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with the exception of the study of Burren (1972),
no studies have evaluated the usefulness of the
Mongolian gerbil as an animal model of toxo-
cariasis. Unfortunately, since Burren was unable
to detect larvae in the ocular chamber, he con-
cluded that the Mongolian gerbil was an unsuit-
able animal model for ocular toxocariasis, and
since then, no similar report has been published
on this species. Several species of animals, includ-
ing mice, rabbits, guinea pigs and monkeys, have
been evaluated pathologically; however, the inci-
dence of ocular infection is low and eosinophilic
infiltration is rarely observed through oral inocu-
lation. :

In 1998, Mongolian gerbils assumed a more
important role in Toxocara and toxocariasis re-
secarch when they were found to have a high
susceptibility to ocular infection not only by
7. canis (Takayanagi et al, 1998; Takayanagi et al.,
1999); but also by 7. cati (Akao e al., 2000). After
oral inoculation of eggs (approximately 1000
eggs/gerbil), the retinas of gerbils were observed

with an ophthalmoscope, which was specifically
adapted for observing the fundi of small animals.
This new tool provided valuable insight into the
pathogenesis of Toxocara infection,

Ocular toxocariasis in Mongolian gerbils

A motile larva was clearly observed in the retina as
early as 3 days after infection in Mongolian gerbils,
and the incidence of retinal involvement was at
least 80% in infected gerbils. A maximum of three
migrating larvae was seen in one eye at the same
time, and on rare occasions, migrating larvae were
found bilaterally. Once a larva appeared in the eye,
it was present until the end of the observation
period, 158 days after inoculation.

Haemorrhagic lesions and exudative lesions
with or without migrating larvae were consistently
found in gerbils after 3 days of infection. Figure 6.1
shows typical ophthalmoscopic findings. In hem-
orrhagic lesions, four different types of changes:
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Fig. 6.1. Haemorrhagic changes of the retinas in Mongolian gerbils infected with Toxocara canis. (A) Deep
seated retinal haemorrhage. (B) Superficial retinal haemorrhage. (C) Three deep seated haemorrhages in
the peripheral region. (D) Optic papilla is covered with a large vitreous haemorrhage. (E) Optic papilla is
covered with a superficial haemorrhage. (F) White centred small retinal haemorrhages. (G) A motile larva
on the retina. (H) White exudative lesions around vessels.
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vitreous haemorrhage, superficial retinal haemor-
rhage, deeply seated retinal haemorrhage and
white centred small retinal haemorrhage, were
seen in the fundi. Histhopathologically, haemor-
rhagic lesions and proliferative changes of the
retina were observed (Fig. 6.2). White exudative
lesions around the vessel walls suggest vasculitis
consisting of eosinophils and lymphocyte infiltra-
tion, Table 6.1 shows the results of ophthalmo-
scopic observations and the incidence of lesions in
46 gerbils. Migrating larvae just beneath the ret-
ina often left bright, whitish-yellow restiform
traces on the retina. A large vitreous haemorrhage
was absorbed within 7 days and left behind small,
brilliant, yellowish particles. Fortunately, the dark-
grey fundi of the gerbils made it easy to detect the

motile white larvae of 7. canis on the retina
(Fig. 6.1). In contrast, ophthalmologic changes
are difficult to detect in BALB/c mice, while
their albino fundi made the larvae difficult to
identify. Figure 6.3 shows the predilection sites of
the haemorrhagic lesions that consist of large
(larger than one optic disk diameter) and small
(smaller than one optic disk diameter) sizes.
There was no significant difference in the inci-
dence of lesions between the right eyes and left
eyes, but the lesions appeared to emerge more in
the peripheral region than in the central region,
and more in the horizontal region than in the
vertical region.

A variety of lesions were found in gerbil
eyes after infection; however, no eosinophilic

Fig. 6.2. Histopathological changes of the retinas in Mongolian gerbils infected with Toxocara canis.

(A) Vitreous {white arrows) and superficial (black arrow) haemorrhages. (B) Diffused superficial haemor-
rhage. (C) Haemorrhage of outer nuclear layer (black arrows) and a transverse section of T. canis larva
(white arrow). (D) Haemorrhage in the pigment epithelium (white arrows). (E) Proliferative change (arrow)
of nerve fibre layer (F) Vasculitis with lymphocyte and eosinophil infiltration (arrows).
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Table 6.1. Ophthalmoscopic characteristics and the frequency of incidence of lesions in gerbils infected

with T oxocara canjs”™.

Within 7 days Until 35 days
Larvae 30 (65) 37 (80)
Vitreous haem. 1(2) 5(11)
Superficial retinal haem. 19 (41) 27 (59)
Deeply-seated retinal hae 33 (72) 41 (89)
Exudative lesions ' 21 (46) 37 (80)
Vasculitis 3@ 25 (54)

*46 infected gerbils were observed. Parenthesis indicates% of the affected gerbils.
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Fig. 6.3, Predilection sites of haemorrhagic lesions in infected gerbils. White circles indicate deep-seated
haemorrhage and black circles indicate superficial retinal haemorrhage. The size of circle represents a diameter
of the lesion when the lesion is smaller than that of one optic disk (white circle) and larger (black circle).

granuloma, which is the most frequent finding with
human ocular toxocariasis, was observed either
ophthalmoscopically or histopathologically. Alba-
Hurtado et al. (2000) examined gerbil eyes histo-
pathologically after oral inoculation of eggs and
found granulomatous lesions in the retina 60 days
after infection, which was their last day of observa-
tion. This finding is in marked contrast to our own.
We found that, once the larvae entered the eye,
they survived and were observable under an oph-
thalmoscope for at least 158 days post-infection.
Thus, we suggest that granulomatous lesion
would not occur as long as the larvae are motile,
It has been hypothesized that the migration
of larvae to the eye occurs via the following routes:
(i) through the arteries from the internal carotid
artery to the ophthalmic artery, retinal central
artery, or ciliary artery; (i) through the brain to
the optic nerve; and (iii) through the brain to the
cerebrospinal fluid space, and then to the chor-
oids. We observed a larva that emerged from the

edge of the ora serrata. Additionally, since chor-
oidal haemorrhage was the most frequent obser-
vation in the early ocular findings and was often
observed simultaneously with motile larvae, the
third route is the most likely to be used. To assess
the possibility of the second route of migration, we
tested whether larvae could arrive in the eye via
the optic nerve if motile larvae were directly in-
oculated into the brain. Approximately 300 larvae
that were maintained aseptically in a culture med-
ium were inoculated intracranially through the
cranial bone using a 23-gauge needle (Hayashi
et al., 2003). From 6 days after inoculation, either
vitreous or choroidal haemorrhages were found in
the gerbils by ophthalmoscopy. These lesions were
sometimes accompanied by a larva. Pathological
examination confirmed that larvae were migrat-
ing in the optic nerve of the gerbils 6 days after
inoculation and two larvae were found in the optic
chiasma (Fig. 6.4). These results clearly indicated

that Toxocara larvae are able to migrate from the
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Fig. 6.4. Histopathological observation of the optic chiasma of the Mongolian gerbil following intracranial
inoculation with Toxocara canis larvae: two migrating larvae (arrows) in the optic chiasma and one at higher

magnification (arrow).

central nervous system to the eye via the optic
chiasma (see Chapter 9, this volume).

Neurologic toxocariasis in
Mongolian gerbils

Mongolian gerbils infected with Zoxocara, both
T canis and 1. cati, show gait difficulty and pro-
gressive ataxia (Akao ef al, 2003). The onset of
disease occurred 30 days post-infection. Neuro-
logical abnormalities developed in six of 13 gerbils
(46%) infected with 1. canis, and in five of seven
gerbils infected with 7. cati (71%). Clinical signs
included swinging gait while attempting to stand
on their hind legs, circulating movement in the
same direction, difficulty in normal positioning of
the head, paraplegia of the hind limbs and urinary
incontinence. Despite severe illness, they show a
good appetite until they lapsed into a coma.
Histopathologically, the cerebellum was the
most affected area of the brain in these gerbils.
Loss of Purkinje cells, glial nerve fibres and nerve
sheaths were characteristic and common findings.
There were no apparent pathologic changes in the
brain except in the cerebellum. Clearly, these
morphological changes could be responsible for
the neurologic disorders observed. Migrating lar-
vae were seen in the affected cerebellum, but
larvae and lesions also existed independently, sug-
gesting that some of the degenerative changes
might be the result of indirect effects of the larvae.
Future investigations should include an analysis of

the interaction of nerve cells with the excretory-
secretory products of 7. canis in vitro.

Conclusions

Toxocaraspp. are ubiquitous parasites in both devel-
oped and developing countries, and are responsible
for one of the most challenging zoonotic parasitic
infections worldwide. Further, many of the issues
concerning the pathogenesis of Toxocara infections,
such as the reactivation mechanism of arrested
larvae in skeletal muscle and the therapeutic ad-
vantage of steroid use in ocular toxocariasis, are
poorly understood or controversial. It is hoped that
the present gerbil model will contribute to the de-
velopment of improved diagnostic and therapeutic
approaches for toxocariasis, since this model allows
us to test these approaches experimentally. Qur
ongoing research will continue to focus on human
toxocariasis and will add to our understanding of
the basic process of host-parasite relationships in
nematode parasites.
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Abstract

Two membrane-based ELISA systems were used in detecting Toxoplasma antigens and anti-Toxoplasma antibodies in urine
samples collected from 54 ophthalmology (22 suggestive active and 32 suggestive past infection) patients and 26 pregnant
women attending obstetrics/gynaecology clinic (OGP), suspected of toxoplasmosis by eye examination, past medical records
and questionnaire, respectively, in Ghana from mid-February to Aprit 2002. The antigen detecting ELISA was able to demonstrate
antigen in 100% (22/22) ophthalmology (active infection) and 62.5% (20/32) ophthalmology (past infection) patients, and 42%
(11/26) of OGP which included 3 that were sero-negative prior to and during this study, giving an overall prevalence of 66.3%
(53/80). The urinary antigen positive samples also included 6 that were negative for both the Dye Test (DT) and latex agglutination
test (LAT). Antigen was not detected in the urine of 22 normal (sero-negative for antibodies to Toxoplasma) individuals. The
membrane-based urinary antibody detecting sandwich ELISA also detected anti-Toxoplasma antibodies in 100% (22/22) of
ophthalmology (active infection) and 81.3% (26/32) of ophthalmology (past infection) patients, a total of 89% (48/54); and
80.8% (21/26) of OGP with an overall prevalence of 86.3% (69/80), including 7 ophthalmology patients’ samples that were sero-
negative for both DT and LAT. Antibody sero-positivity of the samples was determined by DT as 87% (47/54) in ophthalmology
patients and 73.1% (19/26) in pregnant women, LAT as 85.2% (46/54) and 65.4% (17/26), and an overall prevalence as 82.5%

* Corresponding author. Tel.: +81 3 5803 5192; fax: +81 3 5684 2849.
E-mail address: Ireneayi @hotmail.com (I. Ayi).

0001-706X/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.actatropica.2004.10.005
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(66/80) and 78.8% (63/80), respectively. The membrane-based ELISA systems appear promising but need to be investigated

further for its efficacy as reliable diagnostic tests.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

High prevalence of anti-Toxoplasma sero-positivity
in a cross-section of the Ghanaian populace as well
as evidence of congenital disease caused by Toxo-
plasma gondii infections have been reported in Ghana
(Anteson et al., 1978a,b, 1980). Among the existing
diagnostic tests for toxoplasmosis, the most readily
available one to clinicians in Ghana is the commercial
latex agglutination test (LAT), which detects mainly
IgG antibodies indicative of past or old infections.
According to Luft and Remington (1988), the frequent
occurrence of Toxoplasma infection in immuno-
compromised patients and the difficulty in establishing
the diagnosis without brain biopsy has necessitated
the development of new, non-invasive methods for
diagnosis of the disease. Furthermore, Toxoplasma
antigens have been demonstrated in serum samples
from acutely infected animals and humans (Raizman
and Neva, 1975; Van Knapen and Panggabean, 1977,
Araujo et al., 1980; Araujo and Remington, 1980;
Trunen, 1983; Lindenschmidt, 1985; Asai et al., 1987)
and also in urine from mice acutely infected with
T. gondii as well as from human patients with acute
toxoplasmic encephalitis (Huskinson et al., 1989).
However, the methods used were rather elaborate and
expensive which may not be suitable for routine exam-
ination. The risk of congenital infection, for example,
in this era of rapid spread of HIV/AIDS, necessitate
periodical routine examination of all females of child-
bearing potential, which may not be cost-effective
in the Ghanaian environment. Earlier, Bosompem et
al. (1996, 1997) had reported the employment of a
membrane-based ELISA to detect antigens in the urine
of urinary schistosomiasis patients and its convenience
and cost-effectiveness in mass screening of suspected
patients in the field. In this study we explored the
usefulness of two membrane-based ELISA systems in
diagnosing recent infection in suspected toxoplasmosis
patients.

2. Patients and methods
2.1. Patients

A total of 80 Ghanaians who consented were in-
volved in this study. Fifty-four of them were patients
attending four ophthalmology clinics across the coun-
try and they included 30 females and 24 males aged
10-70 years. The patients mostly reported with aching
eyes and blurred vision and presented with symptoms,
such as traumatic and posterior uveitis and signs sug-
gestive of active Toxoplasma retinochoroiditis and well
demarcated scars upon examination (Holliman, 1990),
which was defined as the presence of intraocular in-
flammation in association with a retinochoroidal scar
and an active adjoining retinitis (Guerina et al., 1994).
Twenty-two out of the 54 patients (41%) had eye lesions
suggestive of active infections and others had scars sug-
gestive of old infection.

The other 26 patients were pregnant women in
their second or third trimester attending obstet-
rics/gynaecology clinic (OGP) and aged 2244 years.
All of them had experienced spontaneous abortions
and/or stillbirth (by questionnaire), 18 of them had
been sero-positive and 8 sero-negative, by a commer-
cial LAT (according to their past medical records) 6
months to 4 years before this study.

As control 22 people, 14 males and 8 females aged
15-60 years who were considered healthy by question-
naire and screening were included in the study. All of
them had tested sero-negative (by LAT) for toxoplas-
mosis 3 months to 2 years, before this study.

2.2. Collection and analysis of blood, urine and
stool

Approximately, 3-5 ml of blood was collected from
each of the individuals involved in the study. Thick
and thin blood smears were prepared on microscope
glass slides, processed and examined microscopically
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for haemoparasites. Sera were also obtained from the
blood and tested for anti-Toxoxplasma sero-positivity
by the Dye Test (DT) and LAT.

A total of about 25-80 ml of urine was collected
from the same individuals who had given blood and
were also provided with containers to produce stool
samples. Each urine sample was centrifuged at 400 x g
and the deposits were examined microscopically for
Schistosoma haematobium ova and the supernatant
tested for Toxoplasma antigens and anti-Toxoplasma
antibodies using a simple designed membrane-based
ELISA. Stool specimens were examined for Schisto-
soma mansoni ova using the Kato method (Katz et
al., 1972) and the formalin—ether sedimentation tech-
nique for the detection of other intestinal parasites’ ova,
cysts and oocysts of other related coccidian species like
Cryptosporidium parvum.

2.3. Serological tests

DT (Sabin and Feldman, 1948; Beverly and Beattie,
1952; Handman and Remington, 1980) was performed
with modification. Briefly, peritoneal exudates were
obtained from mice inoculated with the RH strain of
T. gondii 3 days previously. Toxoplasma suspensions
rich mainly in extra cellular parasites were used in the
test within 20 min after harvesting. Briefly, 20 pl of test
sera diluted four-fold in normal saline in appropriately
labelled eppendorf tubes were added with 40 pl of ac-
tivator serum (normal human serum) and then 20 pl
of suspension of tachyzoites in PBS (pH 7.4) in each
tube and incubated in a water bath at 37 °C for 1 h after
brief shaking. Then, 60 .l of 1% methylene blue dye
in borate buffer (pH 11.0) were added to the tubes and
allowed to stand at room temperature for 10 min. The
tubes were kept at 4 °C until results were read.

The commercially available LAT (Toxotest®-MT
Eiken, Tokyo, Japan) was performed according to the
manufacturer’s instructions.

2.4. Infection of mice

Infection of mice was carried out as by Handman
and Remington (1980) with modification. Briefly,
tachyzoites of the RH strain of T. gondii obtained from
mouse peritoneal exudates (described below) were
fixed in 0.1% formol-saline at 4°C for 30 min and
washed with excess PBS (pH 7.2). Eight to twelve

weeks old ddY mice were bled a day before infec-
tion and sub-cutaneously injected with 2 x 103 fixed
tachyzoites, and bled at days 5, 10, 15 and 20 after in-
fection when antibody titer in DT was between 1:16
and 1:10,000. Pooled sera were stored in aliquots at
—20°C until used.

2.5. Preparation of Toxoplasma crude antigen

Toxoplasma antigen was prepared according to the
method of Araujo and Remington (1980) with modi-
fication. Crude tachyzoite antigen was prepared using
T. gondii tachyzoites from the peritoneal exudates of
mice infected 3 days earlier with the RH strain. Pooled
exudates were centrifuged at 1000 x g for 10 min in a
refrigerated centrifuge at 4 °C. The sediment contain-
ing cells and parasites was re-suspended in cold PBS
(pH 7.2), washed three times with PBS and filtered
(Remington et al., 1970). Parasites were pelleted
and frozen at —30°C overnight. The frozen pellet
containing approximately 2 x 107 tachyzoites was
re-suspended with distilled water and the suspension
subjected to repeated freezing (—80 °C for 30 min) and
thawing before sonicating on ice using a Branson Soni-
fier 250 (Branson Sonic Power Company, CT, USA)
set at 60 cycles for 45 s. The resulting suspension was
centrifuged at 1000 x g for 20 min and then at 3600 x g
for 30 min. After demonstrating the presence of Toxo-
plasma antigens by Ouchterlony (1976), protein con-
centration was estimated at 0.8 mg/ml using Bio-Rad
Protein Assay Reagent according to the manufacturer’s
protocol (Bio-Rad Laboratories, CA, USA). Aliquots
of the preparation were stored at —30 °C until used.

2.6. Urinary antigen detecting ELISA procedure

The urinary antigen detecting ELISA (UAgE) was
performed according to Bosompem et al. (1997) with
modification as follows. Methanol wetted polyvinyli-
dene difluoride (PVDF) membrane (Atto Company
Ltd., Tokyo, Japan) strips were incubated in test urine
for 36 h at 4 °C, rinsed with Tris-buffered saline (TBS)
(50mM Tris and 150 mM NaCl, pH 7.2) and then
blocked for 45min in blocking solution consisting
of 5% skimmed milk/TBS. The strips were trans-
ferred into T. gondii infected mouse serum (1:100) for
1 h, washed three times each by 5-min incubation in
TBS and then incubated in goat anti-mouse polyclonal
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IgG+A+M conjugated to horse-raddish peroxidase
(HRPO, 1:5000, Catalog no. 1999, Sigma—Aldrich,
Japan) for 1 h. The strips were washed three times each
by 10-min incubation in TBS and then incubated in sub-
strate solution [98.65% (w/v) (3,3-diaminobenzidine),
0.25% (v/v) HyO7 and 15.4% (w/v) NiCly in TBS]
for I min. A bluish black reaction represented posi-
tive results while negative results remained colourless.
The assay was run at room temperature and reagents
were diluted in 0.1% blocking solution, unless other-
wise stated.

2.7. Detection of type of immunoglobulins bound
by Toxoplasma antigens

The UAGE described above was repeated with mul-
tiple membrane strips incubated in each urine sam-
ple. At the conjugate incubation level, strips from
each sample were distributed into appropriately di-
luted goat anti-mouse monoclonal IgG-, IgA- and
IgM-HRPO (Catalog no. 1999, Sigma—Aldrich, Japan),
respectively.

2.8. Urinary antibody detecting sandwich ELISA
procedure

The urinary antibody detecting ELISA (UADE)
was performed as described above with the following

number of individuals positive by the test that were also positive by DT

2.9. Determination of optimal working dilutions of
murine serum and goat anti-mouse horse-raddish

peroxidase conjugate used in the membrane-based
ELISA

Pooled murine 7. gondii infected serum was
tested in membrane-based ELISA as follows. Briefly,
Toxoplasma tachyzoite lysate-captured PVDF mem-
brane strips were rinsed in TBS, pH 7.2 for 2min
and different strips incubated with test serum and
then goat anti-mouse polyclonal (IgG+IgA +IgM)
horse-raddish peroxidase conjugate in a checkerboard,
from 1:50 to 1:1000 and 1:1200 to 1:20,000 at
two-fold dilutions in blocking solution, respectively.
The respective dilutions that gave the most intense
colour reactions by visual assessment were used in the
membrane-based ELISA. The procedure was repeated
using goat anti-mouse monoclonal (IgG); (IgA); and
(IgM) horse-raddish peroxidase conjugate separately
to ascertain the inclusion of all the necessary im-
munoglobulins and in sufficient amounts using visual
assessment of the intensity of colour reactivity.

2.10. Sensitivity and specificity of the tests

The percentage sensitivity and specificity of LAT
and membrane-based tests were calculated, using DT
as the gold standard, as follows (see Bosompem et al.,

1996):

x 100

sensitivity (%) =

number of individuals negative by the test that were also negative by DT

total number of individuals testing positive by DT

x 100

specificity (%) =

modifications. Briefly, methanol wetted PVDF mem-
brane strips were incubated in test urine for 36h at
4°C. Strips were removed and rinsed with TBS and
blocked. They were then rinsed in TBS and transferred
into T. gondii tachyzoite lysate diluted appropriately in
PBS (5 pg/ml) for 1h at room temperature. They were
washed three times each by 5-min incubation in TBS
and then incubated in T. gondii infected mouse serum
and the procedure from here was the same as for the
antigen detecting system.

total number of individuals testing negative by DT

3. Results

3.1. Results of stool, blood smears and urine
deposit examination

Two out of the 26 (7.8 %) pregnant women and 36 out
of the 54 (66.7%) ophthalmology (22 active and 14 past
infection) patients, submitted stool samples, the overall
being 38/80 (47.5%). None of the 38 stool samples were
found to contain any S. mansoni eggs, however, ova of
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hookworms were identified in 3 (7.9%) ophthalmol-
ogy (2 active and 1 past infection) patients’ samples.
Plasmodium falciparum was the only haemoparasite
detected in blood smears from 5/80 (6.3%) individu-
als including four ophthalmology (3 active and 1 past
infection) patients and one pregnant woman. S. haema-
tobium ova were demonstrated in urine sample deposits
of 6/80 (7.5%) ophthalmology (3 active and 3 past in-
fection) patients who included 2 that were also P. fal-
ciparum positive. No cysts or oocysts were detected in
any of the 62 faecal samples collected.

None of the parasites mentioned above were found
in any of the 22 stool specimens from the normal con-
trols except 2 of them that had ascariasis.

3.2. Detection of anti-Toxoplasma antibody by
DT, LAT and UAbE

Results of the membrane-based tests are presented
in Fig. 1. The use of NiCly in the membrane-based
ELISA resulted in a bluish black positive reaction,
which was easier to differentiate from a negative re-
sult, than a brown positive result without its addition.
Thus, membrane strips that appeared coloured after in-
cubation in test urine samples with haematuria demon-
strated clearly as positives (strips d and e) or negatives
(strips j and k). Control strips (strips 1 and m) remained
colourless. In both systems, positive results showed
varying intensity of colouration of membrane strips,
which were graded from strong to weak positive.

Prevalence of anti-Toxoplasma antibodies in sera
and urine as determined by the three different tests,
is presented in Table 1. The overall prevalence values
were not statistically different (P> 0.05). Three sam-

[
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Table 1
Prevalence of anti-Toxoplasma antibody as determined by the three
different tests

Test Source of  Positive Negative Ind® Prevalence
sample (%)
DT op° 47 7 0 87.0
OGP! 19 7 0 73.1
LAT® (0) 46 7 1 85.2
OGP 17 7 2 65.4
UABEf ©OP 48 6 0 89.0
OGP 21 5 0 80.8

2 Indeterminate: positivity or negativity could not be determined.

b Sabin-Feldman Dye Test.

¢ Samples from ophthalmology patients (n=>54).

9 Samples from pregnant women attending obstetrics/
gynaecology clinic (n=26).

¢ Latex agglutination test.

f Urinary antibody detecting ELISA.

ples, which were DT-positive could not be determined
clearly as positive or negative by LAT, 2 of them were
from obstetrics and 1 from ophthalmology (past infec-
tion) patients, respectively.

Urinary antibody detection by UAbE as compared
with DT and LAT from obstetrics/gynaecology (OGP)
as well as ophthalmology (active and past infection)
patients’ samples is presented in Table 2. As shown
in Table 2, 17/22 (77.3%) suggestive active cases
and 30/32 (93.8%) of the past-toxoplasmosis cases
were confirmed. Also, 19/26 (73.1%) of the pregnant
women showed positive serology. Seven out of eight
OGP that were previously sero-negative remained so
during this study.

Using DT as gold standard, the global sensitivity
and specificity of LAT and UADbE on the total num-

Fig. 1. Results of membrane-based ELISA showing colourization of PVDF membrane strips. Strips (a—f) indicate strong positive results; strips
(g—1) indicate very weak positive results; strips (j and k) were incubated with urine from negative samples; strips (1 and m) were not incubated

with urine.
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Results of UABE as compared with DT and LAT

Test Result UADE? Total (n=80)
OP-active infection® (n=22) OP-past infection® (n=32) OGP! (n=26)
Pos® Negf Pos Neg Pos Neg
DT Pos 17 0 24 6 16 3 66
Neg 5 0 2 0 5 2 14
LATh Pos 17 0 23 6 15 2 63
N eg 5 0 0 5 2 14
Ind! 0 0 0 1 1 3

# Urinary antibody detecting ELISA.

® Samples from ophthalmology patients with active toxoplasmosis.

¢ Samples from ophthalmology patients with past toxoplasmosis.

d Samples from pregnant women attending obstetrics/gynaecology clinic.

¢ Number positive by the tests from that group of patients.

f Number negative by the tests from that group of patients.

€ Sabin-Feldman Dye Test.

b Latex agglutination test.

! Indeterminate: positivity or negativity could not be determined.

ber of samples examined in this study (including the
80 toxoplasmosis suspected group of patients and the
22 normal individuals) were determined. The sensitiv-
ity and specificity for LAT were 96.0% (63/66) and
92.0% (33/36), and for UADE, 86.4% (57/66) and
67.0% (24/36), respectively.

All the 22 control samples were negative for DT,
LAT and UADBE.

3.3. Detection of Toxoplasma urinary antigens by
UAgE

The UAgE detected antigens in 78.0% (42/54)
and 42.3% (11/26) of the ophthalmology and ob-
stetrics/gynaecology urine samples, respectively, and
an overall prevalence of 66.3% (53/80) as shown in
Table 3. The 42 UAgE-positive samples included 100%
(22/22) of patients that presented with eye disorders
suggestive of active Toxoplasma infection and 62.5%
(20/32) of the suggestive past infection cases.

Results of UAGE as compared with DT are shown
in Table 4. All of the 11 UAgE-positive obstet-
rics/gynaecology patients were also DT-positive and
antigens from 7 of them recognized murine-IgGs
only, mostly in trace amounts whilst 1 bound both
murine-IgA and IgG. In addition, six (five ophthal-
mology active infection and one OGP) samples, which
were negative by both DT and LAT were positive by

UAgE and bound by both murine-IgA and IgG (four
samples), and IgG only (two samples). All six were
positive for urinary antibodies. Samples from five out
of seven ophthalmology (active infection) patients all
of which were negative by both DT and LLAT were
positive by UAgE, and the immunoglobulins bound
by the antigens were murine-IgA and/or IgG. Two
of them were positive for both murine-IgA and IgG
and, three for IgG only. On the other hand, all seven
samples tested positive for urinary antibodies.

Table 3
Detecting Toxoplasma gondii urinary antigens in samples from oph-
thalmology and obstetrics patients using the membrane-based ELISA
(UAgE)

Source of sample UAgE? Prevalence (%)
Positive Negative
OP-active infection® 22 0 100.0
(n=22)
OP-past infection® 20 12 62.5
(n=32)
OGP (n=26) 11 15 42.3
Total (n=80) 53 27 66.3

 Urinary antigen detecting ELISA.

® Samples from ophthalmology patients with active toxoplasmo-
sis.

¢ Samples from ophthalmology patients with past toxoplasmosis.

4 Samples from pregnant women attending obstetrics/gynaeco-
logy clinic.
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antibodies indicate acute infection because they are not
usual in acquired immunity and very rare in chronic in-
fections. They further reported that the presence of IgA
together with IgG antibodies in circulation indicate re-
cent acquired infection because IgA antibodies persist
over 3 or 4 months following infection in acquired tox-
oplasmosis and low titers of IgG antibody are usual
in patients with active toxoplasmic chorioretinitis, and
IgM antibody cannot usually be detected.

Direct statistical comparison of the performance of
UAgE with DT on one hand and with LAT on the other
may be erroneous since the respective tests are detect-
ing different components in circulation. Moreover, an-
tibodies once produced against antigens are known to
remain in circulation for a prolonged period even af-
ter drug therapy whilst antigens gradually reduce in
quantity and go out of circulation. However, detection
of Toxoplasma antigens in urine from patients whose
sera were negative for anti-Toxoplasma antibodies is
suggestive of early stage of fresh (or primary) infec-
tion, which was evident in this study. In other words,
DT sero-negative serum samples that were positive by
UADBE and/or UAgE could possibly be due to a putative
active infection (IgM/IgA+ but IgG—). Additionally, in
the UAE system, antigens from samples that indicated
weak positive results bound to murine-IgM and IgA an-
tibodies, which appear in circulation earlier than IgG.
Among the patients whose sera were positive for both
DT and LAT but negative for urinary antigens by UAgE
were two with high IgG titers (1:1024-1:2048). This
is expected because both DT and LAT are reported to
measure primarily IgG antibodies low titers of which
may persist for life whilst some patients have persis-
tently high titers (e.g. 1:1000-1:4000) for years. Con-
sequently, the titer does not correlate with the severity
of illness (Anderson and Remington, 1975). The com-
parable efficacy of DT and LAT in determining sero-
positivity was evident in this study (Table 1).

Considering the high prevalence of parasitic dis-
eases like falciparum malaria, schistosomiases and
soil-transmitted helminthiasis in Ghana, and more
so with the existence of a urinary antigen detecting
membrane-based dipstick assay for urinary schisto-
somiasis (Bosompem et al., 1997), it was necessary
to clarify possible cross-reactions due to any of these
parasites’ antigens. None of the parasites detected do
seem to have influenced the results of the membrane-
based tests since urine samples from some individuals

with mixed parasitic infections were negative for those
tests.

Cryptosporidiosis is in Ghana but no comprehen-
sive studies have been conducted. Addy and Aikins-
Bekoe (1986) recorded a prevalence of 12.9% (61/474)
in children from 2 to 60 months old and prior to our
study a hospital-based research conducted by Otchere
in 2001, using the same method on watery and nor-
mal formed faecal specimens from Ghanaian patients,
yielded no oocysts (personal communication). That no
oocysts were detected in any of the stool samples by the
formalin—ether sedimentation technique was not sur-
prising but does not rule out also inclusion of patients
with antigenemia for, and/or antibodies against other
relevant coccidian species like C. parvum, Isospora
belli and Cyclospora cayetanensis. Current research
methods like the use of fluorescein isothiocyanate-
labelled anti-parasite monoclonal antibodies, SDS-
PAGE and Western blotting techniques as well as
ELISA could be employed to detect parasite antigens
(Smith, 1998; Ungar, 1990) in a more elaborate study.

The 22 normal samples were confirmed by the study
as sero-negative and could therefore be considered as
true controls.

In this study, the UAbE and UAGE systems appear
to have good prospects as their outcome are consis-
tent with the intentions of development. However, their
sensitivity and specificity need to be enhanced, and de-
tailed cross-reactivity studies conducted with respect
to infections from other coccidian species, using well-
defined and larger study populations, especially, for ob-
stetrics/gynaecology patients.
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Table 4

Results of UAE as compared with DT

Test Result UAgE? Total (n=280)
OP-active infection® (n=22) OP-past infection® (n=32) OGP (n=26)
Pos® Negf Pos Neg Pos Neg

DT® Pos 17 0 17 10 11 11 66

Neg 5 0 2 0 4 14
Total 22 0 20 12 11 15 80

& Urinary antigen detecting ELISA.

b Samples from ophthalmology patients with active toxoplasmosis.

¢ Samples from ophthalmology patients with past toxoplasmosis.

4 Samples from pregnant women attending obstetrics/gynaecology clinic.

¢ Number positive by the tests from that group of patients.
f Number negative by the tests from that group of patients.
£ Sabin—Feldman Dye Test.

Serum and urine samples from one patient tested
positive for all the tests and the antigens recognized
murine-IgM in trace amounts in addition to IgA (++)
and IgG (+) (data not shown). The individual involved
was a 30-year-old male ophthalmology (active infec-
tion) patient who presented with traumatic uveitis. All
the 22 urine samples from control individuals were neg-
ative by UAgE.

3.4. Probable influence of detected parasites on
UAbE and UAGE

All the three ophthalmology (active infection) pa-
tients with S. haematobium infection, one of whom
was also habouring P. falciparum, were positive for
UABE and UAgE but one was negative for DT. Two of
the other three S. haematobium infected ophthalmology
(past infection) patients were negative for both UAbE
and UAgE and the remaining one who had P. falci-
parum infection in addition was UAbE positive only,
although all three were sero-positive. Two of the oph-
thalmology (active infection) hookworm infested pa-
tients” samples were both positive by UAbE and UAgE
but one was sero-positive and the other sero-negative.
The remaining one (past infection) was sero-negative
but positive by UAbE and UAgE.

4. Discussion

Detection of toxoplasmosis in the early stages of
infection could pave the way for early treatment and

consequently effective control of the disease. In ad-
dition, a relatively simple, cheap and easy-to-perform
test could encourage routine mass screening of peo-
ple, especially, women of potential childbearing age
which will help control congenital transmission as
well as to determine the sero-conversion rate among
such women in Ghana. The present study is the first
to employ membrane-based ELISA to detect Toxo-
plasma antigens and anti-Toxoplasma antibodies from
the urine samples of such a large number of patients
since Huskinson et al. (1989) reported the detection
of Toxoplasma antigens in urine samples from patients
with acute toxoplasmic encephalitis and acquired im-
munodeficiency syndrome in preliminary studies.

In this study, the two membrane-based ELISA sys-
tems were successfully used for the detection of Toxo-
plasma antigens and anti-Toxoplasma antibodies in the
urine of infected individuals. Although sensitivity of
UADBE (86.4%) compared with DT (gold standard) on
one hand and with LAT (96.0%) on the other, was not
statistically different (P> 0.05), its specificity (67.0%)
was quite low and might not be considered as a reli-
able diagnostic method for Toxoplasma infection, nev-
ertheless, its performance could be enhanced in further
studies. It was useful for comparative purposes in this
study. For example, in the present study, detection of
anti-Toxoplasma antibodies by UADE in the urine sam-
ples of seven patients who were anti-Toxoplasma anti-
body sero-negative by both DT and LAT could be due
to IgM and/or IgA antibodies which is suggestive of
ongoing infections as has been reported by Bessieres
et al. (1992) that, IgA antibodies associated with IgM
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Abstract

As part of our exploratory drug research on the larva migrans that causes roundworm in dogs and cats, this study was carried out
to clarify the effect of free and liposome-entrapped (LE) albendazole in Toxocara canis infected mice. In infected mice, evaluation
of mobility and number of larva were examined in detail in the brain, skeletal muscle and liver. Larva mobility was evaluated by
using the relative mobility (RM) value. Albendazole was LE as one of the drug delivery systems (DDSs). Polyethylene glycol
(PEG) was added to the liposome in order to avoid evoking a response by the reticuloendothelial system (RES). By using the
albendazole PEG-LE delivery system, it was possible to target the larvae in the mouse brain and liver resulting in a decrease in the
number of larvae. In the skeletal muscle of the infected mice, the intraperitoneal dosages of PEG-LE albendazole did not cause a
complete decrease in the number of larvae, even though free albendazole did cause the number to decrease. Therefore, it is
necessary to take into consideration the migrating stage of the larvae before the initiation of any drug administration.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Toxocara canis; Polyethylene glycol-liposome-entrapped; Albendazole; Anthelmintic effect

1. Introduction currently used in such cases although it is not very
effective. Thus, a new formulation for the treatment

Presently there are no effective drugs for larvae of T. canis larva migrans is urgently needed. The
migrans such as Toxocara canis. Albendazole is present research was carried out using both in vitro
mpon ding author. Tel: +81 47 472 1391: and in vivo experiments in our laboratory with the aim
fax: +81 47 472 1404, of finding a drug that would be effective in the
E-mail address: nikaido @phar.toho-u.ac jp (T. Nikaido). treatment of 7. canis larva migrans (Satou et al., 2002,

0304-4017/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/].vetpar.2004.12.017
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2003a,b). It has been reported that isoquinoline
alkaloids and crude drug extracts exhibit anti-
nematode activity for T. canis larvae. In these
previous in vitro experiments, it was documented
that the isoquinoline alkaloids of allocryptopine,
dehydrocorydaline, papaverine and the crude drug
extracts of Areca catechu, Rheum spp., and Citrus
unshiu were effective treatment agents. In order to
continue to advance the current research, we need to
elucidate the most efficacious methods of adminis-
tration and the correct dosages required to success-
fully treat this condition.

Recent studies revealed that there is an anthelmin-
tic effect by various liposomes of benzimidazole such
as albendazole (Hrckova and Velebny, 2001; Velebny
et al., 1997, 2000; Dvoroznakova et al., 1997). This
high anthelmintic effect was found to occur when
albendazole entrapped in liposome was used. By
employing this method, we began a search for new
formulations against toxocariasis. In our studies,
through the use of the examination of the larvae
number and mobility, we have been able to make
detailed evaluations of the therapeutic effects that
occur for various new compounds after their admin-
istration as liposome-entrapped (LE) chemical com-
pounds.

Generally, drugs are recognized as foreign com-
pounds and are metabolized after incorporation into
the reticuloendothelial system (RES) by macrophages.
Though the absorption to the tissue does increase after
liposomizing albendazole, the RES still immediately
metabolizes the drug. To avoid RES metabolization,
we tried adding polyethylene glycol (PEG) to the
liposome as per previously reported methods
(Hrckova and Velebny, 2001; Velebny et al., 1997,
2000; Dvoroznakova et al., 1997).

2. Materials and methods
2.1. Animals

For the experiments, we used 5-week-old male
BALB/c mice (Nippon Bio-Supp. Center) that weighed
20-22 g. All mice were given a standard commercial
diet with free access to water and maintained on a cycle
of 14 h light to 10h dark at a room temperature of
23 °C.

2.2. Parasite and infection

Embryonated eggs of T. canis were prepared using
the method of Oshima (1961). The eggs were taken out
from the pars uterina and portio vaginalis of the T.
canis imago, and placed in an incubator maintained at
28 °C, where development to larva encapsulated eggs
occurred over approximately 10 days. Mice were
anesthetized with diethyl ether (Wako Chemical,
Japan) and orally infected with 300 embryonated eggs
using a glass probe that was coated by silicon. The
laboratory animals were handled according to the
animal ethics regulations of Tokyo Medical and
Dental University. -

2.3. Preparation of samples for oral administration

Olive oil was used as a control. After being
dissolved in 1% dimethyl sulfoxide (DMSO: Wako
Chemical, Japan), albendazole (5 mg/ml) was sus-
pended in olive oil. The suspension solution was
administered orally to infected BALB/c mice
(100 mg/kg/day).

2.4. Preparation of samples for intraperitoneal
dosing

PEG-LE chemical compounds were adminis-
tered into the peritoneal cavity of the mice. The
reagents used for the liposome were 3-sn-phospha-
tidylcholine (from hydrogenated egg yolk, lecithin
(Wako Chemical, Japan)), polyethylene glycol-
cholesterol (MW: 5000, PEG-Chol (NOF Corpora-
tion, Japan)), and albendazole (Sigma, Japan). Each
compound was prepared using the following
proportions (weight), lecithin:PEG-Chol:sample
=10:13.6:2.5. After using organic solvent to dis-
solve these mixtures, a thin film was formed by
removing the solvent. Phosphate buffered saline
(PBS) was added to the thin film, followed by
hydration using an ultrasonic cleaner. Prepared
liposomes were given 2 times/day intraperitoneal
(50 mg/kg/day).

2.5. Experimental design and necropsy

As seen in Fig. 1, the experimental design followed
either plan A (n=3) or B (n=5) and included
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Fig. 1. (A) Oral administration (100 mg/kg/day) and necropsy plan
for the infected mice (1 = 3); (B) intraperitoneal dosage (50 mg/kg/
day) and necropsy plan for the infected mice (n = 5).

infection, chemical administration, and necropsy of
the BALB/c mouse.

The brain of the mice were made even in order to
count the larvae. The larvae of the liver and skeletal
muscle were collected by artificial digestive juice
treatment (2.5 g pepsin (Wako Chemical, Japan),
3.5 ml hydrochloric acid (Wako Chemical, Japan),
500 ml water) and centrifugal treatment (2500 rpm,
5 min).

The observation of the larva was immediately
carried out after the necropsy, since there was the
possibility that the mobility of the larva would
decrease and/or the larva would die with the passage
of time.

2.6. Evaluation method for the larval mobility

Larval mobility after chemical administration was
evaluated by a scoring system that was expressly
designed to examine the effect on the larva in detail.
This scoring method was developed by Kiuchi et al.
and is generally used only in in vitro experiments
(Kiuchi et al.,, 1987). We were able to modify and
improve this scoring method so that it could also be
used to evaluate the mobility of larvae in in vivo
experiments. We made improvements in the metho-
dology in order to be able to quickly carry out
evaluations in the in vivo experiments (Table 1).

Larva that moved using their entire body were
classified as 3, and larva that did not move at all or
were found to be motionless with a straight form
alignment of the body were classified as 0. All other

Table 1

Criteria for evaluating the effect on larvae

State of larva Score (n)

Moving using the whole body 3

Moving with only a part of the body during 15
observation or immobile but not dead

Dead 0

Mobility index (MI) =3 aN,/> N,, where N, is the number of
larvae with the score of n, relative mobility (RM) = (Mlgampie/
MIconu'o]) x 100.

larvae were classified as 1.5. The larvae number of
each score was counted and the mobility index (MI)
was calculated using the equation, ““> nN,/>"N,”
(where N, equaled the number of larvae with
the score of n). Finally, the relative mobility
(RM) was calculated using the equation, “Mlsample/
MIconLrol) x 1007.

3. Results and discussion

Many researchers have carried out studies on 7.
canis larva migrans. Abo-Shehada and Herbert (1984),
Delgado et al. (1989) and Abdel-Hameed (1984) have
reported on the effect of drugs during the early
infection period. What is required at the present time is
a drug that can be used for chronic T. canis larva
migrans treatment. Fok and Kassai (1998) examined
the oral administration of various compounds for
treatment of chronic symptoms in 7. canis, and with
the exception of ivermectin, found no remarkable
effects. In our study, we primarily carried out
examinations on larvae that shifted to different organs
due to the effect of the intraabdominal dosage of
albendazole. We examined the therapeutic effect of
the oral administration of free albendazole and
determined both the number of larvae in the mouse
brain and their respective mobility.

As shown in Fig. 2, the number of larvae and the
RM value for albendazole did not decrease, as
compared to the control.

By employing the method of Hrckova and Velebny
(2001), we then examined the anthelmintic effect in
mice after administration of PEG-LE albendazole.
The administration was carried out in the peritoneal
cavity with an intraperitoneal dosage that was half of
the oral dose. The anthelmintic effect in the infected
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