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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-bome infection, however, indicate that its clinical manifestations and etiologies are changing. In this article, we will describe the
critical characteristic featares 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

Among animal-bome diseases, toxocariasis is one of the
most popular parasitic infections in the world, caused by the
larval stage of Toxocara spp. Humans are infected mainly by
the tiny developmental stage of the parasite, which belong to the
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family Ascaridoidea, through their pet dogs and cats. Other
natural hosts include wild Canidae for Toxocara canis and wild
felines for Toxocara cati. Symptoms depend on organs affected
and the magnitude of infection. It is usually a non-fatal disease,
but the larvae migrate through the eyes and can cause severe
vision disability or even blindness.

In 1950, Dr. Wilder, an American ophthalmologist, histo-
pathologically identified a nematode of unknown etiology in the
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 cosinophilia. 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% tested 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 Beaver et 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 et al. [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
eosinophils in peripheral blood with leukocytosis, and serum
antibody against 7. 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 7. canis [27-29]. Most of
the adult cases reported in recent years in Japan are categorized
as this type of infection [30].

2.2.2. Respiratory illness and toxocariasis

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 hivers 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 urticania 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 westem 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 I. 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

a
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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
Dirofilaria 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 7. canis eggs (Fig. 1c).
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-fernale 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 8range,
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, 2—83 years old) and 37.6=18.2 among females (range,
2-74 years old). There were no significant differences in age
distribution between males and females (Fig. 2). A similar result
was obtained by Fujino et al. in 1998 [50].

2.2.5. Myelitis and toxocariasis

According to the case-control study by Magnaval et al. [51],

migration of I canis 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

Number of cases

Fig. 2. Age distribution of suspected cases of visceral (r2=79)(a) and ocular
toxocariasis (n=396)(b) referred to our laboratory from August 1994 to
December 2006.

manifested [52]. In Japan, Ota et al. [53] reported 2 case of
eosinophilic meningo-encephalo-myelitis due to Zoxocara
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 [S5], T cati is easy to identify
when patients expel adult worms. It has been suggested that 7
cati could develop in children through the ingestion of the
immature worm of 7. 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 due to a
complaint of vomiting 3 worm-like foreign bodies. These worms
were morphologically identified as two female and one male
immature worms [58].

On the contrary, there are few reports of human intestinal
infection with adult worms of 7. 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 7. cati-specific LES has been
identified [61]. Therefore, distinguishing between I 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 needed
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 7. 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. Alergenic
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 a 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 Toxocara 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 [91-94].

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 Joxocara parasites in the

tissue stage, especially for the ocular toxocariasis. Continuous
efforts should be made to address these issues. Finally,
toxocariasis is 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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Abstract

To understand the characteristic features of the Mongolian gerbil, Meriones
unguiculatus, as an animal model of ascarid infections, the migration behaviour
and pathogenesis of larvae were investigated in experimentally infected gerbils.
Embryonated eggs from each of Toxocara canis, Baylisascaris procyonis, B. transfuga,
Ascaris suum, and A. lumbricoides were orally inoculated into gerbils and larvae
were recovered from various organs at designated periods. In T. canis-infected
gerbils, larvae were present in the liver 3 days after infection and in the skeletal
muscle and brain via the heart and lungs at a similar rate. In B. procyonis- and
B. transfuga-infected gerbils, larvae were present in the lungs within 24 h after
infection, with some having reached the brain by that time. After 24 h, larvae of
B. procyonis tended to accumulate in the brain, while those of B. transfuga
accumulated in skeletal muscles. In A. suum- and A. lumbricoides-infected gerbils,
larvae remained in the liver on day 5 post-infection and elicited pulmonary
haemorrhagic lesions, which disappeared 7 days after initial infection.
Thereafter, no larvae of any type were recovered. Ocular manifestations were
frequently observed in T. canis- and B. procyonis infected gerbils, but were rare in
B. transfuga-infected gerbils. In the cases of A. suum and A. lumbricoides,
migration to the central nervous system and eyes was extremely rare, and larvae
had disappeared by 2 weeks post-infection. Fatal neurological disturbances were
observed in B. procyonis-infected gerbils, whereas irreversible non-fatal
neurological symptoms were observed in the case of B. transfuga.

Introduction

DOI: 10.1017/50022149X07212118

Larval stages of ascarid nematodes elicit severe tissue
damage when they invade hosts which are not normally
the definitive host. The racoon roundworm, Baylisascaris
procyonis, is particularly prone to cause a fatal neurologi-
cal disturbance (Huff et al,, 1984; Kuchle et al.,, 1993;
Moertel et al, 2001; Wise et al, 2005). The dog

*Author for correspondence
Fax: +81 3 5684 2849
E-mail: ocha.vip@tmd.ac jp

roundworm, Toxocara canis, and the cat roundworm,
T. cati, are also responsible for the visceral larva migrans
syndrome (VLM) in humans (Glickman & Magnaval,
1993; Fisher, 2003). The VLM caused by these two
roundworms is commonly known as toxocariasis, which
is considered a disease of infants and children, although
adults are also infected (Glickman et al., 1987; Aragane
et al., 1999; Yoshida et al., 1999). Moreover, outbreaks of
VLM due to the pig roundworm, Ascaris suum, have been
reported from the southern part of Japan (Maruyama et al.,
1996; Sakakibara et al., 2002). Meningitis can occur when
Ascaris larvae migrate into the central nervous system
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(Osoegawa et al., 2001). However, a precise diagnosis of
these animal-borne ascarid infections is not always
possible and an adequate anthelminthic therapy against
these infections was not available. The lack of a
comprehensive study using animal models for ascarid
infections has also prevented progress in this field.

The Mongolian gerbil Meriones unguiculatus is known to
be susceptible to a variety of parasites including Brugia
pahangi (Ash & Riley, 1970), Strongyloides stercoralis (Nolan
et al., 1993), Nippostrongylus brasiliensis (Horii et al., 1993),
and Entamoeba histolytica (Chadee & Meerovitch, 1984).
Akao et al. (2000) and Takayanagi et al. (1999) demon-
strated that gerbils could serve as an animal model for
ocular toxocariasis due to both T. canis and T. cati. The
occurrence of retinal haemorrhages including larval
invasion into the retina was found to be quite high
compared with that in mice after oral inoculation of
infective eggs. However, no information is available on
the migration route, the final site of infection, or on the
pathogenesis of ascarid larvae in gerbils. Here, we present
our findings on the characteristic features of ascarid
infections in gerbils as they relate to the pathogenesis of
VLM in humans.

Materials and methods

Mongolian gerbils Meriones unguiculatus ranging
between 2 and 3 months of age, were raised in the
Animal Centre of Nippon Medical University and were
maintained under pathogen-free conditions. Only male
gerbils with black hair were used and all experiments
were carried in accordance with the guidelines of the
Institutional Animal Care and Use Committee of Tokyo
Medical and Dental University.

Recovery of ascarid eggs

Eggs of T. canis were obtained from the uteri of adult
worms collected from faeces following the administration
of anthelmintics to naturally infected puppies. Worms of
B. procyonis were recovered from the intestine of infected
racoons (Satoet al., 2002), and those of B. transfuga collected
from the faeces of infected bears. Worms of B. transfuga
were naturally expelled from bears during their fasting
period just prior to hibernation. Adult worms of A. suum
were obtained from slaughtered pigs and A. lumbricoides
were collected after treatment with anthelmintics from
naturally infected humans. Female worms of each species
were isolated, and matured embryonated eggs were
prepared following the method of Oshima (1961).

Fully embryonated eggs were treated with 50%
hypochlorous acid for 10 min to remove their proteinous
membranes. After repetitive washing with distilled water,
1000 eggs of each ascarid were inoculated into each gerbil
through a gastric tube under light anaesthesia.

Recovery of larvae

After ophthalmological observations (Takayanagi et al.,
1999), four gerbils from each group were sacrificed using
sodium pentobarbital at predetermined intervals. One
gerbil from each group was examined histopathologically

~—

and the remainder were used for larval recovery from the
gastrointestinal tract, liver, lungs with heart, and skeletal
muscle including bone and genital organs except for the
skin. The contents of the gastrointestinal tract were
collected in a conical tube at 6 and 12h after inoculation.
Each organ was minced and digested with artificial gastric
juice (0.5% 1:10,000 pepsin, 0.7% hydrochloric acid) for 2h
at 37°C along with vigorous agitation. After digestion, the
fluids were sieved with a tea strainer, and centrifuged at
320 x g for 5min. The supernatant was discarded and a
small amount of distilled water was added to the tube. The
sediment was then spread out on glass, and larvae in the
fluid were counted using a stereoscopic microscope.
Examination of the brain tissue was performed as follows:
each brain including the olfactory bulb, cerebrum,
cerebellum, and pons was enucleated and minced into
small pieces (approximately 2mm?®) on a slide glass using
forceps, and these were then covered with another slide
glass. Migrating larvae were then counted using a
microscope with eight or nine slide glasses being
examined in each sample. Recovery rates were calculated
from a mean of three gerbils at each period.

Histopathology

Tissue samples of liver, lungs, femoral muscle, brain,
and gastrointestinal tract including the stomach, duode-
num, ileum, caecum and rectum were fixed in 10%
neutral formalin solution. Serial sections were prepared
and stained with haematoxylin and eosin or periodic acid
Schiff haematoxylin. :

Results

Changes in the recovery rates of larvae from various
organs after oral inoculation of the five ascarid species
were recorded (fig. 1) and recovery rates arranged in the
order of the migration route shown in fig. 2. In Toxocara
canis-infected gerbils, almost all larvae were recovered
from the intestinal wall up to 24h after infection.
Thereafter, larvae began to appear in the liver and lungs
(by day 3), and then in the skeletal muscle and brain. The
number of larvae in the muscle and brain were
approximately equal. Macroscopically, haemorrhagic
lesions which were observed in the lung 3, 5, 7 and 14
days after infection gradually disappeared. Ophthalmos-
copically, a motile larva was observed in the retina 14
days after infection.

In B. procyonis- and B. transfuga-infected gerbils, the
recovery rates of larvae were significantly lower than that
in the case of T. canis. Both species of larvae had migrated
into the lungs through the liver within 24 h after infection,
and some had already arrived in the brain by this time,
resulting in small haemorrhagic foci in the brain (fig. 3).
With B. procyonis, ocular invasion by the larvae was
observed and neurological disorders such as rotational
and involuntary movement or paraplegia emerged,
resulting in the mortality of gerbils between days 15
and 20 post-infection. Macroscopically, the gerbils
exhibited fresh petechial haemorrhages of the lung 1
day after infection, but no new haemorrhagic lesions were
evident beyond that time. Ophthalmic examination
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Fig. 1. Recovery rates (%) of larvae from various organs in gerbils

after oral inoculation with five ascarid species up to day 21 post-

infection. a, Toxocara canis; b, Baylisascaris procyonis; c, B. transfuga;

d, Ascaris suum; e, A. lumbricoides; B, gastrointestinal tract; @,

liver; A, lung and heart; O, muscles; O, brain; A, intestinal
contents.

demonstrated motile larvae in the retina and severe
chorioretinitis 7 days after infection. The number of
migrating larvae of B. procyonis in the brain was higher
than that of B. transfuga-infected gerbils at all times after
the infection. By day 3 post-infection an average of 6.3
larvae (range 6-7) in B. procyonis-infected gerbils and 1.7
larvae (range 1-2) in B. transfuga-infected gerbils were
found. By day 7, an average of 26.0 larvae (range 23-31)
in B. procyonis-infected gerbils and 6.7 larvae (range 5-8)
in B. transfuga-infected gerbils were recovered. Ophthal-
mic and neurological abnormalities were less severe than
those observed with B. procyonis, although gait difficulty
and circulatory movements in the same direction
were presented by day 10 post-infection. The number of
B. transfuga larvae in the skeletal muscle was higher than
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Fig. 2. Recovery rates (%) of larvae in gerbils after oral inoculation

with five ascarid species to show the route of migration. W,

Toxocara canis; ®, Baylisascaris procyonis; A, B. transfuga; D, Ascaris

suum; O, A. lumbricoides; a, gastrointestinal tract; b, liver; ¢, lung
and heart; d, brain; e, muscles.

that in the brain; i.e. an average number of larvae
recovered were 37.7 (range 21-67) in muscle and 1.7
(range 1-2) in brain at the day 3 post-infection, and 91.0
(range 95-100) in muscle and 34.7 (range 24—-49) in brain
at the day 14 post-infection.

With A. lumbricoides, the average recovery rate of larvae
after 6 h of infection was 2.3% (range 1.7-2.6%) compared
with about 10% or higher in other ascarid parasites (14.1%
in T. canis, 11.4% in B. procyonis, 16.3% in B. transfuga and
9.7% in A. suum; fig. 1a). Migrating larvae were present in
the liver 12 h after infection, and remained there for up to
5 days after infection in the case of A. lumbricoides and
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Fig. 3. A fresh haemorrhagic lesion in the granular layer of the

cerebellum in gerbils 24h after infection with Baylisascaris

procyonis; larva (arrowed) in the molecular layer of cerebellum
immediately beneath the pia mater.

7 days in the case of A. suum. On day 7, haemorrhagic
lesions in the lungs were the most prominent feature in
gerbils infected with both species, although these lesions
gradually disappeared and no larvae were recovered
thereafter from any organ.

As far as the migration route is concerned, the highest
recovery ratein the gastrointestinal wall occurred in T. canis-
infected gerbils followed by B. procyonis-, A. suum-, and
B. transfuga-infected gerbils 6h after infection. Larvae of
both species of Ascaris immediately migrated away from the
intestinal wall to the liver within 24 h after infection, with
Toxocara and Baylisascaris larvae remaining there until the
end of experiment. Ascaris lumbricoides larvae were
minimally recovered from not only the gastrointestinal
tract but also from other organs throughout the experiment.
The recovery rate of ascarid larvae from the brain was high
in the case of T. canis (3.1%) and B. procyonis (2.6%) at day 7
post-infection as compared with B. transfuga (0.7%), even
though B. procyonis-infected gerbils did not survive until the
end of the experiment. On the other hand, no A. lumbricoides
larvae were found and only one A. suum larva was observed
on day 7 post-infection. The recovery rate from skeletal
muscles was high in the case of T. canis and B. transfuga,
although the number of muscle stage larvae of B. transfuga
was always higher than that in B. procyonis.

Discussion

Takayanagi et al. (1999) demonstrated that the Mon-
golian gerbil is a suitable animal model for ocular
toxocariasis because of the high incidence of ocular
invasion by the larvae. However, little is known about the
migratory behaviour or pathogenesis of ascarid larvae in
gerbils. In the present study, T. canis larvae migrated to the
liver within 3 days after infection, and were thereafter
distributed equally in skeletal muscles and the brain.

These results are similar to those of Olson (1962) and -

Sprent (1952), suggesting that the migration route and final
site of infection have little influence on the development of
ocular toxocariasis in gerbils.

In the present study, B. procyonis larvae more so than '

B. transfuga were likely to accumulate in the brain and all

gerbils infected with B. procyonis died from severe
neurological disturbances within 2 weeks after infection.
On the other hand, gerbils infected with B. trasfuga
survived throughout the duration of the experiment,
despite exhibiting neurological disorders. The number of
B. transfuga muscle stage larvae was always higher than in
B. procyonis-infected gerbils. Sato et al. (2004) reported that
the B. procyonis and B. transfuga larvae that had migrated
into the brain of gerbils were larger than those of T. canis;
however, no significant differences in larval size were
observed between B. procyonis and B. transfuga. These
results suggest that severe neurological disorders caused
by B. procyonis could be attributed to the total amount of
larvae in the brain. Additionally, these findings suggest
that B. procyonis larvae may have a neurotropism, whereas
B. transfuga larvae may have an affinity for muscular
tissue. Further studies are needed to better understand the
pathogenetic differences between B. procyonis and
B. transfuga larvae in the brain of infected gerbils.
Ophthalmologically, the lesions elicited by both species
closely resembled each other although the incidence was
extremely low in B. transfuga-infected gerbils. These
results indicate that B. iransfuga should not be used as an
alternative parasite for studying diffuse unilateral sub-
acute neuroretinitis induced by B. procyonis in gerbils
(Akao et al., 2003).

In the present study, the infectivity of A. suum and
A. lumbricoides in gerbils was very low, with migration to
the central nervous system being minimal and no
ophthalmological changes were found. Therefore,
A. suum and A. lumbricoides are considered inappropriate
parasites for studying ophthalmological and neurological
disorders in gerbils. Severe to mild pulmonary haemor-
rhagic lesions were common ininfected gerbils, althougha
complete healing of these lesions occurred in the case of
A. suum and A. lumbricoides. Interestingly, no larvae were
recovered from any organs of these gerbils beyond 14 days
post-infection. Mouse models have shown a similar
pattern (Slotved et al., 1997, 1998). To further document
the migratory behaviour of A. suum and A. lumbricoides
larvae in gerbils after 7 days of infection, the contents of the
gastrointestinal tract were examined daily between days 8
and 13 post-infection because we assumed that the larvae
might return to the intestine via the larynx and pharynx.
However, no larvae were detected (data not shown),
suggesting their rapid expulsion from infected gerbils.

Further studies are needed to more fully elucidate the
migration behaviour and pathogenesis of T. cati so that we
may potentially improve the therapy against this
important zoonotic parasite of human VLM (Akao et al.,
2000; Fisher, 2003).
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