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The disease burden due to soil-transmitted helminthiases
(STH) and schistosomiasis is not well documented in
Asia. Both STH and schistosomiasis are chronic diseases
but case detection is not easy because of the absence of
clinical symptoms. STH and schistosomiasis are, how-
ever, endemic in Asia and their burden is significant. At
the preparatory meeting for the Hashimoto Initiative in
Japan in 1997, STH and schistosomiasis were categorized
as Group 2 diseases. Parasitic infections in this category
were well understood at the time but sophisticated con-
trol strategies were lacking. Japan has promoted com-
prehensive collaborative projects to reduce the burden of
STH and schistosomiasis throughout Asia, creating an
international network to collect epidemiological informa-
tion and to implement and improve disease control, thus
extending the school-based control method that had
proved so successful in Japan.

Evaluation of disease burden
Helminth infections are important health problems in
many parts of Asia but an exact evaluation of disease
burden due to soil-transmitted helminthiases (STH) and
schistosomiasis is not available because they are so-called
‘neglected diseases’. There is no registration system for
STH and schistosomiasis in Japan or other Asian coun-
tries. The current status of STH and schistosomiasis varies
across the region. A recent increase in trade and human
migration within Asia has highlighted the need to evaluate
the epidemiological status of STH and schistosomiasis,
Japanese researchers have been proactive at building
partnerships with Asian parasitologists to find applicable
and effective strategies for parasite control. In the Hashi-
moto Initiative for global parasite control (HI) of 1997,
STH and schistosomiasis were designated as Group 2
diseases |1]. The HI working group categorized parasitic
diseases into three groups: Group 1 diseases require

Corresponding author: Ohta, N. {matatavipimimd acjp).
Available online 28 November 2006.

investment from the basic research stage to develop
new treatments. Group 2 (which includes the filariases,
in addition to STH and schistosomiasis) is a group of
diseases for which control drugs already exist, and the
priority is to establish a mechanism to deliver them to
endemic areas. Group 3 falls between Group 1 and Group
2. This means that applied or operational research is
needed, rather than basic research, for implementing
disease control for STH and schistosomiasis. To discuss
the Japanese perspective on STH and schistosomiasis in
Asia, it is important to understand the current status of
these parasitic infections in Japan and in East or South-
east Asian countries.

STH and schistosomiasis in Japan: then and now
Heavy disease burden due to STH and schistosomiasis in
the first half of the 20th century was a strong driving
force for parasitology research in Japan. In 1949, the
incidence of STH peaked at 73% of the population |2] but
the picture regarding schistosomiasis remains unclear.
In 1950, only 1.6% of residents in the Kofu basin, which is
in the central Yamanashi part of Japan, tested positive
for Schistosoma japonicum in stool examinations using
the direct smear method [3]. This relatively low incidence
was probably a gross underestimation because a positive
rate of S. japonicum infection of 44.2% was reported in
the same area when some, but not all, health centers
tested stools of schoolchildren using the centrifugal con-
centration (AMS III) method. Furthermore, single test-
ing results in underestimates because repeated testing of
fecal samples from residents of the Kofu basin raised the
positive rate to more than twice that detected by the
merthiolate-iodine-formaldehyde concentration (MIFC)
method [4].

The most common STH in Japan in the first half of
the 20th century was Ascaris lumbricoides infection,
followed by Necator americanus infection. Night soil was
widely used as a fertilizer for cultivation, resulting in
contaminated vegetables, which were the main source of

www.sciencedirect.com 1471-4922/$ - see front matter © 2006 Elsevier Ltd. All rights reserved. doi:10.1016/].p1.2006.11.007
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Figure 1. Control of parasitic diseases and economic development in Japan. The
GNP {blue line} of Japan started to rise in the mid-1960s, whereas the prevalence of
STH (green line) decreased rapidly before the ecanomic growth in Japan.
Reproduced, with permission, from M. Shimada, Nagasaki University,

STH. With the rapid improvement in quality of life in
Japan (including the cessation of night soil use), the pre-
valence of STH fell rapidly and reached a negligible level in
the late 1970s (Figure 1). Despite rapid economic growth in
Japan in the 1960s, economic development was not the
main factor behind successful STH control. Japan created a
unique and effective scheme for parasite control after
World War II, which was led by the private sector, the
Japan Association of Parasite Control (JAPC) and sup-
ported by local governments [5]. JAPC implemented a
school-based approach, in which teachers had the main
role in health education and deworming, that was backed
by the Japanese Government via proclamation of the
School Health Law in 1958. The Japanese Organization
for International Cooperation in Family Planning
(JOICFP: http//www joicfp.or)p/) was also important
and was established based on the unique idea of integrat-
ing STH control with family planning and nutritional
improvement [6]. The parasite control activities of JAPC
and the integrated programs contributed substantially to
health promotion, not only in schools but also in commu-
nities because parasite control has proven to be a good
starting point for encouraging community participation.
Members of academia also had important roles in
parasite control activities, not only by providing scientific
guidance but also by evaluating the efficacy of the control
interventions.

Currently, a small number of sporadic cases of STH
infection still occurs in Japan. Several factors contribute to
this: (i) there is a movement to use non-chemical fertilizer
for vegetation, such as night soil, the use of which places
more people at risk of A. lumbricoides infection; (ii) a
specific group at risk comprises those who have lived for
prolonged periods in other endemic countries, with >10%
of people returning from Africa bringing back STH [7]; (iii)
recently, food-borne STH from fresh food imported from
endemic countries has also been identified [8]; and (iv)
strongyloidiasis is still endemic in Okinawa and other
southern Japanese tropical islands. A recent survey
reported that the incidence of Strongyloides stercolaris
infection is 5-10% in Okinawa, although infections were
observed mainly in older age groups [9]. A strong associa-
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tion between strongyloidiasis and adult T-cell leukemia
virus has been reported [10,11], although the biological
mechanisms of the association remain to be elucidated. In
addition, there is a small number of cases of opportunistic
infection with S. stercolaris in immunocompromized people
in Okinawa [12].

Schistosomiasis japonica was endemicin Japan, with two
Japanese pathologists, Katsurada and Fujinami, discover-
ing the causative parasite, S. japonicum, in 1904 [13]. Nine
years later, Mivairi discovered Oncomelania nosephora,
which is the intermediate host snail for S. japonicum
[14]. These discoveries enabled the implementation of schis-
tosomiasis control in the early 20th century [15]. Schisto-
somiasis is prevalent in several foci where intermediate
snail host colonies exist. Although the intermediate host
snails in Japan are of a single species, S. japonicum in each
endemic focus in Japan has adapted only to O. nosophora of
the same geographical origin [16.17]. This indicates that
imported strains of S. japonicum are not readily introduced
into Japan.

Since 1977, no newly infected cases of schistosomiasis
have been reported in Japan and, in 1996, the local
government in Yamanashi (Japan) declared that trans-
mission had ceased. Since then, only imported cases have
been reported, most of which were schistosomiasis from
Africa. The disease control strategy for schistosomiais in
Japan comprised three main approaches: (i) control of the
snail intermediate host; (ii) treatment of all infected
people; and (iii) concreting over the wetland habitat of
the snail host [18]. Because schistosomiasis japonica is
zoonotic, health checks of human residents and sampling
of wild mice were the methods used for case detection. At
a health check, intradermal skin tests were used to
screen for schistosomal infection [19]. Although the cause
is unclear, the hepatitis C virus appeared earlier in
schistosomiasis-endemic areas than in schistosomiasis-
free areas [20]. A similar association was reported in
Egvpt (21|, where schistosomiasis is also endemic.
S. japonicum infection might be carcinogenic (22|, with
epidemiological studies showing significant association
between rectal and hepatic cancers and 8. japonicum
infection in Japan [23.24]. Cercarial dermatitis has also
been reported, which is caused by schistosomes of
birds (e.g. Gigantobilharzia sturniae). Rice farmers, in
particular, are at risk because there are snails in paddy
fields, and birds that feed on the snails perpetuate the

life cycle of the parasite.

STH in Southeast Asia and China
STH and schistosomiasis are the most common helminth
infections worldwide, especially in poor communities in
Southeast Asia. STH are widely distributed throughout
the region (Figure 2). It is estimated that, in 2003, 33.9
million people in Vietnam and 74.7 million people in the
Greater Mekong Subregion (GMS) countries were infected
with A. lumbricoides, and 17.6 million people in Vietnam
and 32.9 million people in the GMS were infected with
Trichuris trichiura [25,26].

There is only a small amount of recent published data
about the disease burden and epidemiology of STH, and
data are not available from many countries. Brooker et al.
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Figure 2. Prevalence of STH in Southeast Asia. The prevalence of STH is high in the south-central part (*) compared with the northern part (**) of the countries shown. Key:
Ascaris lumbricoides, orange bars; hookworm, green bars; Strongyloides stercoralis, unfilled bars; Trichuris trichiura, blue bars.

126] used a geographical information system (GIS) to
collate and map STH distribution in Southeast Asia and
found a distinct geographical variation throughout the
region. In Vietnam, for instance, the prevalence of STH
infection declined from the north to the south of the country
[25], whereas higher prevalence occurred in the south of
Thailand than in other parts of the country [27]. A report
from Bali showed that wet highland had significantly
higher STH prevalence than did wet lowland, dry highland
or dry lowland [28]. In Malaysia, high levels of STH infec-
tion were reported in Orang Asli, an aboriginal tribe
resettlement village [29]. This variation in STH occurs
because transmission is strongly related to environmental
and host behavioral factors (Table 1).

A national survey was carried out in China in 2003 to
analyze the epidemiological status of helminthic infections
[30]. Results showed that the infection rate of STH was
19.6%, of which ascariasis accounted for 12.7% (86 million
people), followed by hookworm infections with 6.12% (39
million people) and whipworm infections with 4.63% (29
million people). One-third of infected individuals carried
two or more parasites, with some infected by six species of
parasite at the same time. The highest infection rate, with
>10 000 hookworm and/or whipworm eggs per gram and
>50 000 A. lumbricoides eggs per gram, was noted in
Hainan Province (54.7%), with other southern areas such
as Guizhou, Sichuan, Guangxi and Hunan showing an
infection rate of at least 30%. STH in northern areas were

Table 1. Factors influencing the transmission of STH and
schistosomiasis

STH Schistosomiasis ]
Environmental |
Tropical climate Tropical climate |
High humidity Water (e.g. river)

Unhygienic sanitation Unhygienic sanitation

Land surface temperature Snail intermediate host

Night soil fertilizer Reservoir hosts

Behavioral

Toilet usage

Personal cleanliness
Occupation (e.g. farmer)
Wearing shoes

Toilet usage
Water contact
Occupation (e.g. farmer, fisherman)
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less frequent, with the lowest infection rate reported in
Xinjiang Province (0.72%). STH are most common in
primary-school children and illiterate people in China,
indicating that the STH infection rate decreases with
higher education level. The helminthic infection rate in
China seems to be declining, with heavy infections of
A. lumbricoides and hookworm found in fewer than 2%
of infected people in 2003.

Schistosomiasis in Southeast Asia and China
Schistosoma blood flukes in Southeast Asia belong to the
S. japonicum complex, which comprises three different
species: S. japonicum, Schistosoma mekongi and Schisto-
soma malaysiensis |31]. They differ in morphology, geo-
graphieal distribution, snail intermediate host and enzyme
polymorphisms. Approximately 60 000 Laotians and 80
000 Cambodians are estimated to be at risk from schisto-
somiasis mekongi [32], and ~6.7 million Filipinos are at
risk from schistosomiasis japonicum [33]. The best-known
species is S. japonicum, which is found in China, the
Philippines [34] and certain areas of Sulawesi, Indonesia
[35]. In China, endemic foci occurred in seven provinces,
and 843 000 infected individuals were reported in 2003.
Two distinct types of schistosomiasis are endemic in China:
marshland type and hill type. Approximately 11 million
people are at risk from the marshland type and 5 million
people are at risk from the hill type. Marshland schisto-
somiasis occurs in the mid- or lower reaches of the Yangtze
and is under the direct influence of the environmental
conditions of both the river and the surrounding lakes.
Hill-type schistosomiasis occurs in western China.
Although the endemic foci are not big, disease control is
difficult because the foci are located in remote areas.

S. mekongi occurs in the Khong District of Laos and along
the Mekong in Cambodia [32]. Up to 150 000 inhabitants
were at risk of S. mekongi infection in the 1980s. However,
the recent situation in the endemic area is much improved
because of a mass treatment program led by the Cambodian
Government, the World Health Organization (WHO: http//
www.who.int) and Medicins sans Frontieres (http:/
www.msforg). The program started in 1995, with a
Japanese non-governmental organization (NGO), the
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Sasakawa Memorial Health Foundation (http:/www,
sasakawa-igaku.or.jp), joining in 1997 |36].

S. malayensis infects various indigenous tribes in the
upper Rejang river basin, Sarawak, Malaysia [37]. Among
animal schistosome species, Schistosoma spindale is a
common cause of cercarial dermatitis in humans in Indo-
nesia, Malaysia, Thailand and Vietnam. This dermatitis is
strongly associated with farmers and fishermen working in
rice paddies [38].

More than ten species of mammal, including water
buffalo, wild pigs, deer, horses, dogs, cats and rodents,
are reservoir hosts of S. japonicum. Water buffalo and
cattle are the most important hosts of this parasite in
China, whereas dogs, but not water buffalo, are important
hosts in the Philippines [32]. In the case of S. mekongi,
12.2% of pigs in Laos and 0.3-3.6% of dogs in Cambodia are
hosts [39—41]. Oncomelania hupensis hupensis and Onco-
melania hupensis quadrasi are the snail hosts for S. japo-
nicum in China and the Philippines, respectively; however,
apparent strain differences are noted within O. h. hupensis
[42]). Neotrichura aperta is the only species of snail known
to be a host of S. mekongi |43], and S. malayensis uses
Robertsiella kaporensis as its intermediate host [37]. The
restricted distribution of these snails limits the endemic
areas of schistosomiasis. A study of rats in proximity to
snail colonies showed that 95.5% of rats caught within a
snail colony were positive for schistosomiasis, 56.5% of rats
caught within 100 m of a snail colony were positive and no
rat caught >1km from a snail colony was positive for
schistosomiasis. Existing control programs in endemic
areas aimed at improving sanitation and reducing both
the number and the size of snail habitats have led to
decreased infection rates among rats and snails [44].
Common locations relating to snail breeding sites that
increase the presence of the disease are irrigation net-
works and agricultural land [45] (Table 1).

Results of studies on the epidemiology and immunology
of schistosomiasis in the Philippines indieate that the
individuals who are most vulnerable to rapid reinfection
are 5—14-year-old children. In China, however, high inci-
dence is observed even in adults [46]. A drop in incidence at
age 15-19 years and decreased intensity of infection at this
age and in older Filippino people indicate the development
of immunity [47]. Schistosomes, T. trichiura and hook-
worms cause anemia, and co-infections of these species
increase the likelihood of anemia, particularly in 5-14-
year-old children. Carcinogenesis associated with S. japo-
nicum has also been found in China, and specific effects on
mutagenicity have been suggested [48].

Schistosomiasis control in China has been implemented
since 1955, when endemic situations were serious in areas
along the Yangtze, including Shanghai, Wuhan and other
big cities. Although the endemic situation has improved, a
renewed effort to eliminate schistosomiasis was mounted
as a collaborative project with the World Bank (http://
www. worldbank.org) in 1992. Over eight years, a nation-
wide mass chemotherapy program was implemented and
one endemic province, Zejiang, declared the disease to be
eradicated in 1996. During the program, >200 research
projects, both applied and operational, were promoted and
new therapeutics, diagnostics, epidemiological techniques
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and cost-effective operational approaches were investigated
[49]. China is considered to be in the final stage of disease
eradication; however, there are several obstacles to over-
come before reaching this goal [50]. Despite the intensive
control program, a warning was recently issued by the
Chinese Center for Disease Control and Prevention
(http://www chinacde.net.cn) that there is a reemergence
of schistosomiasis japonica in China. A nationwide survey
was carried out in 2005, the results of which will be made
public in the near future. Construction of the Three Gorges
Dam will be completed in 2006 and the distribution of
endemic foci is anticipated to change because of the chan-
ging water levels of the Yangtze. Because selective che-
motherapy is undertaken during low disease prevalence
in China, it is important to develop a sensitive, but
cost-effective, case-detection system. Intensive surveys that
use new tools and techniques are needed to create a new
strategy for schistosomiasis control in China.

The viewpoint in Japan

Historically, the transmission of STH has been related to
social infrastructure, including water supply, toilet facil-
ities and sanitation, lifestyle, cultivation techniques and
foed distribution. Therefore, STH are considered to be a
socioeconomic matter. However, in the case of Japan, the
economy did not have an important role in the control of
STH. Instead, the gross national product increased in
Japan just after the successful control of infectious dis-
eases such as STH (Figure 1). This means that improved
public health conditions preceded economic growth. Atti-
tude changes, based on improved knowledge and experi-
ences, resulted in successful parasite control. Control is not
expensive, yet the presence of STH and schistosomiasis is
an inhibitory factor for socioeconomic development, and
this is the most obvious consequence of disease burden due
to helminth infection.

Japanese scientists have sought to build a close
relationship with researchers in other Asian countries in
both basic and applied research into parasitic diseases.
Bilateral cooperative overseas aid orchestrated by the
Japan International Cooperation Agency (JICA: hrtp://
www jica.go,jp) has helped to strengthen the training
aspects needed for parasite control, which are based on
the lessons learned during previous success in Japan.
One of the successful programs promoted by JICA is the
HI 151]. In 2000, JICA established the Asian Center of
International Parasite Control (ACIPAC: http:/www.tm.
mahidol.ac.th/en/seameo/thailand.htm) at Mahidol Uni-
versity, Bangkok, as the first center within the HI. Train-
ing courses for the school-based control of malaria and STH
for program managers were organized by ACIPAC for
health personnel and educators from central to provincial
levels. Approximately 111 personnel, mostly from GMS
countries, were trained between 2001 and 2005. Small-
scale pilot projects (SSPPs) on school-based STH control,
supported by JICA, have been conducted in Cambodia,
Laos, Myanmar and Vietnam.

The contribution made by Japanese NGOs to parasite
control should also be emphasized. The JAPC supported
the Asian Parasite Control Organization (APCO), which
was established in 1974. Between 1977 and 1999, an APCO
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training course that used school-based STH control to gain
entry into the community was conducted at Mahidol Uni-
versity and its partner institutions (the Faculty of Public
Health and the Ministry of Public Health). More than 530
health personnel in Asia have been trained and evaluation
of the training, conducted after the 20th course, showed
that >50% of ex-participants continue to work in the field
of parasite control (J. Waikagul, unpublished). Another
bilateral cooperation scheme is the US—Japan Cooperative
Medical Science Program, which was established in 1964 to
focus research on diseases that are prevalent in Asia, with
parasitology research being one of the main subjects.
Through these cooperation schemes, the exchange of
scientific information among Asian parasitologists is
increasing and, by combining various bilateral cooperation
programs, the Federation of Asian Parasitologists was
officially established in 2001. More recently, the Japanese
Government launched a new strategy for the research and
control of infectious diseases by collecting biological and
epidemiological information in Asia and Africa. In addi-
tion, three centers were established in Thailand, Vietnam
and China as cooperative projects with Osaka University
(http://ww.osaka-u.acjp), Nagasaki University (http.//
www.nagasaki-u.acjp) and the University of Tokyo
(http://www.u-tokvo.ac.jp), respectively.

Future perspectives

Collaborative projects between Japan and other Asian
countries have been ongoing in the field of basic research
into parasitology and disease control, and will increase in
number in the future. In particular, the development of
vaccines and new therapeutics is an urgent research sub-
ject for S. japonicum. Several groups from Japan are, with
Chinese colleagues, undertaking research projects on
schistosomiasis vaccine development. Paramyosin and cal-
pain of S. japonicum were tested as vaccine candidates
[52-54], and partial but significant vaccine effects were
observed in a field trial using domestic pigs [55,66]. Qin-
haosu derivatives have been intensively investigated as
new therapeutic and/or prophylactic drugs for Asian schis-
tosomiasis [57,58]. Artemether was also shown to have
prophylactic effects on various schistosome species [59].
Artesunate was also effective, not only against S. japoni-
cum but also against S. mansoni infection; however, the
optimal protocols for artesunate treatment were different
between S. japonicum and S. mansoni infections [60]. Side
effects were not observed and complete cure rate was
confirmed.

The monitoring of intermediate host snails by remote
sensing was investigated as a novel epidemiological tool for
schistosomiasis. In the Philippines, a research group from
Japan proposed a monitoring system that uses digital
maps of Landsat images to which epidemiological informa-
tion is added [61]. A similar system was developed to
monitor the reemergence of schistosomiasis japonica in a
former endemic focus of the disease in Japan [62].

Cooperative projects are being intensively promoted for
STH and schistosomiasis control. Children of primary-
school age are most affected by STH and schistosomiasis.
Deworming is a preventive control measure but, to keep
reinfection rates as low as possible, preventive education
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must be implemented widely and continuously throughout
the region. A regional training program of effective educa-
tion for trainers is necessary but the program remains in a
low profile at present. ACIPAC activities are continuing as
a collaborative project between Japan and Thailand, and
SSPPs in the surrounding countries are encouraged to
develop into country-level projects. In fact, as a result of
this activity and the support of other international orga-
nizations, a National Intestinal Parasite Control Program
has been started in Cambodia and Laos [63].

Although the prevalence of STH has decreased compared
with the prevalence in the 1980s, these diseases remain a
major public health problem in Southeast Asia. Extensive
training programs are still needed in the region to support
national programs for parasite control. ACIPAC, together
with collaboration from Japan, is ready to be a partner of
other international and local organizations and agencies to
provide training based on the successful Japanese model of
school-based control programs for parasites and other infec-
tious diseases.
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Abstract

Toxocariasis has long been considered a parasitic disease affecting pet owners and children who often play in sandboxes at public parks. Recent
cases of this animal-borne infection, however, indicate that its clinical manifestations and etiologies are changing. In this article, we will describe the
critical characteristic features of toxocariasis alongside the contributions of Japanese researchers to a better understanding of the disease.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction family Ascaridoidea, through their pet dogs and cats. Other

natural hosts include wild Canidae for Toxocara canis and wild

Among animal-borne diseases, toxocariasis is one of the  felines for Toxocara cati. Symptoms depend on organs affected

most popular parasitic infections in the world, caused by the  and the magnitude of infection. It is usually a non-fatal disease,

larval stage of Toxocara spp. Humans are infected mainly by ~ but the larvae migrate through the eyes and can cause severe
the tiny developmental stage of the parasite, which belong tothe  vision disability or even blindness.

In 1950, Dr. Wilder, an American ophthalmologist, histo-

* Corresponding author. pathologically identified a nematode of unknown etiology in the

E-mail address: ocha.vipa mé.ac.jp (N. Akao). retinas of 26 out of 46 enucleated eyes with retinoblastoma [1].
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Two years later, Beaver et al. [2] recognized the same parasite in
the liver of three young children, Shortly afterwards, the parasite
was correctly identified as an infectious stage larva of T. canis
[3-5]. Since then, many clinicians and biologists have been
accumulating knowledge of Toxocara and toxocariasis.

In this review article, we describe the lesser-known
contributions of Japanese researchers to the understanding of
Toxocara and toxocariasis. This articles builds on the work of
Kondo [6], focusing on the topics that he did not cover in his
review and on new findings since his publication.

2. Toxocariasis in humans
2.1. Clinical cases

Toxocariasis is clinically classified into four types: visceral,
ocular, neurologic, and covert [7,8]. In 1963, the first report on
toxocariasis in Japan was presented orally at the 32nd Annual
Meeting of the Japanese Society of Parasitology by Fushimi et
al. [9]. A 14 year-old boy was admitted to a university hospital
because of fever, hepatomegaly and persistent eosinophilia. The
patient died from severe anemia six months later. Though no
autopsy or serological examinations were performed, the patient
was strongly suspected to have suffered from visceral toxocar-
iasis. In the early 1960s, immunological tests for parasitic
infections, especially for helminthiasis, had only just begun, and
antigen for the diagnosis of toxocariasis was not yet known.

Just as in other parasitic infections, direct demonstration is
the only way to make definite diagnosis of toxocariasis.
However, it is difficult to find the larva in either tissue biopsies
or autopsies due to its very small size. So far in Japan, one
morphologically and two pathologically confirmed cases have
been reported [10-12]. Two additional reports, both of ocular
toxocariasis, were doubtful because of the lack of characteristic
features of the parasite; the authors nevertheless reproduced the
microscopic findings of the purported larva in their papers
[13,14]. One of these two cases showed increased antibody
production in vitreous fluid against Toxocara antigen prepared
from larval excretory—secretory product (LES), suggesting that
the case might be attributable to ocular toxocariasis.

Serology is an alternative method for the diagnosis of
toxocariasis. A method has been established for in vitro
cultivation of the larvae, with LES prepared from the culture
medium serving as an antigen. Detection of specific antibodies
against LES provides evidence of Toxocara infection in
individual patients and useful tool for understanding the
epidemiological characteristics of this disease. The first
serological survey in Japan was reported by Matsumura and
Endo [15] using sera of 83 clinically healthy children. In their
sample, 3.6% lested were positive for LES. In another study,
Matsumura and Endo [16] demonstrated that 20 of 530 adults
possessed the IgG antibody to LES. The positive individuals
were thought to have a latent or past infection. In a large-scale
seroepidemiolgical survey, Kondo et al. [17] collected 3277 sera
from 14 prefectures in Japan and tested for LES antibodies.
Antibodies were confirmed in 52 individuals (1.6%), but
geographical patterns were notable: the highest prevalence rate

was observed in Miyagi Prefecture (6.1%), and the lowest was in
Ibaragi Prefecture (0.5%). The researchers concluded that the
overall seroprevalence rate was in good agreement with those
reported from other countries [17-19].

Based on improvements in the field of serology, diagnosis of
toxocariasis is usually made by detection of the specific antibody
to LES, along with clinical manifestations such as eosinophilia,
eosinophilic pneumonia, or ophthalmoscopic findings.

2.2. Characteristic features of toxocariasis

2.2.1. Toxocariasis as a food-borne infectious disease

Using serological methods, there were nearly 200 reports of
toxocariasis in the database of Japana Centra Revuo Medicina,
and almost 300 cases have been diagnosed in Japan in the past
two decades. Among these cases, some significant reports have
provided a new perspective on the pathogenic mechanisms of
toxocariasis.

Since Beaveret al. | 2] introduced the concept of visceral larva
migrans, characterized by chronic eosinophilia with granulo-
matous lesions in the liver, toxocariasis was regarded as a disease
in children who were infected by soil contaminated with
embryonated eggs [20]. In 1983, Sakai ctal. [21] reported a case
toxocariasis after ingestion of raw chicken liver. The 57-year-old
man was admitted to a hospital due to cough, fever and weight
loss. Complete blood count revealed a marked increase in
cosinophils in peripheral blood with leukocytosis, and serum
antibody against T. canis was strongly positive. Before onset, he
and his friends had eaten raw chicken livers derived from his
poultry and boar farm, Soon after the meal, they experienced
abdominal pain, vomiting and diarrhea, but the symptoms
improved within two days after ingestion. One month later, his
chief complaints emerged. Two similar cases were subsequently
reported by the same group [22)].

These cases clearly indicates that the disease should be
considered a food-borne parasitic infection. Four additional
papers describing six patients were published in Japan in the
1980s [22-25]. These patients, all male and between 22 and
51 years of age, had a history of eating raw meat or liver of fowl
and/or cattle before onset of symptoms. The possibility that raw
liver of domestic animals can transmit the pathogens of human
visceral larva migrans was substantiated by Lee et al. [26] of
Yonsei University College of Medicine in Korea. They found
that a dietary habit of raw liver was much more frequently seen in
males than in females, especially in the 31-40 age group.
Experimental studies revealed that chicken, cattle and swine
were able to act as paratenic hosts for T canis [27-29]. Most of
the adult cases reported in recent years in Japan are categorized
as this type of infection [30].

In animal models in rodents, hatched larvae migrate into the
lungs through the liver after ingestion, resulting in liver
dysfunction and pneumonia [31-33], In humans, similar
manifestations are well documented in the literature [30,34-
36]. Pulmonary lesions appear on computed tomography as
multifocal subpleural nodules with halos or ground-glass
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opacities and ill-defined margins. Additionally, transient
pulmonary infiltrates are a characteristic finding. Morimatsu et
al. [30] recently reported a familial case of visceral toxocariasis
after consumption of raw chicken livers. In this case, the
patients, a father (71 years old) and his son (45 years old), ate raw
chicken livers three weeks before onset and then developed mild
fever, general fatigue, headache and respiratory disorder. The
specific antibody to LES was identified both in their serum
samples and in bronchoalveolar lavage fluid (BALF). T. canis
larvae were recovered from chicken liver from the same source
as that ingested by the patients. These cases showed that BALF
is a reliable specimen to demonstrate LES antibodies when the
patient shows respiratory illness.

2.2.3. Urticaria-like skin lesions and toxocariasis

Parasitic infection is often said to be associated with chronic
urticaria [37]. This is still a controversial issue, but acute
urticaria is certainly associated with infection with larva from the
marine fish parasite, Anisakis simplex [38]. Japanese have long
tradition of eating raw fish, sashimi and sushi, and anisakidosis
is a common parasitic infection in Japan. It is well documented
that urticaria is closely related to the infestation of Anisakis larva
[38,39]. As with anisakidosis, an allergic reaction could be
elicited by the invasion of Toxocara larvae and result in skin rash
that looks like hives. These skin manifestations might occur as a
result of immunological response to larval metabolites [40,41].

In 1999, the first confirmed case of toxocariasis with larva in
subcutaneous tissue was reported [11]. A 26-year-old female
with fever, headache, and dry cough was admitted to a university
hospital. Her peripheral blood smear showed an eosinophilia
(61%) and her chest radiograph revealed multiple nodules. A
diagnosis of visceral toxocariasis was made after detection of
LES antibodies. During her hospitalization, several brown itchy
nodules, which were thought to be prurigo, developed on her
legs. Histological examination showed Toxocara larva in the
center of an eosinophilic and lymphocytic abscess. The patient
admitted frequently eating raw beef liver almost one year before
her hospitalization for its purported health benefits. We can learn
from this case that larvae migrating into subcutaneous tissue
directly elicit pruriginous skin lesions.

2.2.4. Toxocariasis is a disease that affects adults rather than
children

Many reviews from western countries indicated that children
under 12 years old, who often play outside, are the most affected
age group for toxocariasis [42,43]). They are accidentally
infected with T canis/T cati eggs, which expelled in feces
puppies and fully develop in the surrounding environment
within two to four weeks. Therefore, contaminated soil is the
most important etiological source for toxocariasis [44.45]. Hori
et al. [46] reported a case of visceral toxocariasis in a 1.5-year-
old girl with fever, hepatomegaly, and eosinophilia (73%). The
patient had a history of pica, particularly eating soil from a
nearby park where she frequently played with her brother.
Serological examination strongly suggested that she was
suffering from Toxocara infection (Fig. la, b). They also
found many embryonated eggs from the soil in the park that

Fig. 1. The results of double gel diffusion (a) and western blot (b) tests of a
patient of visceral toxocariasis. Strong precipitin bands were obviously observed
between larval excretory-secretory products (LES) of Toxocara canis and
patient’s serum by means of double gel diffusion test. Antigens used in this test
were adult worm extract (AEX) of T. canis (1), LES of T canis (2), AEX of
Dirafilaria immitis (3), AEX of Ascaris suum (4), LES of Anisakis simplex
(5) and AEX of Ascaris lumbricoides (6). Western blot test shows a whole range
of LES molecules were reacted with the patient’s serum (upper strip) but not
with a normal control serum (bottom strip). An embryonated egg recovered from
the soil in the park where the patient often played (c). A fully developed and live
Toxocara larva was found in the egg.

contained a live larva closely resembling T. canis eggs (Fig. lc).
Fortunately, her brother showed a negative result in serological
tests.

In a review article of Barriga [47], the average age of visceral
toxocariasis was 9.5 years, and only 18% of patients were adults.
However, in recent investigations, adults rather than young
children were more frequently affected by this parasite. This
tendency is particularly true for ocular toxocariasis. Yoshida et
al. [48] described that, among 38 Japanese cases of ocular
toxocariasis, 34 (89%) were older than 20 years of age, and
suggested that clinical features observed in these patients were
somewhat different from those of previously reported cases [49].
Therefore, ocular toxocariasis is no longer merely a disease of
young children, but affects any age group having a risk factor
such as consumption of raw meat or close contact with
contaminated soil.
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As of the end of 2006, 584 clinically suspected cases of
toxocariasis (112 of visceral type and 472 of ocular type) have
been referred to our laboratory for detection of the anti-Toxo-
cara antibody. We omitted 109 cases from this study due to a
lack of description of the patient’s age and sex. In visceral
toxocariasis, the male-to-female ratio in the remaining sample
was 2.04 (male: 53, female 26). The average age was 39.2+
21.7 (range, 0-83 years old) in male and 31.3+23.9 Brange,
0.5-82 years old) in female. On the other hand, the male-to-
female ratio in ocular toxocariasis group was 1.16 (male: 213,
female: 183). The average age was 39.3=18.5 among males
(range, 283 vears old) and 37.6+18.2 among females (range,
2-74 years old). There were no significant differences in age
distribution between males and feales ([Fig. 2). A similar result
was obtained by Fujino et al. in 1998 [30].

2.2.5. Myelitis and toxocariasis

According to the case-control study by Magnaval et al. [51],
migration of 7. canmis larvae in the human brain does not
frequently induce recognizable neurological signs, but is
possibly responsible for repeated low-dose infections. These
light parasitic burdens usually do not appear to elicit a special
clinical symptom, but in some cases, sever neurological
disorders such as encephalitis, myelitis and meningitis are

16
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Fig. 2. Age distribution of suspected cases of visceral (n=79)2) and ocular
toxocaniasis {n=396)(b) referred to our laboratory from August 1994 to
December 2006.

manifested [52]. In Japan, Ota et al. [53] reported a case of
eosinophilic meningo-encephalo-myelitis due to Toxocara
infection. The patient, a 21-year-old woman, showed frontal
headache, low-grade fever and convulsion. She had a long
history of close contact with her pet dog. Immunological tests
were strongly positive for LES antigen in both her serum and
cerebrospinal fluid. Based on clinical evidence and characteristic
features in similar patients, Kira and his colleagues proposed a
new disease entity: “atopic myelitis” or “parasitic myelitis.”
They assumed that allergic reaction to LES might be involved in
this neurologic disorder [54]. Interestingly, most of the patients
lived in Kyushu District, in the south of Japan, suggesting that
myelitis due to Toxocara infection might be a regional clustering
disease.

2.3 T cati

Because morphological differences between T. canis and T.
cati in the adult stage are apparent [55], T cari is easy to identify
when patients expel adult worms. It has been suggested that T.
cati could develop in children through the ingestion of the
immature worm of T. cati |56 ). More than 26 cases were reported
so far [56,57], but there was only one case was reported from
Japan. A 5-year-old male boy was admitted to a hospital dueto a
complaint of vomiting 3 worm-like foreign bodies. These worms
were morphologically identified as two female and one male
immature worms [38].

On the contrary, there are few reports of human intestinal
infection with adult worms of T. canis [59], and many of these
are believed to be erroneous observations [60]. Serological
discrimination between toxocariasis canis and toxocariasis cati,
however, is not so apparent, because of complete cross-reactivity
between the two LESs, although T cati-specific LES has been
identified |61]. Therefore, distinguishing between T. canis and
T cati is even more difficult if somatic antigens are used in the
serological diagnosis [62 -64]. For the precise serodiagnosis of
toxocariasis, a great deal of additional research effort is nceded
to obtain T’ cati-specific LES antigens,

3. Advances in serological diagnosis
3.1. Antigens

As mentioned above, the most reliable and suitable antigen
for the diagnosis of toxocariasis is LES from T. canis. Once the
larvae are cultivated in vitro, they are viable for up to two years.
During this period, no morphological changes have been
observed, but chemosusceptibility to some compounds were
found to have changed [65], suggesting that the physiological
natures of the larva do change over this time period. The nature
of LES was extensively studied by Maizels and colleagues
[61,66-68]. Around the same time, Sugane and Oshima
demonstrated that LES had an ability to induce not only IgG
and IgM antibodies, but also IgE antibody in mice. Allergenic
activity was lost when LES was treated with guanidine
hydrochloride and 2-mercaptoethanol. LES also showed a
cross-reaction with serum from Ascaris suum-infected mice
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[69]. In addition, studies have identified numerous lectin-
specific glycoconjugates on the surface of the larvae [61,66-
68,70-73], and these have been found to dynamically change
during the course of infection in murine [74] and rabbit models
[75].

Although the antigenicity and specificity of LES is fairly
high, cross-reaction to other parasites, especially nematode
parasites, have been observed [76]. To overcome this problem,
Yamasaki et al. [77] produced a recombinant antigen that
reacted with serum from patients with toxocariasis but not from
those with roundworm or hookworm infections.

3.2, Rapid diagnostic test for toxocariasis

For many years, numerous diagnostic measures, such as the
double gel diffusion test, immunoelectrophoresis, indirect
hemagglutination test, latex agglutination test, plate-based
ELISA, membrane-based dot-ELISA, etc., have been employed
to detect specific antibodies against LES. However, these tests
require 1.5 hours or more to obtain an accurate result. In 1997, a
new rapid diagnostic test kit for the detection of anti-LES
antibody was introduced by us [78]. The test is based on the
antigen-sensitized nitrocellulose membrane-based assay. It is
easy to perform, does not require any sophisticated apparatus or
expertise and the results can be obtained within 3 min. This test
kit can even detect the antibody in intraoccular fluid.

4. Conclusion

In this review article, we present an overview of human
toxocariasis in Japan. Due to space limitations, we do not
describe in detail the aspects of experimental investigations
concerning biology, immunology and molecular biology using
animal models. However, we briefly pay special attention to
Japanese investigators who contributed to advance the under-
standing of toxocariasis. In early studies, Oshima established a
standard method for the oral inoculation of eggs, in which the
albuminoid coat of the egg is first removed in order to prevent
the adhesion of eggs onto glassware [79]. Sugane is 2 longtime
co-worker of Oshima, and his colleagues are actively engaged in
the field of immunology [80 88]. They demonstrated many
examples of cellular immunity to Toxoecara infection in mice.
The late Dr. Tsuji made pioneering efforts to develop
immunodiagnostic techniques for toxocariasis [50,89.90].
Recently, Mongolian gerbils, Meriones unguiculatus have
been established as a suitable animal model for experimental
ocular and neurologic toxocariasis [9]1 94].

Human toxocariasis is a public health hazard not only in
children but also in adults, both in developing and developed
countries. There are still questions to which we have no
answers: How does ocular toxocariasis develop? Why do nearly
half of ocular toxocariasis patients not produce detectable
antibody to LES? What is the pathogenesis of neurologic
toxocariasis? What mechanisms are involved in the reemer-
gence of Toxocara larvae during pregnancy both in definitive
and undefinitive hosts? In addition, we have not yet established
an effective anthelmintic against Toxocara parasites in the

tissue stage, especially for the ocular toxocariasis. Continuous
efforts should be made to address these issues. Finally,
toxocariasis 1s a disease that afflicts two of the very best and
oldest friends of humans: dogs and cats, Therefore, we must
continue to study this puzzling disease both for the sake of
humans, and for that of our animal friends.
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FROM MICE INFECTED WITH TOXOCARA CANIS
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ABSTRACT: We report a modified digestion method that improves the

recovery rate of Toxocara canis larvae from skeletal muscle. Minced muscle

tissue from infected mice was incubated in artificial gastric juice for 48 hr at 37
C, with ethanol added for the second 24 hr. This procedure allowed the larvae
to be identified and counted more quickly than with the standard digestion

method. This method allows measurement of the total number of larvae present

in muscle tissue following oral inoculation of embryonated eggs, although it

does not permit counting of live larvae.

Following oral inoculation of

eges,
larvae migrate into

embryonated infectious-stage
Toxocara canis
skeletal muscle tissue via the systemic
circulation. Muscle-stage larvae tend to
increase in number after infection: almost
half of all recovered larvae come from
skeletal muscles beyond the 10th day of
infection (Havasiova-Reiterova, et al,
1995; Oshima, 1961). These larvae are
able to survive for long periods in muscle

tissue. If an anthelmintic drug is effective

against migrating larvae, the number of
larvae appearing in skeletal muscle will
Therefore, for an
trial, the
muscle-stage larvae is a good indicator of
efficacy (Fok and Kassai, 1998, Horiuchi,
et al., 2005; Hrckova and Velebny, 2001,

Satou, et al., 2005).
Both the Baermann technique

be reduced.

anthelmintic number of

and the digestion method using artificial
gastric juice are use to detect larvae in

skeletal muscle. The Baermann technique,
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