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Introduction

Toxoplasmosis is an severe disease caused

by a protozoan parasite, Toxoplasma gondii.

Especially its congenital infections in infants

and acute infections in immunosuppressed

patients are generally considered to be im

portant in diagnostic and therapeutic medi

cine. This parasite is ubiquitously distributed

in the world and its prevalence in humans is

observed in most countries. In Japan, Ko-

bayashi et al. (1974) reported 25.3 % of the

prevalence rate in pregnant women 18 to 45

years old, and another antibody surveillance

performed in Tokyo (Kobayashi, 1977) indi

cated that the prevalence rate was almost

equal to two thirds of the age value in gen

eral inhabitants, as assessed by the dye test

or the indirect hemagglutination test. Re

cently, Ise et al. (1981) have reported 21.3%

prevalence in pregnant women with the latex

agglutination test.

The present study was designed to reveal

the current situation of Toxoplasma preva

lence among inhabitants in or near Hyogo

Prefecture, by the newly-established immuno-

diagnostic method, enzyme-linked immuno

sorbent assay (ELISA). This technique pro

vided us a rapid and precise quantification of

antibody levels in sera (Konishi and Taka-

hashi, 1983). This paper deals with the sur

vey of Toxoplasma antibody among patients

of our Hospital using the ELISA technique.
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Comparison was made in qualitative and

quantitative results between male and female,

and between age groups.

Tachyzoites for preparation of ELISA an

tigen have been collected by the differential

centrifugation method in our previous studies.

In this study, the nitration method with a

polycarbonate membrane (Handman and Rem

ington, 1980) was introduced, which resulted

in high recovery with low mouse cell contam

ination. Comparison of these two methods

is also described in this paper.

Materials and Methods

Antigen

Antigen was prepared from tachyzoites of

the RH strain of T. gondii harvested from

mice that had been infected 3 days before.

The organisms were collected by two ways :

one is differential centrifugation as previ

ously described (Konishi and Takahashi, 1983)

and the other is nitration through a poly

carbonate membrane (Nuclepore,Corp.) with

a porosity of 3 ^m (Handman and Remington,

1980). The parasites in the filtrate were then

washed and suspended in phosphate-buffered

saline (PBS ; pH 7.4), and disrupted by soni-

cation at 28 kHz five times for 1 min each.

After centrifugation at 10,000 Xg for 1 h, the

supernatant was stored at — 20° C until used

as Toxoplasma antigen.

Sera

Sera taken routinely from patients were

supplied from the Central Laboratory of our

Hospital. A total of 1,331 sera randomly
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sampled out of 5,100 sera provided from July,

1981 to January, 1982 were used. The ages

of patients examined ranged from one to 93

years and samples from less than one year old

were removed, because antibodies transferred

from mothers were maintained for about six

months. The ages were grouped with an in

crement of 10 years ; 1-9, 10-19, 20-29, 30-39,

40-49, 50-59, 60-69, 70-79 and 80-93 years.

ELISA system

The ELISA test with a magnetic processing

system was performed essentially as previously

described (Konishi and Takahashi, 1983) un

less otherwise specified. In brief, solid-phase

polycarbonate-coated iron beads were sensitiz

ed with 15//g/ml of Toxoplasma antigen.

After three washes with PBS containing

0.05 % Tween 20, the beads were reacted

with 100 [A of 100-fold diluted test sera in

microplate wells at 37°C for 1 h. They were

then processed with alkaline phosphatase-

conjugated antihuman IgG (prepared as de

scribed by Engvall and Perlmann, 1972) at

37°C for lh, followed by the reaction with

the substrate, 0.1 % ^-nitrophenyl phosphate,

at 37°C for 20min. The absorbance of the

reaction mixture was measured at 410 nm by

Microelisa Minireader MR 590 (Dynatech Lab

oratories). Two beads were used per test

sample and the absorbance values obtained

by two beads were averaged and adjusted with

the value for the positive control as 1.0.

For qualitative analysis, sera were diagnosed

as positive, doubtful, and negative, when

the value was more than 0.357, between 0.266

and 0.357, and less than 0.266, respectively.

Results

Comparison ofantigens prepared by differ

ential centrifugation and filtration methods

The nitration method was about three times

as rapid as the differential centrifugation :

thus, physiological saline was enough for sus

pending organisms in the former, while

Eagle's minimum essential medium was

needed in the latter. Recovery rate was

higher than 80 % in filtration and less than

30 % in differential centrifugation and mouse

cell contamination was less than 0.1 % in
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Fig. 1 Potency of Toxoplasma antigen pre

pared by filtration and differential centrifu

gation methods in the ELISA system for

quantification of antibodies in sera. Solid

phase iron beads were sensitized with anti

gens at various protein concentrations as

measured by the method of Lowry et a/.(1951).

A single positive sera was used for the first

antigen-antibody reaction. The other reac

tion was performed as described in Materials

and Methods. Two lots of antigen prepared

by filtration on different days (O) and one

preparation by differential centrifugation (•)

were compared in ELISA value as an indi

cator of antigenic potency.

filtration and more than 10 % in differential

centrifugation.

Two antigen preparations provided almost

the same antigenic potencies at higher than

15/ig/m/ of antigen concentrations for solid

phase sensitization. Dose response curve, how

ever, leveled off at different antigen con

centrations in preparations by filtration (ca.

7 //g/ml) and differential centrifugation meth

ods (ca. 15 /ig/ml). The difference may

be related to the antigen purity due to

mouse cell contamiation at the Toxoplasma

collecting process.

Qualitative result of ELISA test for Tox

oplasma antibody

Diagnosis of 1,331 patient sera by the

ELISA testing system is summarized in Ta

ble 1. Random sampling of the sera resulted

in a greater number of female samples (863

sera) than male (468 sera). The positive ratio
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Table 1 Diagnostic result of 1,331 patient sera for Toxoplasma

antibody as tested by ELISA system

Age

(years)

1— 9

10-19

20—29

30—39

40—49

50—59

60—69

70—79

80—93

Total

Pos.

2 *

( 5.6)

1

( 1.6)

3

( 8.1)

12

(19.7)

13

(26.0)

24

(26.7)

22

(25.0)

14

(36.8)

4

(57.1)

95

(20.3)

Male

Doubt.

0

( 0.0)

1

( 1.6)

9

( 5.4)

2

( 3.3)

3

( 6.0)

6

( 6.7)

7

( 8.0)

3

( 7.9)

0

( 0.0)

24

( 5.1)

Neg.

34

(94.4)

59

(96.8)

32

(86.5)

47

(77.0)

34

(68.0)

60

(66.6)

59

(67.0)

21

(55.3)

3

(42.9)

349

(74.6)

Total

36

61

37

61

50

90

88

38

7

468

Pos.

2

( 5.4)

9

( 6.3)

4

( 3.0)

16

(10.7)

22

(17.7)

19

(16.2)

27

(26.2)

10

(25.0)

5

(29.4)

114

(13.2)

Female

Doubt.

0

( 0.0)

2

( 1.4)

4

( 3.0)

5

(3.4)

4

( 3.2)

5

(4.3)

2

( 1.9)

2

( 5.0)

1

(5.9)

f2.9)

Neg.

35

(94.6)

133

(92.3)

124

(94.0)

128

(85.9)

98

(79.1)

93

(79.5)

74

(71.9)

28

(70.0)

11

(64.7)

724

(83.9)

Total

37

144

132

149

124

117

103

40

17

863

Pos.

4

( 5.5)

10

( 4.9)

7

( 4.1)

28

(13.3)

35

(20.1)

43

(20.8)

49

(25.7)

24

(30.8)

9

(37.5)

209

(15.7)

Total

Doubt.

0

( 0.0)

3

( 1.5)

6

( 3.6)

7

( 3.3)

7

( 4.0)

11

( 5.3)

9

(4.7)

5

( 6.4)

1

( 4.2)

49

(3.7)

Neg.

69

(94.5)

192

(93.6)

156

(92.3)

175

(83.4)

132

(75.9)

153

(73.9)

133

(69.6)

49

(62.8)

14

(58.3)

1073

(80.6)

Total

73

205

169

210

174

207

191

78

24

1,331

Number in parenthesis indicates percentage frequency.

was 15.7 % in total and it tended to increase

with age. Similar ratios were obtained for

age groups of 1-9, 10-19 and 20-29 years and

it rose about three times at 30-39 years and

then increased gradually, reaching 37.5 %

at 80-93 years. As for sex difference, total

prevalence in male (20.3 %) was much greater

than that in female (13.2 %) ; the difference

was statistically significant (p<0.001). When

comparison was made in each age group, all

except 10-19 and 60-69 years indicated higher

values in male. But in these cases, differ

ences were not so great as to be significant

400

300

200

100

■ 80

I 60

to
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Quantitative result of ELISA test for

Toxoplasma antibody

Distribution of ELISA values was compared

between male and female (Fig. 2). The neg

ative group consisting of sera with ELISA

values of 0.0 to 0.266 had a clear peak at

0.05-0.10 in both distributions. In contrast,

the distribution pattern of positive group

(ELISA values of more than 0.357) was not

observed as such an obvious pattern ; the

00 05 1.0 15 00 05 1X) 15 OX) 05 1.0 15

ELISA VALUE

Fig. 2 Frequency distributions of ELISA val

ues for 468 male, 863 female and totaling 1,331

sera of patients in our Hospital.

frequency gradually decreased with increase

of ELISA value. In statistical analysis (Ta

ble 2), the mean ELISA values for negative

and positive groups were calculated to be,

respectively, 0.1100 and 0.6634 in male, and

0.1087 and 0.7092 in female. Two-sample

/-test (Campbell, 1967) indicated no signifi

cant difference between male and female both

in positive and negative groups (/>>0.05).

Frequency distribution was studied to know
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Table 2 Statistical analysis of ELISA values for Toxoplasma antibody each in positive

and negative groups for estimating the difference between male and female

* Standard Deviation

Population

Male

Female

Total

No.

349

724

1,073

Negative group

Mean

0.1100

0.1087

0.1091

SD*

0.0638

0.0595

0.0609

No.

95

114

209

Positive group

Mean

0.6634

0.7092

0.6884

SD

0.2355

0.2572

0.2480

40-49
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Fig. 3 Frequency distributions of ELISA val

ues for patient sera of 8 age groups obtained in

our hospital.

age differences in this population (Fig. 3).

The age group of 80-93 years was incorpo

rated into that of 70-79 years, because of its

small sample number. The patterns were

essentially similar to those shown in Fig. 2, in

that negative groups had clear peaks in con

trast to positive groups. However, changes

with age were observed in population sizes

of positive and negative groups according to

an increase of the prevalence rate (Table 1).

Moreover, the statistical analysis (Table 3)

indicates a gradual increase of mean ELISA

value in the negative group. Difference be

tween age groups of 1-9 and 70-93 years was

significant (p<0.001) in the two-sample t-

test. As for the positive group, mean values

were not significantly different (/>>0.05), ex

cept for an age group of 10-19 years, which

was smaller in mean than those of 1-9 and

40-49 years with the level of significance of

p<0.01 and /><0.05, respectively.

Discussion

Enzyme-linked immunosorbent assay sys

tem was adopted in the survey of Toxoplas

ma antibody in Hyogo Prefecture, Japan.

Although the dye, indirect hemagglutination

and latex agglutination tests were used in lit-

Table 3 Statistical analysis of ELISA values for Toxoplasma antibody each in positive

and negative groups for estimating the difference between age groups

Age

(years)

1— 9

10—19

20—29

30—39

40—49

50—59

60-69

70—93

No.

69

192

156

175

132

153

133

63

Negative group

Mean

0.0801

0.0971

0.0997

0.1061

0.1148

0.1230

0.1224

0.1353

SD*

0.0516

0.0546

0.0594

0.0608

0.0588

0.0631

0.0623

0.0661

No.

4

10

7

28

35

43

49

33

Positive group

Mean

0.7875

0.5350

0.7679

0.6946

0.7507

0.6890

0.6730

0.6568

SD

0.1031

0.1647

0.3020

0.2354

0.2966

0.2460

0.2494

0.2135

* Standard Deviation
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eratures reported so far (reviewed by Kobaya-

shi, 1977; Ise et al., 1981), the ELISA is

best suited for mass-survey because of its sim

plicity, rapidity and economy, in addition to

reliability as testing system for Toxoplasma

antibody (Konishi and Takahashi, 1983).

About 200 serum samples were assayed by one

person per day and an antigen preparation

obtained from one infected mouse served the

testing of about 1,000 samples.

Antigen preparation is one of the problem

in performing ELISA in laboratories because

the antigen is not commercially available in

general except the "solid-phase " antigen as

in kits. High recovery with high purity is

required when Toxoplasma organisms are

collected from mouse peritoneal exudates.

The use of a polycarbonate membrane filter

with 3 fjtvcv porosity was first reported by

Handman and Remington (1980) and they

mentioned the viability of tachyzoites of great

er than 95 % with host cell contamination of

less than 0.1 %. In this paper, the filtration

method with a polycarbonate membrane was

compared with the differential centrifugation

that we have previously used, and it was

found that the former was superior to the lat

ter in many respects. The filtration method

was easy, rapid and safe in its process and

high in recovery and purity, while the differ

ential centrifugation was laborious with low

recovery and high contamination. We there

fore determined the use of a polycarbonate

membrane filter for the subsequent prepara

tions of Toxoplasma antigen.

Survey of Toxoplasma antibody performed

in this study showed 15.7 % of total preva

lence rate in patients of our Hospital. Al

though it is difficult to make an exact com

parison with previous reports on the survey

in Japan (Kobayashi, 1977 ; Ise et al., 1981)

because of the difference in assay system and/

or age distribution of sample population, the

prevalence rate in ages of more than 20

years in our prefecture (calculated to be

18.5 %) was roughly higher than that in our

neighbor, Osaka Prefectuer (9.3 %), and was

lower than that in Tokyo (29.7 %). The

prevalence among pregnant women in Tokyo

(25.3%, Kobayashi et al., 1974; 21.3%, Ise

et al., 1981) was also higher than that of

corresponding population in our prefecture

(7.1 % in female of 20-40 years). Because

our previous comparison indicated that 34 pos

itive sera were found by ELISA in 98 sera

where the dye and latex agglutination tests

resulted in 33 and 35 positive cases, respec

tively (Konishi and Takahashi, 1983), there

seems to be a minor difference in prevalence

according to the assay system.

Male population was infected at a higher

rate than female population in all age groups

but 10-19 and 60-69 years, and the difference

of total prevalence was statistically signifi

cant (/>< 0.001). Similar results were obtained

in other surveys performed in Hyogo Pre

fecture, which also indicated significantly

higher prevalence in male (unpublished data).

However, in contrast to sex and age differ

ence in prevalence, mean antibody levels in

positive groups were almost the same for male

and female and for all age groups with one

exception (10-19 years).

The frequency distribution did not show a

typically bimodal pattern which was obtained

in populations of healthy people (unpublished

data). It is probably due to the high mean

ELISA value of the negative group that

increased with age. Further comparison with

other surveys from various aspects will be nec

essary for more close analyses of Tosoplasma

prevalence among inhabitants in Hyogo Pre

fecture.

Summary

The antibody to Toxoplasma gondii was

surveyed among 1,331 patients of our Hos

pital in Hyogo Prefecture, Japan, as an ap

proach to reveal the current situation of the

prevalence. The assay system for antibody

levels in sera was a magnetic processing

enzyme-linked immunosorbent assay. In this

study, tachyzoites used for antigen prepara

tion were collected by the nitration method

with a polycarbonate membrane, which was

easy, rapid and safe in its process and high

in recovery and purity. The prevalence rate

was 15.7 % in a total population and it de-
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pended on age of patients ; 4.1-5.5 % in 1-

29 years population and 13.3 % in 30-39 years,

followed by a gradual increase with age and

a miximum of 37.5 % in 80-93 years. In

all age groups but 10-19 and 60-69 years,

the male population was infected at a higher

rate than the female population and the dif

ference of total prevalence (20.3 % in male

and 13.2 % in female) was statistically signifi

cant (p<0.001). However, in spite of the

sex and age difference in prevalence rate,

comparable mean antibody levels in positive

groups were obtained for male and female

and for all age groups with one exception

(10-19 years). A typical bimodal pattern of

frequency distribution of antibody levels was

not observed, probably due to high mean an

tibody levels in negative groups of the popu

lation involved in this survey.
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