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Background: The seroprevalence of Human T-cell Leukemia Virus Type 1 (HTLV-1) is female predominant
despite the higher incidence of Adult T-cell Leukemia (ATL) in males. If the mother-to-child transmission
of HTLV-1 is more common for male infants than in female infants, longer exposure to the virus for males
may explain the paradoxically higher incidence of ATL.
Objectives: To test the hypothesis that the seroprevalence of HTLV-1 is male predominant during adoles-
cence.
Study design: The presence of HTLV-1 antibody in 272,043 blood samples donated to a regional blood
bank in an HTLV-1 high-endemic region was assessed.
Results: The entire population of female donors had a significantly higher seroprevalence compared to
males (2.05% and 1.80%, respectively, p < 0.0001). However, compared with male donors, the carrier rate

for female donors was lower for the youngest subgroup (16–19 years, p = 0.0011); was similar for the
next two age subgroups (20–29 years and 30–39 years); and was significantly higher for the last two age
subgroups (40–49 years and over 50–64 years, both p < 0.0001). In general, older age subgroups led to
higher seroprevalence in both genders.
Conclusions: HTLV-1 infection is more common for males until after age 20, when male to female sex-

s like
ual transmission become
males.

. Background

Human T-cell Leukaemia Virus Type 1 (HTLV-1) is a retro-
irus which is highly endemic in Saharan Africa, South America,
aribbean Islands, Aboriginal Australia and Japan.1 The carrier rate

n Japan is ∼1%, but seroprevalence of up to 10% has been reported
n southern islands, such as Kyushu and Okinawa.2 HTLV-1 causes
dult T-cell Leukaemia (ATL) and myelopathy/tropical paraparesis
esulting in a significantly shorter average lifetime for carriers.3

Transmission of HTLV-1 occurs mainly by breastfeeding and sex-
al interactions.4,5 Following the successful campaign started in the
ate 1980s, for exclusive bottle-feeding by HTLV-1 carrier moth-
rs, the transmission rate during infancy has significantly fallen
n Kyushu and Okinawa.2 While the probability of mother-to-child
ertical infection is considered to be non-gender-specific, sexual
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ly. This suggests that mother-to-child transmission is more common for

© 2009 Elsevier B.V. All rights reserved.

transmission mainly occurs from males to females,6 which explains
why females overall have a higher carrier rate than males.2 Despite
this the incidence and mortality of ATL are higher for Japanese
males compared with females.3,7 As the development of ATL is
related to the length of the period after seroconversion,2 we hypoth-
esised that male carriers are exposed longer to the virus prior to
the diagnosis of ATL because of male-dominant mother-to-child
transmission of HTLV-1.

2. Objectives

The aim of this study was to test the hypothesis that the
seroprevalence of HTLV-1 is paradoxically male dominant during
adolescence.

3. Study design
The presence of HTLV-1 antibody in 272,043 blood samples from
volunteers (16–64 years old) who donated their blood to a regional
blood bank between April 1995 and March 1999 was retrospec-
tively assessed. These bloods were screened for HTLV-1 antibody
using three methods: indirect immunofluorescence; enzyme-

http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:o.iwata@orbix.uk.net
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inked immunosorbent assay; and gelatin particle agglutination.
he study period was chosen because only immunofluorescence
as used before 1995, and more recent samples were not included

o avoid the bias of the exclusive bottle-feeding campaign for HTLV-
carrier mothers that began in the late 1980s.8

The seroprevalence of HTLV-1 was analyzed using binary logistic
odels respectively over five age bands of G16–19 (16 ≤ age at dona-

ion < 20 years old), G20–29 (20 ≤ < 30), G30–39 (30 ≤ < 40), G40–49
40 ≤ < 50) and G50–64 (50 ≤ < 65) with gender and study epochs
year at donation: 1995, 1996, 1997 and 1998) as independent
ariables. The age at donation was not included within the model
ecause the seroprevalence in each age band within our study is not

ikely to reflect the natural age-related change because of potential
iases (see Section 5 for detail). Instead the prevalence of HTLV-1
etween different age subgroups was compared independently of
ther factors using the chi-square test. The statistical significance
as corrected for the multiple comparisons over five age band cat-

gories using the Bonferroni’s correction.

. Results

No temporal change in the HTLV-1 prevalence rate was observed
uring four study years (data not shown). Overall females showed
ignificantly higher HTLV-1 seroprevalence compared to males
2.05% and 1.80%, respectively, p < 0.0001). For G16–19, seropreva-
ence was higher for male donors (0.90%) compared to female
onors (0.56%) (p = 0.0011, Table 1). For the next two age bands
f G20–29 and G30–39, the seroprevalence was not significantly
ifferent between genders, whereas female dominant seropreva-

ence was observed for the age bands of G40–49 and G50–64 (both
< 0.0001, Table 1).

For female donors overall, the older age subgroups had sig-
ificantly higher HTLV-1 seroprevalence compared with younger
ubgroups in all pair-wise comparisons (p < 0.0001) except between
16–19 and G20–29 (Table 1). This trend was also observed for male
onors, where G16–19 and G20–29 were not significantly different
nd all other pair-wise comparisons showed significantly higher
eroprevalence for older subgroups (p = 0.0087 between G20–29 and
30–39, and p < 0.0001 for all other pair-wise comparisons, Table 1).

. Discussion

HTLV-1 seroprevalence was male dominant among Japanese
dolescents in contrast to the female dominance that was observed
fter the age of 40. This suggests that mother-to-child transmission
f HTLV-1 might be more common for males.
.1. Limitations and biases

Our study was an observational study of the blood donors, who
ave been utilised for surveillance of viral infections.9,10 However

able 1
ependence of HTLV-1 seroprevalence on gender and age.

ge Male Female p-values
(male vs. female)

16–19 14149 (0.90%) 19620 (0.56%) 0.0011
0–29 41967 (0.70%) 38604 (0.72%) ns
0–39 40364 (1.22%)* 18025 (1.47%)** ns
0–49 42504 (2.16%)* 15699 (3.39%)* <0.0001
0–64 27828 (2.82%)* 13238 (4.47%)* <0.0001

alues were shown as total number (carrier rate in percent).
-values were corrected for multiple comparisons.

* p < 0.0001 in comparison with other age subgroups in the same gender.
** p = 0.0087 in comparison with 20–29 years (female) and p < 0.0001 with other

emale subgroups.
Virology 45 (2009) 135–138

the donation does not occur “at random” from the natural cohort,
but is biased by multiple known and unidentified factors. Some spe-
cific demographics (e.g. elderly people and house wives with young
children) may affect the donation rate, as shown by the marked drop
in female donors after the age of 30 in our study population. Some
donors would be seropositive for hepatitis-B virus (HBV), hepatitis-
C virus (HCV), human immunodeficiency virus (HIV) or HTLV-1 at
medical checks (e.g. pregnancy and surgical operation), and would
not be eligible for donation. However during the window of this
study, the blood bank did not notify donors about the result of the
blood screening tests to discourage “the donation for free blood
tests”.11

The influence of multiple donations within the same study
year may also influence seroprevalence because the denomina-
tor in our study was the number of blood donations rather than
blood donors. However volunteers who made multiple donations
within a study year had an equal risk of acquiring HTLV-1 infec-
tion during the interval between donations as one-time donors.
Such a procedure is statistically regarded as “sampling with
replacement”, where the influence of multiple donations are lim-
ited unless donations are mainly made by a small fraction of
donors. Although no published data are available for the pattern of
repeated donations, according to the website of Japanese Ministry
of Health, Labour and Welfare (information in Japanese available
at www.mhlw.go.jp/wp/seisaku/jigyou/), in 2001, the fraction of
donors with multiple donations per year was ∼25% and the aver-
age frequency of donation was ∼1.6 per donor: this rate was similar
between high-school students, college students and other elder
populations.

Apart from sampling biases, certain medical, social and cultural
trends, such as sexual practices and breastfeeding strategies (e.g.
elective formula-feeding campaign),8 may affect the HTLV-1 preva-
lence in specific age bands. Therefore any difference between age
subgroups may not directly reflect the temporal change in preva-
lence within a cohort. Although the youngest donors in our study
population were born at least 10 years earlier than the commence-
ment of the campaign, we observed a significant alteration in the
prevalence between different age subgroups presumably, due to
reduced breastfeeding for younger subgroups.2 Regional breast-
feeding practices may also affect the transmission rate. A study
based on over 50,000 Japanese infants reported a higher rate for
exclusive breastfeeding at 6 months of age for female infants com-
pared to male infants (21.5% and 20.6% respectively),12 which may
contribute to a subtle increase of the HTLV-1 vertical transmission
for females.

Thus, although our study demonstrates the dynamic alteration
of gender-specific HTLV-1 prevalence based on a large sample
size, potential biases should be considered in interpreting the
findings.

5.2. Transmission of HTLV-1 and gender-specific predominance

HTLV-1 is mainly transmitted via breastfeeding, sexual inter-
action and contact with carrier’s blood, the last of which is rare
in our population owing to the donor blood screening, relatively
uncommon illegal drug injection in Japan,6,13 and strict exclusion
policy of blood donors with such a history. As reported in most
previous studies,2,6 we observed a female dominant prevalence of
HTLV-1 over the entire population, which has been explained by the
more efficient sexual transmission in the direction of male to female
compared with the other way.14 In contrast, the carrier rate was

male dominant in the youngest subgroup. Given that the integrated
individual risk of HTLV-1 acquisition is age-dependent,15 HTLV-1
prevalence for G16–19 would be best explained by a higher risk of
vertical transmission for males compared with females. Our prelim-
inary analyses for adolescent blood donors in the same region, but

http://www.mhlw.go.jp/wp/seisaku/jigyou/
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ith different sampling years of 1989, 1999 and 2007, support the
urrent finding with similar male to female carrier ratios of ∼1.616

data unpublished for 2007).
Previous studies in children and adolescents suggested non-

ender-specific seroprevalence of HTLV-115,17 presumably because
f the inclusion of sexually active subjects (10–19 years old)15 or the
ack of the study power (based on six seropositive subjects within
79 volunteers).17 Few studies specifically addressed the influence
f the gender to the risk of HTLV-1 vertical transmission. A study
onducted in French Guyana reported a higher mother-to-child
ransmission rate for female infants compared with male infants.18

owever, this was based on only 21 vertically transmitted cases
6 boys and 15 girls), resulting in a limited statistical significance
lose to the threshold. Further studies are required to assess the
ctual mother-to-child transmission rate enrolling a large number
f young children.

.3. Potential mechanism of paradoxical male predominance of
TLV-1 infection during adolescence

Although the detailed mechanism of the age- and gender-
ependent HTLV-1 prevalence is unknown, gender-specific differ-
nces in viral transmission and seroconversion has been widely
ecognised.2,6,19–21 Mother-to-child transmission of HBV and HCV
ainly occurs at delivery but rarely via breastfeeding,22 whereas

or HIV, intra-uterine infection and transmission via breast milk
re both important. Conflicting reports exist on mother-to-child
ransmission of HBV and HCV. However, a study conducted on
1800 infants born to HCV-infected mothers demonstrated twice
s much vertical transmission to females as males.23 For HIV,
ntra-uterine infection is reported to be female dominant,24–28

hereas post-natal infection is more common for males.29,30

ne might speculate that the gender-specific risk of transmission
aries according to the transmission route. Preliminary evidence
n male subjects compared with female subjects suggests a
igher prevalence of orally/enterally acquired infections, such as
nterovirus 71,31,32 enteric adenovirus,33,34 and rotavirus,34 result-
ng in a higher incidence of diarrhoea35 and hand, foot and mouth
isease.31,32 Several studies did not find these gender-specific
ifferences.36,37 Of special note, a study in Australia based on
ver 1800 blood samples demonstrated male dominant seropos-
tivity of poliovirus in younger age groups; an opposite trend
as seen in the adult age groups.38 This result is interesting

specially as the injection of inactivated polio vaccine in 2000
hildren resulted in non-gender-specific seroconversion.39 As our
urrent study was not designed or powered to explain the gender-
pecific prevalence of HTLV-1 and other viruses, further studies
re required to link the findings in different viruses and condi-
ions.

.4. Clinical implications and conclusions

Our findings add robust evidence to support the gender-
nd age-specific susceptibility to the viral infection, and may in
art explain the high paradoxical incidence of ATL in Japanese
ales despite overall lower carrier rate of HTLV-1 compared

o females. Further investigation is essential to test whether
he same phenomenon is observed in regions and populations
here the risk of ATL is either gender-non-specific or female
ominant.40,41 For optimal control of this viral infection, under-

tanding the transmission route and the local defence mechanisms
s essential. Future investigation may address multiple factors
uch as the gender, age, types of virus and other environ-
ental factors to establish a “tailored” prevention protocol for
TLV-1.
Virology 45 (2009) 135–138 137
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