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The present study aimed to evaluate the performance of three monoclonal antibodies (MAbs) in reverse
enzyme-linked immunosorbent assays (ELISAs) for detecting immunoglobulin G (IgG), IgM, and IgA anti-
bodies against Toxoplasma gondii in 175 serum samples from patients at different stages of 7. gondii infection,
as defined by both serological and clinical criteria, as follows: recent (n = 45), transient (r = 40), and chronic
(n = 55) infection as well as seronegative subjects (n = 35). The results were compared with those obtained
by indirect ELISA using soluble Toxoplasma total antigen (STAg). Our data demonstrated that MAb A3A4
recognizes a conformational epitope in SAG1-related-sequence (SRS) antigens, while A4D12 and 1B8 recognize
linear epitopes defined as SAG2A surface antigen and p97 cytoplasmatic antigen, respectively. Reverse ELISA
for IgG with A3A4 or A4D12 MAbs was highly correlated with indirect ELISA for anti-STAg IgG, whereas only
A4D12 reverse ELISA showed high correlation with indirect ELISA for IgM and IgA isotypes. To our knowl-
edge, this is the first report analyzing the performance of a reverse ELISA for simultaneous detection of IgG,
IgM, and IgA isotypes active toward native SAG2A, SRS, and p97 molecules from STAg, using a panel of
human sera from patients with recent and chronic toxoplasmosis. Thus, reverse ELISA based on the capture
of native SAG2A and SRS antigens of STAg by MAbs could be an additional approach for strengthening the
helpfulness of serological tests assessing the stage of infection, particularly in combination with highly
sensitive and specific assays that are frequently used nowadays for diagnosis of toxoplasmosis during preg-

nancy or congenital infection in newborns.

Toxoplasma gondii is an obligate intracellular protozoan par-
asite from the phylum Apicomplexa and is able to infect hu-
mans and warm-blooded domestic and wild animals (6). Al-
though the infection is asymptomatic in immunocompetent
hosts, it can cause severe disease in immunocompromised sub-
jects, like human immunodeficiency virus/AIDS patients, who
usually suffer from toxoplasmic encephalitis, and fetuses who
cannot develop an effective immune response against the par-
asite (23) when the parasite crosses the placenta during pri-
mary maternal infection, which can lead to spontaneous abor-
tion, death of the fetus in utero, or severe congenital defects,
such as hydrocephaly, mental retardation, or chorioretinitis
(30, 31, 34).

The diagnosis of toxoplasmosis can be achieved by detecting
specific antibodies in serum samples by using serological meth-
ods or by isolating the parasite DNA in biological samples,
such as those from amniotic fluid, fetal tissue, blood, cerebro-
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spinal fluid, and other clinical specimens, using the PCR
method (8, 21). Several classical serological methods can de-
tect immunoglobulin G (IgG) and IgM antibodies that are
specific for 7. gondii, such as enzyme-linked immunosorbent
assays (ELISAs), indirect fluorescent antibody tests (IFATS),
and Western blotting. When the confirmation of initial serol-
ogy is required, a number of complementary tests are available,
including the Sabin-Feldman dye test and tests for specific [gM
or IgA, such as the capture ELISA, or other immunoglobulins,
such as IgE and IgG avidity tests (1, 13, 14, 18, 22, 24).

The most commonly used serological method for detection
of specific antibodies in serum samples is the indirect ELISA
using soluble Toxoplasma antigen (STAg), excreted/secreted
antigens, recombinant antigens, or purified antigens of 7. gon-
dii (10). These tests generate several false-positive and false-
negative results, mostly for IgM and IgA antibodies, making
the diagnosis of primary and congenital infections a challeng-
ing situation (26). In order to improve the diagnosis of toxo-
plasmosis, the development of highly sensitive and reproduc-
ible methods by use of monoclonal antibodies (MADbs) has
been extensively researched. Among them, purified MADbs that
recognize parasite epitopes can be used as the first antibody
fixed to the polystyrene plates for the capture of parasite-
specific molecules in soluble 7. gondii extracts as a variation of
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the conventional ELISA. This approach was previously de-
scribed to detect IgG antibodies to SAG1 antigen and other
antigens from 7. gondii in serum samples from pregnant
women (19) and from cats (29), showing sensitivities equiva-
lent to those of the conventional ELISA.

The purpose of the present study was to evaluate the diag-
nostic performance of three MAbs selected from a phage dis-
play library in reverse ELISAs for detecting IgG, IgM, and IgA
antibodies specific for 7. gondii in serum samples from patients
at different stages of infection and compare the achieved re-
sults with those obtained by the conventional ELISA using
total soluble antigen. The MAbs used in this study were A3A4,
which recognizes the 30- and 60-kDa components from T.
gondii SAGl-related sequences (SRSs) (p30-p60); A4D12,
which recognizes another surface antigen of 22 kDa (SAG2A/
p22); and 1B8, which recognizes an intracellular antigen of 97
kDa (p97).

MATERIALS AND METHODS

Patients and serum samples. All serum samples used in this study came from
immunocompetent individuals and were obtained from a well-characterized col-
lection of sera with serological profiles previously determined by conventional
assays as well as clinical information on the presence or absence of Toxoplasma
infection. A total of 175 human serum samples was divided into four groups
according to the following criteria: group I (recent infection) consisted of 45
serum samples from patients with clinical symptoms of infectious mononucleosis-
like syndromes, such as fever, fatigue, and enlargement of the cervical lymph
nodes, exhibiting IgM and IgA antibodies (titer = 64) to T. gondii by capture
ELISA and IgG antibodies (titer = 256) by IFAT and ELISA; group II (transient
infection) consisted of 40 serum samples from individuals who were asymptom-
atic but presented unclear results for laboratory assays, with IgM antibodies
(titer = 64) to T. gondii persistently positive for a long period of time but
negative specific IgA antibodies, along with positive results for IgG (titer = 64)
antibodies in IFAT and ELISA; group III (chronic infection) consisted of 55
serum samples from individuals with asymptomatic toxoplasmosis, exhibiting 7.
gondii-specific IgG antibodies (titer = 64) by IFAT and ELISA but negative
results for specific IgM and IgA (titer < 16) antibodies by capture ELISA; and
group IV (negative control) consisted of 35 serum samples collected from
healthy individuals without clinical symptoms and with negative results for T.
gondii-specific IgM, IgA, and IgG antibodies in the above-mentioned serological
assays. This study was approved by the Ethical Committee from this institution.

Parasites and antigens. 7. gondii (RH strain) tachyzoites were maintained in
Swiss mice by serial passage for 48 to 72 h (18). A parasite suspension was treated
with protease inhibitors (10 pg/ml aprotinin, 50 wg/ml leupeptin, and 1.6 mM
phenylmethylsulfonyl fluoride) and then submitted to freeze-thaw and sonication
cycles (25). After centrifugation (10,000 X g, 15 min, 4°C), the supernatant was
collected, the protein content was determined (15), and aliquots were stored at
—20°C until they were used as STAg in ELISAs. Alternatively, the parasite
suspension was adjusted to a final concentration of 1 X 10® tachyzoites/ml and
lysed in sample buffer (0.1 M Tris-HCI, pH 6.8, 4% sodium dodecyl sulfate
[SDS], 20% glycerol, 0.2% bromophenol blue). Solubilized parasites were spun
(10,000 X g, 10 min, 4°C), and the supernatant was recovered and used as a 7.
gondii lysate antigen in the immunoblotting assays. Whole 7. gondii antigens were
also prepared for use in immunolocalization assays by IFAT, as described else-
where (2). Parasites were washed in phosphate-buffered saline (PBS), treated
with 1% formaldehyde for 30 min at room temperature, fixed in microscopic
slides, and stored at —20°C.

MAD production, purification, and epitope mapping based on phage display.
A3A4 and A4D12 MAbs were generated by intraperitoneal immunization of
BALB/c mice with T. gondii (RH strain) tachyzoites treated with 30% acetone in
PBS at 4°C for 72 h, followed by a booster 1 month later by intravenous injection.
Hybridoma was produced by mixing (1:1) splenocytes with SP20/Ag14 murine
myeloma cells in the presence of polyethylene glycol 1500 (11). The cloned
hybridomas were amplified, isotyped (IgG1 k chain), and stored in liquid nitro-
gen. Supernatants of MAb 1B8 (IgG2b « chain) were kindly provided by Lloyd
H. Kasper (Dartmouth Medical School, Lebanon, NH). The MAbs were purified
in a protein G-Sepharose affinity column (Sigma Chemical Co.) according to the
manufacturer instructions, and purified IgG fractions were concentrated and
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dialyzed in Amicon (Millipore, Billeria, MA), using membranes with 30-kDa
cutoff. The protein content of each purified MAb was determined by the Lowry
method (15). MAbs A3A4 and A4D12 were further characterized by epitope
mapping based on phage display (Ph.D.-12 peptide library kit; New England
BioLabs Inc., Beverly, MA) as previously described (5). The amino acid deduc-
tion from phage DNA sequences revealed peptide core consensus around
PSWW-VI (MAb A3A4) and DGSSA (MADb A4D12) sequences. BLASTp anal-
ysis of a database with peptide sequences resulted in considerable alignments
with p30-p60 (SRS) and p22 (SAG2A) surface antigens from 7. gondii.

Immunoblotting and immunolocalization. The 7. gondii lysate antigen was
boiled for 3 min in the presence (reducing conditions) or absence (nonreducing
conditions) of 10% 2-mercaptoethanol (2ME) and resolved in an SDS-poly-
acrylamide gel electrophoresis gel at 10% as previously described (12). Proteins
were electrotransferred to nitrocellulose membranes (32), and strips were
blocked with 0.01 M PBS (pH 7.2) containing 0.05% Tween 20 (PBS-T) plus 5%
nonfat skim milk (PBS-TM) for 1 h at 37°C. After being washed with PBS-T, the
membranes were incubated with A3A4, A4D12, or 1B8 MADs for 2 h at 37°C.
After the wash, peroxidase-labeled goat anti-mouse IgG (1:1,000; Sigma Chem-
ical Co.) was added and incubated for 1 h at 37°C. After the final wash, the
reaction was developed with 3,3'diaminobenzidine tablet sets (Sigma Fast; Sigma
Chemical Co.). For immunolocalization by IFAT, antigen slides of formolized T.
gondii tachyzoites were incubated with MAbs A3A4, A4D12, and 1B8 for 45 min
at 37°C. As a negative control, an irrelevant mouse IgG isotype was used. After
the wash, fluorescein isothiocyanate-labeled goat anti-mouse IgG (Sigma Chem-
ical Co.) diluted 1:50 in PBS plus 0.01% Evans blue was added and incubated for
30 min at 37°C. The slides were overlaid with carbonate-buffered glycerol (pH
8.5) and a coverslip and examined under fluorescence microscopy.

Indirect ELISA. Indirect ELISA was carried out to detect IgG, IgM, and IgA
antibodies to T. gondii as described elsewhere (18). High-binding microtiter
plates (Corning Laboratories Inc., New York, NY) were coated with STAg (10
pg/ml) in 0.06 M carbonate buffer (pH 9.6) overnight at 4°C. The plates were
washed three times with PBS-T and blocked with PBS-TM for 1 h at room
temperature. Subsequently, the wells were incubated with serum samples diluted
at 1:64 (for detecting IgG and IgM) or 1:16 (for detecting IgA) for 1 h at 37°C.
After the wash, peroxidase-labeled goat anti-human IgG (1:2,000), anti-human
IgM (1:1,000) or anti-human IgA (1:500) (Sigma Chemical Co.) was added and
incubated for 1 h at 37°C. The assay was developed by adding the enzyme
substrate (0.03% H,0,) and chromogen (0.01 M 2,2'-azino-bis-3-ethyl-benzo-
thiazolinesulfonic acid [ABTS; Sigma Chemical Co.]) in 0.07 M citrate-phos-
phate buffer (pH 4.2). The optical density (OD) was read at 405 nm with a plate
reader (Titertek Multiskan Plus spectrophotometer; Flow Laboratories). The
cutoff of the reaction was determined as the mean OD of negative control sera
plus 3 standard deviations. Antibody titers were arbitrarily expressed as ELISA
index (EI) values, according to the formula ODg,mpie/ODcyos as described
previously (28). Samples with EI values of >1.2 were considered positive, and
borderline EI reactivity values close to 1.0 were excluded.

Capture ELISA for IgM and IgA. Microtiter plates (Immulon 2; Dynex Tech-
nologies, Chantilly, VA) were coated overnight at 4°C with goat anti-human IgM
or anti-human IgA antibodies (10 pg/ml) (Sigma Chemical Co.) diluted in 0.06
M carbonate buffer (pH 9.6). The plates were washed with PBS-T and blocked
with PBS-TM for 1 h at room temperature. Subsequently, the wells were incu-
bated with serum samples diluted at 1:16 for 2 h at 37°C and then with STAg (100
pg/ml) for 2 h at 37°C. The bound antigen was detected with a peroxidase-
labeled rabbit F(ab'), anti-T. gondii conjugate (33) diluted 1:50 and incubated
for 1 h at 37°C. The subsequent steps of the reaction were developed as described
for indirect ELISA.

Inhibition enzyme immunoassay. An inhibition ELISA, as described else-
where (7, 9), with some modifications was carried out in order to evaluate the
immunodominant properties of the epitopes recognized by A3A4, A4D12, and
1B8 MAbs. A panel of 20 human sera (10 seropositive and 10 seronegative to 7.
gondii) was used, and the serological statuses of the samples were determined by
indirect ELISA for IgG to T. gondii, using STAg. Microtiter plates (NUNC
maxisorpRT; Nalge Nunc International Co., Rochester, NY) were coated with
STAg (10 wg/ml) in 0.06 M carbonate buffer (pH 9.6) overnight at 4°C. The
plates were washed four times with PBS-T and incubated with the human serum
samples (in quadruplicate) diluted 1:64 in 0.02 M Tris-buffered saline containing
0.05% Tween 20 (TBS-T) or a control (TBS-T only) for 30 min at room tem-
perature. After being washed, the plates were incubated with purified MAbs (10
wg/ml in TBS-T) in duplicate wells for 30 min at room temperature. After four
additional washes, peroxidase-labeled goat anti-mouse IgG (1:1,000; Sigma
Chemical Co.) was added and incubated for 30 min at room temperature. The
assay was developed by adding the enzyme substrate (0.03% H,0,) and chro-
mogen (0.01 M ABTS). ODs were determined at 405 nm and the results ex-
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FIG. 1. (A) Immunolocalization of p30-p60, p22, and p97 antigens in 7. gondii tachyzoites by A3A4, A4D12, and 1B8 MADbs, respectively, in
IFAT. As negative control, an irrelevant mouse IgG isotype was used instead of MAbs, followed by addition of fluorescein isothiocyanate-labeled
goat anti-mouse IgG. (B) Immunoblotting of 7. gondii total lysate separated in 10% SDS-polyacrylamide gel electrophoresis gel in the absence (—)
or presence (+) of 10% 2ME and probed with 1B8, A3A4, and A4D12 MAbs. Standards of molecular mass (M,) expressed in kilodaltons (kDa)
are indicated on the left. Antigens (p97, p30-p60, and p22) recognized by respective MAbs are shown on the right. (C) Inhibition ELISA performed
with A3A4, A4D12, or 1B8 MAbs in STAg-coated microplates incubated with a panel of seropositive or seronegative human sera previously
analyzed by indirect ELISA for IgG to T. gondii, evaluating the capacities of these samples to compete with MAbs.

pressed as percentages of inhibition of binding of MADbs to the STAg relative to
the level for the positive control (uninhibited MADb by serum samples, which were
replaced by TBS-T only).

Reverse enzyme immunoassay. A reverse ELISA was developed by using
MADs A3A4, A4D12, and 1BS8 as capture antibodies to bind STAg, as previously
described (27). Optimization of the reaction was established in preliminary
experiments through block titration of the reagents. High-binding microtiter
plates (Corning Laboratories Inc.) were separately coated with purified A3A4,
A4D12, or 1B8 MAbs at 10 wg/ml in 0.06 M carbonate buffer (pH 9.6) overnight
at 4°C. As a control for the MAbs, plates were coated in parallel with an
irrelevant mouse IgG1 isotype (eBioscience, San Diego, CA) at the same con-
centration. The plates were washed three times with PBS-T and blocked with
PBS-TM for 1 h at room temperature. After the plates were blocked, the wells
were washed and subsequently incubated with STAg (20 pwg/ml in PBS-TM) for
1 h at 37°C. The plates were washed six times and then incubated with serum
samples diluted 1:64 (for detecting IgG and IgM) or 1:16 (for detecting IgA) for
1hat 37°C. The subsequent steps of the reaction were developed as described for
indirect ELISA.

Statistical analysis. The seropositivity percentages found in the different as-
says were compared by the x? test. Inhibition percentages were expressed in 95%
confidence intervals (CI). Correlations between levels of IgG, IgM, and IgA
antibodies to 7. gondii as determined by indirect ELISA using STAg and reverse
ELISA using MAbs were analyzed by the Spearman correlation test. P values of
<0.05 were considered statistically significant.

RESULTS

Immunolocalization and immunoblotting. The cellular lo-
calizations of the antigens recognized by A3A4, A4D12, and
1B8 MADs in T. gondii tachyzoites were examined in IFAT
(Fig. 1A). A bright and linear peripheral fluorescence of the
parasite surfaces was observed when MAbs A3A4 and A4D12
were used. In contrast, the reaction developed with MAb 1BS

showed a heterogeneous granular intracellular staining, as ex-
pected. These results confirm that MAbs A3A4 and A4D12
recognize 7. gondii surface proteins while MAb 1B8 (anti-p97)
recognizes an intracellular antigen.

The apparent molecular masses of the antigens and the type
of epitope recognized by the A3A4, A4D12, and 1B8 MAbs
were determined by immunoblotting with 7. gondii lysate an-
tigen in the presence or absence of 2ME (Fig. 1B). MAb
A4D12 recognized a component of 22 kDa under both reduc-
ing and nonreducing conditions. A similar profile of reactivity
was observed under both conditions with MAb 1B8, which
recognizes a 97-kDa T. gondii antigen, since it has been previ-
ously characterized as a non-conformation-sensitive antibody.
On the other hand, MAb A3A4 showed reactivity to 30/60-kDa
(monomer/dimer) polypeptides under nonreducing conditions
while no reactivity was detected when the 7. gondii lysate
antigen was run under reducing conditions. These data indi-
cate that MAb A3A4 is a conformation-sensitive antibody and
recognizes a conformational epitope in the p30-p60 antigen
and/or the SRS family, while MAbs A4D12 and 1BS8 are non-
conformation-sensitive antibodies that recognize linear epitopes
in the p22 and p97 antigens, respectively.

Inhibition ELISA. The abilities of A3A4, A4D12, and 1B8
MAbs to recognize p30-p60, p22, and p97 antigens, respec-
tively, in STAg were analyzed by an inhibition ELISA, evalu-
ating the capacities of these MAbs to compete with a panel of
human sera with serological statuses previously established by
indirect ELISA for IgG to T. gondii. As shown in Fig. 1C,
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FIG. 2. Levels of IgG, IgM, and IgA antibodies to T. gondii as determined by indirect ELISA using STAg or reverse ELISA using MADbs (A3A4,
A4D12, and 1B8) in four groups of human sera: (A) recent infection defined by positive IgG, IgM, and IgA to T. gondii (n = 45); (B) transient
infection defined by positive IgG and IgM but negative IgA to 7. gondii (n = 40); (C) chronic infection defined by positive IgG but negative IgM
and IgA to T. gondii (n = 55); and (D) negative IgG, IgM, and IgA to T. gondii (n = 35). Antibody levels are expressed as EI values, the dashed
lines indicate the cutoff value (EI > 1.2), and the horizontal bars represent the mean of EI values.

positive sera showed higher percentages of inhibition by A3A4
MAb (95% CI = 36% to 48%), while negative sera showed
lower inhibition rates (95% CI = 4% to 11%). Regarding
A4D12 MADb, a wide-ranging inhibition was found for positive
sera (95% CI = 11% to 26%), but negative sera displayed a
more restricted inhibition range (95% CI = 3% to 8%). In a
similar manner, 1B8 MAD showed varied inhibition percent-
ages for positive sera (95% CI = 9% to 26%), while negative
sera exhibited the lowest inhibition rates (95% CI = 0% to
3%). These results demonstrate that, even though A3A4 MAb
showed the highest competition capability in comparison with
A4D12 and 1B8 MAbs, the epitopes recognized by all of them
belong to antigenic regions that may be characterized as im-
munodominant.

Reverse ELISA versus indirect ELISA. Levels of IgG, IgM,
and IgA antibodies to 7. gondii as determined by indirect
ELISA using STAg were compared with those obtained from
reverse ELISA using MAbs (Fig. 2). All groups with IgG-
positive samples showed a total concordance in IgG positivity
rates (100%) between indirect ELISA and reverse ELISA us-
ing MAbs A3A4 and A4D12 (Fig. 2A, B, and C). However, in
reverse ELISA for IgG with MADb 1BS8, positivity percentages
were significantly lower, ranging from 60% to 70% for all three
groups (P < 0.0001). All assays showed a total concordance of
negative results for IgG antibodies in the group of seronegative
samples (Fig. 2D).

Upon analysis of IgM antibodies to 7. gondii as determined

by indirect or reverse ELISA for IgM, no significant difference
in the seropositivity levels of the groups with IgM-positive
samples (Fig. 2A and B) was found between the ELISAs when
A3A4 or A4D12 was used. Again, reverse ELISA for IgM with
MAD 1B8 displayed significantly lower positivity rates (4.4%;
P = 0.0042) in the group of patients with recent infection (Fig.
2A). In the groups with IgG-positive samples only (Fig. 2C)
and seronegative samples (Fig. 2D), IgM seropositivity was
below 11% in all assays.

Regarding the T. gondii-specific IgA antibodies, indirect
ELISA for IgA with STAg showed significantly higher positiv-
ity rates (78%) than reverse ELISA for IgA with A3A4 (38%;
P =0.0006) or 1B8 (29%; P = 0.0001) but not that for IgA with
A4D12 (60%) in the group of patients with recent infection
(Fig. 2A). However, in the group of patients with transient
(Fig. 2B) or chronic (Fig. 2C) infections, reverse ELISA for
IgA with MAbs, particularly A3A4 and 1BS, displayed signif-
icantly lower positivity rates (12% to 25%) than indirect
ELISA for IgA (50% to 55%) (P < 0.05). In the seronegative
group (Fig. 2D), no significant difference was found for IgA
seropositivity (<15%) in any assay.

Correlation between reverse and indirect ELISAs. Correla-
tion indices between indirect and reverse ELISAs were per-
formed, taking into account all IgG-positive samples (groups I,
I, and III), all IgM-positive samples (groups I and II), and all
IgA-positive samples (group I) for each antibody isotype. As
shown in Fig. 3, a strong and significant positive correlation
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FIG. 3. Correlation between the levels of IgG, IgM, and IgA antibodies to 7. gondii as determined by indirect ELISA using STAg and reverse
ELISA using anti-SRS (A, D, G), anti-SAG2A (B, E, H), and anti-p97 (C, F, I) MAbs in human sera. A total of 140 serum samples (groups I,
11, and III) were analyzed for IgG, 85 serum samples (groups I and II) for IgM, and 35 serum samples (group I) for IgA. The correlation coefficients
(r,) were calculated by the Spearman correlation test. The dashed lines indicate the cutoff values (EI > 1.2) for each assay. The percentages of
double-positive, double-negative, and single-positive samples for each antibody isotype are indicated on the corresponding corners.

was observed between levels of anti-STAg IgG and anti-SRS
(Fig. 3A) or anti-SAG2A (Fig. 3B) IgG, with 100% of double-
positive samples. However, a moderate positive correlation
was found for anti-p97 IgG (Fig. 3C), with 37% of serum
samples being positive for anti-STAg IgG only (P < 0.0001).
For the IgM isotype, high positive correlations were observed
in all assays, particularly for anti-SAG2A IgM, which showed
similar percentages of single-positive samples (Fig. 3E). How-
ever, a significantly higher percentage of single-positive sam-
ples was found for anti-SRS IgM (15%; P = 0.0120) (Fig. 3D),
with a significantly lower one for anti-p97 IgM only (1%; P =
0.0037) (Fig. 3F). For the IgA isotype, the highest positive
correlation was seen for anti-SAG2A IgA (Fig. 3H), with 60%
of double-positive samples, although 18% were positive for
anti-STAg IgA only (P = 0.0124). However, anti-SRS IgA (Fig.
3G) and anti-p97 IgA (Fig. 3I) showed significantly lower per-
centages of double-positive samples (36% and 29%, respec-
tively), with considerable numbers of single-positive samples
for anti-STAg IgA only (42% and 49%, respectively) (P <

0.0001). Overall, these observations suggest that reverse ELISA
for IgG with A3A4 (anti-SRS) or A4D12 (anti-SAG2A) MAbs is
highly correlated with indirect ELISA for anti-STAg IgG, and for
IgM and IgA isotypes in particular, the reverse ELISA using
A4D12 showed the highest correlation.

DISCUSSION

The serological diagnosis of toxoplasmosis can be based on
criteria that distinguish serologic profiles in 7. gondii infection
(3). For a long time, the main marker of recent infection was
the presence of specific I[gM antibodies in parallel with a rapid
ascension of IgG (profile I). A serological phase of transition
was determined when IgG antibodies were detected in high
titers, together with an absence or low levels of IgM antibodies
(profile II). Profile III was characterized by the presence of
IgG antibodies in low titers and the complete absence of IgM
as detected by classical serological assays, such as immunoflu-
orescence and hemagglutination tests. However, in recent
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years important progress has been made in acquiring knowl-
edge concerning the antigenic and genomic structure of 7.
gondii (4). For example, detection of other isotypes, as IgA and
IgE, or functional affinity (avidity) of IgG is resulting in an
availability of new immunoassays that may allow a better def-
inition of the stage of infection (26). It has been shown that
such definition is very easy in the presence of seroconversion or
persistent negative serology, but some challenges still persist,
such as how to interpret the detection of specific [gM in preg-
nant women. IgM antibodies arise within the first week of
infection, rapidly increase, and thereafter decline and disap-
pear at highly variable rates. False-positive results and persis-
tence of positive titers even years after initial infection hamper
correct interpretation of results obtained in IgM antibody tests.
The greatest value of testing for IgM lies in the fact that a
negative test essentially may rule out recently acquired infec-
tion (20). However, results obtained with some commercial kits
used to detect IgM antibodies are sometimes unreliable, with
false-positive rates as high as 60%. Therefore, at this time,
important pieces of information concerning serodiagnosis of
toxoplasmosis are still lacking, and the results of all-new sero-
logical tests should be added to the puzzle and sent to a
reference laboratory (26).

As the purpose of the present study was to evaluate the
diagnostic performance of three MAbs in reverse ELISAs for
detecting IgG, IgM, and IgA antibodies specific for 7. gondii in
serum samples from patients at different stages of infection,
the achieved results were compared with those obtained by
conventional ELISA using total soluble antigen. Our data
clearly demonstrated that the A3A4 MAD recognizes a con-
formational epitope in SRS family surface antigen, while the
A4D12 and 1B8 MAbs recognize linear epitopes in the
SAG2A surface and p97 cytoplasmatic antigens, respectively.
Upon performance of inhibition assays, our results demon-
strate that the A3A4 MAD, rather than the A4D12 and 1B8
MADs, showed significant competition with positive human
sera, confirming that the epitopes recognized by these MAbs
belong to the antigen immunodominant regions.

The specificities of the A3A4 and A4D12 MADs were also
investigated for cross-reactivity against a closely related Api-
complexa parasite, Neospora caninum, by IFAT and immuno-
blotting. Both MAbs reacted with tachyzoites from both geno-
types I and IT of T. gondii (RH and Me49, respectively), but no
reactivity was observed on N. caninum tachyzoites, indicating
that these MAbs are species- but not Toxoplasma strain-spe-
cific antibodies (data not shown). Concerning the specificity of
the 1B8 MAD, it was already described that this MAb recog-
nizes a p97 cytosolic structure from genotypes I, II, and III of
T. gondii as well as from closely related Apicomplexa parasites,
such as Besnoitia jellisoni, Plasmodium falciparum (17), and
Neospora caninum (16), but not from Leishmania donovani or
Leishmania mexicana (17), even though 1B8 epitope localiza-
tion in this molecule was not identified so far by phage display.

As the serum samples analyzed in the present study were
selected based on the results obtained by conventional assays,
i.e., indirect ELISA for IgG and capture ELISA for IgM and
IgA, comparisons were carried out among these tests in order
to observe the performance of the proposed reverse ELISAs.
When MAbs A3A4 and A4D12 were used, all groups with
IgG-positive samples showed total concordance in positivity

CLIN. VACCINE IMMUNOL.

rates between indirect ELISA for IgG and reverse ELISA for
IgG. However, for reverse ELISA for IgG with MADb 1BS,
positivity percentages were significantly lower, ranging from
60% to 70%, in the three groups of seropositive samples. In the
group with IgG-seronegative samples, both indirect ELISA for
IgG and reverse ELISA for IgG showed total concordance of
negative results.

Upon analysis of IgM antibodies to 7. gondii as determined
by indirect or reverse ELISA for IgM, no significant difference
in the seropositivity levels of the groups with IgM-positive
samples was found between the ELISAs when A3A4 or A4D12
was used, although reverse ELISA for IgM with A3A4 showed
a tendency to detect higher numbers of IgM-positive samples.
Also, reverse ELISA for IgM with MADb 1B8 displayed signif-
icantly lower positivity rates. In the group with samples show-
ing positivity for IgG only and in the seronegative group, IgM
seropositivity was low in all assays. Indirect ELISA for IgM
with STAg showed a low ability to detect [gM antibodies in the
two groups with recent and transient infections, previously
defined as IgM-positive samples by capture ELISA for IgM.

Concerning the detection of 7. gondii-specific IgA antibod-
ies, indirect ELISA for IgA with STAg showed significantly
higher positivity rates than reverse ELISA for IgA with A3A4
or 1B8 but not that for IgA with A4D12 in the group of
recent-infection-presenting, IgA-positive samples. Neverthe-
less, in the group of transient or chronic infections previously
defined as presenting IgA-negative samples, reverse ELISA for
IgA with MAbs, particularly A3A4 and 1BS, displayed signif-
icantly lower positivity rates than indirect ELISA for IgA. In
the seronegative group, no significant difference was found for
IgA seropositivity in any assay.

To our knowledge, this is the first report analyzing the per-
formance of a reverse ELISA for the detection of IgG, IgM,
and IgA isotypes active toward native SAG2A, SRS p30-p60,
and p97 molecules from T. gondii tachyzoites, using a panel of
human sera from patients with recent and chronic toxoplas-
mosis. There are in the literature only two studies describing a
MAD capture-based assay for IgG alone in human or stray cat
sera (19, 29). In the present study, it was demonstrated that
reverse ELISA for IgG with A3A4 or A4D12 is highly corre-
lated with indirect ELISA for anti-STAg IgG, whereas the
reverse ELISA using A4D12 for IgM and IgA showed the
highest correlation with indirect ELISAs for both isotypes. As
the recommended strategy for toxoplasmosis involves the se-
quential or concomitant combination of more than one of the
currently available methods and since no method on its own
can guarantee an adequate level of accuracy, we believe that
reverse ELISA could be used in combination with highly sen-
sitive and specific assays. In this context, PCR constitutes the
gold standard method for diagnosis of Toxoplasma infection,
especially in cases of congenital toxoplasmosis or infection
during pregnancy, even though it is not a routine procedure,
because the recovery of the parasite from biological samples is
often impracticable due to the parasite life cycle (27).

Overall, the results presented herein add a new piece of
information among important issues related to the serological
diagnosis of toxoplasmosis. For example, it may be possible to
perform immunoenzymatic assays capturing immunodominant
components instead of using crude extract, a strategy that
obviates the antigenic purification processes that are time-
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consuming and have serious problems of yield and solubility
due to the hydrophobic characteristics of these glycosylphos-
phatidylinositol-anchored components. Also, it may be possi-
ble to work with well-characterized, native, immunodominant
components instead of recombinant components obtained
mainly from prokaryotic systems that differ substantially from
native molecules due to posttranslational events, such as gly-
cosylation pathways. Finally, the important findings concerning
IgG isotype, with 100% concordance with STAg, open new
possibilities for investigating IgG subclasses, as well as IgG
avidity, by using the same approach described in the present
study. In conclusion, the present study demonstrated that re-
verse ELISA based on the capture of native SAG2A, SRS
p30-p60, and p97 antigens from the soluble crude extract of 7.
gondii tachyzoites by MAbs constitutes an additional approach
for strengthening the helpfulness of conventional serological
tests, particularly those used to determine stage of infection.
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