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Abstract: The determination of the accurate immune status of pregnant women is crucial in order to prevent congenital
toxoplasmosis. Equivocal results with conventional serological techniques are not uncommon when IgG titers are close to
the cut-off value of the test, so that a confirmatory technique is needed. For this purpose, we developed a homemade im-
munoblot (IB) using soluble extract of Toxoplasma gondii tachyzoites and assessed it by testing 154 positive, 100 negative,
and 123 equivocal sera obtained from pregnant women. In order to select the more valuable bands in terms of sensitivity
and specificity, we used the Youden Index (YI). The highest Yls were those given by the 32, 36, 98, 21, and 33 bands. The
simultaneous presence on the same blot of at least 3 bands showed a much higher Y1 (0.964) and was adapted as the pos-
itivity criterion. The analysis of results showed that our homemade IB correlated well with the commercial LDBIO Toxo |l
IgG® kit recently recommended as a confirmatory test (96.7% of concordance).
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INTRODUCTION

Toxoplasmosis is the most frequent and widespread proto-
zoal infection in humans. Although usually asymptomatic or
benign in immunocompetent individuals, toxoplasmosis may
cause severe lesions in the fetus when acquired by non-im-
mune pregnant women [1,2]. As congenital transmission can
only occur in previously seronegative women, the determina-
tion and correct interpretation of the immune status are essen-
tial for an appropriate prophylactic measures and treatment
[3,4]. In immunocompetent subjects, the diagnosis of toxo-
plasmosis is commonly established by the detection of specific
anti-Toxoplasma 1gG and IgM antibodies in the serum. Despite
the availability of a great variety of serological tests and efforts
for international standardization, discordance between tech-
niques and equivocal results are not uncommon when the
amounts of specific IgG are too low or close to the cut-off val-
ue of the test (gray zone) [5,6]. In our laboratory, where en-
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zyme immunoassay (EIA-IgG) and fluorescent antibody test
(FAT-IgG) are used in routine, borderline results account for
nearly 4% of tested sera [5]. The difficulties in interpretation
of borderline results encountered when the quantitative en-
zyme immunosystems are used and the discrepancies between
tests are, for a great part, caused by the differences between the
antigenic preparations, and the respective proportions of solu-
ble or membrane antigens [7-9]. In these situations, the pre-
cise determination of the immune status may be problematic,
so that a confirmatory test is highly needed [5,6,10]. This is
obviously of a major concern in pregnant women because of
the risk of congenital toxoplasmosis. Moreover, as soon as the
immune status is unequivocally determined, no further testing
is needed for seropositive women who are considered to be
im-munized. In contrast, a monthly serological monitoring is
essential for non-immune patients.

The dye test of Sabin and Feldman has long been the gold
standard method in the serodiagnosis of toxoplasmosis owing
to its high specificity and sensitivity, but it is labor-in-tensive,
tedious, not commercially available, and neither suitable for
routine use, so that it is only used by a very few laboratories
[2,6]. The LDBio-Toxo II IgG Western blot confirmation® test
(LDBIO Diagnostics, Lyon, France) (LDBIO II), which detects
specific anti-T. gondii 1gG, was recently developed to confirm
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results of conventional quantitative tests mainly when the IgG
titers are very close to the cut-off value. The LDBIO II was found
to be highly correlated to the dye test in terms of sensitivity
and specificity [2,6,10]. Its major drawback resides in its high
cost which limits its use for routine analysis.

The aim of our work was to develop an immunoblot (IB)
test that can be used as a confirmatory technique for discor-
dant or equivocal results in enzyme immune assay (EIA) and
indirect fluorescent antibody test (FAT).

MATERIALS AND METHODS

Sera

We tested 377 sera collected from pregnant women for a
routine toxoplasmosis screening. The sera were divided into 3
groups:

Group [: comprised 154 positive sera in routine tests (EIA-
IgG and FAT-IgG) with a titer ranging from 12 [U/ml to >240
[U/ml in EIA-IgG and from 12 IU/ml to 1736 IU/ml in FAT-
IgG. Among them, 37 were positive in EIA-IgM.

Group II: comprised 100 sera with negative results in the same
routine tests. Group I and Group II were designed for identify-
ing the relevant antigenic bands in our homemade IB test.

Group III: comprised 123 sera with equivocal or discordant
results in EIA-IgG and FAT. Sera with IgG titers ranging in the
“gray zone” in EIA-IgG, FAT, or both were considered equivo-
cal. Sera were considered discordant in the following situations:
(i) serum positive in one technique and negative in the sec-
ond, (ii) serum equivocal in one technique and negative or
positive in the second one. The Group III was designed to as-
sess our homemade IB test in detecting T gondii-IgG antibod-
ies in sera with doubtful results in routine tests.

ElA tests

EIA-IgG and EIA-IgM were performed manually by using the
Platelia-Toxo IgG® and the Platelia-Toxo IgM® immunoassay
(BioRad, Marnes-La-Coquette, France), according to the man-
ufacturers’ guide. In EIA-IgG, the results were expressed as in-
ternational units per milliliter (IU/ml) and their interpretation
was based on manufactures’ criteria. The test was regarded pos-
itive if >9.0, negative if <6.0 and equivocal if >6.0 and <9.0
(gray zone). In EIA-IgM, results were expressed as positive, neg-
ative, or borderline according to the manufacturer’s recommen-
dations. The test was considered negative if the ratio was <0.8,
equivocal if 20.8 and < 1.0 (gray zone), and positive if > 1.0.

FAT

This test was carried out using the ToxoSpot IF® commer-
cially available slides (BioMérieux, Marcy I'Etoile, France). The
titers of sera were calculated by reference to a positive control
with known titer and expressed as IU/ml. The test was positive
if >12.0, negative if <6.0, and equivocal if >6.0 and <12.0

(gray zone).

LDBIO-Toxo Il IgG

We used the LDBIO-Toxo II IgG western Blot® (LDBIO, Lyon,
France) according to the manufacturer’s guide. The resulting
bands on the patient’s serum strip were compared with the 5
following bands on the positive control strip: 30, 31, 33, 40,
and 45 kDa. A positive result is defined by the presence of at
least 3 matching bands on the patient’s strip, including the 30
kDa band. For Group III, the LDBIO II was used as a confir-
matory technique for sera with equivocal results.

Homemade immunoblot with soluble tachyzoite antigens

Soluble tachyzoite antigens was prepared as previously de-
scribed [11,12]. Briefly, female Swiss albino mice, weighing 30-
35 g were intraperitoneally injected with a 10°-10*/ml suspen-
sion of the virulent RH T. gondii strain tachyzoites. Parasites
obtained from the peritoneal exudate of mice were washed 3
times with PBS (pH 7.2-7.4) by centrifugation at 1,500 g for
15 min and adjusted to10® tachyzoites/ml. The parasite pellets
were subjected to 5-thaw cycles using liquid nitrogen and 37°C
water bath. Tachyzoites were further disrupted by sonication
in ice using a sonicator (80W, 20 sec duration, 20 times, with
10 sec intervals). The lysate was centrifuged at 17,500 g for 30
min at 4°C. The protein concentration of the resulting super-
natant, containing soluble antigens, was measured by the Brad-
ford method using BSA as a standard.

SDS-PAGE was performed according to the method of Laem-
mli [13]. Proteins and molecular weight (MW) marker (See
Blue® Pre-stained Standard, Invitrogen, Carlsbad, California,
USA) were separated on 12% acrylamide gel (Mini-Protean
Tetra Cell, BioRad, Hercules, California, USA) under reducing
conditions. After migration, the gel was stained with Coomass-
ie Blue G250 (BioRad). The images of the gel were analyzed
using the ChemiDoc™ MP (BioRad) and Quantity One Soft-
ware package for imaging and analyzing 1-D electrophoresis gels.

For IB, the separated proteins were transferred from the gel
to a nitrocellulose membrane (90V, 350 mA for 90 min). The
membrane was blocked in 5% dried skimmed milk in PBS-
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0.3% Tween 20 for 2 hr at room temperature, then incubated
overnight at 4°C with the diluted patients’ sera (1/100). After 5
washes for 5 min in PBS-T and incubation with alkaline phos-
phatase-goat anti-human IgG antibody (1/6,000) for 90 min,
the NBT/BCIP substrate (Invitrogen) was used for the revela-
tion of bands according to the manufacturer’s instructions. The
revelation was blocked with 2 washes of ddH,O. The MW of
the revealed bands was determinate by using the ChemiDoc ™
MP and Quantity One software package (BioRad).

Statistical analysis

The y’-test was used to compare the frequencies of each band
between positive and negative sera. For the comparison of the
sensitivity and specificity of the bands, we used the y*-test of
Mc Nemar. To evaluate the diagnostic value of each band, we
used the Youden index (IY) which takes into account the spec-
ificity and sensitivity of the diagnostic test [14]. This index is
calculated according to the following formula: IY = (sensitivity
+ specificity)-1. It ranges between -1 and 1. The test giving the
highest index (the closer to 1) is considered to have the best
diagnostic performance.

RESULTS

Homemade IB with sera of Group | and Group I
A total of 28 bands with a MW ranging from 6 to 250 kDa
were detected by both positive and negative sera. These bands
were the followings: 250, 176, 152, 148, 126, 115, 104, 98, 84,
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73,04, 54,47, 41, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 27, 21,
16, and 6 kDa, except for the 152 kDa and 126 kDa bands
that were only observed with 8 and 1 positive sera, respectively
(Fig. 1).

The number of bands per positive serum ranged from 5 to
20 bands with a mean of 11.6 bands per serum. The number
of bands per negative serum ranged from 0 to 12 with a mean
of 3.0 bands per serum.

Out of the 28 bands, the 32, 36, 98, 21, and 33 kDa showed
the highest YIs (0.855, 0.838, 0.701, 0.692, and 0.657, respec-
tively) and were selected as the most relevant markers of infec-
tion (Table 1).

As none of the 5 selected bands showed neither an absolute
specificity nor an absolute sensitivity, we calculated the YI giv-
en by the association in the same blot of 2 or more out of the
5 bands. The highest YI (0.964) was that shown by the simul-
taneous presence of at least 3 bands which we considered as a
criterion of positivity (Table 2).

According to these finding, we propose the following 2 in-
terpretations: 1) The presence on the same blot of at least 3 of
the 32, 36, 98, 21, and 33 kDa attests the presence of anti-Toxo-
plasma 1gG antibodies in the tested serum. 2) The absence of
the 5 bands or the presence of 2 or 1 single band attests the
absence of anti-Toxoplasma IgG antibodies in the tested serum.

Homemade IB test with Group Il
Among the 123 sera with discordant or equivocal results, 107
were positive and 16 were negative in LDBIO II test. Among

B Positive sera
Negative sera

i

Bands (kDa)

0
250176 152148126 115104 98 84 73 64 54 47 41 39 38 37 36 3534 33 32 31 30 27 21 16 6

Fig. 1. Frequencies of antigenic bands recognized by IgG antibodies in positive (Group 1) and negative sera (Group l). *Antigenic bands

with a relevant Youden Index are indicated with an asterisk.
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Table 1. Intrinsic characteristics of the 5 relevant bands (98, 36, 33, 32, and 21 kDa) selected in our home-made immunoblot test

Positive sera Negative sera Sensitivi Specificit PPV NPV
Rl T (ﬁ: 100) cl gs%ty r Cllass Clloss i
98 128 13 83.1(76.1, 88.5) 87.0(78.4,92.6) 90.8 (84.4, 94.8) 77.0(67.9,84.2) 0.701
36 146 11 94.8(89.7, 97.6) 89.0(80.8, 94.1) 93.0(87.5, 96.3) 91.8(83.9, 96.1) 0.838
33 112 7 72.7 (64.9, 79.4) 93.0 (85.6, 96.9) 94.1(87.8,97.4) 68.9 (60.3, 76.4) 0.657
32 144 8 93.5(88.1,96.7) 92.0(84.4,96.2) 94.7 (89.5, 97.5) 90.2 (82.3, 94.9) 0.855
21 125 12 81.2(73.9, 86.9) 88.0(79.6, 93.4) 91.2(84.9,95.2) 75.2 (66.2, 82.5) 0.692

Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; Yl, youden index.

Table 2. Intrinsic characteristics of the different profiles obtained with the 5 relevant bands (98, 36, 33, 32, and 21 kDa) detected in our

immunoblot test
Positive sera Negative sera Sensitivity Specificity PPV NPV VI
(h=154) (h=100) (Cl g5%) (Cl g5%) (Cl g5%) (Cl 5%)
Presence of at least 1 band 154 36 100.0 (97.0, 100.0) 64.0 (63.7, 73.2) 81.1(74.0, 86.2) 100.0(92.9, 100.0) 0.640
Presence of at least 2 bands 153 14 99.4 (95.9,100.0) 86.0 (77.3, 91.9) 91.6(86.1, 95.2) 98.9(92.9, 99.9) 0.854
Presence of a least 3 bands 150 1 97.4(93.1, 99.2) 99.0(93.8, 99.9) 99.3(95.8,100.0) 96.1(89.8, 98.7) 0.964
Presence of a least 4 bands 129 0 83.8(76.8, 89.0) 100.0 (95.4, 100.0) 100.0 (96.4, 100.0) 80.0(71.7, 86.4) 0.838
Simultaneous presence of 5 69 0 44.8(36.9, 53.0) 100.0 (93.4, 100.0) 100.0 (93.4, 100.0) 54.1 (46.6, 61.3) 0.448
bands

Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; Y1, youden index.

the 107 positive sera in LDBIO II, 103 (97.14%) were positive
in our homemade IB test. The 16 negative sera in LDBIO Toxo
1T IgG were all negative in the homemade IB test. The concor-
dance between LDBIO II test and our IB test was 96.7%. Figs.
2, 3 illustrate some profiles obtained with positive and negative
sera in LDBIO I and in our homemade IB, respectively.

DISCUSSION

The determination of the accurate immune status of preg-
nant women mainly with regard to the IgG response is essen-
tial for evaluating and preventing the risk of congenital toxo-
plasmosis. Most of the commercially available tests for IgG de-
tection are overall reliable and satisfactory in terms of sensitivi-
ty and specificity [5,6]. However, laboratories are often faced
with interpretation problems when using conventional meth-
ods mainly when IgG concentrations are too low or very close
to the cut-off value of the technique, which leads to equivocal
results [5,10]. In these situations, it is usually recommended to
test the same serum in a second technique, even though in
most cases, the immune status of the patient remains doubtful.
This highlights the need for a confirmatory test to check sam-
ples with borderline results in order to unambiguously deter-
mine the correct immune status of the investigated patients.

The LDBIO II was reported to be very valuable as a confir-
matory test and shown to be highly correlated to the dye test

45 kDa —» .
40 kDa —>
33 kDa —>
31 kDa —»
30 kDa —>
1 5 6 7 8 9

2 3 4 10 M

Fig. 2. Patterns shown by equivocal and/or discordant sera (Group
IIl) tested in LDBIO Toxo Il IgG®. Lane 1: positive control with the
45, 40, 33, 31, and 30 kDa. Lane 2: negative sera with the 30
kDa. Lane 3: positive sera with the 30, 31, and 33 kDa. Lane 4:
negative sera with the 30 and 31kDa. Lane 5: negative sera with
the 30 and 31 kDa. Lane 6: positive sera with the 30, 31, 40, and
45 kDa. Lane 7: sera with the 30 kDa. Lane 8: positive sera with
the 30, 31, and 33 kDa. Lane 9: positive sera with the 30, 31,
and 33 kDa. Lane 10: negative sera with the 30 and 31 kDa. Lane
11: negative sera with the 30 kDa.
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250 kDa—>
64 kDa—>
50 kDa—>
36kDa—» - - < 36KDa
e <«—33kDa
30 kDa—> <«—32kDa
[ " <«—21kDa
16 kDa—>
4 kDa—>
6 kDa—>
A 1 2 3 4 56 7 8 9 10

Fig. 3. Patterns shown by equivocal and discordant sera (Group
lll) tested in our homemade immunoblot. Lane A: molecular
weight marker. Lane 1: negative sera with the 36 kDa. Lane 2:
negative sera with the 36 kDa. Lane 3: negative sera with the 36.
Lane 4: negative sera. Lane 5: negative sera. Lane 6: negative
sera with the 36 kDa. Lane 7: negative sera with the 36 and 33
kDa. Lane 8: negative sera with the 33 and 21 kDa. Lane 9: posi-
tive sera with the 36, 33, and 21 kDa. Lane 10: positive sera with
the 98, 36, 33, 32, and 21 kDa.

considered so far as the gold standard [15]. However, the test
is not suitable for a routine use because of its high cost and
because no information is available about the preparation of
antigens and confection of strips. For these reasons, we devel-
oped a homemade IB test using soluble antigens extracted from
tachyzoites of T. gondii, and assessed it towards equivocal sera
obtained from pregnant women. The analysis of the IB pat-
terns showed that, as expected, the positive sera were more re-
active than the negative sera with respect to the number of bands
per serum (11.63 vs 2.98).

In order to select the more valuable bands as potential diag-
nostic markers, we used the YI which takes into account both
the sensitivity and the specificity parameters. The highest YIs
were given by the 5 following bands: 32, 36, 98, 21, and 33
kDa. The 32 kDa band, which presumably corresponds to the
GRAG protein, showed the highest YI (0.855) [16]. The 32 kDa
band is considered as a major T. gondii antigen [17,18]. In ad-
dition it was reported to be a good marker of acute toxoplas-
mosis when tested in avidity-IB [19].

The 36 kDa band showed the second highest YI (0.838). This
band very probably corresponds to the Rop 9 protein and has
been reported as a good serological marker of toxoplasmosis
[20-22]. The 98 kDa band showed a YI of 0.701 (the third high-
est YI). Even though the bands of high MW are often consid-
ered as poorly specific [21], we could not discard the 98 kDa
band as a potential serological marker because its sensitivity
and specificity were quite satisfactory (83.1% and 87.0%, re-
spectively). A band with the same MW has already been de-
scribed by Johnson et al. [23] in T. gondii soluble extract. This
band may be similar to the 97 kDa band described by Marco-
lino et al. [19] and shown to be a good marker of recent dis-
ease in IB-avidity assay. In our study, the 98 kDa band was re-
vealed by 128 positive sera regardless of the stage of the disease.

The 21 kDa and the 33 kDa bands gave the lowest YIs (0.692
and 0.657, respectively). Both antigens have already been re-
ported by Fatoohi et al. [21]. It is worth to note that the 33 kDa
band is one of the 5 bands selected by the LDBIO II [6]. In a
previous report, the 21 kDa band showed a sensitivity of 71%
when used as antigen in an EIA assay [24]. On the other hand,
the likeliness of the identify between the 21 kDa band and the
22 kDa bands described as a very interesting markers of toxo-
plasmosis cannot be discarded [18,25].

The bands identified as potential diagnostic markers with
our test (21, 32, 33, 36, and 98 kDa) are different from those
proposed by the LDBIO 1T kit (30, 31, 33, 40, and 45 kDa). This
could be explained by technical differences in various parame-
ters of the immunoblot such as the type of the antigen used
(soluble, membranal, or total lysate) and its preparation, the
SDS-PAGE and the immunoblotting itself. These parameters
are not specified by the supplier of LDBIO II kit; therefore, we
cannot compare them with the parameters of our test.

The analysis of our results showed that none of the revealed
bands had an absolute sensitivity and specificity. In order to
improve the performance of our homemade IB, we assessed
the combination on the same blot of 2 or more of the 5 rele-
vant bands. The highest YI was that generated by the associa-
tion of at least 3 bands which we considered as a criterion of
positivity in the interpretation of our IB patterns. When this
criterion was applied to the 123 sera that showed equivocal re-
sults in conventional techniques (EIA and FAT), the sensitivity
and the specificity of our IB were 97.1% and 100%, respective-
ly. The concordance between our homemade IB and LDBIO 11
test was very high (96.7%).

The 4 false negative results shown by our homemade IB are
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none of major concern because the 4 women will be consid-
ered not immunized and further improperly followed up and
submitted to the recommended preventive measures. In con-
trast, a false positive result would expose the misdiagnosed
women to the risk of pergravidic toxoplasmic infection as they
will be considered as immunized.
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