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Circumoval precipitin (COP) test is now

considered to be the serodiagnostic method of

choice in schistosomiasis in local, endemic

areas, since the test can be easily performed

with only minimal equipments. Furthermore,

sensitivity and specificity of the COP test are

much better than other methods, for instance,

ELISA and redioimmunoassay (Hillyer et

a!., 1979). Although lyophilized eggs have

been extensively employed in most laborator

ies, for the routine COP assay, the prepara

tion of those eggs is not necessarily easy in

the local, endemic areas, where there is a

great need for the COP test (Kamiya et al.,

1980). In view of this, the application of air-

dried (Kamiya, 1983) or formalin-fixed eggs

(Kamiya and Bias, 1984) to COP test, instead

of lyophilized eggs, would provide an alterna

tive method of approach to this problem. On

the basis of our previous results, the present

study was attempted to examine the usefulness

of paraformaldehyde-fixed and then sonicated

eggs in COP assay.

Materials and Methods

Egg preparation : Mice used throughout the

study were 4 to 5 weeks old males (dd Y strain)
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and fed pellet food and water ad libitum. Schis

tosoma japonicum (Philippine strain) and S.

mansoni (Puerto Rican strain) eggs were har

vested from the livers of mice at 7 and 8

weeks postinfection, respectively. Eggs were

collected by a sieving method (Dresden and

Payne, 1981), fixed in 2 % paraformaldehyde

(PFA) in phosphate buffered solution (0.1 M,

pH 7.4) for 24 hours and preserved in 0.2 %

PFA in a refrigerator (4°C) until use. Prior

to use, those eggs were washed with several

changes of cold phosphate buffered saline

soultion (PBS ; pH 7.2) for 2 days and treated

in PBS using a sonicator (Tomy Co., Tokyo,

Model UR-200P).

Serum samples : Twenty serum samples

from schistosomiasis japonica patients in

Leyte, Philippines, all proven by stool ex

amination and/or COP test using lyophi

lized eggs, were employed. Fifty human sera

from normal Japanese volunteers were used as

controls. Six serum pools (Pool nos. 1 to 6)

were obtained from mice 10 to 13 weeks after

infection with S. mansoni ; serum pool nos. 1

to 4 were collected from 10 infected mice each

and the remaining two pools from 5 mice

each. For each infected mouse group used for

obtaining the serum pools above, the mean

number of paired flukes recovered was deter

mined. Ten serum samples wTere also obtain

ed from age and sex matched mice and used

as controls.

COP test : The test was carried out as de

scribed elsewhere (Yokogawa et aL, 1967 ;
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r? farr°WS) and krge bIeb"Hke COP reaction Products (arrowheads) on
sonicated Schtstosoma mansoni eggs at the portions of eggshell cleavages Note
many empty eggshells as well. Differential interference microphotograph (DIM)

W uv? TCtT Pr°dUCtS 3t tHe PO"ion °f eggshe11 cleavaSe (arrowhead) and
bleb-hke products (arrows) on free miracidia released from eggs of 5. mansoni. DIM

*ig. 3 High magnification of a large precipitin product on a free micacidium of
o. mansoni. DIM.
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Table 1 Circumoval precipitin (COP) reaction of paraformaldehyde (PFA)-

fixed Schistosoma mansoni eggs with or without sonication

treatment

Serum pool

no. from

mouse groups*

1

2

3

4

5

6

Sera of 10 normal ddY

Mean no. of

paired flukes

recovered

3.8

12.9

23.0

33.7

42.4

65.2

mice

% COP

Not sonicated

1.0

2.4

1.8

1.3

1.6

1.8

0

positive eggst

Sonicated^

41.4

44.7

43.1

52.0

49.2

51.4

0

* Infected ddY mice serum.

t Eggs were preserved in 0.2 % PFA for 3 months in a refrigerator (4°C).

X Sonicated with 115 watts for 1.5 min.

Table 2 COP reaction of paraformaldehyde-fixed S. japonicum eggs, with

or without sonication treatment, against sera from

schistosomiasis japonica patients

Eggs used in the assay No. of patient sera
Mean percentage of COP

positive egg ± SD (range)

Lyophilized*

Sonicated- I t

Sonicated- IIX

20

20

20

20.5± 8.8(8.0-40.9)

6.2± 3.2(1.4-11.6)1

22.2±10.2(7.0-39.6)

* Lyophilized eggs were harvested from the livers of infected mice and preserved in a

refrigerator (4°C) for 4 years.

t Eggs sonicated with 115 watts for 3 min.

X Eggs sonidated with 115 watts for 1.5 min.

§ This value significantly differed from those of the lyophilized and sonicated-II gro

ups at the p value less than 0.001, as assessed by Student's "t" test.

Yogore et al.9 1968), and mean % of COP

positive eggs was calculated from the data of

duplicate tests.

Results

Schistosomiasis ntansoni

Eggs preserved in 0.2 % PFA for 3 months

were sonicated with 115 watts for 1.5 min.

Following this treatment, some eggs were

found ruptured and eggshells alone, without

miracidia, were frequently recognized. COP

assays revealed the production of long precipi

tates and/or big bleb-like precipitates on the

sonicated eggs (Figs. 1, 2). COP products

were often seen at the portion of eggshell

cleavage. Interestingly, COP product was

also found on the surface of miracidium free

from eggshell (Figs. 2, 3). In contrast to the

extremely low reactivities of non-sonicated

eggs, sonicated ones exhibited higher re

activities (Table 1). It is of interest to note,

however, that there is no direct relationship

between the intensity of infection, as assessed

by fluke yields, and % of COP positive eggs

(Table 1). No positive COP reactions could

be found in any of 10 normal mouse sera.

Additionally, it was also confirmed that so

nicated eggs previously preserved in 5 % for-
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malin solution for much longer period, e. g.,

8 months, showed similar COP reactivity to

that observed in those eggs fixed in PFA (data

not shown). It is also worth mentioning that

the preservation of assay preparations in a re

frigerator (4°C) for one month following

their routine incubation at 37° C for 48 hours

markedly increased the percentage of the

COP positive eggs (data not shown).

Schistosomiasis japonica

Morphological characteristics of COP re

action products on sonicated S. japonicum eggs

were identical with those on corresponding S.

mansoni eggs. S. japonicum eggs, sonicated

with 115 watts for 1.5 min, yielded high COP

reactivity which is almost equivalent to that of

lyophilized eggs (Table 2). Eggs sonicated

for 3 min, however, exhibited significantly

lower COP reactivity than those sonicated for

1.5 min ; this is probably due to the fact that

a considerable number of eggs were found ru

ptured in the former group. These data sug

gest that the magnitude of sonication marked

ly affects the COP reactivity of PFA-fixed

eggs. To the contrary, PFA-fixed eggs with

out sonication showed extremely low COP

reactivity (% of positive eggs = around 1 % or

less). No COP reaction was, of course, de

tected in any of 50 normal human sera.

Discussion

Our previous studies (Kamiya, 1981 ; Kami

ya et al., 1981, 1982) have indicated that for

malin-fixed egg-sections could be employed as

antigens to indirect fluorescent antibody test,

indirect immunoperoxidase test and intraoval

precipitin reactions. These results have

strongly suggested the presence of heat stable

intraoval antigen (s), possibly associated with

the above-mentioned immunological reactions.

Although these results suggest us to use such

formalin-fixed eggs in COP assay for the di

agnosis of human schistosomiasis japonica,

those eggs have been shown to exhibit unex

pectedly low reactivity (Kamiya and Bias,

1984), as Yogore et al. (1968) reported previ

ously. Our recent study (Kamiya and Bias,

1984) has indicated that less COP reactivity of

the formalin-fixed eggs was probably attribut

able to the nature of eggshell structure ; the

leakage of antigenic substances, localized be

tween vitelline membrane and miracidium,

could have been blocked in formalin-fixed

eggs by some unknown mechanism, since it is

well known that antigenic substances respon

sible for COP reaction leak through the

micro-pores of the eggshell (Race et al., 1971 ;

Sakumoto et al., 1972; Ford et al., 1980;

Demaree and Hillyer, 1981). The function of

micro-pores might have been, therefore, dam

aged due to formalin or PFA fixation of egg

shell, since the eggshell has been shown to

be composed of the protein (Byram and Senft,

1979). The current study clearly indicates

that sonicating processes for making artificial

eggshell cleavages distinctly enhance the

COP reactivity of PFA-fixed S. mansoni and

S. japonicum eggs (Tables 1 and 2). Fre

quent occurrence of COP reaction products at

the portion of eggshell cleavages as well as at

the surface of free miracidium (Figs. 1-3) also

support this notion.

It is also likely that the present COP test

with sonicated eggs has only qualitative sig

nificance in the diagnosis of schistosomiasis,

since no direct relationship could be noted be

tween the intensity of infection and percent

age of COP positive eggs, as shown in mu-

rine schistosomiasis mansoni (Table 1). Des

pite the presence of numerous advantages,

COP test has been shown to have an essential

defect in this aspect of evaluation, although

many attempts have been made to quantitate

the assay (Bruijning, 1964 ; Tanaka, 1976 ;

Yogore et al., 1978 ; Hillyer et al., 1979 ; Ruiz

Tiben et al., 1979).

Usefulness of PFA-fixed and sonicated eggs

in COP assay would provide a partial solution

for egg supply, instead of fresh eggs or ly

ophilized eggs, for the diagnosis of schisto

somiasis in local, endemic areas. These eggs

would also contribute to the standardization of

COP test procedure as attempted by Garcia et

al. (1981), since egg antigen(s) associated with

the test might be adversely affected by puri

fication or lyophilization processes.
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Summary

Paraformaldehyde (PFA)-fixed and soni

cated eggs of Schistosoma mansoni and S.

japonicum were assessed for their usefulness in

COP assay for the diagnosis of schistosomia-

sis. Although PFA-fixed eggs exhibited ex

tremely low COP reactivity, their sonicated

eggs showed high COP reactivity almost

equivalent to that of lyophilized eggs. Sonica-

tion affects the nature of eggshell and provide

more or less shell-cleavage. Through these

artificial cleavages, antigenic substance(s) in

volved in COP reaction would leak out from

the eggs. Possible usefulness of PFA-fixed

eggs in COP assay in local endemic areas was

discussed.
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