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Abstract 

Three distinct protein peaks were obtained when the crude extract of Parastrongylus cantonensis adult 
worms was passed through a Sephacryl S-200 f-IR column. The antigenic components of the three 
isolated peak fractions were studied by sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
andimmunoblot analysis using serum from a patient with parasitologically confirmed parastrongyliasis. 
The 31-kDa diagnostic antigen of P. cantonensis was demonstrated mainly in the first elution profile. 
The band of 31-kDa antigenic component reacted strongly with parastrongyliasis serum. A semi­
purified fraction from the first elution peak was used in the indirect enzyme-linked immunosorbent 
assay (ELISA) for detecting specific antibody to the 31-kDa antigen of P. cantonensis. A total of 200 
serum samples was used in Lhe study. Of these, 25 sera were from patients with parastrongyliasis. 
Fifteen sera each were from patients with gnathostomiasis, toxocariasis, filariasis, paragonimiasis and 
cysticercosis. The control group consisted of 100 serum samples from normal healthy individuals. 
The sensitivity and specificity of the ELISA were 100% and 98.87%, respectively. This Sephacryl S-
200 fraction containing an immunodominant antigen of 31 kDa, appears promising as a diagnostic 
reagent in the ELISA for human parastrongyliasis. 
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Introduction 
Parastrongy/111 (syn. Angiostrongy/uJ) cantonensis is an im­
portant causative agent of eosinophilic meningoen­
cepbalius in man in Southeast Asia and Pacific islands 
(Punyagupta, 1979; Cross, 1987; Koo et al., 1988). The 
diagnosis of parastrongyliasis (=angiostrongylias1s) is 
generally presumptive since the parasite can only in­
frequently be recovered p:om the cerebrospinal fluid 
(CSF) of pat!ents. Numerous techniques have been 
used for the immunodiagnosis of human 
parastrongyliasis (Tharavanij, 1979; Welch et al., 1980; 
Ko, 1987; K.liks et al., 1988). Of these methods, the 
enzyme-linked unmunosorbent assay (ELISA), a simple 
immunological test, requires the detection of 
Parastrongylus antibodies. The test 1s dependent upon 
antigen quality, specificity and sensitivity. The antigenic 
reagents currently available for use in ELISA for de­
tccung P. canlo11ensi.r infection m humans still lack the 
necessary specificity. This is probably due, in part, to 
the extensive antigenic overlap that exists not only be­
tween nematodes but also between nematodes and 
other parasites (Tharn\"aruj, J 979; Ko, 1987; Chen, 1986; 

Dharmkrong-at et al, 1986). There is therefore the need 
for a more specific antigen for the assay. 

ln the last few years significant progress has been 
made i n  the development and improvement of immu­
nological techniques for laboratory diagnosis of P 
cantonensis infection. Recently, the nature of the anti ­
gens related to the specific antibodies produced by the 
host has been explored. Alcoa et al. (1992) demonstrated 
by immunoblots that the 29-kDa and 31-kDa proteins 
in adult female worm of P. canlonensis were specific 
antigens recognized by infected humans. In a similar 

study, Eamsobhana (1994) showed that a specific anti. ­
gen with relative molecular weight of 31 kDa, found 
in the crude extracts from adult male and female worms 
and third-stage larva of P. cantonensis, was consistently 
identified by sera from patients infected with P. 
cantonensis. This immunodominant 31-kDa antigen was 
further demonstrated to be a glycoprotein and its car­
bohydrate moiety did not reveal any active epitope 
(Eamsobhana el al, 1998). 

Although the ELISA is widely used for 
immunodiagnosis of nematode diseases including 
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parastrongyliasis, there have been very few studies of 
ELISA using fracaonated antigens and none usmg char­
acterized specific anugens from P. canlonensis. In the 
·present study we attempted to isolate the 31-kDa diag­
nostic antigen from the crude worm extract of adult P. 

cantonensis by gel filtration chromatography us10g 
Sephacryl S-200 HR column. The purity and specific­
tty of the eluted fracuons were then charactertzcd by 
sodium dodecyl sulphate-polyacrylamtde gel electro­
phoresis (SDS-PAGE) and unmunoblottmg using se­
rum from a paacnt with paras1tologically confirmed 
parastrongyliasis. The isolated fracaon containmg the 
31-kDa antigen was further used to determine the re­
activity of the sera m the ELISA to specifically detect 
the corresponding (anti-31-kDa) antibody. The present 
results indicate that this semi-purified antigen of P. 
mntonen11J can be used in a diagnostic ELISA for hu­
man infection, and that this antigen shows better speci­
ficity than that previously reported usmg crude para­
site anagen (Eamsobhana et al., 1999). 

Materials and Methods 
Prep,milton of cmde a11t1�e111 
The Thailand scram of P. ranlonenm was used in the 
present study. Adull worms were obtained from the 
pulmonary artenes of albmo rats chat were infected 
for at least 6 weeks -..nth P. cantonm111 tnfecttve larvae 
collected from experimentally infected snails, 
Bzomphalana glabrala Male and female worms were 
washed and then homogenized 10 a small volume of 
normal salme with a glass tissue grmder. The suspen­
sion was then so01cated and left overnight at 4°C to 
allow elution of antigens. Soluble anugens were ob­
tained 111 the supernatant after centrifugation at 4000 
rpm for 15 min. The protein content of the extracts 
was determined using a protem assay kit II (Bio-Rad 
Laboratories, Hercules, CA, USA). 

Gel filtrallon ,hromalograpl?J 
The crude ana.gens from adult P. cantone111is were sepa ­
rated by size exclusion gel filtrauon chromatography 
usmg Sephacryl S-200 HR (Pharmacia, Uppsala, Swe­
den) as chromatographic matnx on a 1.6 x 100 cm Cl6/ 
100 column (Pharmacia). About 20 mg of antigenic 
sample r2 ml) were applied to the Sephacryl S-200 col­
umn equilibrated with PBS, pH 7.2. Fractions of 3 
ml/ tube were collect('d at a flow rate of 25 ml/h usmg 
a fraction collector (Pharmacia). The absorbance of 
ench elute (3 ml) wa� measured at 280 nm. Fraca.ons 
belonging to the same peak were pooled and concen­
trated by ultrafiltraa.on through a PMlO membrane 
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(Amicon Inc., Beverly, USA). Protein concentration was 
determmed using a protein assay kit II (Bio-Rad). The 
partially purified antigens were further assayed by SDS­
PAGE and inununoblotung for the detection of spe­
cific 31-kDa component. 

S odJi1111 doderyl 11dphate-pofyacrylamrde gel electrophoresis (S DS­
PA GE) and 1mmmrob/01ting 
Components of crude and partially punfied antigens 
were separated on SDS-polyacrylamtdc slab gels using 
the dtsconunuous system of Laemml.t (1970). A 4% 
stacking gel and 12% separating gel were used. ProtC10 
samples of about l0µg were boiled at 100°C for 5 min 
in Laemmli sample buffer before loading onto the gel. 
The separated protein bands were visualtzed by 
Coomasste brilliant blue stam1ng. The molecular weight 
of separated protems was esumated by companng their 
electrophorecic mobilities with those of known stan­
dard molecular wetght markers (Sigma Chemical Com­
pany, St. Louis, USA) 10 the same gel. For transblotang, 
the SDS-PAGE separated antigens from the gel were 
electroblotted onto a 0.45 µm nitrocellulose membrane 
(Bio-Rad) by the method of Towbin el al. (1979). The 
non-specific binding sites on the membrane were 
blocked by soalung Ula soluuon of 5% skimmed milk 
10 phosphate-buffered salme (PBS), pl I 7.4 for 1 h. 
The membrane was then incubated with test serum, 
which was cWuted 1:200 10 1% bovtne serum albumin 
(BSA) tn PBS, pf 1 7.4 overnight at 4°C. After washing 
thoroughly the membrane was reacted with horserad­
ish peroxidase coniugated goat anti-human 1mmuno­
globulms (Dakopatt, Denmark) at a dilul:Jon of 1:1000 
to PBS, pH 7.4 for 1 h at room temperature followed 
by washmg. The bound antigen-antibody complexes 
were visualized by adding of the chromogenic substrate 
�olucion conramtng 60 mg of 4-chloro• l-naphthol (Bio­
R.ad) in 20 ml of cold absolute methanol mixed wtth 
60 µI of 30% Hp2 in 100 ml of P13S, pH 7.4. The 
blots were rinsed in distilled water, air- dned and pho­
tographed. 

Enzyme-linf.ed imm11no1orb;n/ auqy (EUSA) 
A concentrated Sephacryl S-200 fraction conraming the 
31-kDa speofic protem of 1� cantonemis was used in 
ELISA for the detection of specific antibody to P. 
,-anto11ensu. 

The ELISA was performed according to the method 
of Voller el al. (1976) with some modificauons. Briefly, 
wells of microtiter plate (Nunc, Denmark) were 
sensitised with 100 µl of a fractionated P ra11/011en1is 

antigen at a concentration of 2 µg/ml of protetn 10 
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carbonic buffer solution, pH 9.6. The wells were suc­
cessively incubated for 2 h each with 100 µI of block­
ing solution (2% skinuned milk in PBS-Tween 20), se­
rum s::imples diluted LO 1 :400 ,vith PBS containing 1 % 
bovine serum albumin and 0.05% Tween 20, and per­
oxidase-conjugated anti-human immunoglobulms 
(Dakopatt, Denmark) diluted to 1:4000 in PBS-Tween. 
Finally, the wells were incubated for 30 min with the 
substrate (o-phenylenediamine) solution. The enzy­
m::iuc reacuon was sropped with 50 µl of 2.5 N 
sulphuric acid and the optical density (OD) was mea­
sured at 492 nm with an ELISA reader (SLT 
Labmstrument, Australia). 

The optimal concentration of the antigen and the 
optunal dilution for patient's serum and conjugate were 
pre-determined using ::i chequerboard titration. For each 
test, negative, positive ::ind PBS-Tween controls were 
included. 

A result was considered positive if the OD value 
exceeded the mean OD+6SD of the values obtained 
wtth the 100 negat.i.'lte sera. 

Sen,m samples 
Human scra were collected from five patients with 
paras1tologtcally confirmed parastrongyliasis (three with 
cerebral parastrongylrnsis from whom P. canlonensis lar­
vae were recovered from the CSF; the other two had 
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ocular p::irastrongyliasis from whom immature P. 
cantonensisworms were recovered from their eye cham­
bers) and 20 patients with presumptive 
paras trongyliasis. The latter group was diagnosed as 
parastrongyliasis based on clinical symptoms and his­
tory of exposure to  infection, as well as having high 
antibody titers as detected by ELISA. 

Seventy-five heterologous sera were obtained from 
patients with other parasitic infections. Of these, 15 
sera each were from patients with gnathostom1as1s, 
toxocariasis, filariasis, paragonimias1s and cysticerco­
sis. All these cases were positive by parasitologic and/ 
or serologic tests for a specific parasite or its products. 
The normal control group of sera was obtained from 
100 healthy adults who were negative for any parasitic 
infection at the time of blood collection. All scrum 
samples were kept at -20°C until use. 

Results 

The chromatographic profile obtained showed the elute 
divided into three separated peaks, consisting of one 
broad low peak, and two sharp and narrow peaks with 
higher absorbances (Fig. 1). The protein content of 
the three isolated fr::icuons was 3.9, 3.5 and 1.9 mg, 
respectively. About 46.5% of the applied protein was 
recovered. 

Peak 2 
t t 

Peak 3 

Fig. 1. Fract1onation of Parastro,,gy/111 ca11l011e11su adult worm extract by gel filtrauon chromatography on a 
Sephacryl S -200 I IR colwnn. The y-ax.is shows the optical density at 280 nm. 
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The elect.rophoretlc pattern of the protein compo­
nents of the three Sephacryl S-200 fractions as revealed 
by SDS-PAGE is shown in Fig. 2. SDS-PAGE and 
Coomassie blue staining did not reveal a clear single 
protein band with molecular weight of 31 kDa in any 
of the three protein profiles. The first elution profile 
contained about 9 visible protein bands with molecu­
lar weight ranging from 22 to 110 kDa (lane D), the 
second profile contained 7 protein bands with molecu­
lar weight from 12.5 to 64 kDa (lane E), while the third 
profile contained 4 protein bands with molecular weight 
from 18.5 to 22 kDa (lane F). 

The antigenic components of the crude adult worm 
extracts and the eluted fractions were determined by 
SDS-PAGE and immunoblot analysis against the se­
rum from one of the five parasitologically confirmed 
human pa.rastrongyliasis. As shown in Fig. 3, the se­
rum contained high concentration of specific antibody 
to the 31-kDa protein (lane C). With the same serum, 
the 31-kDa diagnostic protein of P. cantonensi.r was dem-
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Fig. 2. Sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis with Coomass1e blue staining of elutes from 
Sepluic.ryl S-200 gel filtranon chromatography of P. canto11msir 
adult worm extract. Each lane represents one 
chromatographic peak. Lane D, protein profile of peak 1; 
Lane E, protein profile of peak 2: Lane F, protein profile of 
peak 3. Lane C shows the protein profile of crude adult 
worm extract of P ca11l011ensis. Lanes A and B are low and 
high molecular weight markers. 
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onst.rated mainly in the first Sephacryl S-200 profile 
(laneD). 

The isolated fraction from the first elution peak, 
which contained mainly the specific protein of 31 kDa, 
was used in the indirect ELISA for determining the 
specific antibody to P cantonen.ris in serum samples from 
healthy individuals and from patients with 
parastrongyliasis and other parasitic infections. The 
mean OD±SD of the normal group was 0.073±0.027. 
The mean OD+6SD of the healthy group sera (i.e. 
OD > 0.235) was taken as the positive cut-off value. 

All 25 serum samples from parast.rongyliasis cases 
(100%) were positive in the ELISA and 73 of 75 sera 
(97.33%) from patients with other parasitic infections 
were negative (Fig. 4). Cross-reactions we.re found with 
serum samples from gnathostomiasis (2/15). Normal 
parasite-free individuals were all negative. The sensi­
tivity and specificity of the ELISA were 100% and 
98.87%, respectively. 
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Fig. 3. Immunoblot analysis of P. cantone11siI adult worm 
ex--tract and its elutes from Sephaccyl S-200 gel filtration 
chromatography against a serum sample of parasitologtcally 
confirmed parastrongyliasis. Each lane cepresents one 
chromatographic peak. Lane D, antigenic profile of peak 1; 
Lane E, antigenic profile of peak 2; Lane F, antigenic profile 
of peak 3. Lane C shows the aoagemc profile of crude adult 
worm eKtract of P. canto11en1u. Lanes A and B are low and 
high molecular weight markers. 
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Fig. 4. Dtstribuuon of optical density values in ELISA for detection of a specific 31-kDa serum antibody 
against P ca11/011enJi.rin 25 patients with parastrongyliasis (A), 15 patients each with gnathostomiasis (B), toxocariasis 
(C), filariasis (D), paragonimiasis (E), and cysticercos1s (F) , and in 100 normal healtJ1y individuals (G). The 
dotted line shows rhe cut-off value_ 

Discussion 
Although molecular technigues arc capable of differ­
entiating very small guantities of material for the spe­
cific identification of many human parasites (Cross, 
1988; Murrell & Rhoads, 1988; Weiss, 199 5), there have 
been no reports of their use in the specific identifica ­
tion of P cantonensis in humans. A cheap, easy and fast 
alternative is to use an immunological test based on 
the ELISA. The ELISA has been shown to be of egual 
value to or superior to other immunodiagnostic tests 
for a wide range of parasites and is the test of choice. 
At present, although the ELISA is widely used for 
inimunodiagnosis of P cantonen.ris infection, the sensi­
tivity and specificity of the assay depend mostly on 
the guality of the anagens used. With crude soluble 
antigens, false positive reactions occur with sera from 
patients with other parasitic infections (Chen, 1986; 
Dharmkrong-at el al., 1986). Thus, there is a need to 
use purified antigen for improving the specificity of 
the assay. 

Recently a specific antigen of P. cantonensiswith rela­
tive molecular weight of 31 kDa was identified and 
evaluated (Akao et al., 1992; Eamsobhana, 1994; 
Eamsobhana et aL, 1997). The 31-kDa component has 
been shown to be a carbohydrate containing protein 
(Eamsobhana et al., 1998). In the present study, the 

fractionation and purification of the 31-kDa glycopro­
tetn from crude worm extracts involved Sephacryl S-
200 HR column chromatography. Fractionation of 
crude adult worm antigens showed three distinct pro­
tein peaks detected at 280 nm. The first elution peak 
from gel filtration contained the immunodominant 
component of 31 k.Da and trace amount of other r e ­
active protein antigens as revealed by SDS-PAGE and 
immunoblotting. When this Sephacryl S-200 fraction, 
which contained primarily the specific protein compo­
nent of 31 k.Da was used as an antigen in the indirect 
ELISA, the sensitivity and specificity of the assay were 
100% and 98.87%, respectively. Although two sera from 
patients with preswnptive gnathostomiasis gave posi­
tive ELISA results with this semi-purified P. cantonensis 
antigenic reagent, the reaction might not be due to the 
cross-reaction since another 13 patients with Gnathos ­
toma spinigerttm infection gave negative results. Relatively 
strong cross-reactions in ELISA among the sera of 
patients with parastrongyliasis and gnathostomiasis 
have been reported by a number of investigators (Chen, 
1986; Dharmk.rong-at et al., 1986). Since P ca11tone11.ris 
and G. spinigemm are clinically-related parasites, a posi­
tive ELISA using crude antigenic preparations with the 
serum of a patient suspected of harbouring G. 

spinigerttm needs careful interpretation. Likewise, a pre-
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vious study ualizing crude worm extracts from P. 
cantonensis in the ELISA showed 100% sensitivity and 
94% specificity against the sera of patients with 
parastrongyliasis. Cross-reacuon \Vas also found with 
sera from 3 out of 10 pattents with gnathoscomiasis 
(Eamsobhana el aL, 1999). 

The reliability of the punfied speofic antigen for 
use 1n tmmunodiagnosis was confirmed 10 the ELISA 
using sera from patterns with parastrongyliasis. As com­
pared to the crude antigens utilized tn a previous study 
(Eamsobhana el aL, 1999), the fractlonated antigen 
contairung a 31-kDa protein yielded a distinctly posi­
tive although a lower ELISA mean absorbance value. 
Low negative values were obtained when this sem.i­
punfied antigen was tested against sera from normal 
healthy individuals and from persons infected with 
other paras1t1c mfecuons, thus indicating good speci­
ficity. 

Based on the results obtained by ELISA, the present 
study demonstrated chat gel filtration chromatography 
is a useful method for the isolation of the specific P. 
canlonensis component. The limitation for this technique 
is the difficulty of collecting sufficient quantittes of 
specific antigen for large-scale im.munodiagnosuc pur­
poses. Only 3.9 mg partially purified protein was even­
tually recovered from the 1ruaal 20 mg protetn of the 
crude worm extract, representtng a 19.5°1

0 yield. 
This is the first step in punfication of an 

immunodorrunant specific antigen from crude antigens 
for immunodiagnosis of human parastrongyhasis. As 
the 31-k.Da specific antigen 1s present only in small 
quantity from the crude worm antigens, further purifi­
caaon 1s needed to obtain a single component of 31 
kDa. Attempts should also be made to produce mono­
clonal antibody against the 31-kDa antigen. The puri­
fication of a suitable parasite-specific antigen and the 
availability of a monospeofic antibody would open the 
possibility of producing a specific diagnostic reagent 
1n suffioent quantity, probably through recombinant 
DNA technology. 
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