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ABSTRACT 

An enzyme-linked immunosorbent assay (CLISA) for the 
serodiagnosis of Toxoplasma gondii infections on single serum 
dilutions was developed. 

circulating specific antibodies to Toxoplasma gondii in human 
sera. 
microtitration multiwell plates, specific immunoglobulin-enzyme 
conjugate and other required reagents. 

In a clinical trial performed on sera from 1,035 clinically 
suspected toxoplasmosis cases, the Sabin Feldman Dye Test (SFDT) 
and this ELISA system agreed closely. Relative to the SFDT, the 
sensitivity and specificity of the latter was 98.0% and 97.6% 
respectively with a correlation coefficient of 0.97. In a further 
study of 121  sera, the Indirect Fluorcscent Antibody Test (IFAT), 
thc Indirect Haemagglutination Test (IHAT) and this ELISA procedure 
showed over 9051 agreement, with correlation coefficients of 0.98 
and 0.95 respectively. Within the working concentration of specific 
antibody to r. gondii in human serum, there was a linear relation- 
ship between the ELISA values and the WHO international standard for 
human anti-Toxoplasma serum. 

This test system is a standardized kit designed to detect 

It consists of Toxoplasma gondii soluble antigen-coated 
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46 MONDESIRE, CHARLTON. AND TIZARD 

INTRODUCTION 

Human toxoplasmosis is a multisystem disease caused by the 

obligate intracellular protozoan parasite, r. gondii. 
toxoplasmic infections are subclinical and the associated 

symptoms are frequently nonspecific. 

toxoplasmosis is very dependent on serological methods for the 

detection of antibodies to r. gondii. 
tests are the Sabin Feldman Dye Test (SFDT) (10);  the Indirect 

Fluorescent Antibody Test (IFAT) (4,  7 ) ;  the Indirect 

Haemagglutination Test (IHAT) ( 5 )  and the Complement Fixation 

Test (CFT) (9,  18) .  

Most 

The diagnosis of 

The most widely-used 

Since the first description of ELISA by Engvall and 

Perlmann (1971),  numerous articles have been published describing 

its application in clinical diagnosis (11, 13, 15 & 19) .  In 

particular, its adaptation for the serodiagnosis of toxoplasmosis 

has been successfully worked out (1, 2 ,  16 6 17) .  This 

standardized ELISA system overcomes the problems associated with 

the two most widely-used tests for toxoplasmosis (the SFDT and 

the IFAT). It does not require serial titration and serum 

pretreatment and the results are easily read visually or with a 

simple spectrophotometer. 

of a comparative clinical evaluation of the ELISA, SFDT, IHAT 

and IFAT systems for the detection of antibodies to 2. gondii. 

In this report, we present the results 

MATERIALS AND METHODS 

Serum Samples 

The human serum samples were obtained from Dr. I. Tizard, 

Toxoplasmosis Laboratory, Dept. Veterinary Microbiology and 
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Immunology, University of Guelph, Guelph, Ontario. A total of 

1,035 serum samples were tested by the SFDT and ELISA. 

further 121 serum samples were tested by IFAT, IHAT and ELISA. 

All testing was performed in duplicate by ELISA. 

which had been tested by the SFDT and the IHAT had been stored 

at -2OOC for periods ranging from a few weeks to three years 

before the ELISA was performed. IFAT was performed within a 

few weeks of ELISA. 

A 

The samples 

Serial dilutions of sera ranging from 1 /16  - 1/1024 were 

used in the SFDT, IFAT and IHAT procedures. A single 1 /50  

dilution of serum was used in the ELISA procedure. 

Serial twofold dilutions of the WHO standard for anti- 

- T. gondii serum (human) containing 1000 IU/ml was used to 

establish a standard curve. The range covered 1 /50  to 116400. 

These dilutions covered the values of IU/ml which would be found 

in an actual ELISA procedure utilizing sera containing anti- 

toxoplasma activity ranging from 1000 IU/ml to 7.5 IU/ml. 

T. gondii Antigen 

- T. gondii tachyzoites (RH strain), originally purchased from 

the National Institute of Health (NIH), Washington, in 1959, were 

obtained from the Ontario Veterinary College, Guelph, Ontario, 

with the permission of Dr. I.R. Tizard. The organism was 

maintained by intraperitoneal passage in Swiss Webster mice. 

Upon recovery from the peritoneal cavity, the tachyzoites were 

harvested by differential centrifugation to separate them from 

the mouse leukocytes. Following three phosphate buffered saline 
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48 MONDESIRE, CHARLTON. AND TIZARD 

(PBS) washings (2,000 x g, 10 min.), the tachyzoites were then 

suspended in distilled water and sonicated at 20 KHz for 5 minutes 

in an ice bath. The supernatant was mixed 1:l with PBS, stored 

at 4OC and used the next day. 

(Micro-ELISA substrate plates, Greiner, Germany) were coated at 

4OC for 18 hrs .  with optimally-diluted r. gondii antigen in 
0.01M Na*CO3/NaHC03 buffer, pH 9.6. 

and packaged in moisture-free pouches. 

Polystyrene microtitre plates 

They were then washed, dried 

Sheep Anti-Human-Globulin Horeseradish Peroxidase Conjugate 

The sheep anti-human globulin horseradish peroxidase (SAHG HRP) 

conjugate was prepared by the method of Naknne and Kawoi (8) using 

anti-human immunoblogulin G (y-chain specific) and HRP (Sigma Chemical 

Co., St. Louis, Mo.). The optimal conjugate dilution was determined 

and a lOOx concentrate was prepared in a conjugate buffer. 

dilution was prepared in 0.05% PBS Tween-20. 

The working 

Opt imi za tidn of Reagents 

Numerous in-process and finished product tests were performed on 

the reagents and rigid limits were established for the reactivity and 

quality of each reagent. The reagents tested included 2. gondii 

tachyzoites, r. gondii-soluble antigen, sheep anti-human immuno- 
globulin G, sheep anti-human imunoglobulin G horseradish 

peroxidase, polystyrene substrate plates, r. gondii antigen- 
sensitized polystyrene substrate plates, 0-phenylene-diamine (OPD) 

3% hydrogen peroxide (H202) PBST and other packaging components. 
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ELISA FOR TOXOPLASMA G O N D I I  49 

The ELISA Procedure 

The ELISA procedure performed was a modification of that 

described by Voller et al, ( 1 4 ) .  Briefly, 200 111 of PBST was 

added to the wells of a freshly opened 2. gondii antigen- 

sensitized microtitration plate. 

serum (including high, low and negative control sera) were added 

to duplicate wells of the plate. Two 4 u1 volumes of each 

serum (including high, low and negative control sera) were added 

to duplicate wells of the plate. 

with a mechanical mixer, covered and incubated for 0.5 hr. at 

37OC in a humidified incubator. The wells were then washed 3x 

with PBST using the ELISA 8 port wash bottle (Ortho Diagnostics, 

Canada Ltd.). 

to each well. 

at 37OC in a humidified incubator. The wells were again washed 

3x with PBST. Freshly-prepared OPD/H202 substrate solution was 

added to all of the wells of the plate and the latter was incubated 

in the dark for 0 . 5  hr. at room temperature. 

hydrolysis was stopped by the addition of 60 u1 4N H2S04 to all 

wells and the colour development was read at 492 om with an 

ELISA spectrophotometer (Titertek* Multiskan; Flow Laboratories, 

Rockville, Maryland, or MicroELISA* Minireader; Dynatech 

Laboratories, Alexandria, Virginia). 

absorbance results was reported for each serum specimen. 

Two 4 111 volumes of each 

The plates were mixed vigorously 

200 111 of optimally-diluted SAHG HRP was added 

The plate was covered and incubated for 0.5 hr. 

The substrate 

The mean of duplicate 

A World Health Organization International Standard for anti- 

toxoplasma serum, human, reconstituted to 1,000 IU/ml with distilled 
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50 MONDESIRE, CHARLTON. AND TIZARD 

TABLE 1 

Cross tabulation of SFDT titres and ELISA values obtained on 
1,035 serum sample specimens tested for antibodies to 2. gondii. 

water, was used as a reference serum. 

in 0.05% PBST to determine the relationship of the antibody activity 

to the absorbance value. 

It was also serially-diluted 

RESULTS 

Comparison of SFDT and ELISA 

A total of 1,035 sera from patients clinically suspected of 

having toxoplasmosis was tested by both methods. 

agreements and disagreements is shown in Table 1 as a function 

The number of 
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ELISA FOR TOXOPLASMA GONDII 51 

of a cut-off value of 0.2. At a cut-off value of 0.2, the relative 

sensitivity and specificity of the ELISA test system based on the 

SFDT was 98% and 97.6% respectively and the percent agreement was 

97.8%. Table 1 shows the distribution of ELISA for each SFDT 

titre. A schematic of the regression line and the 95% confidence 

limits for the line and the ELISA means is shown in Fig. 1 .  The 

correlation coefficient for the linear regression was 0.966. 

Comparison of IFAT, IHAT and ELISA 

A total of 121 serum samples was investigated. The agreements 

between the systems were 92.6% and 90.1% respectively for the IFAT/ 

ELISA and the IHAT/ELISA comparisons. 

increased from 0.20 to 0.25 and 0.30 respectively for the IFAT/ELISA 

and the IHAT/ELISA comparisons, the percent agreement climbs to 94.2% 

for each. 

When the cut-off values are 

A linear regression between the mean values of ELISA and the 

logarithm of the corresponding test dilution gave a coefficient of 

correlation of 0.982 (p<0.05) and 0.945 (p<0.05) respectively for 

IFAT vs ELISA and IHAT vs ELISA. 

Reproducibility of the ELISA System 

The use of standardized reagents and control sera has resulted 

in a highly reproducible ELISA system for the detection of r. gondii 
antibodies as shown in Table 2 for example. The coefficient of 

variation (CV) for the within run assay ranged from 3.78% to 12.03% 

for four batches of ELISA kits. 
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O.O( 

- 2 .  OG 

-8.00 

-10 .00  
0.1 

SFDT v s  E L I S A  

R 

0.933 

1 I 

I n t e r c e p t :  - 2 . 0 6  
S l o p e  : - 5 . 6 1 5  

0.966 

0.20 0 . 4 0  0 . 6 0  0 .80  1.00 1 . 2 0  

E L I S A  (MEAN VALUES) 

FIGURE 1 .  Schematic of t h e  regression l i n e ,  the 95% confidence 
limits for the line and the ELISA means from a l inear regression 
analysis between the mean ELISA values and the logarithm of the 
corresponding SFDT di lut ions ,  
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ELISA FOR TOXOPLASMA GONDII 

Lot 
No. 

A 2  

B 4  

C 8  

0 

TABLE 2 

Plate 
No. 

1 

3 

5 

6 
7 

9 
10 

11 
12 
13 
14 

15 
16 
17 

53 

48 
48 

48 
48 
48 
48 
48 

48 
41 

48 
48 
48 
48 
48 

Reproducibility studies performed on four lots (A-D) of ELISA 
kits for 2. gondii antibody detection. 
random sampling of plates from each lot. 

The values are from 

1.0698 
1.1572 

1.1390 
1.1026 
1.1236 
1.0962 
1.0746 

1.0218 
0.9920 
0.9512 
1.0756 
1.0716 
1.0526 
1.0122 

1 

48 0.9583 

48 1.0453 

N = Number of Replicates 

SO = Standard Oeviatton 

- 
Var. 

0.005 
0.001 

0.016 
0.009 
0.014 

0.009 
0.015 
0.011 
0.008 
0.013 

0.007 
0.009 
0.005 
0.107 
0.015 
0,003 
0.008 

SO 

0.0683 
0.0362 

0.1258 
0.0995 
0.1199 

0.0945 
0.1221 
0.1060 
0.0940 
0.1158 

0.0930 
0.0950 
0.0588 
0.1292 
0.1215 
0.0964 
0.0895 

- 
% C.V. 

- 
6.45 
3.78 

12.03 
9.30 

10.36 

8.30 
11.07 
9.43 
8.58 

10.78 

- 

- 

- 
9.05 
9.58 
6.18 

12.01 
11.30 
9.16 
0.84 

- 

CV = Coef f ic ient  o f  Var ia t ion 
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54 MONDESIRE, CHARLTON. AND TIZARD 

DISCUSSION 

These results indicate that the 1/50 single serum dilution 

method in this indirect ELISA gives comparable results with the 

established serological methods for toxoplasmosis which rely on 

the serial dilution method. The ELISA absorbance values increase 

proportionally with the titres obtained on the various sera. The 

wide range of plus or minus fourfold dilution allowed for the 

SFDT and the IFAT procedures (12) does not apply to this system 

of objective evaluation. This limitation, characteristic of 

serial dilution methods, is reflected in the distribution of 

ELISA absorbance values obtained for each group of sera (see 

Table 2 ) .  We have found that the % CV of 3.78 - 12.03 

obtained for intraplate and plate-to-plate reproducibility is 

reduced as the worker becomes more familiar with the technique. 

The system was generally shown to be comparable to the 

three conventional tests in sensitivity and specificity. In 

the SFDT, IHAT, IFAT and ELISA comparisons, three sera which were 

negative by IHAT (probably reflecting recent infections 1 ( 6 )  

were positive by SFDT, IFAT and ELISA. These findings and the high 

level of agreement with ELISA suggest that this ELISA system detects 

antibodies to both the cell membrane and the cytoplasmic antigens 

of _T. gondii . 
may be a reflection of the cut-off value which was used to maximize 

agreement between two systems. 

The"f alse positive"and"fa1se negative"resu1ts obtained 

The linearity between IU/ml and Ak92(Fig. 2) means that the 

ELISA values may be interpolated from a standard curve and reported 

to clinicians in a more intelligible form. 
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