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Abstract

Human T-cell lymphotropic virus type 1 (HTLV-1) is linked to two debilitating diseases, adult T-cell leukemia/lymphoma
(ATLL) and HTLV-1 associated myelopathy tropical spastic paraparesis (HAM/TSP), which are prevalent in various parts
of the world, including the Alborz province in Iran. Understanding the prevalence and evolutionary relationships of HTLV-1
infections in these endemic areas is of utmost importance. In the realm of phylogenetic studies, long terminal repeat (LTR)
region of HTLV-1 stands out as highly conserved, yet more variable compared to other gene segments. Consequently, it is the
primary focus for phylogenetic analyses. Additionally, trans-activator of transcription (Tax), an oncoprotein, holds a pivotal
role in the regulation of gene expression. This cross-sectional study delved into the phylogenetic analysis of HTLV-1 among
individuals in Alborz province of Iran. To confirm infection, we amplified partial sequence LTR (PLTR) and HTLV-1 bZIP
factor (PHBZ). For phylogenetic analysis, we sequenced the full sequence LTR (FLTR) and full Tax sequence (FTax). The
FLTR and FTax sequences underwent analysis using BioEdit, and phylogenetic trees were constructed using MEGA-X soft-
ware. Out of the roughly 15,000 annual blood donors in Alborz, 19 samples tested positive for HTLV-1, indicating a 0.13%
HTLV-1 positivity rate among blood donors. Furthermore, the HTLV-1 virus prevalent in the Alborz province belongs to
subtype A (cosmopolitan) subgroup A. The findings revealed that while mutations were observed in both the LTR and Tax
genes, they were not significant enough to bring about fundamental alterations. Despite positive selection detected in three
Alborz isolates, it has not led to mutations affecting Tax function and virulence.
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Introduction

Human T-lymphotropic virus (HTLV) is a family of retrovi-
ruses that primarily affect T cells, a type of white blood cell
essential for the immune system. There are two main types
of HTLV which are HTLV-1 and HTLV-2. These viruses
share some similarities but also exhibit distinct characteris-
tics and clinical disorders [1]. Human T-cell lymphotropic
virus type 1 (HTLV-1) belongs to the Retroviridae family,
specifically categorized within the Deltaretrovirus genus.
The genome of this virus is a positive, single-stranded RNA
and spreads through cell to cell transmission within the body
[2-4].
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HTLV-1 is notably linked to two debilitating conditions:
adult T-cell leukemia/lymphoma (ATLL) and HTLV-1 asso-
ciated myelopathy tropical spastic paraparesis (HAM/TSP).
While majority of HTLV-1 infected individuals remain as
asymptomatic carriers (ACs), about 1-5% of them undergo
clonal expansion of infected CD4+ T-cells and develop
ATLL after a long latency period. Detection of oligoclonal
and monoclonal expansion of infected cells via analysis of
proviral integration sites and/or profiling of T cells receptor
repertoire is documented as a risk factor for ATLL onset
and development [5-9]. HAM/TSP, on the other hand,
denotes a persistent inflammation affecting both the white
and gray matter of the spinal cord [10] impacting approxi-
mately 0.25-3% of individuals infected with HTLV-1. This
progressive condition manifests with symptoms akin to uri-
nary dysfunction and those resembling multiple sclerosis
(MS). During the course of this ailment, CD8+ cells respond
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to the virus by targeting Tax, leading to the production of
inflammatory cytokines that contribute to demyelination and
axonal damage [11, 12].

Current estimates suggest that 10-20 million individu-
als worldwide are infected with HTLV-1. Notable endemic
regions include southern Japan, parts of southern and west-
ern Africa, South America, Romania, the Solomon Islands in
Australia, and certain areas in the Middle East [13]. HTLV-1
has been found in nearly every province in Iran, but not all
are classified as endemic due to inconsistent screening. The
virus was first discovered in Africa in 1980, and by 1990,
HTLV-1 infection was identified in Jews from Mashhad, Iran
[14, 15]. In a survey conducted by Farid et al. in 1993, a
study revealed that the prevalence of HTLV-1 in Mashhad
was 2.3%, with the virus classified within the cosmopolitan
molecular group [16].

HTLV-1 infection has also been documented in Alborz
province, with a reported seroprevalence of 0.057% among
blood donors [17]. The origin of HTLV-1 introduction into
Iran is uncertain, with three proposed hypotheses: trans-
mission through Silk Road trade routes, introduction via
enslaved Africans, and potential spread during the Mongol
invasion or via pilgrims to holy shrine [18]. Among various
modes of transmission, it is crucial to highlight that breast-
feeding from an infected mother to her infant and the trans-
fusion of infected blood samples are particularly significant
in facilitating the virus’s spread within society. Studying
the phylogeny of HTLV-1 is crucial for understanding the
virus’s origin, evolution, and how it spreads [19]. Unlike
other retroviruses such as HIV, HTLV-1 genome is very
stable. Because HTLV-1 mainly expands in vivo via clonal
proliferation of infected cells, not infectious transmission of
viral particles mediated by reverse transcription. However,
it has been reported that the genome of infected host cells
accumulates somatic mutations and copy number altera-
tions which eventually result in transformation of HTLV-1
infected cells and ATLL development [20-22]. LTR is pre-
ferred for phylogenetic analysis for several reasons: it con-
tains variable information, is less affected by the environ-
ment, and has a wealth of existing research data [23]. Based
on phylogenetic analysis of LTR sequences, researchers have
classified HTLV-1 strains into seven subtypes (a—g) to date.
While must subtypes are within A-D, a limited number of
strains from Central Africa fall into other atypical subtypes
(E, F, G) [13]. Tax, which is HTLV-1 oncoprotein leads to
dysregulation of gene expression in HTLV-1 infected cells.
Studying the variations and strains of Tax can provide valu-
able insights not only into phylogenetic research but also
into the virulence of HTLV-1.

Despite the limited data on HTLV-1 phylogeny and preva-
lence in Alborz province, it is recognized as an endemic
region for HTLV-1. This study aims to assess HTLV-1 prev-
alence among blood donors and elucidate the phylogeny,
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LTR, and Tax evolutions of HTLV-1 in the region. Follow-
ing the confirmation of viral infection, two specific regions
of Tax and LTR were chosen for phylogenetic analysis.
The aim of this study is to investigate HTLV-1 prevalence
among blood donors and explore the phylogeny variations
of HTLV-1 in Alborz province.

Materials and methods
Study population

Each month around 1500 individuals refer to Blood Trans-
fusion Organization of Alborz (BTOA) and other labora-
tory centers for blood donation that means approximately
15,000 individuals per year. In our cross sectional study
(2020-2021), among the blood donor population of Alborz
province from 15 thousand samples, 19 were confirmed to be
HTLV positive. Infection screening was conducted in BTOA
by Enzyme Immuno Assay (EIA).

In Table 1, we provide the frequency distribution and
mean age of the studied population. The population is cate-
gorized into two groups based on gender. Among the partici-
pants, there were 5 females, constituting 26.3% of the popu-
lation, with a mean age of 48 years. In contrast, the male
participants numbered 14, making up 73.7% of the popu-
lation, and had a slightly higher mean age of 50.86 years.
These statistics provide an overview of the gender distri-
bution and average age within the study group. This study
was confirmed by Ethical committee of Alborz University of
Medical Sciences (IR.ABZUMS.REC.1398.082).

DNA extraction and PCR

Purified DNA was collected from isolated white blood cells
(WBCs) of EDTA-treated blood samples utilizing ROJE kit
(DNsol, ROJE, Iran) according to manufactures guidelines.
Four pairs of primers were designed, Partial LTR (PLTR)
and Partial HBZ (PHBZ) for infection confirmation, Full
LTR (FLTR) and Full Tax (FTax) for sequencing. The prim-
ers’ sequences for each mentioned genes are illustrated in
Table 2. PCR and subsequent 1% Agarose gel electrophore-
sis was performed for PLTR and PHBZ and HTLYV infection
was confirmed for all 19 samples. PCR was also conducted

Table 1 Frequency distribution, mean age and age range of the stud-
ied population

Sex Number Percentage Meanage Agerange Std.

(%) deviation
Female 5 26.3 48 23 (41-64) 9.3
male 14 73.7 50.86 49 (26-75) 13.0
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Table 2 Primers’ sequences for

Reverse

. . Gene Forward
partial LTR, partial HBZ, full
LTR, full tax PLTR
PHBZ
FLTR
FTax

5'-GGCTCGCATCTCCCCTTCAC-3’
5'-ACGTCGCCCGGAGAAAACA-3'
5'-AATGACCATGAGCCCCAA-3'
5'-GGATAGCAAACCGTCAAGCAC-3'

5-GAGCAAGCAGGGTCAGGCAA-3'
5'-CTCCACCTCGCCTTCCAACT-3'
5'-GTGTACTAAGTTTCTCTCCTGGA-3'
5'-GGTGAGGGGTTGTCGTCAA-3’

for FLTR and FTax fallowing by 1% Agarose gel electropho-
resis. The first step of PCR consists of initial denaturation,
which was performed at 94 °C for 4 min. The denatura-
tion step was held at 95 °C for 40 s and then annealing was
done for each gene. The annealing temperature was 62 °C
for pLTR, 60 °C for pHBZ, 62 °C for FLTR and 58 °C for
FTax. All these annealing temperatures were done in 40 s.
Subsequently, extension was done at 72 °C for 5 min for all
genes. The PCR thermocycles are shown in Table 3.

DNA sequencing

From whole PCR product, the amplified segments of the
LTR and Tax genes were sent to the Codon Company for
sequencing. The Sanger method was used to determine the
LTR and Tax gene segments. The resulting sequences were
analyzed using BLAST and their accuracy was assessed in
NCBI. The confirmed sequences were then documented in
Gene Bank. BioEdit was used to analyze the sequences.
Firstly, low-quality nucleotides at the beginning and end of
the chromatograms were removed, and the entire sequences
were corrected. Then, both sequences were assembled and
mismatches were detected. Finally, the corrected sequences
were saved as FASTA files.

Phylogeny tree designing

Resource sequences representing various virus subtypes
were sourced from the NCBI database. These sequences
were subjected to multiple alignments using BioEdit soft-
ware and then saved in FASTA format. For the construction
of phylogenetic trees, MEGA-X software was employed, uti-
lizing the Maximum Likelihood, and Kimura Two-Parameter
models. To ensure the reliability of these phylogenetic trees,
Bootstrap analysis with 1000 replicates was conducted.

Results
Study population

During a 1-year period, approximately 15,000 blood donors
were screened. Out of this sample, 19 individuals were iden-
tified as HTLV-1 positive. After conducting confirmatory
tests. This left us with 19 confirmed cases of HTLV-1 infec-
tion, all of whom were subjected to confirmation through
PLTR, PHBZ (Fig. 1). Consequently, the prevalence of
HTLV-1 infection within the Alborz blood donor population
was determined to be 0.13%. It is noteworthy that a substan-
tial majority, 73.7%, of the infected individuals were male,
suggesting that HTLV-1 infection is more prevalent among
men. However, it is important to consider that various fac-
tors may have influenced this finding, such as differences in
blood donation patterns between genders. Furthermore no
cases of HTLV-2 infection were detected within the blood
donor population in this study.

DNA sequencing and mutational analysis

The sequences FTax gene of 19 confirmed HTLV-1
infected patients were analyzed and the results demon-
strated that, although some mutations have occurred in
these regions of genome but they have not resulted in
a significant modification in LTR and Tax genes. The
results of the mutational analysis of the nucleotide and
amino acid sequences of Tax show that, although, posi-
tive selection has occurred in 3 isolations and negative
selection in 16 isolations of Alborz blood donors and the
virus has the tendency to modify its Tax gene segment,
these mutations are not efficient for a fundamental change
in Tax activity and function. And the Tax sequences are

Table3 PCRs’ thermocycler

Gene  First denaturation Denaturation Annealing Extension Final extension Hold
program

PLTR 94°C for 4 min 95°C for40s 62°Cfor40s 72°Cfor30s 72°C for 5min 4°C for 2 min

PHBZ 94°C for 4 min 95°C for40s 60°C for40s 72°C for30s 72°C for 5 min 4°C for 2 min

FLTR 94°C for 4 min 95°C for40s 62°Cfor40s 72°Cfor40s 72°C for 5 min 4°C for 2 min

FTax  94°C for 4 min 95°C for40s 58°Cfor40s 72°Cfor40s 72°C for 5min 4°C for 2 min

Number of cycles: first denaturation =1, Denaturation, annealing, and extension =45, Final extension, and

hold=1 for each run of PCR
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Fig. 1 Gel electrophoresis image regarding PLTR, PHBZ, FTax and
FLTR: In this gel electrophoresis image, we present the outcomes of
our investigation into the presence of HTLV-1 and the amplification
of particular genomic regions. The DNA fragments were separated

about 99% similar with the reference gene and the most
similarity is between 240 and 310 amino acid sequences
(Fig. 2).

Phylogeny tree

The phylogeny results of our study on the LTR region of
HTLYV virus showed infection by type 1 and subtype (cos-
mopolitan), which was very similar to studies conducted
in Japan, Canada, Germany, and also studies from Africa
[24]. The results of this gene are shown in Fig. 3.

Tax phylogeny results also showed relatively similar
results to LTR and the phylogeny analysis of this gene
showed the closeness of the subtype involved in Alborz
province with studies in the mentioned countries along
with a study from America. The results of the Tax survey
are also shown in Fig. 4.
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through electrophoresis and subsequently visualized. First band is for
HBZ and band two is the leader. PLTR and PHBZ were used for diag-
nosis and FLTR, Tax for phylogeny

Discussion

HTLV-1 infection prevalence in this study is reported to
be 0.13% which is more than the previous report from the
blood donors’ population of Alborz province where the
prevalence was reported to be 0.057% [17]. This result
may has stemmed from the high rate of migration to
Alborz province during the last few years, where Alborz
population was 2,712,400 in 2015 year and by 2020 this
number has grown to 3,700,000. No significant sequence
mutation differences were seen compared to our previous
researches [24, 25].

Since the identification of HTLV-1, numerous studies
have investigated its prevalence across diverse groups.
These investigations have spanned demographics like
blood donors, pregnant women, and vulnerable popula-
tions such as individuals with conditions like thalassemia,
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Fig.2 Comparative sequences mutations according to Reference
sequence. Analysis of the FTax gene sequences from 19 HTLV-1
infected patients revealed mutations, but these didn’t significantly

and those undergoing hemodialysis. These groups are
crucial due to their reliance on blood products, offering
crucial insights into HTLV-1 prevalence in the general
population. Following the report of HTLV-1 infection in
Mashhad, individuals referred for blood donation in seven
Iranian provinces (Alborz, Ardabil, Gilan, North Kho-
rasan, Razavi Khorasan, South Khorasan, West Azerbai-
jan) are now routinely screened for HTLV-1 infection [26].

HTLV-1 infection prevalence in blood donors are evalu-
ated in several studies in different provinces of Iran. The
prevalence of 0.13% for HTLV-1 infection in Alborz blood
donors is lower than (Mashhad, 2002, 0.77%), (Chaha-
rmaha-Bakhtiari, 2005-2006, 0.62%), (West Azerbaijan,
2005-2006, 0.34%), (Ilam, 2006-2007, 0.21%), (Mashhad,
2011-2013, 0.18%), (Hormozgan, 2007-2008, 0.18%),
and (Sabzevar, 2009-2012, 0.14%). However, this infec-
tion prevalence has increased from 2009 that the HTLV-1
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alter the Tax genes. Mutational analysis of Tax sequences in Alborz
blood donors indicated positive selection in 3 cases and negative
selection in 16 cases

infection prevalence in Alborz blood donors was 0.11% and
it is about ten times greater than the prevalence in Bushehr
in 2002-2003, 0.013% [27].

In a study over general population of Mashhad in 2011,
it was demonstrated that HTLV-1 infection prevalence was
2.12% with no significant difference between males and
females. The HTLV-1 virus in this study reported to be from
the cosmopolitan subtype-a and HTLV-2 seropositivity was
0.12% [28]. Compared to the current study, HTLV-1 infec-
tion showed a more balanced distribution between males and
females. HTLV-2 infection was present among Alborz blood
donors but not in this particular study. The prevalence of
infection in Alborz was notably higher than the 0.13% preva-
lence reported in this study, likely due to the higher preva-
lence in Mashhad compared to Alborz. Those who donate
blood often have more awareness of high-risk activities for
blood-borne and sexually transmitted diseases, potentially
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Fig.3 Constructed phylogenetic tree of the LTR segment

reducing their exposure to HTLV-1 infection. Moreover,
HTLV-1 strains in Mashhad exhibit over 99% similarity to
strains found in South India, suggesting a potential com-
mon ancestor of infection [27]. However, the strains from
Alborz blood donors in this study were highly similar with
the strains from Japan, China, and Canada.

HTLV-1 infection prevalence in Golestan province, was
assessed among blood donors and the result demonstrated
a 0.09% infection prevalence and the sequences of isolates
was related to the subtype a (cosmopolitan) subgroup A
and had a common source with the Khorasan’ isolates [29].
This study shows similarity with our research which may
be an explain for their common origin. The overall preva-
lence of HTLV-I infection was 1.66 in Sabzevar and the
Phylogenetic analysis revealed that the HTLV-I subtypes
circulating in this city belonged to the cosmopolitan sub-
type, suggesting that the origin of the virus is the same as in
Mashhad [18]. The overall HTLV-1 infection prevalence in
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Torbat-e-Heydarieh was reported 2.15% and no significant
difference was observed in HTLV-1 sero-reactivity between
males and females that is in contrast with our study. Phy-
logenetic analysis demonstrated that the LTR sequence
from Torbat-e Heydarieh belongs to the group A (cosmo-
politan) [24]. Compared to our study, we have also seen the
cosmopolitan subtype which shows similarity to sabzevar
study. In a study by Rafatpanah et al., sero-prevalence of
HTLV-1 was observed in 2% of the participants (8 out of
400), while the actual prevalence among those with HTLV-1
provirus in their lymphocytes was 1.25%. The presence of
HTLV-1 infection showed significant associations with fac-
tors like age, marital status, and a history of blood trans-
fusion (P <0.05). Regarding the phylogenetic analysis, it
indicated that the predominant HTLV-1 sequence type in
Torbat-e Heydarieh belongs to the cosmopolitan subtype
A. Notably, the HTLV-1 prevalence in Torbat-e Heydarieh
(1.25%) is notably lower in comparison to Mashhad (2-3%)
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Fig.4 Constructed phylogenetic tree of the Tax segment

and Neishabour (3.5-5%), both located within the Khorasan
province. This disparity suggests that factors like travel,
population mixing through activities such as marriage,
bureaucratic engagements, occupation, and economic inter-
actions may play a pivotal role in the potential spread of
HTLV-1 within this isolated city [24].

In Tehran where is in high contact with Alborz province
the prevalence of HTLV-1 infection was reported to be 0.42%
in 1996 and 0.5% in Karaj in the blood donors. Alborz is
located in close proximity of Tehran and people commute to
work from Alborz to Tehran and vice versa (Karaj is the capi-
tal city of Alborz province) [30]. These two cities are the des-
tination for many immigrants from other provinces because of
the higher job opportunity and this will result in the growth in
the population and the increase in the infection prevalence of
many blood-born or sexually transmitted disease.

Studies in other countries have also been conducted on
the prevalence of HTLV 1, 2 especially in countries where
this virus is endemic.

Salvador in Brazil has one of the highest prevalence rates
of HTLV-1 among cities. The reported prevalence of the

virus in this region is reported 1.48%. Among the infected
population, the majority are women. Interestingly, chil-
dren under 17 years old have the lowest prevalence rate of
the virus [31]. A study conducted in Australia examined
gag, pol, env, Tax, and LTR of HTLV-1 among individuals
infected with HTLV. The researchers identified subtype 1c
of the virus. The proviral strains showed a very high level of
genetic diversity, particularly in the northern and southern
regions of Australia. It appears that the virus evolved into
two clades of HTLV Ic in these two geographical areas
[32]. Another study conducted in Brazil investigated the
infected population of immigrants from Japan to this coun-
try and found that 6.8% of samples were positive. Among
14 patients whose samples were sequenced, all exhibited the
Cosmopolitan subtype. Half belonged to subgroup A (trans-
continental), and the other half to subgroup B (Japanese).
The research emphasized age, particularly above 45, as a
significant risk factor for contracting the virus [33]. Com-
pared to our research, we have only found subgroup A and
there is no trace of subgroup B. The absence of subgroup
B of HTLV-1 in Alborz, while being found in Brazil, likely
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stems from diverse geographical distributions, population
genetics, and transmission dynamics.

Epidemiological investigations and sequencing analyses
are crucial in understanding the disease status, identify-
ing the subtypes present in different regions, conducting
genetic studies, and ultimately controlling viral infections
in society. Although our study was statistically acceptable,
we suggest conducting more extensive research to gain a
more accurate understanding of the disease’s epidemio-
logical situation. Our study’s limitation is that it shows the
incidence only within the year of study (2020-2021), and
the prevalence of HTLV-1 can change within the years.

Conclusion

Based on this study, we can assume that Alborz province is an
endemic area for HTLV-1 infection with the high prevalence
of 0.13% among Alborz’s blood donors and the screening for
this infection should still be done in this province. The phylo-
genic analyses according to the LTR region demonstrated the
HTLV-1 virus circulating in Alborz province belongs to the
subtype a (cosmopolitan), subgroup A. The sequences had a
considerable similarity with the strains from Japan and China.
In this study mutations in LTR and Tax genes were detected
but they were not sufficient for a fundamental modification
in these two genes and however, 3 positive and 16 negative
selections were reported in the Tax gene, no functional muta-
tion is detectable in the Tax protein and its virulence.
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