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IDENTIFICATION OF Toxoplasma gondii ANTIGENS INVOLVED IN THE IgM AND IgG INDIRECT
HEMAGGLUTINATION TESTS FOR THE DIAGNOSIS OF TOXOPLASMOSIS

Y.I. YAMAMOTO (1), V.HUBER (1) & S. HOSHINO-SHIMIZU (1, 2)

SUMMARY

Crude Toxoplasma gondii antigens represent raw material used to prepare reagents to be employed in different
serologic tests for the diagnosis of toxoplasmosis, including the IgM and IgG indirect hemagglutination (IgG-HA and
IgM-HA) tests. So far, the actual antigenic molecules of the parasite involved in the interaction with agglutinating anti-7,
gondii antibodies in these tests are unknown. The absorption process of serum samples from toxoplasmosis patients
with the I[gG-HA reagent (G-toxo-HA) demonstrated that red cells from this reagent were coated with 7. gondii antigens
with Mr of 39, 35, 30, 27, 22 and 14 kDa. The immune-absorption process with the IgM-HA reagent (M-toxo-HA), in
turn, provided antibody eluates which recognized antigenic bands of the parasite corresponding to Mr of 54, 35 and 30
kDa, implying that these antigens are coating red cells from this reagent.

The identification of most relevant antigens for each type of HA reagent seems to be useful for the inspection of the
raw antigenic material, as well as of reagent batches routinely produced. Moreover the present findings can be used to
modify these reagents in order to improve the performance of HA tests for the diagnosis of toxoplasmosis.
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INTRODUCTION

Toxoplasmosis is a ubiquitous infection caused by Toxoplasma
gondii, an intracellular protozoan parasite of worldwide
distribution. The infection is usually mild or assymptomatic in
immunocompetent subjects but severe disease may occur in
infected fetuses and immunocompromised individuals'+

The serodiagnosis of toxoplasmosis relies mostly on the
detection of IgG, IgM and, more recently IgA antibodies, with
tests such as indirect hemagglutination (HA), immunofluorescence
(IF) and enzyme linked immunosorbent assay (ELISA)2*314,

The features of crude Toxoplasma gondii antigens have been
extensively investigated”*'®2*, but the antigens actually involved
in serological tests carried out to capture antibodies, which are
the immunological markers for the diagnosis of toxoplasmosis,
have not been investigated in depth.

The conventional reagent for the IgG-HA toxoplasmosis test is
routinely prepared”® in public health laboratories which produce
several homemade immunodiagnostic reagents, although this type of
reagent is also commercially available. It is obtained by treating red
blood cells with tannic acid and sensitizing them with crude T.
gondii antigen. A hemagglutination test for the detection of IgG
antibodies (G-toxo-HA) and another for IgM detection (M-toxo-
HA) utilizing different types of antigens were recently
described**. The reagent G-toxo-HA is prepared with an antigen
which is first submitted to alkaline solubilization and neutralization,
followed by the usual sensitization process with tannic acid. This
reagent was shown to be as sensitive as the above conventional
reagent for the IgG-HA test. In contrast, the M-toxo-HA reagent
uses the same antigen but previously heated at 121°C to denature
the proteins. The red cells are then sensitized by direct contact with
this antigen. In both processes for reagent preparation, red cells
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seem to select several parasite components from the crude antigen,
and therefore these reagents are thought to present an antigen
spectrum differing from that of the raw material.

Thus, in the present study we identified the main antigens
responsible for agglutination in the G-toxo-HA and M-toxo-HA
tests by an immunoblot assay after submitting sera from
toxoplasmosis patients to the processes based on antibody
absorption or antibody elution.

MATERIAL AND METHODS

Toxoplasma antigen

Toxoplasma gondii tachyzoites, RH strain, were obtained from
mice as described previously'*?. Briefly, 2 x 10° parasites were
solubilized in 2.5 ml 0.15 N NaOH at 4°C for 6 h. After
neutralization with 0.3 N HCI solution, the antigen was divided into
two parts. One part corresponded to the Alk-G antigen and the other
part, which was heated at 121°C for 20 min in an autoclave, was
denoted Alk-M antigen. Both antigens were centrifuged at 320 g for
10 min to remove insoluble residues and kept at - 20° C until use.

G-toxo-HA and M-toxo-HA reagents

The G-toxo-HA reagent was prepared as reported by
CAMARGO et al.® using tanned red cells and Alk-G antigen.
The M-toxo-HA reagent was prepared as described™?* by
directly sensitizing red cells with Alk-M antigen.

Serum samples

Serum samples were collected from three patients with acute
toxoplasmosis presenting serologic profile I* for IgM and IgG
specific antibodies, and from three individuals with chronic
toxoplasmosis with serologic profile III for IgG antibodies. In
addition, serum samples from two individuals serologically negative
for toxoplasmosis were included in the study as negative controls.

Immunologic techniques

Serum samples were tested by IgG immunofluorescence (IgG-
IF)? and by indirect hemagglutination (IgG-HA)?® before and after
absorption with G-toxo-HA reagent. They were also tested by IgM-
IF and IgM-HA?2% before absorption with the M-toxo-HA reagent,
as well as with the antibodies eluted from this reagent. All serum
samples before and after absorption as well as antibodies eluted from
the reagents were submitted to the immunoblot assay (IBA).

Antibody absorptions

Six ml of G-toxo-HA reagent were washed in saline and 1 ml of
serum at 1:100 dilution in saline (NaCl 0.15 M) containing 0.5% skim
milk was added to the sediment. After incubating for one hour at
room temperature with slow shaking, the mixture was left to stand
for an additional hour, and then centrifuged at 1,000 g, and the
supernatant was assessed by immunologic techniques.

Antibody elutions

Forty ml of M-toxo-HA reagent were washed in saline and
80 ml serum at 1:80 dilution in 0.10 M NaCl containing 0.5%
skim milk were added to the sediment. The mixture was
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incubated at 37°C for 90 min and then at room temperature for 2
h. Red cells were washed twice with saline containing 0.5% skim
milk, and antibodies were eluted with 1 ml of 0.1 M glycine-
NaOH, pH 10.5, at 37°C for 4 min'', Immediately after elution,
the mixture was centrifuged and the supernatant was neutralized
with 0.5 M Tris, pH 7.2, not exceeding a volume of 2 ml. The
antibody eluates were then assessed by immunologic techniques.
Antibodies were also eluted under acid conditions as described
above, except that with 0.1 M glycine-HCI, pH 2.5, and the
eluates neutralized with 0.15 N NaOH.

Immunoblot assay (IBA)

The T. gondii antigen was denaturated as described®.
Briefly, protein components were separated by electrophoresis
on 12% gel', including low molecular mass markers
(Phosphorilase B - 94kDa, bovine albumin - 67kDa, ovalbumin -
43 kDa, carbonic anhydrase - 30 kDa, trypsin inhibitor - 20.1
kDa and o lactalbumin - 14.4 kDa). The proteins were
transblotted (Multiphor, Pharmacia LKB Biotechnology, NJ,
USA) to 0.45 p-pore-size nitrocellulose sheets (Millipore,
Bedford, MA, USA) for 90 min at 0.8 mA/cm?* and saturated in
0.1 M PBS-5% skim milk, pH 7.2, for 2 h at room temperature.
Absorbed and nonabsorbed serum samples from patients with
chronic and acute toxoplasmosis, and negative serum were
diluted 1:50 in 0.01 M PBS-1% skim milk, pH 7.2, (PBSM) and
added to the nitrocellulose sheets for 2 h at room temperature
with mechanical shaking. The antibody eluates were tested
without dilution. After four washes of 10 min in PBS, goat anti-
human IgG (1:1000) and IgM (1:400) peroxidase conjugates
(SIGMA, St. Louis, MO, USA) diluted in PBSM were added,
and the membranes incubated for 30 min at 37°C. After a new
cycle of washings, bands were visualized with 0.017%
diaminobenzidine plus 0.15% H,O, in PBS. The reaction was
stopped by two washes in distilled water. The Mr of the bands
were determined using the DNA Star Program (Computed
Systems for Molecular Biology and Genetics, CDC).

RESULTS AND DISCUSSION

The results reported here about the identification of T.
gondii antigenic components of the G-toxo-HA and M-toxo-
HA reagents provide the basis for further improvements in the
performance of the hemagglutination tests for the diagnosis of
toxoplasmosis. Also, in the quality control analysis, it is
essential to inspect the main antigenic components in raw
antigenic materials before the preparation of the reagent, and
thereafter in successively produced reagents.

Although the data here obtained are still preliminary, the
two processes of antibody absorptions and antibody elution
permited us to identify the antigenic components of T. gondii
actually involved in the capture of agglutinating antibodies.

The results obtained in sera from patients with chronic
toxoplasmosis before and after antibody absorption using the G-
toxo-HA reagent are illustrated in table 1. This process was
shown to be efficient since the absorbed sera, when retested
along with the nonabsorbed sera, presented remarkable
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TABLE 1
Antibody levels detected by serologic tests in serum samples from
chronic toxoplasmosis patients before and after absorption with
the G-toxo-HA reagent.

Serologic Serum
Tests Sample N° Antibody Titers
Before After
Absorption Absorption
G-toxo-HA 1 2560 < 40
2 1280 < 40
3 2560 20
4 5120 160
NC NR NR
IgG-IFI 1 256 < 40
2 256 <40
3 256 64
4 1024 256
NC NR NR

NR: not reactive
NC: negative control serum

differences in the serologic tests, giving negative results or
showing a significant decrease in antibody titer.

Data from the process of antibody elution are presented in
table 2. Serum samples from patients with acute toxoplasmosis
were absorbed with the M-toxo-HA reagent, and the IgM
antibodies eluted from this reagent under alkaline conditions gave
better results in comparison to the conventionally acid elution®.
This finding agrees with that reported by LIM'"" who worked with
the purification of monoclonal IgM antibodies. The IgM antibody
titers of the sera (Table 2) were high in contrast to the low titers of
the IgM antibody eluates, showing a considerable loss of antibodies
during the elution process. The loss of antibodies is expected
because several factors interfere not only with the elution and
washing steps but also because of antibody denaturation. The
estimated yield of IgM antibodies in the eluates was about 20%,
and reproducible for all sera submitted to the elution process.
LIM' also obtained a similar yield (38%) in the purification of
monoclonal IgM, as evaluated by an immunoenzymatic assay.

The efficiency of the antibody absorption and of the elution
process was checked by the HA and IF tests. The latter test
confirmed the HA test, implying that most T. gondii antigenic
components are common to both tests. In the IF test, the results
are interpreted based on the reactivity of antibodies with the
parasite membrane. So it is possible to infer that, in the HA test,
most antigenic components are predominantly from the parasite
membrane.

A total of 18 antigenic bands of T. gondii were recognized
by IgG antibodies from patients with chronic toxoplasmosis,
corresponding to Mr of 93, 82, 76, 63, 58, 54, 50, 45, 43, 39, 35,
30, 27, 24, 22, 20, 16 and 14 kDa. In general, strong reactivities
for 35 and 27 kDa were observed with IgG antibodies (Table 3).
After absorption with G-toxo-HA reagent, serum samples

recognized three bands of 63, 58, and 54 kDa, with an intensity
close to that of bands recognized by nonabsorbed sera. Thus,
these antigenic bands are not selected by tanned red cells during
the process to prepare the G-toxo-HA reagent.

The same absorbed serum samples, however, recognized bands
of 43, 35, 30, 27 and 24 kDa in different fashions since some sera
stained these bands weakly and others stained them in the same
manner as the nonabsorbed sera. This means that some sera have
low levels of IgG antibody to those bands and others have high

TABLE 2
Antibody levels detected by serologic tests in serum samples from
acute toxoplasmosis patients and eluates from the M-toxo-HA

reagent.
Serologic Serum Antibody Titers

Tests Samples Antibodies Antibodies
from serum eluted from
the reagent

M-toxo-HA 6 1280 16

7 2560 16

8 1280° 8

NC NR NR

IgM-IFI 6 1024 16

7 1024 nd

8 1024 nd

NC NR NR

NR: not reactive
NC: negative control serum
nd: not done

TABLE 3
Antigenic bands of Toxoplasma gondii recognized by IgG
antibodies from chronic toxoplasmosis patients before and after
absorption with the G-toxo-HA reagent, in the immunoblot assay.

IgG Antibodies

Serum Reactive Bands Before Reactive Bands After
Sample Serum Absorption Serum Absorption
No. (kDa) (kDa)

1 63, 58, 54, 50, 43, 39, 63, 58, 54, 501, 431,

35%, 30, 27*%, 24, 35, 27, 24"
22, 20, 14

2 63, 58, 54, 45, 43, 63, 58, 54, 431, 35,
39, 35%, 30, 27, 14 30"

3 63, 58, 54, 50, 45, 63, 58, 54, 27'
43, 39, 35*%, 30, 27,
24, 22, 14

4 93, 82, 76, 54, 50, 541 501, 431, 35,
43, 39, 35%, 30, 27%, 27, 241
24%, 22, 20, 16, 14

NC no bands no bands

NC: negative control serum
*: strongly stained bands
f: faintly stained bands
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levels. Thus, one absorption was not sufficient to determine a
detectable decrease in antibodies in sera with high antibody
levels.

The IgG antibodies were also eluted from the G-toxo-HA
reagent with acid solutions and bands of 35 and 27 kDa were
observed. Considering the results as a whole, we conclude that
antibodies to bands of 93, 82, 76, 45, 39, 35, 30, 27, 24, 22, 16
and 14 kDa were absorbed with the G-toxo-HA reagent. Thus,
the G-toxo-HA reagent is composed of antigen epitopes found
in the above 12 bands. However the epitopes found in six
antigenic bands (39, 35, 30, 27, 22 and 14 kDa) are
predominantly recognized by most sera from chronic
toxoplasmosis patients.

IgM antibodies from patients with acute toxoplasmosis
recognized a total of 13 bands of 91, 84, 74, 69, 64, 60, 54, 50,
47, 35, 32, 30 and 18 kDa, with the bands of 54, 35, 32, 30 and
18 kDa being strongly reactive. The IgM eluates from the M-
toxo-HA reagent recognized seven bands of 69, 60, 54, 35, 32,
30 and 18 kDa corresponding to about 50% of the total bands
recognized by the original sera (Table 4). The IgM eluates
recognized consistently the band of 30 kDa.

Figure 1 illustrates immunoblot profiles of some of serum . o B . o
Fig 1 - Antigenic bands of T. gondii recognized by IgG antibodies from a

samples employed in the present Smdy‘ chronic toxoplasmosis patient (serum no. 4): before absorption (a), after
absorption with G-toxo-HA reagent (b) and IgG antibodies eluted from G-
toxo-HA reagent (c). Antigenic bands of 7. gondii recognized by IgM
antibodies from an acute toxoplasmosis (serum no. 7) before absorption with
M-toxo-HA reagent (d), and IgM antibodies from M-toxo-HA reagent (e)

In the present work, T. gondii bands corresponding to
antigens coating red cells were qualitatively identified by IB.
However, it is possible to quantify the intensity of stained
antigenic bands in a densitometric process. Figure 2 is an
example of the densitograms (Fluor Densitometer, Model CS-
9301PC, Shimadzu, Japan) obtained from the immunoblot strips
with bands recognized by a serum (sample no.1) from chronic e
toxoplasmosis patient, before (I) and after (II) absorption with !
G-toxo-HA reagent. Most of areas (mm?) corresponding to
peaks a, b, ¢, d, e, f, g, h, i, j, k + 1 and m from the pattern I
decreased after absorption (pattern II), and these decreasings

TABLE 4
Antigenic bands of Toxoplasma gondii recognized in the
immunoblot assay by IgM antibodies from acute toxoplasmosis
patients and IgM antibodies eluted from M-toxo-HA reagent.

—
'

[0}
IgM Antibodies E
Serum Reactive Bands Reactive Bands with -
Sample with Sera Eluates from Reagent 8
No. (kDa) (kDa) g
el
6 91, 84, 69, 60*, 54, 50, 69, 60*, 35, 32, 30* ‘o* .
47, 35%, 32%, 30* 18* 18 _‘g
<
7 74, 69, 64, 54*, 35, 54*, 30*
32%, 30%, 18
8 54, 35%, 32, 30%, 18 54, 35, 32, 30*, 18 )
Fig 2 - Densitometric analysis of IgG pattern from a chronic toxoplasmosis
NC no bands no bands patient (serum no. 1) before absorption (I) and after absorption with G-toxo-
- HA reagent (II) by immunoblot assay.
NC: negative control serum Antigenic bands (kDa): a = 63; b= 58; c = 54;d = 50; e = 43; f = 39; g = 35;
* strongly stained bands h=30:i=27:j=24;k=22;1=20and m = 14
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were estimated to be 16, 33, 19, 60, 81, 100, 0, 73, 52, 90, 90
and 100%, respectively. So, the qualitative data afore presented
and regarded as significant relate to the bands which have more
than a 50% decrease of the peak-area. Also depending on the
study objective, these peak-areas can be transformed into IgG
units or concentrations by relating to the concentration of total
IgG antibodies eluted from bands recognized by the positive
serum for toxoplasmosis. The total concentration of the eluate
may be measured by sensitive assays such as immunoenzymatic
(ELISA) or nephelometric.

It is interesting to note that IgG and IgM antibodies share
reactivities with several 7. gondii peptides. For instance, the 30
kDa peptide and possibly the 35 kDa peptide are both
recognized by IgG and IgM antibodies.

Previous studies'® '® 718 22 have shown that many
antigenic bands of 6 kDa to 150 kDa are recognized by 1gG
antibodies from patients with chronic toxoplasmosis, most
frequent among them peptides of 22-25, 30 and 35 kDa. Thus,
the G-toxo-HA reagent proved to be able to detect these
antibodies.

The number of antigenic bands recognized by IgM
antibodies is reported!® 1822 to be lower than the number of
IgG antibodies, and we observed that IgM antibodies recognized
bands of 32-35, 27-30, 25, 22 and 6 kDa, in particular the 35
kDa band which is considered to be the most expressive!’. An
immunodominant P30 antigen from the parasite membrane has
been reported'* 2 2" and, depending on the electrophoretic
conditions, has been found in the region from 27 to 35 kDa by
several investigators” !°. Thus the M-toxo-HA reagent is also
capable to detect the anti P30 antibodies.

The methodology employed here permitted us to identify the
major peptides involved in the G-toxo-HA and M-toxo-HA tests.
IgG and IgM antibodies have been reported* > % to be induced by
protein and also by carbohydrate components of T. gondii
tachyzoites. In general, IgG antibodies react with protein antigens,
whereas IgM antibodies react with sugar residues from
polysaccharides or glycoproteins®*. In the present study,
carbohydrates of 32-35 kDa were found to be sensitive to m-
periodate treatment, indicating the presence of glycosylated epitopes
(data not shown). The M-toxo-HA reagent is prepared with the Alk-
toxo antigen which is heated to 121° C for 15 min, with consequent
denaturation of the protein portions. Thus, the IgM antibodies seem
to be reacting mainly with sugar epitopes. In a previous study from
our laboratory®, eluates from the M-toxo-HA reagent contained a
high proportion of IgM antibodies and a very small proportion of
IgG antibodies. These IgG antibodies seem to be IgG2, which shares
the same carbohydrate epitopes for IgM antibodies.

The G-toxo-HA reagent, on the other hand, contains protein
epitopes and predominantly reacts with IgG antibodies. Thus,
IgG antibodies react with the protein portion of the P30 antigen
molecule found in G-toxo-HA reagent, whereas IgM antibodies
react with the carbohydrate portion of the same antigen also
found in the M-toxo-HA reagent.

Further studies are required to confirm the present findings,
with a larger number of sera from toxoplasmosis patients with
high, medium and low IgG and IgM antibody titers. Sera with
low antibody titers were not studied here, but it is assumed that
they will be able to react with epitopes of the 30 kDa band
because this component has been reported to be highly
immunogenic and to promote antibody production at an early
stage of T. gondii infection® 2!,

The two processes studied here of antibody absorption and
antibody elution indirectly reveal the actual antigen epitopes
present in the G-toxo-HA and M-toxo-HA reagents. These
findings, taken together with those reported by LIM!' suggest
that antibody elution is more practical than antibody absorption.
High antibody levels require more than one absorption step,
making the latter process cumbersome.

The methodology here employed will be helpful for the
study of other serologic tests and may provide valuable
information about antigenic components relevant to the
immunodiagnosis, prognosis or therapeutic control of different
parasitic infections.

RESUMO

Identificacdo de antigenos de Toxoplasma gondii envolvidos
nas reacoes de hemaglutinacio passiva IgM e IgG
destinadas ao sorodiagndstico da toxoplasmose

Extratos brutos de Toxoplasma gondii constituem matéria prima
antigénica para o preparo de reagentes empregados em diferentes
testes sorolégicos para o diagndstico da toxoplasmose, incluindo entre
estes as reagdes de hemaglutinacdo indireta para a detec¢do de
anticorpos IgM (HA IgM) e IgG (HA IgG). Até o presente
momento, moléculas antigénicas do parasita que realmente estio
envolvidas na interagdo com anticorpos aglutinantes, anti-7. gondii,
ndo sdo ainda bem conhecidas. O processo de absor¢do de soros de
pacientes com toxoplasmose, utilizando o reagente de HA IgG (HA-
toxo-G), possibilitou a demonstragdo de que hemdcias deste reagente
estavam sensibilizadas com antigeno do parasita associado as bandas
de massa molecular relativa de 39, 35, 30, 27, 22 e 14 kDa. O
processo de imunoabsor¢ido com o reagente de HA IgM (HA-toxo-
M) por sua vez forneceu eluatos de anticorpos, que reconheceram
bandas antigénicas correspondendo a 54, 35 e 30 kDa, indicando a
existéncia destes antigenos ligados as hemdcias do reagente.

A identificacdo de antigenos mais relevantes para cada tipo
de reagente de hemaglutinagdo poderd prestar auxilio na inspe¢do
da matéria prima antigénica, assim como das partidas de
reagentes produzidas rotineiramente. Ademais, os achados
fornecem subsidios para introduzir novas modifica¢Ges nestes
reagentes, objetivando a melhoria no desempenho dos testes de
HA para o diagndstico da toxoplasmose.
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