, the responses varied from animal
to animal, and it appeared that the Pom regimen used in our
study was not sufficient to maintain immune activation against
the virus as most responses decreased by the last dose of Pom
and remained lower after suspending treatment. The decreased
activation is possibly linked to an increase in the frequency of
Treg cells. More studies are needed to further characterize the T
cell response and test whether a different dosing regimen would
be more effective.

Together, our results suggest that pomalidomide can enhance
the immune response to HTLV-1 infection, but this response
is not maintained. Since Pom and Len are well-tolerated,
combinatorial treatment with other chemotherapeutics or
monoclonal antibodies could be more effective. In the case of
multiple myeloma, the combination of Len with proteasome
inhibitors and other drug classes such as HDAC inhibitors
has been successful (55). Indeed, in a case report by Oka
and colleagues, Len demonstrated potential for maintenance
therapy of ATL. When daily low-dose Len was given following
LSG5 chemotherapy with mogamulizumab, an acute ATL patient
maintained complete remission with no recurrence for at
least 24 months. Further, Len treatment resulted in long-term
increases in the number of cytotoxic T cells, CD4+ cells, and
NK cells (56). This cell proliferation is consistent with what
we found here for Pom in the macaque model. Moreover,
we recently found that CTL and NK cells are critical for the
establishment of persistent HTLV-1 infection (31). Thus, Pom or
Len treatment able to activate NK cells combined with the use
of monoclonal antibody treatment could potentially also enhance
ADCC in ATL patients.
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treatment.

Supplementary Table 4 | Changes in phenotypic profiles of CD8+ cells with Pom
treatment.

Supplementary Table 5 | Changes in phenotypic profiles of NK cells with Pom
treatment.

Supplementary Table 6 | Leukotriene levels in plasma and urine.

Supplementary Table 7 | Plasma cytokine and chemokine levels. Cytokine
and chemokine levels measured in pg/ml are listed for each animal prior to
infection with HTLV-1 (uninfected), after infection (baseline), during the course of
Pom treatment (days 5, 12, 18, 24), and 23 days after Pom administration (day
47). Cytokines/chemokines not in the table: TNF-α, IL-10, IFN- γ, Il-12/23, and
IL-13 were below detectable levels in animals Zj22, Zj11, and HPM at
all timepoints.
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INTRODUCTION

Human T-cell lymphotropic virus type 1 (HTLV-1) is a neglected retrovirus that causes severe
diseases worldwide. It is a blood borne virus that can also be transmitted by unprotected sex and
from mother-to-child, predominantly via breastfeeding. In 2019 the International Retrovirology
Association (IRVA) established November 10th as HTLV World Day with the aim to increase
awareness about this infection. In 2020, HTLV Channel was founded with the same primary
objective. HTLV Channel is an interactive platform that uses social media to disseminate research
advances and basic knowledge about HTLV. In addition, this platform aims to support patients
and to foster research collaboration, mainly in Latin America. In the year of its foundation,
HTLV Channel celebrated the World HTLV Day with a webinar co-organized with the Brazilian
Ministry of Health. In 2021, the Pan American Health Organization/World Health Organization
(PAHO/WHO) joined forces with HTLV Channel to produce the HTLVWorld Day 2021Webinar.
Four decades after the discovery of HTLV (1, 2) the implementation of policies to prevent its
transmission and for patient care remain limited (3). The Webinar entitled: “World HTLV Day
2021: International health policy forum for the elimination of HTLV—Advancing HTLV health
policies around the world” aimed to discuss public policies toward HTLV-1/2, to identify barriers
and opportunities that can impact the development of public health responses to this virus. This
manuscript aims to reflect on some important points that were discussed during the meeting
(available at https://youtu.be/pbpruvW5JA0 and https://youtu.be/g6DUXoqIH9A).

THE IMPACT OF HTLV-1 BEYOND HAM AND ATL

“We should be ashamed because we are still with these diseases. We are supporting health inequities. So,
we should do something as a world community” Prof. Patricia Garcia.

Although the amount of research compared with other diseases is small, most HTLV clinical
research has been on HTLV-1-associated myelopathy (HAM) and adult T cell leukemia lymphoma
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(ATL), despite which patient care has improved little and both
diseases still have poor outcome. The causative link between
HTLV-1 and a multitude of inflammatory conditions, e.g.,
infective dermatitis, uveitis, pulmonary disease, and its impact
on co-infections is starting to be better recognized and this
was clearly presented at the Webinar by Dr. Fabiola Martin
and Prof. Eduardo Gotuzzo. Indeed, the association of HTLV-
1 with a 57% increase in the adjusted mortality rate revealed
in a recent meta-analysis (4) significantly alters the previous
widespread perception that this virus only impacts health of
a very small number of those infected. In addition to these
under recognized health impacts, the webinar discussed the little
measured socioeconomic impact of HTLV-1 infection and the
role of this virus in supporting inequities.

HTLV-1 infects mainly those with low-income, limited formal
education, females, and vulnerable groups. HTLV-1-associated
diseases and the stigma that is commonly associated with this
infection impact patients’ work capacity, reducing their income
and accentuating health inequities (5, 6). Family aggregation
aggravates this scenario (7). In fact, during the Webinar, patients’
representatives clearly exemplified this difficult situation with
their own experiences. Adjeane Oliveira, from Brazil, reported
her early retirement due to HAM while Ema Moyano from
Argentina, addressed family aggregation and the loss of family
members due to HTLV-1-associated diseases (8). The negative
impact of HTLV-1 is not restricted to patients’ health, the loss
of their loved ones or their income. The stigma of having an
incurable sexually transmitted infection (STI) (9), sometimes
accentuated by the disability caused by HAM, frequently results
in what patients called “social death”. This is a difficult reality that
needs to be considered when planning policies to HTLV-1/2 and
when performing cost-effectiveness evaluations.

THERE IS A NEED TO INCREASE HTLV
TESTING WORLDWIDE

“If we do not look, we will not find it” Dr. Noreen Jack.

HTLV-1/2 infection is considered a silent infection. Most patients
are still considered asymptomatic, despite the clear impact of
HTLV-1 on quality of life, mental health, and socio-economic
status of those infected individuals who have not developed
HAM or ATL. These two well characterized diseases that are
associated with HTLV-1, HAM and ATLL, have a long incubation
time, and their onset is usually late in adulthood. Therefore,
there is a need for active surveillance to identify those infected.
Until widespread screening is available targeted testing should
be offered and include sexual partners and family members of
PLHTLV, and those at higher risk of acquiring STIs and blood
borne viral infection, such as patients with STIs, those that take
Pre-Exposure Prophylaxis (PrEP) to prevent HIV infection, sex
workers, and people who inject recreational drugs.

Most countries screen blood donors for HTLV-1/2 infection.
In the Americas, the uptake of this policy is high. In 2016
and 2017, 90% of blood units collected in Latin America and
the Caribbean were screened for HTLV-1/2 (10). However, in

most cases, no confirmatory test is performed, and counseling is
scant or absent. This represents missed opportunities to prevent
new infections and to provide adequate care. In addition, data
from blood banks are rarely used to provide epidemiological
information for policymakers, despite the lack of current HTLV
prevalence data for many countries in the region. In the USA,
data from blood donors informs about HTLV-1/2 surveillance
in the country. Reporting and analyzing data from blood banks
would be a good starting point, acknowledging that it may be
an under estimation of the real burden of HTLV-1/2 infection.
Disease Registers for HTLV, such as the one established in the
UK in 2004 are also useful to provide guidance for policymakers
but have not been widely implemented.

The development of a low-cost, rapid, point of care test for
HTLV-1/2 screening would facilitate test uptake worldwide and
should be a research priority. Local and international agencies
should establish guidelines for the diagnosis of HTLV infection,
including the need of confirmatory testing.

HTLV AWARENESS IS ESSENTIAL AND
CATALYTICAL FOR THE ADVANCE OF
HEALTH POLICIES

“The lack of knowledge about HTLV is the main complicating
factor” Ms Adjeane Oliveira.

The lack of awareness about HTLV-1/2, including among
health care workers, was mentioned by patients’ representatives
and experts as a major barrier to the advance of policies to
control this infection. The lack of awareness prevents adequate
care, contributes to increase stigma, and impairs the inclusion
of HTLV-1/2 in the international and local health agenda.
In addition, it is detrimental to research and contributes to
the limited interest of pharmaceutical companies into the
development of new therapeutic and preventive interventions
and the scarcity of research funding in general.

The global community should take advantage of online
platforms and social media to disseminate information about
HTLV-1/2. In fact, the Webinar itself is a good example
of how these tools may be useful to push for action. In
Brazil, HTLV was included in an online course about STI
for healthcare workers and a clinical guideline about HTLV
was published. Similar guidance is under development in the
UK and expected to be published during 2022. The HTLV
Community should take this opportunity of renewed interest in
HTLV-1/2 being shown by international agencies, such as the
PAHO/WHO, to strengthen the discussion about this virus. In
this regard, a strong collaboration between researchers, patients’
representatives, and policy makers, as reported in Brazil and UK,
is key to the implementation of effective measures to prevent and
control HTLV-1.

It was interesting to observe the dichotomy when comparing
the view of Australia’s healthcare professionals and that of the
aboriginal community from Central Australia, who suffer with
a high prevalence of HTLV-1 infection, affecting almost half
of the adult population (11). According to healthcare workers‘

Frontiers in Public Health | www.frontiersin.org 2 May 2022 | Volume 10 | Article 883080249

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Rosadas et al. Webinar HTLV World Day 2021

perspective, it is not important to increase awareness about
HTLV-1/2 among aboriginals in Central Australia and this
information could be harmful for them. Those professionals
assumed that aboriginal people would not understand about

HTLV-1/2 and this was not a priority for them. On the contrary,
people from these communities reinforced the importance to talk
about HTLV-1/2 and how education is important to empower
this population that is most affected by this virus and to

FIGURE 1 | Short-term goals for an effective public health response to HTLV-1/2.
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prevent new infections (12). Although the HTLV situation in the
Aboriginal communities of Central Australia represents a very
particular scenario, this dichotomy is a barrier that is shared
by many other settings. In fact, a similar argument was used
by the antenatal screening committee from the UK when they
decided not to implement HTLV-1/2 antenatal screening in the
country. One of the arguments was that testing for HTLV-1/2
would be harmful for pregnant women as it could be stressful
for them to be tested for an incurable infection. However,
women‘s perspective was not assessed, and their views were
not taken into account when deciding about this important
policy. This highlights the importance of engaging with patient’s
representatives when designing policies toward HTLV-1/2 and
the urgent need for research in this area, both of those who are
already affected by HTLV-1/2 infection and those who would
be screened. HTLV-1/2 antenatal screening was unanimously
considered a major priority by all patients’ representative and
specialists participating in the Webinar.

INTEGRATION OF HTLV INTO EXISTING
PROGRAMS

“We certainly can do better to reduce mortality and morbidity”
Prof. Peter Figueroa.

An opportunity to introduce policies for HTLV-1/2 at relatively
low cost is to take advantage of programs that are already
implemented. Most countries have local programs related
to maternal health, HIV and STIs, neglected diseases, etc.
PAHO/WHO recently launched a platform for the elimination
of a number of infectious diseases (13). HTLV-1/2 could be
integrated into these programs and use their established network,
working capacity, knowledge, and experience. In Brazil, the
inclusion of HTLV-1/2 into the department of chronic diseases
and sexually transmitted infections was beneficial to the advances
that were recently observed. In fact, most of the successful
outcomes in that country resulted from the addition of HTLV-
1/2 in the list of STIs. Patients’ care can also be integrated
into the response to sexually transmitted infections and sexual
health more broadly. In the UK the National Center for Human
Retrovirology (NCHR), is part of the Department of Sexual
Health and HIV, at St Mary‘s Hospital and has been a model of
patient‘s care.

It is important for policies to be tailored to the local setting.
In this regard, particularities of indigenous communities from
Brazil and Australia were shared during the Webinar. As stated
above, the medical leadership‘s assumptions have been a major
barrier to the implementation of policies for the aboriginal
community in Australia. In Brazil, cultural, linguistic, and
geographic barriers were identified as difficulties to implement
policies targeting indigenous people in that country. In Brazil,
the collaboration between HTLV-1/2 specialist researchers and
the Special Secretary of Indigenous Health (SESAI) to increase
awareness about HTLV-1/2 and the production of informative
factsheets about HTLV-1/2 in different indigenous languages are
examples of good practices that can be achieved at relatively
low cost.

PREVENTION OF MOTHER TO CHILD
TRANSMISSION IS A MAJOR PRIORITY

“We need now to institute simple programs, starting with
antenatal testing and mother-to-child transmission prevention”
Prof. Peter Figueroa.

There is a common belief that as there is no cure for HTLV
infection, nothing should be done. However, the absence of
a curative treatment for HTLV-1/2 infection reinforces the
importance of implementing policies to prevent new infections.
Several effective measures to prevent new infections are known.
The effectiveness of avoidance or shortening the duration of
breastfeeding to reduce HTLV-1 transmission is well recognized.
The implementation of antenatal screening was unanimously
identified as a priority. Indeed mother-to-child transmission
disproportionally contributes to HTLV-1 associated diseases (14).

The implementation of HTLV-1/2 antenatal screening
integrated with other maternal and child health programs
is an opportunity to identify those infected, to prevent new
transmissions, to obtain epidemiological data and to verify the
success of the policy. For this to succeed there is a need to
increase awareness about HTLV among healthcare professionals,
so they can provide proper counseling for seropositive women.

THE TIME TO ACT IS NOW

“Why is this virus still around and without effective surveillance,
control or cure?” Dr. Fabiola Martin.

Professor Peter Figueroa’s statement, reflected in the title of
this manuscript “We need to translate research into meaningful
health policies and programs to HTLV” summarizes the main
message of the webinar. There is still a long way to go before
we can start planning HTLV-1/2 elimination, but we must
start paving the way now. Many different actors are involved:
local governments, HTLV experts, patients’ representatives and
international agencies and need to start immediately to act
together toward this goal. Paraphrasing a Chinese proverb: “The
best time to act was decades ago. The second-best time is now.”

CONCLUSION

The short-term goals, for each of the actors, drawn from this
interactive webinar are presented in the Figure 1. We hope that
PAHO/WHO renewed interesting in HTLV-1 and that the HTLV
World Day Webinar 2021 will be catalytic for an effective global
response to HTLV-1/2.
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A multi-epitope protein expressed in a prokaryotic system, including epitopes of Env,

Gag, and Tax proteins of both HTLV-1 and HTLV-2 was characterized for HTLV-1/2

serological screening. This tool can contribute to support the implementation of public

policies to reduce HTLV-1/2 transmission in Brazil, the country with the highest absolute

numbers of HTLV-1/2 infected individuals. The chimeric protein was tested in EIA using

serum/plasma of HTLV-infected individuals and non-infected ones from four Brazilian

states, including the North and Northeast regions (that present high prevalence of

HTLV-1/2) and Southeast region (that presents intermediate prevalence rates) depicting

different epidemiological context of HTLV-1/2 infection in our country. We enrolled

samples from Pará (n = 114), Maranhão (n = 153), Minas Gerais (n = 225) and São

Paulo (n = 59) states; they are from blood donors’ candidates (Pará and Minas Gerais),

pregnant women (Maranhão) and HIV+/high risk for sexually transmitted infection (STI;

São Paulo). Among the HTLV-1/2 positive sera, there were co-infections with viral

(HTLV-1 + HTLV-2, HIV, HCV, and HBV), bacterial (Treponema pallidum) and parasitic

(Trypanosoma cruzi, Schistosma mansoni, Strongyloides stercoralis, Entamoeba coli,

E. histolytica, and Endolimax nana) pathogens related to HTLV-1/2 co-morbidities that

can contribute to inconclusive diagnostic results. Sera positive for HIV were included

among the HTLV-1/2 negative samples. Considering both HTLV-1 and HTLV-2-infected

samples from all states and different groups (blood donor candidates, pregnant women,

and individuals with high risk for STI), mono or co-infected and HTLV-/HIV+, the test

specificity ranged from 90.09 to 95.19% and the sensitivity from 82.41 to 92.36% with

high accuracy (ROC AUC= 0.9552). This multi-epitope protein showed great potential to

be used in serological screening of HTLV-1 and HTLV-2 in different platforms, even taking

into account the great regional variation and different profile of HTLV-1 and HTLV-2 mono

or co-infected individuals.
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INTRODUCTION

The human T-lymphotropic viruses 1 and 2 (HTLV-1 and
HTLV-2) are endemic in Brazil that presents the highest
number of infected people around the world. According to
the recent report of the Brazilian Ministry of Health (1) it

was estimated that 800,000 to 2.5 million people are living
with HTLV-1/2 in Brazil, with high endemicity variation
by state and by distinct groups, as blood donors, pregnant

women, and vulnerable populations to sexual transmission
infections (0.1–4.8/1,000 inhabitants). The HTLV-2 is either

endemic in Brazil among indigenous communities, mainly in
the Brazilian Amazon region as well as in injectable drug
users in urban areas (2–4). Rates from 1 to 40% were already
observed in indigenous populations in isolated communities
and epidemiological data showed an HTLV-2 prevalence of 29%
in three new villages of the Xikrin tribe (Kayapo indigenous
group), showing the greatest prevalence of HTLV-2 around the
world (5).

Recently Rosadas and Taylor (6) showed a clear correlation
between low income and high HTLV-1 prevalence in pregnant
women, whichmeans that virus prevalence increases as economic
inequality increases. So, according to the authors, HTLV-1
infection fits the WHO definition of health inequities that
are unfair and potentially avoidable with the implementation
of adequate policies, with the real possibility to change the
landscape of a broad range of high mortality and morbidity
diseases caused by HTLV-1. Illustrating this scenario portrayed
pregnant women group (due the breast-feeding impact onHTLV-
1/2 transmission), 16,548 HTLV-1 women became pregnant by
year in Brazil, with the outcome of 3,024 new HTLV-1 infections
through the breastfeeding. From those, 120 to 604 and 8 to
272 could develop ATL and HAM/TSP, respectively. Of these
infections, 2,610 could be prevented only by counseling for
non-breastfeeding in case HTLV was diagnosed during prenatal
care (7). Also, in the state of Minas Gerais, Brazil, an HTLV-
1/2 screening was conducted using 55,293 dry blood samples
from the Neonatal Screening Public-Funded Program, which
showed the HTLV-1/2 detection of 9.4/10,000 babies’ samples.
These cases were confirmed by testing their mothers, indicating
a prevalence of 7.6/10,000 represented by 40 HTLV-1 and
two HTLV-2 positive mothers. These HTLV-2-infected mothers
are from an indigenous Brazilian ethnicity, the Maxacalis
tribe which lives in Northeast of Minas Gerais. The North
and Northeast regions of Minas Gerais showed the highest
prevalence rates (5.59/10,000—Vale do Mucuri and 1.6/10,000—
Vale do Jequitinhonha, respectively) and these regions have the
state’s worst social and economic indicator (8), reinforcing the
status of HTLV-1/2 infection as a health inequity. This early
finding in mothers contributed to avoid vertical transmission,
and therefore this approach using an already well stablished
Brazilian Public-Funded Program should be considered as a
strategy to avoid HTLV-1/2 transmission. The identification of
seropositive individuals is crucial and urgent to block HTLV-
1/2 transmission and extend the screening for other groups
beyond the blood donors that is already mandatory in Brazil
and elsewhere.

One study conducted in Salvador, Bahia, evaluated the
performance of four commercially available serological screening
tests for HTLV-1 infection in Brazil; three enzyme immunoassays
(EIA) and one chemiluminescence assay (CMIA), and concluded
that all commercial assays could be safely used (all were 100%
sensitive). However, the high sensitivity of some kits may lead to
false-positive results, which could increase the testing cost due
to the need for confirmation (9, 10), and in the case of blood
banks, could increase the discard rate of blood components. In
fact, the use of screening assays of high specificity is important
to reduce cost with confirmatory assays and prevent distress
in people that receive a false-positive result as documented
in one study that searched for screening impact in health
care programs cost of antenatal screening in Brazil (11). It
is important to consider that indeterminate serologic results
are the most challenging point in the diagnosis of infectious
diseases, impacting different segments of Public Health, and
especially the individuals themselves, once it shows to have a
direct relation with their health and well-being (12). Thus, due
to the high number of WB-indeterminate and untyped HTLV
results in HTLV mono or co-infections, it was evaluated the Line
immunoassay-LIA in different groups including samples from
HIV/AIDS individuals, patients with Hepatitis B and C, both
groups from São Paulo and patients from an HTLV outpatient
clinic in Salvador, Bahia. LIA confirmed the majority of the
WB-indetermined results (66.1, 83.3, and 76%, respectively, in
the cited groups). However, the last group from Salvador still
presented untyped HTLV results using this technology. Despite
the better performance in comparison to WB, the high costs
prevented its routine application in Brazil (13).

The International Health Policy Forum for the elimination
of HTLV in 2021 (organized by PAHO, WHO, and the HTLV
Channel) pointed out the necessity to improve the diagnostic
tests, including the production of rapid tests (point of care) to fill
the HTLV-1/2 diagnostic gaps and to promote the biotechnology
independence in countries with high rates of HTLV-1/2 infection,
as in Brazil. In addition, in this period of the COVID-19
pandemic, we are experiencing a shortage of HTLV EIA kits
available on the market, joint to the fact that those ready to
use were not been tested with samples from different geographic
regions and populations in Brazil. Therefore, considering the
reasons above and the necessity to provide screening diagnostic
tests for HTLV-1/2 in public health services in Brazil, this work
aimed at the development of a diagnostic tool based on a multi-
epitope recombinant protein containing antigens for HTLV-1
and HTLV-2 that can be used in different diagnostic platforms.

METHODS

Samples and Ethical Statements
We enrolled samples from the states of Pará, Maranhão, Minas
Gerais and São Paulo, Brazil, from blood donors’ candidates
(Pará and Minas Gerais), pregnant women (Maranhão) and
HIV+/high risk for sexually transmitted infection (STI; São
Paulo). Among the HTLV-1/2 positive sera, there were
coinfections with viral (HIV, HCV, HBV, HTLV-1+ 2), bacterial
(Treponema pallidum), and parasitic (Trypanosoma cruzi,
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Schistosma mansoni, Strongyloides stercoralis, Entamoeba coli, E.
histolytica, and Endolimax nana) pathogens related to HTLV-
1/2 comorbidities and that might induce inconclusive diagnostic
results. The study population consisted of 551 samples of
peripheral blood from mono-infected or co-infected individuals
with HTLV-1, HTLV-2, or HTLV-untyped, also with other viral
and parasitic pathogens, in addition to HTLV seronegative and
HTLV seronegative/HIV positive individuals (HTLV-/HIV+)
from four different states from Brazil (Table 1). The samples
from Minas Gerais (MG) (n = 225) were screened at Fundação
HEMOMINAS, a blood center in Belo Horizonte, Minas
Gerais, by EIA (Murex HTLV-I+II, DiaSorin, Dartford, UK) or
microparticle chemiluminescence immunoassay (CMIA Abbott
Diagnostics, Germany) and confirmed by Western blot (HTLV
BLOT 2.4, MP Diagnostics, Singapore). Serum samples from
São Paulo (SP) were provided by Instituto Adolfo Lutz (IAL),
a central public health laboratory in São Paulo, and screened
by EIA (Gold ELISA HTLV-I+II, REM, São Paulo, SP, Br or
Murex HTLV-I+II, DiaSorin, Dartford, UK) and confirmed by
WB 2.4. In addition, 114 serum samples from Pará (PA) provided
from Universidade Federal do Pará (UFP), and 153 sera from
Maranhão (MA) provided from Universidade CEUMA de São
Luiz were also tested. Serum samples from Pará were screened by
EIAMurex HTLV-I+II, DiaSorin, Dartford, UK, and the positive
ones were confirmed by qPCR or nested PCR (tax and env
gene region). Samples from Maranhão were screened by CMIA
(Abbott Diagnostics, Germany) and confirmed byWB 2.4 (HTLV
BLOT 2.4, MP Diagnostics, Singapore) and nested PCR (tax
region). The project was approved by the Ethics Committee for
Research of Universidade Federal de Minas Gerais (UFMG) and
Fundação HEMOMINAS, as well as by IAL, UFP, and CEUMA,
receiving the Ministry of Heath protocol numbers CAAE #
55618516.1.0000.5149 and # 55618516.1.3001.5118.

Multi-Epitope Recombinant Protein Design
A multi-epitope protein was designed for expression in a
prokaryotic vector and was based on proteins validated all
around the world in EIA and Western blot (WB) tests for
HTLV-1 and HTLV-2: Env (gp46) and Gag (p19). In addition,
based on our previous studies, Tax protein epitopes were
also included for both viruses (14). The chimera’s design was
based on scientific literature deposited in PubMed [https://
www.ncbi.nlm.nih.gov/pubmed/; (14–17)]. Later, the regions
of choice were aligned in MultAlin platform (http://multalin.
toulouse.inra.fr/multalin/) with Brazilian sequences deposited at
GenBank (https://www.ncbi.nlm.nih.gov/genbank/). The chosen
epitopes of Env, Gag, and Tax protein were disposed of in
tandem, separated by flexible proline and glycine rings (18)
and inserted in a commercial pET32a+ plasmid (with histidine
tail used for protein purification). Escherichia coli Rosetta-gami
2(DE3) cells (Novagen, Merck KGaA, Darmstadt, Germany)
were transformed and induced for 5 h with 1mM IPTG (Sigma-
Aldrich, San Luis, Missouri, EUA). The protein was purified
with affinity chromatography using sepharose His-Trap HP
(GE Healthcare, Chicago, Illinois, EUA) column and Äkta Start
system (GE Healthcare Life Sciences, Chicago, Illinois, EUA) and
following tested in-house. The multi-epitope protein (1 µg) was

transferred to a PVDF membrane (AmershamTM HybondTM
0.45µM GE Healthcare Life Sciences, Chicago, Illinois, EUA).
The membrane was incubated for 16 h at 4◦C with a pool of
HTLV-1, seronegative, or HTLV-2 infected samples (1:100). A
commercial mouse anti-histidine antibody (J099B12–1:1,500–
BioLegend, San Diego, Califórnia, EUA) was used as a positive
control. As a secondary antibody was used anti-mouse IgG
(HAF007–1:10,000–Novus Biologicals, Centennial, Colorado,
EUA) or anti-human IgG (A0293–1:2,000–Sigma–Aldrich, San
Luis, Missouri, EUA). The detection was performed using a TMB
substrate (Sigma–Aldrich, San Luis, Missouri, EUA).

In-House Indirect ELISA
The sensitivity and specificity of the recombinant multi-epitope
protein were tested using an indirect ELISA. The 96-well high-
binding flat-bottom microplates (Corning, Nova York, EUA
catalog 9018) were coated with the purified recombinant protein
(150 ng/well; overnight 4◦C) followed by blocking (Low-fat
powder milk—LFM—Nestlé, Vevey, Switzerland)-−4 h at room
temperature (RT). The microplates were incubated with the sera
samples shown inTable 1 (1:50 in wash buffer—LFM 0.1%, tween
20 0.05% in PBS 1×; overnight at 4◦C) followed by 10× washing
and labeling with secondary antibody anti-IgG human labeled
with peroxidase (A0293-−1:25,000—Sigma–Aldrich, San Luis,
Missouri, EUA) by 90min at RT. Human serum (H3667—Sigma–
Aldrich, San Luis, Missouri, EUA) was used as negative control
and cut-off and TMB (Sigma–Aldrich, San Luis, Missouri, EUA)
was used as a chromogenic substrate, followed by reading
at 450 nm in Multiskan GO Microplate Spectrophotometer
(Thermo Fisher Scientific, Waltham, Massachusetts, EUA). The
cut-off was established through the sum of 0.2 factor to the
negative control optical density (OD). The index was calculated
with the OD of the samples divided by the cut-off. This value
was defined using the ROC curve analysis on the preliminary
evaluation of the multi-epitope protein parameters, where the
OD of the negative control + 0.2 gave the best cut-off related to
sensitivity (>95%) observed in the ROC curve. Results above 1.1
were considered positive, below 0.9 negative, and between 0.9 and
1.1 indeterminate.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism 8.0.2,
with Kruskal–Wallis and Mann–Whitney test when appropriate.
A receiver operating characteristic (ROC) curve, a statistical
tool to evaluate the global accuracy of the test was applied to
evaluate the test performance using the same software. Positive
and negative predictive values, calculated through the reported
prevalence in each state, Youden’s J statistic, Cohen’s Kappa
coefficient, and likelihood-ratios were also calculated to evaluate
the performance of the multi-epitope recombinant protein to
recognize HTLV-1 and HTLV-2 antibodies.

RESULTS

The multiepitope protein was designed using HTLV-1 and
HTLV-2 p19, gp46, and Tax sequences, and a histidine tail
for protein purification by nickel affinity chromatography was
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TABLE 1 | Characteristics of the HTLV-seropositive and seronegative (SN) sera samples.

PA MA SP MG Total

HTLV-1 28 3 0 66 97

HTLV-1 + HIV 0 0 0 13 13

HTLV-1 + other viral, bacterial and/or parasitic co-infection 0 0 0 15a 15

HTLV-2 7 0 0 3 10

HTLV-2 + HIV 0 0 13 3 16

HTLV-2 + other viral and/or parasitic co-infection 0 0 2b 2c 4

HTLV-untyped and indeterminate 0 2d 4e 1f 7

HTLV- SN / HIV+ 49 3 40 0 92

HTLV- SN 30 145 0 122 297

Total 114 153 59 225 551

States – PA, Pará; MA, Maranhão; SP, São Paulo; MG, Minas Gerais.
aHTLV-1 + HTLV-2 (1/15); HTLV-1 + HTLV-2 + HCV + HBV+ Trypanosoma cruzi (1/15); HTLV-1 + HBV (3/15); HTLV-1 + HBV + Treponema pallidum (1/15); HTLV-1 + Treponema
pallidum (1/15); HTLV-1+ HCV (1/15); HTLV-1+ HCV+ Trypanosoma cruzi (1/15); HTLV-1+ HCV+ Strongyloides stercoralis (1/15); HTLV-1+ Strongyloides stercoralis (1/15); HTLV-1
+ Trypanosoma cruzi (2/15); HTLV-1 + Schistosoma mansoni (2/15).
bHTLV-1 + HTLV-2 + HIV (2/2).
cHTLV-1/2 HTLV-2 + HBV (1/2); Ascaris lumbricoides, Entamoeba histolytica and Entamoeba coli (1/2).
dWB indeterminate (2/2).
eWB indeterminate (3/4) and untyped (1/4) (all samples are co-infected with HIV).
fHTLV untyped.

added. After the protein purification, a Western blot was
conducted. This assay showed that the multi-epitope protein
is recognized by sera from individuals infected by HTLV-1 or
HTLV-2, which was not observed for the seronegative individuals
(Figure 1).

Characterization of the Multi-Epitope
Protein Performance in an In-House
Anti-IgG ELISA
The indirect in-house ELISA was performed by double-blind
testing of 125 HTLV-1 positive samples (97 mono-infected
and 28 with viral coinfection and/or parasitic coinfection), 30
HTLV-2 positive samples (10 mono-infected, 19 with viral co-
infection and 1 with parasitic co-infection), two HTLV untyped
and five samples with the indeterminate result by serology and
389 HTLV-negative samples, including HIV positive ones (n
= 92). First, we evaluated the results considering all samples
from the four states clustered by viruses: HTLV-1, HTLV-2,
and HTLV with or without co-infections (Figure 2A; Table 1).
Related to HTLV-1, 2/125 samples (1.6%) showed indeterminate
results (1 mono-infected and 1 co-infected sample). On the other
hand, from 30 HTLV-2 samples, 6 (20%), and 9 (30%) showed
indeterminate and negative results, respectively. Considering
the mono-infected and co-infected samples 3.3% and 16.6%
were indeterminate, whereas 6.7%, and 23.3% showed negative
results, respectively. However, joining HTLV-1 and HTLV-2
samples (mono and co-infected samples), both groups showed
statistically significant differences when compared with HTLV
negative samples (Figure 2B; p < 0.0001 Kruskal–Wallis test).
The untyped and indeterminate samples were slightly recognized
by the in house-ELISA, with one untyped sample from Minas
Gerais State (14.3%) showing a positive results. According to the
multi-epitope ELISA, the seronegative controls (n= 297) showed

5.1 and 4% of positive and indeterminate results, respectively,
whereas these rates were both 6.5% for HTLV-SN/HIV (n = 92).
Analysis of the negatives samples in a joined group (HTLV-SN
and HTLV-SN/HIV+) showed statistically significant differences
from HTLV-1 and HTLV-2 (Figure 2B) and from HTLV positive
samples (Figure 2C).

Screening Effectiveness by State’s Cohorts
When considering the four different state cohorts examined, it is
important to take into account that samples from Pará andMinas
Gerais were obtained from blood donors candidates, while the
pregnant cohort is originally from Maranhão and the vulnerable
population for STI and HIV+ are originally from São Paulo.
Results and confidence intervals of all samples analysis are shown
in Table 2 (HTLV positive or negative). The sensitivity and
specificity results varied among the states. In all states together
(named Brazil on the table) the sensitivity was overall 88.27%,
with São Paulo (all samples co-infected with HIV) presenting
the lowest (47.37%) and Pará the highest value (97.14%). The
specificity was 93.06% (Brazil), ranging from 86.08% (Pará) to
97.50% (São Paulo).

Cohen’s Kappa coefficient measures the reliability of the test,
taking into consideration the agreement occurring by chance,
in values ranging from 0 to 1, being 1 the perfect agreement
(25). Analysis of Minas Gerais’ samples resulted in almost perfect
agreement (0.928), followed by Brazilian samples overall (0.802)
and those from Pará (0.788) with a substantial agreement.
Samples from São Paulo showed a moderate agreement (0.512)
and from Maranhão a fair agreement (0.234), which is probably
related to the fact of that only five HTLV samples from this state
were analyzed and two of them (40%) were indeterminate in
WB assay.

Both areas under the ROC curve (AUC) and Youden’s J
statistic index indicates accuracy of the test, being 1 the highest
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FIGURE 1 | Western blot of purified HTLV-1/HTLV-2 multi-epitope protein. MW, Molecular weight. (1) seronegative pool 1:100/IgG anti-human 1:2,000; (2) positive

HTLV-1 pool 1:100/anti-human IgG 1:2,000; (3) positive HTLV-2 pool 1:100 / anti-human IgG 1:2,000; (4) anti-histidine 1:1,500/anti-mouse IgG 1:10,000 (positive

control). The black arrow indicates the molecular weight of 70 kDa, corresponding to the size of the recombinant protein. It is observed that the multi-epitope protein

was detected by pool sera of individuals infected with HTLV-1 or HTLV-2 (lines 2 and 3, respectively) and by the positive control (line 3—anti-histidine). The pool of

seronegative individuals did not react with the target protein (line 1).

accuracy value. The AUC was higher than 0.9 in Minas Gerais
(0.9973) and Pará (0.9772), followed by São Paulo (0.8309) and
Maranhão (0.6926). Youden’s J statistic index showed the lowest
result in São Paulo (0.51) and the highest in Minas Gerais (0.93).
Considering the global result (from the four Brazilian states), the
AUC (Figure 3) and the Youden’s J statistic index were 0.9552
and 0.81, respectively.

Likelihood ratios are used for assessing the value of
performing a diagnostic test (26). Values between 0 and 1
indicates the odds of the infection when a test is negative
(negative likelihood ratio, NLR) and above 1 indicate the odds
of the presence of the infection if the test is positive (positive
likelihood ratio, PLR). NLR for São Paulo and Maranhão were
0.54 and 0.44, respectively, while for Pará and Minas Gerais they
were 0.03 and 0.06, respectively. The lowest PLR was found in
Maranhão (6.34) and the highest inMinas Gerais (57.45). Finally,
predictive values indicate the probability of infection if the test is
positive (positive predictive value, PPV) and absence of infection
if the test is negative (negative predictive value, NPV). As HTLV-
1 and HTLV-2 have considered of low prevalence compared to
other viral infections, PPV may be underestimated (Pará: 6.58%;
Maranhão: 4.28%;Minas Gerais: 4.40%; São Paulo: 22.39%). NPV

ranged from 99.18% in São Paulo to 100% in Minas Gerais, being
the Brazilian global result 99.90%.

The Index sample’s distribution in the ELISA of each state is
shown in Figure 4. This screening experimental test differentiates
HTLV-positive samples from those negative ones from the
four Brazilian states’ cohorts (Kruskal–Wallis test), although
the group difference of each one (blood donor candidates, low
IST risk pregnant women and HIV+/high risk for sexually
transmitted infection. The multi-epitope protein was developed
with epitopes of HTLV-1 and HTLV-2 and the cut-off evaluated
in the data was the same for both viruses (above 1.1 were
considered positive, below 0.9 negative, and between 0.9 and
1.1 indeterminate). Figure 3 represents the ROC curve and
considering the optimal cut-off > 0.9150 for HTLV-2, the test’s
performance was 64.29% sensitivity and 90.23% specificity at
cut-off for the general Brazilian HTLV-2 samples, showing that
including the cut-off should be modified for each virus.

The sensitivity and specificity’s results varied among the
states, as already shown in Table 2. However, when we
analyzed based on samples from each state the regional
profile is evidenced (Table 3). Sensitivity regarding to HTLV-
1 samples was 100% for Pará and Maranhão and 98.91%
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FIGURE 2 | Antibody reactivity of the evaluated HTLV-1, HTLV-2, HTLV, and seronegative samples using the indirect in-house ELISA based on the multi-epitope

recombinant protein. (A) Scatter plots show the reactivity against the multi-epitope recombinant protein for all samples tested, which were defined as positive,

indeterminate, or negative. HTLV-1 mono or co-infected x HTLV-SN or HTLV-SN/HIV (p < 0.0001), HTLV-2 mono-infected × HTLV-SN (p = 0.0005) and ×

HTLV-SN/HIV (p = 0.00261), HTLV-2 co-infected × HTLV-SN and HTLV-SN/HIV (p > 0.05). For HTLV-SN × HTLV-SN/HIV the difference was p = 0.0015. (B) Scatter

plots comparing HTLV-1/2 groups with HTLV negative. (C) Comparison between HTLV positive × HTLV negative. Kruskal–Wallis and Mann–Whitney tests were

performed in GraphPad Prism 8.0.2.

for Minas Gerais, with overall value to Brazilian samples
99.19%. The HTLV-1 specificity of detection was overall 92.55%,
with Minas Gerais presenting the highest value (98.36%),
followed by Maranhão (90.54%) and Pará (86.08%). Maranhão
and Pará had the highest number of discordant results
related to HTLV seronegative samples (Figure 2) impacting the
specificity analyses.

In regard to HTLV-2, the sensitivity detection was overall
57.14%, with lowest number presented byMinas Gerais (37.50%),
followed by São Paulo (53.85%) and Pará (85.71%). The
specificity was overall 94.61%; 86.06% in Pará samples, 97.05%
in São Paulo, and 98.36% in Minas Gerais.

DISCUSSION

Serological diagnostic for HTLV-1/2 infections include viral
antigens encoded by structural and regulatory genes andmethods

available fall in two categories: the screening tests and those

with the capacity to confirm and discriminate the HTLV-1
and HTLV-2 infections (27, 28). Although efforts have been

made around the world to improve the HTLV-1/2 tests, the
confirmatory tests are costly and variable in performance
according to regional and epidemiological profiles, generating
considerable rates of indeterminate and untyped virus results
(13, 27, 29, 30).
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TABLE 2 | Statistical analysis of the ELISA multi-epitope recombinant’s performance by state and HTLV positive and negative samples.

Pará Maranhão Minas Gerais São Paulo Brazil

Value 95% CI Value 95% CI Value 95% CI Value 95% CI Value 95% CI

AUC 0.9772 0.9508 to 1.000 0.6926 0.3561 to 1.000 0.9973 0.9939 to 1.000 0.8309 0.7198 to 0.9420 0.9552 0.9345 to 0.9758

Sensitivity 97.14% 85.47% to 99.85% 60% 23.07% to 92.89% 94.17% 87.87% to 97.30% 47.37% 27.33% to 68.29% 88.27% 82.41% to 92.36%

Specificity 86.08% 76.76% to 92.04% 90.54% 84.75% to 94.28% 98.36% 94.22% to 99.71% 97.50% 87.12% to 99.87% 93.06% 90.09% to 95.19%

Cohen’s kappa 0.788 0.671 to 0.905 0.234 −0.007 to 0.475 0.928 0.879 to 0.977 0.512 0.277 to 0.747 0.802 0.747 to 0.856

Observed

agreements

90.35% 89.54% 96.44% 81.36% 91.65%

Agreements

expected

54.40% 86.35% 50.51% 61.76% 57.89%

Youden Index 0.83 0.51 0.93 0.45 0.81

PLR 7.67 4.29 to 13.73 6.34 2.65 to 15.17 57.45 14.52 to 227.29 18.95 2.58 to 138.96 12.72 8.80 to 18.38

NLR 0.03 0.00 to 0.23 0.44 0.15 to 1.29 0.06 0.03 to 0.13 0.54 0.35 to 0.83 0.13 0.08 to 0.19

PPV 6.58% 3.79% to 11.20% 4.28% 1.83% to 9.66% 4.40% 1.15% to 15.40% 22.39% 3.79% to 67.91% 9.28% 6.61% to 12.87%

NPV 99.97% 99.79% to 100.00% 99.69% 99.10% to 99.89% 100.00% 99.99% to 100.00% 99.18% 98.75% to 99.47% 99.90% 99.55% to 99.93%

Prevalence 0.91% 0.70% 0.08% 1.50% 0.80%

AUC, Area under the curve; PLR, Positive likelihood ratio; NLR, Negative likelihood ratio; PPV, Positive predictive value; NPV, Negative predictive value; CI, confidence interval.
Prevalence: Pará−0.91% - (19); Maranhão−0.7% - (20); Minas Gerais−0.08% - (21); São Paulo−1.5% - (22–24).

FIGURE 3 | ROC curve analysis of Brazilian global results. HTLV: area under the curve: 0.9552 (95% CI: 0.9345–0.9758), optimal cut-off: >1.110, with 85.80 %

sensitivity and 94.60% specificity at cutoff. HTLV-1: area under the curve: 0.9821 (95% CI: 0.9960–0.9982), optimal cut-off >1.110, 96.77% sensitivity, and 94.60%

specificity at cutoff. HTLV-2: area under the curve: 0.8844 (95% CI: 0.8270–0.9419), optimal cut-off > 0.9150, 64.29% sensitivity and 90.23% specificity at cut-off.
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FIGURE 4 | Detection of the multi-epitope chimeric protein by human IgG from individuals infected or not by HTLV in samples from four different Brazilian states. Index

values (Abs/cut off) of individuals infected with HTLV-1, HTLV-2, and HTLV and uninfected (SN) in the four states tested—Pará, Maranhão, Minas Gerais, and São

Paulo. Ind.: Indeterminate status with CMIA or EIA positive and WB indeterminate pattern (Maranhão and São Paulo). Some HTLV-1 and HTLV-2 samples from Minas

Gerais and São Paulo had coinfections, as described in Table 1 and include viral, parasitic and bacterial infections for Minas Gerais and HIV for all samples from São

Paulo. HTLV untyped means that WB did not differentiate the infection as HTLV-1 or HTLV-2.

TABLE 3 | Statistical analysis of the ELISA multi-epitope recombinant’s performance by state and HTLV-1 and HTLV-2 samples.

HTLV-1

Pará Minas Gerais Maranhão Brazil

Value 95% CI Value 95% CI Value 95% CI Value 95% CI

AUC 0.9955 0.9882 to 1.000 0.9992 0.9979 to 1.000 0.9932 0.9806 to 1.000 0.992 0.9864 to 0.9976

Sensitivity 100.00% 87.94% to 100.0% 98.91% 94.10% to 99.94% 100.00% 43.85% to 100.0% 99.19% 95.54% to 99.96%

Specificity 86.08% 76.76% to 92.04% 98.36% 94.22% to 99.71% 90.54% 84.75% to 94.28% 92.55% 89.31% to 94.87%

HTLV-2

Pará Minas Gerais São Paulo Brazil

Value 95% CI Value 95% CI Value 95% CI Value 95% CI

AUC 0.9042 0.7968 to 1.000 0.9734 0.9441 to 1.000 0.8731 0.7653 to 0.9809 0.8953 0.8404 to 0.9502

Sensitivity 85.71% 48.69% to 99.27% 37.50% 13.68% to 69.43% 53.85% 29.14% to 76.79% 57.14% 39.07% to 73.49%

Specificity 86.06% 76.76% to 92.04% 98.36% 94.22% to 99.71% 97.05% 87.12% to 99.87% 94.61% 90.99% to 96.82%

The diagnostic systems widely used are based on Gag
and Env proteins of HTLV-1 and HTLV-2. Gag protein is
cleaved into the proteins p15, p19, and p24 that are well
characterized as antigens and are present in many commercial
assays. Although central and C-terminal portion of Env gp46
showed to be highly immunogenic (31–34), recombinants of
Env gp21 present in commercial confirmatory tests are related
with false positive and indeterminate results (15–17). A long-
term evaluation performed at Fundação Hemominas with 60
blood-donor candidates showed, however, that the reactivity
pattern showing only the p24 protein band in Western blot
assay occurred in 54.2% of samples, giving indeterminate
results (35). Therefore, p24 protein was not considered in
the in-silico analysis to be incorporated in the multi-epitope
protein developed.

The antigenicity of the C-terminal portion of Tax-HTLV-1
was already evidenced using an yeast peptide library (31). Our
research group, using an infection-transfection system based on
Vaccinia virus WR/pLW44 followed by flow cytometric assay
showed that the C-terminal portion of Tax protein is highly
antigenic and recognize antibodies anti-HTLV-1 in individuals
presenting HAM/TSP or rheumatologic diseases and also in
asymptomatic carriers (14, 36). Then we developed a multi-
epitope protein based on Gag, Env and Tax codifying gene
regions for both, HTLV-1 and HTLV-2 viruses to further use in
different diagnostic platforms.

The present work is focused in a multi-epitope antigen
capable of detecting successfully and simultaneously HTLV-
1 and HTLV-2 viruses with sensitivity and specificity and
high accuracy, suggesting this antigen as an asset to be used
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in different serological diagnostic tools. Results showed in
here are promising and next steps are in course, including
the use of differential peptides based on the same gene
regions used in the multi-epitope protein able to distinguish
HTLV-1 and HTLV-2.

This multi-epitope protein is expressed in prokaryotic system
joining linear epitopes of HTLV-1 and HTLV-2. It was tested in
EIA using serum/plasma from four Brazilian states, including
the North and Northeast regions (Pará and Maranhão states,
that present high prevalence of HTLV-1/2) and Southeast region
(Minas Gerais and São Paulo states, that presents intermediate
prevalence rates). Nonetheless, to beyond of this regional
scope, we enrolled 551 samples from individuals with different
profiles, such as blood donors’ candidates (Pará and Minas
Gerais), pregnant women (Maranhão), and a vulnerable HIV
positive individual with a high-risk for sexually transmitted
infection (São Paulo). In addition, many of these individuals
(32.1% and 23.65% for HTLV seropositive and seronegative,
respectively) are co-infected with viral (HIV, HCV, and HBV),
bacterial (Treponema pallidum) and parasitic (Trypanosoma
cruzi, Schistosma mansoni, Strongyloides stercoralis, Entamoeba
coli, E. histolytica, and Endolimax nana) pathogens related
to HTLV-1/2 co-morbidities and that can contribute to
inconclusive diagnostic results (13, 22, 23, 37–41). Testing
samples with these characteristics is important because it
covers a diverse population that can be tested in different
health services.

Considering both HTLV-1 and HTLV-2 positive samples
from all states and different groups (blood donor candidates,
pregnant women, and individuals with high risk for STI), mono
or co-infected and those HTLV seronegative (including HTLV-
/HIV+), the EIA test using the chimeric protein showed a general
specificity ranged from 90.09 to 95.19%, and a sensitivity ranged
from 82.41 to 92.36% with high accuracy (ROC AUC = 0.9552).
The specificity of the assay for HTLV-1 detection was 92.55%,
ranging from 89.31 to 94.78%, and the sensitivity was 99.19%,
ranging from 99.54 to 99.96 (ROC AUC 0.992). The specificity of
the assay for HTLV-2 detection was 94.61%, ranging from 90.99
to 96.82% (ROC AUC 0.8953).

Related to HTLV-1 discordant samples, 1.6% (2/125) positive
samples showed indeterminate results in the developed assay.
Both are asymptomatic individuals from Minas Gerais (one
female and one male). The female is co-infected with Schistosoma
mansoni. However, this sample was the only one among the 28
co-infected samples that was not positive in the ELISA multi-
epitope. On the other hand, there were more discordant results
for HTLV-2 positive samples: 6 (20%) and 9 (30%) showed
indeterminate and negative results in the ELISA multi-epitope,
respectively. Of note, the HTLV seronegative controls (n = 297)
and HTLV-SN/HIV (n = 92) showed 27 and 12 discordant
samples, respectively. The Southeast region (Minas Gerais and
São Paulo) considered the area of intermediate prevalence in
Brazil had 3 and 1 discordant samples, respectively; however,
the states Maranhão and Pará that represent the Brazilian North
region, the area of highest prevalence in Brazil, presented 20
and 15, respectively. Regarding the discordant results presented,

the false-negative samples may be related to their quality
(inventory time, storage conditions, and shipment of samples,
among others). About the false-positive samples, the developed
multi-epitope in-house test was compared with commercial tests
used for a long time around the world (and that had already
new generation versions) and the necessary test adjustment is
in course.

About the false-positive samples, the cross-reactions due
to co-infections are already reported by others, and also the
developed multi-epitope in-house test was compared with
commercial tests used for a long time around the world (and
that had already new generation versions) and the necessary test
adjustment is course.

Several serological tests have been commercialized, such as
ELISA kits from Murex HTLV1+2 (Murex Biotech), Avioq
HTLV1/2 (Avioq Inc.), the CMIA Architect rHTLV-1/2 (Abbott
Laboratories), and Elecsys R© HTLV-1/2 Immunoassay (Roche
Diagnostics International Ltd), and as confirmatory assays the
WBHTLV Blot 2.4 (MP Biomedicals Asla Pacific Pte Ltd) and the
INNO-LIATM HTLV-1/2 score (Innogenetics R© Biotechnology
for Healthcare). All of them informing sensitivity and specificity
with scores higher than 99% and many reports confirmed
around 95% of efficiency in samples from Peru, Sweden, the
United States, French, Switzerland, Spain, and Japan (42–44).

In Brazil, da Silva Brito et al. (9) compared the performance of
four commercially available serological screening tests for HTLV
infection using plasma samples obtained from the biorepository
of the Integrated andMultidisciplinary HTLVCenter in Salvador,
Bahia. Three ELISA kits (Murex HTLV-1/2, Diasorin, anti-
HTLV-1/2 SYM Solution, Symbiosis, and Gold ELISA HTLV-
1/2, REM), and one CMIA kit (Architect rHTLV-1/2, Abbott)
were employed and showed 100% sensitivity, and specificities
of >99.5% (SYM and Gold ELISA), 98.1% for Architect, and
92% for Murex. In São Paulo, among HTLV/HIV co-infected
individuals, false-positive and false-negative screening results
have been described in HTLV-truly infected individuals (23, 41,
45). Although in a low number of samples, negative and/or
inconclusive results in screening assays as well a high number
of WB inconclusive (indeterminate and HTLV untyped) results
were detected; they were solved in part by the confirmatory
LIA assay (23, 41). Moreover, the LIA assay confirms HTLV-
1 or HTLV-2 positivity in WB-indeterminate samples from
individuals with HIV/AIDS (66.1%), HBV and HCV viruses
(83.3%) from São Paulo, confirmed HTLV-1 infection also in
samples from an HTLV outpatient clinic in Salvador, Bahia
(76%), been considered the best serological test to confirming
HTLV-1 and HTLV-2 infection (13). Nevertheless, the last
group from Salvador still presented HTLV untypable results
pointing out that the performance of this commercial test
is variable according to cohort specificities tested (12). In
HIV/HTLV coinfected individuals, also the molecular tests have
low sensitivities in detectingHTLV-1 andHTLV-2 infections, and
this finding has been associated with HIV antiretroviral therapy,
low HTLV proviral load, point mutations in primers/probes
binding regions, and the presence of defective HTLV particles
(13, 39, 41, 46).
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Recently, a multiplex immunoassay for serological
confirmation and differentiation of HTLV-1 and HTLV-2
using samples from French and USA (United State-based
cohort HTLV Outcomes Study—HOST) blood banks and
also from a Canadian commercial company was reported.
This experimental assay is based on GP21, GP46, and p19
having three antigens to detect both viruses and three others
to discriminate them. It was developed an algorithm followed
by logistic regression formula to characterize each sample and
sensitivity and specificity were calculated based on PCR tests
and results showed high performance either for diagnostic
confirmation or discrimination (22).

Although the current knowledge, the different new
approaches developed and in development around the
world, and flowcharts for diagnosis based on serological
and molecular complementary tests, the HTLV-1/2 diagnostic is
still challenging. Our next step, already in course, is test other
peptides for the development of a discriminatory rapid tests
for HTLV-1 and HTLV-2 using these same gene regions of the
multiepitope. The challenge is to obtain a sensitive, specific,
low-cost, and easy-to-perform test that can be applied in a variety
of health services.
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The human T-lymphotropic virus 1 (HTLV-1) and 2 (HTLV-2) can be transmitted between
humans by mechanisms associated with horizontal and vertical routes. Recently, high
prevalence rates and levels of genetic diversity for HTLV-1 and HTLV-2 were detected
among people who use illicit drugs (PWUDs) in the Brazilian state of Pará. None of the
PWUDs with HTLV-1 or HTLV-2 were aware of their carrier condition of the retrovirus,
and they ability to spread it to their family group, sexual partners, and other contacts.
Thus, this study evaluated the presence of HTLV-1 and HTLV-2 in families of PWUDs in
the state of Pará, in Northern Brazil. This descriptive study used convenience sampling
and accessed 37 PWUDs and their respective families (n = 97) in 18 municipalities
in the state of Pará, northern Brazil. All participants provided personal data and were
tested for the presence of HTLV-1 and HTLV-2 using enzyme-linked immunosorbent
assay and western blotting. HTLV positive samples were selected for Nested-PCR, and
viral genotyping by nucleotide sequencing and phylogenetic analysis. HTLV-1 or HTLV-2
infections were detected in 15 families of PWUDs: 27 family members of PWUDs were
infected with HTLV-1 (27.8%) and another 20 of them with HTLV-2 (20.6%). Subtypes
1a [subgroup A (54.5%)], 2b (20.5%), and 2c (25.0%) were detected. High horizontal
(76.9%) and vertical (61.4%) transmission rates of HTLV were ascertained. Factors that
facilitate the acquisition and transmission of HTLV-1 and HTLV-2 were reported by the
participants, such as long-term relationships, unprotected sex, breastfeeding, and lack
of knowledge about the condition of being a carrier of the retrovirus. Evidence indicates
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intrafamilial transmission of HTLV from PWUDs to members of their respective families.
Key interventions should urgently be employed for the control and prevention of HTLV-1
and HTLV-2 to reduce the spread of this retrovirus in PWUDs and the general population
in Northern Brazil and elsewhere.

Keywords: epidemiology, HTLV, intrafamilial transmission, use of illicit drugs, prevention, public health strategies,
Brazil

INTRODUCTION

The human T-lymphotropic virus (HTLV) belongs to the family
Retroviridae, subfamily Oncovirinae, and genus Deltaretrovirus
(International Committee on Taxonomy of Viruses [ICTV],
2019). To date, four types (HTLV-1 to HTLV-4) have been
described in humans, with HTLV-1 and HTLV-2 being the most
prevalent (Martinez et al., 2019; Ishak et al., 2020a). There
are an estimated five million individuals infected with HTLV-1
worldwide with endemic regions in Japan, Iran, Melanesia, Sub-
Saharan Africa, and South America (Gessain and Cassar, 2012;
González-Alcaide et al., 2016; Martinez et al., 2019). About 5% of
individuals with HTLV-1 have health problems, such as tropical
spastic paraparesis, leukemias, and lymphomas (Ciminale et al.,
2014; Rosadas et al., 2018). On the other hand, there are an
estimated 800,000 individuals infected with HTLV-2 worldwide
(Martinez et al., 2019). The pathogenicity of HTLV-2 is less
certain when compared to HTLV-1. There are only sporadic
reports made of neurological conditions, inflammatory disorders,
and leukemia possibly associated with viral infection (Martinez
et al., 2019; Stufano et al., 2021). HTLV-2 is most common in
members of the Pygmy tribes in Central Africa, in American
indigenous groups, particularly in Amazon region, and among
people who use inject drugs in the United States, Europe, and
Southeast Asia (Murphy et al., 2015; Martinez et al., 2019;
Ishak et al., 2020b).

Based on the nucleotide diversity of its long terminal repeat
(LTR) region, there are six molecular subtypes (namely, a, b, c,
d, e, and f) of HTLV-1 and four (a, b, c, and d) of HTLV-2
(Ishak et al., 2020a). Human migratory flows play an important
role in the origin and spread of HTLV-1 and HTLV-2 from
the African continent toward Europe, Asia, and the Americas
(Ishak et al., 2020a). In South America, the original routes of
infection by HTLV-1 and HTLV-2 were different and still follow
different routes and modes of dispersion throughout the process
of colonization and exploration of this continent (Vallinoto and
Ishak, 2017; Ishak et al., 2020a). High rates of HTLV-1 and HTLV-
2 infections have been recorded in Brazil, mainly in the states of
Bahia, Maranhão, and Pará (Catalan-Soares et al., 2005). HTLV-
1a, HTLV-2b, and HTLV-2c have shown high frequencies in
studies conducted in key populations in Brazil, such as prisoners,
female sex workers (FSW), people who use illicit drugs (PWUDs),
and men who have sex with men (MSM) (Castro et al., 2018;
Oliveira-Filho et al., 2019a; de Souza et al., 2020; Bandeira et al.,
2022). Recently, two epidemiological studies conducted with
PWUDs, and indigenous refugees recorded the movement of
people infected with HTLV-1 (1aB) and HTLV-2 (2b and 2c)
between Brazilian states and countries located in the Amazon

region and evidenced the spread of these retroviruses in South
America (Oliveira-Filho et al., 2019a; Abreu et al., 2022).

Interestingly, HTLV can cause silent and long-life infection
in humans, alternating between persistence and production
cycles, which favors efficient mechanisms for vertical and
horizontal transmission, and consequently can increase the
prevalence and incidence of infections and related disease
outcomes (Ishak et al., 2020b). HTLV-1 and HTLV-2 can be
transmitted through the transfusion of infected blood or blood
products, unprotected sexual contact, sharing of contaminated
syringes and other instruments, or via transmission from
mother to child (Gonçalves et al., 2010; Paiva and Casseb,
2015; Oliveira-Filho et al., 2019a). In northern Brazil (Amazon
region), there are molecular records of the spread of HTLV-1
and HTLV-2 by vertical and horizontal transmission routes in
indigenous communities and in urban areas, clearly indicating
the importance of these mechanisms for maintaining the
endemicity of this retrovirus (Ishak et al., 2020a,b).

People who use illicit drugs represent a key population for the
acquisition and spread of HTLV-1, HTLV-2, and other pathogens,
especially through the sharing of paraphernalia for drug use,
the timing and frequency of drug use, the type of illicit drug
used, unprotected sexual activity, multiple sexual partners, and
commercial sex work (Degenhardt and Hall, 2012; Oliveira-
Filho et al., 2019b; Oliveira-Filho et al., 2020; Rodrigues et al.,
2021). In the Brazilian state of Bahia, high prevalence rates of
HTLV-1 (25.5%) and HTLV-2 (8.8%) infections have already been
recorded among people who used injecting drugs. Advanced age
(35–66 years) and female gender were factors associated with
HTLV-1 infection, and there was no record of factors associated
with HTLV-2 infection (Andrade et al., 1998). Furthermore,
HTLV-2a was detected among PWUDs in Bahia, and possibly had
two distinct origins: Brazilian Amerindians and European/North
American PWUDs (Alcantara et al., 2003). In the Brazilian
state of São Paulo, several epidemiological studies on HTLV-1
and HTLV-2 infections were conducted with people living with
HIV/AIDS (PLWHAs) in recent decades. The prevalence rates
of HTLV-1 (7.8–1.55%) and HTLV-2 (6.1–0.25%) have reduced
in this vulnerable group, but injecting drug use has been one of
the main factors associated with HTLV-1 and HTLV-2 infections
(de Araujo et al., 1994; Caterino-de-Araujo et al., 1998, 2015;
Jacob et al., 2008). Changing patterns of illicit drug use (from
injecting cocaine to smoking crack) and harm reduction program
actions (such as providing sterile syringes and needles) have
been related to a reduction in the prevalence rates of these
retroviruses among PLWHAs (Caterino-de-Araujo et al., 2015).
Recently, high prevalence rates and levels of genetic diversity
for HTLV-1 and HTLV-2 were detected among PWUDs in the
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Brazilian state of Pará. This fact is even more relevant because
none of the PWUDs with HTLV-1 or HTLV-2 were aware of
their condition as a carrier of retrovirus, and their ability to
spread it to their family group, sexual partners, and other contacts
(Oliveira-Filho et al., 2019a).

The intrafamilial transmission of HTLV-1 and HTLV-2 is a
well-established and very important route in the epidemiological
scenario. Several studies have shown the transmission of HTLV-
1 and HTLV-2 through mechanisms associated with vertical
(from mother to child through breastfeeding) and horizontal
(unprotected sex between intimate partners) routes (Ishak et al.,
2001; da Costa et al., 2013; Mendes et al., 2016; Frutos et al.,
2017; Paiva et al., 2018; Rosadas and Taylor, 2019). For example,
the intrafamily transmission of HTLV-1 was recorded in the
metropolitan area of Belém, capital of the state of Pará: five
of nine members of the same family were infected by HTLV-
1, which was spread by mechanisms associated with vertical
and horizontal routes, as well as two more deaths of family
members from non-Hodgkin lymphoma (da Costa et al., 2013).
Intrafamilial transmission may be responsible for maintaining
HTLV-1 and HTLV-2 for several generations in the same family.
Thus, this study evaluated the presence of HTLV-1 and HTLV-2
in families of PWUDs in the state of Pará, northern Brazil.

MATERIALS AND METHODS

Study and Data Collection
This descriptive study used convenience sampling and accessed
PWUDs and their respective families in 18 municipalities in the
state of Pará, northern Brazil (Figure 1). All information to access

the sample of PWUDs was obtained from an epidemiological
study conducted with this vulnerable group in the same Brazilian
state (Oliveira-Filho et al., 2019a). Based on known HTLV-1
and HTLV-2 transmission routes, the family members of the
PWUDs included were the mother; wife, husband, or similar (e.g.,
primary intimate partner such as girlfriend or boyfriend); and any
children. Other family members (as son-in-law and daughter-in-
law) were recruited based on the identification of positive cases
for HTLV-1 and HTLV-2 among the personal network members
already investigated. All participants provided demographic,
socioeconomic, and behavioral information through a structured
form, completed through a face-to-face interview. The search for
PWUDs and their families and data collection was conducted
from April 2019 to March 2020.

Laboratory Diagnosis
In addition to personal (e.g., sociodemographic, behavioral)
data assessed, blood samples were collected and tested for
HTLV-1 and HTLV-2 infections. The presence of anti-HTLV-
1/2 antibodies was evaluated by enzyme-linked immunosorbent
assay (EIA) using Murex HTLV-I + II GE80/81 (DiaSorin,
Italy). Non-reactive samples were classified as HTLV-negative,
and no additional tests were performed on those samples. EIA-
reactive samples were subjected to confirmation by Western
blotting (WB) using HTLV Blot 2.4 (Genelabs Diagnostics,
Singapore). All laboratory tests were conducted according to
manufacturers’ guidelines.

Sequence and Phylogenetic Analysis
All samples positive for anti-HTLV-1/2 antibodies by EIA and
WB were selected for the isolation of nucleic acid using the

FIGURE 1 | Geographic location of collection points and information on people who used illicit drugs and their families in 18 municipalities in the state of Pará,
northern Brazil. Points = Municipalities: (1) Altamira (n = 3), (2) Almeirim (n = 2), (3) Augusto Corrêa (n = 1), (4) Belém (n = 3), (5) Bragança (n = 2), (6) Breves (n = 2),
(7) Capanema (n = 2), (8) Castanhal (n = 2), (9) Curralinho (n = 3), (10) Marabá (n = 2), (11) Melgaço (n = 2), (12) Óbidos (n = 2), (13) Parauapebas (n = 1), (14) Porto
de Moz (n = 2), (15) São Sebastião da Boa Vista (n = 2), (16) Santarém (n = 2), (17) Cametá (n = 2), and (18) Tucuruí (n = 2).
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PureLinkTM Viral RNA/DNA Mini Kit (Invitrogen, Carlsbad,
CA, United States), and then subjected to Nested-PCR for
fragment amplification of the 5′ LTR (de Oliveira et al., 2012). The
PCR products were subjected to 1.5% agarose gel electrophoresis
and subsequently purified using QIAquick PCR Purification
Kit (Qiagen, Valencia, CA, United States). The nucleotide
sequencing was performed using the BigDyeTerminator 3.1
kit (Applied Biosystems, Foster City, CA, United States) by
capillary electrophoresis on the ABI PRISM 3130 system (Applied
Biosystems, Foster City, CA, United States).

All sequences were edited and aligned using the BioEdit1 and
AliView (Larsson, 2014) programs, respectively. The subtypes
were determined using phylogenetic analyses with HTLV
reference sequences (Supplementary Table 1), obtained from
the National Center for Biotechnology Information.2 To verify
the clustering of HTLV sequences, maximum-likelihood (ML)
phylogenetic trees were reconstructed with the PhyML 3.1
(Guindon et al., 2010) under the best nucleotide substitution
model, selected by the Smart Model Selection (SMS) software
integrated into the PhyML Web server (Lefort et al., 2017).
The heuristic trees search was performed using the SPR branch-
swapping algorithm, and the branch support was calculated with
the approximate likelihood-ratio (aLRT) Shimodaira–Hasegawa
test (Supplementary Table 2). The tree was drawn with FigTree
1.4.4.3 The sequences obtained in this study were deposited in
GenBank (OM835810-OM835889).

Statistical Analysis
In this study, a set of family members was generated from each
of the PWUDs. HTLV-1 or HTLV-2 infection was defined by
the presence of antibodies using EIA and WB. The horizontal
(e.g., through sexual partners: spouse-to-spouse or similar)
and vertical (e.g., mother-to-child) transmission routes for
HTLV-1 and HTLV-2 were considered and highlighted (when
members of the same family were infected with the same
HTLV-1 or HTLV-2 subtype; Supplementary Figure 1). The
collected data were organized and described in absolute and
relative frequencies.

RESULTS

Initially, 53 PWUDs with positive results for anti-HTLV-1/2
antibodies were searched, but only 37 were found (nine PWUDs
had died, and the other seven were not found in their home
locales) and participated in this study. In this sample (n = 37),
the majority were men, single, with up to 10 years of education,
and low monthly income (Table 1). The mean age was 39.6 years
(±6.5). All PWUDs reported having used more than one illicit
drug in their lifetime and frequent use of non-injecting drugs in
the last 12 months, such as crack and cocaine. Several behaviors
that facilitate the acquisition and transmission of HTLV-1 and
HTLV-2 were reported by PWUDs, such as unprotected sex,
multiple sexual partners, exchanging sex for money or drugs,

1https://bioedit.software.informer.com
2https://www.ncbi.nlm.nih.gov
3http://tree.bio.ed.ac.uk/software/figtree

TABLE 1 | Key characteristics or behaviors of people who use illicit drugs in the
Brazilian state of Pará.

Characteristics/behaviors n (%)

Gender

Male 29 (78.4)

Female 8 (21.6)

Age

18–29 years 9 (24.3)

30–39 years 20 (54.1)

40+ years 8 (21.6)

Sexual orientation

Heterosexual 37 (100.0)

Marital status*

Single 29 (78.4)

Married or co-habitating 8 (21.6)

Education

Up to 10 years of study 21 (56.8)

More than 10 years of study 16 (43.2)

Monthly income*

≤1 minimum wage** 24 (64.8)

2–3 times minimum wage 13 (35.2)

Main illicit drug used*

Crack 22 (59.5)

Cocaine (powder or paste) 15 (40.5)

Period of illicit drug use

Up to 10 years 16 (43.2)

More than 10 years 21 (56.8)

Use of injectable cocaine***

Yes 15 (40.5)

No 22 (59.5)

Sharing of drug use paraphernalia*

Yes 28 (75.7)

No 9 (24.3)

Unprotected sex (vaginal and/or anal)*

Yes 34 (91.9)

No 3 (8.1)

Number of sexual partners*

Up to five 14 (37.8)

More than five 23 (62.2)

Exchanging sex for money or drugs*

Yes 22 (59.5)

No 15 (40.5)

*Last 12 months; **Average of Brazilian minimum wage equals 1073 Reais
(equivalent to 215 US dollars) from 2019 to 2020; ***At least once in your life.

and sharing of drug use paraphernalia (Table 1). All PWUDs
were tested positive for anti-HTLV antibodies using EIA and WB:
51.4% were HTLV-1 and 48.6% were HTLV-2 positive (Table 2).
Subtypes 1a [51.4%; subgroups 1aA (46.0%) and 1aB (5.4%)],
2b (16.2%) and 2c (32.4%) were detected (Figures 2, 3 and
Supplementary Tables 1, 2). All PWUDs were aware of their
HTLV-1 or HTLV-2 carrier status because of participating in a
scientific study in the state of Pará, and most of them still repeated
the same risk behaviors for viral infections (Table 1). However,
only five of them sought medical care related to viral infections
but abandoned such care due to the financial costs related to
travel for medical consultations and laboratory tests. They lived
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TABLE 2 | Presence and possible transmission routes of HTLV-1 and HTLV-2 in
people who use illicit drugs (PWUDs) and their families in the state of Pará,
northern Brazil.

Study participants HTLV+/Total
(%)

HTLV-1/Total HTLV-2/Total
(%)

PWUDs 37/37 (100.0) 19/37 (51.4) 18/37 (48.6)

Families of PWUDs 15/37 (40.5) 10/37 (27.0) 5/37 (13.5)

PWUD family members 47/97 (48.4) 27/97 (27.8) 20/97 (20.6)

Mother 0/27 (0.0) 0/27 (0.0) 0/27 (0.0)

Husband, wife, ex-wife, or
girlfriend

12/16 (75.0) 8 (50.0) 4 (25.0)

Son or Daughter 19/31 (61.3) 11 (35.5) 8 (25.8)

Grandson or granddaughter 8/13 (61.6) 4 (30.8) 4 (30.8)

Son-in-law or daughter-in-law 8/10 (80.0) 4 (40.0) 4 (40.0)

Possible route of viral transmission within families

Horizontal (unprotected sex) 20/26 (76.9) 12/26 (46.2) 8/26 (30.7)

Vertical (breastfeeding) 27/44 (61.4) 15/44 (34.1) 12/44 (27.3)

in municipalities far (Altamira, Almeirim, Melgaço, Óbidos, and
Porto de Moz) from the large metropolitan area of Belém, where
specialized care for HTLV-1 or HTLV-2 infections available in the
state of Pará.

In addition, 37 families of PWUDs were evaluated. Most
families (n = 18) presented as members the person who used illicit
drugs and his mother, without any indication of a steady sexual
partner or children. In total, 119 family members of PWUDs were
identified, but only 97 of them were found and participated in
the study as described here: mother (n = 27), husband (n = 4),
wife (n = 4), steady sexual partner (girlfriend) (n = 5), ex-wife
(n = 3), son (n = 15), daughter (n = 16), grandson (n = 11),
granddaughter (n = 2), daughter-in-law (n = 5), and son-in-
law (n = 5). Ten mothers and two ex-wives of PWUDs had
died, and two ex-wives, five daughters, and three sons were not
found in the PWUDs’ home municipality. In the sample of family
members of PWUDs (n = 97), most were female (63.9%), had up
to 10 years of education (72.2%), and had low monthly income
(83.5%). The family members’ ages ranged from 1 to 81 years.
None of these family members reported: use of illicit drugs in life,
exchange of sex for money or drugs during life, and more than
one sexual partner in the last 12 months. All PWUDs husbands,
wives, and steady sexual partners reported unprotected sex in
the last 12 months. PWUDs’ ex-wives haven’t had sex with them
for over 24 months.

Human T-lymphotropic virus 1 or human T-lymphotropic
virus 2 infections were detected in 15 families of PWUDs (Table 2
and Supplementary Figure 1). In total (n = 97), 27 family
members of PWUDs were infected with HTLV-1 (27.8%) and
another 20 of them with HTLV-2 (20.6%) (Table 2). No cases
of co-infection were detected. Proviral DNA was detected in
most samples from family members with HTLV-1 or HTLV-
2 infection (n = 44). No proviral DNA has been detected in
three samples (two sons and a daughter of PWUDs) that tested
positive for HTLV-1 using EIA and WB. Subtypes 1a [subgroup
A or Transcontinental (54.5%)], 2b (20.5%) and 2c (25.0%)
were detected in the proviral DNA samples (Figures 2, 3 and
Supplementary Tables 1, 2). In Figure 2, eight well-defined

clusters (nodes with high support, aLRT ≥ 0.95), belonging to
subgroup 1aA, stand out for their composition. All are composed
of PWUDs and their relatives. In Figure 3, a similar case can
also be seen, two clusters belonging to subtype 2b and three
other clusters belonging to subtype 2c were detected, all well-
defined (nodes with high support, aLRT ≥ 0.95), and composed
of PWUDs and their respective relatives.

Most family members of PWUDs with HTLV-1 or HTLV-
2 infection were female (53.2%) and had up to 10 years of
education (66.0%) or were illiterate (25.5%). The age ranged
from 1 to 44 years (average age = 21.7 years). All mothers of
the PWUDs tested negative for HTLV-1 or HTLV-2. Husbands
(n = 4), wives (n = 4), ex-wives (n = 3), girlfriend (n = 1),
daughters-in-law (n = 4), and sons-in-law (n = 4) were detected
with HTLV-1 or HTLV-2, and evidenced the possibility of
horizontal transmission, as they reported unprotected sex with
infected sexual partners (Table 2). The duration of the intimate
relationship between these sexual partners ranged from 6 months
to 25 years. Four sexual partners (girlfriends) of PWUDs tested
negative for HTLV, they had been in a relationship for 2–
3 months. On the other hand, the detection of HTLV-1 or
HTLV-2 among sons (n = 8), daughters (n = 11), grandson
(n = 6), and granddaughters (n = 2) of PWUDs evidenced
the possibility of vertical transmission through breastfeeding
from infected mother to child (Table 2). All sons, daughters,
grandsons, and granddaughters with HTLV-1 or HTLV-2 were
breastfed only by their respective mothers, who tested positive
for HTLV-1 or HTLV-2.

The schematic representations of the PWUD families allowed
a clearer view of the entry and spread of HTLV-1 or HTLV-
2 in these groups. For example, in Figure 4A, the PWUD’s
wife was infected with HTLV-2b, possibly through unprotected
sex. Daughter 3 and Son 1 were generated after the mother’s
infection and were infected with the same viral subtype through
breastfeeding. Thereafter, HTLV-2b was transmitted from Son
1 (unaware of HTLV-2b carrier status) to his wife through
unprotected sex, who transmitted this retrovirus to her child
(Grandson 1) through breastfeeding. In Figure 4B, it is also
possible to identify the possibility of HTLV-1a transmission
via horizontal (PWUD’s wife infected by HTLV-1a through
unprotected sex) and vertical (daughter 1 infected by HTLV-1a
through breastfeeding) routes. All family members of PWUDs
were unaware that they were infected with HTLV-1 or HTLV-
2, and there were no reports of symptoms related to these
viral infections. Other schematic representations indicate the
spread of HTLV-1 and HTLV-2 in families of the PWUDs in
Supplementary Figure 1, including HTLV-1a (families 2, 6, and
9) and HTLV-2b (family 12) in families of people who have used
injectable cocaine at least once in their lifetime.

DISCUSSION

This study recorded the presence of HTLV-1 and HTLV-2 among
PWUDs and in several members of their families. A high
positivity rate of HTLV infection was detected among sexual
partners of PWUDs (76.9%), as well as sexual partners of sons and
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FIGURE 2 | Phylogenetic tree constructed by maximum likelihood using long terminal repeat sequences (421 base pairs) belonging to the HTLV-1 detected in people
who use illicit drugs (PWUDs) and their families in the Brazilian state of Pará, and other sequences obtained from GenBank. The tree was rooted at the midpoint.
Asterisks point to key nodes with high support (aLRT ≥ 0.95). The samples in this study can be identified by traces in red (PWUDs) and blue (their relatives).

daughters of PWUDs, indicating the importance of the horizontal
route for the spread of this virus in the general population.
Similarly, a high rate of positivity of HTLV infection was detected
in sons, daughters, grandsons, and granddaughters of PWUDs
(61.4%), clearly indicating the silent but substantive contribution
of the vertical route to the maintenance of high rates of this
viral infection, such as prevalence and incidence, by generations.
These values are higher than what has been recorded in an

epidemiological investigation on mother-child (20.0–21.2%) and
spouse-spouse (14.3–51.3%) dyads of patients with HTLV-1 and
HTLV-2 treated at the referral center in the metropolitan area
of Belém (da Costa et al., 2013). Furthermore, viral subtypes
and subgroups detected here have already been reported in other
epidemiological studies conducted with different population
groups in northern Brazil (Laurentino et al., 2005; Vallinoto et al.,
2006; Santos et al., 2009; de Aguiar et al., 2017; Braço et al., 2019;
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FIGURE 3 | Phylogenetic tree constructed by maximum likelihood using long terminal repeat sequences (388 base pairs) belonging to the HTLV-2 detected in people
who use illicit drugs (PWUDs) and their families in the Brazilian state of Pará, and other sequences obtained from GenBank. The tree was rooted at the midpoint.
Asterisks point to key nodes with high support (aLRT ≥ 0.95). The samples in this study can be identified by traces in red (PWUDs) and blue (their relatives).

Oliveira-Filho et al., 2019a; de Souza et al., 2020; Ishak et al.,
2020b), other Brazilian regions (Renner et al., 2006; Novoa et al.,
2007; de Almeida Rego et al., 2010; de Oliveira et al., 2012;
Magri et al., 2012; Pessôa et al., 2014; Bandeira et al., 2015, 2022;
Castro et al., 2018; Ribeiro et al., 2018), and in South American
countries (Leon-Ponte et al., 1996; Miura et al., 1997; Talarmin
et al., 1999; Berini et al., 2013; Abreu et al., 2022). However, the
same viral subtype detected in 15 PWUDs was detected in their
family members. Thus, there is evidence of the spread of HTLV-
1 and HTLV-2 through intrafamilial transmission, by procedures
associated with the horizontal route as well as the vertical route.

In general, the acquisition and spread of HTLV-1 and HTLV-
2 among PWUDs occur mainly through risky sexual contact,
and this can be potentiated by different patterns and forms
of illicit drug use (Oliveira-Filho et al., 2019a). The long-term
relationship and the occurrence of unprotected sex between
PWUDs and their sexual partners are relevant factors for the
introduction and spread of HTLV-1 or HTLV-2 within families.

Following a couple’s viral infection, this retrovirus can be easily
spread to the next generation of the family (sons and daughters)
as facilitated by two other main factors, namely, the lack of
knowledge of the carrier status of the virus and breastfeeding. The
couple’s offspring may also spread HTLV-1 or HTLV-2 through
unprotected sex to their sexual partner (daughters-in-law and
sons-in-law), and sons and daughters from this relationship
(grandchildren and granddaughters) through, again, the lack of
knowledge of the retrovirus carrier status and breastfeeding.
Likely, these pathways of introduction and spread of HTLV has
occurred in several families evaluated in this study. There are
several scientific records showing the importance of these factors
for the spread of HTLV-1 and HTLV-2, mainly in small groups as
families (Houinato et al., 1998; Ishak et al., 2001; da Costa et al.,
2013; Frutos et al., 2017; Bandeira et al., 2018; Ribeiro et al., 2018).

This finding is very important for understanding the
epidemiological scenario of HTLV-1 and HTLV-2 in northern
Brazil (Amazon region), as it indicates how this retrovirus
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FIGURE 4 | Schematic representations of the spread of HTLV-1 and HTLV-2 in families of people who use illicit drugs (PWUDs) in the state of Pará, northern Brazil.
(A) Family with members infected by HTLV-2. (B) Family with members infected with HTLV-1a.

has been transmitted “silently” for generations. Consequently,
there are key interventions to be highlighted for the control
and prevention of HTLV-1 and HTLV-2 in this Brazilian
region. First, there is a need to provide expanded laboratory
testing and surveillance for HTLV-1 and HTLV-2, and clinical
guidance and supervision of people living with this retrovirus,
especially in municipalities far from the state of Pará’s capital.
The concentration of resources, services, and skills techniques
exclusively in the metropolitan area of Belém complicates the
diagnosis and clinical care of people infected with HTLV-1 and
HTLV-2 living in more distant municipalities, such as Almeirim,
Óbidos, Melgaço and, Porto de Moz, or rural areas of the state.
The precarious transport network and the deficiency of health
services in this Brazilian region associated with low education and
low economic income of most of the population are obstacles that
must be considered and addressed toward generating desirable
changes and improvements in the present epidemiological

scenario. One suggestion is the establishment of advanced units
for diagnosis, guidance, and clinical care of people with HTLV-
1, HTLV-2, and other pathogens in microregions within the
immense state of Pará. Access to diagnosis is an essential tool for
surveillance, prevention, and clinical monitoring, especially in an
area with a high rate of infection (Oliveira-Filho et al., 2019a).

Another key intervention is the need for better primary
prevention of HTLV infections. Unprotected sex and
breastfeeding are important primary risk factors for the
spread of this retrovirus. Therefore, education programs aimed
at reducing risky sexual behavior must be implemented by public
health authorities, including the distribution of resources or
prevention materials such as male and female condoms. Yet,
the need to better integrate and address HTLV in campaigns
for the control and prevention of STIs in the general population
should be highlighted. This becomes even more relevant because
of the easy viral acquisition and spread in key populations
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such as PWUDs, who even knowing their HTLV carrier status
still engage in unprotected sex and other risky behaviors.
The sub-population of pregnant women should be monitored
more carefully. Recently, a flowchart for the management
of HTLV infection in pregnant women and prevention of
mother-to-child transmission has been proposed and showed
well-defined measures for monitoring, prevention, and guidance
of mothers and neonates in the prenatal, delivery, and post-
partum phases (Rosadas et al., 2021). In general, these health
strategies can prevent the transmission of HTLV from mother
to child or between sexual partners, and their widespread
implementation in the state of Pará and other states in northern
Brazil is essential.

Considering the duration and intensity of illicit drug use
reported by PWUDs in this study, another key intervention is
the treatment of drug problems in this particular risk population,
including the availability of resources to minimize the harm
associated with the use of psychoactive substances. This could
reduce the spread of HTLV and other pathogens in the general
population, as well as provide better life expectancy and quality of
life for PWUDs. Most participants are likely to need treatment for
their drug use, which in many instances includes one or multiple
drug use disorders (e.g., dependence) (Vergara-Moragues et al.,
2014). Mental comorbidities are also disproportionately common
in people who regularly use illicit drugs, and further amplify
the risk for virus transmission through behavioral risk factors
(Narvaez et al., 2014; Vergara-Moragues et al., 2014). This study
overall reinforces the urgent need to improve the availability
and access to diagnosis, prevention, and treatment of PWUDs in
northern Brazil.

This study has limitations and should be highlighted. It has
a small number of participants, because of the difficulty in
accessing the PWUDs, and consequently their families, and the
complex logistics for the movement of people and products in
the Brazilian state of Pará (Amazon region). The descriptive
nature of the study is also a limiting factor. Evidence of
intrafamilial transmission of HTLV-1 and HTLV-2 is supported
only by phylogenetic findings. Other information and resources
could have been accessed and used to support or exclude the
possibility of intrafamilial transmission of these retroviruses.
A complex suggestion to minimize all these problems is
to conduct a prospective study, with a larger sample size,
using robust epidemiological methods and accurate laboratory
diagnoses for the identification of HTLV-1 and HTLV-2 and,
consequently, a more accurate assessment of the possibility of
intrafamilial transmission.

In summary, this study detected the presence of HTLV-1
and HTLV-2 in PWUDs and several members of their families,
as well as documented high rates of transmission of this
retrovirus through horizontal (e.g., unprotected sex) and vertical
(e.g., breastfeeding) routes. Evidence indicates intrafamilial
transmission of HTLV subtypes 1a, 2b, and 2c of PWUDs to
their respective relatives. Key interventions should urgently be
employed for the improved control and prevention of HTLV-
1 and HTLV-2 in the state of Pará to reduce the spread of this
retrovirus in PWUDs and the general population, represented
here by PWUD family members.
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Brazil is home to the highest absolute number of human T-cell lymphotropic virus type-
1 (HTLV-1)-infected individuals worldwide; the city of Salvador, Bahia, has the highest
prevalence of HTLV-1 infection in Brazil. Due to the complex nature of several diseases
associated with this retrovirus, a multidisciplinary health care approach is necessary to
care for people living with HTLV-1. The Bahia School of Medicine and Public Health’s
Integrative Multidisciplinary HTLV Center (CHTLV) has been providing support to people
living with HTLV and their families since 2002, striving to ensure physical and mental
well-being by addressing biopsychosocial aspects, providing clinical care and follow-
up, including to pregnant/postpartum women, as well as comprehensive laboratory
diagnostics, psychological therapy, and counseling to family members. To date, CHTLV
has served a total of 2,169 HTLV-infected patients. The average patient age is 49.8
(SD 15.9) years, 70.3% are female, most are considered low-income and have low
levels of education. The majority (98.9%) are HTLV-1 cases, and approximately 10%
have been diagnosed with tropical spastic paraparesis/HTLV-1-associated myelopathy
(TSP/HAM), while 2.2% have infective dermatitis and 1.1% have adult T-cell lymphoma.
In all, 178 pregnant/postpartum women [mean age: 32.7 (±6.5) years] have received
care at CHTLV. Regarding vertical transmission, 53% of breastfed infants screened
for HTLV tested positive in their second year of life, nearly 18 times the rate found in
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non-breastfed infants. This article documents 20 years of experience in implementing
an integrative and multidisciplinary care center for people living with HTLV in Bahia,
Brazil. Still, significant challenges remain regarding infection control, and HTLV-infected
individuals continue to struggle with the obtainment of equitable and efficient healthcare.

Keywords: biopsychosocial healthcare, multidisciplinary care, HTLV, Bahia, Brazil

INTRODUCTION

Human T-Cell Lymphotropic Virus
Epidemiological Status in Bahia, Brazil
Human retroviruses were identified about four decades
ago. Human T-cell lymphotropic virus type-1 (HTLV-1),
identified four years before the successful isolation of human
immunodeficiency virus (HIV), was the first human retrovirus
associated with the clinical development of disease (1, 2).
HTLV-2 was isolated in 1982 and is rarely associated with
disease manifestations (3). With approximately 10 million
people infected worldwide, despite the advances made in the
scientific understanding of this viral infection, HTLV-1 and
its associated diseases remain extremely neglected (4, 5). Most
geographic regions affected by this virus, except Japan, are
classified as middle- or low-income, and infected persons possess
low levels of education and income (6). The geographic regions
in which HTLV-1 is primarily endemic are Japan, the Caribbean,
South and Central America, Equatorial Africa, the Middle
East, Melanesia, and Australia. Brazil is considered the country
with the highest absolute number of people (approximately
one million) living with HTLV-1 (PLHTLV) (7, 8).The first
Brazilian cases of HTLV-1 infection were detected in 1986 in the
state of Mato Grosso do Sul (9). Several studies conducted by
Brazilian researchers have reported that infection is prevalent
throughout the national territory, with higher prevalence
noted in the north and northeast regions (10, 11). In Bahia,
there is strong evidence supporting multiple post-Columbian
introductions of HTLV-1 during the slave trade between the
16th and 19th centuries (12–15). This state also has the highest
prevalence of HTLV-1, with nearly 130,000 PLHTLV (16). In
the city of Salvador, the state capital, a general population study
estimated 40,000 HTLV-1-infected individuals, corresponding to
a prevalence of 1.7% (13). This study also found that prevalence
increases with age, reaching 8.4% in those aged over 51 years, and
noted a higher prevalence in individuals with lower income, less
education, and poorer living conditions (13). Sexual transmission
appears to be the predominant route of HTLV-1 infection in
Salvador (17).

Efforts by Brazilian scientists have contributed to a better
understanding of the epidemiology, clinical and laboratory
aspects as well as pathogenesis of this infection, thereby raising
awareness of HTLV-1 as a serious public health problem in
Brazil (18). Although screening for HTLV-1 at blood banks
became mandatory in Brazil since 1993 (19), only recently has
the WHO/PAHO considered HTLV-1 infection to be a serious
health problem, prompting the Brazilian Ministry of Health to
implement additional measures to control infection (20, 21).

It is important to note that while there is no cure or
effective vaccine for HTLV-1 infection, pharmacological and non-
pharmacological treatments help minimize patient suffering and
improve the quality of life (QoL) of this neglected population.
Furthermore, while additional public health measures are
required to prevent and/or control the spread of HTLV-1
infection, health care provisions for patients also remain a
challenge (22, 23).

Why Do People Living With Human T-Cell
Lymphotropic Virus Need Integrative
Healthcare?
Human T-cell lymphotropic virus type-1 infection can
cause proliferative disease, such as adult T-cell leukemia,
and inflammatory disorders, including HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), uveitis,
and infectious dermatitis (24–28). Other diseases, such as
polymyositis, sinusitis, keratoconjunctivitis sicca (KCS) and a
variety of pulmonary disorders, including bronchiectasis, have
also been associated with HTLV-1 (8, 29, 30). The myelopathy
associated with HTLV-1 infection leads to a series of systemic
alterations, including urologic changes (nocturia, frequency,
urgency, and urinary incontinence), constipation and sexual
dysfunction (31–33), as well as pain, muscle spasticity, postural
changes and reduced muscle strength, functional mobility
and flexibility (34–36). Moreover, it has been reported that
HTLV-1-infected individuals may present some degree of
immunosuppression, since several infectious diseases, such as
tuberculosis, strongyloidiasis and scabies occur more frequently
or are more severe in affected individuals (5, 8, 37, 38).
In addition, HTLV-1 infection predominantly affects older
individuals for whom comorbidities such as diabetes, systemic
arterial hypertension and overweight are frequent (39).

People living with human T-cell lymphotropic virus may
also present a higher prevalence of psychiatric/psychological
disorders than the general population, including signs of
psychological distress, anxiety, sleep and psychosomatic
disorders, suicide ideation, low self-esteem, and depression
(40–43). Indeed, the prevalence of major depression in HTLV-1
patients seen at CHTLV and in the general population of
Salvador was estimated at around 30 and 12%, respectively (44).
In addition, it is important to note that the vertical transmission
of HTLV-1 is known to provoke biopsychosocial disorders in
parents and children that require long-term multidisciplinary
care (20, 45, 46). All of these conditions can negatively affect
patients’ QoL and consequently lead to alterations in the
performance of daily activities, sleep, and self-perception of
health (41, 45, 47). In conclusion, the complex nature of HTLV
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infection requires an integrative and multidisciplinary approach
to the biopsychosocial care of PLHTLV.

THE CREATION OF CHTLV

The Bahiana School of Medicine and Public Health (EBMSP),
created in 1952, is a private, non-profit higher education
institution dedicated to teaching, research and providing
health-based extension programs. The EBMSP curriculum
consists of seven undergraduate courses (Biomedicine, Dentistry,
Medicine, Nursing, Physiotherapy, Psychology, and Physical
Education). EBMSP also develops scientific, cultural, and socio-
environmental activities that encourage societal and community
interaction by working with diverse sectors and professions with
the ultimate goals of contributing to social change and promoting
health (48).

In 2002, as part of its social mission in collaboration with the
Gonçalo Moniz Institute of the Oswaldo Cruz Foundation (IGM-
Fiocruz), EBMSP established the Integrative Multidisciplinary
HTLV Center (CHTLV) to provide an array of health services
for PLHTLV and their families. CHTLV was inspired by
the Interdisciplinary HTLV Research Group (GIPH) of Belo
Horizonte (state of Minas Gerais), which initiated activities
in January 1997 (49). The center provides patients with
comprehensive biopsychosocial care under the guidance and
support of the Brazilian Unified Health System (SUS) (50). The
country’s social welfare system, guaranteed by the 1988 Federal
Constitution, encompasses SUS together with social security and
social assistance programs. Social assistance and public health
are funded by the federal government, while social security is
funded through taxpayer contributions (51). While a range of
social benefits (disability retirement and income tax exemptions)
are provided for people living with HIV, due to the invisible and
neglected status of HTLV infection, HTLV receive no specific
social welfare benefits (52).

MULTIDISCIPLINARY APPROACH TO
CARING FOR PEOPLE LIVING WITH
HUMAN T-CELL LYMPHOTROPIC VIRUS

Considering that the general guidelines providing for the clinical
follow-up of HTLV patients have been well established by the
Department of STD, AIDS and Viral Hepatitis (21), here we
focus on presenting our experience regarding integrative and
multidisciplinary care, highlighting the role of psychologists,
nurses, physical therapists, and social workers, as well as services
for pregnant women.

The Singular Therapeutic Project is a set of proposals detailing
articulated therapeutic approaches for individuals, families or
groups, arising from collective discussions among members of
an interdisciplinary team (53). In accordance with this approach,
all members of the CHTLV multidisciplinary/interdisciplinary
team work together to develop an individualized care plan
that prioritizes each patient’s needs. Follow-up appointments
are scheduled to monitor patients’ health status and QoL,

as well as to assess disease progression. The ultimate goals
of CHTLV’s comprehensive care are highlighted in Figure 1.
Most patients seen at CHTLV are referred by blood banks
and other primary care facilities. They are initially seen by a
psychologist who answers patients’ questions, provides general
information about HTLV as well as serologic counseling both
before and after diagnosis, and educates individuals about
infection prevention measures.

In accordance with the nursing process, patient
sociodemographic data and current and past health history
are obtained during the nursing consultation (53). Nurses
also aim to promote self-help activities, support recovery
from HTLV-related diseases, and help patients adapt to the
effects of infection. Psychologists provide individual and group
psychotherapy for patients suffering from mood fluctuations
and emotional instability. Patients with depression and other
psychiatric disorders are referred to a psychiatrist who provides
further treatment in conjunction with psychologists. Nurses,
psychologists and psychotherapists co-host monthly self-care
workshops that directly engage patients in the pursuit of
promoting better health and address daily care issues, such as
fall prevention, healthy eating, physical exercise, and coping with
stress. Physical therapists together with nurses and neurologists
assess functional capacity by analyzing patients’ gait and mobility
using the Kurtzke and Osame scales (54, 55) as well as specialized
questionnaires to evaluate urinary and/or bowel changes.
Patients undergo routine laboratory testing at EBMSP facilities,
including HTLV-1 proviral load quantification (performed in
collaboration with Fiocruz-Bahia). Complementary exams,
such as cerebrospinal fluid analysis, are performed when
indicated at SUS-affiliated clinics. Patients are evaluated at
CHTLV by a multidisciplinary team of specialists in nursing,
psychology, physical therapy, infectious diseases, neurology,
ophthalmology, dermatology, urology, gynecology, obstetrics,
nutrition, stomatherapy, and social work (Figure 2).

Since most individuals who receive care at CHTLV are
unaware of the eligibility to receive benefits from the Brazilian
Welfare System due to HTLV-related disabilities, social workers
play an important role in counseling PLHTLV on the obtainment
of such benefits.

PROFILE OF PEOPLE LIVING WITH
HUMAN T-CELL LYMPHOTROPIC VIRUS
SEEN AT THE CHTLV

Since its inauguration in 2002, a total of 2,169 HTLV-infected
patients have been seen at CHTLV, approximately less than 50%
of whom are evaluated regularly. Of these, 2,145 (98.9%) are
cases of HTLV-1 infection, while 24 (1.1%) individuals were
diagnosed with HTLV-2. Almost all patients (98%) reside in
the city of Salvador (Bahia, Brazil), are aged between 5 and
93 years [mean: 49.8 (SD 15.9)], and 70.3% (1,525) are female.
Most (84.6%) self-reported black or brown skin color, 73% had
less than 8 years of schooling, and half earned the equivalent
of one Brazilian monthly wage (∼US$200). Thus, most are
considered low-income and possess low education levels. The
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FIGURE 1 | Goals of comprehensive care at the Integrative Multidisciplinary HTLV Center (CHTLV).

FIGURE 2 | Flowchart detailing biopsychosocial comprehensive care for HTLV-1-infected individuals followed at Integrative Multidisciplinary HTLV Center (CHTLV).

PLHTLV seen at CHTLV face significant difficulties to attend
consultations due to physical limitations and/or lack of access to
public transportation.

The clinical profile observed in CHTLV patients is similar
to that of another center in Salvador (31, 56, 57): ∼10%
have TSP/HAM, 2.2% have infective dermatitis, and 1.1%
have adult T-cell lymphoma. The annual incidence density of

TSP/HAM was found to be 6.9 per 1,000 PLHTLV, similar to
that reported in Minas Gerais (58, 59). Several bladder voiding
disorders, such as urinary urgency (78%), nocturia (73.8%),
urge incontinence (70.7%), the sensation of incomplete bladder
emptying (65.2%) and pollakiuria (59.1%), detrusor hyperactivity
(69.4%), significant delay after bladder emptying (52.9%),
hyposensitivity (45.9%), and detrusor sphincter dyssynergia
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(39.3%), were observed in a representative sample of PLHTLV; all
these disorders were found to occur significantly more frequently
in patients with TSP/HAM (60). Moreover, urge incontinence
in women was shown to negatively impact several aspects of
QoL, including general health perception, performance of daily
activities, sleep and disposition, emotional state, and social
relationships (61). Common HTLV-associated dermatologic
changes include xerosis (23.4%), seborrheic dermatitis (19%),
dermatophytosis (13%), scabies (7.6%), and pityriasis versicolor
(7.1%) (62). The overall prevalence of KCS was reported to
be 31.7%, with higher rates observed in TSP/HAM patients
even after adjusting for age, sex, time of HTLV-1 diagnosis and
schooling. Proviral load, low corrected visual acuity, burning
and/or eye pain and itching were all significantly more frequent
in patients with KCS (29).

Based on the high frequency of KCS and the difficulty in
diagnosing dry eye, an algorithm, using low-cost and minimally
invasive tools, for the diagnosis of this disease was developed.
Briefly, a sequence of tests in three stages was proposed
rather than performing all tests simultaneously. First, patients
are submitted to the Ocular Surface Disease Index (OSDI)
questionnaire and the tear breakup time test (TBUT). If results
from both tests are normal, a diagnosis of KCS can be excluded.
However, if the OSDI and/or TBUT results are abnormal, a
Schirmer I test is performed, with positivity confirming KCS
diagnosis. Lastly, in patients with an indeterminate diagnosis
(i.e., negative Schirmer I test), Rose Bengal staining must then
be performed (63). Unexpectedly, uveitis was diagnosed in only
2.8% of the patients seen at CHTLV (64). However, a more
accurate diagnostic approach yielded an increased prevalence of
7.0% in the patients seen at CHTLV (65). A 2012 study identified
that PLHTLV commonly present poor oral health; in addition
to dry mouth and decreased salivary flow, other manifestations,
such as periodontal disease, gingival attachment loss, and tooth
mobility are frequent findings. Moreover, a direct relationship
between proviral load in saliva and oral manifestations has been
observed (66).

With respect to HTLV-1 transmission, a pilot project at
CHTLV identified a prevalence of 53.5% (146/273) for family
aggregation of HTLV-1 infection. Greater TSP/HAM prevalence
was observed among index cases. Probable sexual and vertical
transmission was estimated at 44.4 and 22.3%, respectively.
Index and family cases reported a history of 1–5 partners, with
no condom use prior to the diagnosis of HTLV-1. However,
enhanced adherence to the use of condoms was described after
HTLV-1 diagnosis (67). A study investigating risk for HTLV-
1 infection in females suggested that more than three lifetime
sexual partners, age ≤18 years at time of first sexual intercourse
and engaging in anal intercourse were relevant risk factors (68).
In addition, the prevalence of human papillomavirus (HPV)
infection was higher in HTLV-1-infected women (69).

Human T-cell lymphotropic virus type-1-infected patients
seen at CHTLV were estimated to face an overall 2.6 times greater
relative risk of developing tuberculosis (38). The prevalence
of strongyloidiasis in PLHTLV was found to be much lower
than that previously reported in other Brazilian cities, which is
probably due to improvements in sanitation systems (70).

Studies investigating depression in our cohort identified a
prevalence ranging from 34.1 to 38.0% (42, 43). While no
associations between the presence of TSP/HAM and a diagnosis
of depression were observed in a global analysis of PLHTLV,
a stratified analysis revealed a greater prevalence of depression
among individuals with HAM/TSP aged between 18–39 years
(PR: 2.59; CI 95%: 1.36–4.95) (43). Pain, a common finding in
infected individuals, was reported by 84.3% of PLHTLV (71). Pain
and postural changes affect many aspects of QoL and negatively
impact an individual’s ability to walk and work (72). Nevertheless,
a randomized crossover clinical trial demonstrated that Pilates
exercises can improve lower back pain and QoL in PLHTLV (73).
In addition, it was demonstrated that home exercises oriented
by a guidebook may benefit posture, functional mobility and gait
parameters in people with TSP (36).

Sexual and Vertical Transmission of
Human T-Cell Lymphotropic Virus
Infection in the State of Bahia, Brazil
The rate of HTLV-1 infection in pregnant women in the state of
Bahia ranks among the highest in Brazil, with several evaluations
reporting prevalence between 0.84 and 1.05% (15, 74–76) by
contrast, HTLV-2 (0.03%) prevalence appears to be low (75).

CHTLV currently serves 178 pregnant/postpartum women.
The sociodemographic characteristics of the pregnant women
are similar to those of the other women seen at CHTLV, with
the exception of younger age [mean (SD): 32.7 (±6.5) years].
A preliminary retrospective study conducted between 2003 and
2012 to evaluate the impact of breastfeeding duration on the
vertical transmission of HTLV-1 included a representative sample
of postpartum women and their 50 children (77). Of the 50
children evaluated, 33 were not breastfed; 53% of the breastfed
infants were serologically reactive for HTLV at two years of
follow-up, nearly 18 times the rate found in non-breastfed
infants. All women who breastfed their children were not tested
for HTLV during prenatal care (77).

The crucial step of establishing prenatal screening for HTLV
in the state of Bahia was supported by projects carried out
between 2006 and 2010 (financed by FAPESB to conduct research
efforts for SUS, coordinated by CHTLV/EBMSP in collaboration
with APAE Salvador (the Association of Parents and Friends of
Handicapped Children of Salvador; Associação de Pais e Amigos
dos Excepcionais de Salvador). Screening for HTLV via dried
blood spot testing has been demonstrated as a secure, viable
and low-cost method of increasing pregnant women’s access
to serological testing during prenatal care, helping to prevent
vertical transmission (78). Bahia state health secretariat (SESAB)
currently recommends that HTLV-inflected pregnant women
should be followed monthly at a multidisciplinary health care
service until the 30th week of gestation, fortnightly between the
30th and 36th weeks and then weekly from the 36th week until
delivery (79).

In April 2013, the SESAB recommended the suspension
of breastfeeding by HTLV-positive pregnant women and
implemented the provision of milk formula for the first year of
the newborn’s life. Campaigns in Brazil commonly recommend
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breastfeeding as a measure to prevent malnutrition, and also
portray breastfeeding as an act of maternal love. In addition to
stigmatization due to social and cultural pressures, the inability
to breastfeed can engender fears about maternal bonding with
newborns. On the other hand, continuing to breastfeed may
provoke feelings of guilt associated with the responsibility of
viral transmission to children. These sensitive issues present
challenges to the prevention of mother-to-child transmission.
Accordingly, integrative care for HTLV-1-infected women during
pregnancy and the postpartum period is crucial to infection
prevention across multiple generations. Thus, great effort has
been made to deconstruct longstanding beliefs to give new
meaning to bottle feeding as a benevolent act of maternal love
in order to preserve newborn health. Importantly, no consensus
has been reached regarding the benefits of cesarean delivery
in preventing the vertical transmission of HTLV. However,
immediate clamping of the umbilical cord following delivery
has been strongly recommended (5). In addition to significant
efforts to control the vertical transmission of HTLV-1, CHTLV
has also conducted several actions designed to prevent sexual
transmission (Figure 3).

CHTLV AND THE COVID-19 PANDEMIC

People living with human T-cell lymphotropic virus have not
been considered as a priority group in the COVID-19 vaccination
campaign in Brazil. Working together with the advocacy group
HTLVida,1 CHTLV has strived to vaccinate as many PLHTLV
as possible in accordance with the priorities established by the
Brazilian Ministry of Health (older age, comorbidities, impaired
ambulation, etc.). Of the 258 patients who are members of
the HTLVida association, 81 were successfully vaccinated with
the help of this organization and CHTLV, according to the
following criteria: 37 (46%) due to older age, 27 (33%) because
of impaired mobility, 8 (10%) due to comorbidities, 6 (7%) were
immunosuppressed, and 3 (4%) belonged to specific groups. Of
these 81 PLHTLV, we contacted 52 individuals: 41/52 (79%) have
HAM/TSP and 10/52 (19%) contracted COVID-19. Vaccinations
included: 14 (27%) CoronaVac, 24 (46%) AstraZeneca/Oxford,
11 (21%) Pfizer, and 2 (4%) Janssen. As of February 2022, 24
(46%) HTLV-1 carriers had received two doses, while 25 (48%)
had received a booster shot. Side effects were reported by 38
(73%) patients, and the most prevalent symptoms were as follows:
26 (50%) arm pain, 11 (21%) headache, 10 (19%) fever, 9 (17%)
excessive tiredness, 6 (11%) chills, and 5 (10%) muscle pain.

In accordance with recommendations issued by the Brazilian
government due to the COVID-19 pandemic, EBMSP
implemented a contingency plan that severely limited in-
person patient care at CHTLV. However, the center implemented
telehealth consultations to follow patients regularly seen at
CHTLV. The remote care provided by EBMSP/CHTLV allowed
for the early diagnosis of complications and stimulated adherence
to treatment in PLHTLV. In addition, telehealth consultations
helped alleviate some psychological distress caused by social

1http://www.htlvida.org/

distancing (80). Moreover, using online videoconferencing
tools, it was possible to monitor patients who were already
undergoing physiotherapy to treat overactive bladder. Patients
were supervised during electrostimulation and instructed on how
to perform pelvic floor exercises as well as bladder reeducation.
As the implementation of telehealth services allowed for greater
patient adhesion to follow-up, CHTLV plans to move to a hybrid
format of in-person and online consultations that will facilitate
the provision of care to PLHTLV who face difficulties in terms of
locomotion and access to public transportation.

MULTIDISCIPLINARY RESEARCH
EFFORTS TO MINIMIZE SUFFERING
AND IMPROVE PEOPLE LIVING WITH
HUMAN T-CELL LYMPHOTROPIC VIRUS
QUALITY OF LIFE

The mostly multidisciplinary research carried out at CHTLV has
been designed to alleviate patient suffering and improve QoL
(Figure 4). The research produced in conjunction with CHTLV
has contributed to a better understanding of this endemic disease,
as well as aided in the training and qualification of academics and
professionals working in diverse areas of health.

ROLE IN SUPPORTING PROFESSIONAL
DEVELOPMENT

To promote professional development, some actions have been
carried out by EBMSP in conjunction with CHTLV, such as:
(1) the inclusion of HTLV in research lines of postgraduate
courses; to date, 42 and 19 students have obtained their master’s
and Ph.D. degrees respectively; (2) the provision of university-
based continuing education training for graduate students in
psychology, physiotherapy, nursery, and medicine; (3) weekly
meetings to discuss HTLV-related cases with undergraduate and
graduate students, and professionals working at CHTLV; (4)
financial support for professionals and students to participate in
scientific meetings, and scholarships for undergraduate students
to develop scientific projects.

ACTIONS TO REDUCE DISCRIMINATION

It is known that PLHTLV suffer high rates of discrimination,
mainly due to their vulnerable status as reflected by
sociodemographic profile, which becomes intensified as a
result of HTLV infection. The interdisciplinary group at CHTLV
carries out actions that directly or indirectly seek to minimize
prejudice and enable better QoL.

Psychoeducational therapeutic intervention is offered to
patients and their loved ones, providing information and
support to better understand and cope with not only their
illness, but also social prejudice. Unfortunately, some patients
attempt to hide HTLV infection from their relatives, straining
family relationships.
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FIGURE 3 | Actions conducted by the Integrated Multidisciplinary HTLV Center (CHTLV) to prevent sexual and vertical transmission. HAM/TSP, HTLV-1-associated
myelopathy/tropical spastic paraparesis; KCS, keratoconjunctivitis sicca.

Our psychotherapeutic group seeks to strengthen PLHTLV
in their fight against prejudice, who are often socially isolated
from their family, circle of friends and work colleagues. In
psychotherapy, they share common experiences, discuss coping
strategies and establish, both among themselves and with
professionals, bonds reinforced by a qualified support network.

In addition, actions are taken to inform the general population
about the virus, demystifying false ideas and encouraging
preventative measures.

Another action carried out by the EBMSP nursing extension
program, in partnership with the HTLVida association, promotes
artistic activities and art exhibitions as a way to value
autonomy and help PLHTLV cope (9a61047e-67fb-4fb5-b426-
cd0bba5aa9c5.mp4).

COLLABORATION WITH RESEARCH
CENTERS, LABORATORIES,
POLICYMAKERS, AND PATIENT
REPRESENTATIVE GROUPS

Collaboration with other research centers has allowed us to
not only train health care workers and laboratory staff and
promote international exchange with students, researchers, and
professionals, but also develop relevant scientific research via a
regional, national and international network.

Members of the CHTLV multidisciplinary team have
participated in several public engagement sessions with
policymakers organized by the city of Salvador and the Bahia
state legislative assembly to encourage the adoption of HTLV-
related public health measures. Some team members who
advocate for PLHTLV also participate on Bahia State Health
Secretariat advisory committees.

CHTLV organizes biannual meetings with PLHTLV to
discuss their needs and report on research findings, and co-
sponsors commemorative events with HTLVIDA, a patient
support group created in 2010 with almost 600 members.
Events include Brazilian HTLV Day (23 March), the Annual
Day for the Prevention and Control of HTLV in Salvador (28
September), and World HTLV Day (10 November). In addition,
CHTLV/HTLVIDA also promote social events commemorating
festivities, such as Christmas and St. John’s Day, which are
popular holidays in northeastern Brazil.

CHALLENGES FACED BY CHTLV IN
PROVIDING CARE FOR PEOPLE LIVING
WITH HUMAN T-CELL LYMPHOTROPIC
VIRUS

People living with human T-cell lymphotropic virus require
multidisciplinary care involving multiple medical specialties
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FIGURE 4 | Measures taken by CHTLV to control infection and minimize PLHTLV suffering. PLHTLV, people living with human T-cell lymphotropic virus; CHTLV,
Integrative Multidisciplinary HTLV Center.

and laboratory and imaging tests of moderate complexity. For
instance, due to structural problems associated with the national
unified health care system (SUS) in Brazil, the time required
to perform exams, such as MRI or CT, which are essential
for patient treatment, is prolonged. Moreover, the scarcity
of professionals working in some specialized areas requires
CHTLV to meet patients’ needs by collaborating with trained
physicians who desire to further their academic studies. In the
absence of these types of collaborations, patient services risk
being disrupted.

As PLHTLV suffer from a chronic condition for which there
is no specific treatment or cure, they require ongoing care—
yet CHTLV is not able to provide care to patients in need (it
has been estimated that 50,000 individuals have HTLV in the
city of Salvador alone). High demand for services may also
compromise the continuity of patient care. Improved integration
among the various public health services in the state of Bahia will

be necessary to ensure the provision of high-quality care to this
neglected population.

CONCLUSION

Brazil is a continental country with great ethnic and economic
differences that lead to exacerbated health inequities. Taking
into account that integrative health care involves not only
individuals, but also their families and communities, including
biological, psychological, and social health needs, we recognize
the enormous challenge that Brazil faces in implementing
efficient and humane health care for PLHTLV.

We believe that the actions implemented by CHTLV
have contributed to (a) improving the quality of healthcare
services provided to HTLV carriers; (b) reducing prejudice
and discrimination against HTLV carriers; (c) controlling
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HTLV infection in vulnerable populations throughout the state
of Bahia; (d) the generation and dissemination of scientific
and technological knowledge about HTLV infection; (e) the
implementation and development of public policies aimed
at raising HTLV awareness; (f) the training/education of
undergraduate/graduate students; and (g) informing public
policymakers about the prevalence of infection, in line with the
guiding principles of SUS.

We strongly recommend that comprehensive efforts to
provide healthcare services for PLHTLV include laboratory
diagnosis, counseling (including psychological and social
support), clinical and oral health monitoring (for both
asymptomatic and symptomatic patients), as well as
pharmacological and non-pharmacological therapeutic measures
to alleviate suffering and improve QoL in this extremely
neglected population.

It is important to strengthen the roles played by patient
advocacy groups in interacting with patient care providers to
better understand patient concerns, as well as to influence the
establishment of pertinent public health policies for PLHTLV.
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Human T cell lymphotropic virus (HTLV) is the caustive agent of two main conditions i. e.,

the HTLV-1-associatedmyelopathy/tropical spastic paraparesis (HAM/TSP) and the adult

T-cell leukemia/lymphoma (ATLL). HTLV diagnosis is based on serological and molecular

approaches; however, an accurate and validated method is still needed. The objective of

this study was to establish a rapid and sensitivemolecular test to confirm and discriminate

HTLV 1/2 types. The test validation was performed as a multicentric study involving HTLV

confirmation centers throughout Brazil. Proviral DNAwas extracted fromwhole blood and

the amplification was performed using in-house designed primer and probe sets targeting

the pol genomic region. An internal control to validate the extraction and amplification

was also included. The limit of detection (LoD) of the assay was four copies/reaction for

HTLV-1 and 10.9 copies/reaction for HTLV-2. The diagnostic sensitivity of the platform

was 94.6% for HTLV-1, 78.6% for HTLV-2, and the specificity was 100% for both

viruses. Cross-reactions of the test with human viruses including HAV, HBV, HCV, HIV-

1/2, and parvovirus B19 were not observed. During the multicentric validation, the test

was used to screen a total of 692 blood samples obtained from previously confirmed

HTLV-positive individuals. From these, 91.1% tested positive being concordant with the

previously obtained results. In conclusion, our duoplex-RT-PCR-HTLV1 /2 presented
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adequate efficiency for HTLV-1/2 differentiation showing high sensitivity and specificity.

Therefore, it can be a suitable tool for confirmation of suspected and inconclusive

HTLV cases, prenatal and pre-transplant diagnosis, in Brazil and in other countries

HTLV-endemic countries.

Keywords: HTLV-1, HTLV-2, molecular diagnosis, real time PCR, multiplex real time PCR

INTRODUCTION

The human T cell lymphotropic virus type (HTLV) was the first
human retrovirus to be identified (1) and four main types are
described: HTLV-1 to 4 (2–4), being HTLV-1 and HTLV-2 is
the most prevalent. HTLV-1 is associated with an inflammatory
neurological disease known as HTLV-1-associated myelopathy
(HAM) (5) and a hematological malignancy known as adult T-cell
leukemia/lymphoma (ATLL) (6). Furthermore, HTLV-1 has also
been associated with several chronic inflammatory syndromes
like uveitis, polymyositis, arthritis, alveolitis, infective dermatitis,
some types of skin lesions and susceptibility to opportunistic
infections (7–9). HTLV-1/2 is transmitted sexually, by sharing of
intravenous equipment, by transfusion of cellular blood products,
transplantation of organs or tissues, and from a mother to
offspring in utero prior to labor, during delivery and through
breastfeeding (10).

There are ∼5–10 million HTLV-infected people worldwide
(10). The endemic areas include Southwestern Japan, the
Caribbean, Sub-SaharanAfrica, South andCentral America, Iran,
andMelanesia (10). Brazil is considered one of the main endemic
areas in South America, where it is estimated that at least 800,000
to 2.5 million people are infected with HTLV-1/2 (11). The
HTLV-1 prevalence in Brazil varies according to geographical
regions of the country (12), and the majority of cases are present
in the urban population while HTLV-2 is more prevalent in
indigenous tribes and among intravenous drug users (13, 14).

Since 1993, for transfusion purposes, screening of voluntary
blood donors for HTLV-1/2 has been mandatory in Brazil (15).
Despite this procedure and the high estimates of HTLV-infected
individuals in the country, HTLV infection is still considered a
neglected communicable disease since there is no compulsory
notification to health authorities. Additionally, the scarcity of
accurate diagnostic tests leads to the lack of a validated diagnostic
algorithm. Accurate diagnostic tests are a powerful tool to control
HTLV transmission.

In Brazil, the recommended algorithm for HTLV-1/2
diagnosis is based on conventional serological methods such
as enzyme-linked immunosorbent assay (ELISA), particle
agglutination, and chemiluminescence immunoassay. Western
blot (WB) and/or line immunoassay (INNO-LIA) are usually
applied as confirmatory and discriminatory diagnoses. However,
indeterminate WB results can reach approximately 50% (16,
17), leading to an inconclusive diagnosis. In addition, the
use of WB and line immune assay is not feasible for many
developing countries, mainly due to the high cost. Moreover,
ELISA positive or undetermined sera by ELISA were not
always confirmed neither by WB nor line immune assays
in Brazil.

The use of nucleic acid testing (NAT) platforms for HTLV
viral gene detection instead of WB or line immune assay
can be applied due to the higher sensitivity and specificity.
Several centers have developed their own NAT assays generically
called in-house tests (18–20). However, there is difficulty in
controlling the quality of these tests, particularly because
each laboratory uses distinct NAT strategies, such as genome
targets, detection methods, and incomplete and/or inadequate
methodological validation processes (20–22). These aspects
make it challenging to standardize proviral detection limits, as
well as to quantify proviral load, which is also an essential
parameter for monitoring HTLV-infected individuals. Finally,
these studies also showed a low number of samples tested by
PCR compared to our study, which restricts the implementation
of these molecular tests as routine or confirmatory HTLV
diagnosis (18–20). One of the few studies that validated
a real time PCR for intrapatient proviral load variability
showed that the molecular test is suitable for HTLV diagnosis
(23). Additionally there is no confirmatory nucleic acid
(NAT) test for HTLV diagnosis which is approved by the
Brazilian sanitary.

Thus, we have developed and validated a molecular
platform with high sensitivity using a qualitative multiplex
real-time PCR (duoplex-RT-PCR-HTLV-1/2) for both screening
and discriminatory diagnosis of HTLV-1 and 2 infections.
Additionally, this platform has been validated as a multicentric
study in four main HTLV centers in Brazil, located in the
states of São Paulo (two centers), Bahia, and Pará. The last
two are where the majority of HTLV positive cases in Brazil
are concentrated.

METHODS

Samples
A total of 975 samples of whole blood were tested using
this current protocol. Among them, HTLV-positive samples
belonging to the Neurology Clinic at the School of Medicine
of Ribeirão Preto, University of São Paulo (n = 145),
Institute of Infectious Diseases “Emilio Ribas” (IIER), São
Paulo, (n = 137), HTLV Reference Center, Bahiana School
of Medicine and Public Health, Salvador, Bahia (n = 179),
and Tropical Medicine Center, Federal University of Pará,
Belém, Pará (n = 226). Additionally, 198 blood samples
were obtained from volunteer blood donors at the Regional
Blood Center of Ribeirão Preto at the Faculty of Medicine
of Ribeirão Preto and 90 blood samples from HIV, HCV,
or HBV infected individuals from the Infectious Diseases
Clinic at the Faculty of Medicine of Ribeirão Preto, USP.
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For the duoplex validation step, we calculated the number
of tests that should be performed according to the incidence
of HTLV in our region (0.01%) (12). For the multicentric
study, we evaluated samples that had been previously tested by
each center.

All samples from Ribeirão Preto were previously screened
for HTLV-1/2, HIV, HCV or HBV by commercial ELISA such
as Murex HTLV I+II (DiaSorin, Darford, United Kingdom),
Architect HIV Ag/Ab Combo (Abbott, Wiesbaden, Germany);
HCV MONOLISA R© (Bio-Rad, CA, United States), and HBV
MONOLISA R© (Bio-Rad), respectively. The HTLV-1/2 positive
samples were confirmed byWB analyses (HTLV Blot version 2.4,
Genelabs Diagnostics, Singapore) and by nested PCR through
amplification of the tax and LTR regions for HTLV-1 and pxA,
pxB, and LTR regions for HTLV-2 (19). Samples were considered
as HTLV positive when they were reactive for ELISA, and WB or
in-house PCR (12).

Ethics Statement
The study was approved by the Institutional Ethics Committee
at the Clinical Hospital of Ribeirão Preto, School of Medicine
of Ribeirão Preto, University of São Paulo (Process No.
12.027/2009) and all participants signed an informed
consent form.

HTLV Positive Controls
The positive control used for HTLV-1 was DNA extracted from
the MT-2 cell line (93121518/ECACC), with 2.1 copies of the
virus per cell (19). The HTLV-2 positive control was obtained
from the Gu cell line (kindly provided by the Rega Institute
for Medical Research, Katholieke University, Leuven, Belgium),
which harbors 8.3 copies of HTLV-2 per cell (24). Both cell lines
were used to the initial steps of duoplex PCR standartization. A
single tube of the positive control was produced containingMT-2
and Gu DNA based on spectrophotometer DNA quantification.
The range of the positive control standard dilution was from 105

to 100 copies/reaction.

DNA Extraction
The genomic DNA extraction was performed from peripheral
blood by ReliaPrep Blood gDNAMiniprep SystemDNA isolation
kit (Promega, Madison, WI, United States) according to the
manufacturer’s instructions. The DNA concentration and purity
was measured by using Nanodrop 2000c (Thermo Scientific,
Delaware, United States).

Primers and Probe Design
Complete reference genomes of HTLV-1 and−2 (GenBank
database accession number: AB513134, AF042071, NC_001436,
AF139170, AF033817, AF259264, J02029, D13784, BRRP438,
AY563954, AY563953, L03561, U19949, L36905, M86840,
AF074966, L02534, GU212854, NC_001488, AF139382,
AF074965, AF412314, AF326584, L11456, M10060, AF326583,
Y13051, L20734, X89270, Y14365) were aligned using BioEdit
v. 7.2.3 software (Tom Hall, Ibis Biosciences, Carlsbad, CA,
United States) in order to design primer and probe sets (Table 1)
at conserved regions for both HTLV-1 and HTLV-2. Two pairs

of primers and two distinct hydrolysis TaqMan R© probes were
designed for the pol gene for HTLV-1 and HTLV-2. The sets of
primers and probes were designed to ensure the specific detection
of the most important HTLV-1/2 subtypes. Beta globin gene
was used as internal amplification control (IAC) which allows
for the verification of the extraction efficiency. For the design
of the oligonucleotides Primer Express R© 3.0 (Thermofisher
Scientific, Waltham, MA, United States) and Oligo Analyzer v.
3.1 (Integrated DNA Technologies, Coralville, IA, United States)
software were used. Primers and probe sequences are indicated
in Table 1.

Qualitative Duoplex-RT-PCR-HTLV1/2
Optimization of Primer/Probe Concentrations
The assays were optimized initially as singleplex format, and then
multiplex in order to compare linear correlation (r2), efficiency
of qPCR reactions and shape of the amplification curves. The
evaluation of the commercial PCRmaster mixes applied included
intensity of fluorescence (1Rn), the format of the amplification
curve and the appearance of the Ct during the amplification.
Distinct concentrations of primers (250–500 nM) and probes
(100–300 nM) were used to adjust the best concentration of each.
After these initial steps, duoplex-RT-PCR-HTLV1/2 reactions
were standardized in a final volume of 25 µl with the reaction
mixture consisting of 12.5 µl GoTaq R© Probe qPCR Master Mix
(Promega) and 5 µl of DNA (0.1 µl/ml, 500 ng), 500 nM for
each forward and reverse primer for HTLV-1, and 200 nM of
the probe. For HTLV-2 detection, two sets of reverse primers
used simultaneously were designed to improve the detection. For
instance, 500 nM of the forward primer, 250 nM of the reverse 1
primer, and 250 nM of the reverse 2 primer, and 200 nM of probe
were used. The amplification of IACwas performed using 250 nM
of each primer and 200 nM of probe. The following cycling
parameters were applied: initial activation step at 50◦C/2min,
denaturation at 95◦C/10min, followed by 45 cycles at 95◦C/15 s
and 60◦C/1min. Amplification data acquisition was carried
out using ABI Prism 7500 Real-time PCR system (Applied
Biosystems, Foster City, CA, United States). For all the runs,
positive control (DNA from the MT2 and Gu cell line) and
IAC were used. After the steps of standardization, a ready-to-
use mix composed of primers, probes, and buffers was produced
and sent to the participating centers for the multicentric study.
Positive controls were produced using DNA from MT2 and Gu
cell lines at 103 viral copies/reaction to obtain a reproducible
and robust control. For clinical samples, HTLV-1 andHTLV-viral
gene amplification limit Ct is <40 to be considered detectable.
The homogeneity and stability of these lots of ready-to-use
mix were evaluated before their use. Homogeneity was checked
by randomly sampling five aliquots of the mix. Stability was
evaluated by freezing and defrizzing the mixes (20 times) and
checking at intervals of 120 days.

Repeatability (Intra-assay) and Reproducibility

(Inter-assay)
The obtained variations for the Ct values were all within the
postulated limit of within 5% (18, 25, 26). The inter-assay
reproducibility was performed using standard dilutions (MT-2
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TABLE 1 | Primers and probes sequences for HTLV-1, HTLV-2, and beta-globin (internal amplification control) detection.

ID Sequence (5′-3′) Tm (◦C) GC (%) Length (bp)

HTLV-1 For_pol CAGCCCCTTCACAGTCTCTACTG 59 57 23

HTLV-1 Rev_pol AGAAGGATTTAAATATATTTGGTCTCGG 58.5 32 28

HTLV-1 probe FAM CCTTACAAAGGCATACTGAT MGB 69 40 20

HTLV-2 For_pol CAAGGTGATGTAACCCATTATAAGTACAA 58.8 34 29

HTLV-2 Rev1_pol AACCGCACCGGAGAAGGT 59.1 61 18

HTLV-2 Rev2_pol AGAAACCAGCTGTGAGACTATCAGC 59.1 48 25

HTLV-2 probe VIC AAATACAAATACTGCCTCCACGT MGB 68 40 20

Beta-globin For TGAAGGCTCATGGCAAGAAA 58 45 20

Beta-globin Rev GGTGAGCCAGGCCATCAC 59 67 18

Beta-globin probe NED TGCTCGGTGCCTTT MGB 69.0 63 14

ID, identification; Tm (◦C), melting temperature in Celsius degrees; GC (%), percentage of G and C in the oligonucleotides sequences; bp, base pairs; MGB, minor groove binder. The
length of amplicons is 75, 81, and 54 base pairs for HTLV-1, HTLV-2, and beta-globin, respectively.

and Gu cell lines) of 105, 104, and 103 proviral copies/reactions.
The qPCR reactions were performed in duplicates of each
dilution in three separate runs, using a different batch of reagents
manipulated by three different operators in three separate days.

Validation of the Technical Performance of
the Assay
Analytical Sensitivity
For the analytical sensitivity or limit of detection (LoD, defined
as the minimal quantity of target which can be detected), a
stock dilution of 105 viral copies was prepared using MT-2 and
Gu cell lines as standards. The stock dilution was submitted
to serial dilutions until the 62.5, 31.25, 15.625, 7.81, 3.9, 1.95,
and 0.975 proviral copies were obtained. Eight replicates of
each dilution were pipetted in three independent assays. Probit
analysis was used to calculate LoD (95% confidence interval) as
supplied by the SPSS version 17.0 software (SPSS Inc., Chicago,
IL, United States).

Analytical Specificity
To evaluate the analytical specificity, in vitro and in silico tests
were performed. For in vitro validation, hepatitis A virus, HBV,
HCV, HIV-1, HIV-2, and parvovirus B19 panels obtained from
the National Institute for Biological Standards and Control
(NIBSC) were tested with our platform. In addition to this,
we tested 30 samples from HIV-infected patients undergoing
HAART treatment, 30 samples from HBV-infected individuals,
and 30 samples from HCV-infected individuals. For in-silico
validation we performed comparisons of our primers and probes
with public databases in order to verify possible similarities with
other organisms.

Diagnostic SensitivityCt
We evaluated three hundred and twenty samples that showed
positive results for HTLV-1/2-serology, WB and/or positive
nested-PCR. Among them, 278 were for HTLV-1 positive
individuals and 42 were for HTLV-2 positive patients. To
calculate the diagnostic sensitivity we used the following formula:

diagnostic sensitivity = true positive individuals/(false negative
individuals+ true positive individuals).

Diagnostic Specificity
In order to check this parameter, 288 samples from HTLV-1/2
serologically negative subjects were tested with our platform. The
diagnostic sensitivity was calculated using the following equation:
diagnostic specificity = true negative individuals (false positive
individuals+ true negative individuals).

Precision
For the precision tests, the parameters of repeatability (intra-
assay) and reproducibility (inter-assay) were evaluated.
The repeatability test was performed from three dilutions
of the positive controls (MT-2 + Gu) containing 105,
104, and 103 viral copies/reactions with five replicates of
each dilution. Three runs were performed on the same
day, using the same batch of reagents and prepared by a
single operator.

The reproducibility test was performed with three dilutions
of the positive controls (MT-2 + Gu) containing 105, 104, and
103 viral copies/reaction with five replicates of each dilution.
Three runs using the optimized test were performed on alternate
days, using the same batch of reagents and prepared by three
different operators.

Robustness
The robustness was evaluated by the “chess table” method,
in which a positive sample is pipetted alongside a negative
sample in the qualitative duoplex-RT-PCR-HTLV1/
2 plate.

Statistical Analyses
Precision analysis, reproducibility (intra-assay), repeatability
(inter-assay), and comparison of singleplex and multiplex
reaction formats using real-time PCR (qPCR) were evaluated
using the mean, standard deviation and the coefficient of
variation of the cycle threshold (Ct). The t-test was used to
assess the stability of controls and reagents. One-way ANOVA
test was applied to evaluate the homogeneity and stability of the
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batch of oligonucleotide mix and positive control. The Probit
analysis (SPSS) was used to evaluate the analytical sensitivity of
the platform.

RESULTS

Singleplex and Duoplex Reaction
Standardization
In order to evaluate singleplex format, we generated a standard
curve by serial dilutions from 105 to 100 viral copies/reaction
of the MT-2 (HTLV-1) and Gu (HTLV-2) positive controls. The
efficiency for the probe and primer sets for HTLV-1, HTLV-2, and
internal control (IC) were >95% and the linear correlations (r2)
was higher than 0.99.

In addition, standard curve dilutions were also applied
to compare the efficiency and accuracy between the
singleplex and the multiplex qPCR reactions. We observed
a high and similar efficiency between the singleplex and
the multiplex format, 93%−100% and 94%, respectively.
Correlation (r2) was also suitable in both formats (0.995–
0.996 and 0.997–0.998, for singleplex and multiplex,
respectively) as shown in Figure 1. All tested samples
demonstrated positive IAC amplification, thus eliminating
PCR inhibition.

Analytical Sensitivity and Specificity
The 95% LoD of the proposed platform was achieved using two
fold serial dilutions (62 to 1 copies/reaction) in eight replicates.
The LoD was 4 copies/reaction (range 3–6 copies/reaction)
and 11 copies/reaction (range 7–17 copies/reaction) for
HTLV-1 and HTLV-2, respectively. Analytical specificity
was evaluated in silico against public databases (BLAST)
to avoid cross-reactivity with other critical human viruses.
Primer/probe sequences demonstrated 100% similarity to
HTLV-1, HTLV-2, and beta globin (IAC), while in silico they
did not cross-react with other viral types, making this set
of primers/probes suitable for the molecular assay. In vitro
analytical specificity was evaluated by two strategies: initially,
primers/probes were tested on a control panel containing viral
genomes obtained from other human pathogens like HAV, HBV,
HCV, HIV-1/2, and B19V (National Institute for Biological
Standards and Control, NIBSC, London, United Kingdom).
This parameter evaluation performed with a total of 90
DNA samples obtained from patients with HIV, HCV, and
HBV infections showed 100% specificity, meaning that
no cross-reaction with the established diagnostic platform
was observed.

Diagnostic Sensitivity and Specificity of the
Assay
From 320 samples tested (278 HTLV-1 and 42 HTLV-2), the
duoplex-RT-PCR-HTLV1/2 reached 94.6% of sensitivity for
HTLV-1 and 78.6% for HTLV-2. All reactions were performed
in duplicate. For calculating the specificity of the assay, 288
samples (198 DNA from blood samples and 90 DNA samples
from patients with HIV, HCV, and HBV infections) were
tested resulting in no PCR amplification or high Ct values

(Ct>40 were considered as negative), therefore demonstrating
100% specificity.

Repeatability (Intra-assay) and
Reproducibility (Inter-assay)
We evaluated the intra-assay using three standard dilutions
(105, 104, and 103 copies/reaction) of MT-2 and Gu cells. The
coefficient of variation (CV) for Cts values was <5% (Table 2),
which is in agreement with the standard validation criteria for
the National Virus Reference Laboratory (18, 26). The inter-
assay reproducibility was performed using the same standard
dilutions (105, 104, and 103 copies/reaction). The multiplex PCR
reactions were performed in two replicates of each dilution
in three separated runs, using a distinct batch of reagents
manipulated by three different operators on three alternate days.
The CV for Cts values was within the 5% limit, as illustrated
in Table 2. For robustness evaluation (potential for carry-over
cross-contamination), we applied the “chess table” method,
and HTLV-1 positive samples were pipetted side by side with
samples with no nucleic acid targets (NTV). No amplification was
detected in any of the NTCs.

Multicentric Study
After validation steps, we prepared an optimized ready-to-
use mix for the duoplex-RT-PCR-HTLV1/2 containing primers,
probes, reaction buffer, and positive and internal controls. These
pre-aliquoted PCR mixes were distributed to all participating
centers of the multicentric study. All centers performed PCR in
ABI Prism 7500 real-time PCR System (Applied Biosystem). A
total of 692 HTLV samples with previously confirmed diagnosis
were tested (Table 3). In Ribeirão Preto, São Paulo, Salvador
(Bahia), and Belém (Pará), conventional nested-PCR or real
time PCR using tax and LTR gene amplification were the
molecular platforms adopted as routine diagnosis. The overall
result achieved 91.1% of concordance between duoplex-RT-PCR-
HTLV-1/2 and the routine molecular diagnosis adopted in each
participating center. The highest concordance was achieved in
the Bahia and Para states, 96.5% and 89.3%, respectively for
HTLV-1. For HTLV-2, 94.5% and 100% of the concordance
was achieved when testing samples from Ribeirao Preto and
Bahia. We hightlight that 5.0% of the negative results belonging
to suspected cases of HTLV tested positive in duoplex-RT-
PCR-HTLV1/2 (Table 3). Negative and positive predictive values
were 97% and 89.4%, respectively. All of the participants
included in this study signed an informed consent form in their
original institutions.

DISCUSSION

In the current study, we optimized and validated a qualitative
multiplex qPCR platform—duoplex-RT-PCR-HTLV1/2—for the
simultaneous detection and discrimination of HTLV-1 and
HTLV-2. The established assay is sensitive and reproducible, easy
to perform in molecular biology laboratories with appropriate
conditions for clinical diagnosis; it is essentially a low-cost
operation compared to the available confirmatory methods such
as WB and line immunoassay.
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FIGURE 1 | Amplification plots and standard curves of singleplex and multiplex assays. Singleplex format is demonstrated for (A,B) HTLV-1, (C,D) HTLV-2, and (E,F)

internal control, beta-globin. (G,H) Multiplex format for the three targets HTLV-1, HTLV-2, and beta globin. Serial decimal dilutions ranging from 105 to 100

copies/reaction were used in the qPCR reactions. DNA from MT-2 and Gu cell lines were used as positive samples for HTLV-1 and HTLV-2, respectively.

Human T cell lymphotropic virus molecular diagnosis is a
significant challenge in regard to standardization, appropriate
verification, and validation. Several PCR methods have been

reported for HTLV-1/2 diagnosis, but the complete validation
procedure was not achieved (18, 25–27). Herein, we followed
the main validation steps including analytical and diagnostic
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TABLE 2 | Cycle threshold (Ct) values of repeatability (intra-assay) and reproducibility (inter-assay) analysis of duoplex-RT-PCR-HTLV 1/2 based on standard templates.

Repeatability (intra-assay)*

HTLV-1 HTLV-2

105 copies/reaction 104 copies/reaction 103 copies/reaction 105 copies/reaction 104 copies/reaction 103 copies/reaction

µ ± σ µ ± σ µ ± σ µ ± σ µ ± σ µ ± σ

Run 1 22.88 ± 0.04 26.31 ± 0.12 29.82 ± 0.10 25.46 ± 0.16 28.92 ± 0.14 32.51 ± 0.22

Run 2 22.57 ± 0.09 25.87 ± 0.07 29.41 ± 0.08 25.76 ± 0.16 29.09 ± 0.15 32.73 ± 0.11

Run 3 22.57 ± 0.08 25.95 ± 0.08 29.68 ± 0.07 25.79 ± 0.16 29.22 ± 0.18 32.86 ± 0.14

µ ± σ 22.67 ± 0.16 26.04 ± 0.22 29.64 ± 0.19 25.67 ± 0.21 29.08 ± 0.20 32.70 ± 0.25

%CV 0.72 0.83 0.65 0.84 0.67 0.76

Reproducibility (inter-assay)

Operator 1 22.44 ± 0.00 25.96 ± 0.01 29.66 ± 0.11 25.79 ± 0.01 28.87 ± 0.06 32.82 ± 0.07

Operator 2 22.45 ± 0.02 25.92 ± 0.02 29.63 ± 0.26 25.73 ± 0.15 28.90 ± 0.06 32.98 ± 0.19

Operator 3 22.49 ± 0.04 25.97 ± 0.03 29.91 ± 0.01 25.89 ± 0.10 29.23 ± 0.05 33.17 ± 0.14

µ ± σ 22.46 ± 0.03 25.95 ± 0.03 29.74 ± 0.19 25.80 ± 0.11 29.00 ± 0.18 32.99 ± 0.19

% CV 0.14 0.11 0.63 0.41 0.63 0.57

*The repeatability assay was performed in five replicates of each standard dilution in three separated runs, using the same batch of reagents manipulated for a unique operator in the
same day.

TABLE 3 | Multicentric evaluation of the duoplex-RT-PCR-HTLV1/2 platform.

HTLV Centers n Age (mean) Gender (F|M) HTLV-1 HTLV-2 Negative

(city location) (concordants %) (concordants %) (concordants %)

Ribeirao Preto1 145 38.8 95|47 33/33 (100%) 17/18 (94.5%) 85/94 (91.5%)

Belem2 226 43.4 147|79 50/56 (89.3%) 8/13 (61.6%) 149/157 (94.9%)

São Paulo3 137 52.6 137|43 78/98 (79.4%) 6/12 (50%) 25/27 (92.6%)

Salvador4 179 ND ND 167/173 (96.5%) 6/6 (100%) ND

1Regional Blood Center of Ribeirão Preto, Ribeirao Preto Medical School, University of São Paulo, Ribeirao Preto; 2Universidade de Belem, Para; 3 Instituto de Medicina
Tropical—University of São Paulo, São Paulo; Medicina Tropical (IMT-USP)—São Paulo; 4Escola Bahiana de Medicina e Sayde Publica, Salvador, Bahia.
n, number of samples tested; F, female; M, male; ND, non-determined.

sensitivity, analytical and diagnostic specificity, robustness,
and precision. Our duoplex-RT-PCR-HTLV1/2 platform
demonstrated 94.6% of diagnostic sensitivity for HTLV-1
and 78.6% for HTLV-2 detection. Other studies that establish
quantitative PCR demonstrate variable sensitivity. For example,
Estes and Sevall (25) demonstrated sensitivity of 81.2% and
87.5% for HTLV-1 and for HTLV-2, respectively. Waters et al.
(18) described a sensitivity of 100% for HTLV-1 and 62% for
HTLV-2. In our work, for HTLV-1 detection, high diagnostic
sensitivity has been observed, while the achieved sensitivity for
HTLV-2 diagnosis remains much lower. The lower sensitivity
for HTLV-2 in our assay might be related to several reasons,
despite the effort of an additional accessory designed reverse
primer (HTLV-2 Rev2_pol, see Table 1). The possible reason
might be that the HTLV-2 proviral load, in general, is lower
compared to HTLV-1 thus leading to lower sensitivity in viral
detection (28). Moreover, HTLV-2 can also represent interspecies
genetic divergence with the predominance of a specific subtype
in our tested population, which can influence the performance
of the diagnostic test. The analytic sensitivity for HTLV-2 was

higher compared to HTLV-1 (10.9 vs. 3.9 copies/reaction). To
address if HTLV-2/HIV-1 infection may affect the test sensibility,
positive samples for both viruses were evaluated, and only
one of eight samples was missed by the qualitative duoplex
qPCR-HTLV-1/2 platform. We believe that neither immune
suppression nor antiretroviral treatment for HIV-1 infection was
related to this negative result. Similarly, Estes and Sevall noted
similar sensibility to HTLV-2 (80%) using a multiplex approach
(25). Our qualitative duoplex-RT-PCR-HTLV1/2 assay did not
present amplification in all HTLV-1/2 non-infected samples,
and thus reached 100% diagnostic specificity. Andrade et al.
(29) demonstrated 98.5% of diagnostic specificity indicating
the presence of false positivity. In fact, there are several qPCR
methodologies for HTLV detection; some of them use SYBR R©

Green, Molecular Beacons, and TaqMan R© probes (30). As
mentioned before, these techniques have been developed to
detect the most conserved regions of the HTLV 1/2 genome,
including genes like gag, tax and pol (30). The use of different
methodologies and target regions could impact directly on the
sensitivity of the diagnostic test.
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For the multicentric evaluation, we included four of the
main clinical HTLV centers in Brazil with primary attendance
and follow-up of HTLV-positive individuals. The optimized kit
and training program were also provided in each location.
The samples tested in this step were previously confirmed
as HTLV-positive by another method such as nested-PCR or
real-time PCR. As shown in Table 3, we achieved 91.1% of
concordance between the tested samples. The discordant cases
may be related to differences in the sensitivity of the HTLV
PCR diagnosis adopted by each participating center. The highest
concordance for HTLV-1 was achieved with Bahia and Para
states, 96.5% and 89.3%, respectively, where also real-time
PCR was used. In São Paulo city, discordant results were
obtained in 20.6% of the cases. Nevertheless in this location
the HTLV confirmatory diagnosis is based only on conventional
nested-PCR. We also highlight that the majority of discordant
cases were related to the presence of HTLV-2, where our
assay showed lower detection sensitivity (78.6%) compared
to HTLV-1.

Up to now, there is no molecular confirmatory platform
for HTLV detection available commercially. The development
and the detailed validation of our duoplex qPCR technology
for confirmatory and discriminatory diagnosis of HTLV-1/2
infection will allow for the confirmation of the positive
serological results and can offer a final conclusion to the
obtained inconclusive results by EIA or WB. The established
multiplex real-time PCR based molecular platform is currently
under Brazilian (BR 10.2014.024905.2) and international patent
applications (United States of America No. 15/517.449 and
European Union patent application No. 158484220).

In conclusion, we developed, optimized and validated
a duoplex qPCR qualitative test for HTLV-1/2 diagnosis
(confirmatory and discriminatory), which is ready-to-use,
timesaving and presents low risk for sample cross-contamination.
This technique was performed in a unique reaction tube to detect
and discriminate between HTLV-1 and HTLV-2. Performance
tests showed high sensitivity and specificity compared to the
singleplex assays and to classical confirmatory methods for
HTLV-1/2 diagnosis such as WB. Therefore, this platform can
be implemented as a fast HTLV diagnosis and confirmation
and to monitor HTLV-infected patients in the clinical centers
for the correct management as well as counseling to avoid
transmission. Despite the obtained suitable validation parameters
of our assay, we highlight that it is important to include
more HTLV-2-infected patients and perform the validation
processes in other national and international centers engaged in
HTLV diagnosis.
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Fabiana Almeida Araújo Santos 3, Leonardo Quintão Siravenha 1,

Andrea Nazaré Monteiro Rangel Silva 2, Maria Alice Freitas Queiroz 2,

Antonio Carlos Rosário Vallinoto 1,2, Marluísa Oliveira Guimarães Ishak 2 and

Ricardo Ishak 1,2

1 Biology of Infectious and Parasitic Agents Post-Graduate Program, Federal University of Pará, Belém, Brazil, 2 Virology
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Human T-lymphotropic virus 1 (HTLV-1) is endemic worldwide and the infection results

in severe diseases, including Adult T-cell Leukemia (ATL) and HTLV-1 associated

myelopathy (HAM). There are some limitations of employing the present commercial

serological assays for both diagnostic and epidemiological purposes in different

geographical areas of the Brazil, such as the Amazon Region. Currently, methods for

diagnosis are usually expensive to adapt for routine use. The aim of this work was to

identify and characterize specific ligands to IgG that mimic HTLV-1 epitopes through

the Phage Display technique, which could be used for diagnosis and as future vaccine

candidates. Initially, IgG from 10 patients with HTLV-1 and 20 negative controls were

covalently coupled to protein G-magnetic beads. After biopanning, genetic sequencing,

bioinformatics analysis and Phage-ELISA were performed. The technique allowed the

identification of 4 clones with HTLV-1 mimetic peptides, three aligned with gp46, A6

(SPYW), B6 (SQLP) and D7 (PLIL), and one with the protease and Tax, A8 (SPPR).

Clones A6 and B6 showed higher values of accessibility, antigenicity and hydrophilicity.

The reactivity of the clones evaluated by the Receiver Operating Characteristic (ROC)

curve showed that the B6 clone had the highest Area Under Curve (0.83) and sensitivity

and specificity values (both were 77.27 %; p < 0.001). The study showed that the Phage

Display technique is effective for the identification of HTLV-1-related peptides. Clone B6

indicated to be a good marker for bioprospecting diagnostic test for HTLV-1 infection

and could be used as a possible vaccine candidate for future studies.
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INTRODUCTION

Infection with human T-lymphotropic virus 1 (HTLV-1) can
cause diseases such as adult T-cell leukemia/lymphoma (ATL)
and HTLV-1-associated myelopathy (HAM) (1, 2). It is estimated
that 5 to 10 million people are infected worldwide (3), but since
most people are asymptomatic, the infection is neglected (4).

In Brazil, the diagnosis of HTLV infection presents great
difficulties, since the tests for the virus are not fully available
in the basic health care for all people. The test is requested for
specific groups or situations, such as individuals with clinical
manifestations compatible with diseases associated with HTLV-
1, the differential diagnosis of myelopathies, during pregnancy
and for blood donors. The diagnosis follows the algorithm of
the Ministry of Health, which is still quite complex, expensive,
and not available to the entire population (5, 6). As a general
approach the laboratory diagnosis of HTLV infection includes
screening procedures for the presence of antibodies including
enzyme immunoassays or chemiluminescence assays, followed
by complementary (confirmatory and discriminatory) tests (7).
In Brazil, the national guidelines suggest the use of Western blot
or the INNO LIA assays for those laboratories which do not have
a molecular biology facility and other complex assays for those
which are able to carry molecular complementary tests, including
PCR and RT-PCR (5, 6). Complementary tests are expensive for
most countries (3), but they are presently under study for their
full inclusion in the Brazilian National Health System.

Although serological tests have been improved in recent
years (8), the lack of standardization of tests with viral epitopes
that are circulating in the country may lead to a high number
of false-positive or indeterminate cases both for HTLV-2 (9)
and to HTLV-1 (6). Antigenic differences among the molecular
subtypes circulating are also a limitation factor which prevents
the standardization of serological assays. However, the phage
display assay is one of the approaches to select more specific
peptides for improved serological tests.

The phage display technique consists of the presentation of
peptides on the surface of filamentous bacteriophages. These
peptide sequences can interact with a wide variety of target
molecules, resulting in a physical link between the displayed
peptide and the target molecule (10). The selection of exogenous
peptides exposed on the surface of the phage takes into account
its affinity for a target molecule by a process called biopanning,
in which a phage library is presented to the target molecule
(e.g., antibodies present in the serum of patients) and the phages
with high affinity bind to the target while those with low affinity
are removed. Phages with high affinity are recovered, amplified,
and subjected to genetic sequencing to identify their peptide
sequences, which are evaluated for their sensitivity and specificity
at detecting the target molecule (11, 12).

Phage display is a low-cost method that yields relatively fast
results, characteristics that have favored the use of the technique
in the identification of peptides for use in different areas of health
(12–15). The phage display technique has been used to identify
peptides for the diagnosis of several human infectious diseases
(16, 17) and possible vaccine candidates (18–20). This strategy
is one possibility for identifying peptides that can be used in

the construction of a human immunodeficiency virus (HIV-1)
vaccine formulation (12). In this sense, this method can is a
promising way to identify new, more specific targets that can be
used in the diagnosis of HTLV-1 infection. The main objective of
the present study was to search for new biomarkers mimicking
HTLV-1 for the rapid diagnosis of infection as a portable, easy-
to-use, sensitive instrument that can be used in difficult-to-access
areas and clinics. We also hoped that these peptides could be
used to induce the production of neutralizing antibodies for the
manufacture of a future vaccine.

MATERIALS AND METHODS

Characterization of the Samples
To select peptides to screen, serum samples were taken from
people living with HTLV-1 from the Clinic of Infectious Diseases
(Tropical Diseases) of the Center for Tropical Medicine, Institute
of Health Sciences, Federal University of Pará (Universidade
Federal do Pará), and an HTLV-negative control group taken
from the general population of Belém (students, technicians, and
professors of the Federal University of Pará) as well as blood
donors from the state of Pará.

Forty individuals participated in the study; 10 individuals
were diagnosed with HTLV-1 infection, and 20 individuals in
the control group were seronegative for anti-HTLV-1/2 and anti-
HIV-1 antibodies. To increase the specificity of the selected
peptides, a subtractive selection step was performed using
pooled serum from individuals seropositive for HIV-1 (n =

10). Samples of individuals older than 18 years old, without
restriction to ethnicity, social status, or skin color, who were
not using corticosteroids were included in the study. Samples
of individuals with HTLV-1 who were coinfected with HIV,
HBV, or HCV, who had autoimmune diseases, who had an
indeterminate diagnosis, or who had a low cut-off value in the
enzyme-linked immunosorbent assay (ELISA; Murex HTLV I +
II; DiaSorin, Saluggia, Italy) were excluded from the study to
minimize potential errors during data analysis and improve the
sensitivity and specificity.

Ethical Aspects
The project was approved by the Human Research Ethics
Committee of the Haemotherapy and Hematology Center
of Pará (HEMOPA Foundation) under registration number
0011.0.324.000-11. Individuals who agreed to participate in the
study signed an informed consent form.

Phage Display
Peptide Selection
Initially, the pool of immunoglobulin G (IgG) in the different
groups was linked to magnetic beads (Dynabeads R© Protein
G; Invitrogen, Waltham, MA, USA) according to the
manufacturer’s recommendations. Next, the IgG coupled to
magnetic microspheres was incubated with a library of random
peptides (Ph.D.-C12 Phage Display (PD) Peptide Library Kit;
New England Biolabs, Ipswich, MA, USA). The Ph.D.-12 library
is a combinatorial library of random 12-mer peptides fused to a
minor coat protein (pIII) of M13 phage.
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The biopanning procedure was performed as described with
some modifications (21). The biopanning process for selection of
HTLV-1 peptides included a subtractive step, which consisted of
incubating the phage library (1 × 1011 phage particles of the PD
library) first with IgG from HTLV-seronegative individuals for
30min at room temperature. Then, the supernatant containing
unbound phages was added to IgG of HTLV-2-seropositive
individuals with incubation for 30min at room temperature.
The next step consisted of positive selection, in which the
final supernatant of the subtractive step was incubated with
purified IgG from HTLV-1-positive individuals for 30min at
room temperature. Three biopanning cycles were performed for
the selection of HTLV-1 peptides.

The phages bound to the magnetic microspheres of the
positive selections were recovered by acid elution and subjected
to steps of amplification, titration, supernatant production, DNA
extraction, and phage DNA sequencing (21).

Phage Amplification
Amplification consisted of phage multiplication in Luria-Bertani
(LB) culture medium containing tetracycline (20 mg/mL) and E.
coli strain ER2738. The medium was incubated under agitation
at 37◦C until the early-log phase (OD600–0.3). Upon reaching
this stage, the bacterial culture was inoculated with the phages
and incubated at 37◦C overnight under strong agitation. The
next day, the material was centrifuged to remove the bacteria,
PEG/NaCl was added to the supernatant, the mixture was
centrifuged, and the phage pellet was washed with 1× sterile
phosphate-buffered saline (PBS).

Titration
The titration was performed to determine the amounts of input
and output of viral particles during the biopanning cycles.
Eluate containing phages from each selection cycle that were
not amplified (diluted from 10−1 to 10−5) and amplified eluate
(diluted from 10−1 to 10−12) were used. E. coli ER2738 was
cultured in LBmedium, to which dilutions containing the phages
were added. The samples were plated on LB agar containing
tetracycline and isopropyl-beta-D-thiogalactopyranoside/5-
bromo-4-chloro-3-indolyl-α-D-galactoside with the addition of
Top agar and incubated at 37◦C for 24 h.

Production of Phage Supernatant
Phage supernatants were produced by amplification of the phages
in LB medium (with tetracycline) containing E. coli ER2738 in
deep-well-plates, which were incubated under agitation in at
37◦C for 4–5 h. A different phage clone was added to each well.
The phage supernatant was used to back up the clones and extract
DNA from the phages.

DNA Extraction From Phages
DNA was extracted from the phage supernatant using iodide
buffer. The procedure consisted of viral particle lysis, protein
precipitation, DNA precipitation, and DNA hydration. The
presence of single-stranded DNA was verified by electrophoresis
in a 0.8% agarose gel containing HydraGreen Safe DNA Stain
20,000X (Hydragene, Piscataway, NJ, USA) by visual comparison

with purifiedDNA from single-stranded standardM13mp18 tape
(New England Biolabs, Ipswich, Massachusetts, USA).

Sequencing Reaction
For the sequencing reaction, phage DNA, primer −96 gIII (5’-
OH CCC TCA TAG TTA GCG TAA CG-3’) (New England
Biolabs), and Premix (DYEnamic ET Dye Terminator Cycle
Kit; Amersham Biosciences, Amersham, United Kingdom) were
used. The reaction was performed in a thermocycler (Kasvi,
São José dos Pinhais, PR, Brazil). The sequenced DNA was
precipitated and resuspended in dilution buffer and read in the
ABI PRISM 3130 Genetic Analyser (Applied Biosystems, Altham,
Massachusetts, USA).

Data Analysis by Bioinformatics
The DNA sequences obtained after sequencing were analyzed
using bioinformatics programs available online. Amino acid
sequences were detected in silico using the ExPASy Translate
Tool 6.0 (http://web.expasy.org/translate/), and the alignment of
the selected peptides was generated using the program BioEdit
7.1.5.0 (22). The similarities between the selected peptides and
the proteins deposited in GenBank were performed using the
Basic Local Alignment Search Tool (BLAST), and within BLAST,
the search was performed in the “Protein blast” database using
the “swissprot protein sequences (swissprot),” blastp (protein–
protein BLAST) algorithm restricted to HTLV (taxid: 11908).

For better characterization of mimetic peptides, B-cell
epitope prediction tools were used with the Bepipred Linear
Epitope Prediction program (http://tools.iedb.org/bcell) to
analyse their antigenicity, hydrophilicity, and accessibility
profile. The antigenicity profile was determined using the
Kolaskar and Tongaonkar antigenicity scale, a semiempirical
method that made use of the physicochemical properties of
amino acid residues and their frequency of occurrence in
experimentally known epitopes. This scale was developed to
predict antigenic determinants in proteins. According to the
authors, it can identify antigens with an accuracy of ∼75%
(23). The hydrophilicity profile was determined through
the prediction of Parker hydrophilicity. In this method, a
hydrophilic scale was constructed based on the peptide retention
times during high-performance liquid chromatography on a
reversed-phase column. Parker et al. (24) also found that the
hydrophilic surface regions represented are associated with
antigenic sites. The accessibility profile was calculated based on
the scale of surface accessibility in a product, taking into account
the probability of amino acids being exposed on the surface of a
protein (25).

Phage ELISA
Titration curves were generated to determine the most
appropriate phage concentration and antibody dilution to be
used, to optimize the tests. A microplate (Nunc-Immune
Plate MaxiSorp Surface) was sensitized with 10 µg/well anti-
M13 monoclonal antibody (GE Healthcare) diluted in 50mM
carbonate buffer, pH 9.6 (1:500), and incubated overnight at 4◦C.
After washing and blocking the plate, clones diluted in 1× PBS
(1:100) were added to the plate and incubated for 1 h at 37◦C.
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FIGURE 1 | Immunoreactivities of peptides selected by phage display in the Phage-ELISA assay. Peptides that showed significantly higher absorbance when

compared to the control (*) were tested against pool serum samples from individuals with HTLV-1 and the control group. WT: wild type phage (phage that does not

express any exogenous protein).

The plate was washed, and pools of HTLV-1-positive serum and
negative controls were added. After washing, anti-human IgG
diluted in 1× PBS/0.1% Tween (1:5000) was added, and the plate
was incubated for 1 h at 37◦C. Finally, tetramethylbenzidine was
added, and the reaction was stopped by the addition of H2SO4

(2M). The absorbance values were measured using a reading
filter at a wavelength of 450 nm.

A first phage ELISA was performed to evaluate the reactivity
of all identified phage clones using the pool of HTLV-1-negative
samples (control) and HTLV-1-positive samples. In the ELISA
reaction, the samples positive for HTLV-1 were arbitrarily
defined as those with an optical density value at least twice as high
as the absorbance value of the control samples.

Statistical Analysis
The calculation of the area under the receiver operating
characteristic (ROC) curve (AUC), sensitivity, specificity, and
positive likelihood ratio (LR+) was performed using the program
GraphPad Prism version 6.0 (GraphPad Prism Software Inc., San
Diego, CA, USA). The statistical test used was one-way ANOVA,
with post Bonferroni correction test, which is a two-tailed test.

RESULTS

Peptides Selected by Phage Display
After biopanning, a total of 42 selected peptides had different
amino acid sequences and were tested for immunoreactivity by
phage ELISA (Figure 1).

After the screening performed in the first Phage ELISA, the
phage clones containing the peptides that presented a ratio

TABLE 1 | Amino acid sequence of phage clones containing HTLV-1 mimetic

peptides after selection by Phage Display.

Clones Amino acid sequence

A6 AHWNPFWLATPF

A8 YWVDSSAWVAHK

B6 NNDPLQLRSQRY

D7 KLDVFTKPLVFT

between the absorbances of the positive and control samples >2
were submitted to a second Phage ELISA. Although most of the
peptides could discriminate individuals with HTLV-1 infection
from seronegative control individuals, four peptides (A6, A8, B6,
and D7) stood out from the rest (Table 1). In the phage ELISA,
dilutions of 1:50, 1:100, 1:500, and 1:1000 were used, and the best
results were obtained at a dilution of 1:1000 (Figure 2).

Subsequently, peptide reactivity analysis was performed using
individual sera from HTLV-1 seronegative (n = 20) and positive
individuals (n = 10), respectively, for each of the four most
reactive clones. For the analysis, the ROC curve, sensitivity,
specificity and likelihood ratio (LR) were used (Table 2).

Of the clones tested, only B6 had statistically significant
reactivity (p < 0.001). It had an AUC equal to 0.83, in addition
to having the highest LR+ value (3.4). Thus, this clone could be
promising for use in diagnostic immunoassays (Figure 3).

Frontiers in Medicine | www.frontiersin.org 4 June 2022 | Volume 9 | Article 884738299

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Machado et al. Selection of HTLV-1 Peptides

FIGURE 2 | Phage-ELISA assay to test the immunoreactivity of the better-selected peptides against pooled sera from HTLV-1 reagent patients and controls HTLV-1

non-reagent. WT, wild type phage.

TABLE 2 | Clone reactivity when using individual sera from HTLV-1 carriers.

Peptide Sensitivity Specificity AUC Cut-off P-value LR+ LR-

A6 72.73 (49.78–89.27%) 72.73 (49.78–89.27%) 0.78 >0.109 0.069 2.7 0.4

A8 68.18 (45.13–86.14%) 72.73 (49.78–89.27%) 0.79 >0.076 0.066 2.3 0.4

B6 77.27 (54.63–92.18%) 77.27 (54.63–92.18%) 0.83 >0.092 <0.001 3.4 0.3

D7 68.18 (45.13–86.14%) 68.18 (45.13–86.14%) 0.69 >0.097 0.299 2.1 0.5

AUC (Area Under Curve), LR (Likelihood Ratio).

FIGURE 3 | ROC curve of mimetic peptides with AUC values (Area Under Curve).
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FIGURE 4 | Linear alignment of the amino acid sequences of the four

peptides (A6, A8, B6, and D7) with the amino acid sequences of HTLV-1 from

various regions of the world available in GenBank.

Alignment of HTLV-1-Mimetic Peptides
With HTLV-1 Amino Acid Reference
Sequences Available at GenBank
After linear alignment of the amino acid sequences of the four
most reactive peptides in the ELISA with the HTLV-1 amino
acid sequences from various regions of the world available in
GenBank, we saw that peptides D7, A6, and B6 aligned with
sequences of amino acids from different regions of the viral
envelope glycoprotein (gp46), while the A8 peptide was aligned
with the amino acid sequence of the HTLV-1 protease and Tax
protein (Figure 4).

Antigenicity, Hydrophilicity, and
Accessibility Tests
For the antigenicity, hydrophilicity, and accessibility tests, only
the Brazilian strain (AY563954.1) was used. In the accessibility
profile scale, values above 1 denote regions accessible to
antibodies. In the HTLV-1 gp46, the peptide that showed
the highest accessibility value was clone A6 (score 2.732),
corresponding to the region ranging from amino acids 132–135
(SPYW). Regarding the antigenicity profile, the D7 peptide was
themost antigenic (score of 1.176), with a location corresponding
to the region between amino acids 13 and 19 (PLIL) of gp46.
Hydrophilicity was lowest for peptide D7 (-1.029). In Table 3,
we summarize the accessibility, antigenicity, and hydrophilicity
values using the Emini, Kolaskar, and Parker scales, respectively,
for the clones located in the envelope protein (gp46), protease,
and Tax protein.

DISCUSSION

The immunodiagnostic assays used for peptide detection have
evolved with the use of tests such as ELISA and Western blot,
although there are false-positive as a consequence of cross-
reactions with other aetiological agents (26, 27) and the extensive
distribution of different molecular subtypes of HTLV-1 (28) and
HTLV-2 (9). The serological assays currently used are based

on the detection of antibodies against matrix, nucleocapsid,
and envelope proteins, though none of these markers for
HTLV-1 have been identified using the phage display technique.
The technique has been used in only one study (29), which
investigated peptides mimicking HTLV-1 in the cerebrospinal
fluid of individuals with HAM. The present study used serum
samples from patients with HAM for the bioprospecting of
serological markers for the diagnosis of HTLV-1 in symptomatic
and asymptomatic individuals, using the phage display technique
in the first attempt of this kind in Brazil.

Four peptides characterized as linear mimetopes
corresponding to the envelope (gp46), Tax, and protease regions
were identified. HTLV-1 envelope glycoproteins, especially gp46,
play important roles in the infectious process and are exposed
on the surface of viral particles and infectious cells, making
them accessible to the immune system (30, 31). Recombinant
gp46 proteins from immunogenic regions effectively induce an
immune response and the use of a peptide in the outermost
region of gp46 (region from amino acid 190–209) was capable to
induce antibody responses in 90% of infected individuals (32).
In the present study, three mimetopes were mapped to the gp46
region: clones A6, B6, and D7. Clone A6 aligned in two regions
(positions 132–135 and 269-273 of the HTLV-1 reference strain
AY563954.1). Clones A6, B6, and D7 aligned with gp46 regions
corresponding to amino acids 130-133/267-271, 181-184, and
1-4, respectively. These sequences are very close to the regions
found by Fujimori et al. (29), which were considered highly
homologous to HTLV-1 gp46 in regions 192–199, 237–243,
and 255–261.

It was not possible to analyse the 3D structure because the
gp46 structure is not available in the RCSB ProteinData Bank, but
accessibility, antigenicity, and hydrophilicity of the mimetopes
were investigated. Clones A6 and B6 showed values above the
cut-off point for all three analyses which is a good indication for
using in diagnostic platforms.

Investigations aimed at the development of vaccines have
used animal models and in vitro assays, but the clinical
results have not been satisfactory (33–35). Sequences other than
that of HTLV-1 investigated by bioinformatics have predicted
epitopes corresponding to Tax and gp62 to be used in the
development of vaccines against HTLV-1 (36, 37). The mimetic
peptide B6, corresponding to the gp46 sequence, identified from
antibodies present in the serum of HTLV-1 infected persons
would be a possible candidate for use in future vaccine tests,
as it showed satisfactory values of accessibility, antigenicity,
and hydrophilicity.

HTLV-1 protease is a nonstructural protein responsible for
processing protein precursors into new viral components and is
essential for the replication cycle of HTLV-1 (38, 39). Mamoun
et al. (40) produced a monomeric form of HTLV-1 protease
fused to the maltose-binding protein (MBP-PR) and obtained
three monoclonal antibodies capable of recognizing the epitope
in different regions of themolecule. Two antibodies were directed
against the NH2-terminus, a region that contributes to the
dimerization interface, and the other was specific to a peptide that
lines the substrate-binding region. In the present study, clone A8
showed homology with the protease region, showing accessibility
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TABLE 3 | Accessibility, antigenicity and hydrophilicity values using the Emini, Kolaskar and Parker scales for the clones located in the envelope protein (gp46), protease

and Tax.

AY563954.1 Position Peptide sequence Accessibility Antigenicity Hydrophilicity Peptide HTLV-1 protein

16–19 PLIL 0,364 1,176 −1,029 D7 Env

132–135 SPYW 2,732 1,084 0,743 A6 Env

183–186 SQLP 2,366 1,054 2,929 B6 Env

269–273 LTLPF 0,631 1,105 −1,600 A6 Env

28–31 SPPR 1,580 1,022 4,286 A8 Pro

273–278 SFIFHK 0,470 1,068 −0,800 A8 Tax

and positive hydrophilicity, though the antigenicity was below
the cut-off point.

Clone A8 showed homology with the Tax region. Tax
activates viral and cellular gene expression. Its oncogenic
potential depends on its ability to alter the expression of
cellular genes involved in cell growth and proliferation and
their direct interactions with the cycle regulators (41, 42).
Although antigenic, clone A8 was not an accessible mimetic and
hydrophilic peptide.

The phage ELISA method was used to assess the reactivity of
clones against the sera of HTLV-1 infected persons. Screening
was initially performed, and the clones with the highest optical
density and those with HTLV-1 consensus sequences were
selected (clones A6, A8, B6, and D7) for the evaluation
of sensitivity and specificity by calculating the ROC. The
mimetic peptide (KLDVFTKPLVFT) of clone D7 showed low
accessibility and hydrophilicity, which may have hindered the
interaction between the peptide and the anti-HTLV-1 antibodies.
The best clone in the sensitivity and specificity tests was B6
(NNDPLQLRSQRY), with a sensitivity and specificity of 77.27%,
an accuracy of 0.83 (p ≤ 0.01), and the highest LR+ value (3.4),
all due to its good accessibility, antigenicity, and hydrophilicity.

The study has some limitations such as the sample size, the
genetic background of the study population, which included
only part of a tri-hybrid Brazilian population, and low HTLV-
1 antigenic variation in the study population, since the study
did not include samples from areas with other distinct HTLV-1
strains circulating elsewhere. The experiments were performed
with peptides fused to the M13 phage. Thus, immunogenicity,
antigenicity, positive and negative predictive values, must be
further investigated with different conformations of the peptides
in order to evaluate their possible use as vaccines for HTLV-1.

In summary, bioprospection of peptides mimicking HTLV-
1 using phage display led to the identification of four
clones, three related to gp46 (A6, B6, and D7) and one
related to protease and Tax (A8). The analysis of accessibility,
antigenicity, and hydrophilicity showed that clones A6 and
B6 are potentially suitable for diagnostic use and that clone
B6 has great potential for use in vaccine tests. The best
reactivity, evaluated by phage ELISA, was that of clone B6, which
showed good AUC, sensitivity, specificity, and LR. Thus, the
successful testing of the B6 clone peptide would be relevant to
diagnostic tests on platforms that allow rapid results and to the
availability of more affordable testing for the overall population,
and it would contribute to the prevention and control of
HTLV-1 infection.
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Human T cell lymphotropic virus type 1 (HTLV-1) is a human retrovirus that is endemic

in a number of regions across the world. There are an estimated 5–10 million people

infected worldwide. Japan is currently the only country with a national antenatal screening

programme in place. HTLV-1 is primarily transmitted sexually in adulthood, however

it can be transmitted from mother-to-child perinatally. This can occur transplacentally,

during the birth process or via breastmilk. If HTLV-1 is transmitted perinatally then the

lifetime risk of adult T cell leukemia/lymphoma rises from 5 to 20%, therefore prevention

of mother-to-child transmission of HTLV-1 is a public health priority. There are reliable

immunological and molecular tests available for HTLV-1 diagnosis during pregnancy and

screening should be considered on a country by country basis. Further research on best

management is needed particularly for pregnancies in women with high HTLV-1 viral

load. A first step would be to establish an international registry of cases and to monitor

outcomes for neonates and mothers. We have summarized key risk factors for mother-

to-child transmission of HTLV-1 and subsequently propose a pragmatic guideline for

management of mothers and infants in pregnancy and the perinatal period to reduce

the risk of transmission. This is clinically relevant in order to reduce mother-to-child

transmission of HTLV-1 and it’s complications.

Keywords: HTLV-1, pregnancy, neonate, antiretrovirals, adult T cell lymphoma/leukemia, prevention of mother-to-

child transmission
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INTRODUCTION

Human T cell lymphotropic virus type 1 (HTLV-1) is a human
retrovirus that was first identified in 1979 (1). HTLV-1 is
widespread throughout the globe, being endemic in regions of
Japan, West and Southern Africa, the Caribbean islands, Iran,
some parts of South America, Central Australia and Melanesia
(2, 3). It is also found in Europe, North America, India and China,
with an estimated 5–10 million people infected worldwide (2).
Japan has an estimated 800,000 carriers and is the only country
with a national antenatal screening programme (4), although
French Guiana also undertakes antenatal screening (5). Some
countries, such as Brazil, are considering introduction of national
screening (6). The recent technical report from theWorld Health
Organization on the global health burden of HTLV-1 infection
draws attention to the importance of incorporating HTLV-1
testing into antenatal care. Highlighting cessation of breast-
feeding in a public health approach to the elimination of HTLV-1
mother-to-child transmission, whilst also drawing attention to
the need for further research in mother to child transmission (3).

It has been estimated that there are 20,000-30,000 HTLV-1
seropositive people living in England and Wales (7). However,
without a screening program in the UK, diagnosis of HTLV-
1 infections is usually only made in relation to blood and
tissue donor screening, related contact tracing, and rare cases
of HTLV-1 associated diseases such as HTLV-1 associated
myelopathy (HAM) and Adult T-cell leukemia/lymphoma
(ATL) which usually have onset in adult life (7). Whilst
rarely encountered in pediatric clinical practice, a recent
series of ATL cases diagnosed during pregnancy in the UK
have emphasized the importance of measures to prevent
perinatal transmission in the setting of HTLV-1 associated
diseases where due to higher proviral loads, transmission
risks are greater than for asymptomatic individuals (8). Many
clinicians including obstetricians, midwives, neonatologists and
pediatricians, particularly those working in countries with a
lower incidence, do not have clinical experience of this condition.
This may result in missed opportunities for prevention of
mother-to-child transmission (MTCT) of HTLV-1, and have
significant implications for the health of the mother and infant
in later life.

TRANSMISSION AND DISEASE

The majority of HTLV-1 infections are acquired via sexual
transmission in adult life. Sexual transmission between
serodiscordant heterosexual couples has been estimated at rates
from 0.9 to 2.5 per 100 person-years (9, 10). Higher viral loads in
the seropositive partner may be associated with an increased risk
of transmission (11). HTLV-1 transmission can also occur by the
same routes as other blood-borne viruses including unscreened
donated blood, organ donation and injecting drug use (12).
Transmission from mother-to-child may occur in the perinatal
period via blood, the placenta, the birth canal or breastmilk.
The primary route for vertical transmission is via breast milk
(∼ 80%) and the risk of perinatal transmission by other routes is
low in comparison (13).

HTLV-1 RNA is rarely detected in plasma (14), which
is deemed non-infectious. Ex vivo observations revealed that
HTLV-1 transmission is through cell-to-cell transfer from
infected to uninfected T lymphocytes. HTLV-1 integrates into the
host cell DNA, mostly CD4+ T-lymphocytes, where it persists
with a single copy per genome/cell (15) and is replicated during
cell division. Over 90% of those infected are asymptomatic,
however, ∼10% develop the high morbidity, high mortality
HTLV-1-associated diseases, mostly in adult life. There are
two major disease associations, HAM and ATL. ATL is an
aggressive CD4+ T-cell malignancy that follows decades of
asymptomatic HTLV-1 infection and represents the malignant
transformation of an infected CD4+ T cell clone (16). The
median survival from diagnosis for the aggressive subtypes (acute
and lymphoma) is 8 to 10 months despite intensive therapy
(17). Despite novel chemotherapy based approaches, survival
has remained unchanged in the ∼40 years since HTLV-1 was
first described. The overall lifetime risk of HTLV-1 carriers
developing ATL is 5% (18). However, acquisition of HTLV-1 as
an infant in the perinatal period increases the lifetime risk of
developing ATL to 20%. (19) HAM is a progressive condition
affecting the spinal cord and causing upper motor neurone
symptoms predominantly in the lower limbs. The lifetime risk
of developing this complication is estimated at 0.25–3.8% (20).
Epidemiological studies have not identified a link between
perinatal infection and an increased rate of development of
HAM, but rare pediatric cases are reported (21). Looking beyond
these known disease associations, a recent meta-analysis showed
links between HTLV-1 and increased risk of a further 17 different
diseases including dermatological, respiratory, rheumatological
and oncological conditions (Figure 1) (22). In this meta- analysis
HTLV-1 infection was associated with a 1.57 adjusted Hazard
Ratio for mortality unexplained by the risk of ATL. Carriers
of HTLV-1 infection are also suspected to be at risk of other
opportunistic infections (23) and cardiovascular disease (24)
(Figure 1).

Given the link between perinatal transmission and increased
lifetime risk of development of ATL, prevention of mother-to-
child transmission is a public health priority. Despite this, there
is currently no international consensus on the management of
pregnant women with HTLV-1.

Diagnostic Tests and Screening
Timely and accurate diagnosis of HTLV-1 in women of child-
bearing age or those who are pregnant is key in the prevention of
mother-to-child transmission. Serological testing for detection of
antibodies against HTLV-1 is the first line of testing. Options for
serological testing include ELISA, particle agglutination,Western
blots and chemiluminescence assays (25, 26). Of note, ELISA
and particle agglutination tests are seen as screening tests with
western blot, chemiluminescence assays and molecular testing
being confirmatory.

Rosadas et al. found that both immunological and
molecular testing available for HTLV-1 remains reliable
during pregnancy (27).

In the UK, HTLV-1 pro-viral load (PVL) testing is
undertaken by contacting the National Center for Human
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FIGURE 1 | Conditions other than ATL and HAM that have been shown to be linked with HTLV-1 infection in a meta-analysis. Figure created with BioRender.com.

Retrovirology (https://www.imperial.ac.uk/medicine/molecular-
diagnostic-unit/diagnostic-services/htlv-load-testing-and-genot-
yping/). In the proposed management algorithm we suggest
antibody testing is performed in all infants of HTLV-1 positive
mothers at 18 months of age. This is because by 18 months
maternal antibody will have waned and the results are likely
to be representative of the child’s own antibody response (28).
Japan currently recommend this testing is done at 3 years of age
however there is a large loss to follow up at 3 years (29).

MOTHER-TO-CHILD TRANSMISSION RISK
FACTORS AND PREVENTION

A number of factors influence the risk of transmission of HTLV-
1 perinatally and each provides an opportunity to decrease the
risk to the infant if considered and managed appropriately. A
highmaternal HTLV-1 PVL (defined as HTLV-1 DNA copies/100
peripheral blood mononuclear cells [PBMCs] expressed as a
percentage of cells infected given there is a single copy per cell)
has been found to be an independent risk factor for increased
transmission to the infant (30). Hisada et al. (30) showed a PVL of
>3.0 log10 per 10

5 cells (equivalent to>1%) was associated with a
significant increase in the risk of transmission. Transmission risk
went from 6.4% when the PVL was <1 to 36.1% when the PVL
was 1% or greater. In addition, the same study (30) showed the
risk of transmission was negligible when the mother’s HTLV-1
antibody titer was <2.0 log10 but increased significantly when
≥2.0 log10. Symptomatic patients (e.g. those with HAM / ATL)

have been shown to have a greatly increased PVL when compared
with asymptomatic carriers (31).

We, therefore, recommend stratifying pregnant women who
are not symptomatic due to HTLV-1 infection, into low risk (PVL
< 1%) and high risk (PVL ≥ 1%) based on their PVL. Women
who are symptomatic with ATL should always be considered
high-risk, but those with other symptomatic conditions (e.g.,
dermatitis) may be stratified according to their PVL.

Other risk factors for mother-to-child transmission of
HTLV-1 infection include women who have had a previous
child with HTLV-1 infection (32), women who are infected with
Strongyloides stercoralis (33) and genetic risk factors such as an
increased risk of transmission with increased concordance in
HLA class 1 alleles between mother and child (28, 33, 34). We
suggest screening for Strongyloides stercoralis in pregnant women
newly diagnosed with HTLV-1 infection in pregnancy, or those
who are known to have HTLV-1 infection who have not been
previously screened for Strongyloides stercoralis as it is a treatable
risk factor.

Breast milk transmission has been reported to occur in
as many as 77% of exclusively breastfed infants compared
with 3.3% of non-breastfed infants (35), although other
studies have reported lower transmission rates (6). Data from
Japan established that there is a direct correlation between
duration of breastfeeding and risk of transmission, with longer
durations associated with increased transmission (6). The risk
of transmission in an infant breastfed for less than 3 months is
<2.5% (29, 36). Some studies suggest the risk of MTCT with
short term (≤3 month) breastfeeding is not significantly higher
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FIGURE 2 | *If a mother decides to breastfeed, consider undertaking breastmilk diagnostics; HTLV-1 PCR at week 1 and 3 months and every 3 months thereafter as

long as breastfeeding continues. If the breastmilk HTLV-1 PVL is ≥1% or if the mother breastfeeds for more than 3 months then the infant should have testing for

(Continued)

Frontiers in Medicine | www.frontiersin.org 4 July 2022 | Volume 9 | Article 941647308

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Barr et al. Prevention of Mother-to-Child Transmission of HTLV-1

FIGURE 2 | HTLV-1 as per the “high-risk of transmission” arm of the algorithm. **For antiretroviral therapy use same dosing as for treatment (mother) / prevention

(infant) of HIV infection (use local guidelines). +Women with leukaemic ATL are theoretically at ultra-high risk of transmission simply because they have higher absolute

white cell counts. ++ If an infant is shown to be infected at any point, there should be HTLV-1 antibody and PVL by PCR testing at 12–18 months of age and then

annual quantitative HTLV-1 PVL testing thereafter. Key: ARV, Antiretroviral; ATL, adult T cell Leukemia/Lymphoma; ZDV, Zidovudine; INSTI, Integrase strand transfer

inhibitor (e.g. raltegravir); PCR, Polymerase chain reaction; BF, Breastfeeding; PEP, Post-exposure prophylaxis.

than that of infants exclusively formula fed (29, 37). Infants
breastfed for less than or equal to 6 months had a transmission
risk of 3.9% compared with 20.3% for those breastfed for longer
than 6 months (36). Breastfeeding should therefore be avoided
if feasible (according to AFASS (Acceptable, Feasible, Affordable,
Sustainable and Safe) criteria) (38), or limited to as short a time as
possible (e.g., for less than 3 months). However, this should only
be applied to populations where the risk of transmitting HTLV-1
infection outweighs the risk of stopping breastfeeding. This
decision must be balanced against the known benefits to both
infant and mother of breastfeeding and the disadvantages (e.g.,
cost and need for a clean water supply) associated with formula
milk. If a mother decides to breastfeed, or is unable to formula
feed safely, then measurement of proviral load in breastmilk
should be considered if this is available. In this circumstance,
we recommend undertaking HTLV-1 PCR on breastmilk at 1
week and 3 months and every 3 months thereafter as long as
breastfeeding continues, done via real-time PCR (39). If the
breastmilk HTLV-1 PVL is ≥1%, or if the mother breastfeeds
for more than 3 months, there should be further encouragement
for breastfeeding to cease if possible, and if it continues then
the infant should be considered high risk for developing HTLV-
1 infection (6). There is some evidence that freeze-thawing of
breast milk provides some benefit in reducing mother-to-child
transmission of HTLV-1. Freezing has been shown to affect
HTLV-1 infected cells in vitro (40) and small studies have shown
a reduction in mother-to-child transmission (41). However, this
method is not always possible formothers to employ as it involves
freezing milk at −20◦C for at least 12 h (40). There are also
limited data on pasteurization of breastmilk to reduce HTLV-1
transmission (42).

The route of transmission in infants who are not breastfed
is not completely clear, however it is likely to be at the time
of delivery. Transplacental infection may occur, but even when
infected lymphocytes are detected in cord blood, not all infants
become infected (43, 44).

Healthcare professionals should, therefore, consider options
to reduce direct transfer of body fluids, particularly blood, at the
time of delivery. Currently there are few studies investigating
the most effective method of delivery of infants of women who
are HTLV-1 carriers to reduce transmission, although (pre-labor)
cesarean section may reduce the risk (28).

As in management of HIV-1, antiretroviral medications could
be used to reduce HTLV-1 transmission rates in high-risk infants.
However, there are few data regarding the use of antiretrovirals
for peri-exposure prophylaxis for neonates. We have published
a case series (8) of four mothers from the United Kingdom,
all with a diagnosis of ATL, where the mothers were treated,
and the infants received post-exposure prophylaxis (PEP), with
antiretroviral medications. One infant became seropositive at

15 months, the other three remained negative at 6 weeks, 3
months and 6 months of follow up respectively. We are not
aware of any other cases in the literature of infants receiving
PEP to try to prevent HTLV-1 infection. There are sporadic case
reports of women who are carriers of HTLV-1 infection receiving
antiretroviral medications to try to prevent MTCT (45). Potential
side effects from ARV’s also need to be considered when using
them in both neonatal and maternal populations.

There are currently no clinical trials of anti-retroviral (ARV)
treatment for HTLV-1 infection in pregnancy or for prevention
of MTCT of HTLV-1 that we are aware of, although limited
in vitro data suggest their use may be beneficial (28). Several
nucleoside analogs have been demonstrated to have anti-HTLV-1
reverse transcriptase activity in vitro, including zidovudine (46).
Zidovudine (ZDV) has also been shown to prevent transmission
in a rabbit model and has activity against ATL. (47) ZDV with
interferon-alpha (IFNα) is an established therapy in leukemic
ATL (where available) (48) and is often used as an adjunct to
chemotherapy in lymphoma subtype ATL (49). Both ZDV / IFNα

are known to be relatively safe in pregnancy, and in cases
of ATL have the additional advantage of reducing the risk of
mother to infant transmission. Raltegravir (and other integrase
inhibitors), also have anti-HTLV-1 integrase activity, and may
be used as an adjunct to ZDV (50). While studies (51–53) of
antiretroviral therapy have repeatedly failed to show activity
in vivo in established infection due to the dominance of cell
proliferation in the maintenance of the proviral burden, a
role in prevention of transmission when given peri-exposure
is biologically plausible. As transmission of HTLV-1 is mainly
due to cell-to-cell transmission rather than via free virions in
plasma, and maternal lymphocytes in the newborn circulation
have a longer half-life (54), it is important to note that infant
PEP for HTLV-1 should be for a longer duration (6 weeks) than
for HIV which is most likely and most often acquired from free
virus in plasma (55). Of note, future treatments may include use
of neutralizing monoclonal antibodies. None have been used in
clinical trials to date however there has been some initial work in
animal models (56).

Guidance for Prevention of Transmission
Drawing together the available evidence on HTLV-1
transmission, and our experience of managing women and
their infants, and bearing in mind the potential role of cesarean
section, maternal and neonatal antiretroviral therapy, and
avoidance of breastfeeding in preventing mother-to-child
transmission of HIV, a similar retrovirus, we propose the
following perinatal algorithm (Figure 2) for managing pregnant
women with HTLV-1 and their infants.

The algorithm is based on assessment of transmission risk
according to clinical disease and PVL: women with no symptoms
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and PVL <1%, follow the green path with normal pregnancy,
birth and postnatal care, avoiding breast feeding if feasible;
women with ATL (whatever the PVL), follow the red path
with antiretroviral treatment, elective cesarean section, avoidance
of breast feeding and PEP for the infant; women with no
symptoms / mild symptoms and PVL>1% follow the yellow path
and should be considered for antiretroviral treatment, elective
cesarean section, avoidance of breast feeding and PEP for the
infant. Clinicians are welcome to contact the National Center
for Human Retrovirology (http://www.htlv.eu/) for advice in the
management of pregnant women with HTLV-1 infection.

CONCLUSION

Data on prevention of mother-to-child transmission of HTLV-1
have been available since the 1980s and are robust, all
demonstrating the effectiveness of avoidance of breast-feeding
or at least limiting to less than 3 months duration. Mother-to-
child transmission is associated with a high risk of subsequent

HTLV-1 associated disease especially adult T-cell leukemia.
Data on reducing the risk of peripartum transmission are
limited, therefore, we propose a pragmatic perinatal algorithm
to aid management of these cases, highlighting transmission
risks, perinatal diagnostics, and antiretroviral and obstetric
interventions. However, further study on best management for
the prevention of mother-to-child transmission of HTLV-1 is
needed, especially for high-risk pregnancies. A first step would
be to establish an international registry of cases and to monitor
outcomes for neonates and mothers.
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In Argentina, the human T-cell lymphotropic virus type 1 (HTLV-1) infection has been

documented mainly among blood banks with a prevalence of∼0.02–0.046% for Buenos

Aires city, 0.8% for the northeast, and 1% for the northwest; both areas are considered

endemic for HTLV-2 and 1, respectively. Policies and specific guidelines for testing blood

donors for HTLV are included since 2005. Screening for antibodies is performed at blood

banks and confirmatory testing is performed at reference laboratories. There are no

specific recommendations for the assistance of communities and individuals affected, nor

referral to specialized clinics on the HTLV infection. In 2016, as a strategy of intervention,

we opened a specialized clinical attendance in a referral infectious diseases public

hospital for the comprehensive approach to patients with HTLV, offering follow-up and

counseling for patients and their families for the early diagnosis of HTLV-1/2 and related

diseases. During the study, 124 patients with presumptive HTLV positive diagnosis from

blood bank, symptomatic patients (SPs), relatives, and descendants visited the unit. A

total of 46 patients were HTLV positive (38 HTLV-1 and 8 HTLV-2). There were nine SPs

(2 adult T-cell leukemia/lymphoma [ATL] and 7 HTLV-1-associated myelopathy/tropical

spastic paraparesis [HAM/TSP]). All patients with HTLV-1 and−2 were offered to study

their relatives. Two out of 37 (5.4%) descendants tested were positive for HTLV-1. Sexual

partners were studied; among 6 out of 11 couples (54.5%) were found positive (5 HTLV-1

and 1 HTLV-2). Other relatives, such as mothers (1/2) and siblings (1/6), were positive

for HTLV-1. According to the place of birth among HTLV-1 carriers, 58% were born in

an endemic area or in countries where HTLV infection is considered endemic while for

HTLV-2 carriers, 12.5%were born in an endemic area of Argentina. The proviral load (pVL)

was measured in all, patients with HTLV-1 being higher in symptomatic compared with

asymptomatic carriers. In addition, two pregnant women were early diagnosed during

their puerperium and breastmilk replacement by formula was indicated. Inhibition of

lactation was also indicated. Our study provides tools for a multidisciplinary approach to

the infection and reinforces the importance of having specialized clinical units in neglected

diseases, such as HTLV for counseling, clinical and laboratory follow-up, and providing

useful information for patients for self-care and that of their families.

Keywords: HTLV-1/2 infection, HTLV outpatient unit, HTLV follow-up, non-endemic area, neglected disease
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INTRODUCTION

The human T-cell lymphotropic virus type 1 (HTLV-1) belongs to
the Retroviridae family and the Delta retrovirus genus, together
with HTLV-2 and bovine leukemia virus (BLV) and the recently
discovered HTLV-3 and HTLV-4 (1). The number of HTLV-1-
infected people was first estimated between 10 and 20 million (2),
and more recently, between 5 and 10 million. Considering that
many countries still have undetermined HTLV-1 seroprevalence,
some authors consider the latest could be underestimated (3).
HTLV-1 is found in highly endemic areas, such as Japan, sub-
Saharan Africa, the Caribbean region, and South America.
Smaller infection foci have been described in the Middle East,
Romania, and Australo-Melanesia (3).

Human T-cell lymphotropic virus type 1 is the etiologic agent
of adult T-cell leukemia/lymphoma (ATL) and may lead to the
development of chronic progressivemyelopathy namedHTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/TSP)
(4–7). Other inflammatory diseases, such as uveitis, dermatitis,
and arthritis, have also been associated demonstrating a broad
spectrum of systemic inflammation caused by the viral infection
(8–10). The majority of HTLV-1 carriers remain asymptomatic
throughout their lives, while 2.5–5% developing ATL and
0.3–2% developing HAM/TSP; the risk of developing the
disease is related to the time of infection and the route of
transmission (11). In contrast, the etiological role of HTLV-
2, despite its initial isolation from two patients with hairy T-
cell leukemia and a few cases of HAM-like disease, has not
yet been established (12–14). HTLV-1 is primarily transmitted
by three main routes: vertical transmission from mother-
to-child after prolonged breast-feeding (15), non-protected
sexual intercourse (16), and contamination with blood products
(cellular components, organ and tissue transplantation, and
sharing contaminated needles) (17). The diagnosis of HTLV-1/-2
infection relies on the detection of antibodies and combines at
least one or two inmunoassays, mainly enzyme immunoassays
(EIAs), followed by a confirmatory test for reactive samples, such
as Western blot or line immunoassay (LIA), with the additional
information regarding subtype. For indeterminate samples,
molecular testing allows for final confirmation and subtyping,
and HTLV-1 DNA proviral load (pVL) has been proposed
as a biomarker in the disease progression during the clinical
follow-up (18).

In Argentina, HTLV-1 infection has been documented mainly

among blood banks with a prevalence of 0.02–0.046% for Buenos

Aires city, 0.8% for the northeast, and 1% for the northwest of the

country. Both areas are considered endemic for HTLV-2 and 1,
respectively (19–21). In addition, the northwest is the region with
higher incidence for HAM/TSP (22, 23). Although the disease
burden due to HTLV-1 is unknown, in our country, cases of ATL
are diagnosed annually and cases of infectious dermatitis have
been reported (24–26). In people living with HIV, it has been
reported a prevalence for HTLV-1/2 between 11 and 19% since
1990, actually a decline has been observed (27–32). As it has been
recognized by the WHO’s last report, there are gaps in HTLV-1
prevalence in South America and a global lack of systematically
collected data on HTLV-1-related diseases (18).

The City of Buenos Aires is a non-endemic area for these
viruses and is a cosmopolitan city that receives a large number of
immigrants every year from different areas from Argentina and
South America, some of them from endemic areas for HTLV-1.
Argentina has guidelines for testing blood donors with no
specific recommendations for the assistance of communities and
individuals affected by HTLV-1 infection. In 2016, as a strategy
of intervention, we opened a specialized clinical attendance for
the comprehensive approach of HTLV carriers to implement
follow-up and counseling for patients and their families for the
early diagnosis of HTLV-1/2 related diseases and to provide
medical care. This study aimed to describe the results from the
implementation, counseling, and follow-up of HTLV carriers
attending at an infectious diseases public hospital during the
period 2016–2021.

MATERIALS AND METHODS

Clinical attendance for HTLV carriers was implemented in the
outpatient Centro Municipal de Patología Regional Argentina y
Medicina Tropical (CEMPRA-MT) unit at the Hospital Muñiz,
which is a centenary referral infectious disease public hospital
from the government of Buenos Aires city. We started in April
2016 and patients were scheduled once a week and two medical
doctors were responsible for the attendance. Blood donors were
referred from blood banks and HTLV carriers were referred to
our clinic from other hospitals. The first visit includes counseling,
physical and neurological examination, and a laboratory test
(Figure 1). Complementary studies included chest X-ray and
abdominal ultrasound. Demographic and epidemiological data
(sex, age, place of birth of the patient and their parents, sexual
partners and number of descendants and length of lactation,
transfusions received, organ transplants, and intravenous drugs
usage) was obtained, and information was collected through
a structured interview. All these data were recorded on
an electronic database. Once patients have confirmed their
virological status for HTLV-1/2 infection, antibody testing was
offered to sexual partners, siblings, and descendants living
in Buenos Aires. Medical consultations were made with the
neurology, oncology, or dermatology units as required.

The protocol was approved by the institution review board of
the Hospital Garrahan (Number 639). Informed signed consent
was obtained from patients.

Laboratory Studies
Serum samples were studied for HCV antibodies, HBsAg,
and Anti HBc for hepatitis B by quimioluminiscence
(CMIA, Architect R©, Abbott) until 2018 and since 2019
by electroquimioluminiscence (ECLIA, Elecsys R©, Roche,
Mannheim). Antibodies for Chagas disease and for syphilis were
studied by quimioluminiscence (CMIA, Architect R©, Abbott)
following a reverse algorithm, respectively. In all cases, assays
were performed following the manufacture’s instructions. For
HIV testing, samples were studied by a fourth-generation
assay (Duo R©, Biomerieux), and reactive samples were further
confirmed following the national algorithm that includes
viral load.
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FIGURE 1 | A clinical care flowchart at Centro Municipal de Patología Regional Argentina y Medicina Tropical (CEMPRA-MT). *Unidad de Virología, Hospital Muñiz.

**Unidad de Virología y Epidemiologia Molecular, Hospital Garrahan. CBC, cellular blood count; LDH, lactate dehydrogenase.

Biochemical markers include cellular blood count (CBC)
with smear, evaluated by a hematologist, lactate deshidrogenase
(LDH), and calcemia which were performed on a Cobas C501 R©

(Roche). Fresh and serial coproparasitological studies were
requested in search of Strongyloides stercoralis, including plate
culture in nutrient agar.

HTLV Studies

Blood samples were collected in advance for all HTLV
studies to avoid recitation of the patients and following
the diagnostic algorithm described (Figure 2). Antibodies for
HTLV-1 were screened by quimioluminiscence [rHTLV I/II
(CMIA, Architect R©, Abbott)] until 2018 and since 2019
by electroquimioluminiscence Elecsys R© HTLV I/II (Roche,
Mannheim) and reactive samples were tested by LIA (INNO-
LIA R© HTLV I/II Score, Fujirebio, Japan) as a confirmatory
test following the manufacturer’s instructions. A qualitative
PCR was performed for untyped virus results. Confirmed
HTLV-1 samples were further tested for pVL for HTLV-1 in
peripheral mononuclear cells (PBMCs) by an in-house real-time

quantitative PCR (qPCR) as previously described (33). The assay
had a detection limit of 400 HTLV-1 copies/106 PBMCs, with
a broad range of quantitation (2.6 log10 to −6 log10) and a
total error accepted of 0.5 log10. Both molecular studies were
performed at the Virology Unit in the Hospital Garrahan.

Follow-Up
Subsequent visits were planned individually: for asymptomatic
carriers (ACs), annual clinical and laboratory controls, such as
pVL, were assigned, and for symptomatic patients (SPs), visits
were scheduled according to the needs for each patient, such as
consultations, laboratory testing, and referral, to other centers
if required. For ACs, they were informed to acquire an annual
control through a phone number destined for it. For patients who
did not assist to their medical visit, they received a call back to
promote it.

Statistical Analysis
Standard descriptive statistics were used to describe the baseline
characteristics of the population. Results were expressed as
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FIGURE 2 | A human T-cell lymphotropic virus (HTLV) diagnostic algorithm.

median and interquartile range (IQR). The Mann–Whitney U-
test was used to compare continuous data between ACs and
SPs. A two-sided p < 0.05 was considered to indicate statistical
significance. Data were analyzed using the Graphpad Prism 5
software package 4.91.

RESULTS

During the studied period (April 2016–March 2021), a total
of 124 individuals visited our outpatient unit, including those
with presumptive HTLV positive diagnosis from blood bank
(n = 56), SPs (n = 12), relatives (n = 19), and descendants
(n = 37). Of them, 46 were enrolled for the follow up
study with confirmed HTLV positive diagnosis. Furthermore,
32 patients with presumptive HTLV diagnosis were found to
be negative for HTLV antibodies, 29 at the time they were
retested (false positive from blood banks), and three patients
with a presumptive diagnosis of HAM/TSP. Molecular studies
were not performed on these three individuals due to the final
diagnosis, which included severe discopathy in one case, and
peripheral neuropathy in the other two. Table 1 describes the
relationship between index cases of HTLV-1 and−2 and their
family members.

All 46 HTLV carriers (38 HTLV-1 and 8 HTLV-2) were
clinically evaluated. Among the HTLV-1 group, 76% were
asymptomatic carriers (29/38) and the source of identification
was: 20 blood donors, 5 sexual partners, 1 sibling, 1 mother,
and 2 descendants. Among SPs, 2 patients were diagnosed as

ATL and 7 patients had HAM/TSP. According to the age at
enrollment for HTLV-1, SP and AC had a similar median age of
46 years (IQR= 31–52) and 44 years (IQR= 40–51), respectively.
For HTLV-2 carriers, the median age at enrollment was 46
(IQR = 40–52). According to the place of birth among HTLV-
1 carriers, 58% were born in an endemic area of Argentina or
in other countries where HTLV infection is considered endemic.
Moreover, when we analyzed AC and SP, we found that 59 and
56% for the respective groups were born in endemic areas. For
HTLV-2 infection, 12.5% of them were born in an endemic area
of Argentina. Table 2 shows a summary of HTLV-1 and HTLV-2
carriers during follow-up.

Serology for hepatitis B virus (HBV), hepatitis C virus (HCV),
and HIV were found positive in 2 HTLV-1 SP (2/46: 4.3%),
and Chagas disease in 1 HTLV-1 SP and 1 AC (2/46: 4.3%).
Coinfection with tuberculosis (TB) was found in one HAM/TSP
patient also with a diagnosis of syphilis (1/46: 2.2%; Table 2).

Specimens for coproparasitological studies were available in
17/46 patients, all being negative for S. stercoralis. Among HTLV-
2 carriers’ coinfection with HIV was documented in one case
(Table 2).

All HTLV-1 and−2 carriers were offered to study their
relatives. The overall number of descendants were 60, with 37
(62%) were available and willing to be tested, 2 of whom were
HTLV-1 positive. The remaining descendants reside outside the
Buenos Aires city. Sexual partners were studied; among 6/11
couples (54.5%) were found positive (5 HTLV-1 and 1 HTLV-2).
Other relatives, such as mothers (N: 2) and siblings (N: 6), were
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TABLE 1 | Relationship between index cases of human T-cell lymphotropic virus (HTLV)-1 and−2 and family members.

Case N◦ Index cases of HTLV-1 Sex Sexual partner Mother Sibling Descendent

1 ATL M Negative Not tested 1 positive HTLV-1 (F)

and 5 negative

Without

2 ATL F Without Not tested Not tested 1 negative

3 Blood donor F Without Without Without Without

4 Blood donor F positive HTLV-1 (M) Not tested Not tested 3 negative

5 Blood donor F Not tested Not tested Not tested 3 not tested

6 Blood donor F Not tested Not tested Not tested 1 negative and 1 not tested

7 Blood donor F Not tested Not tested Not tested 2 not tested

8 Blood donor M Negative Not tested Not tested 3 negative

9 Blood donor M Not tested Not tested Not tested 2 not tested

10 Blood donor F Not tested Not tested Not tested 2 not tested

11 Blood donor M Without Not tested Not tested 4 negative

12 Blood donor F Positive HTLV-1 (M) Not tested Not tested 3 negative

13 Blood donor F Not tested Not tested Not tested 1 negative

14 Blood donor F Without Not tested Not tested Without

15 Blood donor F Without Not tested Not tested 2 not tested

16 Blood donor F Not tested Positive HTLV-1 (F) Not tested 2 not tested

17 Blood donor F Negative Not tested Not tested 1 positive HTLV-1 (F) and 2

not tested

18 Blood donor F Negative Negative Not tested Without

19 Blood donor F Without Not tested Not tested 3 negative

20 Blood donor M Without Not tested Not tested 1 not tested

21 Blood donor F Without Not tested Not tested 2 negative

22 Blood donor M Without Not tested Not tested Without

23 HAM/ TSP F Not tested Without Not tested Without

24 HAM/ TSP F Positive HTLV-1 (M) Without Not tested 2 not tested

25 HAM/ TSP F Positive HTLV-1 (M) Without Not tested 1 positive HTLV-1 (M),

1 negative and 1 not tested

26 HAM/ TSP M Not tested Not tested Not tested Without

27 HAM/ TSP F Positive HTLV-1 (M) Not tested Not tested 2 not tested

28 HAM/ TSP M Without Not tested Not tested 3 negative

29 HAM/ TSP M Without Not tested Not tested Without

Index cases of HTLV-2 Sex Sexual partner Mother Sibiling Descendent

30 Blood donor F Negative Not tested Not tested 3 negative

31 Blood donor F Positive HTLV-2 (M) Not tested Not tested 3 negative

32 Blood donor F Not tested Not tested Not tested 4 negative

33 Blood donor F Not tested Not tested Not tested Without

34 Blood donor M Not tested Not tested Not tested 2 not tested

35 Blood donor F Not tested Not tested Not tested 1 not tested

36 Blood donor F Without Not tested Not tested Without

M, male; F, female. Bold type for family members studied.

tested, being 1 mother and 1 sibling positive for HTLV-1 as is
shown in Table 2.

The increase in HTLV carriers enrolled in the years between
2016 and 2019 was 1.8, 1.9, and 0.8, respectively (2016: N: 5
patients; 2017: N: 9 patients; 2018: N: 15 patients; 2019: N: 12
patients; 2020: N: 4 patients; and 2021: N: 1 patient). All SPs and
ACs returned for medical controls, and the average number of
visits was 7 (2–13) and 3 (2–7), respectively during the study
period 2016–2021. It is noteworthy that 52% of HTLV-1 ACs

had more than 2 clinical visits and 45% had more than two
HTLV-1 pVL.

A total of 72 pVLs corresponding to 38 HTLV-1 carriers were
done, and 19 of them (14 ACs and 5 SPs) had more than one
pVL measure. The median pVL HTLV-1 at baseline (first clinical
visit) corresponding to 29 ACs and 9 SPs was 5.25 log10 HTLV-1
copies/106 PBMCs among SPs and 4.76 log10 HTLV-1 copies/106

PBMCs ACs (p: 0.038) as is shown in Figure 3. The average of
the difference among pVL measures in AC was 0.28 log10 (data
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TABLE 2 | Summary of the demographic and clinical characteristics of the HTLV-1 and −2 cases observed during follow-up.

HTLV-1 Cases HTLV-2 Cases

(N:38/46) (N: 8/46)

AC SP AC

29/38 (76.3%) 9/38 (23.7%) 8/8 (100%)

Age (median) 44 years (IQR = 40–51) 46 years (IQR = 31–52) 46 (IQR = 40–52)

Sex 18/29 (62%) women 5/9 (55.5%) women 6/8 (75%) women

Birthplace 3 endemic area of Argentina (Salta, Santiago

del Estero)

3 non-endemic area of Argentina. 1 endemic area of Argentina (Chaco)

17 non-endemic area of Argenttina 7 non-endemic area of Argentina

9 endemic area outside Argentina (Paraguay,

Peru, Bolivia and Rep. Dominicana)

6 endemic area outside Argentina (Paraguay,

Peru, Bolivia and Rep. Dominicana)

Coinfection 1 Chagas disease 2 HAM/TSP coinfected with HIV, HBV and HCV 1 HIV

1 HAM/TSP coinfected with TB and syphilis

1 HAM/TSP with Chagas disease

HTLV-1 pVL

(median)

4.75 log10 HTLV-1 copies /106PBMCs 5.25 log10 HTLV-1 copies /106PBMCs Not Aplicable

(IQR 4.08-5.07) (IQR: 4.65-5.82)

AC, asymptomatic carriers; SP, symptomatic carriers; HTLV-1 pVL, HTLV-1 proviral load; TB, tuberculosis; HIV, human immunodeficiency virus; HCV, heaptitis C virus; HBV, hepatitis B

virus; PBMC, peripheral mononuclear cells; IQR, interquartile range.

FIGURE 3 | Human T-cell lymphotropic virus 1 proviral load (pVL) among

asymptomatic carriers (ACs) and symptomatic patients (SPs). HTLV-1 pVL

values correspond to samples collected at first visit. • AC, N ATL, �HAM/TSP.

The Mann–Whitney U-test was used to compare continuous data between

ACs and SPs. A two-sided p < 0.05 was considered to indicate statistical

significance.

not shown) which in all cases was inferior to the total error of
the assay.

Breastmilk replacement by formula feeding and inhibition of
lactation was started in 2 women that were breastfeeding at the
time of HTLV-1 diagnosis. Both women were derived from the
public maternity of Buenos Aires during their puerperium with
previous positive results from blood bank. The two babies born
tested negative, one of them at 3 and 12 months of age, and the
other one at 24 months of age.

During the studied period, none of the HTLV-1 AC evolved to
a symptomatic stage.

Additionally, two of the ATL cases underwent treatment
with CHOEP chemotherapy, AZT/3TC, and alpha interferon
and were derived to be treated in specialized onco-hematology
centers. In one of them, a chemotherapy scheme of 6 cycles was
prescribed, the length of follow-up was 3 years, and pVL was
performed on average every 3 months during the first 2 years.
Once treatment was completed (average duration: 6 months) a
decline of 0.7 log10 was observed (pVL1: 6 log10; pVL3: 5.3 log10).
Subsequently, pVLs remained stable for an average period of 30
months (mean pVL: 5.34 log 10).

Treatment among patients with HAM/TSP included, in
5 of them, corticosteroid therapy, symptomatic treatment,
and physiatry.

Only one HTLV-1 carrier died, she was a patient with
HAM/TSP and the cause of death was a colon cancer.

DISCUSSION

Human T-cell lymphotropic virus type 1 is associated with
high morbidity and mortality clinical conditions, while HTLV-
2 is rarely associated with disease. Despite the worldwide
distribution, the infection appears to be geographically
concentrated and, except from Japan, low- and middle-
income countries and ethnic minority population groups in
high-income nations are the most affected (2, 3). The majority
of infected carriers will remain asymptomatic throughout their
entire life, but many of them will develop one or more of a
range of diseases. At this point, ATL is an aggressive type of
leukemia/lymphoma characterized by a short survival time and
a poor response to chemotherapy, and HAM/TSP produces a
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disability that greatly impacts patient’s autonomy and quality of
life, up to 50% becoming wheelchair dependent.

Argentina has an endemic area for HTLV-1 in the northwest
(around Jujuy province), which is reflected in the prevalence
among blood banks, pregnant women, and the high incidence
of TSP/HAM (29). The northeast (around Formosa and Chaco
provinces) is also considered to be an endemic focus, mainly for
HTLV-2, as it has been reported in terms of the prevalence among
Amerindian communities and the highest prevalence described
in blood banks (23, 33–36).

Buenos Aires city is a non-endemic area, with a prevalence
among blood donors between 0.02 and 0.046% similar to other
provinces in the center of the country (20). The frequency of
positivity for HTLV-1 has been higher than HTLV-2 from the
first reports up to the present (19, 21). The difference observed
between HTLV-1 and−2 cases in endemic areas could reflect the
higher prevalence of HTLV-1 infection compared with HTLV-
2 in Argentina. On the other hand, HTLV-2 infection is mainly
restricted to a small focus among Amerindian population in the
northeast of our country. Even during the 1990, the prevalence
for HTLV-1 among people living with HIV was higher to equal
than HTLV-2 in contrast to what has been reported in the
United States and Europe.

The outpatient unit described here was implemented to
offer medical care and counseling to individuals with previous
results from blood banks and SPs referred to our hospital
(public infectious disease hospital). We found a high proportion
of HTLV-1 carriers (38/46), being the source of identification
blood donors in 56/124 (45%). It is important to highlight
that 52% (29/56) of them were negative at that time, were
retested. Considering the sensitivity and specificity of screening
assays, this data reinforces the need for confirmation of blood
donors’ results and the respective counseling to minimize the
psychological impact for patients.

Clinically, as expected all HTLV-2 carriers were asymptomatic
being mainly (87.5%) born in non-endemic areas. None of them
were intravenous drug users, one was born in an endemic area for
this virus (Chaco province), the second had a coinfection with
HIV, and the only risk factor was considered to be the sexual
transmission. Three carriers received blood transfusions in 1989,
1996, and 2015, since blood bank screening started in Argentina
in 2005, two of them could acquire the infection through that
route. The latest two cases were from the areas where HTLV
infection is limited, one from Corrientes province and the other
one from Santiago del Estero. Remesar et al. (20) described no
statistic association between HTLV-2 infection and birth of place
among blood donors.

Among HTLV-1 carriers, 76.3% were asymptomatic during
their follow-up and despite their clinical condition, 59% of
them were from endemic areas, in contrast to HTLV-2. This
is important to highlight that Remesar et al. found an overall
seroprevalence of 0.046% for HTLV-1/2 at the Hospital Garrahan
Blood bank, an association between HTLV-1 prevalence and
North Argentina as the blood donor birth place was found,
unlike HTLV-2. The authors found a relatively high prevalence
for HTLV-1 (0.19%) among blood donors from non-endemic
areas (20). This has been reported by Biglione et al. (21) that 30%

(0.01% prevalence) of HTLV positive blood donors were born
in HTLV-1/2 South American endemic areas. It seems that the
percentage of HTLV carriers with no relation to endemic areas
has increased from initial reports (20, 36).

Moreover, the prevalence among blood banks at the Blood
Bank National Program during 2019 (total number of screenings:
799.388) was 0.22% for HTLV-1/2 (Dr. Pisarello personal
communication). For the public health system in Buenos Aires
city, during the year of 2021 (total number of screenings: 43.447),
the prevalence rate for HTLV-1/2 was 0.16% of which more
than 70% of the samples were confirmed (Dr. Torres personal
communication). Even though Buenos Aires city has a regional
blood center, this only centralizes all nucleic acid testing from
public health institutions, and HTLV is not included in the
molecular panel. Screening for HTLV is performed in each
blood bank by antibody detection using ELISA and particle
agglutination technique. Confirmatory testing for HTLV is not
usually performed in blood banks in Buenos Aires. Reactive
samples are referred to a few centers that performed confirmatory
testing, and the blood bank returns the result to the donor.

Collectively, as a consequence of migration, more HTLV
carriers have moved from endemic to non-endemic areas,
contributing silently to the transmission of these viruses. This
has been also described by Chihara et al., describing the increase
in the incidence of ATL in non-endemic areas in Japan and the
United States (37).

The pVLwasmeasured in all HTLV-1 carriers. In concordance
with previous results, we found that SP had higher values than
asymptomatic patients and this was statistically significant (33).
No asymptomatic patients evolved to a symptomatic stage, and
the difference between pVL values in those with two or more
measures was inferior to the total error of the assay.

Coinfection between HTLV-1/2 and HIV has been extensively
reported. In our country, since 1990, the prevalence rate in people
living with HIV (PLWH) have been reported to be between 11
and 19%. In 2015, we found a decline in the prevalence rate of
HTLV-1/2 among PLWH to 5% and among those HTLV/HIV
coinfected, 40% were also coinfected with HBV and HCV. In
the present study, coinfection with HBV, HIV, and HCV was
documented among two patients with HAM/TSP (4.2%) (32). As
it has been reported for HCV, the difference in the prevalence
rate of coinfection HIV, HCV, and HTLV could be related to the
decrease in injection drugs users (IDU) in the study population
since this is a very efficient route of infection transmission. The
prevalence rate for HCV has dropped in most countries, with
the exception of those where IDU is the main source of new
infections (38).

It has been suggested that TB could influence in the
development of HAM/TSP (39). We found coinfection in one
HAM/TSP case, although no studies in Argentina have search the
association of TB and HTLV-1 in endemic areas.

Infection with S. stercoralis may influence HTLV-1-related
disease progression because screening and treatment are
performed in centers caring of people with HTLV-1. Although
this association has not been reported in Argentina, we
include the screening for our patients and we were not able
to study all for S. stercoralis because of the complexity in
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sample collection. Screening techniques using urine represent a
diagnosis opportunity to consider and implement because it is a
sample easy to collect by patients. (40).

All HTLV-1 and−2 carriers were offered to study their
relatives, and we found among them that 54.5% of the sexual
partners tested positive. Furthermore, the percentage of positive
family members (sexual partners, descendants, and others) over
the total number of HTLV cases in our group amounts to 21.7%
(10/46). This observation reinforces the importance of offering
the study to family members. During medical care, it is also
important to emphasize the use of condoms in serodiscordant
couples or in patients without a stable partner, and avoid
exposure to fluids with biological risk, such as blood.

Vertical transmission of HTLV occurs primarily through
breastfeeding and not transplacentally or during delivery (41).
The risk of transmission increases with longer breastfeeding
and high maternal pVL. The seroprevalence of HTLV-1 among
pregnant women ranges from 400 to 500 for 10,000 in highly
endemic areas of Japan, whereas in non-endemic areas of this
country it varies from 10 to 100 for 10,000 (41). For European
countries, the seroprevalence is ∼4.4 for 10,000. In Argentina,
only one study has been conducted in Cordoba province, and
Trenchi et al. (42) found a seropositivity of 19 for 10,000. A
retrospective study in one center in Jujuy province found a
prevalence ranged 60–140 per 10,000 (unpublished data). In
our study, 2 women were confirmed as HTLV-1 positive during
puerperium, breastfeeding was replaced by formula fed provided
through the Argentinean National maternal child program.
This implementation was successful since the two babies born
tested negative after 1 and 2 years, respectively. As has been
suggested, studies among pregnant women may probably reflect
the prevalence rates of the general population better than blood
donors (41). This reinforces the need to includeHTLV in prenatal
screening as one of the best strategy to avoid mother-to-child
transmission of HTLV-1/2. Furthermore, even in non-endemic
areas, prenatal screening is cost-benefit (18).

Since the beginning of the study, the number of HTLV carriers
enrolled in the follow-up increased. A reduction in care for other
diseases was observed for the period 2020–2021 because of the
impact of the COVID-19 pandemic. Beside this, we considered
that adherence to follow-up in terms of visits average and pVL
performed for SP and AC is remarkable. To facilitate this, we
coordinate clinical and laboratory visits on the same day with a
comprehensive approach through case management.

Collectively, this implementation shows that there is an
unattended need for medical care of HTLV carriers in the
health system. It is necessary to design operational care processes
linking blood banks with specialized care centers. This will help
avoid lost patients and missed opportunities in diagnosis and
counseling. These findings also highlight the need for HTLV
screening during pregnancy. On the other hand, our results raise
the question whether these clinics reflect the situation of the
community in terms of the epidemiology of HTLV-1/2 infection
and related diseases.

Our study provides tools for a multidisciplinary approach
of the infection, and reinforces the importance of having
specialized clinical units in neglected diseases, such as HTLV
for counseling, clinical and laboratory follow-up, and providing
useful information for patients for self-care and that of their
families. Furthermore, these clinics will contribute to decrease
the misdiagnosis of these infections mainly in non-endemic areas
and systematically collect data on the HTLV-1-related diseases
leading to a national registry with mandatory reporting.
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