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Abstract
Background: The relative importance of routes of transmission of Human T cell Lymphotropic 

Virus type 1 (HTLV-1) in Guinea-Bissau is largely unknown; vertical transmission is thought to be 

important, but there are very few existing data. We aimed to examine factors associated with 

transmission in mothers and children in Guinea-Bissau, where HTLV-1 is endemic (prevalence of 5% 

in the adult population).

Methods: A cross-sectional survey was performed among mothers and their children (aged <15 

years) in a rural community in Guinea-Bissau. A questionnaire to identify risk factors for infection 

and a blood sample were obtained. HTLV-1 proviral load in peripheral blood was determined and 

PCR was performed to compare Long Terminal Repeat (LTR) sequences in mother-child pairs.

Results: Fourteen out of 55 children (25%) of 31 HTLV-1 infected mothers were infected versus 

none of 70 children of 30 uninfected mothers. The only factor signifi cantly associated with HTLV-1 

infection in the child was the proviral load of the mother; the risk of infection increased signifi cantly 

with the log10 proviral load in the mother’s peripheral blood (OR 5.5, 95% CI 2.1 – 14.6, per quartile), 

adjusted for weaning age and maternal income. HTLV-1 sequences of the LTR region obtained from 

mother-child pairs were identical within pairs but diff ered between the pairs.

Conclusions: Vertical transmission plays an important role in HTLV-1 transmission in this community 

in Guinea-Bissau. The risk of transmission increases with the mother’s proviral load in the peripheral 

blood. Identical sequences in mother-child pairs give additional support to the maternal source of 

the children’s infection.
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Introduction
Human T cell Lymphotropic virus type 1 (HTLV-1) is the causative agent of the lethal Adult T cell 

Leukemia and Tropical Spastic Paraparesis, a debilitating neurological syndrome. It is endemic in 

various parts of the world, including Africa. The routes of transmission are from mother to child, 

mainly by prolonged breast-feeding, by sexual contact and through contaminated blood [1]. Vertical 

transmission has been shown in Jamaica and Japan [2-4], and in one study from Africa (Gabon) [5], 

where a high prevalence of 5% among pregnant women was recently found [6]. In a population of 

African descent in French Guyana, a 10% MTCT transmission rate has been reported [7]. In some 

parts of South-America HTLV-1 is also endemic and vertical transmission has been documented 

there as well, e.g. in Brazil and Peru [8-9].

HTLV-1 is endemic in Guinea-Bissau. In rural areas, where the current study was conducted, the adult 

prevalence was 4.9% in 2007 [10]. The relative importance of diff erent routes of transmission has 

not been established in this population but it is thought that sexual transmission is most common 

[11]. Two studies among adults in the capital Bissau found no relationship between HTLV-1 infection 

in mothers and their children and it was suggested vertical transmission does not importantly 

contribute to the endemic HTLV-1 [11-12]. However, cohort studies in Japan and Jamaica have 

described mother-to-child transmission (MTCT) risks of approximately 20% [2-3,13] and the main risk 

factor, prolonged breast-feeding, is very common in Guinea-Bissau [14]. An earlier study from rural 

Guinea-Bissau found a signifi cantly higher prevalence of HTLV-1 infection among adult children of 

HTLV-1 positive mothers [10].

To study the role of MTCT in the HTLV-1 epidemic in Guinea-Bissau, factors associated with HTLV-1 

infection in children from infected and uninfected mothers were examined.

Subjects and methods
Study samples were collected in 2004 in Caió, a rural village in north-western Guinea-Bissau 

consisting of 10 settlements dispersed amidst cashew forests and rice fi elds. The total population is 

approximately 10,000 and most people are subsistence farmers. In 1997 an HIV/HTLV-1 population 

survey was performed and from the study participants all HTLV-1 infected women (aged 20 – 70 

years) and age-matched HTLV-1 uninfected women were selected for this study. A fi eldworker visited 

the women and children (<15 years) at home and, after obtaining informed consent, administered a 

questionnaire and took a 2 ml venous blood sample from the mother and her child(ren). The upper 

age limit of children was chosen assuming that sexual activity has mostly not started by this age 

in this population [10]. The area of living was defi ned as central or peripheral as previous studies 

showed diff erent prevalences of HIV and HTLV-1 in the central and peripheral areas of Caio [10]. 

Medical care was provided by the project’s physician when needed. At the time of the study no anti-

retroviral therapy was available in Guinea-Bissau. 
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Laboratory methods
Diagnostics
Plasma samples of the mothers and the children were tested for the presence of antibodies to 

HTLV-1 and 2 by the Murex HTLV-1+2 (Abbott Murex Diagnostics, Dartford, UK). Reactive samples 

were retested by the same ELISA. HTLV-1 infection status was further determined by PCR using 

sequences targeted to the tax/rex gene [15]. No Western Blot assay was performed. Each reaction 

was spiked with 10 copies of phage lambda DNA. This was co-amplifi ed in the same reaction to 

control for non-specifi c inhibition. Because these tax/rex primers amplifi ed both HTLV-1 and HTLV-2 

sequences, amplicons were digested with the restriction enzyme Sau 3A (which cuts only HTLV-1) 

to distinguish the two viruses. In this study all PCR-positive samples were confi rmed to be HTLV-1 

by Sau 3A digestion. 

Proviral load
To determine the proviral load of HTLV-1, 600 ng of extracted DNA from whole blood was amplifi ed 

using the same primer set described above. The fi rst round PCR was amplifi ed for only twenty cycles 

and the second round PCR was amplifi ed in a real-time thermal cycler using SYBR-green detection 

(Qiagen). Viral loads were determined with a standard curve generated from DNA extracted from 

the 8166 T-cell line. Results were expressed as proviral copies/105 cells. The limit HTLV-1 detection 

was 4 copies/105 cells, thus undetectable viral loads were assigned a value of 2 copies/105 cells. 

The HIV status of all maternal subjects was obtained from previous studies; the testing and diagnostic 

algorithms have been described [16].

PCR and sequencing
Amplifi cation of the proviral DNA was performed with a hemi-nested PCR using standard conditions. 

The LTR region was amplifi ed as two overlapping fragments with modifi ed primers derived from 

Salemi et al. [17]: an LTR-gag PCR of 438 bp with MO195-MO196 as outer and MO197-MO198 as 

inner primers and a tax-LTR PCR of 475 bp with MO199-MO200 as outer and MO201-MO202 as inner 

primers. The primers that were used were as follows:

LTR to gag fragment

MO195 (outer forward (OF)) AACTAGCAGGAGTCTATAAAAGCG (based on AV117)

MO196 (outer reverse(OR)) AAAGATTTGGCCCATTGCCTAG (based on AV118)

MO197 (inner forward (IF)) ACAGTTCAGGAGGGGGCTC (based on AV119)

MO198 (inner reverse (IR)) TAGGGAATAAAGGGGCGCTC (based on AV120)

tax to LTR fragment

MO199 (OF) ACTCACACGGCCTCATACAG (based on AV121)
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MO200 (OR) ACGCAGTTCAGGAGGCAC (based on AV122)

MO201 (IF) CTGTTTGAAGAATACACCAACATCC (based on AV123)

MO202 (IR) CTCAACCGGCGTGGATGG (based on AV124)

Purifi ed PCR products were obtained after 1% agarose gel electrophoresis using Qiaquick Gel 

Extraction (Qiagen) and were sequenced using the inner PCR primers from both directions by 

Macrogen (www.macrogen.com). The resulting sequences were assembled and ambiguities were 

resolved using the sequence alignment editor BioEdit [18] and aligned using ClustalW2 (http://

www.ebi.ac.uk/) [19]. DNA extraction and PCR reactions from each member of mother-child pairs 

were done on separate days to avoid cross-contamination. In addition, negative controls were 

performed to test for such contamination. The sequences have been deposited in Genbank with the 

following accession numbers (JN655856 to JN655872).

Statistics
Data were analyzed using STATA 11 (Stata Corporation, USA). Comparisons between normally 

distributed variables were made by the t-test and non-normally distributed data were compared 

by the Wilcoxon ranksum test. Discrete data were compared by the chi-square or Fisher’s exact 

test. Associations between continuous data were assessed by Spearman’s correlation coeffi  cient. 

Variables for mother’s age, children’s age and log proviral load were divided into quartiles, as was 

done previously [3,13], and weaning age and birth order divided in < and ≥ the median. To account 

for clustering of multiple children per mother, a general estimation equation logistic model was 

used to examine the factors associated with HTLV-1 infection in children. Statistical signifi cance was 

determined by the Wald statistic.

The study was approved by the joint Ethics Committee of the Medical Research Council/Gambia 

Government and by the National Ethics Committee of Guinea-Bissau.

Results
Study participants
From previous studies in the village, 90 HTLV-1 positive women and 90 age-matched HTLV-1 

negative women were selected. Of the 180 mothers, 5 had died and 42 had moved away from the 

study area or had temporarily traveled. 133 (74%) mothers were successfully located by the fi eld 

team and 130 (98%) agreed to participate. 

The 130 participating women had 799 children who were alive; 67 mothers (32 HTLV-1 infected and 

35 HTLV-1 uninfected) had children aged less than 15 years (140 children total). A blood sample 

was obtained from 125 of these 140 children, thus including 61 mothers (31 HTLV-1 infected and 30 

HTLV-1 uninfected) with 125 children (55 born to HTLV-1 infected and 70 born to HTLV-1 uninfected 
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mothers) in the main analysis (Figure 1). All children were singletons. All study participants had at 

least one positive ELISA and a positive PCR, except for one mother whose sample was ELISA positive 

but PCR negative (Table 1).

Figure 1 | Flow diagram of study participants: the selection of mothers and their children, Caió, 2004.

Table 1 | Paired HTLV-1 ELISA and PCR test results of 61 mothers and 125 children in HTLV-1 MTCT study, 

2004, Caio, Guinea-Bissau.

PCR Positive PCR Negative Total

Mothers

 ELISA positive 29   1  30

 ELISA negative  0  31  31

Children

 ELISA positive 14   0  14

 ELISA negative  0 111 111

The median age of HTLV-1 infected mothers at delivery was similar to that of uninfected mothers 

(both 34 years; ranksum test, p=0.9). The HTLV-1 infected mothers had had 179 live born children 

in total, of whom 52 (29%) had died. This was similar to the HTLV-1 negative mothers, who had had 

188 live born children of whom 56 (30%) had died (chi square, p=0.9). Twenty-fi ve (81%) of the 31 
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infected mothers and 18 (60%) of the 30 non-infected mothers lived in the central area of the village 

(chi square, p=0.08). 

Proviral load and transmission
None of the children of HTLV-1 negative mothers were HTLV-1 positive. Of the 55 children born to 

HTLV-1 positive mothers, 14 (25%) were infected (p<0.001). Eleven HTLV-1 positive mothers had 

infected children: one mother had three infected children, one mother had two infected children, 

and the other nine mothers had one infected child each.

The median proviral load of the infected mothers was 31 copies/105 cells (range undetectable-2669). 

The median proviral load of infected children was 8 copies/105 cells (range undetectable-11,233). 

There was no correlation between the proviral load in mothers with that of their children (Spearman’s 

r=-0.04, p=0.9).

Odds ratios (OR) were estimated for possible risk factors of HTLV-1 infection among the 55 children 

born to HTLV-1 infected mothers (Table 2). None of the HTLV-1 positive children had ever received 

a blood transfusion. A signifi cantly increased OR of 3.5 (95% Confi dence Interval (CI) 1.6 – 7.7) was 

found for each quartile increase in mother’s log10 proviral load. A non-signifi cantly increased OR 

for higher weaning age was observed (2.7, 95% CI 0.5 – 14.5). In the multivariable model, mother’s 

log10 proviral load, weaning age and any means of making money were kept in the model, because 

these are known risk factors for HTLV-1 infection [2,3]. Any means of making money (OR 4.1, 95% CI 

0.8 – 19.5) and weaning age above 19 months (OR 3.1, 95% CI 0.6 – 15.1) both confounded the OR 

of mother’s log proviral load by >10%, but were themselves not statistically signifi cant predictors 

of HTLV-1 infection. The adjusted OR for mother’s log10 proviral load was 5.5 (2.1 – 14.6) per quartile 

(p=0.001).

For some children, the HTLV-1 diagnosis of their mother was made after their birth. To exclude 

the possibility of misclassifi cation of these children, an additional analysis was performed only 

including children whose mother’s HTLV-1 status was known at birth. Thirty-one children born to 

HTLV-1 positive mothers were then included, of whom 10 (32%) (p<0.001) were HTLV-1 infected. 

The unadjusted OR for mother’s log10 proviral load was 4.1(1.5 – 11.5) and the adjusted (for weaning 

age and any means of making money) OR was 3.6 (1.2 – 10.3). Another analysis was performed to 

ascertain that sexual activity had not yet started; girls aged 13 and 14 years old (n=8) were excluded 

and the adjusted OR for mother’s log10 proviral load (4.8 (1.6 – 14.1)) remained signifi cantly increased.

The median proviral load of mothers who transmitted was 348 copies/105 cells (range 13 – 1134) 

and of mothers who did not transmit 6 copies/105 cells (range undetectable-2669) (ranksum test, 

adjusted for clustering; p<0.001) (Figure 2).
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Table 2 | Factors and characteristics associated with Human T cell Lymphotropic Virus type 1 (HTLV-1) 

infection among 55 children (<15 years of age) born to 31 HTLV-1 positive mothers in Caió, Guinea-Bissau

HTLV-1 cases/total 
(%)

Crude OR for HTLV-1 
infection (95% CI)

P

Characteristics of the Mother

Mother’s age at delivery (years) 0.6

 <24 5/20 (25) 1

 24-31 4/12 (33) 1.5

 32-37 2/10 (20) 0.9

 >37 3/13 (23) 0.8

Mother’s log10 proviral load (copies/105 
cells) (per quartile)*

- 3.5 (1.6-7.7) 0.002

 Undetectable 0/13 (0)

 0.6-1.4 1/14 (7)

 1.5-2.4 5/11 (45)

 >2.4 8/16 (50)

Mother’s most recent HIV status 0.3

 Negative 14/50 (28) -

 Positive 0/5 (0) -

Area of living of mother 0.6

 Peripheral 2/11 (18) 1

 Central 12/44 (28) 1.6 (0.2-10.6)

Any means of making money by mother** 0.9

 No 6/23 (26) 1

 Yes 8/30 (27) 1.1 (0.3-4.6)

Characteristics of the Child

Sex of child 0.9

 Boy 8/27 (30) 1

 Girl 6/28 (21) 0.9 (0.3-3.1)

Current age of child 0.8

 3 months – 4 years 4/11 (36) 1

 4-9 years 3/15 (20) 0.7 (0.1-3.6)

 10-12 years 2/13 (15) 0.5 (0.1-3.0)

 13-14 years 5/16 (31) 1.0 (0.2-4.9)

Weaning age (months)*** 0.3

 3-19 2/15 (13) 1

 20-28 11/36 (31) 2.7 (0.5-14.5)
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Table 2 (Cont.) | Factors and characteristics associated with Human T cell Lymphotropic Virus type 1 (HTLV-1) 

infection among 55 children (<15 years of age) born to 31 HTLV-1 positive mothers in Caió, Guinea-Bissau

HTLV-1 cases/total 
(%)

Crude OR for HTLV-1 
infection (95% CI)

P

Birth order of child 0.9

 1st-4th 8/29 (28) 1

 5th-12th 6/26 (23) 0.9 (0.3-3.2)

Ever received a transfusion -

 No 14/55 (25) -

 Yes 0/0 -

Ever received injection in health center 0.7

 No 3/9 (33) 1

 Yes 11/46 (24) 0.7 (0.1-3.7)

Received injection outside of health care 
facilities

0.6

 No 14/52 (27) -

 Yes 0/3 (0) -

Received (traditional) cuts 0.2

 No 8/34 (24) 1

 Yes 6/21 (29) 2.3 (0.7-7.7)

Received (traditional) piercings 0.5

 No 8/26 (31) 1

 Yes 6/29 (21) 0.6 (0.2-2.2)

OR, Odds Ratio; CI, Confi dence Interval, * 1 mother did not have a proviral load measurement, ** missing data for 2 
mothers, *** 4 children were still breastfed at the time of the study (ages 2.5, 6, 8.5 and 12 months) and were excluded 
from this analysis

The youngest child that tested HTLV-1 positive was 2.5 months. The proviral load of this child was 

264 copies/105 cells and he was born to a mother whose proviral load was 348 copies/105 cells and 

whose 2 other sons that participated were also HTLV-1 positive. 

Among the 31 HTLV-1 infected mothers, 16 (52%) mothers had one child participating in the study 

and 15 (48%) mothers had 2 or more children that participated. Six of the 15 (40%) mothers had 

children with discordant HTLV-1 status. Of 1 mother (3%) all enrolled children were HTLV-I infected 

and of 8 mothers (26%) all enrolled children were uninfected. 
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Figure 2 | Mothers’  Human T cell Lymphotropic virus type 1 (HTLV-1) log10 proviral load by HTLV-1 infection 

status of their children in Caió, Guinea-Bissau. Horizontal lines indicate median log10 proviral load.

Sequence analysis
In an eff ort to confi rm the maternal source of HTLV-1 infection, HTLV-1 sequence data were obtained 

from mother-child pairs. As HTLV-1 evolution is very slow [20], we hypothesized that identical 

sequences would be observed for mother-child pairs if vertical transmission had occurred whereas 

infection from another source would appear as non-identical mother-child sequence pairs. Twenty-

three samples of mother-child pairs were still available for sequencing (other samples were depleted 

or missing) and from 16 of these LTR sequences could be obtained. Samples in which sequencing 

failed had a lower proviral load compared to samples on which sequencing was successful. Complete 

sequences were obtained from 5 mother-child pairs and only the tax-part of the LTR sequence was 

obtained from 2 mother-child pairs (age range children: 3 – 14 years). These sequences all belonged 

to the cosmopolitan subtype 1a, subgroup D, which has also been described in pregnant women 

in the capital of Guinea-Bissau, Bissau [21]. The complete pair sequences were compared to another 

Caio HTLV-1 sequence (Caio4142, manuscript in preparation), diff erences from this Caio master 

sequence are marked in Figure 3. There is 100% identity between sequences within pairs, but each 

pair has unique diff erences from the master sequence. 
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Figure 3 | Highlighter plot of 5 complete LTR sequences of mother-child pairs compared to a reference 

strain from Caio, Caio4142. This highlighter plot was made using a program from the Los Alamos National 

Laboratories website (http://www.hiv.lanl.gov/content/sequence/HIGHLIGHT/highlighter.html). The lines 

represent nucleotide changes compared to the reference sequence, Caio4142. 

Discussion
This study demonstrates a very strong and highly signifi cant association between HTLV-1 proviral 

load of mothers and HTLV-1 infection of their children in a rural community in Guinea-Bissau. This is 

the fi rst time such an association has been reported in an African study and suggests MTCT is very 

likely to be a major factor contributing to the HTLV-1 endemic in this area. It is not possible to rule 

out other transmission routes in this study due to its cross-sectional design. However, HTLV-1 loads 

are stable over time [22], therefore the measured maternal load likely refl ects the load around time 

of delivery. The only factor associated with HTLV-1 infection in children was the maternal proviral 

load while none of the children with an uninfected mother were HTLV-1 positive. A limitation of 

the study is that in some cases it was uncertain whether the mother was HTLV-1 infected at the 

time of delivery. We therefore performed a sensitivity analysis excluding these cases, and still 

showed a signifi cantly increased OR for the mother’s log10 proviral load. A signifi cantly increased 

OR was also still observed after exclusion of 13 and 14 year old girls, in order to further rule out a 

potential sexual route of infection. Also, seven mother-child pairs had identical HTLV-1 sequences, 
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lending additional support to the maternal origin of the children’s infection [23]. The children from 

whom these sequences were obtained had an age range of 3 to 14 years, further suggesting sexual 

transmission to be very unlikely in older children. Unfortunately, only 7 mother-child pairs could be 

sequenced. This is a limitation of the study, although it seems unlikely that these sequences would 

not be representative of all the pairs from the study. The age at weaning, which was previously 

shown to be an independent risk factor, was not associated with HTLV-1 infection in our study. This 

lack of association could be due to the high median weaning age (20 months) and the fact that all 

but one child were breastfed longer than 12 months, so there was no comparison group of short-

term breastfed children [3-4]. Maternal income was measured in this study by assessing whether 

the woman had the means to make any money. This may, in the rural setting of this study, not be 

the best indicator for socio-economic status and therefore not be signifi cantly related to HTLV-1 

infection, or there is truly no association, as opposed to what was observed in the Jamaican cohort 

[3-4,24]. 

The observed discordance in HTLV-1 status between siblings from HTLV-1 positive mothers suggests 

that factors in addition to maternal proviral load play a role in the transmission. Biggar et al. showed 

an independent increased risk with increase in concordance of HLA type 1 alleles of children in 

the Jamaican cohort [24] and Brown et al. found certain haplotypes of the IL6 and IL10 genes to be 

associated with HTLV-1 infection. In both studies, this association was independent of weaning age 

and the mother’s proviral load. Also, a dominant gene on chromosome 6 was found to be associated 

with childhood infection in families of African descent in French Guyana [25]. In genetic studies 

among adults, specifi c polymorphisms in the DC-SIGN gene were associated with HTLV-1 infection 

in a Brazilian population [26] and CCR2-64I (a polymorphism of a chemokine receptor gene) in 

the Jamaican cohort [27]. A factor that has not been explored so far is the role of non-exclusive 

breastfeeding (versus exclusive breastfeeding), which is the rule in Guinea-Bissau and which has 

been found to be an important risk factor for vertical transmission of HIV-1. It is conceivable that 

this may infl uence the transmission of HTLV-1 as well. Unfortunately, this factor was not covered 

by our questionnaire. It would be of major interest to further explore the factors involved in the 

discordance of HTLV-1 infection of siblings. They represent a unique group of individuals with a very 

similar exposure to HTLV-1, but an apparent diff erence in susceptibility to the infection.

The youngest infant in this study with detectable provirus was 2.5 months old. In a Japanese cohort, 

3 – 4 % of bottle fed infants born to HTLV-1 positive mothers became HTLV-1 infected, suggesting 

other routes of transmission than breast feeding [28]. In a recent review, Hino suggests placental 

transmission during delivery would be the most plausible route [29]. This review also highlights 

that bottlefeeding is preferred over short term breastfeeding for prevention of MTCT, as there is 

no clear evidence that the risk of transmission with short term breastfeeding is equal to the risk of 
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transmission with bottlefeeding [29]. This may not apply, though, to developing countries where the 

risks of not breastfeeding may not outweigh the risks associated with HTLV-1 transmission. 

In summary, in this study from rural Guinea-Bissau, we found 25% of children of HTLV-1 infected 

mothers to be HTLV-1 infected. Infection in the children was signifi cantly associated with an 

increased maternal proviral load and in 7 mother-child pairs, identical LTR sequences were observed.
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