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Abstract It is 30 years since human T-cell leukemia virus

type 1 (HTLV-1) was identified as the first human retrovirus.

To assess the implications of the virus for human health it is

very important to know the past and present prevalence.

Most of the estimates of HTLV-1 prevalence are based on

serological screening of blood donors, pregnant women and

other selected population groups. The widely cited estimate

that the number of HTLV-1 carriers in Japan is 1.2 million

was calculated from data that are now more than 25 years

old. Here I summarize previous reports of prevalence studies

in the world and Japan. Then, a recent analysis of sero-

prevalence of healthy blood donors in Japan will be descri-

bed in comparison with that of 1988. A decrease in the

number of HTLV-1 carriers in Japan was demonstrated,

however, it is still more than one million. The number has

increased in the metropolitan areas, probably reflecting the

migration of Japanese population. I conclude that there is a

paucity of general population data in countries where HTLV-

1 is endemic, and re-evaluation of HTLV-1 infection is

required to understand the virus burden on the human health.

Keywords Seroprevalence of HTLV-1 � Vertical and

horizontal transmission � Prevention of transmission

1 Introduction

Discovery of adult T-cell leukemia (ATL) by Takatsuki’s

group [1] was followed by the discovery of the first human

retrovirus human T-cell leukemia virus (HTLV) and adult

T-cell leukemia virus (ATLV) by research groups of the

United State and Japan, respectively [2, 3]. In 1980, Poiesz

et al. [2] identified HTLV in a T-cell line from a patient

with cutaneous T-cell lymphoma. Independently of this,

Hinuma and Miyoshi found specific antibodies against

ATL cells in the patients’ sera [3] and type C retrovirus

particles produced by a T-cell line established from

peripheral blood of ATL patient in 1981 [4]. In 1982,

Yoshida et al. [5] identified ATLV as a human retrovirus.

Soon, HTLV and ATLV were shown to be identical at the

sequence level and were named HTLV type 1 (HTLV-1)

[6, 7].

After the discovery of HTLV-1, related viruses have

been isolated and HTLV is now composed of 4 related

HTLVs, HTLV-1 to HTLV-4 [8]. However, only HTLV-1

has been convincingly linked to human diseases at present.

HTLV-1 has six reported subtypes (subtypes A–F). Diverse

studies have been performed on HTLV-1 subtyping but

present a minor role in the epidemiological status of the

virus. The great majority of infections are caused by the

cosmopolitan subtype A, and there is no report of subtype

influence on the pathogenic potential of HTLV-1 [9].

2 HTLV-1 infection in the world

Approximately 20 million people worldwide are estimated

to be infected with HTLV-1 [10]. Among them, more than

90% remain asymptomatic carriers during their lives. Since

1986, HTLV-1 screening has been developed and was

slowly implemented worldwide [11]. In 1993, HTLV-1

screening of blood donors was already performed in all

developed countries and in many developing countries

where HTLV-1 is endemic.

T. Watanabe (&)

Department of Medical Genome Sciences,

Graduate School of Frontier Sciences, The University of Tokyo,

4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan

e-mail: tnabe@ims.u-tokyo.ac.jp

123

Int J Hematol (2011) 94:430–434

DOI 10.1007/s12185-011-0934-4



About the geographic distribution of the virus, a lot of

studies have been done in these 30 years. Results indicate

that Japan, Africa, the Caribbean islands, and Central and

South America are the areas of highest prevalence in the

world (reviewed in [12], [13]). However, the data from

international prevalence studies should be interpreted and

compared with caution as to the population selection cri-

teria, because any difference in the diagnostic strategies

can interfere with the final result. Data of the serological

screening of healthy blood donors mainly provide basis for

the estimation of the global prevalence of HTLV-1, which

tends to underestimate the prevalence in the population.

The geographic distribution of HTLV-1 infection is shown

in Fig. 1 [13].

In addition to Japan, high rates of HTLV-1 infection have

been reported for some Caribbean islands in studies of

blood donors or segments of the general population. In

Jamaica, the prevalence is around 5%. In Africa, the sero-

prevalence increases from the north to the south, varying

from 0.6% in Morocco to greater than 5% in several sub-

Saharan African countries, for example, Benin, Cameroon,

and Guinea-Bissau, however, more studies are clearly

required about these regions in detail. In Europe and North

America, the prevalence is low and limited to groups that

emigrated from endemic areas. For blood donors, very low

rates were found in France (0.0039%) and the United States

(0.025%). In South America, the virus was found in all

countries, but more studies of the general population are

needed to ascertain the real prevalence of HTLV-1. Med-

ium prevalence was found in blood donors from Chile

(0.73%) and Argentina (0.07%). In Australia, a prevalence

of 14% was reported in a cluster among Aborigines in the

Northern Territory, even though the prevalence in blood

donors is low. The prevalence of HTLV-1 was highest in the

two studies of Japanese islands (36.4%) and lowest in

studies from Mongolia, Malaysia and India. In Haiti the

prevalence was 3.8%; in Africa between 6.6 and 8.5% in

Gabon, and 1.05% in Guinea. Only three studies were from

West Africa and none were from the South; the only study

from India was from the north of the country. It has to be

Fig. 1 Countries with endemic HTLV-I, defined as prevalence

between 1 and 5% in some populations, are shown in red. Countries

with reports of low prevalence (less than 1% in some groups), due

mainly to immigration from endemic areas, are shown in yellow.

It should be noted that HTLV-I endemic areas do not correspond

exactly to the country boundaries shown in the map, for example,

Brazil, Japan and Iran, where HTLV-I is limited to residents of certain

areas of each country (modified from the reference [13])
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concluded that there is a paucity of general population data

from countries in which HTLV-1 is endemic, and that new

studies are required to reevaluate the global burden of

infection (reviewed in ref. [12] and [13]).

3 HTLV-1 Infection in Japan

3.1 Past studies of HTLV-1 carriers

Many efforts have been made to know the number of

HTLV-1 carriers since the discovery of the virus in Japan.

An example of early nationwide studies is the report of

seropositive rates in the 15 blood centers of Japanese Red

Cross [14]. It was reported that among 15 blood centers, 7

showed a higher positive rates between 6 and 30%, tested

by indirect immunofluorescence assays (IFA). The other

report is based on the data of all blood centers in Japan,

which was the only study of all areas of Japan before the

resent survey by Satake et al. [15]. They studied by IFA

about 15,000 samples composed of 200 samples of blood

donors aged from 40 to 64 from each center. The highest

positive rate of 8% was observed in Kyushu area, and other

areas showed positive rates of 0.3–1.2%. Based on these

data, authors estimate seropositive rates of blood donors as

about 3% in Kyushu and 0.08–0.3% in other areas of Japan.

Using this study, Tajima et al., later estimated the total

number of HTLV-1 carriers in Japan as 1.2 million [16].

There have been reports of community-based studies on

seropositivities in Japan. One of the studies reported a very

high seropositive rate (higher than 40%) in the people over

40 years of age [17]. An old study of the Tsushima Island

revealed significant differences in the seropositive rate

among villages with a high rate of more than 30% [18]. In

Okinawa, a very high rate (21%) of HTLV-1 carriers in the

general population of older than 40 was reported [19]. In a

study of blood donors in Nagasaki prefecture from 1990 to

1999, positive rate of HTLV-1 antibodies decreased from

3.39 to 2.78% during 10 years. When focusing on the birth

year of the donors, positive rates showed a decrease from

13.14 to 0.81% over the years from 1928 to 1983 [20]. On

the other hand, the seroprevalence rate in Kumamoto pre-

fecture was reported to be 3.6 or 4.7% in 1987–1988

[21, 22]. A survey on the general population was reported

in Hokkaido. The average seropositive rate was 0.8% (male

0.6% and female 0.9%), with some regions showing higher

seroprevalence rates as much as 5.2% [23].

Taken together, studies in 1980s and 1990s were mostly

community-based ones using sera of blood donors. The

oldest nationwide survey of the seroprevalence of HTLV-1

in blood donors and estimation of the number of HTLV-1

carriers [15, 16] had been referred to as the only published

information until recently.

3.2 Recent studies of HTLV-1 infection in Japan

Based on the numbers of seropositive blood donors, Satake

et al. have estimated the number of HTLV-1 carriers in

Japan [15]. They analyzed data of blood donors who

donated for the first time in 2006 and 2007, because

Japanese Red Cross Blood center has notified the donors

with the results of screening tests since 2000. This notifi-

cation would have caused a bias in the population of total

blood donors reducing the number of HTLV-1 carriers. In

Satake’s study, the total of number of tested was 1,196,321

(M: 704,074; F: 492,247), among them, HTLV-1 antibody

was confirmed to be positive in 37,787 (M: 2,115;

F: 1,672). Thus, the positive ratio was 0.32% for both male

and female. Since the ages of blood donors were limited

between 16 and 64, they estimated the seropositive rates of

the peoples of younger than 15 or older than 65 by an

assumption that the positive rate will increase exponen-

tially in the young population, and for the aged people, by

adding the average increase in the percentage in each age

group in 20 years comparing with the data in 1988. Con-

sequently, the estimated number of HTLV-1 carriers in

2007 was 1,078,722. The number of HTLV-1 carriers was

estimated to be 492,582 in Kyushu area (including

Okinawa), 171,843 in Kinki area (containing city areas of

Osaka, Kyoto, Kobe) and 190,609 in Kanto area (con-

taining the greater Tokyo area). The percentages of carriers

in these areas among the total carriers were 45.7, 15.9 and

17.7%, respectively.

The age distribution of carriers showed a shift of the

peak to the aged population. In 1988, the largest number of

carriers was observed in the age group of 50–59, whereas

in 2007 it was in the age groups of 60–69 and 70–79. The

number of carriers in the age groups between 0–9 and

50–59 showed a significant decrease. This decline could be

explained by changes in the life styles of Japanese people

such as smaller number of children per family and shorter

period of breast feeing. However, the exact reasons remain

to be elucidated, especially considering the same tendency

observed in the study of Brazilian people [24] and the age-

dependent increase in the seropositivity in the colony of

Japanese monkeys [25, 26].

Comparison of the regional distribution of the carriers

in the present study with that reported by a Japanese

study group in 1990 [27] revealed a significant decrease

of the HTLV-1 carriers in Kyushu area (50.9 to 45.7%)

and an increase in Kanto area (10.8 to 17.7%). The

observed changes were considered to be mainly due to the

migration of Japanese people from the Kyushu/Okinawa

area to the metropolitan areas (Fig. 2). This interpretation

is supported by the observation of Uchimaru et al. [28],

who studied HTLV-1 carriers in Tokyo area and revealed

that many of HTLV-1 carriers in Tokyo are either born in

432 T. Watanabe

123



the endemic areas or the descendants of migrants from

those areas.

4 Remaining problems and future directions

We have attributed the decrease in the HTLV-1 prevalence

in Japan to the modernization and westernization of life

styles of Japanese people. However, when we consider the

same tendency in Brazil and age-dependent increase of

seropositive rates in Japanese monkeys, we have to be

cautious about interpretation of the observed data and may

have to re-evaluate the meaning of the age-dependent

carrier rates.

Another point that was raised by Satake’s study is

unexpectedly high increase in the positive rates in 20 years

in the age-cohort [15]. This indicates the presence of

horizontal transmission of the virus, probably through

sexual contacts. This mode of infection should have con-

tributed, at least to some extent, to the age-dependent

increase in the positive rates. Thus, epidemiological studies

on the horizontal transmission are definitely required;

however, no such studies are now under way in Japan.

Taken together, we have to realize that we do not have

enough data about the prevalence of HTLV-1 even in

Japan, where serological data of blood donors are the only

information to estimate the prevalence. Serological

screening of the pregnant women that started in 2011 will

provide valuable information about young females in

Japan. Since the number of carriers who develop ATL is

estimated about 1,200 per year in Japan, we have to expect

more than 20,000 ATL patients from the present carriers in

the future. In addition to the screening for the blood donors,

prevention of mother-to-child infection by stopping breast

feeding will greatly reduce the vertical transmission,

nonetheless, there still remain other modalities of HTLV-1

infection, that are sexual transmission and possible trans-

uterine infection. Neutralizing antibodies are often

observed in carriers of HTLV-1 [29–32]. Furthermore,

previous reports suggest that a primed immune response

can be protective or prevent infection postviral exposure

and challenge. It was shown that maternally acquired

antibody protect infants from HTLV-1 infection in the

early months of life [33]. A vaccine candidate based on an

envelope expressing vaccinia virus provides protection to

experimentally challenged primates [34, 35], and an

attenuated viral strain provides long-term protection

against the closely related bovine leukemia virus [36].

Taking all these into consideration, a costeffective vaccine

may be a viable objective for prophylactic intervention in

HTLV-1-endemic areas.
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