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ABSTRACT 

 

 
Background and Objectives: Human T-lymphotropic virus type-1 (HTLV-1) belongs to retrovirus family that causes the 

neurological disorder HTLV-1 adult T-cell leukemia/lymphoma (ATLL). Since 1980, seven subtypes of the virus have been 

recognized. HTLV-1 is prevalent and endemic in some regions, such as Africa, Japan, South America and Iran as the endemic 

regions of the HTLV-1 in the Middle East. To study HTLV-1 subtypes and routes of virus spread in Iran, phylogenetic and 

phylodynamic analyses were performed and for as much as no previous phylogenetic studies were conducted in Tehran, we 

do this survey. To this purpose, the Tax region of HTLV-1 was used. 

Materials and Methods: In this study 100 samples were collected from blood donors in Tehran. All samples were screened 

for anti-HTLV-I antibodies by ELISA. Then, genomic DNA was extracted from all positive samples (10 people), and for 

confirmation of infection, ordinary PCR was performed for both the HBZ and LTR regions. Moreover, the Tax region was 

amplified and purified PCR products were sequenced and analyzed, and finally, a phylogenetic tree was constructed using 

Mega X software. 
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Results: Phylogenetic analysis confirmed that isolates from Iran, Japan, Brazil, and Africa are located within the extensive 

‘‘transcontinental’’ subgroup A clade of HTLV-1 Cosmopolitan subtype a. The Japanese sequences are the closest to the 

Iranian sequences and have the most genetic similarity with them. 

Conclusion: Through phylogenetic and phylodynamic analyses HTLV-1 strain in Tehran were characterized in Iran. The 

appearance of HTLV-1 in Iran was probably happened by the ancient Silk Road which linked China to Antioch. 
 

 
Keywords: Human T-lymphotropic virus type-1; Adult T cell leukemia lymphoma; Phylogenetic; Phylodynamic; Iran 

 
INTRODUCTION 

 
Human T-cell lymphotropic virus Type 1 (HTLV- 

1) is a widespread virus that discovered in the nine- 

teen century and infects about 15 to 25 million 

people, that will develop adult T-cell leukemia (1, 

3). It belongs to the Delta retrovirus genus of the 

Retroviridae family (2) and has been related with 

neoplastic diseases such as adult T-cell leukemia/ 

lymphoma (ATLL), HTLV-1-associated myelopathy/ 

tropical spastic paraparesis (HAM/TSP) and some 

opportunistic infections as  uveitis, infective derma- 

titis, Hashimoto thyroiditis, Pulmonary alveolitis, 

and rheumatoid arthritis (4, 5). HTLV-1 has a simian 

and zoonotic origin and humans acquired virus by 

infected monkeys in ancient time (Africa, Europe 

and Asia). In some African regions is still zoonotic 

transmission (6). The HTLV-1 high endemic areas 

are Southwestern Japan, sub-Saharan Africa, parts 

of South America, Australia-Melanesia, some foci 

in the Middle East (such as the Mashhad region in 

Iran), and the Caribbean region (8, 9). There are four 

main transmission mechanisms for HTLV-1: a ver- 

tical transmission from mother-to-child, prolonged 

breast-feeding (longer than six months); a horizontally 

through sexual contact, (mainly from male to female 

and women were more vulnerable to HTLV-1 infec- 

tion), contamination with blood products (7). Virus 

transmission occurs from an infected mother in off- 

spring and ATLL is associated with the greatest risk. 

Some factors associated with transmission as follows 

presence of proviral load in breast milk (10), high 

antibodies titers, prolonged breastfeeding (at least > 

6 months) (11, 12) and concordance of HLA class-I 

antigens between mother and child (13, 14). Regions 

and populations affected rate of prevalence (16). 

HTLV-1 has a diploid RNA genome that is re- 

vers-transcribed into double-stranded DNA and in- 

tegrates into the host genome as a provirus (15, 18). 

The genome of HTLV-1 contains gag, pol, and env 

genes alongside long terminal repeat (LTR) sequenc- 

es at both the 5´ and 3´ ends (17). The LTR region 

is more informative for phylogenetic analysis (20, 

22). According to phylogenetic analysis of the LTR 

sequences, HTLV-1 is classified into seven genetic 

subtypes (a–g) , the cosmopolitan subtype a, the Aus- 

tralia-Melanesian subtype c and the Central Afri- 

can Subtypes b, d, e, f and g, based on long terminal 

repeat (LTR) regions (19, 21). For understanding the 

transmission chains, natural history and evolution 

of HTLV-1 infection, genotypes analysis are crucial 

(23). The HTLV-1 has an unusual molecular feature 

that is an extraordinary genetic stability (24). The 

reason for this remarkable genetic stability is proba- 

bly clonal expansion of viral amplification in infect- 

ed cells. HTLV-1 can be used as a molecular tool to 

survey origin (24), models of transmission and their 

hosts, because the low sequence variation of this vi- 

rus (24, 25). The specific geographical origin of the 

patients is revealed by few nucleotide substitutions 

among virus strain (26). ATK prototype is the first 

HTLV-1 complete sequence was obtained and it orig- 

inated from a Japanese patient with ATLL (27). After 

this achievement, other sequences with low genetic 

variability were made and studies not revealed a spe- 

cific mutation associated with ATLL (27). Among 

HTLV-1 genotypes, the Cosmopolitan a-genotype is 

the most commonly conveyed clade and is dispersed 

worldwide (29). Genotype mainly can be more sep- 

arated into subgroups based geographical character 

(28, 29). This fact showed that migration of ancient 

infected populations caused viruses spread and virus 

existence for thousands of years (31, 32). In genet- 

ic variation of retroviruses, both recombination and 

point mutation contribute (30), but for HTLV-1, no 

recombination had been identified (30, 31). Since that 

no super infection revealed at the cellular level, so 

no recombination in this viruses was supported (33). 

The main genetic evolution mechanism for these vi- 

ruses would be point mutations (31). The virus mu- 

tations during proliferation in infected cells caused 

genetic diversity (32). However, HTLV-1 is present 

all over the world, and endemic distributions of this 

infection have been reported in many countries (34). 
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Iran is an endemic region that has the prevalence of 

infection approximately 4% in some of northeast cit- 

ies but that increases in other cities (33). The most 

abundant HTLV-1 sequence is LTR that is available 

in databases and covering wide range of countries. 

Unfortunately, few studies explore the HTLV-1 ge- 

netic diversity based on Tax region in the Iran popula- 

tion. Tax protein is vital for effective virus expression 

and plays an important role for activation of cellular 

genes, such as cytokine genes and protooncogenes 

(31, 33). According to the recent results, there were 

a low number of Tax sequences from Iran and this 

could be the result of a lack of data of the actual in- 

fected Iran population. Pervious phylogenetic stud- 

ies in Iran revealed that HTLV-1 genotype belongs to 

the subtype a (31). In the present study, HTLV-1 risk 

factors such as age, gender, and socioeconomic vari- 

ables were studied in Tehran. In addition, a phyloge- 

netic analysis of the Tax sequence was performed to 

determine the type of virus in this city. 
 

 
 

MATERIALS AND METHODS 

 
Population study and serologic confirmatory 

analysis. Blood samples were collected from people 

referring to Imam Hussein, Shariati and Imam Kho- 

meini hospitals in Tehran, Iran. Subjects' agreements 

were obtained for participating in the study. The 

study was approved by the Ethics Committee of Teh- 

ran University of Medical Sciences. All sera from 100 

suspected ATLL patients were first screened for the 

presence of HTLV-1 antibodies by an Enzyme-linked 

immunosorbent assay (ELISA, Dia.Pro-Italy). Posi- 

tive sera patients were confirmed by PCR technique. 

The Research Ethics Committee of Tehran Universi- 

ty of Medical Sciences (TUMS) approved this study 

(Number: 1398.095). 

 
DNA extraction. DNA was extracted from Pe- 

ripheral  blood  mononuclear  cells  (PBMCs)  using 

an available commercial Kit (Roje,Iran). The isolat- 

ed DNA was stored at -20°C until the PCR analysis 

started. 

 
Amplification of the LTR and HBZ regions. We 

used a segment of LTR and HBZ genes to confirm 

HTLV-1  infection  and  then  were  amplified, using 

primers: LTR forward primer (GGCTCGCATCTC- 

CCCTTCAC),  LTR  reverse  primer  (GAGCAAG- 

CAGGGTCAGGCAA), HBZ forward primer (AC- 

GTCGCCCGGAGAAAACA) and HBZ reverse 

primer (CTCCACCTCGCCTTCCAACT). PCR am- 

plification was performed in a 25 µL reaction contain- 

ing 20 mM Tris-HCl (pH 8.4), 100 mM KCl, 2 mM 

MgCl , 0.2 Mm dNTPs, 0.5U Taq DNA polymerase, 

2 µl the genomic DNA (50-100 ng), and 10pmol/ml of 

each specific primer. A T100 thermocycler (Biorad, 

USA) were used to amplify LTR region with the fol- 

lowing amplification program:   94°C for 4 min; 45 

cycles of 95°C for 40 sec, 62°C for 40 sec, 72°C for 30 

sec, and a final extension of 72°C for 5 min and HBZ 

region with program: 94°C for 4 min, 95°C for 40 sec 

for 45 cycles, 60°C for 40 sec, 72°C for 30 sec and a 

final extension of 72°C for 5 min. The products were 

analyzed on 1.5% agarose gel, stained with safe stain, 

and visualized under UV light. 

 
DNA sequencing and phylogenetic analysis. The 

TAX region 1200 was amplified with the following 

primers: TAX forward (GGATAGCAAACCGT- 

CAAGCAC) and TAX anti forward (GGTGAGGG- 

GTTGTCGTCAA). PCR amplification was carried 

out in a 25 µL reaction containing 20mM Tris-HCl 

(pH 8.4), 100 mM KCl, 2 mM MgCl , 0.2 mM dNTPs, 

0.5U Taq DNA polymerase, and 10 mmol/l of each 

specific primer and 2 µl the genomic DNA. Each PCR 

cycle consisted of denaturation at 95°C for 40 sec, an- 

nealing at 58°C for 35 sec, extension at 72°C for 80 

sec, and final extension at 72°C for 5 min. All samples 

were sequenced in full TAX region. Sequencing runs 

were performed on ABI 3730 sequencers with 50 cm 

capillaries. Double stranded sequencing was per- 

formed. At first, sequenced results were edited with 

Chromas DNA Sequencer software. Later, sequences 

were analyzed with the NCBI BLAST software, and 

subsequently online software 

(http://www.ebi.ac.uk/tools) was used to identify 

the genotypes. Further- more, sequences were 

compared with each other and aligned by Clustal W 

using the BioEdit software. 

Phylogenetic analysis was done using reference 

sequences from subtype a (subgroups A, B, C, D, 

and E), b, c, d, e. The Cladogram was constructed in 

Mega software (version X), with Maximum Likeli- 

hood method in Kimura-two parameter substitution 

model with 1,000 bootstrapping value. 

 
Similarity sequence analysis. Simplot software 

version 3.5.1 was used to test potential of sequences 

similarity. Furthermore, the sequences were used to 
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investigate possible DNA nucleotide changes in the 

strains from Iran and other countries. 

 
Statistical analysis. Demographic characteristics, 

medical history, and related risk factors were ana- 

lyzed by SPSS software version 22. Chi square test 

and the Fisher exact test were used to test possible 

associations between risk factors and the positive 

HTLV-I Infection. A P value <=0.05 was considered 

statistically significant. 
 

 
 

RESULTS 

 
Serological and molecular studies for HTLV-1. 

In this study, 10 out of the 100 samples taken from 

individuals  clinically  diagnosed  with ATLL during 

January 2018 to November 2020 were selected. Eight 

patients were male (80%) and two (20%) were female 

with average age of 52.6 ± 16.83 years (range 32-65). 

The mean age of females was 42.7 ± 1.56 years and 

for males was 53.4 ± 2.13 years. 

One female  and  one male in the 30-39 years age 

group, one males and one female in 40-49 years age 

group, and six males in the ≥ 50 years age group were 

HTLV-1 positive. HTLV-1 infection rate for males 

was 80% (8/10) and for females was 20% (2/10). No 

significant difference was observed in HTLV-1 se- 

ro-reactivity between males and females (P value = 

0.096). The Socio demographic and clinical factors 

related to HTLV-1 infection in the participated pop- 

ulation of study are summarized in Table 1. HTLV-1 

prevalence was associated with age and established a 

significant increase among those older than 50 years 

(P<0.05), (Table 1). 

The high rate of infection is associated with age, oth- 

er variables such as marital status, breastfeeding, liter- 

acy; history of any kind of surgery and history of hos- 

pitalization are risk factors for HTLV-I transmission. 

However the place of birth, ethnic background, had no 

important effect on the rate of HTLVI infection. 

All collected blood samples were analyzed for 

anti-HTLV1 antibodies. Sera positive samples were 

checked by PCR that confirm HTLV-1 infection in 

LTR and HBZ genes based specific primers, of which 

whole ten patients were positive (eight males and two 

females). The PCR products running on gel and then 

bands revealed by sizes respectively HBZ (152 bp) 

and  LTR (221 bp). 

Afterwards, the DNA extracted samples were am- 

plifies for Tax in the expected region with specific 

primers. The PCR products showed Tax amplified 

Bands (1200 bp). 

 
Similarity sequence analysis. Full Tax sequence 

(1200 bp) as a reference sequence of the present 

study showed maximum homology with HTLV-1 

subtype A. Simplot analysis revealed the same se- 

quence in HTLV1 cosmopolitan subtype. The Sim- 

plot homology graph is shown in Fig 1.  Each curve 

is a comparison between full Tax sequence (1200 bp) 

being analyzed and considered sequence is similar to 

cosmopolitan Aa sequences. 

The DNA sequence of a HTLV-I fragment of 1200 

base pairs (bp), around the Tax region, was obtained 

from ten patients affected by ATLL, respectively. 

The analysis of the viral DNA sequence exposed 

nucleotide changes that distinguish this Iranian 

HTLV-I from other HTLVI subtypes (Fig. 2). How- 

ever, the rareness of nucleotide changes indicated a 

high degree of similarity between the Tehran Iranian 

HTLV-I and the cosmopolitan HTLV-I (isolates from 

the Africa, Europe, and the South Americas). To bet- 

ter explain the relationship of these Iranian isolates 

with the remaining HTLV-I, we constructed a phylo- 

genetic tree, using the program Clustal. Fig. 3 shows 

obviously that the Iranian viruses clustered together 

within the larger cosmopolitan HTLV cluster, and 

that the Melanesian and some other HTLV clustered 

separately as previously verified. 

 
Phylogenetic results. The phylogenetic analysis 

of 10 Iranian Tax sequences using 25 reference se- 

quences representing all HTLV-1 subtypes and one 

Tax sequences of HTLV-2 subtype as the out group, 

obviously confirmed that all Iranian isolates belong 

to the Transcontinental subgroup (A) of the Cosmo- 

politan subtype (1a). The tree with the highest log 

likelihood (-2176.17) is shown in Fig. 3. 
 

 
 
DISCUSSION 

 
Asymptomatic HTLV-1 carriers regularly live in 

really endemic regions where the rate of infection is 

closely ranged from 3% to 5% in the Caribbean is- 

lands and to above 10% in the same areas of South 

Japan (10, 17). Regions of the Middle East (Iran and 

Kuwait) have been found endemic for HTLV-1 (7). 

HTLV-1  infection  rate  has  been  informed  almost 
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Table 1. Sociodemographic and Clinical Factors related to HTLV-I Infection in participation. 
 

Variable ATLL N=10 N (%) P-Value 
Female 2 (20%)  Male 8 (80%)  

Age (years)     
18-29 0  0  
30-39 1 (50%)  1 (12.5%)  
40-49 1 (50%)  1 (12.5%)  
≥ 50 0  6 (75%) 0.018 
Marital status     
Single 0  4 (50%)  
Married 2 (100%)  4 (50%) 0.345 
Literacy     
Illiterate 0  4 (50%)  
Primary school 0  3 (37.5%)  
Secondary school 0  0  
High school 0  0  
Academic 2(100%)  1 (12.5%) 0.752 
Ethnic background     
North Khorasan 0  1 (12.5%)  
South Khorasan 0  1 (12.5%)  
Razavi Khorasan 0  1 (12.5%)  
Tehran 1 (50%)  2 (25%)  
Alborz 1 (50%)  2 (25%)  
Ardabil 0  0  
West Azerbaijan 0  1 (12.5%) 0.110 
Twin birth     
Yes 0  1 (12.5%)  
No 2 (100%)  7 (87.5%) 0.254 
Breast feeding     
Yes 2 (100%)  7 (87.5%)  
No 0  1 (12.5%) 0.192 
History of surgery     
Yes 2 (100%)  5 (62.5%)  
No 0  3 (37.5%) 0.004 
History of dentistry procedure     
Yes 2 (100%)  8(100%)  
No 0  0 0.780 
History of traditional cupping     
Yes 1 (50%)  3 (37.5%)  
No 1 (50%)  5 (62.5%) 0.850 
History of tattooing     
Yes 1 (50%)  5 (62.5%)  
No 1 (50%)  3 (37.5%) 1.000 
History of imprisonment     
Yes 0  0  
No 2 (100%)  8 (100%) 0.013 
History of drug abuse     
Yes 0  0  
No 2 (100%)  8 (100%) 0.013 
History of hospitalization     
Yes 0  7 (87.5%)  
No 2 (100%)  1 (12.5%) 0.005 
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Fig. 1. Plot of similarity (generated by Simplot) of a set of reference sequences to the Tax sequence. 
 

 

 

Fig. 2. Summary of DNA nucleotide changes in the strains of Iran and other countries. The sequences at the top represent 

reference to the HTLV-I ATK sequence. 

 
4% in some areas of northeastern Iran. The HTLV-1 

may have arrived through one of the following way: 

trade and Silk Road, an invading group such as the 

Mongols, pilgrims to the holy Muslim shrine, and 

African slaves (18, 21). Slavery looks more likely 

to have introduced the virus to Iran cities, because 

it has been generally experienced even before the 

growth of Islam in these cities (19).  Silk Road trade 

not only played an important role in the development 

of economic relations between countries but also in 

the spread of diseases such as plague, smallpox and 

HTLV-1 (25). According to Bayesian analysis, the 

origin date of HTLV-1 is estimated to be about 700 

years ago and also observed rapid exponential growth 

rates in the effective number of infections, early eigh- 

teenth-century. It has been proposed that the pres- 

ence of the virus depends on variable factors such 

as environmental, social, behavioral, and cultural 

(29). In spite of the usual origin and similarity of the 

virus in the region, different prevalence of HTLV-I 

have  been  reported  in  some  countries  near  Iran 

such as Turkmenistan, Kuwait, Saudi Arabia, and 

Turkey so that infection rate in these countries were 

0.27%, 0.016%, 0.006%, and 0% respectively, which 

indicates a lower prevalence than in Iran (16). More- 

over, the social announcement among countries such 
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Fig. 3. Phylogenic analysis for the Tax region of HTLV-I provirus isolated from a sample of patients in Tehran, Iran. Phyloge- 

netic analysis was performed by MEGA software (version X), with the maximum likelihood method in Kimura-two parameter 

substitution model. Bootstrap value is 1,000. All sequences belong to subtype a, subgroup A (Cosmopolitan) and were in the 

subcategory of Iran strains 

 
as international trade, tourism, and pilgrimage looks 

to be playing a critical role in virus distribution (17). 

ELISA method was mostly used as a screening 

method due to its availability, simplicity, and cost 

effectiveness, but this method has some disadvantag- 

es. One of the most important ones is false positive 

results as a confirmation method. PCR methods were 

used in the study because of specificity and sensitiv- 

ity of this method was 99.4% so this method is more 

efficient at identifying the virus type and can be used 

for phylogenetic studies (21). 

Our results exposed that HTLV-I infection grows 

with age, mainly amongst those older than 50 years; 

this is similar to the previous cross-sectional study 

in Mashhad, which revealed that HTLV-I preva- 

lence increases among those older age. It has been 

exposed that HTLV-I seroprevalence rises with age 

and is higher among subjects more than 50 years than 

in those less than 30 years. Sexual contact is more 

probable to be the primary way of virus transmission 

after age 30 years and breastfeeding during infancy 

has a major role in HTLV-I transmission. 

Although the high rate of infection is associat- 

ed with age, other variables such as marital status, 

breastfeeding, literacy, History of any kind of sur- 

gery and History of hospitalization are risk factors 

for HTLV-I transmission. In this study, a greater 

prevalence of infection was associated with hospital- 

ization, and a history of surgery, which is dependable 

with previous studies that reported that the virus is 

transmitted through contaminated needles and sy- 

ringes following surgery. 

However the place of birth had no important re- 

sult on the rate of HTLV-I infection. The best way to 

study HTLV-1 strains were phylogenetic and phylo- 

dynamic analysis of strain from the endemic peoples 

of different regions of the Iran. However no previ- 

ous phylogenetic studies were conducted in Tehran. 

We selected the Tax area for phylogenetic analysis 

of HTLV-I virus , because phylogenetic subtypes 

are important in the Tax HTLV-I gene, and in sub- 

type tax a, nucleotide mutations in the Tax gene al- 
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ter amino acid function (positions nt 7959 and 8208) 

and may affect the function of the tax protein. The 

viral tax protein appears to play a major role in the 

process leading to ATL. Tax increases the expression 

of many viral and cellular genes through pathways 

associated with CREB / ATF, SRF- and NF-kappaB. 

In addition, Tax activates CBP / p300 and p / CAF to 

enable full transcription of each of these paths. 

Tax also affects the function of other regulato- 

ry proteins by direct protein / protein interactions. 

Through  these  activities,  Tax  induces  infected  T 

cells to undergo uncontrolled continuous replication, 

destabilizing their genomes by interfering with telo- 

merase and topoisomerase-I function and inhibiting 

DNA repair. Tax has the potential to regulate the 

overexpression of various cellular genes , including 

cell proliferation, such as interleukin-2 (IL-2), IL-2 

receptors, IL-6, GMCSF, and c-fos. It can be thought 

that tax plays a key role in the progression of the dis- 

ease and malignancy. In addition , Tax prevents cell 

cycle arrest and apoptosis and as a result of the ac- 

cumulation of mutations, they can contribute to the 

process of adult T cell leukemia  lymphoma. Over- 

all these activities make Tax very carcinogenic (23). 

However, the tax sequence did not change among the 

HTLV-1 sequences in our study patients, But there is 

a need for broader phylogenetic studies based on the 

Tax gene, with a larger statistical population in other 

parts of Iran. In this study, all the detected strains of 

Tehran belonged to HTLV-1 cosmopolitan subtype 

(1a) transcontinental subgroup (A), that is reliable 

with other studies from Iran. Affording to phyloge- 

netic tree, isolates from Iran, Japan, Brazil, and Afri- 

ca are located in a clade. The Japanese sequences are 

the closest to the sequences from Iran and have the 

most genetic similarity with them. This confirms the 

hypothesis of the Milky Way trade and the Mongol 

invasion is strengthened. 
 

 
 

CONCLUSION 

 
Through phylogenetic and phylodynamic analyses 

HTLV-1 strain in Tehran were determined in Iran. 

Phylogenetic analysis showed the presence of the Ira- 

nian populations with Japan, Brazil, and Africa iso- 

lates within the widespread ‘‘transcontinental’’ sub- 

group A clade of HTLV-1 Cosmopolitan subtype a. 

Moreover, the hypothesis of a multiple overviews of 

HTLV-1 into Iran especially before the 18th  century 

and at the same time the Mongol invasion of Iran was 

suggested. The appearance of HTLV-1 in Iran was 

probably happened by the ancient Silk Road which 

linked China to Antioch. Furthermore, HTLV-I 

screening of patients in endemic cities will decrease 

the risk of HTLV-I infection and appropriate coun- 

seling regarding the risk of HTLV-I transmission can 

be recommended for those people who are infected 

by the virus. Educational programs are needed to 

prevent HTLV-I sexual transmission for those who 

are of a sexually active age. Since the risks related 

with HTLV-I infection, similar sero epidemiologic 

studies are needed in other parts of country to iden- 

tify the prevalence of the virus in Iran as a first step 

toward controlling the infection. 
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