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We reviewed the files of 110 women with Toxoplasma seroconversion during pregnancy. Prenatal diagnosis
was attempted for 94 women by amniotic fluid sampling. Toxoplasma gondii was detected by PCR, with or
without tissue culture and mouse inoculation. The early neonatal diagnostic procedure included placental
testing by PCR and/or mouse inoculation, cord blood serological testing, and comparison of maternal and
newborn antibodies by Western blotting (WB). Serological follow-up of the infants was conducted during the
first year of life or until the diagnosis of congenital toxoplasmosis (CT) could be ruled out. Congenital infection
was diagnosed in 27 individuals (20 live births) in the prenatal and/or neonatal period. The sensitivity and
specificity of prenatal diagnosis were 81 and 100%, respectively. Placental examination was positive for 66.7%
of individuals with CT and was always negative for neonates without CT. Cord blood serology detected
immunoglobulin M (IgM) and/or IgA in 80% of infected newborns, with respective specificities of 91.2 and
87.7%. By WB we detected bands on IgG and IgM blots recognized by the newborn serum but not by the
maternal serum (neosynthesized IgG and/or IgM) for 88.2% of infected infants within the first 2 months of life
with a specificity of 100%. Early postnatal diagnosis was negative for 2 of the 20 neonates with CT. Both of these
newborns had a negative prenatal diagnosis and were asymptomatic, suggesting a very low parasite load. In
conclusion, despite the use of advanced methods, some cases of congenital toxoplasmosis cannot be detected
early, which underlines the importance of careful follow-up of newborns who are at risk.

Toxoplasmosis is usually asymptomatic in immunocompe-
tent subjects. However, Toxoplasma gondii infection acquired
during pregnancy can lead to infection of the fetus, which may
result in fetal loss or lesions that usually involve the brain and
the eyes (9, 34, 44). The frequency of severe congenital infec-
tion can be limited by routine screening of mothers and babies
and by early specific treatment (10, 27). Preventive strategies
are controversial (3, 18, 20, 33). The prevention of congenital
toxoplasmosis in France, where the rate of Toxoplasma sero-
prevalence in pregnant women was 54.3% 6 0.88% in 1995 (2),
relies on (i) serological screening of all pregnant women, (ii)
monthly follow-up of seronegative pregnant women, and (iii)
lifestyle recommendations. In case of seroconversion during
pregnancy, prenatal diagnosis is usually performed by analysis
of amniotic fluid; fetal blood sampling has gradually been
abandoned because of the higher fetal risk (29, 48). Neonates
undergo a clinical and biological checkup, and serological fol-
low-up is conducted during the first year of life.

We reviewed the files of 110 women who had toxoplasmic
seroconversion during pregnancy and whose children under-
went complete follow-up during the first year of life. We report
on the performance of the different techniques used for pre-
natal and early postnatal diagnosis of congenital toxoplasmo-
sis.

MATERIALS AND METHODS

Patients. (i) Mothers. One hundred ten pregnant women who acquired Tox-
oplasma infection during pregnancy were included in this study from 1993 to
1998. These women were retrospectively selected because complete follow-up

data for the newborns were available. The 110 patients consisted of 103 consec-
utive women routinely diagnosed and managed at Hôpital Cochin-Port Royal
(Paris, France) and 7 nonconsecutive women from other hospitals. Toxoplasmic
seroconversion was either strongly suggested by high titers of specific immuno-
globulin M (IgM; index .10 by the enzyme-linked immunosorbent assay
[ELISA] technique; see below) and/or a threefold elevation in specific IgG titers
in two serum samples drawn 3 weeks apart and run in parallel or was observed
during the course of the pregnancy (emergence of specific IgM and then specific
IgG). As periconceptional seroconversion may result in congenital infection (16,
41, 49), data for women with suspected toxoplasmosis acquired early in preg-
nancy were pooled with those for first-trimester seroconverters. All the women
were treated with spiramycin at a dosage of 3 g three times a day until delivery
and underwent monthly echographic surveillance.

(ii) Prenatal diagnosis. All the women were offered tests for the antenatal
diagnosis of congenital toxoplasmosis. When informed consent was granted,
amniotic fluid was drawn 4 to 5 weeks after the estimated date of seroconversion
and always after 18 weeks of amenorrhea. Prenatal diagnosis was attempted for
94 of the 110 women (Fig. 1). The remaining 16 women either did not consent
(9 women) or seroconverted late in the third trimester (7 women). Amniotic fluid
was tested for Toxoplasma by means of tissue culture, mouse inoculation, and
PCR. If the results by one of these techniques was positive, women were given
the choice (i) to continue the pregnancy and to receive treatment with py-
rimethamine (50 mg/day) plus sulfadiazine (100 mg/kg of body weight per day)
or (ii) to terminate the pregnancy, as permitted in France.

(iii) Postnatal management. At delivery the placenta was tested for Toxo-
plasma by PCR and/or mouse inoculation. Cord blood was tested for anti-
Toxoplasma antibodies, with titration of specific IgG, IgM, and IgA. When the
mother’s blood was sampled at the same time, Western blotting was used to
compare the maternal and neonatal antibody patterns. When cord serum was not
available, Western blotting was performed later. In some cases it was repeated 2,
4, 6, or 8 weeks after birth. The serological status of the newborn was checked at
1 month of life and then every 3 months until the disappearance of maternal IgG
from two consecutive samples. Newborns were treated with spiramycin until
congenital toxoplasmosis was ruled out. Infected babies were treated with py-
rimethamine (1 mg/kg/day) and sulfadiazine (150 mg/kg/day), with folinic acid
supplementation.

(iv) Definition of cases. Congenital infection was diagnosed on the basis of the
following criteria: (i) T. gondii detection by histopathology or PCR and/or mouse
inoculation with necropsy samples from aborted fetuses or (ii) persistence of
specific IgG in the infant’s serum beyond 1 year of life, with or without clinical
signs. Of the 110 pregnancies, 27 had a diagnosis of congenital Toxoplasma
infection (Fig. 1).
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Toxoplasma serology. Specific IgG was determined by immunofluorescence
assay (Toxo-Spot IFI; BioMérieux, Marcy-l’Etoile, France) and ELISA (Platelia
Toxo-IgG; Sanofi-Pasteur Diagnostics, Marnes-la-Coquette, France). Specific
IgM was detected by ELISA (Platelia Toxo-IgM; Sanofi-Pasteur Diagnostics),
and positivity was confirmed by an immunosorbent agglutination assay (Toxo-
ISAGA IgM; BioMérieux). Specific IgA was detected by ELISA (Platelia Toxo-
IgA; Sanofi-Pasteur Diagnostics) from 1993 to 1995 and by immunosorbent
agglutination (Toxo-ISAGA Plus; BioMérieux) from 1996 to 1998.

Cell culture. Samples were inoculated on MRC5 fibroblasts and were cultured
at the Parasitology Laboratory of Hôpital Saint-Louis (Paris, France) by a pro-
tocol described elsewhere (14).

Mouse inoculation. For each patient, four Swiss OF11 mice were inoculated
intraperitoneally with 1 ml of centrifuged amniotic fluid or ground placenta. The
mice were killed 5 weeks later, and blood samples were taken from the vena cava.
Anti-Toxoplasma antibodies were detected by an indirect immunofluorescence
assay with coverslips provided by Biomérieux (Toxo-Spot IFI). Mouse antibody
binding was revealed with an anti-mouse IgG labeled with fluorescein (Sanofi-
Pasteur Diagnostics). A positive serological test result was confirmed by micro-
scopic examination of brain tissue for Toxoplasma cysts.

PCR. The PCR technique has been used in our laboratory since 1993 and has
been validated (45). Two gene targets are amplified: (i) a sequence of the B1
gene (5) at 180 to 309 bp amplified with primers 59-CCGCCTCCTTCGTCCG
TCGTA and 59-TGAAGAGGAAACAGGTGGTCG and (ii) a fragment of the
repeated sequence TGR1E at 28 to 218 bp amplified with primers 59-ATGGT
CCGGCCGGTGTATGATATGCGAT and 59-TCCCTACGTGGTGCCGCAG
TTGCCT (11).

Amniotic fluid was centrifuged at 2,000 3 g for 10 min, and the supernatant
was discarded. DNA pellets were extracted by a technique adapted from that of
Loparev et al. (36). The placentas were ground, filtered through sterile gauze,
and centrifuged at 2,000 3 g for 10 min. The pellets were suspended in lysis
buffer containing 10 mM Tris-HCl, 0.1 mM EDTA, 0.15 M NaCl, 0.5% Triton
X-100, 0.5% sodium dodecyl sulfate, and 5 mg of proteinase K per ml; the
extraction procedure was classical (37) and included two purification steps with
phenol-chloroform-isoamyl alcohol (25/24/1). The DNA was precipitated with
cold ethanol, and after centrifugation, the DNA pellets were washed with 70%
ethanol, centrifuged, and resuspended in sterile water. The DNA concentration
was determined by spectroscopy (Pharmacia Biotech, Saint-Quentin en Yvelines,
France), and 1 mg of DNA was used for PCR. Each sample was amplified in
duplicate with the two sets of primers in a final volume of 50 ml containing dATP,
dCTP, and dGTP (200 mM each), dUTP (400 mM), 20 pmol of each primer, 1 U
of uracil-DNA-glycosylase, and 1.25 U of Taq polymerase. After 35 amplification
cycles, the PCR products were separated through a 2% agarose gel and the
amplified bands were compared to the bands obtained with a positive Toxo-
plasma DNA control; the sizes of the bands were determined by comparison with
a DNA molecular size marker (Boehringer Mannheim, Meylan, France). As a
more sensitive PCR technique was introduced in our laboratory in 1998, we
retrospectively validated the PCR results for this series. Negative results were
confirmed by using the PCR ELISA DIG Labeling Plus kit (Boehringer Mann-
heim, Meylan, France), which yielded digoxigenin (DIG)-labeled PCR products
detected by a protocol adapted from the PCR ELISA DIG Detection kit (Boehr-
inger Mannheim) with a biotin-labeled probe (59-GCAAGAGAA-GTATTTGA
GGTC) that hybridized to the B1 gene-amplified fragment and a detection
system based on streptavidin-coated microplates.

Western blotting. Strips were prepared with an antigenic preparation consist-
ing of a lysate of purified Toxoplasma tachyzoites obtained after peritoneal
lavage of mice inoculated with the RH strain. Equal amounts of protein lysate
were electrophoresed through a 12% polyacrylamide gel (Bio-Rad, Ivry-sur-
Seine, France) and were transferred onto a nitrocellulose membrane (Bio-Rad)
as described previously (24). The membranes were blocked with Tris-buffered
saline (0.05 M Tris, 0.15 M NaCl) containing 2% glycine and 2.5% defatted milk
and were then cut into strips. The strips were incubated with the maternal or
newborn serum diluted 1:20 in the same buffer for 1 h, and protein recognition
by the sera was revealed by incubation for 1 h with a rabbit anti-human IgG (or
IgM)-alkaline phosphatase conjugate (Biosys, Compiègne, France) diluted 1:800

and then with the chromogenic substrate Nitro Blue Tetrazolium–5-bromo-
4-chloro-3-indolyl phosphate (BCIP/NBT substrate kit; Biosys, Compiègne,
France) for 15 to 30 min. The reaction was stopped with water. A molecular size
marker (Pharmacia Biotech, Saint-Quentin-en-Yvelines, France) was simulta-
neously processed. The patterns obtained with the sera from each mother and
her newborn were compared by two observers. All clearly identifiable bands,
even if they were weakly stained, were taken into account. The diagnosis of
congenital toxoplasmosis was based on the following criteria: (i) bands on IgG
blots recognized by the newborn serum but not by the maternal serum (neosyn-
thesized IgG), (ii) IgM patterns that were obtained with the newborn serum but
that differed from those obtained with the maternal serum (neosynthesized IgM),
and (iii) some bands on IgG blots that were obtained with the newborn serum but
that were stronger in intensity than those obtained with the maternal serum
(neosynthesized IgG). Conversely, identical IgG patterns obtained with the ma-
ternal and newborn sera or identical IgM patterns obtained with the maternal
and cord sera suggested the absence of congenital infection, reflecting passive
transmission of maternal IgG to the fetus or contamination of cord blood with
maternal IgM at delivery, respectively.

Sensitivity and specificity calculations. The sensitivity of each technique was
computed for the group of infected patients as the ratio between the number of
patients with positive results and the number of infected patients tested by the
technique. Specificity was computed for the group of noninfected patients as the
ratio between the number of patients with negative results and the number of
noninfected patients tested.

To calculate the sensitivity and specificity of prenatal diagnosis and placental
analysis, which both rely on the combination of results of several techniques, a
positive result was defined as positivity by at least one test, and a negative result
was defined as negative results by all the techniques.

RESULTS

Patients. The frequency of fetal infection was higher when
the maternal infection occurred later in pregnancy. The con-
genital infection rates were 1.4, 36.3, and 82.7% when maternal
seroconversion occurred during the first, second, and third
trimesters, respectively. The mean transmission rate in this
series was 24.5%. Twenty of the 27 infected fetuses were born
alive (Fig. 1); 18 live neonates (90% of neonates) were asymp-
tomatic at birth and 2 had minor lesions or clinical signs (cho-
rioretinitis in one neonate and hepatosplenomegaly with a
minor cerebral calcification in the other neonate) (Table 1).
All 20 babies had persistent IgG titers beyond 1 year of life
(Table 1). Of the seven remaining fetuses, two fetuses died in
utero and the pregnancy was terminated in five cases because
of echographic abnormalities (hydrocephaly, cerebral calcifi-
cations, and/or ascites).

Prenatal diagnosis. Prenatal diagnosis was attempted for 21
of 27 infected fetuses and 73 of 83 noninfected fetuses. Toxo-
plasma was detected by at least one technique in amniotic fluid
corresponding to 17 of 21 infected fetuses but in none of the 73
uninfected fetuses. The sensitivities of the three techniques are
indicated in Table 2. PCR had the highest sensitivity (76.2%).
The overall sensitivity of prenatal diagnosis was 81%, and the
specificity was 100%. In three patients (patients 13, 18, and 27)
only one technique could be applied because of sample limi-
tations. Prenatal diagnosis was positive for the five patients
whose pregnancies were terminated and the two fetuses that

FIG. 1. Description of patients.
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died in utero. In these seven instances, fetal infection was
further demonstrated by positivity of tissue biopsy samples
(myocardium, liver, brain) or ascites by PCR or mouse inocu-
lation (38). The four false-negative results corresponded to
infected babies who were asymptomatic but seropositive at
birth. These four false-negative results were further confirmed
by hybridization with a biotin-labeled probe as described in
Materials and Methods.

Postnatal diagnosis. The results of the different techniques
are reported in Table 2. The combination of the three methods
(cord blood serology, Western blotting, and placental exami-
nation) diagnosed or confirmed 90% (18 of 20) of the cases of
congenital infection within the first 2 months of life. In two
patients, however, the infection was discovered later (.3

months), by the observation of persistent IgG; both infants
(patients 8 and 15) had a negative prenatal diagnosis and no
specific IgM or IgA at birth.

(i) Cord blood serology. Seventy-seven cord blood samples
were tested. The serological tests detected specific IgG in 54 of
57 uninfected newborns and in 18 of 20 infected newborns. The
five newborns in whom no IgG was detected (including pa-
tients 7 and 24) were the children of mothers who serocon-
verted shortly before delivery. For these newborns, maternal
synthesis of specific IgG had not yet begun, thus explaining the
absence of IgG from cord serum. In one mother with late
seroconversion (patient 7), no antibodies were detected in the
neonate, who was later shown to be infected by means of
Western blotting. The sensitivities of IgM and IgA detection by

TABLE 1. Clinical and biological data for Toxoplasma seroconverters and periconceptionally infected women (n 5 110) and their offspringa

Patient
no.

Date of SC
(trimester)

Result of the following test:

Comments on clinical status and outcome
(first year of life)d

Amniotic fluid analysis Placenta
examination

Cord blood
serologyb

Western
blottingc Serology

at 1 yr
of life,

IgG
Cell

culture
Mouse

inoculation PCR Mouse
inoculation PCR IgG IgM IgA IgG IgM

1 2 2 1 1 2 ND ND ND ND ND ND ND Termination of pregnancy at 25 WA
(ascites); brain, heart, and liver
biopsy specimen and ascites
puncture positive

2 3 2 2 1 ND ND 1 1 1 ND ND 1 Asymptomatic
3 2 1 1 1 1 2 1 2 2 ND ND 1 Asymptomatic
4 2 2 1 1 ND ND ND ND ND ND ND ND Termination of pregnancy at 33 WA

(CC); brain and heart biopsy
specimen positive

5 3 2 1 1 ND ND ND ND ND ND ND ND Fetal hemorrhage, death in utero at
37 WA

6 2 2 1 1 ND ND ND ND ND ND ND ND Death in utero at 36 WA
7 3 ND ND ND 1 1 2 2 2 1 2 1 Asymptomatic
8 3 2 2 2 ND ND 1 2 2 ND ND 1 Asymptomatic (3 mo)
9 2 2 1 1 ND ND ND ND ND ND ND ND Termination of pregnancy at 30 WA

(hydrocephaly)
10 2 1 1 1 2 1 ND ND ND ND ND ND Termination of pregnancy at 32

WA; (CC) brain biopsy specimen
positive

11 2 2 2 2 ND ND 1 1 1 1 1 1 Asymptomatic
12 3 ND ND ND 2 ND 1 1 1 1 1 1 Asymptomatic
13 3 ND ND 1 1 1 1 1 1 1 1 1 Normal neurological examination;

hepatosplenomegaly 1 CC 1
vascularitis

14 3 ND ND ND 2 1 1 1 1 2 1 1 Asymptomatic
15 2 ND 2 2 2 2 1 2 2 2 2 1 Asymptomatic (10 mo)
16 3 ND 2 1 1 ND 1 1 1 1 1 1 Asymptomatic (8 mo)
17 3 2 1 2 ND ND 1 1 1 1 1 1 Asymptomatic (6 mo)
18 2 ND ND 2 2 2 1 1 2 2 2 1 One sequela of CC; asymptomatic
19 3 2 2 1 2 2 1 1 2 2 1 1 Asymptomatic (6 mo)
20 3 ND ND ND 1 1 1 1 1 1 1 1 Asymptomatic
21 3 ND ND ND 2 1 1 1 1 1 1 1 One ocular lesion
22 2 2 2 1 1 ND 1 2 1 1 2 1 Asymptomatic (6 mo)
23 3 2 ND 1 1 1 1 1 1 1 1 1 Asymptomatic
24 3 ND ND ND ND ND 2 1 2 1 1 1 Asymptomatic (6 mo)
25 2 2 1 1 1 2 1 2 1 2 2 1 Asymptomatic
26 3 ND 2 1 2 2 1 1 1 1 1 1 Asymptomatic
27 1 ND ND 1 1 1 ND ND ND ND ND ND Termination of pregnancy at 18 WA

(ventricular dilatations)
28–110 1, 2, or 3 2 or ND 2 or ND 2 or ND 2 2 1 6 6 2 2 2 Absence of congenital toxoplasmosis

a Abbreviations: SC, seroconversion; WA, weeks of amenorrhea; ND, not done; CC, cerebral calcification.
b The different isotypes detected in cord blood are indicated; five false-positive IgM results and seven false-positive IgA results were observed (patients 28 to 110;

see Table 2).
c Detection of neosynthesized IgG and/or IgM in the neonate within the first 2 months of life is indicated; a negative result corresponds to the observation of

transmitted IgG only or to contamination with maternal IgM.
d In the case of intrauterine death or pregnancy termination, the necropsy samples that were positive for Toxoplasma by PCR and/or mouse inoculation are indicated.
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immunocapture for the diagnosis of congenital toxoplasmosis
at birth were 70 and 65%, respectively (Table 2). The presence
of IgM and/or IgA allowed the diagnosis of congenital infec-
tion in 16 of 20 newborns, yielding a sensitivity of 80%. How-
ever, specific IgM was also detected in five cord serum samples
from uninfected newborns; Western blotting showed that the
sample had been contaminated with maternal IgM at delivery
(identical IgM patterns). Specific IgA was detected in cord sera
from seven uninfected neonates but was not detected in the
newborns’ sera. Both IgM and IgA were detected in cord sera
from three uninfected neonates and 11 of 20 infected neonates.

(ii) Western blotting. We tested 79 paired samples from 60
mother-child pairs for IgG and IgM patterns (39 maternal
serum-cord serum comparisons and 40 maternal serum-new-
born serum comparisons). The Western blot assay detected no
neosynthesized IgG or neosynthesized IgM in the 43 unin-
fected newborns. However, for the five patients mentioned
above, the pattern of IgM detection in cord serum was similar
to that in the mother’s serum, suggesting contamination with
maternal blood at delivery. In these five patients IgM was not
detected in the newborns’ sera, and clinical and serological
follow-up of the children demonstrated that they were not
infected. The specificity of Western blotting, according to the
interpretation criteria described in this report, was therefore
100%. The analysis of IgG and IgM patterns allowed us to
diagnose 88.2% of cases of congenital toxoplasmosis by dem-
onstrating neosynthesized IgG (76.5% of patients) and/or IgM
(70.6% of patients) within 2 months after birth. In 50% of
these patients, neosynthesized IgG was detected in cord serum
(Table 3). However, specific IgG often starts to be synthesized
by infected infants only several months after birth. We de-

tected some cases of late IgG neosynthesis when the Western
blot assay could be repeated within the first 2 months of life
(Table 3).

(iii) Placental examination. The placentas from 88 patients
were analyzed. Toxoplasma was detected by PCR and/or
mouse inoculation in the placentas from 12 (66.7%) of 18
patients with congenital infection. Placental examination was
negative for all 70 patients without congenital infection. Mouse
inoculation and PCR had equal sensitivities of 50% (Table 2).
The specificity and positive predictive value of placental posi-
tivity were therefore both 100% for this population, with a fetal
transmission rate of 24.5%.

DISCUSSION

This study confirms the complementarity of prenatal diag-
nosis and postnatal serological screening for the diagnosis of
congenital toxoplasmosis. Prenatal diagnosis identified 17 of
the 27 cases of congenital infection, and postnatal tests per-
mitted early detection (within the first 2 months) for another
six patients (patients 7, 12, 14, 20, 21, and 24) for whom
antenatal diagnosis had not been performed and two patients
(patients 11 and 18) with a negative antenatal diagnosis. Pre-
natal and early postnatal screening both failed for two infants
(patients 8 and 15) in whom toxoplasma infection was detected
more than 3 months after birth. Prenatal diagnosis permitted
the detection of seven severely infected fetuses and two mod-
erately symptomatic neonates. All severe abnormalities and
cases of visceral involvement were detected before birth, thus
allowing the couple to consider termination. Two fetal deaths
occurred in utero and were more likely due to toxoplasmic
infection than to the amniotic sampling procedure, as no fetal
losses were observed among the 73 uninfected women.

The value of prenatal diagnosis has previously been under-
lined (12, 15). PCR techniques with different gene targets have
evolved (6, 8, 17, 25, 26) and have better sensitivities and
specificities thanks to the avoidance of carryover contamina-
tion (35). In addition, fetal blood sampling has gradually been
replaced by amniotic fluid sampling, which carries a lower fetal
risk. The antenatal results obtained in this study are all based
on those obtained by tests with amniotic fluid. In our hands

TABLE 2. Sensitivity and specificity of the different techniques,
combined or used alone, for prenatal and postnatal diagnosis of

congenital toxoplasmosis

Technique

Sensitivity (no. of
positive tests/no. of

infected patients
tested [%])

Specificity (no. of
negative tests/no. of
uninfected patients

tested [%])

Prenatal diagnosis
Tissue culture 2/15 (13.3) 59/59 (100)
Mouse inoculation 9/17 (52.9) 73/73 (100)
PCR 16/21 (76.2) 73/73 (100)
Any means 17/21 (81) 59/59 (100)

Placental analysis
Mouse inoculation 9/18 (50) 63/63 (100)
PCR 7/14 (50) 50/50 (100)
Either means 12/18 (66.7) 47/47 (100)

Cord blood serology
IgM 14/20 (70) 52/57 (91.2)
IgA 13/20 (65) 50/57 (87.7)
IgM or IgA 16/20 (80) 45/57 (78.9)

Newborn serologya

IgM 14/20 (70) 83/83 (100)
IgA 13/20 (65) 82/83 (98.8)
IgM or IgA 16/20 (80) 82/83 (98.8)

Western blot analysisa

Neosynthesized IgG 13/17 (76.5) 43/43 (100)
Neosynthesized IgM 12/17 (70.6) 43/43 (100)
Neosynthesized IgG or
IgM

15/17 (88.2) 43/43 (100)

a Performed within the first 2 months of life.

TABLE 3. Date of detection of newborns’ neosynthesized IgG by
Western blot analysis

Patient no.
Detection at following times (wk) after birth:

0 (cord blood) 2 4 6 8

7 NDa ND 1 ND ND
11 1 ND ND ND ND
12 2 ND ND 1 ND
13 1 ND 1 ND ND
14 1 ND ND 1 ND
15 2 ND 2 ND ND
16 ND ND 2 ND 1
17 1 1 ND ND ND
18 2 ND ND ND ND
19 2 ND 2 ND 2
20 1 ND ND ND ND
21 1 ND ND 1 ND
22 2 ND 1 ND ND
23 2 ND 1 ND ND
24 ND 2 ND ND 1
25 2 ND ND ND ND
26 1 ND ND ND ND

a ND, not done.
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prenatal diagnosis had an overall sensitivity of 81%, a value
that is in keeping with those of other series of amniotic fluid-
based diagnoses (1, 7, 31, 42) but a value that is lower than that
reported by Hohlfeld et al. (32), who analyzed a prospective
series using additional biological criteria. The poor sensitivity
of tissue culture could be accounted for by weak parasite load
(32), an idea which is supported by the observation of few
symptomatic cases. The origin of the false-negative PCR re-
sults is unclear, but technical explanations such as the presence
of Taq polymerase inhibitors are feasible. Poor performance by
our PCR technique is unlikely, as retrospective testing by a
more sensitive PCR method (see Materials and Methods) con-
firmed the negative results. The PCR technique used in this
study detects as few as 1 to 10 parasites per sample, a sensitivity
similar to those of other PCR methods (28). Other possible
explanations for the false-negative results include (i) a period
between seroconversion and amniotic fluid sampling that was
too short (patient 18 underwent amniocentesis only 2 weeks
after seroconversion), (ii) late transplacental parasite transfer,
(iii) suboptimal sample transport or storage (three of the four
negative amniotic fluid samples were not collected in our hos-
pital), and (iv) a low fetal parasite burden (the infants with
negative results were asymptomatic at birth). The practical
consequences of these negative antenatal results were minimal.

The fetal transmission rate was very high when seroconver-
sion occurred during the third trimester, underlining the im-
portance of early postnatal diagnosis in such cases, most of
which escape antenatal diagnosis. IgM was detected by immu-
nocapture in cord serum of 70% of the infected infants, and
the combination of IgM and IgA immunocapture detection
yielded the diagnosis in 80% of infected infants, a figure similar
to those in other reports (4, 13, 19, 40, 47). Other investigators
have achieved poor sensitivity (54%) of IgM detection at birth
(22), although the specificity (91%) was similar to that ob-
served in our study. Cord serum may be contaminated with the
maternal serum, and we therefore consider that the IgG and
IgM isotypes of the mother and newborn should be routinely
compared by Western blotting. Identical IgM patterns by
Western blotting confirmed cross-contamination of cord serum
with maternal IgM in five uninfected newborns with positive
immunocapture test results. In addition, this technique proved
to be useful for detection of neosynthesized IgG in the serum
of infected infants, as reported previously (21, 43). Early de-
tection of neosynthesized IgG is of crucial importance, as se-
rological evidence of congenital infection in asymptomatic ba-
bies without IgM and IgA often emerges only after 3 or 4
months of life, i.e., when an elevation of IgG titers can be
detected by the usual techniques. In the case of patient 7,
neosynthesized IgG was detected at 1 month of life, providing
an early diagnosis in a baby in whom IgM and IgA could not be
detected by ELISA or ISAGA at birth and in whom antenatal
diagnosis had not been done (Tables 1 and 3). These data
suggest that this analysis should be repeated during the first 2
months of life or later when all other tests are negative. Pinon
et al. (39, 40) reported on the value of enzyme-linked immuno-
filtration assay (ELIFA) for comparison of maternal and new-
born IgG and IgM patterns. Using the ELIFA method, those
investigators detected, within 60 days of birth, 67, 64, and
82.5% of infections by comparing the maternal and newborn
IgG, IgM, and IgG plus IgM profiles, respectively. In our study,
Western blotting yielded the diagnosis of congenital infection
within the first 2 months of life in 76.5, 70.6, and 88.2% of
newborns by comparison of the maternal and newborn IgG,
IgM, and IgG plus IgM profiles, respectively. Western blotting
therefore seems to have sensitivity equal to that of ELIFA. In
addition, in our hands Western blotting had a specificity of

100%, whereas the reported specificity of ELIFA was 91.3%
(23).

Toxoplasma was detected in the placentas of most women
(67%) with congenital infection and was not detected in the
placentas of women without congenital transmission. This
points to a possible lack of efficacy of spiramycin in infected
women since this treatment is supposed to reduce the placental
parasite burden. Alternatively, transplacental passage of the
parasite may occur when treatment is not started early enough.
All the women with a positive prenatal diagnosis received
treatment with pyrimethamine and sulfadiazine, and the fact
that most of the infected babies were asymptomatic tends to
confirm a preventive effect of this treatment regimen on par-
asite replication in utero (8, 10, 46).

The screening for and prevention of congenital toxoplasmo-
sis remain controversial, and the question of the cost-benefit
ratio has not yet been dealt with in France. However, with the
occurrence of only 10% of mildly symptomatic cases of con-
genital toxoplasmosis at birth, the French prevention program
appears to be efficient. A major concern is mothers’ compli-
ance with postnatal follow-up of their babies until total clear-
ance of transmitted antitoxoplasmic antibodies occurs (30). As
shown for the present series, close follow-up is necessary to
detect all cases of infection, as 20% are not detected at birth by
conventional techniques and lesions may occur months after
birth (44, 50). We would like to stress the need for a complete
neonatal checkup, in addition to prenatal diagnosis, and un-
derline (i) the importance of placental analysis and (ii) the high
value of Western blotting in the early detection of congenital
infection.
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