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Comparative study of three tests (dye test, indirect
haemagglutination test, latex agglutination test) for
the detection of antibodies to Toxoplasma gondil in
human sera
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SUMMARY An evaluation has been made of a commercial latex agglutination test, Toxotest-MT
(TMT) (Eiken, Japan), for the detection of antibodies to Toxoplasma gondii in human sera. In
qualitative studies, 878 sera were examined in both the TMT and dye test (DT) and 96-6% agree-
ment was found. In quantitative studies 339 sera were titrated in the TMT and DT, with 337 of
these sera also titrated in the indirect haemagglutination test (IHAT). Agreement between the DT
and TMT was best, 78 0 of the sera showing titres within + 1 dilution in the two tests. The IHAT
and TMT gave 66% agreement, while the DT and IHAT showed least agreement, 409 %.
The results suggest that the pattern of antigenic determinants to which antibody levels are measured

are different in the three test systems. The TMT is a better substitute for the DT than the IHAT.

The method of choice in the serodiagnosis of
infections due to Toxoplasma gondii is still the dye
test (DT) of Sabin and Feldman (1948).1 The test
has undergone many subsequent modifications and
is now carried out in microtitre plates2 and the
results can be read directly using an inverted
microscope.3 The need for live parasites and suitable
human serum as a source of accessory factor severely
limits the availability of the DT and has led to a
continuing search for an alternative test which is
equally effective but less exacting.
The indirect immunofluorescence test has been

extensively evaluated and been found satisfactory
in comparison to the dye test.4 However, facilities
for fluorescent microscopy and a skilled operator
to read and interpret the results are required with
this technique.
An indirect haemagglutination test (IHAT) using

sheep red cells as an antigen carrier was described
by Jacobs and Lunde.5 The test was both sensitive
and specific and has been further developed.6-9
Reagents are commercially available in kit form from
several manufacturers and are widely used on a
routine basis. However, recent work'0 has shown
that the IHA test can fail to detect early infections,
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and the IHAT is of only limited value in determining
the stage of progression of a T gondii infection."
The use of latex as an antigen carrier in a slide

agglutination test was described'2 but subsequent
experience with the test showed a lack of sensitivity
with inconsistency between batches.
More recently a latex agglutination test for use in

the microtitre system has been described'3 which
allows quantitative as well as qualitative assessment
of antibody levels to a Tgondii antigen coated on to
the particles. This test kit, produced by the Eiken
Chemical Co of Japan (Toxotest-MT) is available
from Diamed Diagnostics Ltd, Mast House, Derby
Road, Bootle, Merseyside, L20 IEA.
We had studied and evaluated the Toxotest-MT

(TMT) kit by comparing it with the DT and IHAT.

Material and methods

DYE TEST
The dye test (DT) was performed in flat-bottomed
microtitre plates and read directly using an inverted
microscope,3 a modification of the test described by
Sabin and Feldman' and Feldman and Lamb.2 The
test was standardised against the Toxoplasma
National Control Serum, produced at the Public
Health Laboratory, Tooting, which in turn has been
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Toxoplasma latex test

standardised against the WHO International Control
Serum, issued by the State Serum Institute, DK-2300,
Copenhagen, S Denmark.

INDIRECT HAEMAGGLUTINATION TEST

The indirect haemagglutination test (IHAT) was
performed as described for the ToxHa-test kit
supplied by Wellcome Reagents Ltd, in which
turkey red cells sensitised with T gondii antigen are
used. Each serum was also tested with unsensitised
cells to check for non-specific reactions. A positive
serum of known titre together with a negative serum
were run with each batch of tests for control purposes,
as well as a sensitised cell control run without serum.

TOXOTEST-MT (EIKEN)
The Toxotest-MT (TMT) is an indirect latex aggluti-
nation test produced by the Eiken Chemical Com-
pany, Bonkyo, Tokyo, Japan. It was supplied as a
compact kit containing 12 ml of latex suspension
sensitised with a T gondii antigen, 50 ml of buffer
and 0 5 ml of a freeze-dried positive control serum
of known titre. If the latex antigen is used as recom-
mended-that is, 25 ,ul per well, sufficient is provided
for 480 wells. The kit has a shelf life of up to 12
months when stored at 2-10°C. The test is relatively
inexpensive with an estimated cost of less than 5p
per antigen well. Kits were supplied on a continuing
basis so that different antigen batches were used in
the course of the study.
The test was performed in microtitre plates

(U-shaped wells). An initial 1/8 dilution of the serum
was prepared using the buffer supplied and then
doubling dilution set up from 1/16 to 1/16 384 using
a pickup volume of 25 ,ul and delivering this into a
further 25 ,ul of diluent, 25 ,ul of sensitised latex
was then added to each well. The positive control
serum of known titre and an antigen control well
(25 ,pl of latex + 25 ,lA of diluent) were run with
each batch of test sera.

After mixing, the plates were covered and left at
room temperature overnight before the agglutination
patterns were read against a black background.

In expressing titres in the TMT allowance was not
made for dilution due to the addition of the antigen
suspension. The end point was taken as the highest
serum dilution showing significant agglutination.
In the absence of specific antibody a compact button
was obtained.

Results

A total of 878 human sera submitted for routine
toxoplasma serology were examined in both the
dye test and the Toxotest-MT (TMT) (Table 1),
of these 848 sera (96 6%) gave the same qualitative

Table 1 Comparative screening of 878 sera in the
dye test (DT) and Toxotest-MT (TMT). Positive results
have been taken as !s8 IU/ml in the DTand J/116
in the TMT. The percentage of sera in each group is
also shown

Results Sera %

Positive (both tests) 369 848 42-01966
Negative (both tests) 479J 54-6 J
Positive DT, negative TMT 16\ 30 1-8

3
Negative DT, positive TMT 14f 1-6
Total 878 100

result in both tests while the remaining 30 sera
(3-4%) did not agree.

Quantitative studies were carried out on 339 sera
and titres compared in the three test systems, the
DT, TMT and IHAT. The results are shown in
Table 2 for the DT and TMT, Table 3 for the IHAT
and TMT and Table 4 for the DT and IHAT. Two
badly haemolysed sera gave non-specific reactions
in the IHAT, even after absorption, and have been
omitted.

Negative sera in each test were treated as having a
titre one dilution less than the threshold titre of
that particular test-that is, negative DT 4 lU/mi;
negative TMT 1/8; negative IHAT 1/32, and
regression lines were fitted to the data.14 In each
case (Figs. 1, 2 and 3) the lines did not pass through
the origin and the null hypothesis (Ho: = 1)
was rejected. This indicates that no two tests agreed,
as when the regression lines drawn from the data
were compared with a hypothetical line, the dif-
ferences were significant (p < 0 005). The hypo-
thetical line was calculated on the assumption that
any two tests did agree and is governed by Ho and
the expression y = 1x (Table 5). There was a strong
linear relation between the two variables with a
high correlation coefficient (r) in each case.
A measure of agreement between each combination

of tests was calculated by estimating the percentage
of the regression curve lying in the range of ± 1
serial dilution (broken lines, Figs. 1, 2 and 3) from
the hypothetical line. Using this parameter, the
highest level of agreement was 78% between the DT
and TMT, while the IHAT gave 66% and the DT
and IHAT only 40-9 %O agreement.

Discussion

The TMT latex agglutination test was found to be
very convenient, easy to use and simple to read
when held against a dark background. The stable
liquid antigen allows any number of tests to be run,
without the problems associated with freeze-dried
red cells which have a very limited life after rehydra-
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Table 2 Quantitative agreement of the TMT and DTfor the detection of T gondii specific antibodies

Dye test (lU/ml) Toxotest-MT (reciprocal of titre)

< 16 16 32 64 128 256 512 1024 2048 4096 8192 16384 Total

<8 111 9 3 123
8 5 5 9 5 1 25

16 1 1 5 3 6 1 17
31 2 2 14 8 13 1 3 43
62 3 9 9 6 1 1 29
125 1 2 6 13 12 2 36
250 1 7 3 3 14
500 4 3 4 4 15
1000 6 1 1 1 9
2000 2 2 1 2 7
4000 1 3 3 4 1 12
8000 1 2 6 9
Total 119 17 35 27 36 34 33 15 13 4 0 6 339

Table 3 Quantitative agreement of the TMTand IHATfor the detection of antibodies to Tgondii

Indirect Toxotest-MT (reciprocal of titre)
haemagglutination test
(reciprocal of titre) < 16 16 32 64 128 256 512 1024 2048 4096 8192 16384 Total

<64 118 11 11 5 1 1 147
64 3 8 1 2 14
128 1 12 9 7 7 2 38
256 1 1 1 6 1 3 6 7 1 1 37
512 1 5 14 13 10 4 2 1 50
1024 2 1' 3 8 6 7 27
2048 1 3 6 2 1 1 14
4096 2 2 2 6
8192 1 1 2
16384 2 2
Total 119 16 35 27 36 33 33 15 13 4 0 6 337

Table 4 Quantitative agreement of the DT and IHA Tfor the detection of antibodies to T gondii

Dye test (lU/ml) Indirect haemagglutination test (reciprocal of titre)

< 64 64 128 256 512 1024 2048 4096 8192 16384 Total

< 8 121 1 122
8 11 6 8 25
16 2 1 11 3 17
31 7 4 7 11 11 2 1 43
62 3 1 3 4 13 3 1 28
125 3 2 12 9 6 4 36
250 7 2 5 14
500 1 2 2 8 1 1 15
1000 1 1 3 2 2 9
2000 2 2 1 1 1 7
4000 1 2 7 1 1 12
8000 1 2 1 2 1 2 9
Total 147 14 38 37 50 27 14 6 2 2 337

tion. Although the recommended settling time is
long, it is quite convenient to set up the test in the
late afternoon and read the results the following
morning.
As a screening test the TMT gave 96-6% agree-

ment with the DT, with only 30/878 (3 4%) of the
sera giving a result which failed to agree in the two
test systems.

A similar level of agreement (94 4%) between the
TMT and DT was reported by Kobayashi et tl.'15
These levels of agreement are better than those
obtained when the DT and IHAT were compared.10
Only 54% (1072/1983) of the sera gave a result
agreeing in both tests. The TMT appears to be a
better substitute for the DT than is the IHAT for
use as a screening test.
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Toxoplasma latex test
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Fig. 1 Agreement between the DT and the TMT. The
regression line ( ) and the limits of ± I serial
dilution about the hypothetical line (----) are shown.
78% of the regression line (y = 0'818x + 3 491,
r = 0 911) lies within the limits of the hypothetical
line. In all three figures the limits of the hypothetical
line are defined by the null hypothesis (Ho: , = 1)
and the equation y = ,x + 1.
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Fig. 2 Agreement between the IHAT and the TMT.
The regression line ( ) and the limits of + I serial
dilution about the hypothetical line (---- ) are shown.
66% of the regression line (y = 1'143x - 2-152,
r = 0-882) lies within the limits of the hypothetical line.
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Fig. 3 Agreement between the DTand the IHAT. The
regression line ( ) and the limits of + I serial
dilution about the hypothetical line (----) are shown.
41% of the regression line (y = 0556x + 4-266,
r = 0 803) lies within the limits of the hypothetical
line.

Table 5 Correlation coefficients, regression
coefficients, t test values and the probability of agreement
with the null hypothesis (p)for the regression lines
drawn from the data

Variables *r tb t tp

DT v IHAT 0-803 0-556 19-304 <0005
DTvTMT 0-911 0-818 606-000 <0-005
IHAT vTMT 0-882 1-143 4-206 <0-005

*Correlation coefficient.
tRegression coefficient (slope of regression curve).
+Probability of absolute agreement.

In the quantitative studies the TMT again showed
better agreement with the DT (78%) than did the
IHAT (409 %), although the level of agreement was
reduced in comparison to the quantitative studies.
The IHAT showed better agreement with the TMT
(66 %) than it did with the DT. These results indicate
that antibody against a different pattern of immuno-
gens is being measured in the three test systems
examined.
The correlation coefficient (r) was highest in the

relation between the DT and TMT (0-91 1). In this
case, this can be regarded as an index of the relia-
bility of the TMT to give consistent results against
the DT, compared with the IHAT (r = 0 803).

Recent studies have shown that three antigens
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(Ags 4, 5 and 6) are found in water soluble extracts
of Tgondii prepared bv hypotonic-lysis or sonication,
while 11 antigens have been described when solu-
bilising agents were used in the preparation.16 A
soluble extract is used to sensitise the red cells in the
1HAT system, so that antibody levels against the
three internal antigens 4, 5 and 6 will be measured
by this test system. In the DT antibodies to all II
antigens may potentially be measured, although
antibodies to the surface antigens are more likely
to be detected in this immune lysis system. TMT
antigen was not available for evaluation by the
immunoelectrophoretic techniques used in the
previous study.16 It is unlikely, however, that all II
antigens are present.

Immunisation studies are in progress using IHAT
and TMT antigens to determine the pattern of
antibody response produced against T gond&i
immunogens present in these preparations.
Other studies are in progress to evaluate the TMT

in the veterinary field, particularly for the diagnosis
of ovine toxoplasmosis.
The TMT is convenient and simple to use and

appears to be intermediate between the DT and
IHAT in its specificity. The results it yields are
likely to be more useful than those given in the IHAT
which is of limited diagnostic value'1 but further
evaluation of the test in the routine laboratory is
still required.

We are grateful to Mr Y Sawada of the Eiken
Chemical Co Ltd, 1-33-8, Hongo, Bunkyo-Ku,
Tokyo, Japan, for making the Eiken latex test
(TMT) available to us.
Thanks are due to Mr Uthuba Hatari, Mr John

Bridges and other Public Health Laboratory staff
involved with this work.
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