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Abstract 
The immunodiagnosis of visceral larva migrans due ro Toxocara canis infection is based on che detec
tion of specific antibodies with the enzyme-linked immunoassay (EIA) using excrecory-secrecory (ES) 
ancigens of second srage larvae of che parasite. As ES antigens are cumbersome co produce, a specific 
recombinant procein would be an attraclive alternative. A recombinant protein produced previously 
(Yamasaki er al., 1998) was compared with ES ancigens in the EIA and immunoblot deteccion of 
antibodies in che sera of Macnca fasciculrtris experimentally infected with 5000 - l 0000 7: can is cm
bryonaced eggs. The EIA using recombinant protein and ES antigens gave optical density readings 
char correlated significanrly well with each ocher (p<0.02). Antibody response increased rapidly from 
week 1, and peaked at 6-8 weeks pose-infection. In immunoblot assays, infected monkey sera ar 4-8 
weeks post-infeccion, recognized chc recombinant protein and produced a single prominenc band ar 
38 kDa relative molecular weighc. In contrast, multiple bands berween 38 - 98 k.Da were obtained 
wich ES antigens. Sera from uninfected control monkeys and pre-infection sera did not produce chese 
bands. In conclusion, che recombinant protein is suirable for use in the ElA and immunobloc assay for 
detection of specific ami-T. crmis antibodies. 
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Introduction 
The enzyme-linked 1mmunosorbenc assay (EIA) using 
excrecory-secrecory (ES) antigens produced from 111 vitro 
culture of the second stage larvae (L2) of Toxoc,mt crmi,, 
is currently used for the diagnosis of visceral hrva mi
grans (VLM) due to chis parasitic infection (De Sav1gny, 
1975; De Savigny et al., 1979). Howc.:ver, ES antigen 
production involvc.:s the recovery of adult gravid female 
worms from puppies, 3-4 weeks to embryonate eggs 
recovered from the nemarode uteri, egg hatching and 
in vitro culnvauon of L2 in RPM! 1640 medium, fol
lowed by harvesting and purification of the antigen from 
the spent culture medium. Cross reacuons with anti
bodies from infection with related nematodes like Toxo
cara cmi (tv1aizels rt n/., 1987), Amtris lumbricoides and 
Ascaris mum (Glickman er al., 1985; Kennedy rt al., 
1989), have been reported. Although immunoblot 
analysis of antibodies reactive to SOS-separated para
site antigens (Normaznah rt al., 1988) can improve se
rological d1agnos1s of VLAf, chere is still a need for a 
constant supply of defined antigen wich equal or bercer 
sc.:nsitivity and specificity. 

Recently, Yamasaki et ,ti. (1998) produced a 
recombinant antigen derived from a cDNA encoding 
an ES ancigen from the L2 of T cams. The anugen was 
found co specifically react wllh sera from toxoc.iriasis 
patients. The objective of the present sLUdy is to com
pare the use of chis recombinant anugen with ES anti-

gens in EIA and immunobloc detection of antibodies 
in monkeys experimentally infected with embryonared 
eggs of 1: canis. 

Macerials and Methods 
Prepm,ttion of embryonruecl eggs 
Toxoatrtl canis adult gravid female worms were obcained 
from the intestine of stray puppies put down at the Kuala 
Lumpur Cicy Veterinary Services. Eggs obtained from 
the uteri were washed twice with normal saline, sus
pended in 1 % sulphuric acid and culcured at room tem
perature for four weeks. Embroynaced eggs were washed 
several times wich normal saline, and used for infection 
of experimencal animals. 

Prepamtion of h"S rtntigens 
Embyonaced 7.' cnnis eggs were washed twice with ster
ile normal saline, resuspended in 1 % sodium hypochlo
rice and incubated for an hour ac 37°C. The eggs were 
chen washed five rimes and rhen resuspended in sterile 
normal saline. L:irvae were hatched from the embryo
nated eggs by bubbling CO, through the �uspension. 
The hatched L2 were cultured in RPMI 1640 medium 
by the mcrhod of De Savigny (1975) for the produc
tion of ES antigen. 

Production of recombinant 7oxocam Cflnis anugen 
The conmuct1011 of a recombinant plasmid pET-326 
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(+) expression vecrnr (Novagen, USA), its cransforma
cion inroE. coliBL21 (DE3)·pLysS, and che subsequenc 
expression of a chioredoxin-T crmis fusion protein by 
induccion with IPTG has been described (Yamasaki et 
al., 1998). The induced cells were sonicated in 20 mM 
Tris-HCI, pH 8.0, containing 100 mM NaCl and 1 % 
Tri con X-100. The fusion proteins expressed as inclu
sion bodies were solubilized completely wich 8 M urea 
in 20 mM Tris-HCI, pH 8.0, and 100 mM NaCl, and 
then purified using a TALONTM Metal Affinity Resin 
Column (Clontech, USA). The selected fraction was 
dialysed with bicarbonate buffer (pH 9.6) for 24 hours 
and rhe protein concentration estimated using a Pro
tein Assay Kit (Bio-Rad™, USA). T his rT. caniswas used 
in the ElA and immunoblot experiments. 

EIA and immunobLot analysis 
Checkerboard titration was carried our co determine 
the optimal concentrations of ancigeus (0.05 mg rT canis 
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or ES), serum, and conjugates for the indirccrEIA. Per
oxidase-conjugated goat anti-monkey IgG and TMB 
peroxidase subsrrace were used. 

For the immunobloc analysis, 5 µg/well of either rT. 
canis or ES proteins were separated using SOS-PAGE, 
and transferred co nitrocellulose paper using the mechod 
ofTowbin et al. ( 1979). Sera were pre-absorbed with E 
coli lysate ar 1: 5 dilution before use. The nitrocellulose 
paper wich the transferred proteins was pre-incubated 
in PBS, pH 7.4 with 3% skimmed milk for I hour, 
washed, and then incubated with monkey sera diluted 
1:40 (for rT crmis) or 1:100 (for ES), wich 0.05% bo
vine albumin ac 4°C overnight. After incubation with 
peroxidase-conjugated goat anci-monkey IgG, the an
tigen-antibody complexes formed were visualized wich 
4-chloro-l-naphthol. 

Experimental infection of monkeys 
Twenty Macaca fnscimlaris (Long-railed macaques), 
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Fig. J. Enzyme-linked immunosorbcnt assay optical density (O.D.) readings at 4 SO nm, using recombinant protein (FP-EIA) or ES antigen 
(ES-EIA), in Macaca foscicu/aris infected with diffcrcm oral doses of cmbyonatcd Toxocarn ra11is eggs' 

'G[-Fl� GlI-FP, Glll-FP & GIV-FP = FP-EIA mean OD values for groups I (conrrol),11 (infected with 5000 eggs), III (infected with 10000 
eggs) & JV (infected with 2000 eggs daily x 5 days) respectively; GI-ES, GII-ES, GUI-ES & GTV-ES = ES-EIA mean OD values for groups 
I, Il, IlI & IV respeccivcly. 
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weighing approximarely 2.0 kg each were randomly as
signed co a control (Group I) and three experimental 
groups (Groups II, III & IV) of five animals per group. 
Groups II and III animals were each infected orally via 
stomach rube, wich 5000 and 10000 eggs at a single 
dose respectively. Group IV animals were each infected 
with 2000 eggs daily x 5 days. Sera were collecred from 
the monkeys at pre-infection, and at weekly intervals 
unciJ 10 weeks pose-infection. The Animal Use Com
miccee, lnsricure for Medical Research, Minisu-y of 
Health Malaysia, passed che experimental protocol and 
study. 

Statistical amtlysh 
Analysis of variance was performed co determine dif
ferences in £IA readings wid1in and between control 
and experimental groups, using SPSS® for Windows 
Version 7.5. 

Results 

IgG-EJA 
Antibodies were detected in the EIA wich both rT. canis 
and ES antigens, the optical densiLy (OD) readings cor-
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Fig. 2. lmmunoblot analysis of sera from Macf/ca fn.sciculoris 

cxperimamally infeccced with Toxoamt caniJ embryonaced eggs, with 
, f.' ct111is protein. lane I: high molecular weight marker; lane 2: low 
molecular weight marker; lane 3: r7.' canis prorcin stained with 
Coomassie 131uc; lane 4: pre-infecrion serum; lane 5: scrum at week 
4 post-infection, from group III animal (infccccJ with 10000 T. 
canis cmbryonarcd c.:ggs); lane 6: scrum from group Ill :rn1mal at 
week 8 post-infection; lane 7: scrum :\l week 4 pose-infection, from 
group I[ animal (infected wilh 5000 cmbryonar.::d eggs); lane 8: 
serum from group II animal at week 8 post-infeccion; lane 9: scrum 
at week 4 post-infecuon, from group IV animal (infected wi1h 2000 
c111bryonared eggs daily x 5 days); lane l 0: serum from group IV 
animal at  week 8 pose-infection. 

rdari ng sign ificamly well with each other within groups 
(p  < 0.02; Fig. 1). There was no significant difference 
in rhe OD readings between groups during the pre
infeccion week. Both assays detected a rapid increase in 
antibody levels in infected animals, scarring from week 
1 post-infection, and reaching a peak between 6-8 weeks 
pose-infection in all the experimental groups. By week 
4, both assays showed mean antibody levels in experi
men ral groups to be significantly higher chan chose in 
the control group. However, chere was no significant 
difference in mean readings between experimental 
groups ac che corresponding pose-infection weeks. 

/mmanoblot analysis of Toxocara can is infected Macaca 
fascicularis sera 
Similar results were obtained with sera of infected ani
mals from all experimental groups (Groups II, III & 
TV). A single proLein at 38 kDa molecular weight in rT

. 

canis was recognized by sera of experimental animals 
collected at 4 - 10 weeks pose-infection (Fig. 2). This 
was more prominencly seen in animals infected with 
I 0000 eggs each (Groups III & IV) than in Group II 
animals given 5000 eggs each. Only faint bands were 
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Fig. 3. lmmunoblo1 analysis of sera from /1111c11ca fiucicuLnris 
experimamally infected with Toxocam c1111is cmbryonated eggs, wich 
ES amigcns. lam: I: high molecular weight marker; lane 2: low 
molecular weighc marker; lane 3: ES amigcm stained with Coomassic 
Blue; lane 4: pre-infect ion serwn; lane 5: serwn ar wtek 4 posr
infeclion, from group rTl animal (infected with I 0000 T. cam's 
embryonated eggs); lane 6: serum from group Ill animal at week 8 
pose-infection; lane 7: scrum at week 4 posr-infecrion, from group 
H animal (infccreJ with 5000 embryonated eggs); lane 8: serum 
from group II animal ac week 8 post-infccrion; lane 9: serum at 
week 4 pose-infection, from group IV animal (infected with 2000 
cmbryonared eggs daily x 5 days); lane I 0: serum from group IV 
animal at week 8 pose-infection. 
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seen in sera collecced at weeks 2 and 3 post-infeccion 
(noc shown in figures). 

With SDS-PAGE separated ES proteins, sera from 
infected experimental animals produced multiple bands 
between 38-98 kDa, the prominenc ones being at 38, 
66, 80 and 98 kDa (Fig. 3). 

Discussion 
Monkeys that were infected wich 5000 - I 0000 T. ctmis 
embryonaced eggs orally, all produced anti-coxocarial 
anribodies as early as week J post-infeccion. Boch the 
FP-EIA and ES-EIA dececced these antibodies, and che 
mean OD readings were similar and correlated very well 
with each ocher, ac rhe corressponding time points. The 
mean antibody levels were significantly higher in ex
perimental groups than in concrol groups at the corre
sponding weeks. Peak antibody levels were detected 
between 6-8 weeks pose-infection, and these levels de
clined only slighrly in the subsequcnr weeks ofobserva
rion. In general, chere was no significant difference in 
mean antibody levels in animals infected with 5000 
(group II) or I 0000 eggs in a single dose (group Tfl) or 
divided doses (group IV). 

Immunobloc analysis showed chat the r T canis pro
tein and ES anrigens were recognized by antibodies in 
sera of animals experimenrally infecced with T

. 
canis. 

The reactive band at 38 kDa seen with rT. canis was 
also present with ES antigens, the larcer antigen also 
giving ocher reactive bands. It is inreresring ro note thac 
Lam et a/. (1992) also reported char monoclonal anti
bodies developed from mice immunized with T. canis 
antigens also recognized a 38.5 kDa polypepride in ES, 
embryonared eggand L2 T

. 
canisanrigens. Normaznah 

et al. (1988) also showed char sera from patiencs diag
nosed wich visceral larva migrans recognized a 38.5 kDa 
band with L2 anrigens. We believe char che rT cttnis 
protein is probably similar co the 38.5 kDa protein rec
ognized in chese previous studies. Yamasaki et al. ( J  998) 
also showed chac the rT.canis protein also specifically 
reacred with coxocariasis sera bur noc that of Brugia 
malayi infection, dirofilariasis, or ascariasis. Anasakiasis 
sera pre-absorbed wich homologous anrigen did nor react 
with che procein. However, pariencs with T. cati infec
cion also recognized the r T. canis protein. 

The presenc findings confirm chat rhe r T canis pro-

C1100:-io u AL. 

rein can be used as a substicuce for ES antigens for che 
deteccion of specific anti-coxocarial antibodies. This 
recombinanc protein can cherefore be used for che 
immunodiagnosis of visceral larva migrans due co T. 

canis infeccion. 
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