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The study of free circulating antigen
(CA) in schistosome infections was first
published by Berggren and Weller (1967),
who detected the antigen in plasma of mice
heavily infected with Schistosoma mansoni.
Detailed studies showed that the property
of CA was a negatively charged high
molecular (more than 100,000 MW) proteo-
glycan which was trichloroacetic acid-solu-
ble and heatstable (Nash et al., 1974;
Deelder et al., 1976; Nash et al., 1977). This
antigen was found in the epithelial cells
of the gut of worm and released into the
host circulation (Nash et al., 1974). In S.
japonicum infections, CA could be also
demonstrated in sera of rabbits, mice and
chimpanzees (Hirata and Akusawa, 1974;
Hirata, 1976; Hillyer, 1976).

In the present study, for detecting a low
level of antigen sensitively, sandwich en-
zyme-linked immunosorbent assay (ELISA)
using anti-worm rabbit IgG was attempted
to demonstrate CA in sera of experimental
animals and humans infected with S. ja-
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ponicum. Counter immunoelectrophoresis
(CIE) was performed as a reference test for
ELISA.

Materials and Methods

Preparation of anti-worm rabbit IgG:
The adult worms of S. japonicum (Yama-
nashi strain) were collected from infected
mice (DDD). Rabbits were then hyper-
immunized with the worm homogenate
mixed with Freund’s complete adjuvant.
Immunized rabbit serum was absorbed with
normal mouse serum because worm used
for immunization contained mouse serum
components in its body. Anti-worm anti-
body was purified from the absorbed rabbit
serum by an immunoadsorbent column
using CNBr-activated Sepharose 4B (Phar-
macia) coupled with soluble worm antigen
(30 mg Folin-reactive protein/5 ml gel).
Thus prepared antibody was further passed
through a DEAE cellulose (Brown) column
to obtain IgG fraction. The final fraction
which was used for ELISA and CIE showed
7-9 precipitin bands against the worm
antigen by immunoelectrophoresis.

Sandwich enzyme-linked immunosorbent
assay (ELISA): ELISA for detection of
CA in serum was a modification of the
method established for the purpose of de-
tecting the antibody specific to the worm
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and the egg of S. japonicum (Tanaka et al.,
1979; Nakao et al., 1981; Matsuda et al.,
1981). Purified anti-worm rabbit IgG was
labeled with horseradish peroxidase (type
VI, Sigma) by the method of Nakane and
Kawaoi (1974). The assay was performed in
0.2 ml/well on micro-ELISA plate (M129A,
Dynatech). Wells of the plate were coated
with anti-worm rabbit IgG diluted at 20 ug
/ml with carbonate buffer (0.05 M, pH 9.6)
at 4 C overnight. The wells were washed
three times for 15 minutes with phosphate
buffered saline (PBS, 0.15 M, pH 7.2) con-
taining 0.05%, tween 20 and 0.05%, sodium
azide after each procedure of coating with
the IgG, binding the antigen and binding
the labeled IgG. Test serum and the
labeled IgG were diluted with PBS con-
taining 19, bovine serum albumin (fraction
V, Sigma) and 0.059, tween 20. Test serum
diluted at 1:2 was reacted with the IgG
coated on the well wall. After washing,
the labeled IgG diluted at 70-140 pg/ml
was applied. The plate was incubated at
37 C for 60 minutes in a moisture box for
each reaction. O-phenylenediamine (OPD,
Eastman Kodak) was used as a substrate
for the enzyme. OPD was dissolved in
methanol (10 mg/ml), and 0.5 ml of OPD
solution together with 0.05 ml of 39, H,O,
was mixed with 49.5ml of distilled water
immediately before use. The final substrate
reaction proceeded in a dark place at room
temperature for 30 minutes, then stopped
with a drop of 8 N H,SO,/well. Absorb-
ance of the substrate after the reaction was
measured by a plate reader (MTPI12, Co-
rona) at 500 nm.

Counter immunoelectrophoresis (CIE):
CIE was carried out on a glass plate (72X
107 mm) covered with 13 ml of 19, agar
(Difco) in barbital buffer (pH 8.6, 0.05
ionic strength) according to the method of
Hirata et al. (1977). Wells were punched
out using a 3 mm metal tube. The distance
between anodic and cathodic wells was
4mm. The anodic wells were filled with
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10 ¢l of anti-worm rabbit IgG (4 mg/ml)
and the cathodic wells were with 10 ul of
undiluted test sera. Electrophoresis ran at
room temperature with the same buffer at
60 volts/72 mm for 45 minutes. The re-
action on the plate was read immediately
after run.

Results

Specificity and sensitivity of ELISA: Us-
ing the worm antigens extracted with
PBS from adult S. japonicum and Fasciola
hepatica, the specificity and the sensitivity
of the reaction of sandwich ELISA were ex-
amined with different amounts of these
antigens. Since high reaction was obtained
only with S. japonicum antigen in this
method, it was thought that this method
was highly specific for detecting CA derived
from the worm of §. japonicum (Fig. 1).
The worm antigen of S. japonicum at
0.5 yg/ml was an enough level to be de-
tectable by this method.

The ELISA value, the percentage of ab-
sorbance by CA in test serum to that by
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® : Worm Antigen of Schistosoma japonicum

O : Worm Antigen of Fasciola hepatica

Diluent : PBS containing 1% BSA
Fig. 1 Reactions in sandwich ELISA with prepar-
ed anti-worm rabbit IgG and its conjugate with
peroxidase to examine the specificity and the
sensitivity in detecting S. japonicum antigen.
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the worm antigen at 5 yg/ml was utilized to the method of calculation by Carlier et
to show CA level in test serum according »  al. (1980) as follows:

. Absorbance by test serum — Absorbance by normal serum
ELISA value (%) = x 100
Absorbance by normal serum

containing worm antigen at — Absorbance by normal serum

5 pg/ml
The ELISA value at 209, was conven- quantitatively to produce 3 light infections
tionally determined as the minimum ELISA with 10, 20 and 70 cercariae each and 2
value for CA positive. heavy infections with 800 cercariae. Serum
CA in serum of infected mouse: Twelve samples were collected weekly from each
mice (DDD) were infected with about 70 rabbit. Heavily infected ones died 10 weeks
cercariae by subcutaneous injection and after infection. CA was demonstrated only
sacrificed 7 weeks after infection for collect- in sera of these 2 heavily infected rabbits
ing serum samples and counting the number by ELISA and CIE from 6 weeks after in-
of adult worms. CA was demonstrated in fection until before die (Fig. 3). It was
all sera of these 12 infected mice but not observed that the elevation of detectable
in sera of 3 normal mice by ELISA and level of CA in rabbits was dependent on
CIE (Fig. 2). The ELISA values in infected the worm burden in this experiment.
mice were distributed in a narrow range CA in serum of human patient: An at-
from 30.0 to 55.79, irrespective of the worm tempt was made to detect CA in sera of
burden. human patients. Sera from 40 proven
CA in serum of infected rabbit: Shaved patients of schistosomiasis japonica in
skins of 5 rabbits were exposed to cercariae Leyte, Philippines were examined for CA
100 .
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Fig. 2 Results of ELISA and CIE in infected and normal wouse sera.
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Fig. 3 Detection of circulating antigen in heavily infected rabbit sera by

ELISA and CIE.
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Fig. 4 Detection of circulating antigen in
human patient sera.

by ELISA and CIE. All sera were negative
by CIE. Nevertheless, one serum out of
40 samples showed high ELISA value of
34.09,, which was more than the upper
confidence limit (Fig. 4).

Discussion

Enzyme-linked immunosorbent assay (EL
ISA) has an advantage of high sensitivity
as in nearly the same level as radioimmuno-
assay (RIA), and its procedure is safe and
economical in comparison with RIA. Im-

(38)

proved ELISA using micro-plates is capable
of testing many serum samples in a short
time. In parasitological field, ELISA has
been used as a diagnostic tool for detecting
specific antibodies in malaria, trypanosomia-
sis, toxoplasmosis, echinococcosis, schisto-
somiasis and trichinosis. ELISA has not
generally utilized for detecting antigens
from parasites.

In this investigation, the circulating
antigen (CA) derived from the worm of S.
japonicum was detected in sera of infect-
ed mice and rabbits by sandwich ELISA.
The sensitivity of sandwich ELISA for de-
tecting CA was almost the same as that of
counter immunoelectrophoresis (CIE). Sera
showing positive for CIE had the higher
ELISA values than 209, which was con-
ventionally determined as the minimum
ELISA value for CA positive.

It was observed that the frequency of
occurrence of CA and its concentration
were relatively high in mice comparing
with those in rabbits. It seemed that the
occurrence of CA was closely dependent on
the blood volume of the host, the relative
worm burden to the size of host, the dura-
tion of infection and the immunological
response of the host. Hirata (1981) reported
that CA level was dependent on the female
worm in S. japonicum infections.

In human patients, ELISA for detecting



CA was not a practical tool for diagnosis
and case detection. The detection of anti-
body against CA would be more useful for
this purpose.

Summary

Sandwich enzyme-linked immunosorbent
assay (ELISA) to detect free circulating
antigen (CA) in Schistosoma japonicum in-
fections was successfully made. Anti-worm
rabbit IgG and that labeled with peroxidase
were used for the sandwich method.
Counter immunoelectrophoresis (CIE) was
performed as a reference test for ELISA.
In experimental animals, CA was found in
sera of infected mice and heavily infected
rabbits. The results of ELISA coincided
with those of CIE. In human patient sera,
CA could not be detected by CIE but only
one serum out of 40 samples showed a
high antigenic level by ELISA.
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BEfAE (ELISA) 124 % BFREORBEFOFERNADKRE

fE X
(R B oA 2 25 A B2 3l 1E)
mHE ¥ Hb X
(R K% R B2 B JE T 25 42 BRE 22 0)

BAEMRRRERCEEOMBEFCENS Lvb

N2 REHROIERIR & BER itk (ELISA) i Xk
DL, %7, fREBESATE (CIE) THEREIUR
ZHH L, ELISA O#sE L gL 7.

TR Z 7YXz Y fER L, 58 IgG /il
#18T, ELISA & CIE [t 7z. ELISA izik~L
T x5 — CEBIRRIGEERL, ~1 7054
F—7V— P CEMY Y K1y FHEF . CIEL
IEBRRBRED 1 %7 F—% Vi

Ytk 7 B D < 7 2 M TR RERIC O H D

(40)

FiI2Blh &Gl RRTR 2 TE . YT ¥ ¥
IM{E TiX 800 &L 77 ) 7REGLD & D TG4 6 LA
9EET (0EEIZEL) TRBRIIRE %M T &7,

10, 20, 70 L7 ) TREDLDTIETE L dh o1

ELISA ¢ CIE 0o#F#HHREIXIZIZERA L TH 572,

740y - LA TEITET AARERELMIFEORICD
WTERIEZHB#EL, CIETIRTNTEETH -1
7%, ELISA Tix 1 flicisfE %57,

AIEOREE MFLW TIL, BRIEFREL YL, &
RUMARHESEETH % L Bbhiz.





