Comparison of Mother and Child Antibodies That Target HighMolecular-Mass Toxoplasma gondii Antigens by Immunoblotting
Improves Neonatal Diagnosis of Congenital Toxoplasmosis
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This retrospective study proposes a new reading of immunoblotting (IB) in the diagnosis of congenital toxoplasmosis. Our findings demonstrate that a three-IgM-band association at 75, 90, and 100 kDa called the IgM triplet increases the sensitivity to
95.8% when combined with prenatal and serological neonatal tests.

P

rimary infection with Toxoplasma gondii during pregnancy
can have severe consequences for the fetus such as miscarriage
or severe neurological or ocular lesions (5, 10, 11, 14).
Detection of Toxoplasma gondii infection in pregnancy has
been implemented at a national or regional level in several European countries (1) and is also performed worldwide at the initiative of clinicians. When seroconversion occurs, tests are performed to detect and treat congenital toxoplasmosis (CT) as early
as possible in an attempt to reduce the severity of the disease (2, 3,
4, 10, 17, 18). In this way, CT diagnosis is confirmed if one of the
following tests is positive: prenatal diagnosis based on the detection of Toxoplasma gondii in the amniotic fluid or neonatal diagnosis primarily based on the detection of neosynthesis of IgM
and/or IgA specific antibodies in the infant serum (Table 1).
This diagnosis can be done through comparison of IgG and
IgM mother and infant serological profiles using immunoblotting
(IB) (7, 13, 14): each additional band smaller than 120 kDa found
in the infant serum but not in the maternal serum demonstrates a
specific antibody synthesis by the neonate. However, the bands
between 75 and 120 kDa are often disregarded (8, 12) due to a
lower resolution reported by the manufacturer, leading to difficulties in interpreting immunoblot profiles that differ only by
bands in this molecular mass range. This study aimed to assess the
potential of 75- to 120-kDa-molecular-mass bands for the neonatal diagnosis of CT.
The study was performed on 236 mother-child serum pairs
collected from 1999 to 2010 at the parasitology laboratories of the
university hospitals of Lyon and Marseille. All mothers (n ⫽ 236)
had acquired maternal Toxoplasma infection during pregnancy,
and their children had therefore undergone postnatal follow-up to
confirm (n ⫽ 118) or exclude (n ⫽ 118) congenital infection (5).
The samples of the 118 infected children were consecutively collected from 1999 to 2010 whereas the samples of the 118 noninfected children were drawn randomly from all cases with CT excluded in the same period. In 145 cases, amniotic fluid had been
sampled after 16 weeks of gestation and at least 4 weeks after the
estimated date of maternal infection for PCR targeting the 529-bp
repeat element (6, 21) and/or mouse inoculation. Comparison of
mother and child profiles using cord blood (Marseille) or peripheral blood sampled at 3 days of life (Lyon) had been performed
prospectively with the Toxoplasma WB IgG IgM assay (LD-Bio,
Lyon, France) according to the manufacturer’s recommendations. However, in our retrospective study immunoblot results
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TABLE 1 Contribution of each biological test for congenital
toxoplasmosis diagnosis
Biological test
Prenatal diagnosis (amniotic fluid)
(PCR targeting the 529-bp
repeat element and/or gene B1)
Neonatal IgM serology (⬍1 mo of
life) (Toxo-ISAGA
[bioMérieux]; IgM Enzygnost
Toxoplasmosis [Dade Behring])
Neonatal IgA serology (⬍1 mo of
life) (Toxo-ISAGA
[bioMérieux]; ToxoIgA [SFRI])
Persistence of IgG within 12 mo
(VIDIA Toxo IgGII
[bioMérieux]; VIDAS Toxo IgG
[bioMérieux]; IgG Enzygnost
Toxoplasmosis [Dade Behring])
Immunoblot mother-infant profile
comparison (Toxoplasma WB
IgG IgM [LD-Bio])

No. of infected children with positive
biological test (n ⫽ 118)
49

54

56

18

93

were not taken into account and congenital infection was defined
solely as the detection of Toxoplasma gondii in amniotic fluid or
the presence of specific IgM and/or IgA antibodies after 10 days of
life detected by immunocapture assay or the persistence of specific
IgG at 1 year of age. Retrospective reading of all IgM and IgG
mother-infant immunoblot pair profiles was performed by two
independent operators who were unaware of the status of the
child.
Characteristics of the congenital toxoplasmosis (CT) and nocongenital-toxoplasmosis (NCT) groups are detailed in Table 2.
In the NCT group, no additional band was detected by IB in
infants compared to their mothers, neither with IgG nor with IgM.
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IgM Triplet in Diagnosis of Congenital Toxoplasmosis

TABLE 2 Characteristics of congenital toxoplasmosis and nocongenital-toxoplasmosis groups
No. of patients
Characteristic
Total no. of patients
Gestational age at contamination (wk of
gestation)
0–13
14–26
27–39
Prenatal diagnosis (amniotic fluid)
Immunoblot mother-infant profile pairs
(cord blood or day 3 of life)
Neonatal serology (⬍1 mo of life)

Congenital
toxoplasmosis

No congenital
toxoplasmosis

118

118

8
53
57

62
47
9

61
118

84
118

98

96

In the CT group, additional bands smaller than 75 kDa were
observed for IgM in 51 newborns (43.2%), for IgG in 39 newborns
(33.0%), and for both IgM and IgG in 67 newborns (56.8%). Regarding all immunoblot bands, including those of 75 to 120 kDa,
additional bands were detected in 84 (71.2%) newborns by IgM
and 43 (36.4%) newborns by IgG. Taken together, IgM and IgG
immunoblot assays led to detection of neosynthesis of antibodies
in 93 (78.8%) newborns. Among the latter, 57 (61.3%) had an IgM
profile that included a specific set of 3 equidistant bands: 75, 90,
and 100 kDa (Fig. 1). The presence of this IgM triplet enabled
diagnosis in 25 infected cases (21.2%) for whom no differences
could be detected based either on IgM molecular mass bands of
less than 75 kDa or on IgG immunoblotting.
When considering the IgM triplet, the sensitivity of the immunoblot increased from 56.8% to 78.8%. Moreover, the sensitivity
of CT diagnosis increased to 92.4% when prenatal diagnosis was
combined with immunoblotting and to 95.8% with the addition
of a conventional serological test (specific IgM/IgA) performed
during the first month of life. Notably, consideration of the IgM
triplet reduced the number of cases for whom CT could not be
diagnosed within 1 month of life from 14 to 5 newborns. These
five cases could be diagnosed, through the detection of IgM and
IgG synthesis, at 6 (n ⫽ 1), 9 (n ⫽ 2), and 12 (n ⫽ 2) months of life.
Most of the infected newborns identified through prenatal
screening have no clinical sign of congenital toxoplasmosis at
birth (5, 9, 16, 20) but are at risk of developing retinal diseases later
in life. Biological tests play a central role in identifying those who
have congenital infection and need to be treated to reduce the risk
of long-term sequelae (15) and those who do not warrant treatment but need to be followed up to exclude infection. Increasing
the sensitivity of tests is an important challenge. It is recognized
that the comparison of mother and infant IgG and IgM immunoblot profiles allows early neonatal diagnosis (19). However, due to
the weak resolution of the immunoblot between 75 and 120 kDa,
additional bands in the high-molecular-mass range (12) are often
disregarded when comparing mother and child profiles. Our findings demonstrate that taking high-molecular-mass bands into account greatly improves the sensitivity of the test without yielding
false-positive results. The biologists who interpret immunoblot
profiles should be particularly aware of the great diagnostic value
of this three-IgM-band association at 75, 90, and 100 kDa, called
the IgM triplet. In our series, this specific association markedly
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FIG 1 IgM immunoblot analysis with paired mother and newborn sera from
an infant congenitally infected with Toxoplasma gondii. Arrows show the IgM
triplet defined by the association of 3 equidistant bands at 75, 90, and 100 kDa.
(Left panel) The 90- and 100-kDa bands in the blot of the infant’s serum were
not present in the corresponding blot of the mother’s serum. These supplementary bands were associated with the 75-kDa band in the IgM triplet. Other
supplementary bands are present in low- and medium-molecular-mass bands
in the blot of this infant’s serum. (Right panel) Higher-magnification image
from blot on the left highlighting the IgM triplet. m, mother; i, infant.

improved the performance of this test with a resulting sensitivity
of 95.8% when combined with prenatal and conventional serological neonatal tests without loss of specificity. Despite the significant progress brought about by the analysis of these additional
immunoblot bands, postnatal follow-up remains, however, necessary in the first year of life to fully identify infected children.
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