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Human T-cell leukemia virus type | (HTLV-1) infection is endemic in Japan, particularly
clustered in the southwestern district, Kyushu-Okinawa, which consists of eight
prefectures that further consist of 274 municipalities. However, no information is available
about the fine-scale distribution of HTLV-1 infection within Kyushu-Okinawa. To assess
the municipal-level distribution of people with HTLV-1 infection in Kyushu-Okinawa, we
performed a cross-sectional study using a fine-scale geographic information system map
based on HTLV-1 screening test results from the Japanese Red Cross database from
September 2012 to February 2014. Of the 881 871 (646 914 male, 234 957 female)
screened blood donors, 981 were seropositive for HTLV-1 by confirmatory test. The
seroprevalence was 0.11% (95% confidence interval [Cl] 0.10%-0.12%) for all, 0.094%
(95% Cl, 0.09%-0.10%) for male, and 0.16% (95% Cl, 0.14%-0.18%) for female individuals.
The sex- and age-specific HTLV-1 seroprevalence varied significantly across municipalities;
particularly, the seroprevalence among women aged 50 years was significantly higher than
that of men in both the mainland of Kyushu-Okinawa and the satellite island, in all of which
the seroprevalence of HTLV-1 was more than 1.2%. These results show that, even in the
Kyushu-Okinawa district, there are endemic clusters of HTLV-1 in small areas. This
suggests that public health education programs are needed to eliminate new HTLV-1

infection in these areas.
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1 | INTRODUCTION

Human T-cell leukemia virus type | (HTLV-1) is the causative agent of
adult T-cell leukemia/lymphoma,? HTLV-1-associated myelopathy/tro-

pical spastic paraparesis,® and various systemic inflammatory diseases.*

ciated myelopathy/tropical spastic paraparesis; HTLV-1, human T-cell leukemia virus type I;

JRC, Japanese Red Cross; 95% Cls, 95% confidence intervals.

People infected with HTLV-1 are distributed worldwide, with an
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estimated 20 million infected, but endemic areas are limited to Japan,
Brazil, West and Central Africa, the Caribbean islands, and other small
areas.>® HTLV-1 transmission occurs via breast milk, blood transfusion,
needle sharing, solid-organ transplantation, and possibly sexual contact
with a partner with HTLV infection.>™ In Japan, transfusion-transmission
of HTLV-1 has been almost eliminated since blood-donor screening for
HTLV-1 infection was implemented in 1986 by the Japanese Red Cross
(JRC).2° Mother-to-child transmission in HTLV-1-endemic areas has been
also declining since HTLV-1 screening for pregnant women become
widespread.!® Nevertheless, it is estimated that approximately one
million people are infected with HTLV-1,'? and approximately 4000 new
people are infected with HTLV-1 annually in Japan.*®

Even in countries where HTLV-1 is endemic, there is further
regional distribution disparity. In Brazil, HTLV-1-infected mothers are
clustered in the northeastern and metropolitan areas, but the rate is low
in the southern region.!* In the Caribbean islands, HTLV-1 seropreva-
lence is high in Jamaica and the French West Indies, but not in CubalIn
Japan, blood donors infected with HTLV-1 are clustered in the
southwestern area.'>*> However, most of the prior Japanese studies
on HTLV-1 seroprevalence were based only on a unit of seven large
regions (Hokkaido, Tohoku, Kanto, Hokuriku-Chubu, Kinki, Chugoku-
Shikoku, and Kyushu-Okinawa) or a unit of 47 prefectural-level regions;
none of those studies showed the fine-scale geographic variation of
HTLV-1-seroprevalence within each region. For the development of
effective prevention strategies to eliminate new HTLV-1 infection, it is
important to determine whether HTLV-1 infection is distributed evenly
within each region or is clustered in some areas, particularly the

Kyushu-Okinawa region, which is known as one of the most endemic
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areas for HTLV-1 in the world. However, so far, no studies have
reported such a detailed geographical distribution of HTLV-1 infection
in the HTLV-1-endemic region in Japan.

Therefore, the aim of this study was to assess the fine-scale
distribution of people infected with HTLV-1 in the most HTLV-1-
endemic region, Kyushu-Okinawa, based on HTLV-1 confirmatory
test results of blood donors.

2 | MATERIAL AND METHODS

2.1 | Study design

We performed a cross-sectional analysis to assess HTLV-1 seropreva-
lence at the municipal level in Kyushu-Okinawa, based on serological
HTLV-1 confirmatory test results of donated blood samples in the
database of the JRC Kyushu Block Blood Center, Fukuoka, Japan.

2.2 | Study area and demographic data sources

Japan has three levels of government: national, prefectural, and
municipal. Thus, it consists of 47 prefectures, each of which consists
of numerous “municipalities” (more than 1500) named as city, town,
village, or ku. In the current study, we focused on the southwestern
area of Japan, which is named the Kyushu-Okinawa area (Figure 1A).
It consists of eight prefectures: Fukuoka, Saga, Nagasaki, Kumamoto,
Oita, Miyazaki, Kagoshima, and Okinawa (Figure 1B). The eight
prefectures are further divided into 274 municipalities, including
islands (Table 1 and Figure 1C). The population in each of the eight

Kyushu-Okinawa district

(C) Municipal level

FIGURE 1 Maps of Japan and the Kyushu-Okinawa district. (A) Japan. (B) Locations of eight prefectures. (C) Fine-scale sections of
municipalities in each prefecture. Maps were obtained from the Geospatial Information Authority of Japan (http://www.gsi.go.jp/index.html),
Teikoku-Shoin Co, Ltd, Japan (https://www.teikokushoin.co.jp), and the MANDARA software package'®


http://www.gsi.go.jp/index.html
https://www.teikokushoin.co.jp

SAGARA ET AL

20 | \WiLEY-

[Joumasor ]|
MEDICAL VIROLOGY

TABLE 1 Summary of prefectural-level administrative and demographic data of the Kyushu-Okinawa area

Name of prefecture Total population Male population

Fukuoka 5 085 000 2 400 000
Saga 843 000 397 000
Nagasaki 1 408 000 657 000
Kumamoto 1 807 000 849 000
Oita 1 185 000 560 000
Miyazaki 1 126 000 529 000
Kagoshima 1 690 000 790 000
Okinawa 1 409 000 691 000
Total 14 553 000 6 873 000

Female population No. municipalities No. islands
2 686 000 60 62

446 000 20 55

750 000 21 971

958 000 45 178

625 000 18 109

597 000 26 179

900 000 43 605

718 000 41 363
7 680 000 274 2522

The 2013 population data were obtained from the Statistics Bureau, Ministry of Informal Affairs and Communications of Japan (http://www.stat.go.jp/
data/jinsui/2013np/). The 2013 municipalities’ data were obtained from the Ministry of Internal Affairs and Communications of Japan (http://www.
soumu.go.jp/kouiki/kouiki.html). The 2013 islands data were obtained from the Japan Oceanographic Data Center (http://www.jodc.go.jp/).

prefectures in 2013 (the midpoint year of the study period) is
summarized by age and sex in Table 1. The 2013 demographic data
from each of the 274 municipalities were obtained by the Ministry of
Internal Affairs and Communications of Japan and the Statistics
Bureau. The number of islands in 2013 were obtained by the Japan

Oceanographic Data Center.

2.3 | HTLV-1 serological testing system of the JRC

All the donated blood samples were routinely screened for HTLV-1
using a CLEIA (CL4800 Testing System, Fujirebio, Japan) according to
the manufacturer's instructions. The assay uses coated microparticles
with an antigen purified from HTLV-1-infected cell lysate, a culture
supernatant, and a chemiluminescent readout. Reactive samples that
showed more than the cutoff value underwent further testing for
confirmation. All of the CLEIA test-positive samples were confirmed by
Western blot analysis (Problot HTLV-I;

confirmatory test. The decision about reactivity was made according

Fujirebio, Japan) as a

to manufacturer's protocol. In the case of both the Gag and Env bands
being visible with greater intensity than the weak positive control, the
specimen was considered “seropositive,” but if only the Gag or Env band
was observed, the specimen was considered “deferred.” If no bands

were present, the sample was considered “seronegative.”

24 |
results

Data extraction of HTLV-1 serological test

This study was approved by the ethics committee of the JRC (No.
2014-014). No written informed consent was required because of the
nature of the study design, which was based on a retrospective
review of individually anonymized blood test results from the JRC
Blood Service Headquarters database. In January 2015, we extracted
HTLV-1 confirmatory test results from 2012 to 2014, including sex,
age at donation, and postal code of address (to determine prefecture

and municipal area of residence). For data from repeated donors, we

only included the results of the first donation during the study
period.

The extracted data from the HTLV-1 serological test results were
then grouped by sex, age, and municipal level based on postal code to
calculate the age- and sex-specific HTLV-1 seroprevalence among

blood donors at each municipal level.

2.5 | Geographic distribution map

To visualize the age- and sex-specific seroprevalence of HTLV-1 (%) at the
municipal level, we used a free Geographic Information System software
package, MANDARA (version 9.45, Japan) (http://ktgis.net/mandara/).

MANDARA has been used in several geographic distribution studies.*”"*

2.6 | Statistical analysis

We computed the seroprevalence of HTLV-1 (%) by dividing the numbers
of confirmed HTLV-1-positive donors by the total numbers of screened
donors during 2012-2014 by age category, sex, prefectural level, and
municipal level. Continuous data were summarized as median and
interquartile range and compared by group using the Wilcoxon rank sum
test. The group-wise comparison of HTLV-1 seroprevalence used a log-
binomial regression model and estimated the seroprevalence ratios with
95% confidence intervals (95% Cls). All statistical analyses were
performed using the SAS software package (version 9.4, SAS Institute,
Cary, NC) and JMP Pro13 software (SAS Institute) with the two-tailed
alpha level set to 0.05.

3 | RESULTS
3.1 | HTLV-1 seroprevalence among blood donors
throughout Kyushu-Okinawa

During 2012-2014, a total of 884 438 blood donors (649 017 male
and 235 421 female) received HTLV-1 screening tests throughout
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Blood donors tested for HTLV-1 by CLEIA
in Kyushu-Okinawa Blood center 2012-2014
(n=884,438)

Residents in Kyushu-Okinawa
Ao 871)

P

CLEIA negative CLEIA positive
(n=879,671) (n=2,200)

HTLV-1 negative
(n=629)

HTLV-1 deferred
(n=590)

HTLV-1 WB positive
(n=981)

FIGURE 2 Flow chart of HTLV-1 screening procedure and
conformation of HTLV-1 positive blood donors in the Japanese
Red Cross Kyushu Block Blood Center. CLEIA, chemiluminescent
enzyme immunoassay; HTLV-1, human T-cell leukemia virus type [;
WB, Western blot

the entire Kyushu-Okinawa district; of those, 881 871 (646 914 male
and 234 957 female) were residents of Kyushu-Okinawa according to
their postal code information (Figure 2). Therefore, we considered
those 881 871 donors as our study population. The age distribution
of the study population is summarized in Table 2, with the most

frequent age group being 40-49 years. Among the 881 871 blood
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donors, a total of 2200 (1439 male and 761 female) were
seropositive for HTLV-1 by CLEIA screening test. Among those with
positive CLEIA results, 981 (44.6%) had positive Western blot tests
(Figure 2); of those, 605 were male and 376 were female (Table 2).
The positive rate of HTLV-1 among blood donors with Kyushu-
Okinawa postal codes was 0.11% (95% Cl, 0.10%-0.12%) for all
donors and 0.094% and 0.16% for male and female donors,
respectively (Table 2). The female/male ratio was 1.71 (95% Cl,
1.50-1.95), indicating that the HTLV-1 positive rate was significantly
higher in female than male donors (P<0.0001). The ages of the
HTLV-1-positive blood donors ranged from 16 to 65 years with a
median of 48 years (interquartile range 35-56 years) for male donors
and from 16 to 68 years with a median of 53 years (interquartile
range 43-58) for female donors. Among the HTLV-1-positive blood
donors, the most frequent age group was 50-59 years (Table 2 and
Figure 3A).

3.2 | Difference in HTLV-1 seroprevalence at
prefectural level

Although the Kyushu-Okinawa area is known to be the region in which
HTLV-1 is most endemic in Japan, the HTLV-1-serpositive rate differs by
prefectural level throughout the area (Table 2 and Figure 3B). Overall, the
seropositive rate was relatively low in the northern and eastern parts of
Kyushu (Fukuoka, Saga, and Oita), whereas it was high in the western and

southern parts of Kyushu (Nagasaki, Kumamoto, Miyazaki, Kagoshima,

TABLE 2 Summary of HTLV-1 seropositivity in blood donors by gender, age, and prefecture

Total Male Female
No. HTLV-1 positive, No. HTLV-1 positive, No. HTLV-1 positive, Female/male rate
(% of row) (% of row) (% of row) ratio (95%Cl) P value

No. (%) 881871 981 (0.11) 646 914 605 (0.094) 234 957 376 (0.16) 1.71 (1.50-1.95) <0.0001
Age, y
16-19 49 023 48 (0.098) 34020 34 (0.100) 15003 14 (0.093) 0.93 (0.50-1.73) 0.820
20-29 156 001 99 (0.063) 105 155 78 (0.074) 50 846 21 (0.041) 0.56 (0.34-0.90) 0.017
30-39 204 679 124 (0.061) 150 758 92 (0.061) 53921 32(0.059) 0.97 (0.65-1.45) 0.890
40-49 237 434 209 (0.088) 180 502 133 (0.074) 56 932 76 (0.133) 1.81 (1.37-2.40) <0.001
50-59 169 225 360 (0.213) 128 000 193 (0.151) 41 225 167 (0.405) 2.68 (2.18-3.30) <0.001
60-69 65 509 141 (0.215) 48 479 75 (0.155) 17 030 66 (0.388) 2.51 (1.80-3.49) <0.001
Prefecture
Fukuoka 300 389 212 (0.071) 212 530 125 (0.059) 87 859 87 (0.099) 1.68 (1.28-2.21) <0.001
Saga 49 753 39 (0.078) 36 019 25 (0.069) 13734 14 (0.102) 1.47 (0.76-2.83) 0.281
Nagasaki 89 845 119 (0.132) 69 179 66 (0.095) 20 666 53 (0.256) 2.69 (1.87-3.86) <0.001
Kumamoto 116 269 87 (0.075) 85 168 49 (0.058) 31101 38(0.122) 2.12 (1.39-3.24) <0.001
Oita 74 112 61 (0.082) 54 062 37 (0.068) 20050 24 (0.120) 1.75 (1.05-2.92) 0.033
Miyazaki 76 899 104 (0.135) 57 051 64 (0.112) 19 848 40 (0.202) 1.80 (1.21-2.67) 0.004
Kagoshima 102 545 202 (0.197) 75421 131 (0.174) 27 124 71 (0.262) 1.51 (1.13-2.01) 0.005
Okinawa 86 151 157 (0.182) 68 340 108 (0.158) 17 811 49 (0.275) 1.74 (1.24-2.44) 0.001

HTLV-1, human T-cell leukemia virus type I.
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FIGURE 3 Rates of HTLV-1-seropositive blood donors by
demographic information throughout the entire Kyushu-Okinawa
area. (A) By sex and age group. The Y axis indicates the age
composition ratio of HTLV-1-seropositive donors (%). (B) By sex and
prefecture. The Y axis indicates the HTLV-1-seropositive rate (%).
HTLV-1, human T-cell leukemia virus type |

and Okinawa). Furthermore, in all prefectures except Saga Prefecture,
HTLV-1 seropositivity was significantly higher in female than male
donors, particularly in Nagasaki Prefecture (female-to-male ratio: 2.69).
When we analyzed the relationship between HTLV-1 positive rate and
the number of island per population at prefectural level using a simple
linear correlation analysis, overall there were positive linear correlations
between the two factors (Supporting Information Figure S1A-C); in
particular, in female (Supporting Information Figure S1C), the relationship
was statistically significant (P =0.023).

3.3 | Difference in HTLV-1 seroprevalence at
municipal level

Additional fine-scale mappings of 274 municipal-level divisions with
age- and sex-specific HTLV-1-serpositivity are shown in Figure 4. In the
younger group (Figure 4A,B show the patterns of aged 16-19 and 20-29
years, respectively), rates more than 1.2% of HTLV-1-seropositivity was
scattered throughout limited rural depopulated areas, such as
mountainous regions; however, in older adults (Figure 4E,F: aged
50-59 years and 60-69 vyears, respectively), relatively high rates
of HTLV-1-seropositivity were distributed widely throughout
gKyushu-Okinawa, particularly in female aged 50-59 years in island
areas. When we analyzed a simple relationship between HTLV-1
positive rate and the population density of residential area at municipal
level using a simple linear correlation, overall there were weak-negative

linear correlations between the two factors (Supporting Information

Figure S1D-F); in particularly in male (Supporting Information Figure
S1E), the relationship was marginally statistically significant (P =0.077).

4 | DISCUSSION

In this study, for the first time, we provided fine-scale (municipal
level) epidemiological evidence of HTLV-1 seroprevalence in the
Kyushu-Okinawa district in Japan, one of the areas of the world
where HTLV-1 is most endemic. Our main findings are the following:
(a) HTLV-1-seropositive people are distributed unevenly by sex and
by age group even at the municipal level; (b) the seroprevalence of
female aged 50-59 years was significantly higher than that of male in
all fine-scale regions, including islands, coastal areas, and mountai-
nous regions; and (c) high rates of younger HTLV-1-seropositive
individuals were scattered across narrow municipal areas.

In the 1980s, several serological surveys for antibody to HTLV-1
were conducted throughout Japan and have suggested that HTLV-1-
seropositivity may be high in rural islands or coastal regions.'>2%21
However, the earlier studies included only a few selected rural areas.
Therefore, the results of the current study add new information on
the current epidemiological features of HTLV-1 infection at broad-
and fine-scale areas in the Kyushu-Okinawa district. We confirmed
that, even in the modern era, HTLV-1-seropositive people are still
distributed unevenly by sex and by age group; particularly, highly
endemic areas were scattered throughout depopulated areas, such as
islands and mountainous regions.

Recently, the fine-scale distributions of blood donors infected with
HTLV-1 have been reported from several countries using Geographic
Information System software. San Martin et al?? reported 706 (1.02%)
HTLV-1/2 positive cases among 694 016 Chilean blood donors from
2011 to 2013 and found that the HTLV-1 prevalence rates differed
across 15 regions. They suggested that the regional difference in
seroprevalence may be affected by immigrant or descendant history.
Chang et al®® has also reported a fine-scale distribution map of 104
HTLV-1 positive blood donors among 2 047 740 first-time donors in a
large network of US blood centers, suggesting that the high-prevalence
spot area was associated with immigration from HTLV-1 hyperendemic
areas, such as Japan, the Caribbean, and sub-Saharan African countries. In
these countries together, not only “immigrant or descendant history from

» nl

HTLV-1-endemic areas” but also “lower socioeconomic status,” “low
educational attainment,” and “race/ethnicity” may affect the scattered
high-prevalence areas; these explanations might be reasonable based on
their histories.

However, none of the above background factors are applicable to
Japan because of its small ethnic diversity, high educational standards,
few immigrants, and very rare occurrence of zoonotic infection.?*
Therefore, the reason why people with HTLV-1 infection are clustered
in small, remote regions in the Kyushu-Okinawa area is still unknown.?®
The only possible speculation is that there is less exchange between
people living in rural regions or islands and those in urban regions. This
speculation may be plausible based on results of the current study; first,

because Nagasaki, Kagoshima, and Okinawa prefectures are the best
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Age 16-18 yoars

FIGURE 4 Geographical distribution of sex- and age-specific HTLV-1-seroprevalence among blood donors at the municipal level in Kyushu-
Okinawa. Each color gradation represents HTLV-1-seroprevalence (%) among blood donors in each municipality. The figures on the left (blue)
for each age-group panel show the results for male donors and those on the right (red) for female donors, respectively. (A) Age 16-19 years.
(B) Age 20-29 years. (C) Age 30-39 years. (D) Age 40-49 years. (E) Age 50-59 years. (F) Age 60-69 years. HTLV-1, human T-cell leukemia virus

type |
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three in terms of the number of islands (Table 1), second, because the
three prefectures are the best three in terms of the highest rates of
HTLV-1 seropositivity in female donors (Table 2 and Figure 3B) with a
positive linear correlation between HTLV-1 positive rate and the
number of island per population in female (Supporting Information
Figure S1C), and finally, because there was a weak-negative linear
correlation between HTLV-1 positive rate and the population density
(Supporting Information Figure S1D-F). The different distributions of
high HTLV-1 seroprevalence in those aged 16-19 years and 20-29 years
in some small, remote regions (Figure 4A,B) may be also explained by
differences in exchange between people: in Japan, people aged younger
than 20 years are regarded as “underage,” and parents are legally
obliged to protect and supervise their children aged under 20 years.

As for age distribution, in the current study, HTLV-1 seroprevalence
in donors aged 16-19 and 20-29 years were lower than those in older
generations. In Japan, this may be caused by the natural decrease of
HTLV-1 infection due to the effects of the HTLV-1 screening program for
pregnant women®! and the shortening of the breastfeeding period in
Japan in recent decades. However, recent studies in the United States®®
and Iran? also showed a natural decline of HTLV-1 seroprevalence in
each country. These natural declines can be explained by a birth-cohort
effect?” However, in the current study, high HTLV-1 prevalence was
observed even in the adolescent generation in limited municipalities
nearby mountainous and island regions (Figure 4A). Social factors specific
to the lifestyle in these remote regions, such as long breastfeeding
duration, might influence the spread of HTLV-1 infection. Furthermore,
we recently revealed that new HTLV-1 infection occurs more frequently
in people in their 40s and 50s than in younger generations in Japan.X®
Such new HTLV-1 infection may partially contribute to the increased
seroprevalence in older adults.

The strength of this study lies in the large sample size and the
first-time comprehensive assessment of people with HTLV-1
infection at the municipal level of Kyushu-Okinawa, the region
where HTLV-1 is most endemic. One new finding is that people
infected with the virus are unevenly scattered in small, remote
areas even within Kyushu-Okinawa. Nevertheless, the current
study has several limitations. First, the use of HTLV-1 test results
from blood donors might be affected by selection bias due to the
so-called healthy donor effect because blood donors need to pass
specific health and lifestyle criteria before donating blood.?®
Second, the male-female ratio significantly differed between the
general population of Kyushu-Okinawa (approximately 0.9) and
blood donors (approximately 2.8), which also might affect this
study's results. Using blood donors to represent the general
population has been debated everywhere.?? Therefore, the male-
female difference in HTLV-1 seroprevalence in the current study
might be an underestimation or overestimation of the true
difference. Third, although the current study analyzed the
geographical distribution of seroprevalence at the fine-scale
administrative district level, we did not consider latitude, long-
itude, and altitude. Therefore, we did not clearly define “small,
remote areas,” such as mountainous areas. This suggests that

more detailed analyses are warranted.

Since the discovery in the 1980s that Japan is the area in which
HTLV-1 is most endemic, the rates of HTLV-1-infected people have
remained high. However, so far there has been little effort to reduce
infection in Japan. Furthermore, around 10-20 million people are
infected worldwide. In response to this global burden of HTLV-1
infection, an international research group called “the Global Virus
Network” launched a taskforce to develop new methods of
prevention and treatment of HTLV-1 infection in 2014.%° To reduce
HTLV-1 infection in Japan, it is necessary to develop more effective
measures and educational programs to inform all age groups about
infection routes of HTLV-1 other than breast milk.3? We hope that
further investigations will clarify the mechanisms of infection and
develop preventive systems against the spread of HTLV-1 in Japan.
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