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Abstract: Human T-lymphotropic viruses 1 and 2 (HTLV-1 and HTLV-2) infection has been described
in several Amazonian populations; however, there is still a lack of data on the prevalence of the virus
in riparian populations living in rural areas of the state of Para. The present study aimed to evaluate
the prevalence of HTLV-1/2 infection in four riverine communities and one rural area in the state
of Para and to describe the possible risk factors for infection. A total of 907 individuals responded
to an epidemiological survey and gave blood samples collected for anti-HTLV-1/2 antibodies by
immunoenzymatic assay (EIA). The serum-reactive samples were subjected to confirmation by an
in-line assay (Inno-Lia) and by proviral DNA screening using real-time PCR (qPCR). The total
prevalence was 0.8% (7/907) for HTLV-1/2 (CI: 0.2—1.3%), with 0.66% HTLV-1 and 0.11% HTLV-2.
The prevalence by sex was 0.7% in women (4/565) and 0.9% in men (3/342). Among seropositive
patients, 83.3% (5/7) reported being sexually active, and 57.1% (4/7) reported not having the habit of
using condoms during their sexual relations. Intrafamily infection was also observed. The results
reinforce the need for public policies to prevent and block the spread of HTLV, especially in riparian
communities that are subject to difficulties in accessing the Unified Health System (Sistema Unico
de Saude/SUS) because infected individuals need clinical monitoring for surveillance and early
diagnosis of symptoms associated with HTLV-1.

Keywords: HTLV 1/2; riparian; rural area

1. Introduction

The human T-lymphotropic virus (HTLV), belonging to the Retroviridae family, was first
described in 1980 [1] and has since been reported in different populations worldwide with
heterogeneous prevalence [2] and associated with different lymphoproliferative diseases
(leukaemia/adult T-cell lymphoma-ATLL) and inflammatory diseases, such as HTLV-1-
associated myelopathy (HAM), uveitis, arthritis, polymyositis and others [3-8].

It is estimated that Brazil has the highest number of absolute cases of HTLV infection,
with approximately 800,000 to 2.5 million people infected [9,10], and epidemiological
studies have already demonstrated the presence of this virus in several areas such as
Sao Paulo [11], Santa Catarina [12], Salvador [13], and Para [14], as well as other states.
Maranhao, Bahia and Para have high prevalence rates of the virus, as indicated in studies
performed in blood donors, in pregnant women or in the general population [15,16].

Among the main groups described in the literature and related to HTLV infection in
the Amazon region of Pard are blood donors, people living with HIV, Japanese people and
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indigenous people [17-20]. It is worth noting that in the state of Pard, HTLV-2 was first
detected outside indigenous populations in 1998, and both viruses were found in blood
donors, drawing attention to the need for blood centres to test for HTLV 1/2 [16].

Although HTLV-1/2 infection has been described in some populations of the Brazilian
Amazon region, especially in indigenous and urban communities [14-20], there is still a lack
of data that accurately characterize the prevalence of infection in riparian communities and
rural areas in the Pard region, which have limited access to public health services [21,22].
Therefore, knowing the prevalence of HTLV-1/2 in riparian and rural populations is of
paramount importance for a more accurate description of the geographical distribution
of the infection and the risk factors for spreading the virus to design control measures
and public health policies for prevention and control, since to date there is no effective
treatment to combat the virus and the main associated diseases or a protective vaccine [23].

Thus, the objective of this study was to describe the prevalence of HTLV-1/2 epidemi-
ological and behavioural aspects of risk for exposure to the virus in rural and riverine
communities located in the state of Para, Brazil.

2. Materials and Methods

From June 2020 to August 2022, five riverine and rural communities located in the state
of Para were visited, and a socio-epidemiological questionnaire about behavioural risk factors
for HTLV-1/2 infection was administered to residents. A total of 907 individuals participated
in the study, including riverine residents of Combui Island (n = 357; estimated population of
985 inhabitants), Acara (1 = 55; estimated population of 500 inhabitants), Limoeiro do Ajurd
(n = 111; estimated population of 4800 inhabitants) and the rural areas of the municipalities of
Bonito (1 = 267; estimated population of 6000 inhabitants) and Maracana (n = 118; estimated
population of 325 inhabitants) (Figure 1). Individuals of both sexes and of different ages,
randomly selected (spontaneous demand), participated in the study.

PARA STATE LOCATION

1°0'0"s

Subtitle
M Hydrographs
[ IState of Para

["1Brazilians states
[ South America

[CJAreas where samples were collected.|

A\ Belém - Capital of the State of Para

2°0%0"s

Technical Data
Scale: 1:1.500.000
Datum: SIRGAS 2000

Source: IBGE. 2021.
Date: 07/22/2022

SRC: Geographic Coordinate Systems

Made by Aline Cecy Rocha de Lima

-ACARA
- ILHA DO COMBU
- BONITO

- LIMOEIRO DO AJURU

- MARACANA ¢

M oo o = St

49°00"W 48°00"W

Figure 1. Geographic locations of collection areas for riverine and rural populations in the state
of Para.
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A blood sample (5 mL) was collected from each participant for serological and molec-
ular biology tests. Aliquots of plasma and leukocytes were separated by centrifugation
(8000 rpm for 15 min) and stored at —20 °C until use.

2.1. Ethical Aspects

The present study was approved by the National Research Ethics Committee (Con-
selho Nacional de Etica em Pesquisa/CONEP) (CAAE: 27290619.2.0000.0018), following
resolution 466/12 of the Ministry of Health, responsible for regulating any research involv-
ing human beings.

2.2. Serological Screening

The detection of anti-HTLV-1/2 antibodies was performed using an ELISA kit (Murex
HTLV-I+11, DiaSorin, Dartford, UK) following the protocol suggested by the manufacturer.

All samples considered reactive or indeterminate in this test were subjected to confirmatory
tests (INNO-LIA and/or real-time PCR).

2.3. Line Immunoassay (LIA)

The INNO-LIA® HTLV I/1I Score (Fujirebio, Japan) was used as a method for confir-
mation and differentiation of viral types, following the manufacturer’s protocol.

2.4. DNA Extraction

The analysis of HTLV proviral DNA was performed using 200 uL of whole blood,
which was subjected to DNA extraction with the aid of the QiaAmp DNA mini kit (Qiagen,
Hilden, Germany) according to the protocol defined by the manufacturer. Prior to the
amplification of the targets, the samples were quantified using the Qubit 2.0 fluorometer
(Invitrogen, Waltham, MA, USA).

2.5. Real-Time PCR

Molecular confirmation of HTLV infection was performed by a single-plex real-time
PCR using the TagMan system (Applied Biosystems, Foster City, CA, USA) on the Applied
Biosystems StepOne Plus Real Time PCR platform with three target sequences: the albumin
gene, as endogenous control, and non-homologous regions of the HTLV-1 pol (186 bp) and
HTLV-2 tax (75 bp) genes as molecular markers of the virus, adapted from [24].

In each reaction, 12.5 puL of TagMan Universal PCR Master Mix (2X) (Applied Biosys-
tems, Foster City, CA, USA), 6.0 uL of ultrapure water, 0.5 uL of each primer (10 pmol),
0.5 uL of each probe (5 mM) and 5.0 uL of DNA (50 ng) were used, resulting in a total
volume of 25 uL. The temperature cycles used were 95 °C for 10 min, followed by 45 cycles
of 95 °C for 15 s and 60 °C for 1 min.

The following primers were used in the reactions: 5-CCCTACAATCCAACCAGCTCA
G-3' (HTLV-1F), 5-GTGGTGAAGCTGCCATCGGGTTTT-3' (HTLV-1R), 5-CGATTGTGTA
CAGGCCGATTG-3' (HTLV-2F), 5-CAGGAGGGCATGTCGATGTAG-3' (HTLV-2R), 5'-
GCTGTCATCTCTTGTGGGCTGT-3' (Albumin F), and 5'-AAACTCATGGGAGCTGCTGGT
T-3’ (Albumin R). The probe sequences were as follows: FAM-5-CTTTACTGACAAACCCG
ACCTACCCATGGA-3'-MGB (HTLV-1), FAM-5'-TGTCCCGTCTCAGGTGGTCTATGTTCC
A-3'-MGB (HTLV-2) and FAM-5'-CCTGTCATGCCCACACAAATCTC-3'-MGB (Albumin).

2.6. Statistical Analysis

The data obtained based on the questionnaires answered by the participants were
added to the Epi-Info 7.2 database. Statistical analyses were performed using BioEstat
5.3 [25]. All variables studied were analysed using descriptive statistics, and the estimated
prevalence was analysed using point estimators and confidence intervals (95% confidence
intervals (ClIs)). To identify the epidemiological characteristics associated with HTLV
infection, the chi-square and Fisher’s exact tests were applied, adopting a significance level
of 95% (p < 0.05).
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3. Results

The serological investigation showed a prevalence of anti-HTLV-1/2 antibodies of
0.8% (7/907) (CI: 0.2-1.3%) for the total of riparian and rural populations evaluated in
the present study, with six individuals infected by HTLV-1 (0.7%) and one infected with
HTLV-2 (0.1%). The analysis by community revealed seroprevalences of 0.3% (1/357) on
Combd Island, 1.8% (2/111) in Limoeiro do Ajurd and 3.3% (4/118) in Maracana. No
reactive samples were found in the Acara and Bonito populations. Among the seropositive
samples in the ELISA test, five were confirmed by INNO-LIA and by qPCR as HTLV-1. The
only sample positive for HTLV-2 was confirmed only by INNO-LIA, and amplification was
not detected in the qPCR (Table 1).

Table 1. Demographic data of HTLV-1 positive patients and results of tests performed to confirm the
diagnosis of HTLV 1/2 infection.

ELISA Real-Time PCR INNO-LIA
Location Sex Age ]—:1'[1‘:‘;;{/ oD pol-1 tax-2 Ct Result plg;lglll ngfig/[l g}‘;{ﬁ g}/’l;l:],l pgla9gll eriz /%P e;‘g’/ FIP Result
Individual Gombii F 72 Reactive 520 ND ND ND ND + + + + + HTLV-
Individual  Maracana F 69 Reactive 520 Detectable ND 293 HIV + + + + + + HITLV-
Individual  Maracana M 49 Reactive 2.0 Detectable ND 277 HIV + + + + + + HITLV-
Individual  Maracana F 49 Reactive 2.0 Detectable ND s1  HIV + + + + + + HITLV-
Individual  paracana M 53 Reactive 2.0 Detectable ND a8  HIV + + + + + + HITLV-
Individual 5:":;‘;3 M 14 Reactive 2.0 Detectable ND auy  HIV + + + + HITLV-
M: Male; F: Female; ND: Not detectable; +: Positive; -: Negative. Ct: Cycle threshold; OD: Optical density. The
socio-epidemiological characteristics of the 907 study participants are described in Table 2. Among the individuals
considered positive for HTLV-1/2, 57.1% (4/7) were female, had incomplete primary educations and family
income equivalent to one minimum wage salary. Regarding the age group of the seven seropositive individuals, a
single individual (1/7) was between 12 and 18 years of age (14.3%), four were 19 to 59 years (57.1%) and two were
over age 60 (28.6%).
Table 2. Risk characteristics for contracting HTLV 1/2 infection in rural and riverine populations of
the state of Para.
Population Studied for HTLV 1/2
Risk Factors — - p*
Total n (%) Positive n (%) Negative n (%)
Sex
Female 565 (62.3) 4(57.1) 561 (62.3) 1.000
Male 342 (37.7) 3 (42.9) 339 (37.7) .
Age
7-11 23 (2.6) 0 23 (2.6)
12-18 54 (6.0) 1(14.3) 53 (6.0) 0.5149
19-59 694 (78.0) 4 (57.1) 691 (78.2) ’
>60 119 (13.4) 2 (28.6) 117 (13.2)
Not informed * 17 0 16
Sexually active
Yes 585 (80.7) 5(83.3) 580 (80.7) 1.000
No 140 (19.3) 1(16.7) 139 (19.3) .
Not informed 182 1 181
Tattoo
Yes 90 (10.7) 0 90 (10.6) 1.000
No 770 (89.3) 7 (100) 763 (89.4) :

Not informed

47 0 47
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Table 2. Cont.

Population Studied for HTLV 1/2

Risk Factors — - p**
Total n (%) Positive n (%) Negative n (%)
Pierced
Yes 24 (2.8) 0 24 (2.8) 1.000
No 827 (97.8) 7 (100) 820 (97.2) :
Not informed 56 0 56
Blood transfusion
Yes 58 (6.8) 0 58 (6.9)
No 790 (93.2) 7 (100) 783 (93.1) 1.000
Not informed 59 0 59
Use of condoms
Yes 219 (27.9) 3 (42.9) 216 (27.8)
No 422 (53.8) 4(57.1) 418 (53.7)
Sometimes 144 (18.3) 0 144 (18.5) 0.2520
Not informed 112 0 112
Practised sex for money
Yes 42 (5.5) 0 42 (5.5)
No 726 (94.5) 6 (100) 720 (94.5) 1.000
Not informed 139 1 138
Diagnosis for STI
Yes 25 (6.0) 0 25 (6.1)
No 345 (83.1) 5 (83.3) 340 (83.1)
Does not know 45 (10.9) 1(16.7) 44 (10.8) 0.7202
Not informed 492 1 491
Breastfed during childhood
Yes 790 (96.1) 7 (100) 783 (96.1)
No 32 (3.9) 0 32(3.9) 1.000
Not informed 85 0 85

* Unanswered questions were not considered in the analyses; ** Significance value of p.

Regarding the risks of exposure to HTLV-1/2 infection among seropositive volunteers,
it was observed that 83.3% (5/7) reported being sexually active, 100% (7/7) reported not
having tattoos or piercings, not having received blood transfusion, and were breastfed
during childhood. In addition, 57.1% (4/7) reported not having the habit of using condoms
in their sexual relations, 83.3% (5/7) never received a diagnosis of sexually transmitted in-
fections (STIs), and 85.7% (6/7) reported never having sex in exchange for money (Table 2).

The two individuals who had a positive diagnosis, residents of the municipality of
Limoeiro do Ajurd, belonged to the same nuclear family, with individual #94 being the
mother of individual #63, thus identifying a possible occurrence of intrafamily infection by
mother-to-child transmission via the vertical route (delivery) or even through breastfeeding.
The difficulty of access to the community and the nonadherence to participation in the
study prevented the testing of other members of this family unit, such as the spouse of
individual #94.

4. Discussion

The seroprevalence of HTLV-1/2 in the state of Para has already been described
heterogeneously in different groups and communities [26-28]. The present study found
a global HTLV-1/2 prevalence of 0.8% (0.66% for HTLV-1 and 0.11% for HTLV-2), and
these infections were confirmed for the first time in Combu Island (HTLV-2), Limoeiro
do Ajurd (HTLV-1) and Maracana (HTLV-1). These results are in agreement with what
has been described in other riparian communities that reported rates ranging from 0 to
1.6% [29]. However, seroprevalence is usually higher in rural areas, ranging from 2.3 to
2.7% [19-30]. The differences in prevalence observed in the communities studied herein
reflect the heterogeneity of the distribution of HTLV-1/2 infection, as already described in
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other human populations [31], which may be the result of different risk factors and modes
of transmission.

A low prevalence of HTLV-1 and HTLV-2 among the quilombola population has been
described, ranging from 0.11 to 2.6% and 0.34 to 1.06%, respectively [32,33]. In the urban
region of Belém, the rates are usually higher, ranging from 0.19 to 2% [14-34], as well as
in a group of people living with HIV [35], blood donors [17], and sex workers [36], while
in pregnant women, this prevalence is considerably lower [16]. In the Para region, a high
prevalence of HTLV-2 is usually described among indigenous populations because they are
closed communities [37-39].

The main limitation of our study was the sample size obtained from the communities,
a fact resulting from the health restrictions imposed by the COVID-19 pandemic, which
made it difficult to access a more representative sample of the populations studied and,
possibly, a more accurate estimation of HTLV-1/2 infection.

Most participants in this study had a low level of education, which may be related
to their level of knowledge about ways to contract STIs [40]. During the application of
the questionnaire to rural and riverine populations, it was observed that many did not
understand what was being asked, and pauses were necessary for explanations on the
subject. For this reason, although a large portion of the individuals were positive for
HTLV-1/2 and reported that they were never diagnosed with other STIs, these statements
cannot be considered reliable because many did not understand the questions.

The difficulty of access to urban areas, where medical care can be found more easily, is
also an unfavourable condition for access to health in general [41,42]. This is all associated
with the fact that HTLV-1/2 usually evolves silently [43] and may further contribute to late
diagnoses in this population.

Although the results are not statistically significant, the infection rates for HTLV-1/2
were higher for females, which is in agreement with what has been reported in previous
studies [38—46]. This can be explained by the fact that: (i) the number of women investigated
was higher than that of men, or (ii) the transmission occurs more frequently from men to
women due to the female genitourinary characteristics that facilitate the transmission of
the virus and the presence of infected cells in semen [47].

Most infected individuals reported being sexually active and not having the habit of
using condoms during sexual intercourse, a fact that may explain the infection in these
individuals, since sexual intercourse is considered the main means of HTLV infection [48,49].
In addition, the non use of condoms has been reported as a bad habit among riverine
populations [50] and may be related to the fact that they are commonly in long-term
relationships with the same partners and do not deem it necessary to use condoms [51].

The Brazilian Protocol of Sexually Transmitted Infections 2020: Infection by the Hu-
man T-lymphotropic Virus describes breastfeeding as a route of viral transmission [52,53].
In the present study, all seropositive patients reported having been breastfed during child-
hood, and two were identified as mothers and children residing in Limoeiro do Ajury,
demonstrating that in addition to the non use of condoms, vertical transmission can be
considered one of the forms of transmission within this population.

According to the Brazilian Institute of Geography and Research (Instituto Brasileiro
de Geografia e Pesquisa/IBGE) [54], the municipality of Maracana, which reported a high
prevalence rate for HTLV-1 in this study, was once inhabited by an indigenous village
known by the same name. However, the presence of HTLV-1 as a result of the presence of
miscegenation with Afro-descendants cannot be ruled out, and the same aspect is valid for
the community of Limoeiro do Ajurd. This historical fact, associated with the occurrence
of HTLV-1/2 infection in different indigenous peoples in Brazil [37,38] and the interethnic
miscegenation process of the Amazonian population [55], suggests that the presence of
HTLV-1 and HTLV-2 in the rural and riverside communities may reflect the Indigenous
and African contributions to the ethnic composition of the current Amazon populations,
which may have influenced the transmission of the virus in that location. However, more
studies are needed to better understand this prevalence.
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Among the study participants who were diagnosed with HTLV-1/2, it was possible to
perform the second collection of only two individuals, who were confirmed as positive by
means of real-time PCR. Because they are riparian populations, some communities where
these individuals reside are located in areas of difficult access and communication; however,
the team of the Virology Laboratory of the Federal University of UFPA is still seeking
ways to contact positive individuals again for the performance of extended evaluation of
intrafamily transmission.

5. Conclusions

The frequency of HTLV-1/2 detected in the populations of the present study shows
variations in prevalence, reinforcing the heterogeneity of the infection observed in different
geographic areas. Riparian people are vulnerable populations due to socioeconomic factors
such as a lack of education and access to health. In addition, the fact that HTLV is still
neglected in Brazil has further contributed to the difficulty of detecting new cases. Public
policies and strategies that can act in the control, prevention, and promotion of information
and allow additional investigation of intrafamily viral infection are considered the best
options to support these populations.

Author Contributions: RN.M.F,, A.CR.V,, IM.V.C.V. and J.EG. designed and conducted the study.
A.CRd.L, ETL, JEG, RS.dS, ]SS.G, B.CdS, CN.CL, MN.A, Vd.OF, IN.A, WR.d.SB,,
K.ASP,MK.dS.T,]L.CG. and C.Y.U.A.-A. performed the laboratory experiments and field col-
lection. S.S.L. and A.C.R.d.L. performed the statistical analysis. A.C.R.d.L. and RN.M.F. wrote the
article. All authors have read and agreed to the published version of the manuscript.

Funding: This study received financial support from the Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (#442522/2019-3, #402412/2021-4 and #302935/2021-5) and the Brazilian
Ministry of Health and the Pan American Health Organization (#SCON2021-00310).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee) of the National Research Ethics Commission
(CONEP) (CAAE: 27290619.2.0000.0018) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data analysed in this study are included within the paper.
Acknowledgments: The authors thank the individuals who agreed to participate in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Poiesz, B.].; Ruscetti, EW.; Gazdar, A.E; Bunn, P.A.; Minna, ].D.; Gallo, R.C. Detection and isolation of type C retrovirus particles
from fresh and cultured lymphocytes of a patient with cutaneous T-cell lymphoma. Proc Natl. Acad. Sci. USA 1980, 77, 7415-7419.
[CrossRef] [PubMed]

Gessain, A.; Cassar, O. Epidemiological aspects and world distribution of HTLV-1 infection. Front. Microbiol. 2012, 3, 388.
[CrossRef] [PubMed]

Gongalves, D.U.; Proietti, FA.; Ribas, J.; Aratjo, M.G.; Pinheiro, S.R.; Guedes, A.C.; Carneiro-Proietti, A.B.F. Epidemiology,
treatment and prevention of human t-cell virus type 1 associate disease. Clin. Microbiol. Rev. 2010, 23, 577-589. [CrossRef]
[PubMed]

Ribas, ].G.R.; Melo, G.C.N. Human T-cell lymphotropic virus type 1 (HTLV-1)-associated myelopathy. Rev. Soc. Bras. Med. Trop.
2002, 35, 377-384. [CrossRef] [PubMed]

Kamoi, K. HTLV-1 in ophthalmology. Front. Microbiol. 2020, 11, 388. [CrossRef] [PubMed]

Eguchi, K.; Iwanaga, M.; Terada, K.; Aramaki, T.; Tuji, Y.; Kurushima, S.; Kojima, K.; Arima, K.; Iwamoto, N.; Ichinose, K; et al.
Clinical features and human T-cell leukemia virus type-1 (HTLV-1) proviral load in HTLV-1-positive patients with rheumatoid
arthritis: Baseline data in a single center cohort study. Mod. Rheumatol. 2020, 30, 471-480. [CrossRef]

Caldwell, C.J.; Barret, W.Y.; Breuer, J.; Farmer, S.F; Swash, M. HTLV-1 polymyositis. Neuromusc. Disord. 1996, 6, 151-154.
[CrossRef]

Martin, E; Taylor, G.P; Jacobson, S. Inflammatory manifestations of HTLV-1 and their therapeutic options. Expert Rev. Clin.
Immunol. 2014, 10, 1531-1546. [CrossRef]


http://doi.org/10.1073/pnas.77.12.7415
http://www.ncbi.nlm.nih.gov/pubmed/6261256
http://doi.org/10.3389/fmicb.2012.00388
http://www.ncbi.nlm.nih.gov/pubmed/23162541
http://doi.org/10.1128/CMR.00063-09
http://www.ncbi.nlm.nih.gov/pubmed/20610824
http://doi.org/10.1590/S0037-86822002000400015
http://www.ncbi.nlm.nih.gov/pubmed/12170334
http://doi.org/10.3389/fmicb.2020.00388
http://www.ncbi.nlm.nih.gov/pubmed/32218778
http://doi.org/10.1080/14397595.2019.1602931
http://doi.org/10.1016/0960-8966(96)00008-9
http://doi.org/10.1586/1744666X.2014.966690

Viruses 2022, 14, 2262 8 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Coordenagao-Geral de Vigilancia das Infec¢oes Sexualmente Transmissiveis (CGIST/DCCI/SVS); Rosadas, C.; Miranda, A.E,;
Gongalves, D.U.; Caterino-de-Araujo, A.; Assone, T.; Ishak, R. Prevaléncia da infeccao por HTLV-1/2 no Brasil. Bol. Epidemiol.
Secr. Vigilanc. Saiide Minist. Satide 2020, 51. Available online: https:/ /www.gov.br/saude/pt-br/media/pdf/2020/dezembro/11
/boletim_epidemiologico_svs_48.pdf (accessed on 12 September 2022).

Carneiro-Proietti, A.B.F,; Ribas, ].G.R.; Catalan-Soares, B.C.; Martins, M.L.; Brito-Melo, G.E.A.; Martins-Filho, A.O.; Pinheiro, S.R.;
Queiroz-Campos-Aratjo, A.; Galvao-Castro, B.; Guedes, A.C. Infec¢ao e doenca pelos virus linfotrépicos humanos de células T
(HTLV-I/1I) no Brasil [Infection and disease caused by the human T cell lymphotropic viruses type I and II in Brazil. Rev. Soc.
Bras. Med. Trop. 2002, 35, 499. [CrossRef] [PubMed]

Costa, ]. M.P; Segurado, A.C. Molecular evidence of human T-cell lymphotropic virus types 1 and 2 (HTLV-1 and HTLV-2)
infections in HTLV seroindeterminate individuals from Sao Paulo, Brazil. J. Clin. Virol. 2009, 44, 185-189. [CrossRef] [PubMed]
Marcon, C.E.M.; Campos, K.R.; Silva, G.B.; Schulter-Trevisol, F.; Schlindwein, A.D.; Trevisol, D.J.; Caterino-de-Aradtjo, A. The first
survey of human T-cell lymphotropic viruses (HTLV) in HIV/AIDS patients in Santa Catarina State, Brazil. Rev. Inst. Med. Trop.
Sdo Paulo 2019, 61, €53. [CrossRef] [PubMed]

Nunes, D.; Boa-Sorte, N.; Grassi, M.ER.; Taylor, G.P.; Teixeira, M.G.; Barreto, M.L.; Dourado, I.; Galvao-Castro, B. HTLV-1 is
predominantly sexually transmitted in Salvador, the city with the highest HTLV-1 prevalence in Brazil. PLoS ONE 2017, 12,
e0171303. [CrossRef]

Lopes, ET.; Sousa, R.S.; Gomes, ].L.C.; Vallinoto, M.C,; Lima, A.C.R,; Lima, S.S.; Freitas, EB.; Feitosa, RN.M,; Silva, AN.M.R ;
Machado, L.LEA.M,; et al. The Relevance of a Diagnostic and Counseling Service for People Living With HTLV-1/2 in a Metropolis
of the Brazilian Amazon. Front. Public Health 2022, 28, 864861. [CrossRef]

Galvao-Castro, B.; Loures, L.; Rodrigues, L.G.M.; Sereno, A.; Ferreira, O.C,, Jr.; Franco, L.G.P,; Muller, M.; Sampaio, D.A.; Santana,
A.; Passos, L.M.; et al. Distribution of human T-lymphotropic virus type I among blood donors: A nationwide Brazilian study.
Transfusion 1997, 37, 242-243. [CrossRef]

Sequeira, C.G.; Tamegao-Lopes, B.P; Santos, E.J.M.; Ventura, A.M.R.; Moraes-Pinto, M.L; Succi, R.C.M. Estudo descritivo da
infec¢do pelo HTLV em uma populagao de gestantes do Estado do Para, norte do Brasil. Rev. Soc. Bras. Med. Trop. 2012, 45,
453-456. [CrossRef]

Ishak, R.; Ishak, M.O.G.; Azevedo, V.N.; Santos, D.E.; Vallinoto, A.C.; Saraiva, J.C.; Crescente, J.A.; Hall, W.W. Detection of
HTLV-IIa in blood donors in an urban area of the Amazon Region of Brazil (Belém, PA). Rev. Soc. Bras. Med. Trop. 1998, 31,
193-197. [CrossRef] [PubMed]

Alencar, S.P.,; Souza, M.C.; Fonseca, R.R.S.; Menezes, C.R.; Azevedo, V.N.; Ribeiro, A.L.R.; Lima, S.S.; Laurentino, R.V.; Barbosa,
M.A.A.P; Freitas, F.B.; et al. Prevalence and Molecular Epidemiology of Human T-Lymphotropic Virus (HTLV) Infection in
People Living With HIV /AIDS in the Para State, Amazon Region of Brazil. Front. Microbiol. 2020, 11, 572381. [CrossRef]
Vallinoto, A.C.R.; Pontes, N.A.M.G.; Machado, L.EA.; Azevedo, V.N.; Santos, S.E.B.; Ribeiro-dos-Santos, A.K.C.; Ishak, M.O.G.;
Ishak, R. Serological and molecular evidence of HTLV-I infection among Japanese immigrants living in the Amazon region of
Brazil. Jpn. ]. Infect. Dis. 2004, 57, 156-159. Available online: https://pubmed.ncbi.nlm.nih.gov /15329447 / (accessed on 12
September 2022).

Ishak, R.; Harrington, W.J.; Azevedo, V.N.; Eiraku, N.; Ishak, M.O.G.; Guerreiro, ].E; Santos, S.B.; Kubo, T.; Monken, C.; Alexander,
S.; et al. Identifcation of human T cell lymphotropic virus type Ila infection in the Kayapo, an Indigenous population of Brazil.
AIDS Res. Hum. Retrovir. 1995, 11, 813-821. [CrossRef] [PubMed]

Franco, E.C.; Santo, C.E.; Arakawa, A.M.; Xavier, A.; Franca, M.L.; Oliveira, N.A.; Machado, M.A.M.P,; Bastos, R.S.; Bastos, ] R-M.;
Caldana, M.L. Promogao da satide da populacao ribeirinha da regido amazonica: Relato de experiéncia. Rev.-CEFAC 2015, 17,
1521-1530. [CrossRef]

Dantas, M.N.P;; Souza, D.L.B.; Souza, AM.G.; Aiquoc, K.M.; Souza, T.A.; Barbosa, LR. Fatores associados ao acesso precario aos
servicos de satide no Brasil. Rev. Bras. Epidemiol. 2021, 24, E210004. [CrossRef] [PubMed]

Rosadas, C.; Menezes, M.B.L.; Calvao-Castro, B.; Assone, T.; Miranda, A.E.; Aragon, M.G.; Caterino-de-Araujo, A.; Taylor, G.P;
Ishak, R. Blocking HTLV-1/2 silent transmission in Brazil: Current public health policies and proposal for additional strategies.
PLoS Negl. Trop. Dis. 2021, 15, e0009717. [CrossRef] [PubMed]

Waters, A.; Oliveira, A.L.; Coughlan, S.; de Venecia, C.; Schor, D.; Leite, A.C.; Aratjo, A.Q.C.; Hall, W.W. Multiplex Real-Time
PCR for the Detection and Quantitation of HTLV-1 and HTLV-2 Proviral Load: Addressing the Issue of Indeterminate HTLV
Results. J. Clin. Virol. 2011, 52, 38—44. [CrossRef] [PubMed]

Ayres, M.; Ayres Junior, M.; Ayres, D.L.; Santos, A.A.S. BioEstat 5.3: Aplicagdes estatisticas nas dreas das Ciéncias Biomédicas; Sociedade
Civil Mamiraua: Belém, Brasil, 2007; 324p, Available online: https:/ /www.mamiraua.org.br/downloads/programas/ (accessed
on 20 April 2021).

Vallinoto, A.C.R,; Pontes, G.S.; Muto, N.A.; Lopes, 1.G.L.; Machado, L.FA.; Azevedo, V.N.; Carvalhaes, FA.PL.; Guerreiro, J.E;
Ishak, M.O.G.; Santos, S.E.B.; et al. Identification of human T-cell lymphotropic virus infection in a semi-isolated Afro-Brazilian
quilombo located in the Maraj6 Island (Pard, Brazil). Mem. Inst. Oswaldo Cruz 2006, 101, 103-105. [CrossRef]

Santos, E.L.; Tamegao-Lopes, B.; Machado, L.EA.; Ishak, M.O.G; Ishak, R.; Lemos, J.A.R.; Vallinoto, A.C.R. Caracteriza¢ao
molecular do HTLV-1/2 em doadores de sangue em Belém, Estado do Para: Primeira descri¢ao do subtipo HTLV-2b na regidao
Amazoénica. Rev. Soc. Bras. Med. Trop. 2009, 42, 271-276. [CrossRef]


https://www.gov.br/saude/pt-br/media/pdf/2020/dezembro/11/boletim_epidemiologico_svs_48.pdf
https://www.gov.br/saude/pt-br/media/pdf/2020/dezembro/11/boletim_epidemiologico_svs_48.pdf
http://doi.org/10.1590/S0037-86822002000500013
http://www.ncbi.nlm.nih.gov/pubmed/12621671
http://doi.org/10.1016/j.jcv.2008.12.015
http://www.ncbi.nlm.nih.gov/pubmed/19188090
http://doi.org/10.1590/s1678-9946201961053
http://www.ncbi.nlm.nih.gov/pubmed/31618373
http://doi.org/10.1371/journal.pone.0171303
http://doi.org/10.3389/fpubh.2022.864861
http://doi.org/10.1046/j.1537-2995.1997.37297203532.x
http://doi.org/10.1590/S0037-86822012005000007
http://doi.org/10.1590/S0037-86821998000200005
http://www.ncbi.nlm.nih.gov/pubmed/9608238
http://doi.org/10.3389/fmicb.2020.572381
https://pubmed.ncbi.nlm.nih.gov/15329447/
http://doi.org/10.1089/aid.1995.11.813
http://www.ncbi.nlm.nih.gov/pubmed/7546908
http://doi.org/10.1590/1982-0216201517518714
http://doi.org/10.1590/1980-549720210004
http://www.ncbi.nlm.nih.gov/pubmed/33331413
http://doi.org/10.1371/journal.pntd.0009717
http://www.ncbi.nlm.nih.gov/pubmed/34555019
http://doi.org/10.1016/j.jcv.2011.05.022
http://www.ncbi.nlm.nih.gov/pubmed/21704554
https://www.mamiraua.org.br/downloads/programas/
http://doi.org/10.1590/S0074-02762006000100020
http://doi.org/10.1590/S0037-86822009000300007

Viruses 2022, 14, 2262 90of 10

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Coelho, ].L.; Nobre, A.ES,; Silva, 1.C.S.; Pinheiro, B.T.; Ferreira, L.S.C.; Borges, M.S.; Nascimento, L.D.; Ribeiro, J.F; Queiroz, EM.;
Almeida, D.S,; et al. The importance of university extension actions in the prevention of infections and diseases associated with
the human T-lymphotropic virus. Rev. Pan-Amaz. Saude 2018, 9, 25-31. [CrossRef]

Ferreira, L.S.C.; Costa, J.H.G.; Costa, C.A.; Melo, M.EC.; Andrade, M.L.; Martins, L.C.; Ishikawa, E.A.Y.; Sousa, M.S. Soro-
prevaléncia do virus linfotrépico de células T humanas em comunidades ribeirinhas da regiao nordeste do Estado do Para, Brasil.
Rev. Pan-Amaz. Saude 2010, 1, 103-108. [CrossRef]

Mata, E.C.G.; Bezerra, RM.; Projetti-Junior, A.A.; Pamplona, L.K.S.; Gomes, L.O.; Corréa, V.C.; Caluff, ].S.R.; Borges, G.S.;
Casseb, J.; Kanzaki, L.I.B. HTLV-1/2 prevalence in two Amazonian communities. J. Virus Erad. 2018, 4, 174-178. [CrossRef]
Legrand, N.; McGregor, S.; Bull, R.; Bajis, S.; Valencia, B.M.; Ronnachit, A.; Einsiedel, L.; Gessain, A.; Kaldor, J.; Martinello, M.
Clinical and Public Health Implications of Human T-Lymphotropic Virus Type 1 Infection. Clin. Microbiol. Rev. 2022, 35, e0007821.
[CrossRef]

Brito, W.R.S.; Cardoso-Costa, G.L.; Roland Junior, L.M.; Pereira, K.A.S.; Lopes, ET.; Santos, B.C.; Lima, A.C.R.; Abreu, ILN.; Lima,
C.N.C;; Lima, S.S.; et al. Prevalence and Risk Factors for HTLV-1/2 Infection in Quilombo Remnant Communities Living in the
Brazilian Amazon. Front. Public Health. 2022, 10, 871865. [CrossRef] [PubMed]

Nascimento, L.B.; Carneiro, M.A.S; Teles, S.A.; Lopes, C.L.R.; Reis, R.S,; Silva, A.M.; Motta-Castro, A.R.; Otsuki, K.; Vicente, A.C,;
Martins, R.M. Prevaléncia da infecgao pelo HTLV-1, em remanescentes de quilombos no Brasil Central. Rev. Soc. Bras. Med. Trop.
2009, 42, 657-660. [CrossRef] [PubMed]

Silva, I.C.; Pinheiro, B.T.; Nobre, A.ES.; Coelho, J.L.; Pereira, C.C.C.; Ferreira, L.S.C.; Almeida, C.P.S.; Viana, M.N.S.A.; Almeida,
D.S,; Falcao, J.R; et al. Moderada endemicidade da infeccao pelo virus linfotrépico-T humano na regidao metropolitana de Belém,
Para, Brasil. Rev. Bras. Epidemiol. 2018, 21, e180018. [CrossRef] [PubMed]

Laurentino, R.V,; Lopes, I.G.L.; Azevedo, V.N.; Machado, L.F.A.; Moreira, M.R.C.; Lobato, L.; Ishak, M.O.G.; Vallinoto, A.C.R.
Molecular characterization of human T-cell lymphotropic virus coinfecting human immunodeficiency virus 1 infected patients in
the Amazon region of Brazil. Mem. Inst. Oswaldo Cruz 2005, 100, 371-376. [CrossRef] [PubMed]

Souza, R.L.; Pereira, M.V.S,; Silva, RM.; Sales, ]J.B.L.; Gardunho, D.C.L.; Monteiro, J.C.; Siravenha, L.Q.; Luz, A.L.B,;
Fonseca, R.R.S,; Oliveira-Filho, A.B.; et al. Molecular Epidemiology of HIV-1 and HTLV-1/2 Among Female Sex Workers in Four
Cities in the State of Para, Northern Brazil. Front. Microbiol. 2020, 11, 602664. [CrossRef] [PubMed]

Ishak, R.; Vallinoto, A.C.R.; Azevedo, V.N.; Ishak, M.O.G. Epidemiological aspects of retrovirus (HTLV) infection among Indian
populations in the Amazon Region of Brazil. Cad. Saiide Puiblic. 2003, 19, 901-914. [CrossRef]

Braco, I.L.].; Sa, K.S.G.; Wagqasi, M.; Queiroz, M.AE; Silva, A.N.R,; Cayres-Vallinoto, LM.V,; Lima, S.S.; Ishak, M.O.G.; Ishak, R.;
Guerreiro, ].E; et al. High prevalence of human T-lymphotropic virus 2 (HTLV-2) infection in villages of the Xikrin tribe (Kayapo),
Brazilian Amazon region. BMC Infect. Dis. 2019, 19, 459. [CrossRef]

Vallinoto, A.C.R.; Ishak, M.O.G.; Azevedo, V.; Hall, A.C.; Ishak, R. Molecular epidemiology of human T-lymphotrpicvirus type II
infection in Amerindian and urban populations of the Amazon Region of Brazil. Hum. Biol. 2002, 74, 633-644. [CrossRef]
Ribeiro, L.L.; Moreira, W.C.; Carvalho, A.R.B.; Sousa, M.C.P,; Carvalho, M.L.; Castro, TM.B.Q. Vulnerabilidades de pescadores
de comunidades ribeirinhas as Infec¢oes Sexualmente Transmissiveis. Rev. Cuba. Enferm. 2017, 33, €1231. Available online:
http:/ /www.revenfermeria.sld.cu/index.php/enf/article/view /1231 /288 (accessed on 12 September 2022).

Guimaraes, A.F; Barbosa, V.L.M.; Silva, M.P.; Portugal, ]. K.A.; Reis, M.H.S.; Gama, A.S.M. Acesso a servi¢os de satude por
ribeirinhos de um municipio no interior do estado do Amazonas, Brasil. Rev. Pan-Amaz. Saiide 2020, 11, €202000178. [CrossRef]
Gama, A.S.M.; Fernandes, T.G.; Parente, R.C.P.; Secoli, S.R. Inquérito de satiide em comunidades ribeirinhas do Amazonas. Bras.
Cad. Saiide Public. 2018, 34, e00002817. [CrossRef]

Catalan-Soares, B.; Carneiro-Proietti, A.B.; Proietti, F.A. Virus-T linfotrépico humano em familiares de candidatos a doagao de
sangue soropositivos: Disseminacao silenciosa. Panam. Am. ]. Public Health 2004, 16, 387-394. [CrossRef] [PubMed]

Iwanaga, M.; Watanabe, T.; Yamaguchi, K. Adult T-cell leukemia: A review of epidemiological evidence. Front. Microbiol. 2012,
3,322. [CrossRef] [PubMed]

Pereira, C.C.C.; La-Roque, D.G.L.; Albuquerque, R.S,; Silva, 1.C.; Covre, L.S.C.; Nobre, A.ES; Reis, M.N.L.; Assis, LM.; Souza, ].D.;
Moraes, S.S.; et al. Human T-lymphotropic virus (HTLV) research in cervical-vaginal discharge samples from women, in Belém,
Pard, Brazil. Res. Soc. Dev. 2021, 10, €9410413867. [CrossRef]

Hananiya, H.S.; Ella, E.E.; Aminu, M.; Anyanwu, N.C.J. Prevalence of human T-cell lymphotropic virus and the socio-demographic
and risk factors associated with the infection among post-natal clinics women in Zaria, Nigeria. J. Immunoass. Immunochem. 2019,
40, 485-494. [CrossRef] [PubMed]

Dourado, I.; Andrade, T.; Castro-Galvao, B. HTLV-1 in Northeast Brazil: Differences for Male and Female Injecting Drug Users in
Northeast Brazil: Possibly Greater Efficiency of Male to Female Transmission. J. Acquir. Immune Defic. Syndr. Hum. Retrov. 1999,
19, 426-429. [CrossRef]

Paiva, A.; Casseb, . Sexual transmission of human T-cell lymphotropic virus type 1. Rev. Soc. Bras. Med. Trop. 2014, 47, 265-274.
[CrossRef] [PubMed]

Paiva, A.; Smid, J.; Haziot, M.E.].; Assone, T.; Pinheiro, S.; Fonseca, L.A.M.; Oliveira, A.C.P.; Casseb, J. High risk of heterosexual
transmission of human T-cell lymphotropic virus type 1 infection in Brazil. ]. Med. Virol. 2017, 89, 1287-1294. [CrossRef] [PubMed]
Silva, A.R.; Lopes, C.M.; Muniz, P.T. Inquérito do preservativo em ribeirinhos do Rio Acre: Porte, acondicionamento, uso e risco
para infeccao pelas DSTs. Rev. Bras. Enferm. 2005, 58, 17-21. [CrossRef] [PubMed]


http://doi.org/10.5123/s2176-62232018000100004
http://doi.org/10.5123/S2176-62232010000300014
http://doi.org/10.1016/S2055-6640(20)30261-2
http://doi.org/10.1128/cmr.00078-21
http://doi.org/10.3389/fpubh.2022.871865
http://www.ncbi.nlm.nih.gov/pubmed/35433598
http://doi.org/10.1590/S0037-86822009000600009
http://www.ncbi.nlm.nih.gov/pubmed/20209350
http://doi.org/10.1590/1980-549720180018
http://www.ncbi.nlm.nih.gov/pubmed/30328937
http://doi.org/10.1590/S0074-02762005000400006
http://www.ncbi.nlm.nih.gov/pubmed/16113884
http://doi.org/10.3389/fmicb.2020.602664
http://www.ncbi.nlm.nih.gov/pubmed/33262753
http://doi.org/10.1590/S0102-311X2003000400013
http://doi.org/10.1186/s12879-019-4041-0
http://doi.org/10.1353/hub.2002.0059
http://www.revenfermeria.sld.cu/index.php/enf/article/view/1231/288
http://doi.org/10.5123/S2176-6223202000178
http://doi.org/10.1590/0102-311x00002817
http://doi.org/10.1590/S1020-49892004001200004
http://www.ncbi.nlm.nih.gov/pubmed/15682520
http://doi.org/10.3389/fmicb.2012.00322
http://www.ncbi.nlm.nih.gov/pubmed/22973265
http://doi.org/10.33448/rsd-v10i4.13867
http://doi.org/10.1080/15321819.2019.1636817
http://www.ncbi.nlm.nih.gov/pubmed/31339431
http://doi.org/10.1097/00042560-199812010-00016
http://doi.org/10.1590/0037-8682-0232-2013
http://www.ncbi.nlm.nih.gov/pubmed/25075475
http://doi.org/10.1002/jmv.24745
http://www.ncbi.nlm.nih.gov/pubmed/27935065
http://doi.org/10.1590/S0034-71672005000100003
http://www.ncbi.nlm.nih.gov/pubmed/16268277

Viruses 2022, 14, 2262 10 of 10

51.

52.

53.

54.

55.

Cabral, I; Cella, W.; Freitas, S.R. Comportamento reprodutivo em mulheres ribeirinhas: Inquérito de saiide em uma comunidade
isolada do Médio Solimdes, Amazonas, Brasil. Saiide Debate 2020, 44, 31. [CrossRef]

Rosadas, C.; Brites, C.; Arakaki-Sanchez, D.; Casseb, J.; Ishak, R. Brazilian Protocol for Sexually Transmitted Infections 2020:
Human T-cell lymphotropic virus (HTLV) infection. Rev. Soc. Bras. Med. Trop. 2021, 54, €2020605. [CrossRef]

Rosadas, C.; Woo, T.; Haddow, J.; Rowan, A.; Taylor, G.P. Anti-HTLV-1/2 IgG Antibodies in the Breastmilk of Seropositive
Mothers. Microorganisms 2021, 9, 1413. [CrossRef] [PubMed]

IBGE-Instituto Brasileiro de Geografia e Pesquisa. Available online: https://cidades.ibge.gov.br/brasil/pa/maracana/historico
(accessed on 2 July 2022).

Vallinoto, A.C.R.; Ishak, R. HTLV-2: An ancient infection among Indian people of Brazilian Amazon Region. Rev. Pan-Amaz.
Saude 2017, 8, 9-11. [CrossRef]


http://doi.org/10.1590/0103-1104202012709
http://doi.org/10.1590/0037-8682-605-2020
http://doi.org/10.3390/microorganisms9071413
http://www.ncbi.nlm.nih.gov/pubmed/34209130
https://cidades.ibge.gov.br/brasil/pa/maracana/historico
http://doi.org/10.5123/S2176-62232017000200001

	Introduction 
	Materials and Methods 
	Ethical Aspects 
	Serological Screening 
	Line Immunoassay (LIA) 
	DNA Extraction 
	Real-Time PCR 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

