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Abstract: Toxocariasis is a worldwide zoonosis caused by larvae of ascarid nematodes of dogs or cats, Toxocara canis
or T. cati. Diagnosis of human toxocariasis currently relies on serology that uses T. canis excretory-secretory antigen to
detect specific IgG antibodies by ELISA. We investigated the serodiagnostic efficacy of ELISA using crude antigen of T.
canis larvae (TCLA). Serum specimens of 64 clinically confirmed toxocariasis, 115 healthy controls, and 119 other tissue-
invading helminthiases were screened by ELISA using TCLA. The ELISA using TCLA showed 92.2% (59/64 patient sam-
ples) sensitivity and 86.6% (103/119) specificity. Its positive diagnostic predictivity was 78.7% and negative predictivity
was 97.8%. No serum of healthy controls reacted but that of anisakiasis (45.5%), gnathostomiasis (19.2%), clonorchiasis
(15.8%), sparganosis (11.1%), and cysticercosis (6.3%) cross-reacted. Immunoblot analysis on TCLA recognized antigenic
proteins of 28- and 30-kDa bands in their dominant protein quantity and strong blotting reactivity. The present results in-
dicate that the ELISA using our TCLA antigen is acceptable by the sensitivity and specificity for serodiagnosis of human
toxocariasis. ELISA with TCLA is recommended to make differential diagnosis for patients with any sign of organ infiltra-
tion and eosinophilia.
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INTRODUCTION

Toxocariasis is a cosmopolitan zoonosis caused by migrating
larvae of Toxocara canis or Toxocara cati in human bodies. Hu-
mans are commonly infected by accidental ingestion of em-
bryonated Toxocara eggs found in soil, contaminated food, or
drinking water. The ingested eggs hatch in the duodenum and
the larvae invade into the blood stream. After the invasion in
humans, the larvae fail to develop to adult worms and remain
as larvae which migrate to different organs and survive for sev-
eral years. The migrating larvae induce human toxocariasis,
which is commonly presented as covert (adult) or common
(child) toxocariasis (CT), and less frequently as ocular larva
migrans (OLM), and visceral larva migrans (VLM) [1]. Alterna-
tively to the ingestion of eggs, humans can also be infected by
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eating uncooked or undercooked animal liver or meat contain-
ing the infective stage larvae [2,3]. Therefore raw-eating habit
of Koreans fosters such kind of food-borne transmission [4-7].

As in all parasitic infections, direct demonstration of adult
worms, larvae, or eggs can make a definite diagnosis. However,
it is difficult to find out the larvae of T. canis in the tissue by bi-
opsy because of extensive distribution and small size of larvae.
Also biopsy is invasive as a diagnostic method. In this context,
serology is an alternative standard method for diagnosis of hu-
man toxocariasis [8]. The most common serodiagnosis ap-
proach is ELISA using specific antigens. A commercial ELISA
kit is supplied using excretory-secretory product released by
second-stage larvae of T. canis (TES) [9,10]. A seroepidemio-
logical survey using the kit recognized seropositive rate of 5%
for toxocariasis in Korean rural adults in 2002 [11] and anoth-
er investigation indicated 45.5% were confidently diagnosed
with toxocariasis among eosinophilia patients in Chungcheon-
gnam-do, the central district of Korea in 2012 [12]. Those se-
rology data suggested high prevalence of hidden toxocariasis
in Korea. However, the commercial kit costs much for routine
diagnostic service for suspected patients. Recently, Lim [5] com-
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mented that toxocariasis is very common but abandoned by
physicians in Korea mainly due to their lack of awareness. We
infer that toxocariasis is unaware to physicians and neglected
by lack of good routine diagnostic service in Korea. Any vali-
dated serodiagnostic test which is easy and cheap is necessary
for proper management of toxocariasis suspected patients in
Korea. The commercial kit has been used only for research
purpose.

ELISA using crude antigen of T. canis larvae (TCLA) may help
overcome the shortcomings of TES. The present study was un-
dertaken to develop a robust serodiagnostic method for human
toxocariasis using TCLA.

MATERIALS AND METHODS

Ethics Statement

The present study protocol was reviewed and approved by
the institutional review board (IRB) of the Seoul National
University College of Medicine, Seoul, Korea (IRB No.: E-1205-
009-408). The IRB waived informed consent from the subjects
under the condition of anonymous collection of serum sam-
ples from the serum pools of involved authors’ institutions. All
of the procedures followed the guidelines of the IRB.

The present study used puppies of 2-3 months to collect
Toxocara worms by anthelmintic medication in their house-
holds. The medication was included in routine health care of
puppies which required no permission of institutional animal
care and use committee. The owners of the puppies agreed to
the medication and worm collection by oral explanation of
the study. We supplied levamisole and the owners medicated
them. All procedures were made to minimize suffering.

Isolation and cultivation of T. canis eggs

The fecal materials of puppies after medication were collect-
ed and moved to the biosafety level 2 laboratory. The discharged
T. canis female worms were isolated and washed in sterile
physiologic saline solution, and their uterus was dissected to
collect fertilized eggs. The eggs were in vitro cultivated for em-
bryonation of the L.2/L3 larvae. The embryonated eggs were
digested in 2% NaOH solution for 30 min and incubated in
1% neutral formalin for 21 days at 27°C with regular inspec-
tion. To the egg suspension, an equal volume of 6% pepsin
solution was added for 30 min and 1x trypsin was treated un-
til the eggs lost their outer pitted shells, then vortexed with glass
beads. The egg suspension was then placed in RPMI 1640 me-

dium containing 100 IU/ml penicillin, 100 pg/ml streptomy-
cin, and 2.5 pg/ml amphotericin B (Gibco BRL Life Technolo-
gies, Rockville, Maryland, USA). The suspension was transferred
onto 2 layers of gauze and lens paper in a modified Baermann
apparatus. The live larvae were collected from the bottom of the
apparatus after approximately 4 hr and homogenized in PBS.

Preparation of TCLA

TCLA was obtained from the homogenized larvae in the
presence of PBS at pH 7.2 (8.1 mM Na,POs, 1.5 mM KH,PO,,
and 136 mM NaCl) and protease inhibitors (1 mM tosyl-L-ly-
sine chloromethyl ketone, 100 M iodoacetamide and 10 pg/
ml pepstatin A). The larval extract was centrifuged at 13,000
rpm for 30 min at 4°C and the supernatant was aliquoted and
cryopreserved at -70°C until needed. The protein concentration
of the extract was estimated by the BCA™ protein assay kit
(Pierce, Rockford, Illinois, USA).

Human serum samples

To evaluate the performance of different antigens for detec-
tion of toxocariasis in Korea, we analyzed the assay with differ-
ent groups of serum samples. A total of 298 serum samples
that received from respective hospitals of Korea used in this
study. The serum samples were collected from different patients
using conventional method by centrifuge 10 min at 3,000 rpm
after clotting and stored at -20°C in the Institute of Endemic
Diseases, Seoul National University, Seoul, Korea until assay.
Sixty-four serum samples were obtained from patients with
toxocariasis which was confirmed by clinical, hematological,
past history, and response to anthelminthic medication. Of
the 64 toxocariasis patients, 56 were included in previous re-
ports [2,13], and 8 were newly included under diagnosis of
OLM. All of the 56 reported cases were confirmed by serologi-
cal test with the commercial TES ELISA kit (Bordier Affinity
Products SA, Crissier, Swizerland) [9,10]. For the analysis of
cross-reactions, 119 samples came from patients with other
parasite infections. As negative controls, 115 serum samples
came from healthy medical school students with no evidence
of helminth infections. The serum samples were collected from
2009 to 2011.

Serology by ELISA

ELISA was used to detect specific antibodies in serum of the
toxocariasis with two antigens, in-house TCLA and the com-
mercial TES from Bordier’s kit (Bordier Affinity Products SA,



Crissier, Swizerland) [10]. For standardization of ELISA condi-
tions with TCLA, chequerboard titrations of the antigen at con-
centrations of 0.5-50 pg of protein/mL and different dilutions
of human serum and secondary antibodies were first performed.
The wells of polystyrene, flat bottom, 96-well microtitre plates
(Costar-Corning, Cambridge, California, USA) were filled with
100 pl of coating buffer containing TCLA and incubated over-
night at 4°C. Excess TCLA was removed by washing the wells 5
times with 250 pl of 150 mM phosphate buffered saline (pH
7.2) containing 0.05% (v/v) Tween 20 (PBST). The coated wells
were blocked by adding 1% BSA in PBST at 37°C for 1 hr and
washed 5 times with PBST. The plates were incubated for 2 hr
at 37°C with sera diluted 1:100 in PBST (100 jl/well), 1 hr at
37°C with 6.5 mg/ml anti-human IgG horse-radish peroxidase
(HRP; Cappel, West Chester, Pennsylvania, USA) diluted
1:24,000 with PBST (100 pl/well). After each incubation, the
plates were washed 5 times with PBST. After adding 100 pl of
Tetramethyl Benzidine (TMB; Pierce, Rockford, Illinois, USA)
as substrate for 90 sec, the reaction was stopped with 4 N sul-
phuric acid (H.SO4), and the absorbance was measured at 450
nm. The whole assay was duplicated. Based on absorbance of
healthy control and toxocariasis patients, the cut-off value was
determined. ELISA with TES followed the vendor’s protocol.

SDS-PAGE

The crude antigen of T. canis larvae (150 pl of antigen at a
concentration of 1 pg/ul mixed with 150 pl of sample buffer
composed of 50 mM Tris-HCl at pH 6.8, 2% SDS, 10% glycer-
ol, 1% B-mercaptoethanol, 12.5 mM ethylenediamine tetraace-
tic acid and 0.02% bromophenol blue) was boiled for 5 min
and then separated on a 10% SDS-PAGE at a constant current
of 170 V for 1.5 hr. The individual antigen bands were then vi-
sualized by silver staining (Elpisbio, Daejeon, Korea).

Western blotting

The crude antigen of T. canis larvae was separated by 10%
SDS-PAGE (Sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis) and transferred onto polyvinylidene fluoride
(PVDF) membrane. The membrane was cut into strips and
blocked with 5% skim milk. The strips were incubated with
serum samples (diluted 1:100 in 5% skim milk solution) at
4°C overnight, and was followed by 1.3 mg/ml polyclonal rab-
bit anti-human IgG antiserum conjugated with horseradish
peroxidase (HRP; Dako, Glostrup, Denmark) which was used
at a dilution of 1:2,000 with 5% skim milk. The reaction was
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visualized using ECL™ Western blotting detection reagents
(Amersham, Piscataway, New Jersey, USA).

Statistical analysis

Spearman rank correlation analysis was used to evaluate the
correlation between TCLA and TES absorbance. Statistical dif-
ferences between categorical variables were calculated with a
Student’s t-test. All analyses were carried out with PASW Statis-
tics, version 18.0 (SPSS Inc., Chicago, Illinois, USA). A P-value
of less than 0.05 was considered to indicate statistical signifi-
cance.

RESULTS

Demography of patients

All of the patients serum samples were collected from the
preserved serum bank of patients. Mean age of the patients
was 42.4£21.7 years, in range of 14-74. Men were 55 and
women were 9 of the 64 patients. Other serum samples were
used from the bank of serum confirmed by the Institute of En-
demic Diseases, Seoul National University, Seoul, Korea.

Dilution of TCLA and serum

We performed a series of chequerboard titration ELISA with
serial dilution of TCLA and serum of patients (data not shown).
Based on the titration findings, the best concentration of pro-
tein for TCLA was defined as 100 pg/100 y1l, and the best dilu-
tion of serum was determined as 1:100.

ELISA cut-off criteria

The cut-off value for TCLA ELISA was defined as over the
mean absorbance plus 3 SDs (0.030+0.039 % 3) of the values
of 115 healthy controls (Table 1). The absorbances of 64 toxo-
cariasis patients ranged from 0.010 to 0.750 (0.437+0.177).
When the absorbance at 450 nm was blanked with the PBS,
an absorbance of 0.250 was set as the optimum cut-off value
to discriminate the positive and negative reactions (Fig. 1).

Determination of diagnostic values of TCLA ELISA

The mean absorbance of IgG ELISA using TCLA against se-
rum specimens of negative control, toxocariasis and other hel-
minthic patients are presented in Table 1 and individual ab-
sorbances are plotted in Figs. 1, 2. The ELISA for screening spe-
cific serum IgG antibodies for T. canis larval antigen using
TCLA gave 92.2% (59/64) sensitivity and 86.6% (103/119)
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Table 1. ELISA reactions of T. canis larval antigen for healthy con-

trol and helminthiases

o No. of tested No. (%) of Absorbance
Helminthiases e
serum positive® (Mean+SD)
Healthy control 115 0 0.030+0.039
Toxocariasis 64 59 (92.2) 0.437+0.177
Clonorchiasis 19 3(15.8) 0.168+0.064
Sparganosis 18 2 (11.1) 0.117+0.099
Paragonimiasis 18 0 0.110+0.090
Cysticercosis 16 1(6.9) 0.122+0.072
Fasioliasis 8 0 0.076+0.029
Anisakiasis 11 5 (45.5) 0.223+0.083
Gnathostomiasis 26 5(19.2) 0.127+£0.121
Trichinosis 3 0 0.159+0.100
2Absorbance >0.25.
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Fig. 1. Distribution of ELISA absorbances to TCLA of toxocariasis
patients (n=64) and healthy control (n=115). Samples with ab-
sorbance of less than 0.25 were defined as negative and those
more than 0.25 as positive. Dashed line represents cut-off value.
TCLA, crude antigen of Toxocara canis larvae.

specificity (Table 2). The TCLA cross-reacted with serum sam-
ples of clonorchiasis, sparganosis, cysticercosis, anisakiasis and
gnathostomiasis (Table 1; Fig. 2). The data exhibited high
cross-reactivity with serum of nematode infections, but also
some cross-reactivity with that of patients infected with tissue-
invading trematodes or cestodes.

Correlation of ELISA absorbance with TCLA and TES

The correlation analysis evaluated quantitative changes of
ELISA absorbance with TCLA compared with the absorbance
with TES, and the Spearman’s correlation coefficient (Spearman’s
tho, y) was 0.6084. Of the 64 toxocariasis patients, 59 were
positive but 5 were negative both in TES and TCLA ELISA. The
ELISA absorbance with TCLA was correlated well (P <0.001)
with those with TES (Fig. 3).

Table 2. Diagnostic value of T. canis larval antigen by ELISA

No. of serum
=il Total
reaction e Healthy Other
control helminthiases
Total 298 64 15 119
Positive 75 59 0 16
Negative 223 5 115 103

Sensitivity, 92.2% (59/64); specificity, 86.6% (103/119); positive predic-
tive value, 78.7% (59/75); negative predictive value, 97.8% (218/223).
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Fig. 2. Cross-reactivity of TCLA to serum samples of clonorchia-
sis (n=19), paragonimiasis (n=18), fascioliasis (n=8), cysticerco-
sis (n=16), sparganosis (n=18), anisakiasis (n=11), gnathosto-
miasis (n=26), and trichinosis (n=23). Samples with an absorbance
of less than 0.25 were defined as negative and those more than
0.25 as positive. Dashed line represents cut-off value. TCLA, crude
antigen of Toxocara canis larvae.

Immunoblot analysis of TCLA

Immunoblot analysis of TCLA showed many protein bands
of 25-, 28-, 30-, 35-, 40-, 46-, 56-, 70-, 120-, and 150-kDa. Of
them, the 28- and 30-kDa bands presented strong reactivity
against human serum specimens from toxocariasis (Fig. 4).
No serum samples from healthy control reacted with TCLA,
but those from patients of other helminthiases, such as clo-
norchiasis, anisakiasis, and cysticercosis, cross-reacted with
other bands of TCLA (Fig. 4).

DISCUSSION

We developed a sensitive and specific in house ELISA system
for screening of specific serum IgG antibodies to crude antigen
of T. canis larvae. The sensitivity and specificity of the ELISA us-
ing TCLA were 92.2% and 86.6%, respectively. The positive
and negative predictive values were 78.7% and 97.8%, respec-
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Fig. 3. Correlation of ELISA absorbances between TCLA and TES.
The correlation coefficient (Spearman’s rho, r) usually presents a
weak (r<0.5), moderate (0.5<r<0.8), and strong (> 0.8) relation-
ship. A Student’s t-test was used to determine its significance
and P-value less than 0.05 was considered statistically significant.
Dashed line represents cut-off value. TCLA, crude antigen of Tox-
ocara canis larvae; TES, excretory-secretory product released by
second-stage larvae of T. canis.

tively. This diagnostic value is similar with that of the commer-
cial TES ELISA kit, 91% sensitivity and 86% specificity and re-
garded as acceptable [10]. The current standard test for diagno-
sis of human toxocariasis is an indirect ELISA using the TES.
Absorbance of the present TCLA ELISA was well correlated with
that of the TES ELISA, which suggests the TCLA may be used
instead of TES for serodiagnosis of human toxocariasis when
TES is not available.

The cut-off absorbance for positive reaction in our TCLA
ELISA was defined as 0.250 based on mean and 3 standard
deviation absorbances between the negative and positive con-
trols. The cut-off value represented good diagnostic validity of
our ELISA system. According to the cut-off value, 5 of the 64
clinical toxocariasis patients were serology negative and all of
negative controls were negative. The 5 patient samples were
also negative by TES ELISA. The 5 patients were all OLM. OLM
patients were 8 of the 64 patients, and 3 of them were positive.
The serum ELISA is known as less sensitive for diagnosis of
OLM than that of other toxocariasis forms |14]. Our study ob-
served that serologic reaction of OLM was very weak by TCLA
ELISA. It is hard to explain the negative reaction but they all
had ocular lesions without any problem of the liver or lungs.
Since their absorbance was low by TES ELISA either, it was
likely that the 5 patients failed to produce effective amount of
specific antibodies in their serum. In those cases, aqueous hu-
mor is recommended to collect when ocular toxocariasis is
suspected and higher anti-Toxocara antibody titer in this fluid
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Fig. 4. Western blots of TCLA with serum samples of helminthia-
sis patients and healthy controls. M, size marker; TCLA, crude

antigen of Toxocara canis larvae; CS, clonorchiasis; PW, para-
gonimaisis; SP, sparganosis; AS, anisakiasis; CY, cysticercosis.
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has been found with OLM [15]. Also it is possible that the pa-
tients were misdiagnosed although they were included upon
same clinical criteria. However, it is hard to exclude them from
the patient pool because of the negative reaction with TES
only. If the 5 patients were excluded, the sensitivity of ELISA
with TCLA might be 100%. This false negative reaction of the
5 patients limited the sensitivity of the present TCLA ELISA as
92.2%. In our study, 2 of previously confirmed patients were
serologically negative with TES, but they were positive with
TCLA. The reaction of the 2 serum samples was recognized as
false negative with TES of unknown etiology.

All of the 115 healthy controls were negative in our study.
The negative serology suggested that the controls were selected
from healthy control. The controls were used for real negative
ELISA reaction to set the cutoff value for differentiation of pos-
itive reactions. Since about 5% were reported seropositive by
TES ELISA among healthy population in Korea [11], further
studies are warranted for seroepidemiology by TCLA ELISA in
Korea.

Serodiagnosis of toxocariasis has some cross-reactions with
other helminthiases, which make it less specific. Nevertheless,
cross-reactivity with the TES has been reported by many authors
in several helminthiases [10,16-20]. They are infections of
Trichinella, Strongyloides [10], Fasciola, Ascaris and geohelmin-
thes [16,17,19)], filariasis [16], Taenia, Schistosoma and Echino-
coccus [20]. Especially, the cross-reactions may be a significant
problem for serodiagnosis in tropical areas because of frequent
polyparasitism [21]. Since the TCLA has more protein mole-
cules than the TES, ELISA using the TCLA is expected less spe-
cific. However, the TCLA ELISA was as specific as the TES ELI-
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SA. Our study recognized cross-reactions of the TCLA with se-
rum samples of anisakiasis, gnathostomiasis, clonorchiasis,
sparganosis, and cysticercosis patients. Among them, cross-re-
action was found as high as 45.5% with anisakiasis while that
with others remained around 10%. Since Toxocara and Anisakis
are member genera of the superfamily Ascaroidea, they may
share some cross-reacting antigenic molecules. Therefore, fur-
ther studies are necessary to assess cross-reactions with other
nematodes especially ascarid ones. Fortunately, geohelminthes
are almost disappearing and filariasis had been eradicated in
Korea. At present it is hard to find polyparasitism in Korea.
Therefore TCLA is useful for serodiagnosis of human toxocari-
asis when a patient is suspected in Korea.

The correlation of ELISA absorbance of the 64 toxocariasis
patients between TCLA and TES was analyzed. The Spearman’s
correlation coefficient (Spearman’s rho, y) was 0.6084 (P<
0.001), which indicated the two antigens might produce well-
correlated absorbance.

Our TCILA included 2 main antigenic bands of 28- and 30-
kDa by Western blotting. The TES was reported that protein
molecules smaller than 25-kDa were important for the serodi-
agnosis [17]. However, the TCLA may have other molecules
than the two although they were not strongly visualized by the
Western blot. The molecular details of the TCLA should be a
subject of further study. In addition, to minimize the cross re-
actions, the specific fraction of proteins from T. canis larva were
synthesized as recombinant proteins and evaluated the validity
used for serodiagnosis. Three combined recombinant antigens
of T. canis larvae: 1TES-26, 1'TES-30USM, and rTES-120 antigens
were applied to screen IgG4 by ELISA, and produced high sen-
sitivity (100%) and specificity (over 92%) [16]. The recombi-
nant antigens should be better for serodiagnosis than the crude
antigens. Their application should be studied further.

The present study has some limitations. The specificity or
positive predictive value may vary according to number of se-
rum specimens of cross-reacting helminthiases. The serum
specimens of other geohelminth infections are required for
better evaluation of diagnostic values. Also, it is still plausible
that some of the 16 cross-reacting patients of other helminthi-
ases in the present study were true toxocariasis by polyparasit-
ism. Especially those with high absorbance over 0.3 were pos-
sibly patients of covert toxocariasis simultaneously. We also
have little data on the ELISA absorbance according to the chron-
ological disease course of human toxocariasis. Cured cases
may remain positive long by ELISA, which should be evaluat-

ed in the future. Of course false reactivity requires more re-
search for diseases which are related with abnormal immuno-
globulin production.

In conclusion, the in house ELISA using the TCLA is useful
for serodiagnosis of human toxocariasis with 92.2% sensitivity
and 86.6% specificity. The present ELISA is recommended to
differentiate toxocariasis from other listed diseases of eosino-
philia or to diagnose suspected patients in Korea.
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