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Abstract: In this experiment, the correlation between antigenemia and specific antibody responses in Toxoplasma gondii-
infected rabbits was assessed. We injected 1,000 T. gondii tachyzoites (RH) subcutaneously into 5 rabbits. Parasitemia,
circulating antigens, and IgM and IgG antibodly titers in blood were tested by ELISA and immunoblot. For detection of par-
asitemia, mice were injected with blood from rabbits infected with T. gondiiand mice died between days 2 and 10 post-infec-
tion (P1). Circulating antigens were detected early on day 2 PI, and the titers increased from day 4 Pl and peaked on day
12 PI. Anti-Toxoplasma IgM antibody titers increased on day 6 Pl and peaked on days 14-16 PI. IgG was detected from
day 10 PI, and the titers increased continuously during the experiment. The antigenic protein patterns differed during the
infection period, and the number of bands increased with ongoing infection by the immunoblot analysis. These result indi-
cated that Toxoplasma circulating antigens during acute toxoplasmosis are closely related to the presence of parasites in
blood. Also, the circulating antigen levels were closely correlated with IgM titers, but not with IgG titers. Therefore, co-detec-

tion of circulating antigens with IgM antibodies may improve the reliability of the diagnosis of acute toxoplasmosis.
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Toxoplasmosis is usually diagnosed using serological tests
with increases in specific IgG and IgM antibodies. However,
these tests are not reliable in immunocompromised patients,
nor is it possible to differentiate clearly between the acute and
latent forms of toxoplasmosis [1,2]. Because a relatively high
percentage of individuals have antibodies without a recognized
parasite infection, the early detection of Toxoplasma gondii anti-
gen in the serum or other body fluids of patients would help to
diagnose correctly and prevent late complications. For detect-
ing Toxoplasma antigen, several laboratory procedures are avail-
able. Direct detection procedures, such as microscopic exami-
nation, immune histology, or cell culture are reliable, but they
are either insensitive or time-consuming [1,2]. PCR is highly
sensitive and specific, although heme, heparin, and other poor-
ly characterized substances have been reported to decrease the
efficiency of PCR [3]. ELISA is considered to be a highly sensitive,
practical method for detecting the parasite antigen [2]. Many
reports have discussed titrating serum antibodies in hosts after
Toxoplasma infection, however, little information is available
on the correlations among parasitemia, circulating antigens,
and antibody titers in T. gondii-infected hosts.
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To assess the sequential changes in parasite antigen and anti-
body responses in blood, 5 New Zealand white rabbits weigh-
ing 2-3 kg were infected with 1,000 tachyzoites of the RH strain
of T. gondii subcutaneously. Then, blood samples were drawn
from an ear vein of each rabbit every other day for 20 days. To
check parasitemia in the rabbits, 0.5 ml of heparinized blood
from each rabbit was injected intraperitoneally into 4 mice, and
their survival was monitored for 20 days after infection.

The ELISA for detecting circulating antigens was performed
in microtitration trays [4,5]. To obtain mouse anti-Toxoplasma
antisera, mice were infected with 20 brain cysts of avirulent Me49
strain of T. gondii orally. The mice were then sacrificed at 6 mon-
ths after infection, and the sera were precipitated with saturated
ammonium sulfate solution, resuspended in 0.01 M phosphate
buffered saline. Mouse anti-Toxoplasma antisera were diluted
with 0.1 M carbonate-bicarbonate buffer (pH 9.6, 10 ug/ml).
Then, 100 ul were pipetted into 96-well microtiter plates (Nunc,
Roskilde, Denmark) and incubated at 4°C overnight. The plates
were washed with PBS containing 0.05% Tween 20 (PBS/Tween
20), to which 0.1 ml of rabbit serum diluted 1 : 50 with PBS/
Tween 20 containing 0.1% bovine serum albumin was added.
Toxoplasma lysate antigen (TLA) was prepared as a control. The
plates were incubated at room temperature (RT) for 2 hr, and
then 0.1 ml sample serum from the infected rabbit was added.
After washing, 150 ul of horseradish peroxidase (HRP)-conju-
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gated goat anti-rabbit immunoglobulin (Sigma Chemical Co.,
St. Louis, Missouri, USA) diluted 1 : 3,000 were added to each
well, and then the plates were incubated for 2 hr at RT. Subse-
quently, the plates were washed with PBS/Tween 20, and 150 ul
of o-phenylenediamine dihydrochloride (Sigma) were pipetted
into the wells, and the plates were incubated for 20 min at RT.
Then, 8 N H.SO. was added to stop the reaction, and the absor-
bance was determined at 490 nm with an automatic ELISA read-
er. Titers higher than the mean plus 3 SD from serum of unin-
fected rabbits were considered a positive level.

To titrate the antibodies using ELISA, 96-well microtiter plates
were coated with TLA (10 ug/ml) and incubated overnight at
4°C. After blocking, serum samples from infected rabbits were
diluted 1 : 100 in PBS/Tween20 containing 0.1% BSA, and 100
ul of diluted serum from infected rabbits were added to each
well. After 2 hr, HRP-conjugated goat anti-rabbit IgM (1 : 2,000
dilution) (Southern Biotechnology Associates, Birmingham,
Alabama, USA) and HRP-conjugated goat anti-rabbit IgG (1 :
8,000 dilution) (Sigma) were applied. After washing, freshly
prepared o-phenylenediamine dihydrochloride was added, and
the reaction was stopped by adding 4 N H.SO.. The optical den-
sity at 490 nm was read using an automatic ELISA plate reader
(SPECTRA) (Molecular Devices, Sunnyvale, California, USA).
Statistical differences in ELISA titers were determined using the
Kruskal-Wallis test. Differences between groups were considered
significant at P < 0.05.

For immunoblotting, TLA was heated with sample buffer at
100°C for 4 min, separated on 12% acrylamide separating gels
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Fig. 1. Mouse inoculation test for detecting parasitemia in rabbits
infected with the RH strain of T. gondii. Four mice of each group
were injected with 500 I of heparinized blood from rabbits intraperi-
toneally, and mouse survival was monitored for 20 days after the
infection.

under reducing conditions, and then transferred electrophoreti-
cally to nitrocellulose sheets (Schleicher & Schuell BioScience
Inc., Dassel Germany) at a constant voltage of 50 V for 1 hr at
4°C. The nitrocellulose sheets were incubated for 2 hr with 5%
nonfat powdered milk in PBS. Strips were cut and incubated with
serum from the rabbits (diluted 1 : 100 in 1% BSA/PBS) for 2 hr.
After 3 washes with PBS, the strips were incubated for 2 hr in
HRP-conjugated goat anti-rabbit immunoglobulin (Sigma) dilut-
ed 1:5,000 in 1% BSA/PBS. After washing, the strips were incu-
bated with 4-chloro-1-naphthol solution for 2 hr at RT. The re-
action was stopped by rinsing with PBS.

Two rabbit died on 8 to 10 days after T. gondii infection, while
the other 3 rabbits survived until the end of the experiment. For
the determination of parasitemia, 4 mice of each group were
inoculated intraperitoneally with 0.5 ml of infected rabbit blood.
As shown in Fig. 1, the rabbits developed parasitemia beginning
on day 2 post-infection (PI), and this peaked between days 4
and 6 PI (90 % 13% to 95 = 119%). Mice did not die after day
12 Pl and it means that T. gondii tachyzoites were not contained
any more in the rabbit blood.

Toxoplasma circulating antigens in infected rabbits were obser-
ved on day 2 PI, and the antigen titers were increased significan-
tly from day 4 PI compared to the uninfected rabbits (0.18 =+
0.05) and peaked on day 12 PI (Fig. 2). The positive circulating
antigen titers appeared between days 4 and 18 PI (0.43 = 0.07
and 0.44 =% 0.06). The specific anti-Toxoplasma IgM antibodies
were detected on day 6 PI. Subsequently, the IgM titers increased
significantly compared with those of uninfected controls (0.24 +
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Fig. 2. Kinetics of the Toxoplasma circulating antigen (@), specific
IgM (o), and IgG antibody (W) titers in T. gondikinfected rabbit
sera. The circulating antigen and anti-Toxoplasma IgM and IgG
antibody titers were determined by ELISA. Each point represents
the mean + SD of 3 or 5 rabbits.
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Fig. 3. Correlation between the circulating antigen and IgM (Line
A) or IgG (Line B) antibody titers of sera from rabbits infected with
T. gondii. The circulating antigen and antibodly titers were determin-
ed by ELISA.

0.06) and peaked on day 14 PI (0.84 & 0.07). The IgG titers
increased significantly from day 10 PI (0.33 £ 0.07) compared
to uninfected rabbits (0.17 = 0.07), and the titers increased
continuously during the experiment. The correlation equation
between the optical density of IgM antibodies and circulating
antigens was Y = 0.64X + 0.120 (Line A, correlation coefficient
0.6478, P = 0.0313). The correlation equation between the opti-
cal density of IgG antibodies and circulating antigens was Y =
0.39X + 0.215 (Line B, correlation coefficient 0.3391, P = 0.3076)
(Fig. 3).

The serum from rabbits infected with T. gondii revealed dif-
ferent antigenic patterns according to the infection period on
immunoblot analysis (Fig. 4). The main reactivity against TLA
was at 30-32, 38, 58-65, and 76 kDa until day 10 PI. From day
12 through 16 PI, western blot analysis of the rabbit serum with
tachyzoite antigen identified immunoreactive proteins at 20-
21, 25-26, 30-32, 35, 64, and 76 kDa. The immunoblots after
day 18 PI showed intense bands at 26, 30-31, 32, 36, 58, and
89 kDa. All antigenic protein bands were intensified according
to the increased IgG antibodies.

In most cases, the diagnosis of acute toxoplasmosis is con-
firmed by serologic tests. However, the production of specific
antibodies in the host may be delayed or impaired, especially
in congenital toxoplasmosis or in immunocompromised indi-
viduals. An alternative serologic test is detection of parasite com-
ponents and metabolites, circulating antigens which are present
in blood during the acute phase of infection. The circulating
antigens have been found in both experimental and human
toxoplasmosis [5-10]. In this study, circulating antigens of T.
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Fig. 4. Immunoblot patterns of sera from rabbits infected with 1,000
tachyzoites of the RH strain of T. gondii. Lane 1, molecular weight
standard (kDa); lane 2, serum from normal rabbits; lane 3, rabbit
serum on day 2 PI; lane 4, day 4 PI; lanes 5 and 6, day 6 PI; lanes
7 and 8, day 8 PI; lanes 9 and 10, day 10 PI; lanes 11 and 12, day
12 Pl; lanes 13 and 14, day 14 PI; lanes 15 and 16, day 16 PI; lanes
17 and 18, day 18 PI; lanes 19 and 20, day 20 PI.

gondii began to be detected on day 2 PI, and the antigen titers
increased on day 4 and peaked on day 12 PI. The appearance
of positive circulating antigens after T. gondii infection in rab-
bits were similar with the previous reports [5,9,10]. Interestingly,
the detection time of circulating antigens in rabbits coincided
with the parasitemia period. The persistence of antigenemia
and its consequent detection in serum is probably related to
active proliferation of T. gondii [8)].

In the serodiagnosis of acute toxoplasmosis, titration of anti-
Toxoplasma IgM antibodies is important and informative. How-
ever, these serological methods may be inconclusive or unreli-
able in patients with underlying diseases that cause suppressed
antibody responses or receiving immunosuppressive therapy.
In addition, IgM antibodies do not form in all cases of acute
toxoplasmosis [2]. In our study, IgM antibodies increased sig-
nificantly from day 8 PI and peaked on days 12-14 PI. Also,
serum IgM titers were closely related to the time of appearance
of circulating antigens which appeared in rabbit blood. By con-
trast, the time at which IgG appeared was not significantly relat-
ed to the circulating antigens.

Other researchers reported that specific antigenic bands were
detected from 7-13 days after tachyzoite infection and major
antigens were 20, 28, 30, 35, 45, 63, and 77 kDa on the immu-
noblot [11-14]. In this study, 8 major bands (20-21, 25-26, 30-
32, 35-36, 38, 58-65, 76, and 89 kDa) and several minor bands
were identified reacting with T. gondii-infected rabbit sera. The
30 kDa protein, which is the major antigen in T. gondii, present-
ed strongly from day 14 after infection. The results seen in our
infected rabbits were consistent with the previous results [13].
The number of major antigen bands increased with elevated
IgM or IgG antibody titers. Although there were some differ-
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ences in minor antigen bands, specific major bands from rab-
bit blood were similar compared with the published data. The
differences in antigen bands may be affected by hosts, routes of
infection, and the number of injected parasites [12,13].

Circulating antigens of Toxoplasma can be detected easily by
immunoenzymatic methods like ELISA. A single serum sample
is used for the detection of both antibody levels and circulating
antigens of T. gondii in diagnosing active toxoplasmosis. Our
results show that the circulating antigens are closely correlated
with the IgM antibody titers and parasitemia during acute tox-
oplasmosis, therefore, co-detection of circulating antigens with
IgM antibody may improve the reliability of the diagnosis of
acute toxoplasmosis.
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