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Abstract

Specific antibody response to circulating anodic antigen (CAA) was studied employing a

highly purified antigen in the enzyme-linked immunosorbent assay. In Schistosomajaponicum-

infected mice, unisexual infection showed greater antibody reaction than bisexual infection.

When the relationship between antibody level and worm burden was investigated in bisexual

infection, a negative correlation was found (r = —0.51, p<0.05). In sera of rabbits with 50

cercarial infection, a kinetic study showed that antibodies appeared during a restricted period

(4—7 weeks after infection), a time before worms attain fully growth. These findings indicate

that the level of anti-CAA antibodies is closely related to the intensity of the infection. When

sera from S. mansoni-infected mice were tested with S. japonicum-derived CAA, they had

high levels of antibodies. In addition, the antibody levels were unrelated to the worm burden,

differing from S. japonicum infection.

Key words: Schistosoma japonicum, circulating anodic antigen, antibody, mouse, rabbit, Schistosoma

mansoni

Introduction

Circulating anodic antigen (CAA) is a major

molecule detectable in the sera of animals and

humans with schistosome infection (Berggren and

Weller, 1967; Deelder et al., 1976; Qian and

Deelder, 1983a) and has been characterized as a

proteoglycan originating from the cell lining of

schistosome gut (Nash, 1974; Nash et al., 1974;

Lichtenberg et al., 1974; Nash et al., 1977; Fujino

et al., 1985; de Water et al., 1986). Since

demonstration of schistosome products would in

dicate an active infection, and the antigen level

might correlate with the worm burden, much

effort has been devoted to the exploration of

CAA. A recent study has shown that CAA can

be detected at a level of less than 1 ng/ml human

serum, when a monoclonal antibody was applied

in a sandwich enzyme-linked immunosorbent

assay (ELISA) (Deelder et al., 1989). This
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strongly suggests the practical usefulness of CAA

detection for the epidemiological study of

schistosomiasis.

There have been several reports which describe

frequent occurrence of anti-CAA antibodies in

Schistosoma mansoni-infected animals or man

(Deelder, 1973; Deelder et al., 1978, Nash, 1978;

Nash et al., 1978), suggesting that antibody detec

tion might be useful in the diagnosis of schisto

somiasis. Studies on S. japonicum infection are,

however, incomplete (Qian and Deelder, 1983b;

Qian and Wen, 1983; Hirata et al., 1988).

Although CAA has been reported to be genus

specific (Nash et al., 1974), accurate comparison

of molecular constituents has not been per

formed, and biological features differ with each

species. Therefore, immunological response to

CAA must be studied separately.

In a previous study with counter immuno-

electrophoresis (CIE), we reported that the in

cidence of anti-CAA antibodies inversely cor

related with the worm burden in S. japonicum-

infected mice (Hirata et al., 1988). The present

study was performed to more accurately deter-
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mine the relationship with the ELISA test, using

highly purified CAA as the antigen.

Materials and Methods

Animals and infection

Female 6-week-old ddY mice and rabbits

weighing 2.0Kg were used.

In the previous study (Hirata, et al.9 1988),

a part of mice received 20—30 S. japonicum

(Japanese strain) cercarial injection were found

to be unisexual infection. These mice were used

in this study for comparison of ELISA and CIE

test. Groups, consisting of 2—6 mice each, had

the infection periods of 4, 6, 10, and 20 weeks.

Bisexually infected mice with S. japonicum or S.

mansoni were prepared by exposing sub-

cutaneously to approximately 30 cercariae.

Groups consisting of 5—8 mice for each infec

tion were necropsied at 14, 27 and 44 weeks after

infection. S. manson/-infected snails, Biompha-

laria grabrata (Puerto Rican strain), were

generously supplied by the Department of

Medical Zoology, Faculty of Medicine,

Kagoshima University. Blood samples were taken

by cardiac puncture, and sera were stored at

—70°C until use. The worms were recovered by

the perfusion method and counted.

S. j'aponicum-miected rabbits were investi

gated in 2 experiments. Two rabbits infected with

50 cercariae were bled before infection and then

weekly or biweekly, up to 14 weeks. Six rabbits

infected with 500 cercariae were treated with

praziquantel between 23 to 36 weeks after infec

tion. The drug was administered orally at a daily

dose of 300mg per rabbit for 4 consecutive days.

Blood and stool samples were taken before and

after treatment. Egg excretion was examined by

the ethylether formalin concentration technique.

Antigen preparation

Crude CAA extracts were obtained by phenol

treatment of S. japonicum adult worm

homogenates, as previously described (Hirata,

1981), and further purified, essentially according

to the method of Nash et al. (1977; 1981). After

dialysis against 0.05M phosphate buffered saline,

pH 7.2 (PBS), the extract was applied on a

DEAE-cellulose column. The column was exten

sively washed with PBS and the adhering frac

tions were eluted with 1M NaCl in PBS. Frac

tions retained in the column were further eluted

with a linear gradient of 1M NaCl + 0.2M HCl.

A CAA active peak coinciding with the HCl con

centration of 0.05M was collected (Fig. 1). The

fraction was dialyzed against distilled water,

lyophilized, and weighed. The specificity was

analysed in the subsequent ELISA test.

Activity

PBS (0.05M)

50 60 70 80 90 100 110

Elute volume, ml

PBS+1.0M NaCl gradient 1.0M NaCl+0.2M HCl

gradient

Fig. 1 Elution pattern of S. japonicum adult worm phenol extract from DEAE cellulose column. A fraction eluted

at approximately 0.05M HCl concentration showed CAA activity on counter immunoelectrophoresis.
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Enzyme-linked immunosorbent assay (ELISA)

The method of Kelsoe and Weller (1978) was

used, with a slight modification. Briefly, plates

(Dynatech, M129A) were precoated with 100 fx\

of poly-1-lysin (100 ^g/ml PBS), and were then

sensitized with 100 p\ of CAA (2 ^g/ml PBS).

Non-specific reaction was blocked with 5%

bovine serum albumin (BSA). Serum dilution was

used at 1:20. Peroxidase-conjugated goat anti-

mouse or anti-rabbit y chain specific IgG

(1:1,000) (Cappel Laboratories) and o-phenylene-

diamine-H2O2 were used in the subsequent reac

tions. The optical density (OD) was read at

492nm using the ELISA autoreader (Hitachi-

Corona, Co., Ltd). The antibody level was ex

pressed by the OD of antigen-coated well minus

the OD background value of the serum. Normal

mouse sera (10) and rabbit sera (15) were used

as negative controls. In order to examine the

specificity of the ELISA test, hyperimmune sera

against phenol extract from S. japonicum adult

worm homogenate, S. japonicum egg antigen or

adult worm, Paragonimus westermani, and

Gnathostoma doloresi, which had been pre

viously produced using Freund's complete ad

juvant in rabbits, were used. All sera were tested

in duplicate, and ELISA values were averaged.

Values higher than 0.1 were regarded as positive,

judging from the upper value of the 95% con

fidence limit of normal sera.

Results

positive reactions, suggesting a higher sensitivity

to the ELISA test. Antibodies were detected from

the 4th week of infection, and the reactivity

appeared to continue until the 20th week,

although there was some decrease at the 6th

week. The ELISA value of this mouse group was

.0

•8

.6

O

o

"O"

o

o

~6"

S 10

Week after infection

20

Fig. 2 Levels of anti-CAA antibody in sera from mice

with unisexual infection of S. japonicum. The

animals had only male worms and/or immature

worms. ELISA values higher than 0.1 (broken line)

were regarded as positive.

The specificity of purified antigen was first

examined using hyperimmune sera. When anti-

sera against phenol extract from S. japonicum

adult worms, or adult worm homogenates were

used as positive controls, the ELISA values were

approximately 1.6 and 0.7, respectively. In con

trast, antisera against S. japonicum egg antigen,

P. westermani, and G. doloresi showed con

sistently less than 0.1, while these showed marked

reactions with the homologous antigens.

In the previous CIE reaction, sera from mice

unisexually infected with S. japonicum showed

a high incidence of anti-CAA antibody (54.5%)

(Hirata et al., 1988). When these mouse sera were

tested (Fig. 2), 13 out of 17 sera (76.5%) showed
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Fig. 3 Levels of anti-CAA antibody in sera from mice

with bisexual infection of S. japonicum. The animals

were necropsied at 14, 27, and 44 weeks after in

fection. ELISA values higher than 0.1 (broken line)

were regarded as positive.
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Mean 0.404 ±SE 0.084.

In bisexual infection of S. japonicum (Fig. 3),

the summarized positive rate and ELISA value

were 50.0% and Mean 0.112±SE 0.035, re

spectively, apparently lower than those in uni

sexual infection. When the reactivity was in

vestigated in relation to the worm burden,

represented as worm pair numbers, there was a

negative correlation (r = —0.51, p<0.05). The

period of infection was unrelated to the serum

reactivity.

In rabbits that received 50 cercarial injections

(Fig. 4), the appearance of anti-CAA antibodies

was restricted to the period from the 4th to the

7th week of infection, with ELISA values peaking

at the 4th week. After the 6th or 7th week, the

reactivity obviously decreased and remained

decreased until the end of the experiment, at the

14th week.

Chronically infected rabbits were treated with

praziquantel to eliminate circulating antigens

(Table 1). Excretion of egg changed to negative

by the 3rd week of treatment, and no worms were

found at necropsy. Before treatment, antibodies

were detected in only one (No. 5) out of 6 rabbits.

After treatment, some negative sera changed to

positive, with the positive rate rising from 16.7%

to 50.0% by the 4th week. However, the ELISA

value observed still remained at a low level with

a considerable degree of fluctuation. No positive
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Fig. 4 Kinetic changes in levels of anti-CAA antibody in sera from

S. japonicura-infected rabbits. The animals exposed to 50 cercariae

had 15 male worms and 8 females worms (closed circle), or 10 male

worms and 7 female worms (open circle), when determined at 15 weeks

after infection. ELISA values higher than 0.1 (broken line) were

regarded as positive.

Table 1 Changes in anti-CAA antibody levels in sera of S. japonicum-infected rabbits after prazi

quantel treatment

Rabbit

no.

1

2

3

4

5

6

Age of

infection

(week)

23

30

26

23

34

36

°/o positive

Egg*

no.

75

9

46

4

51

50

Before

treatment

.07

0

0

.06

.24

.09

16.7

Day

1

.04

0

0

.05

0

-21

16.7

3

.20t
0

0

.07

.32

.08

33.3

O.D.

1

.05

.10

0

.09

.23

.21

50.0

2

.06

0

0

.16

.17

0

33.3

3

.05

0

0

.07

.14

.17

33.3

Week

4

.21

0

0

.18

.20

.04

50.0

5

0

0

0

.09

.04

.04

0

7

0

0

0

0

.05

.04

0

9

0

0

0

.04

.04

0

0

*; Egg no. per pellet examined before treatment.

t; Underline represents positive (>0.1)
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Fig. 5 Levels of anti-CAA antibody in sera from mice infected with

5. mansoni. The animals were necropsied at 14, 27 and 44 weeks after

infection. ELISA values higher than 0.1 (broken line) were regarded

as positive.

reactions were seen after the 5th week of

treatment.

When the reactivity of S. japonicum-derived

CAA was studied in S. mansoni infection (Fig.

5), the mouse sera were found to be highly re

active with the heterologous antigen (78.2% for

positive rate, Mean 0.443 ± SE 0.068 for ELISA

value). Furthermore, no statistical relationship

was seen between ELISA values and worm

burdens (r = -0.199).

Discussion

In this study, specific antibody response to

CAA was studied using purified antigen through

DEAE chromatography. Although we did not

investigate the biochemical characteristics of the

antigen, the minimal reaction of immune serum

against S. japonicum egg antigens, P. wester-

rnani, and G. doloresi might indicate a high

degree of purification of the antigen. In addition,

our starting material, phenol extract from adult

worms, has been shown to produce a single

anodic band with antiserum against 5. japonicum

adult worm homogenates by immunoelectro-

phoresis (Hirata, 1976), suggesting that CAA is

a major antigen molecule in the extract.

In the previous study with CIE, we found an

inverse relationship between the incidence of

antibodies and the worm burden, that is, antigen

amount in the circulation (Hirata et al., 1988).

In the present study, we utilized ELISA to more

accurately determine the relationship, and ob

tained similar results (Fig. 3). The relationship

seems to be further supported by the results in

unisexually infected mice (Fig. 2) or in relatively

lightly infected rabbits (Fig. 4), since the antibody

responses were higher in the circumstance that

antigen amounts in the circulation are considered

to be less (Hirata, 1981). These findings suggest

that the detection of specific antibody against

CAA might be more efficient in light or acute

infection than in heavy or chronic infection.

After praziquantel treatment, a considerable

portion (63%) of circulating antigen reportedly

clears from the serum of 5. mansoni-infected

mice within 3 days (Weltman, 1982). In

praziquantel-treated rabbits (Table 1), we ex

pected that the elimination of parasitizing worms

could result in the rise of free antibodies as
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Tawfik et al. (1986) observed with S. mansoni-

infected mice, which might clarify the relation

ship between antibodies and worm burden.

However, our attempt was unsuccessful. It is

speculated that a low level of antibodies and/or

a comparatively short persistence of antibody

production may be responsible for the results. It

is unknown at what rate specific antibodies dis

appear. Probably many factors affect the rate:

intensity or duration of infection, animal species

or genetic background. Further studies are needed

to clarify the cause of the present unexpected

results.

This study shows that CAA extracted from S.

japonicum adult worms is useful for sera of S.

mansoni-'mfected mice. The high reactivity of S.

mansoni sera is in agreement with previous

studies (Deelder, 1973; Deelder et al., 1976;

Hirata et al., 1988). In addition, our observation

that the antibody response is unrelated to the

worm burden fits with other studies with infected

humans (Nash, 1978; Nash et al., 1978; Nash et

al., 1981).

Finally, in investigations on immunological

response to circulating antigens, trichloroacetic

acid extract from adult worms has been the

antigen material most frequently used. (Kelsoe

and Weller, 1978; Qian and Deelder, 1983b; Qian

and Wen, 1983). The extract from S. mansoni

worms appears to include predominantly two

major circulating antigens, CAA and cathodic

antigen (CCA) (Deelder et al., 1976; 1980; Nash

et al., 1981). On the other hand, the extract from

S. japonicum worms is reported to include 7 cir

culating antigens, of which the major antigen is

CAA (Qian and Deelder, 1983a). Using purified

antigens from 5. mansoni. Nash et al. (1981)

revealed that the level of anti-GASP or CAA

antibodies was high in acute and early S.

manson/-infected patients, and that there was no

correlation between the number of eggs excreted

and the antibody level, while the level of anti

bodies against PSAP or CCA was high in heavily

chronically infected patients and correlated

significantly with egg excretion. Although our

employed antigen, CAA, was indicated to be

highly specific, antigen characterization remains

unstudied. Use of a purified antigen seems to be

crucial to explore the characteristic antibody

response.
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