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Early diagnosis of congenital toxoplasmosis is rendered difficult when specific immunoglobulin M (IgM)
and/or IgA antibodies are absent in the blood of the newborn infant. Since maternal IgG antibodies can cross
the placenta, determination of IgG antibodies in newborn infants has hitherto not been used routinely for the
diagnosis of congenital infection. The aim of this study was to assess the diagnostic usefulness of an immu-
noblot assay which compares the early IgG profiles between the mother and her child (comparative IgG profile
between mother and child; CGMC test) directed against a total cell lysate of Toxoplasma gondii tachyzoites.
Serum samples from 97 newborn infants at risk of toxoplasma infection were obtained from umbilical cord
blood at birth or postnatally until 3 months of life and were directly compared with serum samples from the
respective mothers. Congenital toxoplasmosis was diagnosed only when IgG-reactive protein bands that were
present in any newborn serum samples were absent in the corresponding maternal serum sample. Congenital
infection was defined by conventional serological assays when IgM and/or IgA antibodies were present in
newborn infant blood or when IgG titers rose within the first 12 months or were persistently stable for more
than 8 months. Using these criteria, congenital infection was definitely confirmed in 11 cases. Three additional
cases were diagnosed based on indicative data. The CGMC test, which was performed without knowledge of the
results of conventional serologal assays, had sensitivity and specificity of 82.4 and 93.0%, respectively, and
positive and negative predictive values of 73.7 and 95.7%, respectively. When true positives and true negatives
were considered, the comparative IgG profile had a ratio of 90.9% true results. The CGMC test thus is useful
as an additional assay for the rapid diagnosis of congenital toxoplasmosis when paired serum samples from

mother and child are available.

Whereas Toxoplasma gondii infection in the immunocompe-
tent adult usually causes no serious clinical symptoms, congen-
ital infection with this protozoan parasite can lead to abortion
or severe disease in the newborn infant (17). However, only 10
to 15% of congenitally infected infants have clinical symptoms
at birth (4, 5). More than 80% of infected infants who are
clinically asymptomatic at birth may later develop sequelae
(10, 24), which most often affect the eyes and which may be
prevented when treatment is started early and continued dur-
ing the first year of life (11). Therefore, early diagnosis of
congenital toxoplasmosis is urgently demanded.

Diagnosis of prenatally acquired 7. gondii infection is based
mainly on serological tests. On one hand, the presence of
specific immunoglobulin M (IgM), IgA and/or IgE antibodies
in fetal blood is highly predictive of congenital toxoplasmosis
(14, 16), although misinterpretation due to possible contami-
nation by maternal blood during the first few days after birth
has to be taken into consideration (10). On the other hand, the
absence of specific IgM and/or IgA antibodies has been de-
scribed for up to 33% (3, 12; G. Enders, unpublished data) of
prenatally infected infants. This situation might especially oc-
cur (i) when the fetus has been infected early during pregnancy
(1); (ii) when the immune system of the newborn is immature
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due to short-term pregnancy; or (iii) when maternal IgG, which
is able to cross the placental barrier, suppresses the IgM re-
sponse in the fetus (22). In asymptomatic newborns of mothers
with serological evidence of acute infection during pregnancy,
decision about treatment usually is made immediately, even
though congenital infection has not been proven. In infants
who are at high risk of congenital toxoplasmosis but who have
no detectable IgM and/or IgA antibodies at birth, diagnosis
must rely either on direct detection of the parasite in cord
blood, cerebrospinal fluid, or body tissues by using culture
techniques or on PCR (6, 8). Finally, a rise in IgG titers within
the first 12 months of life or persistently positive IgG titers
beyond the first 12 months of life define congenital toxoplas-
mosis (10). However, such determinations are time-consuming
and not only imperil the infant’s health but also increase pa-
rental anxiety.

We therefore analyzed in this study whether a comparison of
specific IgG antibody profiles of serum samples from the new-
born infant and its mother, as determined by the immunoblot
technique, might be useful for the rapid diagnosis of congenital
toxoplasmosis. We postulated that IgG antibodies which are
present in an infant’s serum sample(s) but absent in the moth-
er’s serum sample are generated by the newborn infant as a
result of prenatally acquired infection. Since nonspecific so-
called natural antibodies against 7. gondii have been described
to occur beyond 3 months of life (15), only serum samples
drawn from infants before this time point were included in this
study.



3620 GROSS ET AL.

MATERIALS AND METHODS

We analyzed serum samples from 97 newborn infants who were delivered from
mothers with a serological indication of recently acquired T. gondii infection
(seroconversion, increase in IgG antibodies, and/or presence of IgM antibodies).
Serum samples were obtained from umbilical cord blood or from newborn blood
that was drawn after birth or at different times during the first 3 months of life.
In addition, serum samples from the respective mothers were analyzed. Maternal
sera were obtained during pregnancy, starting from week 12 of pregnancy; when
a definite diagnosis could not be achieved at an early time, sera were obtained up
to 2 months postpartum. For the CGMC test (comparative IgG profile between
mother and child), 39 (40.2%) of the corresponding mother-infant serum sam-
ples were drawn on the same day, most of them (n = 31) on the day of birth. The
time interval between drawing of the maternal sample and drawing of the infant
sample for the other 58 paired samples spanned 3 to 47 weeks. Serological
analysis for toxoplasmosis was carried out with well-established conventional
serological methods and confirmed infection during the first trimester of preg-
nancy in 40 cases and during the third trimester in 28 cases. Serum samples
obtained at birth or within 14 days after birth were available for 64 and 11
newborns, respectively. Since screening for toxoplasmosis is not mandatory in
Germany, the initial serum samples from the remaining children were obtained
between the ages of 1 and 3 months (n = 22).

In maternal serum samples, IgG antibodies were detected by a specific en-
zyme-linked immunosorbent assay (ELISA) (Cobas Core; Hoffmann-La Roche,
Basel, Switzerland) (21) and/or a specific immunofluorescence assay (bio-
Mérieux, Marcy I’Etoile, France) (23). For IgM antibody detection, an immu-
nosorbent agglutination assay with a slight in-house modification (ISAGA; bio-
Mérieux) (16) and a specific ELISA (Cobas Core or an ELISA from Sorin,
Saluggia, Italy) were used. IgA antibodies were determined with an IgA-specific
ELISA (Sorin). The avidity of IgG antibodies was assessed by an ELISA from
Labsystems, Helsinki, Finland. Most tests were performed as suggested by the
manufacturers.

In serum samples from newborns and infants, IgG antibodies were measured
by the above-mentioned specific immunofluorescence assay and/or by the Cobas
Core ELISA. IgM antibodies were determined by ISAGA, and IgA antibodies
were determined by the ELISA from Sorin, using serum dilutions of 1:16 and
1:20, respectively. In all instances, initial and follow-up sera were tested simul-
taneously.

Congenital toxoplasmosis was defined as suggested by Lebech et al. (10) with
a slight modification: identification of specific IgM and/or IgA antibodies in the
newborn within the first 6 months of life and a rise in or persistence at high levels
of specific IgG antibody titers during follow-up investigations. We classified the
cases into three categories: (i) confirmed cases, where follow-up controls were
available for more than 8 months after birth and where the CGMC test gave
unambigious results when samples were repeatedly tested (n = 64) (group a), (ii)
cases in which diagnosis was indicative but follow-up controls were available only
for less than 8 months (n = 24) (group b), and (iii) cases in which the CGMC test
gave inconsistent results when samples were repeatedly tested and thus normally
would have been excluded from the interpretation for routine diagnosis (n = 9)
(group c).

Serum samples from the newborn infants and their respective mothers were
retrospectively analyzed in parallel by using a modification of a previously de-
scribed immunoblot technique for the diagnosis of toxoplasma infection (7).
Briefly, a total cell lysate of 5 X 10° T. gondii tachyzoites of parasite strain BK
(25) per ul was separated by sodium dodecyl sulfate-11% polyacrylamide gel
electrophoresis and transferred electrophoretically to 0.45-pm-pore-size nitro-
cellulose membranes (Schleicher & Schuell, Dassel, Germany). Serum samples
from the infants and their mothers were incubated overnight at a dilution of
1:100 with antigen-loaded nitrocellulose strips (equivalent to 2 X 10° parasites
per strip), followed by 90 min of incubation with alkaline phosphatase-conju-
gated antihuman IgG antiserum (Dianova, Hamburg, Germany) at a dilution of
1:5,000. Finally, IgG-reactive protein bands were visualized by using 5-bromo-4-
chloro-3-indolylphosphate incorporating nitroblue tetrazolium as the substrate.
It was important to incubate serum samples from the infants and their mothers
with neighboring nitrocellulose strips from identical immunoblots in order to
directly compare reactive protein bands. Congenital toxoplasmosis was diag-
nosed only when at least one IgG-reactive protein band was present in any of the
newborn serum samples but absent in the corresponding maternal serum sam-
ples, irrespective of the molecular mass of the reactive antigen. All immunoblot-
ting reactions were performed at least twice to prove reproducibility, and immu-
noblots were read with no knowledge of the results of conventional toxoplasma
serological analyses by at least two independent scientists.

RESULTS

The IgG profiles for a total cell lysate of 7. gondii were
directly compared between serum samples from 97 newborn
infants at risk of congenital toxoplasmosis and serum samples
from their corresponding mothers by using the immunoblot
technique. Conventional serological analysis demonstrated
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TABLE 1. Comparison of conventional serological analysis and
comparative IgG profiles for mother and child

No. of cases with the
following result for
serological analysis of
congenital toxoplasmosis:

IgG profile of congenital
toxoplasmosis for:

Positive Negative

All cases (n = 88)

Positive 14 5

Negative 3 66
Group a (confirmed cases) (n = 64)

Positive 11 2

Negative 3 48
Group b (indicative cases) (n = 24)

Positive 3 3

Negative 0 18

congenital infection in 14 cases of group a, in 3 cases of group
b, and in 2 cases of group c.

The absence of toxoplasma infection was diagnosed by con-
ventional serological analysis for 50 cases of group a, for 21
cases of group b, and for 7 cases of group c¢ (Table 1). IgG-
reactive antigens that were present in serum samples from
infants but absent in corresponding maternal serum samples
could be identified correctly in 11 cases in which conventional
serological analysis definitely confirmed congenital toxoplas-
mosis. Similarly, all three cases of congenital toxoplasmosis in
group b could be diagnosed correctly by the CGMC test. In
total, eight cases showed discordant results between conven-
tional serological analysis and the CGMC test. In all cases, the
newborn sample was drawn on the day of birth. Five of these
cases demonstrated an IgG profile indicative of congenital
infection but for which conventional serological analysis failed
to diagnose diaplacental transmission of the parasite. Three of
these paired mother-infant serum samples (60%) were drawn
at birth. In the other two cases, maternal samples were drawn
at week 21 or 28 of pregnancy. In three cases, the CGMC test
failed to correctly diagnose congenital toxoplasmosis com-
pared to conventional serological analysis. One of the corre-
sponding maternal serum samples was drawn at week 34 of
pregnancy; in the other two cases, maternal serum samples
were obtained at the time of delivery.

With conventional serological analysis as a standard, statis-
tical analysis of the CGMC test revealed sensitivity and spec-
ificity of the comparative IgG profile of 82.4 and 93.0%, re-
spectively, and positive and negative predictive values of 73.7
and 95.7%;, respectively. When true positives and true nega-
tives were considered, the comparative IgG profile had a ratio
of 90.9% true results.

Since the definition of positivity was based on the presence
of at least one IgG-reactive antigen present in the sample from
the child and absent in the corresponding sample from the
mother, interpretation of the CGMC test was simple and re-
sulted in 100% agreement between different scientists who
interpreted the test. However, a total of nine cases gave incon-
sistent results when repeatedly analyzed in the CGMC test
(group c) and thus normally would not have been included
from the interpretation for routine diagnosis; two and seven
cases with inconsistent CGMC test results were found positive
and negative for congenital toxoplasmosis by conventional se-
rologic testing, respectively.

No preference of IgG antibodies that were generated by the
child could be identified for the immunodominant toxoplasma
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FIG. 1. Representative examples of comparative IgG profiles of mothers (M)
and children (C). Arrowheads mark IgG-reactive antigens that were present in
the child but absent in the mother.

antigen, SAG1/P30. In nearly all cases of congenital infection,
the child developed IgG antibodies against at least two anti-
gens of T. gondii. Although these antibodies were directed
against antigens that varied in size, all of the IgG-reactive
antigens were consistently larger than 30 kDa (Fig. 1).

Four of the 14 individuals with a confirmed diagnosis of
congenital toxoplasmosis (group a) had symptoms such as ret-
inochoroiditis or hydrocephalus at birth (Table 2). Eight in-
fants with confirmed congenital toxoplasmosis were IgA and/or
IgM positive at birth. With the CGMC test, four of the re-
maining individuals in whom IgA and IgM were negative
would have been diagnosed well before the age of 3 months
(Table 2). Otherwise, these cases would have been diagnosed
later than 8 months after birth by the persistence of IgG anti-
bodies. It is important to note that three of these individuals
were asymptomatic at birth.

In contrast to the eight cases (57.1%) in which the standard
early tests for infection (detection of IgM and/or IgA antibod-
ies) correctly diagnosed congenital toxoplasmosis, the addi-
tional performance of the CGMC test largely improved the
sensitivity of early detection of infants with congenital toxo-
plasmosis (85.7%). However, the combination of the IgM-IgA
test with the CGMC test failed to diagnose congenital infection
well before the age of 3 months in 2 of the 14 confirmed cases
of congenital toxoplasmosis (Table 2). These two cases, how-
ever, became positive in the CGMC test when serum samples
that were drawn at 3 months (case 14) or 8 months (case 13) of
life were tested.

DISCUSSION

Diagnosis of congenital toxoplasmosis is problematic when
specific IgM and/or IgA antibodies in serum samples from
newborn infants delivered by mothers who have seroconverted
are lacking (2). In those cases, diagnosis must rely on follow-up
controls in order to identify rising or persistently high IgG
antibody titers (10). This long follow-up time unnecessarily
delays a definite diagnosis and leaves the parents in a state of
uncertainty. Thus, it would be advantageous to develop a test
that allows early confirmation of congenital infection; such a
test would aid in decision making for therapy as well.

Since IgG antibodies can be transmitted via the placenta to
the fetus, this antibody class was thought not to be useful for
diagnosing congenital infections (20). Indeed, with well-estab-
lished serological assays, such as, for example, the ELISA,
differentiation between maternal IgG antibodies and IgG an-
tibodies generated by the fetus or newborn infant had been
impossible so far. A first approach to distinguishing between
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maternal IgG antibodies and those that are generated by the
child was introduced by the use of an enzyme-linked immuno-
filtration assay (13). This test had a sensitivity of 80.5% when
serum samples that were drawn at 1 month after birth were
compared with maternal serum samples (13).

The immunoblot technique not only allows a direct compar-
ison of IgG profiles between the mother and her child but also
identifies antigens that are differentially recognized by the hu-
moral immune responses of the mother and her child. In nearly
all cases in which the CGMC test was positive, the child de-
veloped IgG antibodies that were directed against at least two
different antigens of T. gondii that varied in size and that were
consistently larger than 30 kDa. This fact is important, because
it has been reported that serum samples from uninfected con-
trol individuals react with antigens of between 14 and 21 kDa
(18). In this latter study, which was performed more than a
decade ago, the sensitivity for diagnosing congenital toxoplas-
mosis by identification of IgG-reactive antibodies that were
present in serum samples from newborn infants but absent in
those from mothers was only 37.5% (18). Therefore, this ap-
proach was not investigated more intensively at that time. The
reason for the significant difference in sensitivities between
these two studies is unclear. However, antigen preparations,
gel conditions, dilutions of patient sera, and sources of second-
ary antibodies were different. Finally, a similar approach in
which vitreous fluid was compared with serum has also been
successfully applied for the determination of intraocular syn-
thesis of antibodies in ocular toxoplasmosis (19).

The CGMC test in combination with a determination of IgA
and/or IgM antibodies at or early after birth resulted in a
sensitivity of 85.7%, making this test useful as an additional
assay for confirming congenital infection as early as possible.
Timing of the maternal sample versus the infant sample might
be critical for the CGMC test. It could be argued that if the
maternal sample were obtained early in pregnancy, the immu-
noblot result might not reflect the entire spectrum of antigen
reactivities that could develop and be transferred to the infant
later in the pregnancy. This situation could result in false-
positive CGMC results. Conversely, maternal blood obtained
late after delivery might have new reactivities not present at
the time of delivery and thus could result in false-negative
CGMC results. However, a precise analysis of the eight cases
in which the CGMC test had either a false-positive result or a
false-negative result showed that most of the respective moth-

TABLE 2. Characterization of cases with a confirmed diagnosis
of congenital toxoplasmosis (n= 14)

Result? for:

Case 166 Clinical symptoms

CGMC i
IeM IeA persistence test at irth

1 + + NT + Retinochoroiditis
2 + + NT + Hydrocephalus

3 + + NT + Hydrocephalus

4 + + NT + None

5 + + NT + None

6 + + NT + None

7 + + NT + None

8 + + NT - None

9 - - + + Retinochoroiditis
10 — - + + None

11 - - + + None

12 — - + + None

13 - - + - None

14 — - + - None

¢ +, antibody positive; —, antibody negative; NT, not tested.



3622 GROSS ET AL.

er-infant samples were drawn on the day of delivery. In the
three remaining cases, the maternal sample was obtained dur-
ing week 21, 28, or 34 of pregnancy, making it unlikely that the
timing of obtaining maternal blood has a greater influence on
the CGMC test result.

The sensitivity of this combined test system could be in-
creased by inclusion of serum samples which were drawn later
than 3 months of life. However, since natural antibodies have
been reported to occur after 3 months of life (15) and since
early diagnosis is needed in order to initiate therapy, only
CGMC test results that were obtained from umbilical cord
blood or serum samples that were drawn between 1 and 3
months of life were included in this study.

It should be noted that in nine cases, contrary results were
obtained when the CGMC test was repeatedly performed.
Such inconsistent CGMC test results usually would have to be
excluded from routine diagnosis, and such cases still would
have to be diagnosed by methods based on conventional sero-
logical analysis. It is thus important to note that a control
sample drawn from an infant 4 to 6 weeks later than the first
sample always has to be investigated in order to confirm the
diagnosis. Nevertheless, our results indicate that the CGMC
test is a method that is easy to perform and that helps to
shorten the period until a definite diagnosis can be obtained.
Most importantly, the combination of the CGMC test with the
standard early tests for infection (detection of IgM and/or IgA
antibodies) seems to be useful for improving the sensitivity of
the early diagnosis of congenital toxoplasmosis.
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