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Abstract

Background The retrovirus Human T-lymphotropic virus type 1 is classified into different subtypes, and due to its
low evolutionary rates, it can be used to explore geographic patterns of origin and dispersion of human populations.
In Brazil, Transcontinental and Japanese subgroups, from the Cosmopolitan subtype, are the more common lineages,
with prevalence rates notably higher among Japanese immigrants and their descendants. The study aimed to trace
the history and circulation of the Japanese subgroup in Brazil using phylogenetic and populational analyses.

Methods A total of 381 HTLV-1 long terminal repeat region sequences were retrieved from the GenBank
database. Phylogenetic and molecular clock analysis were performed using Maximum Likelihood and Bayesian
Inference methods. A median-joining network was constructed to assess the relationships among the haplotypes
of the Japanese subgroup.

Results This study found that the HTLV-1 LTR sequences from Japanese immigrants and their descendants in Brazil
formed two major clades, Transcontinental (HTLV-1aTC) and Japanese (HTLV-TaJpn). Seventy-four haplotypes were
identified in the haplotype network and the estimate of Japanese clade divergence dates 18,748 years ago (95%
Cl13,348 to 24,767 years).

Conclusion Our study corroborates the recent migratory movements as the potential mechanism for HTLV-1alpn
introduction in Brazil.
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Introduction

Human T-lymphotropic virus 1 (HTLV-1) is a neglected
infection that is associated with two severe clinical
outcomes: HTLV-1 Associated Myelopathy (HAM) and

T - P - - -
Carolina Amianti and Larissa Melo Bandeira have contributed equally. Adult T-cell Leukemia/Lymphoma (ATL) [1]. The virus
*Correspondence: is globally distributed, with high endemic levels in some
carolina Amiant regions of Southern Japan, native Aboriginal Australian
carolamianti@gmail.com eglons ol southe apa ’ ative o g al Australian,
! Laboratério de Imunologia Clinica, Faculdade de Ciéncias Central and South Africa, the Caribbean Islands,
zarmacfjutiscals,cAlimentGos ecg\lutr\r/lgég, quversidade Federal de Mato Melanesia, and Central and South America [2—6].

rosso do Sul, Campo Grande, MS, Brazi .
2 Laboratério de Ecologia e Biologia Evolutiva, Instituto de Biociéncias, Th.e. HTLV-1 genome ShOV\fs remarkable gene‘tlc
Universidade Federal de Mato Grosso do Sul, Campo Grande, MS, Brazil Stablllty; however, the long terminal repeat (LTR) region
3 Instituto de Anélises Laboratoriais Forenses, Coordenadoria-Geral de displays considerable diversity, rendering it an Optimal
Pericias de Mato Grosso do Sul, Campo Grande, MS, Brazil target for phyl netic studi This diversity all th
“Faculdade de Medicina, Universidade Federal de Mato Grosso do Sul, a ge. o p ylogenetic s u. €s. . S versity allows the
Campo Grande, MS, Brazil classification of HTLV-1 into distinct subtypes (from

1-a to 1-g) and subgroups. Sequences based on this

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12977-025-00663-4&domain=pdf

Amianti et al. Retrovirology (2025) 22:8

region of the HTLV-1 genome are available in databases
from various countries [7]. The Cosmopolitan genotype
(HTLV-1a) is classified into six subgroups (A to F) that
are geographically related and show the most extensive
distribution in the world, present in all continents [5,
8-14].

In Japan, both subgroups, Transcontinental (HTLV-
1aTC) and Japanese (HTLV-1aJpn), have been identified
in different geographical regions. HTLV-1 infection
prevails among Ainu, Ryukyuans and Wajin, three
ethically distinguishable Japanese populations that
live in the northern (Hokkaido), southern (Okinawa)
and central (Honshu, Shikoko, and Kyushu) islands,
respectively. HTLV-1aTC subgroup was introduced
more recently in Japan, and it is mostly found in the
North and Southwest islands, Hokkaido and Okinawa,
respectively. While the HTLV-laJpn subgroup is
predominant among the Wajin, the mainland Japanese
population [5, 14-18].

The prevailing hypothesis of the introduction of
HTLV-1 in South America dates back to two different
movements with different timing: from Africa through
the African slave trade during the colonial era and,
Japanese migration in the twentieth century [6, 12,
19-21]. In Brazil, both Transcontinental (aTC) and
Japanese (aJpn) subgroups have been identified [6,
22-26].

Japanese immigration to Brazil began in 1908 with the
arrival of the Kasato Maru ship, due to Brazil’s demand
after the abolition of slavery and Japan’s economic
challenges, furthermore, other flows during pre and
post-World War II., which made Brazil the largest
Nikkei community outside Japan, with up to 1,22 million
individuals by the late twentieth century [27, 28].

Brazilian population presents a mixture of races and
cultures, due to the historical formation that mainly
includes descendants from European colonizers, African
slaves, native Indians, and immigrants from Asia [29].

Approximately 2 million Japanese descendants reside
in Brazil [30]. The large presence of this population
group could explain the prevalence of HTLV-1aTC and
HTLV-1aJpn subgroups. Although the HTLV-1 infection
is endemic in South America with the considerable
frequency of HTLV-1laJpn circulating in Brazil among
Japanese immigrants and their descendants [25, 26],
there is scarce information about the history of the
introduction of HTLV-1aJpn in our country. Therefore,
this investigation was conducted to address this
knowledge gap about the HTLV-1aJpn subgroup and to
get a clear idea about the origin of these isolates in Brazil.
Analyze the history and circulation of the Cosmopolitan
subtype (1la), the Japanese subgroup in Brazil using all
available sequences of this subgroup.
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Materials and methods

Sampling

The database includes information from 111 HTLV-
positive Japanese immigrants and their descendants
from Central and Southeast Brazil, based on data from
previous studies that have already been published. The
participants were also interviewed about their historical
characteristics [25, 26]. The HTLV-1 LTR dataset
generated in these studies comprised 18 sequences from
individuals living in Campo Grande (Mato Grosso do
Sul state) and 93 sequences from individuals residing in
Sdo Paulo (Séo Paulo state). Among these, 32 sequences
were from Japanese immigrants, mainly from Okinawa,
and 78 were from Japanese descendants born in the
Brazilian states of Sdo Paulo, Mato Grosso do Sul, or
Parand. Furthermore, one sequence was obtained from a
Japanese descendant from Peru living in Campo Grande,
MS (KM023764—OKW72).

To expand the initial dataset, additional sequences
were obtained from the GenBank database using the
following keywords: HTLV (AND) LTR (AND) Japanese
(OR) Japan. Reference sequences for the Japanese and
Transcontinental HTLV subtypes were selected based on
Afonso et al. [14]. All sequences identified through this
search were verified using BLAST, and the top 10 match
results, based on coverage and pairwise identity, were
incorporated into the dataset. To ensure data quality
and comparability, sequences without information about
geographical origin or shorter than 400 bp were excluded
from further analysis. The final dataset, comprising all
publicy available sequences from Japanese subgroup
in GenBank, includes a total of 381 sequences. Details,
such as GenBank accession numbers, are provided in
Supplementary Spreadsheet 1.

Sequences from the Transcontinental clade were
subsequently subjected to Blast, and the top 10 hits,
based on coverage and pairwise identity, were select to
ensure the highest similarity, due to the search keywords
not providing all sequences about the Transcontinental
group, resulting in only a partial result about of this
lineage.

Phylogenetic analyses

The sequence alignments were conducted using
the MAFFT plugin, version 7.308, available within
Geneious software, version 7.1.3, employing the FFT-
NS-i algorithm [31]. A reference sequence, AF124043,
was used to guide alignment for the LTR sequence
region. The final alignment consisted of 775 base pairs.
Nucleotide substitution models were selected using
Bayesian Information Criteria (BIC) via the JModelTest
online version using CIPRES Science Gateway [32].
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Phylogenetic trees were reconstructed using Maximum
Likelihood analysis (ML) and Bayesian Inference (BA).
ML analyses were performed using RAXML [33], utilizing
the GTRGAMMA model, with support values estimated
from 1,000 bootstrap pseudoreplicates. For Bayesian
analysis, we used the Beast 2.6.7 package [34], employing
the uncorrelated lognormal relaxed molecular clock
and the Birth and Death Model [35, 36]. We utilized the
GTR+ G substitution model with four gamma categories.
To estimate the Japanese clade age (HTLV 1ajJpn lineage),
we employed a Bayesian evaluation using a relaxed clock
model with an uncorrelated lognormal distribution of
substitution rates. The evolutionary rate for the LTR
gene was derived from Lemey et al. [37] as 5.6x 107
(ranging from 1.2x 107 to 1.1x107°) substitutions per
site per year. Our analysis consisted of two independent
Markov Monte Carlo Chains (MCMC) runs, each
covering 100,000,000 generations and sampling every
10,000 generations, and the first 25% of generations were
discarded as burn-in. JmodelTest, RAxML, and Beast
analyses were performed on CIPRES portal. The Tracer
program [38] was employed to assess the sampling
convergence of the Bayesian analysis (BA) through the
estimated effective sampling size (ESS). An ESS value
exceeding 200 indicated convergence was achieved. The
trees generated were edited using the Interactive Tree Of
Life (iTOL) software v6 (https://itol.embl.de) [39].

The relationships within the Japanese subgroup (HTLV-
laJpn) were also inferred by constructing haplotype
networks using the Neighbor-Joining algorithm,
implemented in the PopArt software version 1.6 [40].

Results

Our sampling of 111 HTLV-1-positive sequences from
previous studies comprised 63 of the Japanese and 48 of
the Transcontinental subgroup. The sequences obtained
from the GenBank search underwent an exploratory
analysis to determine their lineage. After excluding
repeated sequences, the final dataset comprised 138 LTR
sequences of the Transcontinental subgroup and 220
sequences of the Japanese subgroup.

The phylogenetic tree reconstructed using ML analysis
(Fig. 1) recovered the two major clades corresponding to
the Transcontinental (HTLV-1aTC) and Japanese (HTLV-
laJpn) lineages. The Transcontinental clade comprises
sequences from individuals in Argentina (n=6), Bolivia
(n=6), Brazil (n=74), Chile (n=8), Colombia (n=6),
India (n=7), Iran (n=6), Jamaica (n=4), Japan (n=29),
Peru (n=1), and Russia (n=4). It is important to note
that the sampling of the Transcontinental lineage
is partial, as the primary focus of this study was the
Japanese lineage, including Japanese immigrants and
their descendants who live in Brazil.
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Among the LTR sequences of the Transcontinental
lineage recovered in our search, 74 were obtained from
Brazilian samples, and 24.32% showed a higher similarity
(top 10 BLAST hits) with sequences from Brazil and
Japan; 40.54% from Brazil and other countries including
Japan; 17.57% with Japan and other countries, except
Brazil; 5.41% from Brazil and other countries except
Japan, and 12.16% only from Brazil. Therefore, 82.43%
of the Transcontinental sequences from Japanese
descendants living in Brazil have a close relationship
with sequences from Japan. Figure 2 highlights that the
220 sequences of the Japanese (HTLV-laJpn) lineage
are primarily from Brazil and Japan but also from other
countries, in which 67 sequences (30.45%) are Japanese
or their descendants living in Brazil.

Transcontinental sequences (MK936921, AF014667,
D82951, KMO023751) were included in aim to stabilize the
ML analysis and were highlighted as outgroups.

The maximum clade credibility tree reconstructed in
BEAST estimated that the divergence of the most recent
common ancestor (MRCA) of the Japanese lineage most
likely occurred about 18.000 years ago (95% highest
posterior density intervals: 13.348 — 24.767) (Fig. 3).
The mixture of HTLV-1 virus within the Japanese clade
(with sequences from Japan, Brazil, Argentina, Peru, and
Taiwan), without distinct geographic groups, reinforces
the hypothesis that the introduction of the virus occurred
through Japanese immigration from the early twentieth
century. Among the 220 sequences of the Japanese
subgroup, 74 haplotypes were identified, displaying
shallow divergence. This pattern is particularly evident
in the starlike network (Fig. 4), where a central haplotype
(h04) exhibits a high frequency and wide geographical
distribution. The network indicates that h04 is the
ancestral haplotype, and most other haplotypes branch
from it. This likely ancestral haplotype coexists with the
derived haplotypes, lacking phylogeographic subdivisions
in their relationship.

Discussion

The history of Japanese immigration to Brazil is tied to
the broader historical context of the Ryukyu Kingdom
and Okinawa. The Ryukyu Kingdom, existed from 1429
until it was annexed by Japan in 1879, transforming into
Okinawa Prefecture. Although became a part of Japan,
it retained distinct cultural, linguistic, and historical
differences 41, 42].

The formal relationship between Brazil and Japan
was established in 1895 by the “Treaty of Friendship,
Commerce and Navigation’, and in 1908, especially for
the cultivation of coffee plantations after the abolition of
slavery, the first wave of Japanese immigrants, including
325 Okinawans, arrived in Sdo Paulo. In 1914, Okinawans
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Fig. 1 Maximum Likelihood tree constructed using LTR sequences of the Transcontinental and Japanese lineages. Bootstrap values> 50 are
indicated at the nodes

settled in Campo Grande (MS), and by 1952, Brazil had
become home to 229,000 Japanese immigrants [41, 42].
Despite confronted harsh conditions in coffee plantations
in Sao Paulo and in the construction of the Noroeste do
Brasil Railway, they made significant contributions to
Brazil’s cultural and economic development [41, 42].
Currently, approximately 2 million Japanese
descendants reside in Brazil, the largest community
outside Japan, primarily concentrated in Sdo Paulo
(Southeast region), Mato Grosso do Sul (Central-West

region), Parand (South region), and Pard (North)
states [30, 43]. Among the health challenges of in this
population is an above-average incidence of people
infected with the HTLV-1 virus. In Brazil, the first
detection of HTLV-1 infection was identified among
Japanese immigrants in Campo Grande, Mato Grosso
do Sul, in 1986, with a prevalence of 10% [21]. Several
studies conducted by our group among Japanese
immigrants and their descendants found a high
prevalence of HTLV-1 infection of 6.8% in Campo
Grande, MS, and 5.1% in Sdo Paulo [25, 26].
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Fig. 4 Haplotype median-joining network constructed with LTR sequences of the Japanese lineage detected in individuals of different countries.
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The HTLV-1 infection is endemic in some regions of
Japan, and its distribution has a heterogeneous pattern,
with a high prevalence in the Southwestern region,
specifically in the Kyushu and Okinawa islands and in
the North in Hokkaido, between indigenous population
[4, 44]. The Transcontinental subgroup was initially
introduced, followed by a second wave of migration
introducing the Japanese subgroup [44]. Our data
demonstrate that, after the introduction of these lineages

into Brazil, the short period of time and the low mutation
rate did not allow for the differentiation of specific clades.
The Japanese and Transcontinental sequences obtained
from our study, brought by Japanese immigrants to Brazil
in the twentieth century, correspond to these prehistoric
lineages from Japan.

A deeper look at the haplotypic variation patterns
of the Japanese lineage revealed a typical star-like
network (Fig. 4), where a central haplotype occurs in
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many individuals and is geographically widespread. This
ancestral haplotype probably gave rise to several other
minimally divergent haplotypes in a process of recent
population expansion. The recent history of Japanese
migration to Brazil [27] supports this finding. There
has been insufficient time for the Japanese sequences
from Japan and Brazil to differentiate, given the low
evolutionary rate of HTLV-1.

The median-joining network and the time of
divergence for the Japanese clade provide complementary
information among the Japanese subgroup sequences, an
interesting fact since the two analysis tools do not always
generate congruent results [45]. The estimated time
of divergence for the Japanese clade is approximately
18,000 years ago, and there is no geographical
differentiation between the sequences from residents of
Japan and the descendants of immigrants. The prehistoric
origin of the lineage, combined with a low mutation rate
and a recent population expansion, do not allow us to
infer exactly which haplotypes came from Japan or when
the exclusive haplotypes in Brazil emerged.

The current study represents the most extensive
evolutionary analysis of HTLV-1aJpn infection in Brazil
that has been conducted until now. However, some
limitations must be acknowledged, such as the presence
of a sampling bias, as the majority of the available
sequences originated from Brazil and Japan may have
influenced the study’s findings. Furthermore, sequences
accessible in GenBank were not included in our dataset
due to the absence of geographic origin data, It is highly
recommended that, during the inclusion of sequences
in GenBank, researchers provide complete metadata to
maximize the utility of available data in future studies.
Furthermore, expanding future studies to include
sequences from other South American countries with
significant Japanese immigrant populations should be
considered.

This study is the first in Brazil to extensively analyze
the evolution of HTLV-laJpn in the major Japanese
population outside Japan. The presence of mixed viral
sequences between Japanese and Brazilians, along with
historical data, points to the recent migratory movements
as responsible for the introduction of this lineage in
Brazil. Given the significant prevalence of HTLV-1 within
certain demographic groups, it is important to enhance
epidemiological surveillance and implement screening
strategies that consider historical and cultural factors.
Essential actions include systematic HTLV-1 screening,
coupled with culturally appropriate counseling and
educational programs aimed at preventing sexual and
intrafamilial transmission. These measures are crucial for
improving public health policies and controlling HTLV-1
in diverse communities.
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