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Toxoplasmosis, a benign infection, is asymptomatic or paucisymptomatic in over 80% of cases, except in immunocompetent
patients suffering from ocular toxoplasmosis or in immunocompromised patients with opportunistic or congenital toxoplasmo-
sis. Diagnosis is based mainly on serology testing. Thus, we compared the performance of the nine most commonly used com-
mercial automated or semiautomated immunoassays for IgG and IgM Toxoplasma gondii antibody detection, that is, the Advia
Centaur, Architect, AxSYM, Elecsys, Enzygnost, Liaison, Platelia, VIDAS, and VIDIA assays. The assays were conducted on four
panels of serum samples derived during routine testing from patients with an interfering disease and who exhibited a low IgG
antibody level in one of two clinical settings, namely, acute or chronic toxoplasmosis. As a result, IgG sensitivities ranged from
97.1% to 100%, and IgG specificities ranged from 99.5% to 100%. For IgG quantification, strong differences in IgG titers (ex-
pressed in IU/ml) were noted depending on the assay used. IgM sensitivities ranged from 65% to 97.9%, and IgM specificities
ranged from 92.6% to 100%. For defining the best serological strategies to be implemented, it appears crucial to compare the
diagnostic performance of the different tests with respect to their specificity and sensitivity in detecting the presence of IgG and
IgM antibodies.

Toxoplasmosis, a benign infection that is asymptomatic or pau-
cisymptomatic in more than 80% of cases (1, 2), is caused by a

cosmopolite protozoan parasite, Toxoplasma gondii. The preva-
lence of T. gondii infection varies from one country to another,
depending on environmental conditions and eating habits. In the
United States, Great Britain, and southeastern Asia, the T. gondii
infection prevalence is less than 30% (3, 4), whereas it exceeds
60% in Africa and Latin America (5). In France, its prevalence
decreased over the past decades from 83% in 1965 to 37% in 2010
(6, 7).

Infection that occurs during pregnancy in a noninfected
woman may result in congenital toxoplasmosis in the child (8). In
immunosuppressed patients (HIV-infected or transplant pa-
tients), chronic infection or its reactivation can also lead to severe
toxoplasmosis and can even be lethal if not successfully treated
(9). Ocular toxoplasmosis may be observed in immunocompetent
patients (10). The diagnosis of toxoplasmosis is based mainly, but
not only, on serological tests for IgG and IgM (11, 12). These
screening techniques enable the immunological status to be de-
fined and the exposure risk for seronegative subjects to be esti-
mated. They also allow us to implement prevention programs and
to assess the impact of the disease on public health.

In pregnant women, assessing IgG and IgM levels enables dif-
ferentiation between acute and chronic infections and confirma-
tion of the absence of previous exposure (13). In clinical situations
in which the date of the T. gondii infection is difficult to establish,
Toxoplasma IgG avidity testing can be performed (14–16). Since

2006, the French National Reference Center for Toxoplasmosis
(NRCT) has been entrusted with evaluation of the methods used
for the serological diagnosis of toxoplasmosis (11, 12) in accor-
dance with national recommendations (17).

Thus, in this study, we sought to evaluate and compare the
performance of the most commonly used commercial automated
or semiautomated immunoassays for IgG and IgM T. gondii anti-
body detection that are available in Europe. Such a comparison
appears crucial for defining the best serological strategies to be
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implemented, depending on the specificity and sensitivity of the
different tests in detecting IgG and IgM antibodies (18).

MATERIALS AND METHODS
Samples. The serum samples were supplied by members of the NRCT
network, and the presence of IgG or IgM antibodies was confirmed based
on the results of the reference technique using at least two different meth-
ods for each antibody isotype, namely, the indirect immunofluorescence
assay (IFAT-G) (19) and dye test (20–22) for IgG detection, and IFAT-M
and immunosorbent agglutination assay (ISAGA-M; bioMérieux SA,
Marcy-l’Etoile, France) (23) for IgM detection. IgA levels were not as-
sessed. The serum samples were subsequently divided into four panels
with the objective to analyze 10 assays distributed into one of two assess-
ment groups: assessment 1 or assessment 2.

Panel 1 containing sera from routine testing was employed to estimate
the tests’ sensitivity, specificity, positive predictive value (PPV), and neg-
ative predictive value (NPV). This panel comprised negative sera, sera
positive for IgG yet negative for IgM, and sera positive for both IgG and
persistent IgM. For assessment 1, panel 1 contained 419 serum samples
distributed as follows: 199 serum samples were negative, 174 positive for
IgG yet negative for IgM (62 samples with an IgG titer of �50 IU/ml by
immunofluorescence of IgG, 48 with an IgG titer between 50 and 100
IU/ml, 43 with an IgG titer between 100 and 200 IU/ml, and 25 with an
IgG titer of �200 IU/ml), and 45 were positive for both IgG and IgM. For
assessment 2, panel 1 contained 406 serum samples distributed as follows:
199 samples were negative, 169 were positive for IgG yet negative for IgM
(48 samples with an IgG titer of �50 IU/ml, 49 with an IgG titer between
50 and 100 IU/ml, 46 with an IgG titer between 100 and 200 IU/ml, and 26
with an IgG titer of �200 IU/ml), and 39 were positive for both IgG
and IgM.

Panel 2 was designed to evaluate clinical specificity. This panel com-
prised sera from patients with potentially interfering diseases, namely,
autoimmune diseases such as scleroderma diagnosed by ELISA or immu-
nofluorescence tests, such as those for antinuclear antibodies (ANA), viral
infections (including hepatitis A [HA], herpes, and cytomegalovirus
[CMV] diseases), and bacterial infections (including Lyme disease and
syphilis). Among these serum samples, 46 were used for assessment 1, and
55 were used for assessment 2.

Panel 3 was aimed at assessing the assays’ detectability and specificity
with sera taken from patients with a low IgG level, without IgM, and
classified by at least one network member in the gray zone by means of at
least one of the two methods employed. This was subsequently confirmed
by the detection of an equivocal or low IgG titer when using the dye test.
Of these serum samples, 14 were used for assessment 1, and 45 were used
for assessment 2.

Panel 4 sought to evaluate the different methods in clinical settings,
such as acute or chronic infections based on patient follow-up (24). This
panel comprised sera from acute toxoplasmosis patients (seroconversion
confirmed by a previously negative serum sample), with 15 patients’ sera
used for assessment 1 and 16 samples for assessment 2. Panel 4 also com-
prised sera from 19 chronically infected (�1 year) patients with persistent
positive IgM levels that were used for assessment 1 and sera from 42
patients used for assessment 2.

Assays. Overall, 10 registered kits with European Conformity (CE)
marking were evaluated. The AxSYM Toxo IgM and IgG assay (Abbott,
Wiesbaden, Germany) is based on microparticle enzyme immunoassay
(MEIA) technology (25, 26).

The Access and Toxo Enzygnost Toxoplasmose assays (Siemens
Healthcare Diagnostics, Deerfield, IL, USA) (27) rely on immunoenzy-
matic technology (i.e., enzyme immunoassays [EIAs]) technology for IgG
or enzyme-linked fluorescent assays (ELFAs) for VIDAS and immuno-
capture assays for IgM.

The Architect (Abbott) (28), Advia Centaur (Siemens, USA) (29), and
Liaison (DiaSorin, Saluggia, Italy) (30) Toxo IgG and IgM assays are based
on chemiluminescent microparticle immunoassay (CMIA) technology.

The Elecsys Toxo IgG and IgM assay (Roche Diagnostics GmbH,
Penzberg, Germany) relies on electrochemiluminescence immunoas-
says (ECLIAs) (31).

The Platelia Toxo IgG and IgM (Bio-Rad, Marnes-la-Coquette,
France) assay is based on immunoenzymatic technology (i.e., enzyme
immunoassays [EIAs]) (32).

The VIDIA Toxo system (bioMérieux, Marcy-l’Etoile, France) com-
bines a two-step immunoassay for IgG and immunocapture method for
IgM with paramagnetic microparticles and final chemiluminescence de-
tection (33).

The results are expressed in strict accordance with manufacturer in-
structions (see Table S1 in the supplemental material).

Due to the small amount of serum available from each patient
sample, we divided the evaluations into two assessment groups. In
assessment 1, we analyzed the performance of the AxSYM, VIDAS, and
VIDIA assays, and the performances of the remaining assays were
analyzed in assessment 2.

A specificity of �99% was required to continue the evaluation on the
specific panel or panel 2.

RESULTS
Performance of IgG detection. During the course of this study,
assessment of the Access assay was not pursued owing to its poor
specificity on panel 1, where we found a 90% specificity, which is
not in accordance with the previously set requirement of �99%.

The working group of our network chose a 99% specificity for
two reasons. First, each of the evaluated assays was supposed to
exhibit a 99% specificity according to the manufacturer’s notice.
Second, specificity appears to be crucial given that high specificity
would prevent false-positive results, which would likely bring an
end to the serological follow-up and hygienic-dietetic measures.
In such a context, pregnant women may be exposed to the para-
site, with nonsymptomatic toxoplasma infection.

Of the 199 serum samples that were negative for both IgG and
IgM, 19 were actually positive for IgG (9.5%). Following serum
centrifugation, the specificity reached 99.5%. It should be noted,
however, that a requirement for precentrifugation was not men-
tioned in the provider’s instructions. Thus, the risk of false posi-
tives should not be overlooked. The provider was informed about
the issue, and the assessment of this assay was discontinued.

Clinical sensitivities of �99.5% for IgG detection were ob-
served with the Elecsys, Advia Centaur, AxSYM, Architect, VIDAS,
and VIDIA assays (Table 1), and lower sensitivities were observed
with the Enzygnost, Platelia, and Liaison assays (98.1%, 97.2%,
and 95.8%, respectively). Since the IgG specificity was at least
99.5% for the nine assays, assessment pursuance was validated. All
of the PPVs were higher than 99.5%, while three assays (Liaison,
Platelia, and Enzygnost) exhibited NPVs of less than 99.5%
(95.7%, 97.1%, and 98.3%, respectively).

Depending on the assay, strong differences in IgG titers (ex-
pressed in IU/ml) were noted between the IFAT-G and dye test
methods (Table 1 and Fig. 1). For sera with a titer of less than 50
IU/ml, the median IgG levels varied from 5.6 IU/ml with the Ar-
chitect assay to 1,450.5 IU/ml with the Elecsys assay. The other
assays had a titer between 10 and 30 IU/ml.

Concerning sera with a titer ranging from 50 to 100 IU/ml, the
lowest titer (18.4 IU/ml) was obtained with the Architect assay,
and the highest titer (282 IU/ml) was obtained with the Elecsys
assay. The other titers ranged from 30 to 100 IU/ml for the assays
tested. Concerning the sera with a titer between 100 and 200 IU/
ml, a median titer of 38.5 IU/ml was observed with the Architect
assay and a median titer of 1,450.5 IU/ml was observed with the
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Elecsys assay. The titer of most assays was between 50 and 200
IU/ml. Regarding the serum samples with the highest titers (�200
IU/ml), the lowest median was measured at 123.5 IU/ml (AxSYM
assay), and the highest titer was observed at 3,292 IU/ml (Elecsys
assay). The other assays had a median titer between 140 and 400
IU/ml.

Concerning sera from chronic (�1 year) toxoplasmosis pa-
tients with residual IgM levels, median IgG levels were measured
at 22.9 IU/ml and 357.2 IU/ml for the Architect and Elecsys assays,
respectively (Table 2).

The Elecsys assay detected low or equivocal IgG titers, as con-
firmed by the reference method, the dye test, in 97.8% of cases
(panel 3) (Table 3; see also Table S2 in the supplemental material),
while such titers were detected in only 88.9%, 84.4%, 73.3%, and
66.7% of sera with the Enzygnost, Architect, Platelia, and Advia
Centaur assays, respectively. The Liaison assay detected low or
equivocal titers in only 17.8% of cases. As for the AxSYM and
VIDIA assays, 100% of equivocal IgG titers were detected, whereas
87.5% were detected when using the VIDAS assay.

Clinical specificity for IgG antibodies was calculated and ex-
pressed as a percentage of IgG false positives found in sera taken
from patients with interfering diseases who were negative for anti-
toxoplasma IgG antibodies when using the reference methods
(panel 2).

The percentages of false positives observed were 0.01% with
the VIDIA assay, 4.3% with the VIDAS assay, and 8.6% with the
AxSYM assay. No false-positive IgG results were found with the
Enzygnost, Platelia, Advia Centaur, Architect, or Liaison assays,
whereas 3.6% of false positives were noted with the Elecsys assay.
Interferences were observed in sera positive for ANA, rheumatoid
factor, syphilis IgM, or CMV, HA, hepatitis B, herpes simplex, and
Epstein-Barr viruses.

Performance of IgM detection. Sensitivities for detecting IgM
antibodies based on results from panel 1 varied greatly from one
assay to another (Table 4), and the best sensitivity (97.9%) was
observed when using the Platelia assay. Four assays displayed a
sensitivity between 80% and 90%, namely, the Architect (80.9%),
Enzygnost (84.2%), AxSYM (86%), and Advia Centaur (89.4%)
assays. As for the VIDIA, Elecsys, and VIDAS assays, their sensi-
tivities were less than 80% (79%, 76.6%, and 65%, respectively).

TABLE 1 Performance comparison of the nine assays for T. gondii-
specific IgG antibody detection in routine panels (panel 1) containing
419 serum samples for assessment 1 and 406 serum samples for
assessment 2

Assay

Performance (%)

Sensitivitya Specificityb PPV NPV

Advia Centaurc 100 100 100 100
Architectc 99.6 99.5 99.6 99.5
AxSYMd 99.6 99.5 99.6 99.5
Elecsysc 100 100 100 100
Enzygnostc 98.1 100 100 98.3
Liaisonc 95.8 99.5 99.5 95.7
Plateliac 97.2 100 100 97.1
VIDASd 99.6 100 100 99.5
VIDIAd 99.6 100 100 99.5
a Sensitivity � true positive/(true positive � false negative).
b Specificity � true negative/(true negative � false positive).
c Assessment 2.
d Assessment 1.

FIG 1 Comparison of IgG titers (UI/ml) expressed as means � standard deviation of data from the nine assays in the routine (panel 1) and chronic infection (�1
year; panel 4) panels.
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Eight assays presented a specificity higher than 95%, and the
Platelia assay was the least specific (92.6%).

All the NPVs were between 94.3% (VIDIA) and 99.7% (Plate-
lia), whereas the PPVs were highly variable, with extremes of
100% for the AxSYM assay and 63% for the Platelia assay.

Detection of residual IgM antibodies following a minimum of
1 year in chronic toxoplasmosis cases, as confirmed by the refer-
ence method (ISAGA-M), was superior or equal to 60% for seven
out of the nine assays tested, achieving over 90% with the Platelia,
Architect, and Elecsys assays, in 97.6%, 95.2%, and 92.9%, respec-
tively, of sera analyzed. The least-sensitive assay for residual IgM
antibodies was the Enzygnost assay, with only 16.7% of positive
residual IgM antibodies detected (Table 4).

Clinical specificities for detecting IgM antibodies in potentially

interfering viral, bacterial, or autoimmune diseases were 100% for
most of the assays analyzed; only one false-positive result was ob-
served (with the AxSYM assay [specificity, 99.9%], in a patient
testing positive for HA virus IgM antibodies).

Performance in early IgG detection for acute infection. De-
tailed antibody kinetics was not assessed given that the cases were
selected a posteriori. Thus, intervals between sampling times dif-
fered from one case to another, and each patient’s treatment was
initiated immediately after the first positive serum test was ob-
served. The data presented here concerned medical records for
which discordance for IgM or IgG in the first serum sample (seven
records for assessment 1 and 15 records for assessment 2) was
reported, whereas IgG seroconversion identified in follow-up tests
allowed progressive infection to be confirmed.

TABLE 2 Detailed comparison of quantitative IgG levels when using the nine assays analyzed in routine panels (panel 1)

Result category

IgG level (IU/ml)

Advia Centaura Architecta AXSYMb Elecsysa Enzygnosta Liaisona Plateliaa VIDASb VIDIAb

�50 IU/ml
Mean 23.5 7.9 13.3 174.7 36.7 25.9 40.1 36.5 23.6
Median 13.7 5.6 10.1 108.1 27.5 17.1 28.0 21.0 16.5
SD 27.2 7.0 9.6 181.5 41.3 18.8 53.1 32.1 22.2
95% CIc 7.7 1.9 2.4 51.3 11.7 5.3 15 7.6 5.2

50–100 IU/ml
Mean 90.8 22.6 33.6 339.3 88.5 61.5 135.2 103.4 58.8
Median 78.5 18.4 32.0 282.0 86.0 54.2 136.0 99.0 51.0
SD 62.9 15.3 8.4 190.4 38.6 32.4 113.8 37.6 30.3
95% CI 18 4 2.3 53 11 9 32 11.2 9

100–200 IU/ml
Mean 212.1 65.5 55.9 1820.8 135.3 104.2 243.4 142.1 105.4
Median 171.5 38.5 50.2 1450.5 130.0 85.1 225.0 134.0 87.0
SD 167.0 53.2 23.0 1526.7 61.8 79.2 174.3 67.0 68.4
95% CI 40 16.6 6.8 54.8 19.4 22.5 37.8 19.8 21.4

�200 IU/ml
Mean 399.7 220.4 174.3 4,605.4 184.6 225.6 564.8 225.0 256.3
Median 327.8 144.2 123.5 3,292.0 195.0 236.0 386.5 221.0 221.0
SD 243.1 246.8 183.3 4,308.8 79.8 138.5 443.6 77.8 190.2
95% CI 51.9 16.5 14.7 107.3 29.8 25.3 19.6 33.9 18.5

�1 yr
Mean 167.7 80.4 113.3 399.7 101.7 91.1 108.0 266.4 131.2
Median 93.2 22.9 48.0 357.2 81.5 66.2 106.5 199.0 95.0
SD 184.7 224.6 129.0 188.0 70.1 83.7 49.8 262.0 130.8
95% CI 14.8 7 35.7 60 12.1 13.1 11 18.3 15.3

a Assessment 2.
b Assessment 1.
c CI, confidence interval.

TABLE 3 IgG detection in nine assays from 15 patients in assessment 1 and 45 patients in assessment 2 with low or equivocal IgG titers without IgM

Detection

Performance (%)

Advia
Centaura Architecta Elecsysa Enzygnosyta Liaisona Plateliaa AxSYMb VIDASb VIDIAb

Positive 23 16 43 26 3 28 12 11 6
Equivocal 7 22 1 14 5 5 3 3 9
Negative 15 7 1 5 37 12 0 1 0
a Assessment 2.
b Assessment 1.
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For assessment 1 (Table 5; see also Table S3), in eight records
(cases A, H, I, J, K, M, N, and O) there were no differences in IgM
and IgG appearance kinetics. For the seven records with discor-
dance, IgM antibodies were positively identified in six cases with
three assays, and equivocally identified with the VIDIA assay (re-
cord G). The observed differences mainly concerned the IgG an-
tibodies that were detected earlier with the AxSYM assay. Detec-
tion of these antibodies was positive for records C and D,
equivocal with assays VIDIA and VIDAS (record C), and negative
for record D when using the same assays. Equivocal IgG levels
were detected with the AxSYM assay but were negative with the
two other assays for records B and F.

For assessment 2 (Table 6; see also Table S4), only one out of 17
records showed identical results with the six assays tested (not
analyzed) for the 16 discordant cases. Positive detection of IgM
antibodies was obtained in 94% of cases (15/16) with the Elecsys
assay, whereas the Enzygnost assay detected only 31% of cases that
were positive for IgM (5/16).

As for IgG, we noticed that the Elecsys assay was associated
with the quickest detection and with equivocal titers in 75% of
cases. Positive (cases 8 and 16) or equivocal titers were also de-
tected in 44% of cases with the Architect assay. Concerning other
assays, detection of positive or equivocal titers was below 20% for
the Enzygnost, Liaison, and Platelia assays, while IgG detection
was negative with the Advia Centaur assay.

DISCUSSION

The diagnosis of T. gondii infection, which is asymptomatic in
�80% of cases in Europe and North America, is essentially based
on serological tests for IgG and IgM antibodies (34). The require-
ments for the performance of assays to be used vary depending on
the clinical context. On screening (first-intention method), the
precocity of IgM appearance and the test’s specificity are decisive
for diagnosing an initial T. gondii infection (28), whereas the pres-
ence of IgG antibodies enables immunization against T. gondii to

be considered. The choice of which assay to use should take its
whole performance into account in addition to the laboratory’s
technical and financial constraints (11).

IgM antibodies are the first serological markers to become pos-
itive following Toxoplasma infection (35). Another study focused
on toxoplasmosis IgA detection is currently ongoing in the net-
work. On the basis of the assays tested, a large variability in spec-
ificities from previous studies was reported (13, 31, 33, 36). High
specificity should be targeted to ensure the test’s reliability in the
event of suspected acute toxoplasmosis. Regarding the assays as-
sessed on a routine basis, good specificities were observed with
AxSYM, Architect, Enzygnost, and VIDAS, exceeding 99%, with
PPVs above 90%. The five other assays tested also showed high
specificities ranging from 92.6% to 99.4%, yet with lower PPVs
ranging from 63% to 85.7%. Access tests were excluded due to
their poor specificity for IgG detection. None of the nine assays
tested detected false-positive IgM antibodies in sera originating
from patients with potentially interfering diseases.

Whereas the specificities of the assays were excellent, their sen-
sitivities revealed lower performance in the routine panels; the
sensitivity of only five of the tested assays exceeded 80% (Platelia,
Advia Centaur, AxSYM, Enzygnost, and Architect assays). Of
these panels, Platelia had the highest detection sensitivity
(97.9%) associated with a 99.7% NPV. Likewise, the Advia
Centaur, AxSYM, Enzygnost, and Architect assays showed excel-
lent performance with respect to sensitivity (89.4%, 86%, 84.2%,
and 80.9%, respectively), along with high NPVs (98.6%, 97.9%,
98.4%, and 97.6%, respectively). In patients suffering from acute
infection, the AxSYM, VIDAS, VIDIA and Elecsys assays displayed
detection sensitivities higher than 90% (100% for the three first
assays and 94% for Elecsys). As for Enzygnost, IgM antibodies
were detected at a later time point, though only in 31.1% of cases.
The difference in IgM sensitivities observed between routine and

TABLE 4 Performance comparison of the nine assays in T. gondii-
specific IgM antibody detection on routine panelsa and concordance
between positive IgM detection and confirmation by the reference
method (ISAGA-M) in chronic (�1 year) toxoplasmosis patientsb

Assay

Performance (%)

Sensitivityc Specificityd PPV NPV
Concordance
with ISAGA-M

AdviaCentaure 89.4 98.1 85.7 98.6 81
Architecte 80.9 99.7 97.4 97.6 95.2
AxSYMf 86 100 100 97.9 60
Elecsyse 76.6 96.7 75 97 92.9
Enzygnoste 84.2 99.7 97 98.4 16.7
Liaisone 61.7 98.4 82.4 95.3 59.5
Plateliae 97.9 92.6 63 99.7 97.6
VIDASf 65 99.7 90.5 94.9 70
VIDIAf 79 97.9 90.5 94.3 60
a Panels containing 419 serum samples in assessment 1 and 406 serum samples in
assessment 2.
b Panels containing 19 serum samples in assessment 1 and 45 serum samples in
assessment 2.
c Sensitivity � true positive/(true positive � false negative).
d Specificity � true negative/(true negative � false positive).
e Assessment 2.
f Assessment 1.

TABLE 5 Comparison of early IgM and IgG detection confirmed in 15
cases of acute toxoplasmosis with AxSYM, VIDIA, and VIDAS assays in
assessment 1a

Case

AxSYM VIDIA VIDAS

IgM IgG IgM IgG IgM IgG

A � � � � � �
B � e � � � �
C � � � e � e
D � � � � � �
E � � � � � e
F � e � � � �
G � � e � � �
H � � � � � �
I � � � � � �
J � � � � � �
K � � � � � �
L � � � � � �
M � � � � � �
N � � � � � �
O � � � � � �

Total
Positive 15 12 14 9 15 10
Equivocal 0 2 1 1 0 2
Negative 0 1 0 5 0 3

a e, equivocal result; �, positive result; �, negative result.
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acute toxoplasmosis populations was probably accounted for by
the selected antigen specificities of the assays (37, 38).

Detecting residual IgM antibodies is considered common in
chronic toxoplasmosis patients (39). A selection of assays with the
lowest capacity to detect these residual IgM antibodies would be
preferred. Another alternative would be to further develop assays
using recombinant antigens that are not recognized by these re-
sidual IgM antibodies. Seven out of the nine assays tested revealed
residual IgM antibodies exceeding 60%, as confirmed by the ref-
erence ISAGA-M method, in chronic toxoplasmosis cases lasting
for �1 year. The Enzygnost assay only detected 16.7% of residual
IgM antibodies. Given the presence of positive IgM and IgG anti-
bodies in the first serum sample, a second-intention determina-
tion, using the same serum, of IgG avidity (when it is high) en-
abled confirmation of the infection as chronic (12, 40–42).

Concerning Toxoplasma IgG antibodies, low and stable specific
IgG antibody titers, in the absence of associated IgM antibodies,
are indicative of an older infection. Given this situation, no sero-
logical follow-up during pregnancy is required, whereas such a
scenario allows estimating the reactivation risk in immunosup-
pressed patients. In the absence of IgG antibodies, appropriate
prophylactic measures should be implemented in patient popula-
tions at risk. Every reagent assay tested on routine sera revealed
IgG sensitivity values exceeding 99.5%. Yet, in our case, we ob-
served that IgG titers varied by a factor 2 to 10 depending on the
reagent assay, with the Elecsys assay showing the highest titers.
Such a discrepancy between IgG titers expressed in international
units (IU/ml) (43) for the same serum has been reported (44).
This could, at least to some extent, be accounted for by the selected
antigenic combinations (37, 45, 46) and the use of standards from
different generations (World Health Organization [WHO]). If
IgG titer follow-up proves necessary, it is recommended that a
follow-up be conducted by the same laboratory with the same
method (17). In the presence of a very low specific IgG antibody

titer, close to the detection limit (equivocal IgG), this can lead us
to consider the absence of prior immunization while implement-
ing an iterative, expansive, and unjustified follow-up, notably in
the event of pregnancy. The positivity threshold (cutoff) for IgG
antibodies differs from one assay to another (47). It is recom-
mended to carry out a second-intention method using the same
serum to confirm the results (48, 49) or use a reference laboratory
before drawing any final conclusion regarding the patient’s im-
mune status in the absence of any immunosuppression. Among
these second-intention methods, the historical favorite is the dye
test. However, due to its scarce availability in reference laborato-
ries, an immunoblotting procedure was developed. Its perfor-
mance proved to be similar to that of the dye test, thereby allowing
us to commonly use this assay (47).

As for sera with a low or equivocal IgG antibody titer, in the
absence of IgM antibodies, the AxSYM, VIDIA, and Elecsys assays
displayed the highest sensitivities (100%, 100%, and 97.8%, re-
spectively), in line with previous study data (25, 49). On the con-
trary, the Liaison assay had the poorest detection threshold, with
only 17.8% of low or equivocal IgG titers detected.

In several clinical settings, such as autoimmune, infectious, or
other diseases, as well as in immunosuppression cases, false-pos-
itive IgG antibody titers may occur (50) and possibly lead to
wrong conclusions with respect to the patient’s immunization sta-
tus and serological follow-up requirements. In such cases, the real
absence of immunization exposes patients to the risk of acute
toxoplasmosis, as no serological follow-up is being conducted.
Determination of specific IgG antibody titers via two different
methods decreases this risk. In our assessment, clinical specificity
of most reagent assays exceeded 99% in patients with potentially
interfering diseases, in the absence of any immunosuppression
context, with only the VIDAS and AxSYM assays exhibiting lower
performance (95.7% and 91.4%, respectively).

The precocity of IgG detection is a key element in cases with

TABLE 6 Comparison of IgM and IgG early detection with six assays confirmed in 16 cases of acute toxoplasmosis in assessment 2a

Case

Advia Centaur Architect Elecsys Enzygnost Liaison Platelia

IgM IgG IgM IgG IgM IgG IgM IgG IgM IgG IgM IgG

1 � � � � � e � � � � � �
2 � � � e � e � � � � � �
3 � � � � � e � � � � � �
4 � � � e � � � � � � � �
5 � � � � � e � � � � � �
6 � � e � � e � e � � � �
7 � � � � � � � � � � � �
8 � � � � � e � � � e � �
9 � � � e � � � � � � � �
10 � � � e � e � � � � � �
11 � � � � � e � � � � � �
12 � � � � � � � � � � � �
13 � � � e � e � � � � � �
14 � � � � � e � � e � � �
15 � � � � � e � � � � � �
16 � � � � e � e � � � �

Total �
Positive 13 0 11 2 15 0 5 1 11 1 14 2
Equivocal 0 0 1 5 0 14 0 2 1 1 0 0
Negative 3 16 3 9 1 2 11 13 4 14 2 14

a e, equivocal result; �, positive result; �, negative result.
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isolated positive IgM antibody titers. When such a scenario is
observed in pregnant women, this leads us to consider the possi-
bility of a recent infection, rendering it essential to confirm this
infection before implementing a treatment designed to decrease
fetal transmission and involvement (51, 52). The AxSYM and
Elecsys IgG assays were found to be the most efficient methods in
the patients in whom a seroconversion was assessed (Tables 5 and
6). The IgG antibody titers were positive or equivocal in 85.6 and
75% of cases, respectively, while IgG titers turned positive at a later
time point when using the other assays. Treatment initiation
might account for the observed differences in kinetics. The discov-
ery of low or equivocal IgG titers by commercialized assays in the
presence of IgM antibodies should encourage us to utilize a West-
ern blot LD BIO-Toxo II method, which has been proven to be
more sensitive and highly specific and might be very useful for
confirming T. gondii infection (47, 53).

In conclusion, the criteria for assay selection should take into
account the assay’s specificity and sensitivity for IgM detection,
which are determinants for diagnosing recent Toxoplasma infec-
tion. The first-line selection criteria for IgG detection consist of
maximum specificity, along with detection sensitivity for low or
equivocal titers in both chronic and recent toxoplasmosis infec-
tion cases. In more complex situations, specialized reference cen-
ters should be able to solve these enigmatic cases by using nonau-
tomated second-line reference methods.

The AxSYM, VIDAS, Architect, and Elecsys assays displayed
excellent performance for IgG and IgM detection. Whereas IgM
detection performance of the Platelia assay was similar, its capa-
bility for early IgG antibody detection was lower in both routine
settings and progressive toxoplasmosis cases.

The Enzygnost assay exhibited low IgM antibody sensitivity,
along with delayed IgG antibody detection sensitivity in recent
Toxoplasma infections. The Liaison and Advia Centaur assays also
exhibited minor performance in detecting low IgG antibody titers.
Lack of sensitivity in IgG detection can be explained by the se-
lected reagent cutoff thresholds, along with the antigen types used.

Recent studies revealed that choosing recombinant chimeric
multiepitope antigens (54, 55) was instrumental in improving the
performance of commercialized enzyme immunoassay kits in de-
tecting T. gondii-specific antibodies, using either soluble antigens
from crude extracts or recombinant antigens (56–58). The selec-
tion of the reagent that allows for both IgG and IgM detection
should take into account the assay’s performance under both rou-
tine conditions and specified clinical settings (such as high sensi-
tivity for IgM in pregnancy and for IgG in immunosuppressed
patients). A good understanding of a particular assay system’s
inherent weaknesses may be associated with the implementation
of second-intention methods that allow the results to be con-
firmed, such as avidity or Western blot for IgG antibodies and
ISAGA-M for IgM antibodies.
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