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Abstract: Serologic tests are widely accepted for diagnosing Toxoplasma gondii but purification and standardization of
antigen needs to be improved. Recently, surface tachyzoite and bradyzoite antigens have become more attractive for this
purpose. In this study, diagnostic usefulness of 3 recombinant antigens (SAG1, SAG2, and SAG3) were evaluated, and
their efficacy was compared with the available commercial ELISA. The recombinant plasmids were transformed to JM109
strain of Escherichia coli, and the recombinants were expressed and purified. Recombinant SAG1, SAG2, and SAG3 anti-
gens were evaluated using different groups of sera in an ELISA system, and the results were compared to those of a
commercial IgG and IgM ELISA kit. The sensitivity and specificity of recombinant surface antigens for detection of anti-
Toxoplasma 1gG in comparison with commercially available ELISA were as follows: SAG1 (93.6% and 92.9%), SAG2
(100.0% and 89.4%), and SAG3 (95.4% and 91.2%), respectively. A high degree of agreement (96.9%) was observed
between recombinant SAG2 and commercial ELISA in terms of detecting IgG anti-Toxoplasma antibodies. P22 had the
best performance in detecting anti-Toxoplasma IgM in comparison with the other 2 recombinant antigens. Recombinant

SAG1, SAG2, and SAG3 could all be used for diagnosis of IgG-specific antibodies against T. gondii.
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INTRODUCTION

Toxoplasma gondii is an important human pathogen with
worldwide distribution. Diagnosis of this infection in humans
is very crucial, especially in immunosuppressed patients [1]
and pregnant women, since this parasite can be transmitted
from a recently infected mother to her fetus [2,3].

Immunodominant surface antigen of T. gondii; SAG1 (P30),
is considered an important antigen for development of effec-
tive diagnostic tests and subunit vaccines [4,5]. SAG1 is stage-
specific and only detectable in tachyzoite stage of the parasite
[6]. The surface antigen 2, SAG2 (P22), is another protein that
has been shown to be an attachment ligand and also to have
good immunogenicity [7,8]. Monoclonal antibodies raised
against these 2 major tachyzoite antigens (SAG1, SAG2) are
100-fold more reactive with the tachyzoite stage than with oo-
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cyst (sporozoite) and bradyzoite stages [9]. Recombinant sur-
face antigens like SAG1 or SAG2 are useful in serodiagnosis of
toxoplasmosis in cats [10,11] and humans [1,12]. The surface
antigen 3, SAG3 (P43), is found in both tachyzoites and
bradyzoites, and like SAG1, it is anchored to the membrane
via glycosylphosphatidylinositol groups. It is very similar to
SAG1 in structure and function, and SAG1 and SAG3 proteins
participate in cellular invasion and attachment [13-15]. It has
been shown that mice immunized with recombinant SAG3
produce significantly more specific [gG2a antibodies [16].

The diagnosis of acute infection depends on detection of
Toxoplasma-specific IgG and IgM antibodies [17]. IgG avidity
test and IgM analysis are considered to be suitable methods
for determining acute infections. Recently, recombinant fusion
proteins have been used in an attempt to improve serologic
tests for diagnosis of T. gondii [18-20].

In this study, we used 3 recombinant antigens of T. gondii
(SAG1, SAG2, and SAG3) to evaluate their diagnostic useful-
ness and efficacy compared with the commercially available
ELISA for diagnosis of toxoplasmosis and improvement of
identification methods.
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MATERIALS AND METHODS

Gene confirmation

SAG1, SAG2, and SAG3 genes were cloned in pQE30, pG-
MEX1, and pGMEX1 vectors, respectively, and sequenced by
Kazemi and Arabpour method [21-23]. pGEM43, pGEM22, and
pQE30 containing P43, P22, and P30 genes were confirmed by
PCR using Tox43, Tox22, and Tox30 primers [21-23]. PCR
products were electrophoresed on 1.5% agarose gel, stained
with ethidium bromide, and visualized under ultraviolet. PCR
products with 1,158, 957, and 560 bp bands confirmed the in-
sertion genes, respectively.

Protein expression and purification

The recombinant plasmids pGEM43, pGEM22, and pQE30
were transformed into Escherichia coli JM109 competent cells
using Hanahan method [24]. The reaction was spread on LB
agar plate containing 50 pg/ml ampicillin.

A single colony was cultured in LB medium (Merck, Darm-
stadt, Germany) containing 100 pg/ml ampicillin and was in-
cubated overnight at 37°C. It was then sub-cultured using 10-
fold fresh 1B medium containing ampicillin at 37°C. The cells
were grown to ODg=0.6 at 37°C with 200 rpm shaking. The
plasmid promoter was induced by 1 mM iso-propyl-D-thioga-
lactopyranoside (IPTG) for 5 hr and mass cultivated in LB me-
dium. The bacterial cells were harvested by 20,000 g centrifuga-
tion for 15 min, and expressed recombinant P43 and P22 pro-
teins were purified using T7-affinity chromatography (Nova-
gen, Foster City, California, USA) according to the manufactur-
ers' instruction with some modifications. The cell pellet was ex-
tracted from 25 ml of liquid culture and resuspended in 5 ml
of equilibrating buffer with 10 mM of PMSF (Sigma, St. Louis,
Missouri, USA) on ice for 2 hr. The suspension was then soni-
cated and centrifuged (700 g for 15 min at 4°C). The superna-
tant was transferred to a column containing 2 ml of equilibrat-
ed resin. The column was incubated overnight at 4°C and then
washed with 10 ml washing buffer (KH.PO4, Na,HPO,, KCl,
NaCl, and Tween 20). Finally, elution buffer was added (citric
acid, 1 mol/L) and incubated for 2 hr, the recombinant P43
and P22 proteins were eluted and neutralized with Tris-HCI 1
mol/L), and the protein concentration was measured by a bio-
photometer (Eppendorf, Hamburg, Germany). The P30 re-
combinant protein was purified using Ni-affinity chromatogra-
phy (Novagen, Madison, Wisconsin, USA) according to the
manufacturer's instruction with some modifications [25]. The

recombinant proteins were analyzed by SDS-PAGE and west-
ern blotting as in previous studies [22,25,26].

Serum samples

Serum samples were collected from different laboratories
around Shiraz and Tehran using commercial IgG and IgM ELI-
SA kits (Euroimmun, Lubeck, Germany). For evaluation of re-
combinant IgG ELISA, 27 cases with infections other than
toxoplasmosis, 30 sera from healthy individuals, and 110 anti-
T. gondii IgG positive cases were used. The cut-off point was set
at mean + 28D of 20 anti-Toxoplasma IgG negative serum sam-
ples. For determination of anti-T. gondii IgM, 30 negative and
28 positive samples were applied. The cut-off point was deter-
mined by calculating mean and SDs for 30 IgM and IgG nega-
tive serum samples.

Flat-bottomed 96-well microtiter plates (Greiner Bio One,
Frickenhausen, Germany) were coated with 3 pg/ml of each of
P22, P30, and P43 antigens in 50 mM carbonate bicarbonate
buffer (Na.Cos: 15 mM, NaHCos: 35 mM) (pH=9.6) and in-
cubated overnight at 4°C. The plate was washed 3 times with
PBS-T. After blocking with 300 pl of 1% bovine serum albu-
min in PBS-T for 2 hr, the plates were washed as before and
100 pl of sera (1:200 dilution in PBS-T with 1% bovine serum
albumin) was added to each well. The plates were incubated
for 1.5 hr and washed as before.

The plates were incubated with 100 pl of peroxidase-conju-
gated goat anti-human IgG and IgM (1:20,000 and 1:10,000
dilutions, respectively) and were incubated for 1 hr, washed,
and then 100 pl of TMB (Sigma) was added. After 15 min of
incubation at room temperature, the reaction was stopped us-
ing 50 pl of 2N H,SOs as a stopping solution. Finally, the op-
tical density was measured by an ELISA reader (Sunrise-can,
Mannedorf, Switzerland).

Statistical analysis

The sensitivity and specificity were calculated from TP/
(TP+FN) x 100, and TN/(TN+FP) x 100, respectively. Positive
predictive and negative predictive values were achieved from
TP/(TP+FP) and TN/(TN+EN), respectively. Agreement was
calculated as follows: (TP+TN)/(TP+TN+FP+EN)x 100 (TP,
TN, FP, and FN represent the number of true positive, true
negative, false positive, false negative, respectively). All results
were assessed by software program of the website URL (http://
vassarstats.net/clin1.html).
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RESULTS

Recombinant plasmids containing P22, P30, and P43 genes
were confirmed by PCR and the corresponding bands of 958,
560, and 1,158 bp PCR products were visualized on 1.5% of
agarose gel, respectively.

IgG ELISA with recombinant SAG1

The first set of samples consisting of 110 IgG positive, 30 IgG
negative, and 27 non-relative serum samples were evaluated by
SAG1 antigen. The cut-off point was 0.31. Out of 110 positive
serum samples, 103 were found to be positive by recombinant
SAG1. Four out of 30 healthy controls were found positive, and
no cross reactivity was found in non-relative cases. The results of
commercial and recombinant ELISA are summarized in Table 1.
The assay showed sensitivity of 93.6% (95% CI, 86.8-97.1%)
and specificity of 92.9% (95% ClI, 82.1-97.7%) for recombinant
SAG1 in comparison with commercial ELISA (Table 2).

IgG ELISA with recombinant SAG2

The set of IgG positive and negative sera were tested by re-
combinant SAG2 in the ELISA system with the same protocol
used for evaluating SAG1. The cut-off point was 0.13. As shown
in Table 2, all the 110 positive sera were positive by this anti-
gen, although 5 out of 30 healthy controls were found positive
and 1 cross reactivity was found with diseases other than toxo-
plasmosis. As shown in Table 3, the sensitivity and specificity

Table 1. Comparison of commercial ELISA and IgG rec-ELISA
using SAG1, SAG2, SAG3 for detection of IgG in toxoplasmosis
patients

Commercial ELISA

Antigen Positive® (%) Negative® (%) Total
Rec-ELISA  SAG1

Positive 103 (93.6) 4(7.0) 107

Negative 7(6.3) 53(92.9) 60

SAG2

Positive 110 (100.0) 6(10.5) 116

Negative 0(0.0) 51 (89.4) 51

SAG3

Positive 105 (95.4) 5@8.7) 110

Negative 5 (4.5) 52 (91.2) 57

Total 110 57 167

#Positive group consisted of 110 anti-T. gondii IgG positive cases.
°®Negative group consisted of 30 sera from healthy individuals (7. gondii IgG
negative) cases+27 cases with different infectious diseases but not toxo-
plasmosis (EBV, Epstein-Barr virus; VZV, Varicella zoster virus; HSV, Her-
pes simplex virus; Rub, rubella; M.t, Mycobacterium tuberculosis; H.p,
Helicobacter pylori; CMV, Cytomegalovirus).

of this antigen were 100.0% and 89.4%, respectively and a
high degree of agreement (96.9%) was observed. There was
marked difference in the absorbance values between sera from
IgG positive and IgG negative groups with rfSAG2 ELISA in
comparison with 2 other recombinant antigens (Fig. 1).

IgG ELISA with recombinant SAG3

Using SAG3 in the ELISA system and the cut-off point of
0.28, 105 out of 110 positive sera were detected as positive, and
5 out of 30 health individuals were determined as positive. No
cross reactivity was found with other diseases. According to the
results, the sensitivity of 95.4% and the specificity of 91.2%
were calculated for the assay. A fair agreement (94%) was found
between this antigen and commercial ELISA.

IgM ELISA with recombinant SAG1

Twenty-eight IgM positive and 30 IgM negative sera were
tested in the ELISA system for detecting Toxoplasma-specific IgM.
The cut-off (0.6) was determined by calculating mean and SD
for 30 IgM and IgG negative serum samples. The assay showed
a positive reaction in 11 out of 28 IgM positive and 6 out of 30
IgM negative samples (Fig. 2). Accordingly, the sensitivity and

Table 2. Sensitivity and specificity of the IgG rec-ELISA and com-
mercial ELISA for diagnosis of toxoplasmosis

lEzens| Positive  Negative

antigen  Sensitivity Specificity L gath Agreement
% 5 predictive  predictive "

l9G- i) 08 \ae @) vale) P

ELISA

SAG1 93.6 92.9 96.2 88.3 93.4

SAG2 100.0 89.4 94.8 100.0 96.9

SAG3 95.4 91.2 95.4 91.2 94.0

Sensitivity and specificity were obtained from true positive cases/(true pos-
itive cases+false negative cases)x 100 and true negative cases/(true nega-
tive cases+false positive cases) x 100. Positive and negative predictive val-
ues were obtained from true positive cases/(true positive cases+false posi-
tive cases) x 100 and true negative cases/(true negative cases+false nega-
tive cases)x100. Agreement was calculated as follows (TP+TN)/
(TP+TN+FP+FN) x 100. TR, TN, FP, and FN represent the number of true
positive, true negative, false positive, and false negative, respectively.

Table 3. Sensitivity and specificity of the IgM rec-ELISA and com-
mercial ELISA for diagnosis of toxoplasmosis

lsteme| Positive  Negative

antigen  Sensitivity Specificity dicti g .~ Agreement
IgM- (%) (%) pre: ICt(I)VG pre: |ct(|)ve (%)
ELISA value (%) value (%)

SAG1 39.3 80 64.7 58.5 60.3
SAG2 64.3 83.3 78.3 71.4 744
SAG3 17.9 76.7 41.7 50 48.2
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Fig. 1. Results of IgG ELISA with recombinant SAG1, SAG2, and
SAGS in human sera. P, IgG positive; Non, non-relative (cases with
different infectious diseases but not toxoplasmosis); N, negative
reactions (Epstein-Barr virus, Varicella zoster virus, Herpes sim-
plex virus, rubella, measles, Helicobacter pylori, cytomegalovirus,
malaria, Echinococcus granulosus, Hymenolepis nana, Leishma-
nia, and rheumatoid factor).

specificity of 39.3% (95% CI, 22.1-59.2%) and 80.0% (95%
Cl, 60.8-91.5%) were calculated for the assay. The sensitivity
and specificity of IgM rec-ELISA and commercial ELISA are
shown in Table 3.

IgM ELISA with recombinant SAG2

The cut-off point of 0.31 was calculated for SAG2-ELISA. Posi-
tive reaction was noticed in 18 out of 28 IgM positive and 5 out
of 30 IgM negative sera samples (Fig. 2). All 18 IgM positive and
5 IgM negative sera that were detected by SAG1 and SAG3 re-
combinant antigens were also detected by SAG2 recombinant
antigen. Accordingly, the sensitivity of 64.3% (95% CI, 44.1-
80.6%) and the specificity of 83.3% (95% CI, 64.5-93.6%) were
measured for the test. The best agreement (74.1%) was observed
between recombinant SAG2 and commercial ELISA (Table 3).

IgM ELISA with recombinant SAG3

When the serum samples were tested by SAG3-ELISA, positive
reactions were noticed in 5 out of 28 IgM positive and 7 out of
30 IgM negative sera samples (considering the cut-off point of
0.44). The sensitivity of 17.9% (95% CI, 6.7-37.5%) and the
specificity of 76.7% (95% CI, 57.2-89.3%) were found for the
assay (Table 3).
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Fig. 2. Results of IgM ELISA with recombinant SAG1, SAG2, and
SAG3 in human sera. P, IgM positive; N, IgM negative. Cut-off val-
ue; 0.60 (SAGT), 0.31 (SAG2), and 0.44 (SAG3), respectively.

DISCUSSION

Although serodiagnostic tools such as ELISA and immunob-
lots are effective for diagnosing T. gondii infection, advent of
purified recombinant antigens obtained via molecular biology
is an attractive alternative for detection of serum antibodies. In
our study, 3 recombinant antigens of T. gondii were expressed
and purified, and their performance was evaluated in the diag-
nosis of toxoplasmosis. These antigens were selected to deter-
mine diagnostic potential of recombinant fusion proteins car-
1ying antigenic portions of this protein.

The aim of our study was to use the 3 recombinant antigens
(SAG1, SAG2, and SAG3) to evaluate their diagnostic useful-
ness and efficacy compared with the available commercial
ELISA for diagnosing toxoplasmosis and improving identifica-
tion methods.

The findings of our study showed the sensitivity and speci-
ficity of 93.6% and 92.9% for SAG1 in comparison with the
commercially available ELISA, respectively. In a previous study
conducted in the same laboratory, recombinant SAG1 showed
sensitivity and specificity of 88.4% and 88%, respectively [25].
Beghetto et al. [27] reported that SAG1 reacted with 92% of
IgG positive sera of toxoplasmosis cases, which was consistent
with our findings. In a study by Bufalono et al. [5], 75% of
sera from congenitally infected infants reacted with GST-SAG1
and the sensitivity and specificity of tSAG1 for diagnosis of
IgM ELISA were 65.7% and 95.8%, respectively [5]. In another
work by Selseleh et al. [28], an ELISA was described using re-
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combinant SAG1 for detecting IgM and IgG antibodies. The
sensitivity and specificity were 87% and 95% for IgM and 93%
and 95% for IgG [28]. Their results with IgM were different
from ours, showing the sensitivity of 39.3% and specificity of
80%. It seems that a robust immunological response to the
surface antigen SAG1 is associated with chronic Toxoplasma in-
vasion as mentioned in some previous studies [25,29].

The surface antigen 2 (P22) of T. gondii is a major surface
protein known as an attachment ligand [7] which has good
antigenicity and immunogenicity [1,8,14]. Recombinant SAG2
expressed in E. coli is effective in detecting IgG antibody
against T. gondii in patients with acute toxoplasmosis [1,14].
The recombinant SAG2 has been used for detecting Toxoplasma
antibodies in cats, where antibodies were detected in 100% of
IgG positive animals and only 2% of IgG negative animals [10].

Parmley et al. [1] reported that recombinant SAG2 detected
all toxoplasmosis patients in the acute phase (IgM, IgG posi-
tive) and 11 out of 13 (84%) of the cases in chronic phase (IgG
positive) with IgG-ELISA. Significant differences in the absor-
bance values were reported between the 2 groups in their
study. The assay also detected 6 out of 13 (46%) of IgM posi-
tive sera [1]. Our findings were consistent with their results, as
we found the sensitivity and specificity of rSAG2 for I[gG-ELISA
and IgM-ELISA of 100.0% and 89.4%, and 64.3% and 83.3%,
respectively. In some studies, rSAG2 expressed in E. coli was
shown to be effective in detecting IgG antibodies against T.
gondii in human patients with acute toxoplasmosis [1,14]. In
contrast, in other studies, rSAG2 was detected in both acute
and chronic infections [30,31]. Further improvement of the as-
say might be achieved using anti-SAG2 antibodies to trap
rSAG2 on ELISA plates instead of coating the wells directly
with 1SAG2. Furthermore, tSAG2 might be used for detecting
IgG antibodies in acute and chronic serum samples to differ-
entiate these 2 important stages of the disease.

SAGS3 is a surface antigen of tachyzoites and bradyzoites of
Toxoplasma. Vaccination with rSAG3 in mice can induce partial
immunity against T. gondii infection through inducing a Th1
type immune response and producing IgG2a [16]. The present
results about rSAG3 showed the sensitivity and specificity of
95.4% and 91.2% for IgG and 17.9% and 76.7% for IgM, re-
spectively. This indicates efficacy of this antigen for detecting
specific IgG antibodies and low reactivity of this antigen with
IgM anti-Toxoplasma antibodies as was expected for this com-
mon tachyzoite and bradyzoite antigen. In a study conducted
by Dai et al. [32], the sensitivity of tISAG1, 1SAG2, and 1SAG3

in diagnosis of IgM antibodies were 68.6%, 56.3%, and 46.8%,
respectively [32], which were consistent with the present results
with sensitivities of 39.3%, 64.3%, and 17.9% for 1SAGI,
1SAG2, and rSAG3 antigens, respectively. In another study, they
used a pooled antigen and claimed that it could differentiate
acute toxoplasmosis from the chronic phase [32,33]. It seems
that pooled recombinant antigens are better for the diagnosis
but need more evaluation in the future.

The best outcome, in terms of the sensitivity, specificity, posi-
tive predictive value, negative predictive value, and agreement
was found with recombinant SAG2 in diagnosing IgM antibod-
ies compared with recombinant SAG1 and SAG3. This indicates
the usefulness of this antigen in the diagnosis of acute infection
as shown in another study [14].

In conclusion, although recombinant SAG1, SAG2, and SAG3
produced in E. coli are suitable antigens which can be used in the
diagnosis of IgG anti-Toxoplasma antibodies, recombinant SAG3
is more sensitive and specific. SAG2 showed the best perfor-
mance in the diagnosis of IgM-specific antibody against T. gondii.
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