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Human T-cell leukemia virus type-1 (HTLV-1), a
major source of adult T-cell leukemia and relat-
ed diseases, is endemic to southwestern Japan.
Mother-to-infant transmission via breast milk is
an important route of infection, and establish-
ing programs to prevent such transmission
requires exact figures on the HTLV-1 prevalence
rate and the number of carriers. Therefore, the
seroprevalence of HTLV-1 among 1,196,321
Japanese first-time blood donors from 2006 to
2007 was investigated. A total of 3,787 of such
donors were confirmed to be positive for anti-
HTLV-1 antibody. By applying a fitness curve to
the age ranges outside the blood donor age
range, the present number of HTLV-1 carriers
covering ages from 0 to 99 years was estimated
to be at least 1.08 million in Japan; this value
was 10% lower than that reported in 1988. The
adjusted overall prevalence rates were estimat-
ed to be 0.66% and 1.02% in men and women,
respectively. The peak in carrier numbers was
found among individuals in their 70s, which is
a shift from the previous peak observed in the
1988 database among individuals in their 50s.
Carriers were distributed not only in the en-
demic southwestern region of Japan, but
throughout the country, particularly in the
greater Tokyo metropolitan area. By applying
population projections, it was calculated that
the carrier number will decrease by half in the
next two decades; however, the carrier popula-
tion will age over that interval, meaning that
the age of patients with adult T-cell leukemia
will also be higher. J. Med. Virol. 84:327~
335, 2012. © 2011 Wiley Periodicals, Inc.

KEY WORDS: HTLV-1; seroprevalence; blood

donors

INTRODUCTION

The human T-lymphotropic virus type 1 (HTLV-1;
Retroviridae, Deltaretrovirus, Simian T lymphotropic

© 2011 WILEY PERIODICALS, INC.

virus) is a pathogenic retrovirus that causes adult T-
cell leukemia, HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP), and uveitis [Takat-
suki et al., 1977; Hinuma et al., 1981; Gessain et al.,
1985; Osame et al.,, 1986; Mochizuki et al., 1992].
HTLV-1 prevalence shows a peculiar geographical dis-
tribution pattern, with virtually exclusive concentra-
tion in southwestern Japan, the Caribbean islands,
regions of South America, and tropical Africa [Manns
and Blattner, 1991; Mueller, 1991]. The high endemic-
ity of the virus and the seriousness of the resulting
diseases have prompted epidemiological research on
the mode of viral transmission. Three major routes of
viral transmission have been established: (1) mother-
to-infant transmission, mainly via breast-feeding
[Yamanouchi et al., 1985; Kinoshita et al., 1987]; (2)
sexual transmission, predominantly male to female
[Tajima et al.,, 1982; Murphy et al., 1989]; and (3)
transfusion by cellular blood components [Okochi
et al., 1984]. Transmission of the virus via transfusion
has virtually been eliminated since the implementa-
tion of viral screening of donated blood in 1986 [Ikeda
et al., 1984; Inaba et al., 1989]; thus, transmission
today is mostly confined to the mother-to-infant and
sexual routes. Carriers of the virus are readily identi-
fied by screening for the anti-HTLV-1 antibodies, and
the most effective measure for the prevention of moth-
er-to-infant transmission is apparent (i.e., bottle feed-
ing). Hence, the implementation of strategies to
prevent transmission is considered a matter of both
public health and public policy in endemic areas
[Hino, 2003]. Although several local governments in
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southwestern Japan have implemented a screening
and consultation system, national guidelines for
HTLV-1 screening have not been created; the screen-
ing of pregnant women for the virus has been left to
individual gynecologists. The establishment of a pro-
gram for carrier management would be facilitated
by data on HTLV-1 prevalence rates and carrier num-
bers. To determine the current status of HTLV-1
infection in Japan, the HTLV-1 carriage rate among
first-time blood donors during 2006 and 2007 was in-
vestigated, and the results were used to deduce the
number of carriers in the entire country. In combina-
tion with published data on population projections,
the results permitted an estimate of future changes in
the number of carriers.

MATERIALS AND METHODS
Screening for Anti-HTLV Antibodies

In Japan, blood centers of the Japanese Red Cross
(JRC) are the sole facilities authorized to handle blood
collection, testing, processing, and distribution. In
1986, the JRC implemented an agglutination assay to
screen for the presence of anti-HTLV-1 antibodies
[Inaba et al., 1989]; use of this test continued until
2008. Prior to donation, all blood donors were
informed that donated blood would be tested for anti-
HTLV-1 antibodies. Blood donors examined in the
current study were first-time donors (i.e., donors who
have no record of blood donation for approximately
the preceding 10 years) who donated blood during the
2 years from January 1, 2006 to December 31, 2007.
Enrolling only first-time donors for the present study
precluded the recounting of seronegative donors. Sam-
ples that were positive by the agglutination assay
were subjected to a confirmatory test that employed
immunofluorescence staining of the target MT-2 cell
line [Miyoshi et al,, 1981]. Only donors who were
positive by the confirmatory test were included in the
present study.

Estimation of Number of Carriers

Current and prospective population statistics for
Japan were obtained from the vital statistics [Nation-
al Statistics Center, 2009a] published by the Japanese
Ministry of Health, Labour, and Welfare. The HTLV-1
prevalence rate among the first-time donors was
obtained for each category defined by age, sex, and
Prefecture. The number of HTLV-1 carriers in each
category was estimated by projecting the detected
prevalence rate to the population of that category.
The ages of blood donors were categorized by intervals
of 10 years. To deduce the carrier number for com-
bined larger categories, the estimated carrier num-
bers were summed for the respective categories.
Figures thus obtained are equivalent to those that are
adjusted for age, sex, and Prefecture.

For most of the analyses, the 47 Prefectures of
Japan were grouped into seven districts: Hokkaido,

J. Med. Virol. DOI 10.1002/jmv
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Tohoku, Kanto, Chubu, Kinki, Chugoku/Shikoku, and
Kyushu. However, the number of carriers in Hokkaido
and Tohoku were combined for the purpose of compar-
ing changes in carrier numbers over the past two
decades. To assess the distribution of the mean preva-
lence rates among Prefectures, the seven districts
were grouped further into three larger regions, as
follows (see also the map in Figure 4): eastern and
central Japan (consisting of the Hokkaido, Tohoku,
Kanto, and Chubu districts); western Japan (consist-
ing of the Kinki and Chugoku/Shikoku districts);
and southwestern Japan (consisting of the Kyushu
district).

In Japan, the age of eligibility for blood donation
was 16-64 years during the study period. For simplic-
ity, the prevalence rate in the population in the 16-19
age category was assumed to correspond to that of the
population in the 15-19 age category. The prevalence
rates in the populations in the 0—4, 5-9, and 10-14
age categories were estimated by assuming that the
prevalence rates in these cohorts form an exponential
series with those of the 15-19, 20-29, 30-39, and
40-49 age categories. The corresponding curve was
defined by the equation R, = Ry x e where R,
and Ry indicate the seropositivity rates at ages a and
0, respectively. The prevalence rate for the 10-19 age
category was derived by combining the prevalence for
the 15-19 age category with the estimated rate for
the 10-14 age category. Similarly, the rate for the 0-9
age category was deduced by combining the rates for
the 0—4 and 5-9 age categories.

The prevalence rate for the population in the 60-64
age category was assumed to correspond to that of the
population in the 60—69 age category. The prevalence
rates for the populations in the 70-79, 80-89, and
90-99 age categories were estimated based on the ob-
servation (1988 data) that prevalence rates increased
in an essentially linear fashion between 30 and
64 years of age [Hashimoto et al., 1991]. Two decades
later, prevalence rates in the population aged 50- to
84-year old are expected to be equal to or higher than
that in the population aged 30-64 years observed in
1988.

Reevaluation of the Number of
Carriers Surveyed in 1988

In 1988, a nationwide survey was carried out
among blood donors to estimate the number of HTLV-
1 carriers in the entire country [Hashimoto et al.,
1991]. That study screened for seropositivity among
all donors, not just first-time donors. However, data
were collected only for donations made during a
1-month interval, which should have precluded data
from repeated donations. In addition, at the time of
that study, donors were not yet being notified of their
HTLV-1 status, meaning that seropositive donors
could continue donating blood. Prevalence rates obtained
under these conditions (Table I) were regarded as
equivalent to the rates expected for first-time blood
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TABLE I. HTLV-1 Prevalence Rate Among Blood Donors in
1988 [Hashimoto et al., 1991]

Age categories 16-19 20-29 30-39 4049 50-64
Hokkaido

Male 0.17 0.47 0.63 0.83 0.83

Female 0.26 0.29 0.68 1.35 1.25
Tohoku

Male 0.29 0.23 0.52 0.97 0.93

Female 0.23 0.33 0.59 0.84 1.17
Kanto

Male - 0.16 0.28 0.5 0.65 0.83

Female 0.15 0.29 0.59 0.84 1.21
Chubu

Male 0.16 0.29 0.31 0.46 0.48

Female 0.19 0.36 0.57 0.86 0.84
Kinki

Male 0.16 0.43 0.8 1.05 1.14

Female 0.35 0.52 1.13 1.47 1.84
Chugoku

Male 0.08 0.39 0.53 0.87 0.88

Female 0.22 0.3 0.71 0.91 1.36
Shikoku

Male 0.26 0.5 0.61 0.68 1.23

Female 0.29 0.46 1.29 1.03 1.82
Kyushu

Male 0.75 1.44 2.69 3.71 5.21

Female 0.93 1.38 2.99 5.05 7.65
Whole country

Male 0.23 0.44 0.8 1.03 1.87

Female 0.29 0.48 1.01 1.43 2.1

The 50-59 years category is combined with 60-64 years category in
the 1991 study. Prevalence rates for the Chugoku and Shikoku
districts are shown separately. Values are shown as percentages.

donors. Therefore, the 1988 survey estimated the total
number of carriers at approximately 1.2 million for
the entire country [Tajima et al., 1990]. There were,
however, no published estimates on the number of
carriers outside the eligible age range for blood dona-
tion. To address this issue, the numbers of carriers
under 16 and over 64 years were re-examined and the
analysis incorporated the assumptions described
above, namely an exponential rate increase under
16 years, and a linear rate increase over 64 years.

Statistical Analysis

Differences in the mean prevalence rates in Prefec-
tures among the three large regions were assessed
using the Mann-Whitney U-test. Differences in prev-
alence rates between sexes and between 1988 and
20062007 were assessed using the chi-squared test.
Unless otherwise indicated, a P-value of <0.05 was
considered significant.

RESULTS

From 2006 to 2007, the JRC blood centers accepted
1,196,321 blood donations from first-time donors. Of
the samples that tested-positive by agglutination
assay, 3,787 (0.317% of all the first-time donors) were
confirmed to be positive for anti-HTLV-1 antibody
using the immunofluorescence test. The prevalence
rates adjusted for age and sex were obtained for each
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Prefecture, and the maximum, minimum, and median
were derived for each of the three large regions de-
scribed above (eastern and central Japan, western
Japan, and southwestern Japan; Table II). The preva-
lence rates for Prefectures were significantly different
among the three large regions. As expected, preva-
lence rates were highest in southwestern Japan
(where HTLV-1 is endemic); additionally, prevalence
rates in western Japan were significantly higher than
those in eastern and central Japan (Table II).

The nationwide prevalence rate, adjusted for dis-
trict, is shown as a function of age in Figure 1. The
observed rate increased sharply with the age of the
donor. The difference in prevalence rate between
sexes was significant for donors in their 20s, 30s, 50s,
and 60s, and there was a trend toward increasing
differences between sexes in the elderly. For example,
the absolute prevalence rate differences between
sexes were 0.29% and 0.37% for donors in their 50s
and 60s, respectively; compare these values to differ-
ences of 0.05% and 0.06% for those in their 30s and
40s, respectively. Table III shows the age distribution
of prevalence rate for each district. As expected, the
highest rate was observed in the Kyushu districts
(southwest Japan). The two Prefectures with the
highest prevalence rates in the country were both
located in the Kyushu district; the corresponding
rates are shown in Figure 2. Notably, in both these
Prefectures, the prevalence rates among under 40
donors were <2%, with large increases among older
donors. For example, in one of the Prefectures
(Fig. 2A), the mean rate for all donors was 1.95%, and

the rates in the 60-64 age category were 14.0% and

8.7% for females and males, respectively. Thus,
almost 1 out of 50 first-time donors were positive for
the anti-HTLV-1 antibody in this Prefecture. For the
entire nation, the total number of carriers aged 15-64
years in the Japanese population was calculated to be
510,000; this value was obtained by summing the
total number of carriers from all districts.

The prevalence rates and the numbers of carriers in
the populations under 15 years and over 64 years of
age were estimated on the basis of the assumptions
described above. The distribution of the estimated
prevalence rate also is included in Table III; these
estimates are indicated in italics. The overall preva-
lence rates covering all age categories from 0 to
99 years were calculated as 0.66% and 1.02% for
males and females, respectively (data not shown). By
summing up the projected carrier numbers within the
blood donor age categories and the estimated carrier
numbers outside the donor age categories, the total
number of carriers aged 0-99 in Japan was calculated
to be 1.08 million. This value was 10% lower than
that derived in the 1988 study. The nationwide distri-
bution of the number of carriers as a function of age is
shown in Figure 3 (closed triangles). According to our
analysis, carrier numbers are highest among
individual in their 70s, followed by those in their 60s
and 50s.

J. Med. Virol. DOI 10.1002/jmv
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TABLE II. Mean Prevalence Rates Among Blood Donors (2006—2007) by Region

Districts included

Region (number of Prefectures included) Min. Max. Med.
Eastern and Central Japan® Hokkaido (1), Tohoku (8), Male 0.04 0.26 0.11
Kanto (9), Chubu (8) Female 0.04 0.32 0.15
Total 0.06 0.26 0.13
Western Japan® Kinki (6), Chugoku/Shikoku (9) Male 0.05 0.41 0.25
Female 0.09 0.53 0.30
Total 0.10 0.45 0.27
Southwestern Japan® Kyushu (8) Male 0.48 2.01 0.93
Female 0.83 2.43 1.29
Total 0.62 1.95 1.07

Regional minimum (Min.), maximum (Max.), and median (Med.) of prevalence rates in Prefectures are shown (%), with the whole country
divided into three regions as indicated. Note that the Niigata and Yamanashi Prefectures are included in the Kanto district.
“Statistically significant differences in prevalence rate among the three regions (Eastern/Central vs. Western vs. Southwestern; P < 0.05;

Mann-Whitney U-test).

Comparison of country-wide prevalence rates be-
tween 2006 and 2007 and 1988 (bottom rows of Tables
I and III) revealed that the 1988 rates were signifi-
cantly higher than the 2006-2007 rates for both sexes
in all donor age categories, that is, for donors aged
16-19, 20-29, 30-39, 40-49, and 50-64 years of age
(P < 0.01; chi-squared test). The 1988 prevalence
rates for those under 15 years and over 64 years of
age were estimated using the methods described
above, and the numbers of carriers in 1988 were
deduced for all age categories. In Figure 3, the carrier
numbers derived from the 1988 data (open circles) are
overlaid with those derived from the 2006 to 2007
data. For the 1988 values, the carrier numbers form a
roughly symmetrical curve, with values peaking for
individuals in their 50s. Over the course of the subse-
quent two decades, the curve shifted to the right (i.e.,
skewed older). By 2006--2007, the number of carriers
over 70 years of age had increased by 69% (178,000),
whereas the number of carriers under 60 years of age
had decreased by 50% (405,000).

e

1.20
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oen /4
0.40 v //
\ &

0.20 e
0.00 v ;
16-19 20-29% 30-39% 40-49 - 50-59*
Cionor Age Range (years)
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Percent HTLV-1

60-64*

Fig. 1. Anti-HTLV-1 antibody prevalence rate among Japanese
blood donors as a function of donor age. Prevalence rate was normal-
ized by district population. Prevalence rates (%) of the anti-HTLV-1
antibody are plotted as a function of donor age range in males
(closed diamonds) and females (open circles). Exact figures for the
prevalence rates in each age and sex categories are derived from the
bottom row of Table III. *Statistically significant difference between
sexes (P < 0.05; chi-squared test).
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Figure 4 depicts the changes in the total carrier
numbers over the past two decades in relation to
geography (district). Nationwide, the carrier number
had decreased by 10% since 1988. The largest decreases
were seen in the Hokkaido/Tohoku, Kyushu, and
Kinki districts, which exhibited decreases of 44%,
19%, and 16%, respectively. Together, these three dis-
tricts were calculated to have 208,000 fewer carriers
by 2006-2007. On the other hand, the number of
carriers increased by 46% (60,000 more carriers) in
the Kanto district and by 41% (24,000 more carriers)
in the Chubu district.

By using published data for population forecasts,
and assuming that the Japanese population will age
while maintaining its current HTLV-1 prevalence
rate, both carrier number and the age distribution of
carriers in the future was predicted. The analysis
suggested that the number of carriers will decrease by
approximately 2.5% each year, potentially reaching as
low as 560,000 (a twofold decrease) by 2027. The
projected age distribution of carriers is shown in
Figure 5. It is predicted that the peak of the number
of carriers will continue to be observed among individ-
uals in their 70s, whereas the number of carriers in
their 50s and 60s will decrease markedly.

DISCUSSION

Japan is one of the few developed countries with a
high prevalence rate for HTLV-1 carriage. The coun-
try is thus in a unique position to establish the scien-
tific basis for medical intervention and public policy
for prevention and cure of HTLV-1-related diseases.
There has, however, been no nationwide survey of
HTLV-1 carriage in Japan since 1988, although sever-
al intensive screening tests have been performed for
local residents and patients or pregnant women at
medical facilities [Tajima et al., 1990; Morofuji-Hirata
et al.,, 1993; Mueller et al., 1996; Taylor et al., 2005].
Our data not only clarify the current status of HTLV-
1 in Japan but also reveal epidemiological changes in
the carrier status over the past two decades.

HTLV-1 prevalence rate and the number of HTLV-1
carriers often have been deduced from the results of
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TABLE III. HTLV-1 Prevalence Rate in 20062007 in All Age Categories
Age categories  0-9 1019  16-19  20-29  30-39  40-49 50-59  60-69  70-79  80-89  90-99
Hokkaido
M 0.04 0.08 0.09 0.17 0.15 0.49 0.54 0.70 0.72 0.82 0.92
F 0.02 0.04 0.04 0.18 0.10 0.46 0.79 1.13 1.14 1.37 1.62
Tohoku
M 0.03 0.05 0.06 0.11 0.10 0.29 0.38 1.52 1.13 1.33 1.53
F 0.02 0.04 0.05 0.13 0.12 0.41 0.48 1.20 1.22 1.47 1.72
Kanto
M 0.03 0.05 0.06 0.10 0.09 0.28 0.61 0.67 0.90 1.06 1.22
F 0.02 0.05 0.05 0.09 0.14 0.37 0.65 0.80 1.22 1.53 1.84
Chubu
M 0.03 0.06 0.07 0.13 0.13 0.35 0.43 0.51 0.55 0.64 0.72
F 0.03 0.06 0.06 0.13 0.28 0.39 0.80 0.39 0.97 1.10 1.24
Kinki
M 0.05 0.10 0.12 0.15 0.24 0.52 1.11 1.38 1.46 1.63 1.80
F 0.05 0.08 0.10 0.19 0.27 0.65 1.51 1.73 2.16 2.61 2.86
Chugoku/Shikoku )
M 0.05 0.10 0.11 0.21 0.17 0.40 0.66 1.00 1.15 1.37 1.59
F 0.04 0.07 0.09 0.19 0.22 0.32 0.87 0.98 1.21 1.37 1.53
Kyushu
M 0.19 0.35 0.41 0.55 1.00 2.32 3.40 5.04 6.23 7.49 8.76
F 0.20 0.37 0.44 0.74 0.95 2.18 4.28 7.34 9.44 11.77 14.10
Whole country
M 0.06 0.10 0.12 0.17 0.22 0.57 0.97 1.29 1.59 1.92 2.19
F 0.05 0.09 0.11 0.20 0.27 0.63 1.26 1.66 2.36 2.96 3.48

Figures for the 16-19 age category were derived from screening data and are indicated in non-italicized font; figures for the 10-19 age
category were derived from the combination of screening data (for 16-19 years) and deduced data (10-15 years), and are indicated in
italicized font. For the prevalence rate for the 60-69 age category, values for the 60-64 age category were used. Figures are shown as

percentages; italics indicate estimated figures.

screening of local residents or patients. However,
such surveys are of limited use for estimating figures
for a larger population, either because of small popu-
lation size, geographic focus, or skewing due to the
underlying health status of the population examined.
In this regard, the population of voluntary blood
donors has been an appealing alternative for the
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Fig. 2. Age distribution of HTLV-1 prevalence rate in Prefectures
A and B in Kyushu district. Prevalence rates (%) of the anti-HTLV-1
antibody are plotted as a function of donor age range in males
(closed triangles) and females (closed circles). Prefectures A and B
were selected because these Prefectures have the highest mean
prevalence rates in Japan.

estimation of the prevalence rate of asymptomatic dis-
eases or carriage status; a large amount of data could
be obtained from otherwise healthy individuals and
from almost all areas of the country with a relatively
even sampling rate. It is essential in a blood donor-
based study to obtain data from first-time donors who
have not been screened for the disease marker, thus

300

:gm, ,,,,, ,,
/N .
'gm / / \\ o 200672007
. AL A\

09 10- 20- 30- 40- 50- 60- 70- 80 90-
Age Range (years)

Fig. 3. Age distribution of HTLV-1 carriers estimated for 1988
and 2006-2007. Number of HTLV-1 carriers are shown for the
respective age ranges in 1988 (open circles) and 2006-2007 (closed
triangles). For the age categories between 20 and 59 years, carrier
numbers were based on the results of blood donor screening; for the
age categories 0-9 and 70--99 years, numbers were deduced from the
assumed prevalence curve; for the age categories 10-19 and 60-69,
numbers were derived from a combination of screening data and
deduced data.
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Fig. 4. Changes in the total number of carriers aged (0-99) in six districts of Japan over past two
decades. Carrier numbers (thousands) are indicated for 1988 (white bars) and 2006-2007 (black bars).
For this analysis, Japan was divided into six districts, such that the Hokkaido and Tohoku districts
were combined, and the Niigata and Yamanashi Prefectures were included in the Kanto district.

reducing the chances of bias (e.g., repeated donation
by marker-negative donors). This strategy makes it
possible to project the obtained data to the general
population.

Despite the exclusive use of first-time donors, our
data set may still provide skewed conclusions, partic-
ularly in the study of HTLV-1. First, people diagnosed
with HTLV-1-related diseases, and HTLV-1 carriers

identified during the screening of pregnant women,

are unlikely to be blood donors, but nonetheless
should be counted as seropositives. Second, family
members of patients with HTLV-1-related diseases
and of HTLV-1 carrier women are less likely them-
selves to be blood donors. Third, blood donors are typi-
cally healthier than the general population, including
a reduced likelihood of HTLV-1-associated illnesses
[Atsma et al., 2011]. All of these factors would render
the observed (donor) HTLV-1 prevalence rate lower
than the actual value. Thus, the results of this study
represent a lower estimate of HTLV-1 prevalence. In-
deed, most studies on HTLV-1 prevalence rates
obtained from the screening of local inhabitants,

J. Med. Virol. DOI 10.1002/jmv

pregnant women, or hospital patients suggest higher
prevalence rates than those seen in blood donor-based
studies [Hlela et al., 2009; Koga et al., 2010]. In addi-
tion, although young first-time donors may be repre-
sentative of their age group, the first-time donors in
older cohorts are less likely to be representative,
because older individuals donate blood after self-
selection and medical exclusion as described above;
the motives for blood donation also will differ between
such groups. These distinctions make it difficult to
evaluate prevalence rates evenly between younger
and older donors. Nonetheless, our analysis provides
key prevalence data in terms of sample size and geo-
graphic range, potentially permitting regional and
even international comparisons.

Combining the prevalence rate deduced from donor
measurement and the rate estimated from the theo-
retical curve, the overall prevalence rates covering all
age categories were calculated to be 0.66% and 1.02%
for men and women, respectively. The total number of
HTLV-1 carriers in Japan was estimated to be 1.08
million, of which 0.51 million were derived from the
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Fig. 5. Projected age distribution of HTLV-1 carriers over the
next two decades. Age distribution for HTLV-1 carriage is projected
at 5-year intervals for the next 20 years, from 2007 (bold solid line)
through 2027 (bold broken line).

blood donor age categories. As noted above, these val-
ues are likely to represent lower limits: while the
prevalence rate among people over 64 years of age
was estimated based on the assumption that the rate
increases linearly from 40 years of age, empirical
results indicate that the increase in the rate becomes
greater as the population ages.

Aside from transfusion-related transmission, hori-
zontal transmission of HTLV-1 is believed to occur
predominantly from men to women through sexual
contact [Kajiyama et al., 1986; Murphy et al., 1989].
In fact, it may be possible to estimate horizontal
transmission rates based on our data, by comparing
the prevalence rates between the first-time donors in
an age category in 1988 to those in the respective
(20-year older) age category for 2006-2007. Such an
analysis, however, risks the drawing of a skewed
conclusion because of multiple assumptions needed to
calculate the rate. Indeed, discordant results about
sexual transmission have been reported even within
cohort studies [Iga et al., 2002; Roucoux et al., 2005].
In the setting of blood donation, determination of the
horizontal transmission rate would require following
a large number of blood donors for several decades so
as to track HTLV-1 seroconversion.

Most women under 30 years of age, and a consider-
able proportion of women in their 30s, are potential
childbearers. The analysis suggests the existence of
approximately 30,000 carriers among Japanese wom-
en in these age categories. Assuming that the total
fertility rate in Japan is 1.32 [National Statistics
Center, 2009b] and that the mother-to-infant HTLV-1
transmission rate is 20% [Nakano et al., 1986;
Sugiyama et al., 1986; Wiktor et al., 1993], it is calcu-
lated that 7,900 children born to carrier mothers
will be infected with HTLV-1 in the absence of future
interventions to prevent mother-to-infant transmission.

Although the number of carriers 0-99 years of age
decreased by 10% over the past two decades, the most
remarkable change during that time was the aging of
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the carriers, as revealed by the rightward shift of the
curve in Figure 3. Particularly noteworthy was the
increase in the number of carriers over 70 years of
age: this age category constituted 258,000 (22% of all
carriers) in 1988, as opposed to 436,000 (40% of all
carriers) in 2006-2007. Most likely, this aging of
HTLV-1 carriers was a “birth cohort effect,” whereby
the high-prevalence cohort (those born 1930-1960)
ages, while younger cohorts (those born after 1960)
have lower prevalence rates. In addition, the exten-
sion of Japanese lifespan seems to have augmented
the trend toward the carrier aging; the average life-
span of the Japanese has extended by 4 and 5 years
for men and women, respectively, over the past two
decades [Ministry of Health, Labour, and Welfare,
2009].

The geographical distribution of HTLV-1 seropreva-
lence among blood donors was highly variable, rang-
ing from 0.06% in a Prefecture in eastern Japan up to
1.95% in a Prefecture in Kyushu. The carriers in the
Kyushu district accounted for 45.7% of all carriers de-
duced for all age categories (0-99) in Japan. Changes
in the distribution of carriers (0-99) over the past two
decades revealed increasing numbers of carriers in
the Kanto district, which includes the greater metro-
politan Tokyo area, and in the Chubu district. In part,
this pattern can be explained by the movement of pop-
ulation from northeastern and western Japan to the
metropolitan and central areas. Over the past two
decades, nationwide population rose 4.1%. During this
interval, the population rose by 9.2% and 5.6% in the
Kanto and Chubu districts, respectively, whereas
population has decreased by 1.8% in the Hokkaido/
Tohoku district or increased only marginally (1.1%) in
the Kyushu district [National Statistics Center,
2009c]. Clearly, the carrier population has redistrib-
uted along with the movement of the general popula-
tion. These results reveal that the prevention of
HTLV-1 transmission is not an issue limited to the
Kyushu district, but is now a challenge for the entire
country.

On the basis of population projections, the changes
in the number of HTLV-1 carriers were estimated for
the next two decades. Although the number of car-
riers is expected to decrease by 50% in the next two
decades, the age-based skew of the carriers is
expected to become more prominent, with the peak
number of carriers continuing to be those in their 70s.
Accordingly, the population of adult T-cell leukemia
patients is expected to become older. Since the con-
ventional treatment strategy is inapplicable for these
patients [Hermine et al., 1998; Tsukasaki et al., 2009;
Tanosaki and Tobinai, 2010], this shift will represent
a new medical challenge.

In conclusion, the study indicated that the number
of HTLV-1 carriers in Japan is currently 1.08 million
at the minimum, and that the carriers are distributed
throughout the country. Intensive discussion and
nationwide surveys will be needed to identify carriers,
to educate seropositive individuals on the prevention
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of mother-to-infant transmission, and to establish a
consultation system for these people. Although the
carrier number is expected to decrease by half in the
next two decades, carrier population will age along
with the general population. It is essential to estab-
lish a novel consensus regimen for the care and treat-
ment of elderly patients with HTLV-1-associated
diseases.
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1. introduction

Human T-cell lymphotropic virus type 1 (HTLV-1) is a human retrovirus that causes
persistent infection in the host. While most infected persons remain asymptomatic carriers
(ACs), 3-5% develop a T-cell malignancy termed adult T-cell leukemia (ATL) (Uchiyama et
al, 1977), and another 0.25-3% develop a chronic progressive inflammatory neurologic
disease known as HTLV-1-associated myelopathy/ tropical spastic paraparesis (HAM/TSP)
(Gessain et al., 1985; Osame et al. 1986). Although HTLV-1-associated disorders have been
extensively studied, the exact mechanism by which they are induced by HTLV-1 is not
completely understood. The proviral load of HTLV-1 could contribute to the development
of these disorders, since the circulating number of HTLV-1-infected T cells in the peripheral
blood is associated with the risk of developing HAM/TSP and ATL (Iwanaga et al., 2010;
Nagai et al. 1998). However, more detail on the precise immune mechanisms controlling
HTLV-1-infected cells is still needed.

HTLV-1 preferentially infects CD4* T cells, the central regulators of the acquired immune
system (Richardson et al., 1990). This is known to induce a variety of abnormalities, such as
proliferation, cellular activation, and proinflammatory changes (Boxus et al., 2009; Satou et
al., 2010; Yamano et al. 2009). These abnormalities, in turn, may deregulate the balance of
the host immune system.

HTLV-1 also causes abnormalities among uninfected immune cells. Patients with HTLV-1-
associated disorders demonstrate abnormalities in both the amount and function of CD8+
cytotoxic T lymphocytes (CTL), an important component of host immune response against
HTLV-1 (Bangham 2009; Kannagi et al., 2011; Matsuura et al., 2010). Patients with ATL and
HAM/TSP may also experience reductions in the amount and efficacy of cellular
components of innate immunity, which is vital in regulating the immune response against
general viral infections and cancers (Azakami et al., 2009; Matsuura et al., 2010). In this
chapter, we have summarized the host immune system abnormalities that are associated
with HTLV-1 infection.
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2. Abnormality of HTLV-1-infected CD4" T cells

2.1 CD4"CD25°CCR4" T Cells are a major reservoir of HTLV-1-infected T cells, which
increase in HAM/TSP and ATL patients

HTLV-1 mainly infects CD4* T helper (Th) cells, which play a central role in adaptive
immune responses (Richardson et al., 1990). CD4* Th cells recruit and activate other
immune cells, including B cells, CD8 T cells, macrophages, mast cells, neutrophils,
eosinophils, and basophils (Zhu et al., 2010). Based on their function, their pattern of
cytokine secretion, and their expression of specific transcription factors and chemokine
receptors, CD4* Th cells, differentiated from naive CD4* T cells, are classified into 4 major
lineages: Thl, Th2, Th17, and T regulatory (Treg) cells. To understand the effects of HTLV-1
infection on the function of CD4 Th cells, it is necessary to know which Th population
HTLV-1 infects.

It was recently shown that the chemokine receptor CCR4 is expressed on HTLV-1-infected
leukemia cells in ATL patients (Yoshie et al., 2002). CCR4 is selectively expressed on
suppressive T cell subsets, such as Treg and Th2 cells, in HTLV-1-seronegative healthy
individuals (Yoshie et al., 2001). Using molecular and immunological techniques, we also
demonstrated that CD4*CD25*CCR4* T cells were the predominant viral reservoir in both
ACs and HAM/TSP patients, and that this T cell subset was increased in HAM/TSP
patients (Yamano et al.,, 2009). Thus, CD4*CD25*CCR4* T cells are a major population of
HTLV-1-infected T cells, which increase in number in both HAM/TSP and ATL patients.
The molecular mechanism of HTLV-1 tropism to CCR4 expressing CD4* T cells was recently
uncovered (Hieshima et al., 2008). HTLV-1 Tax, a transcriptional regulator encoded by the
HTLV-1 genome, does not induce expression of CCR4, but it does induce expression of CCL22,
the ligand for CCR4. Because HTLV-1-infected T cells selectively interact with CCR4*CD4+ T
cells, this results in preferential transmission of HTLV-1 to CCR4*CD4+ T cells.

2.2 Differences in the fates of CD4"'CD25'CCR4" T cells in HAM/TSP and ATL patients
Among CD4* Th cells, the major reservoir of HTLV-1 is CD4*CD25*CCR4* T cells, including
suppressive T cell subsets such as Treg and Th2 under healthy conditions. The exact
mechanism by which HTLV-1 induces the deregulation of the host immune system is not
completely understood. However, the recent discovery of Treg cells has provided new
opportunities and generated increased interest in this issue. In healthy individuals, Treg
cells suppress the proliferation of, and cytokine production by, pathogenic T cells, and
thereby plays a key role in the maintenance of immune system homeostasis (Sakaguchi et
al, 1995). Treg cells can be identified ex vivo by the intracellular expression of the
transcriptional regulator Foxp3 (Hori et al., 2003), which is critical for the development and
function of Treg cells in both mice and humans.

Significant reductions in Foxp3 expression and/or Treg cell function have been observed in
several human autoimmune diseases (Sakaguchi et al., 2008), suggesting that defects in Foxp3
expression and/ or Treg function may precipitate the loss of immunologic tolerance. Recently,
significant reductions in Foxp3 expression and Treg cell function have also been observed in
CD4+CD25* T cells and/or CD4+*CD25*CCR4* T cells from patients with HAM/TSP (Hayashi
et al., 2008; Michaelsson et al., 2008; Oh et al., 2006; Ramirez et al., 2010; Yamano et al., 2005).
Furthermore, decreased expression levels of the Treg-associated immune suppressive
molecules CTLA-4 and GITR were also observed on CD4*CD25* T cells in HAM/TSP patients
(Ramirez et al., 2010; Yamano et al., 2005). Notably, overexpression of HTLV-1 tax can reduce
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Foxp3 expression and inhibit the suppressive function of Treg cells (Yamano et al., 2005).
Furthermore, because of a Tax-induced defect in TGF-$ signaling, HAM/TSP patients
experience reductions in Foxp3 expression and impairment of Treg function (Grant et al.,
2008). Moreover, a significant reduction in CD4*CD25*Foxp3* Treg cells was demonstrated in
HTLV-1-tax-expressing transgenic mice, which develop an inflammatory arthropathy (Ohsugi
et al., 2011). Thus, HAM/TSP patients display a decreased ratio of Foxp3* Treg cells within
HTLV-1-infected CD4+CD25+*CCR4+ T cells.

Importantly, a more detailed flow cytometric analysis of Foxp3 expression in
CD4+*CD25*CCR4* T cells demonstrated that the frequency of “Foxp3- population” was
extraordinary high in HAM/TSP patients (Yamano et al., 2009). Moreover, an analysis of
proinflammatory cytokine expression in this Foxp3-CD4*CD25*CCR4* T cell subset
demonstrated that these cells were unique because, in healthy individuals, they produced
multiple proinflammatory cytokines such as IL-2, IL-17, and few interferon (IFN)-y, while
Foxp3+CD4+*CD25*CCR4+ T cells (Treg cells) did not. Furthermore, HAM/ TSP patients were
found to exhibit only a few Foxp3+*CD4*CD25*CCR4* T cells that did not produce such
cytokines. Rather, these patients had an increased number of Foxp3-CD4*CD25*CCR4* T
cells, which were found to overproduce IEN-y. Further, given the increase of clinical
diseases and severity of HAM/TSP observed in these patients, it appears likely that the
frequency of these IFN-y-producing Foxp3-CD4+*CD25*CCR4* T cells may have a functional
consequence (Yamano et al., 2009). Thus, while the CD4*CD25*CCR4* T cell population in
healthy patients mainly comprises suppressive T cell subsets such as Treg and Th2,
HAM/TSP patients possess an increased proportion of IFN-y-producing Foxp3-
CD4+CD25*CCR4* T cells, which are rarely encountered in healthy individuals and lead to
an overproduction of IFN-y (Figure 1).

Although Foxp3 expression is decreased by CD4+*CD25* (CCR4*) T cells in HAM/TSP
patients (Hayashi et al., 2008; Michaelsson et al., 2008; Oh et al., 2006; Ramirez et al., 2010;
Yamano et al., 2005), it is increased by CD4+*CD25*(CCR4+) ATL cells in most ATL patients
(Karube et al., 2004; Roncador et al., 2005) (Figure 1). Therefore, it has been hypothesized
that ATL cells may be derived from Treg cells (Kohno et al., 2005). Interestingly, some ATL
cells exhibit immunosuppressive functions similar to those of Treg cells, which may
contribute to the cellular immunodeficiency that has been clinically observed in ATL
patients (Chen et al., 2006; Kohno et al., 2005; Matsubar et al., 2006); however, some ATL
cells lose this regulatory function (Shimauchi et al., 2008).

2.3 HTLV-1 may induce plasticity of Foxp3+ cells into exFoxp3+ cell

In HTLV-1-seronegative healthy individuals, CD4*CD25*CCR4* T cells mainly include
suppressive T cell subsets such as Treg and Th2 (Yoshie et al., 2001). In ATL patients, most
of this subset develops leukemogenesis by maintaining the Foxp3* Treg phenotype (Figure
1). However, as mentioned above, T cells of this subset become Thl-like cells that
overproduce IFN-y in HAM/TSP patients (Figure 1). Since HTLV-1 may preferentially
transmit to CCR4*CD4* T cells, these findings suggest that HTLV-1 may intracellularly
induce T-cell plasticity of Treg cells into IFN-y* T cells. Indeed, one recent report indicated
that loss of Foxp3 in Treg cells and acquisition of IFN-y may result in the conversion of
suppressor T cells into highly autoaggressive lymphocytes (exFoxp3+ cells), which can favor
the development of autoimmune conditions (Tsuji et al., 2009; Zhou et al, 2009).
Importantly, Toulza et al. (2008) demonstrated that the rate of CTL-mediated lysis was
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negatively correlated with the number of HTLV-1-Tax- CD4*Foxp3* cells, but not with the
number of Tax* CD4*Foxp3* cells, suggesting that HTLV-1-infected Treg cells lose their
regulatory function, while HTLV-1-uninfected Treg cells contribute substantially to immune
control of HTLV-1 infection. Additionally, functional impairment of CD4*Foxp3+* Treg cells
was observed in mice that were transgenic mice for the HTLV-1 bZIP factor (HBZ) gene,
which encodes the minus strand of HTLV-1 (Satou et al., 2011). These findings support the
hypothesis that HTLV-1 may be one of the exogenous retrovirus genes responsible for
immune dysregulation through interference of CD4*CD25* Treg cell function. This
hypothesis is currently under investigation to elucidate the precise molecular mechanisms
by which HTLV-1 influences the fate and function of CD4*CD25*CCR4* T cells, especially
Foxp3* Treg cells.
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Fig. 1. Cellular components of CD4*CD25*CCR4* T cells in healthy individuals,
asymptomatic carriers, ATL, and HAM/TSP patients.

3. Abnormality of cytotoxic T lymphocyte (CTL) response

CD8* Cytotoxic T lymphocyte (CTL) responses are an effective host defense system against
all virus infections and malignancies. CTLs act by killing autologous cells that express viral
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