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Abstract

Aim: To determine the effectiveness of prenatal treatment for clinical manifestations of congenital toxoplasmosis. Methods:
We prospectively identified 255 live-born infants with congenital toxoplasmosis using prenatal or neonatal screening. We
determined the effect of prenatal treatment on the risks of intracranial or ocular lesions in infancy, accounting for gestational
age at maternal seroconversion. Results: Prenatal treatment within 4 wk of seroconversion reduced the risk of intracranial
lesions compared with no treatment (odds ratio, OR 0.28; 95% CI: 0.08-0.75), but there was no significant effect when
initiated after 4 wk (OR 0.76; 95% CI: 0.35-1.59; overall p-value 0.19). Compared to spiramycin alone, no treatment
doubled the risk of intracranial lesions (OR 2.33; 95% CI: 1.04-5.50), but the risk did not differ with pyrimethamine-
sulphonamide treatment (overall p-value 0.52). There was no consistent relationship between the type or timing of treatment
and the risk of ocular lesions. Gestational age at maternal seroconversion was inversely associated with the risk of intracranial
but not ocular lesions.

Conclusion: Only early versus no prenatal treatment for intracranial lesions showed a statistically significant benefit. A large
randomized controlled trial and/or meta-analysis of individual patient data from cohort studies is required to confirm these
findings.
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Introduction

The aim of prenatal treatment for toxoplasma infection
is to prevent neurological or visual impairment by
reduction of mother-to-child transmission of infection,
or, once fetal infection has occurred, by limiting cell
damage caused by the parasite. Toxoplasma gondii
infects all fetal tissues but is found in proportionately
larger numbers in the central nervous system [1,2].
As a result, the most common clinical manifesta-
tions, affecting 14 to 17% of infected infants, are
retinochoroiditis and intracranial calcification or

ventricular dilatation [3,4]. Although information is
lacking on the significance of these manifestations for
long-term developmental and visual function, most
affected children appear to be developmentally normal
in early childhood [5-8].

Due to the lack of randomized controlled trials [9],
information on the effectiveness of prenatal treatment
is limited to retrospective cohort studies that took
account of gestational age at maternal infection
[4,6,10,11]. The findings are inconsistent and may
reflect different analytical approaches or selection bias.
Biological studies suggest that the effectiveness of
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treatment for toxoplasma infection depends partly on
the timing of treatment after infection [2]. Although
the tachyzoite form of the parasite, which causes
inflammation and necrosis, is highly sensitive to anti-
biotics [12], it rapidly transforms into the latent
encysted bradyzoite form, which is impenetrable to
antibiotics [1,2,13]. Information is lacking on how fetal
immune responses initiate and sustain cyst formation,
but if free tachyzoites persist in the fetus there may be a
prolonged period when prenatal treatment could
reduce parasite damage. The type of drug used may
also be important. Initial treatment is usually with
spiramycin after diagnosis of maternal infection.
However, pyrimethamine-sulphonamide combination
treatment is universally prescribed after a positive
diagnosis of fetal infection, as maternal-to-fetal drug
transfer and penetration of the blood — brain barrier is
higher than for spiramycin [12,14].

We report findings from a multicentre prospective
cohort study of live-born infants with congenital toxo-
plasmosis identified by prenatal or neonatal screening.
The study examined the association between prenatal
treatment and the timing and type of treatment on
the risk of intracranial or ocular manifestations of
congenital toxoplasmosis detected in infancy.

Methods
Study population

We prospectively studied a cohort of live-born infants
with congenital toxoplasmosis identified between 1996
and 2000. Infected infants in 10 centres (Lyon, Paris,
Vienna, Reims, Grenoble, Marseille, Nice, Toulouse,
Naples and Milan) were identified by prenatal screen-
ing for maternal toxoplasma infection. These patients
have been included in previous reports [15,16]. In
three centres (Stockholm, Poznan and Copenhagen),
identification was by universal neonatal screening
for congenital toxoplasmosis. Neonatal screening was
based on the detection of toxoplasma-specific IgM in
Copenhagen [8], specific IgM or IgA in Poznan (both
used an in-house ELISA test) [17], and specific IgM
and IgG with retrospective testing of stored prenatal
blood samples to identify seroconverting women in
Stockholm [18]. Prenatal screening methods have been
described in detail elsewhere [16].

Women suspected of having acquired toxoplasma
infection during pregnancy and infected infants
identified by neonatal screening were enrolled
prospectively, prior to the collection of follow-up data.
To minimize selection bias due to referral of mother —
child pairs at higher risk of an affected infant, we
excluded cases with non-sequential dates for the
detection of maternal infection, and fetal infection or
abnormality. In the neonatal centres, we excluded
children with non-sequential dates for screening and
confirmatory tests. Fetal deaths were excluded, as

detection of manifestations by autopsy is not compar-
able with ophthalmoscopy or cranial ultrasound in
infancy.

Congenital toxoplasmosis was diagnosed if specific
IgG antibodies were still detectable after 11.5 mo of
age. To avoid bias due to exclusion of infants with
insufficient data to meet this criterion, we included
infants with a probability of congenital toxoplasmosis
of at least 90%, based on PCR analysis of amniotic
fluid, specific IgM or IgA in the infant, age at last
positive IgG result, and/or the weeks of gestation at
maternal seroconversion. Further details are reported
elsewhere [16].

Treatment

The prenatal testing and treatment schedules have
been described in detail elsewhere and are summarized
in Table I [16]. In brief, susceptible women were
re-tested to detect maternal seroconversion each
month in France, three monthly in Austria, and one to
three monthly in Italy. None of the women in the
neonatal screening centres were treated.

All centres recommended immediate postnatal
treatment with pyrimethamine-sulphonamide, with or
without alternating cycles of spiramycin, for infants
with biological and/or clinical evidence of infection.
Postnatal treatment lasted between 3 mo (in
Denmark) and 2 y (in some French centres) (Table I).

Clinical manifestations

We used a standard questionnaire for all infected
infants to record clinical findings at paediatric exam-
inations in the neonatal period, and at 6 and 12 mo,
and at ophthalmoscopy before 4 mo and at 12 mo of
age. Cranial ultrasound was performed within the first
4 mo of life. Results for additional examinations,
including those based on CT scan or ultrasound scan
performed according to local clinical policy or in
response to clinical findings, were also recorded to
determine whether the initial ultrasound findings were
confirmed. No centre routinely performed CT scans
on all infected children.

Intracranial lesions were present if intracranial
calcification and/or ventricular dilatation were detected
at least once by cranial ultrasound after birth, as the
number of lesions were too few to analyse these find-
ings separately. Ocular lesions were present if there was
one or more retinochoroidal lesion. Due to variable
attendance for the 12-mo examination, we accepted
manifestations recorded before 16 mo in children
who were not examined at 12 mo as representative of
clinical findings during infancy.

Analyses

Gestational age at maternal seroconversion. As previous
studies [4,6,19,20] have reported a significant inverse
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Table I. Treatment protocols and number of infants with congenital toxoplasmosis and clinical manifestations by centre.

Prenatal treatment

Infants with clinical

Trimester manifestations
1st and After positive Infected Retino- Intracranial
2nd 3rd  prenatal diagnosis Postnatal treatment infants choroiditis  lesions

France

Lyon Spira P-S P-S P-S for 3 wk®, Spira till >5 kg®, Fansidar for 12 mo® 44 5 4

Paris Spira  Spira P-S P-S for 12 mo®® 64 7 4

Marseille Spira  Fansidar Fansidar No manifestations: Fansidar for 12 mo°® 20 2 2
Manifestations: Fansidar for 24 mo®

Grenoble Spira  Fansidar Fansidar No manifestations: Fansidar for 12 mo® 6 1 1
Manifestations: Fansidar for 24 mo®

Nice Spira P-S P-S P-S for 3 wkY, Fansidar for 24 mo® 8 2

Toulouse Spira  Spira Fansidar Fansidar/spira for 12 mo® 22 1 1

Reims Spira  Spira Fansidar Fansidar for 24 mo® 8 1 0

Austria )

Austria P-§ P-S P-S No manifestations: P-S/spira for 12 mo¢ 24 2 3
Manifestations: P-S for 6 mo, P-S/spira for 6 mo?

Ttaly

Naples Spira  Spira P-S No manifestations: P-S/spira for 12 mo®&" 11 3 3
Manifestations: P-S for 6 mo, P-S/spira for 6 mo®&h

Milan Spira  Spira P-S P-S for 12 mo Spiramycin® 2 0 0

Sweden

Stockholm  Nil Nil Nil No manifestations: S/spira for 12 mo®®" 3 1 1
Manifestations: P-S for 6 mo, P-S/spira for 6 mo®&"

Poland

Poznan Nil Nil Nil No manifestations: S/spira for 12 mo®? 29 2 6
Manifestations: P-S for 6 mo, P-S/spira for 6 mo®¢

Denmark )

Copenhagen Nil Nil Nil P-S for 3 mo®M 14 3 3

TOTAL Total=51 255 30 30

P-S: pyrimethamine-sulphonamide; Spira: spiramycin; P-S/spiramycin indicates 4—6 cycles alternating with Spiramycin; all prenatal treat-
ment was continued until delivery. Folinic acid was prescribed to all infants receiving P-S or Fansidar.

?Pyrimethamine (3 mg/kg every 3 d), sulfadiazine (75 mg/kg/d).
® Spiramycin (125 mg/kg/d).

°Fansidar consists of pyrimethamine (1.25 mg/kg every 10 d) and sulphadoxine (25 mg/kg every 10 d).

4 Pyrimethamine (1 mg/kg/d), sulfadiazine (75-100 mg/kg/d).
¢ Pyrimethamine dose reduced to 1 mg/kg/3 d after 3 wk treatment.

fFansidar consists of pyrimethamine (1.25 mg/kg every 15 d) and sulphadoxine (25 mg/kg every 15 d).

&Spiramycin (100 mg/kg/d).
b Pyrimethamine 2 mg/kg/d for 1-3 d, then reduce to 1 mg/kg/d.

'Prednisolone given if intracranial manifestations or active retinochoroiditis.

IP-S given after 15 wk of gestation, otherwise spiramycin used.

association between gestational age at seroconversion
and the risk of clinical manifestations, we adjusted for
gestational age at seroconversion when examining
treatment effects. We used a statistical method, pre-
viously described, to take into account the fact that
maternal IgM seroconversion occurred on an unknown
date between the last negative and first positive
antibody test (interval censored) [3], or between con-
ception and the first positive test in women who were
IgM and IgG positive at the first prenatal test. To take
account of the fact that women who were IgG negative
at their first positive IgM test (85/207 seroconverters,
41%) would have seroconverted shortly beforehand,
we used the function reported in a previous analysis
[16] which is described in part 1 of the Appendix.

Infants identified by neonatal screening had no
prenatal tests to date maternal seroconversion. How-
ever, seroconversion is more likely to have occurred
later in pregnancy, as all of them had specific IgM and/
or IgA antibodies detected soon after birth, and these
antibodies are produced less frequently in infected
babies born to mothers infected early in pregnancy
[21,22]. To take account of the weeks of gestation at
maternal seroconversion in these infants, we derived a
function (Appendix, part 2) to reflect the probability of
detecting specific IgM in any peripheral blood sample
before 2 mo postnatal age according to the type of
maternal treatment (spiramycin alone/untreated versus
pyrimethamine-sulphonamide) and the week of
maternal seroconversion [16]. The function was based
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on infants born to women identified by prenatal
screening who were tested for IgM status and had
congenital toxoplasmosis confirmed at 12 mo. We
used this function for women treated with spiramycin
or not treated to estimate the distribution of the
gestational age at maternal seroconversion for infants
identified by neonatal screening.

Effect of prenatal treatment. We determined the effect of
the timing and type of prenatal treatment on intra-
cranial and ocular lesions. We considered intracranial
and ocular lesions separately in view of biological
evidence suggesting that pathogenesis may differ [23],
the fact that retinochoroiditis is associated with visual
impairment whereas intracranial manifestations may
be markers of neurological impairment, and an earlier
report that gestation at maternal seroconversion was
inversely associated with the risk of intracranial but not
ocular lesions [6]. Postnatal treatment was not con-
sidered in any of the analyses as lesions detected during
infancy were assumed to be congenital and the timing
of postnatal treatment may have been related to the
presence of lesions.

Timing of treatment. The effect of the timing of
treatment, measured as the interval between sero-
conversion and treatment (subsequently termed
treatment delay) [3,6], tested the hypothesis that the
earlier treatment is given, the lower the risk of intra-
cranial or ocular manifestations. In the main analysis,
treatment delay was categorized as less than 4 wk or
more than 4 wk [24], and untreated women were
considered as a separate category.

Type of treatment. To determine the effect of the type
of prenatal treatment, we compared women treated
with spiramycin alone with those first treated with
spiramycin and later changed to pyrimethamine-
sulphonamide, those given pyrimethamine-sulphona-
mide as the first treatment, and untreated women.
This analysis tested the hypothesis that drugs with
better maternal — fetal transfer and penetration of the
blood — brain barrier would be more effective.

To test the effect of timing and type of prenatal treat-
ment, we restricted analyses to treated women, and,
using treatment delay as a continuous variable, we
determined the additional effect of treatment type. We
also tested whether the effect of the timing of treatment
differed according to gestation at seroconversion by
including an interaction term.

Statistical methods. We used a logistic regression model
to estimate the effect of treatment variables on the risk
of clinical manifestations (part 3 in the Appendix). All
analyses took account of the interval censoring of

gestational age at maternal seroconversion, and we
assumed that the effects of treatment and gestational
age at seroconversion were additive on a logistic scale.
The effect of other potential confounders (maternal
age, parity, lymphadenopathy during pregnancy) was
investigated, and none were significant at a level of
p<0.20. Fractional polynomials were fitted for con-
tinuous variables [25]. Maximum likelihood estimates
were obtained numerically using optimization routines
from the NAg Fortran Library (NAg Group, Oxford,
Mark 19). Further details are given in the Appendix.
Approximate 95% confidence limits were derived
using profile likelihoods [26].

Results
Study population

A total of 258 live-born infants were identified with
congenital toxoplasmosis. Three infants were excluded
because it was not clear that they were initially identi-
fied by screening. Of the 255 infants included, 46
(18%) were identified by neonatal screening in Poznan
(n=29), Copenhagen (z=14), and Stockholm (n=3),
and 209/255 by prenatal screening. All of the 209
women identified by prenatal screening seroconverted
during pregnancy. Eighty-five of 209 (41%) had a
negative I1gG test at their first positive IgM test before
becoming positive on subsequent IgG tests. They were
therefore likely to have seroconverted shortly before the
IgM-positive date. Of the remaining seroconverters,
114/209 (55%) had a negative IgM or IgG test after
conception, and 10 (5%) had no negative IgG or IgM
test during pregnancy and conception was therefore
imputed as the last negative test date (six had their first
positive test date after 20 wk).

Congenital toxoplasmosis was confirmed by the
persistence of specific IgG for more than 11.5 mo of
age in 207 infants. All 48 infants with missing data for
IgG persistence were classified as infected based on a
positive prenatal diagnosis and/or positive specific IgM
or IgA, and all except one case were corroborated by
their clinician. One hundred and thirty-three of 255
(52%) were boys.

Treatment

There were 78/255 (31%) untreated women, including
15% (32/209) of the women identified by prenatal
screening. Spiramycin was the first treatment
prescribed to 138/209 (66%) women identified by
prenatal screening, of whom 58/138 (42%) subse-
quently changed to pyrimethamine-sulphonamide.
Pyrimethamine-sulphonamide was the first treatment
in 39/209 (19%) women (two women were given
pyrimethamine-sulphadoxine and the remainder
pyrimethamine-sulphadiazine). Ninety-nine of 209
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Estimated no. of weekly seroconversions

|

0 4 8 12 16 20

24 28 32 36 40 44

Gestational age at seroconversion (weeks)

Figure 1. The estimated number of women (nz=255) treated with spiramycin alone (solid line, 1), spiramycin changed to pyrimethamine-
sulphonamide (dotted line, 2), pyrimethamine alone (dotted line, 3) or not treated (solid line, 4) is plotted against the gestational age at

seroconversion (weeks).

(47%) women identified by prenatal screening under-
went prenatal diagnosis, and of these, 66 (66%) had
a positive PCR result. Pyrimethamine-sulphonamide
treatment was prescribed prenatally to all but 6/66
women: five of these six women had amniocentesis
performed within 9 d of delivery.

The estimated number of women who seroconverted
at each week of gestation according to type of treatment
is shown in Figure 1. The gestational age at sero-
conversion for untreated women is skewed towards the
end of pregnancy as 29/32 untreated women identified
by prenatal screening had their first positive test within
1 mo of delivery. Treatment was stopped in 6/177
(3%) women due to adverse events (five were receiving
pyrimethamine-sulphonamide, and one spiramycin).

Postnatal treatment was prescribed to all but two of
the 255 infants. One died aged 1 wk due to severe
congenital toxoplasmosis and parents refused treat-
ment for the other. Postnatal treatment was started 3 d
after birth (median, IQR 0-24) in infants without
clinical manifestations, and 11 d after birth (IQR
1-25) in the remainder. This partly reflects the older
age at initiation of postnatal treatment in neonatal
screening centres: median age at start of treatment in
prenatal centres was 2 d (IQR 0-14, range 0-287), and
in neonatal screening centres 26 d (IQR 22-33, range
0-123).

Effects on clinical manifestations

Table I shows the number of infected infants with
clinical manifestations in each centre. A total of 51/255
(20%) infants had one or more clinical manifestations,
and nine had both intracranial and ocular lesions.
Four babies died after birth, three were identified by
neonatal screening: one died at 13 mo from respiratory

insufficiency due to pulmonary dysplasia (birthweight
1230 g, gestational age 29 wk, and intracranial calci-
fication and neurological impairment were detected);
one died at 11 mo due to pneumonia (birthweight
1800 g, gestational age 32 wk; intracranial calcifica-
tion, ventricular dilatation, and neurological impair-
ment were detected); and one died of staphylococcal
sepsis at 3 mo in very poor social circumstances
(birthweight 3260 g, gestational age 40 wk; no clinical
manifestations of congenital toxoplasmosis detected).
Finally, one baby died at 7 d of age with disseminated
toxoplasmosis (birthweight 2400 g, gestational age
34 wk; hydrocephalus, cortical atrophy, micro-
phthalmia, retinochoroiditis, convulsions and hepato-
splenomegaly were present). In the Ilatter case,
seroconversion occurred between weeks 5 and 31 of
gestation and spiramycin treatment was given from
32 wk until delivery.

(D) Intracranial lesions. Of 244/255 infants with at least
one cranial ultrasound examination after birth, 19 had
intracranial calcification, five had ventricular dilatation
and six had both detected at least once (total with
intracranial lesions 30/244, 12%). All but two were
diagnosed within 40 d (the other two cases were diag-
nosed at 2 and 6 mo).

Intracranial imaging (ultrasound or CT scan) was
subsequently performed in 24/30 children, and
abnormalities were confirmed in 19/24. The risk of
intracranial lesions was similar in boys (16/133, 12%)
and girls (14/122, 11.5%).

Effect of prenatal treatment. Table II shows that,
compared with no treatment, prenatal treatment
before 4 wk of seroconversion significantly reduced
the risk of intracranial lesions (odds ratio 0.28;
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Table II. Effect of prenatal treatment on intracranial and ocular lesions in infants with congenital toxoplasmosis.

Number of Adjusted odds ratios for Number of Adjusted odds ratios for
women intracranical lesions women intracranical lesions
Treatment comparison (n=224) (95%CI) (n=225) (95%CI)

(1) Timing of treatment

n=230 with intracranial lesions

n=230 with retinochoroiditis

No treatment 75 1.0 78 1.0

Any treatment <4 wk* 91.4 0.28 (0.08-0.75) 96.2 1.067 (0.54-2.10)

Any treatment after 4 wk® 77.6 0.76 (0.36-1.59) 80.8 0.518 (0.21-1.20)

Overall p=0.19 Overall p=0.502
(2) Type of treatment n=30 n=30

Spiramycin alone 77 1.0 80 1.0

Spiramycin changed to 55 1.19 (0.50-2.97) 58 2.314 (1.13-4.86)
pyrimethamine-sulphonamide

Pyrimethamine-sulphonamide 37 1.37 (0.55-3.37) 39 0.492 (0.134-1.45)
throughout pregnancy®

No treatment 75 2.33 (1.038-5.50) 78 1.675 (0.811-3.561)

Overall p=0.52

Overall p=0.44

Note: all analyses are adjusted for gestational age at maternal seroconversion.
*Numbers are estimated by summing the probability of seroconversion for all women according to treatment delay.

95%CI: 0.08-0.75), but there was no significant effect
for treatment 4 or more weeks after seroconversion
(OR 0.76;5 95% CI: 0.36-1.59; overall p-value 0.19).
The effect of pyrimethamine-sulphonamide, alone
or following spiramycin, was similar to spiramycin
alone. The risk of intracranial lesions was increased in
infants of untreated mothers compared to those treated
with spiramycin alone, but the lower confidence
limit was close to 1.0 (OR 2.33; 95% CI: 1.04-5.50).
Among treated women, there was no significant
increase in the risk of intracranial manifestations
per additional week of treatment delay (OR 1.06; 95%
CI: 0.98-1.16). The inclusion of treatment type did
not improve the model (p=0.94), and there was
no evidence of an interaction between the timing of
treatment (measured as a continuous variable) and
gestation at maternal seroconversion (p=0.99).

Gestational age at maternal seroconversion.
Figure 2a shows that later gestational age at sero-
conversion was associated with a significantly reduced
risk of intracranial lesions (odds ratio per week of
gestation 0.89; 95% CI: 0.86-0.93). However, the
results for early pregnancy reflect an extrapolation of
the risk of lesions as few women seroconverted before
10 wk of gestation (shown in Figure 1).

(2) Ocular lesions. All 255 infants had at least one
ophthalmoscopy examination. In 169/255 (65%)
infants, at least one examination was by indirect oph-
thalmoscopy. Retinochoroiditis was detected in 30/255
(12%) infants. The median age at diagnosis was 2 mo
(minimum 3 d, maximum 16 mo). Of these, 27/30
had at least one further examination and lesions were
confirmed in 26/27. The risk of retinochoroiditis
was similar in boys and girls (16/133, 12% vs 14/122
11.5%).

Effect of prenatal treatment. Table II shows that there
was no evidence that the risk of ocular lesions differed
significantly in infants of women treated before or 4 wk
after seroconversion compared with those not treated.
There was a significant increase in the risk of ocular
lesions when treatment was changed from spiramycin
to pyrimethamine-sulphonamide, but not for pyri-
methamine-sulphonamide alone. Among treated
women, there was no significant increase in the risk of
ocular lesions per additional week of treatment delay:
OR 0.93 (95% CI: 0.83-1.02). Inclusion of treatment
type did not improve the model (p=0.21).

Gestational age at maternal seroconversion. There was
no evidence of an effect of gestational age at sero-
conversion on the risk of retinochoroiditis (OR 0.97;
95%CI: 0.94-1.01; Figure 2b).

Discussion

We found evidence for a 72% reduction in the odds
of intracranial lesions in infants of mothers who
were treated within 4 wk of seroconversion compared
with infants born to untreated women. As the overall
p-value was not significant, this result should be
treated with caution and requires confirmation. We
could not detect a significant effect of the type of
prenatal treatment on the risk of intracranial lesions.
There was an increased risk of intracranial lesions in
babies of untreated women compared to those treated
with spiramycin alone, which was of borderline sig-
nificance. We found no evidence of a consistent or
significant effect of either timing or type of prenatal
treatment on the risk of ocular lesions.

This is the largest cohort study of children with
congenital toxoplasmosis. Strengths include mini-
mization of selection biases by prospective enrolment
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Figure 2. The probability of (a) intracranial manifestations and (b) ocular lesions is plotted according to gestational age at maternal

seroconversion (dotted line =95% confidence intervals).

and data collection, and a high rate of follow-up for
cranial ultrasound and ophthalmoscopy. Systematic
variations in treatment between centres and individuals
were unrelated to outcomes and therefore made it
possible to examine associations between prenatal
treatment and clinical manifestations. All analyses took
into account the effect of gestational age at maternal
seroconversion due to its strong association with the
risk of intracranial lesions. As the date of maternal
seroconversion was not known precisely, we used a
statistical method to take into account the possibility of
seroconversion at all points between the last negative
and first positive IgM test dates. A further strength was
that the gestational age at seroconversion for women
given alternative treatments or not treated was
distributed throughout most of pregnancy. Although
untreated women identified by prenatal screening
seroconverted in late pregnancy, inclusion of neonatal
screening centres allowed comparison with untreated
women who seroconverted earlier in pregnancy. As
mothers of infants identified by neonatal screening
were not tested during pregnancy and had no infor-
mation on the gestational age at seroconversion, we
used a distribution function to estimate the gestational
age at maternal seroconversion in IgM-positive infants
identified by neonatal screening (Appendix, part 2).
This method compares favourably to alternative
approaches [27].

A weakness of the study was the variability between
clinicians in their ability to detect and interpret
abnormalities on intracranial ultrasound and ophthal-
moscopy. Provided the quality or number of exam-
inations was not dependent on whether the mother had
been treated or not, poor sensitivity (failure to identify
infants with clinical manifestations) would not alter the
estimate of treatment effect [28]. On the other hand,
poor specificity (finding manifestations in unaffected

infants) would underestimate the treatment effect. We
could not confirm intracranial lesions in 5/24 (21%)
children who were re-examined. This may reflect poor
specificity of the initial ultrasound examination or
spontaneous resolution of lesions [29]. Finally, we
cannot exclude the possibility that centre- or region-
specific factors influenced the findings. For example,
neonatal centres are grouped in northern Europe,
whereas prenatal centres are in central and southern
Europe. Consequently, the contribution of regional
variation possibly due to organism characteristics such
as the parasite form (tissue cysts or oocysts), or centre
differences in outcome measurement, could not be
investigated.

Our findings agree closely with those of a retro-
spective study by Foulon et al. who reported a 70%
reduction in the relative risk of any clinical manifesta-
tions in infants born to treated versus untreated women
(19/64 infected infants had lesions: ocular (6), intra-
cranial (6), ocular and intracranial (2), intrauterine
death (3), and neurological abnormality (2)) [4].
Another cohort study, using similar statistical methods
to the present study, reported a significant protective
effect of delayed treatment or no treatment compared
to treatment within 4 wk of seroconversion on the
risk of intracranial lesions found in 18/181 (10%)
infected children by 3 y old, but the authors attributed
the finding to chance [6]. All previous studies that
accounted for gestational age at seroconversion agree
with our results that there is no evidence that
pyrimethamine-sulphonamide is more effective than
spiramycin for clinical manifestations [4,6,10,11].
This finding contrasts with the widely held view that
pyrimethamine-sulphonamide is more effective that
spiramycin. We explored whether the lack of an
association could be explained by pyrimethamine-
sulphonamide being given after a longer treatment
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delay than spiramycin, but found no evidence of this in
analyses restricted to treated women. It is possible that
our study and others have failed to detect an associa-
tion between pyrimethamine-sulphonamide and risk of
clinical manifestations as few women (n=37) were
initially treated with this combination.

One possible explanation for the similarity of effect
of spiramycin and pyrimethamine-sulphonamide on
intracranial lesions could be that they both reduce
the infective parasite burden. This burden, along with
individual host resistance, route of infection and
parasite strain, has been related to brain and ocular
lesions in experimental animal studies [30,31]. If
reduction of parasite burden is the mechanism, the
timing of treatment might be critical, as conversion
from tachyzoite to bradyzoite cyst, which is impene-
trable to antibiotics, has been found to take place
between 4 and 14 d after infection in immune-
competent experimental animals [1]. However, why
treatment should have an effect on brain but not ocular
lesions remains puzzling as experimental and human
fetal studies of ocular toxoplasmosis have found that
severe lesions are associated with a locally increased
burden of free tachyzoite [31,32]. We were unable to
explore the effect of prenatal treatment on long-term
development of retinochoroiditis. However, a recent
cohort study with follow-up until adolescence found no
evidence of an effect of timing or type of treatment on
the occurrence of ocular lesions in childhood. These
results should be viewed with caution as the study was
not designed to answer this question [20]. Never-
theless, these long-term results highlight the fact that,
of infected children with ocular lesions by 6 y of age,
only one-third had lesions detected in infancy.

The effect of prenatal treatment on clinical mani-
festations in infancy is just one of the factors that
policy-makers need to consider when deciding about
prenatal screening. We have previously reported no
evidence of an effect of the timing or type of prenatal
treatment on mother-to-child transmission of toxo-
plasma infection [16], but were unable to examine the
effect of treatment on fetal loss (abortion or stillbirth)
[15]. However, we have found no evidence that the rate
of fetal loss in toxoplasma-infected women is higher
than expected [33].

Although several authors have reported an inverse
association between clinical manifestations and gesta-
tional age at maternal seroconversion [4,19], only one
study has examined this effect separately for ocular
lesions, and, like us, found no association. This finding,
together with the lack of evidence of an effect of
treatment on ocular lesions [10], supports the hypo-
thesis that the pathogeneses of intracranial and ocular
lesions differ [23]. These results, and possible reasons
for varying findings between studies of the effects of
prenatal treatment, will be further examined in an
individual patient data meta-analysis which is currently

in progress [34]. Studies on pharmacokinetics of
treatment in pregnancy are also required to determine
optimal dosing schedules.

Implications

The benefit of early versus no treatment on the risk of
intracranial lesions has been estimated to be maximal
for women who seroconvert at 28 wk of gestation,
when the combined risk of mother-to-child transmis-
sion and clinical manifestations in an infected child
are greatest [3]. At this gestational age, the risk of
mother-to-child transmission is 48% [16], the risk of
intracranial lesions identified by ultrasound examina-
tion in untreated women is 12.43%, and for women
treated within 4 wk, 3.55% (risk difference 8.88%;
95% CI: 0.08-19.79). The number of women who
seroconvert at 28 wk of pregnancy that need to
be treated within 4 wk of seroconversion compared
to those not treated to prevent one live-born child
with intracranial lesions is 24 (95% CI: 11-2604)
(8.88% x48% =4.3%). The number needed to treat
would be higher for seroconverters at all other weeks
of gestation. Only an estimated 47% of women in the
French centres received treatment within 4 wk of
seroconversion. More women would be treated earlier,
but at greater cost, if testing for seroconversion were
performed more frequently than monthly.

A further consideration is the uncertain prognostic
significance of intracranial lesions. Most children
appear to be neurologically normal in early childhood
[3,5,7,35], but information is lacking on the long-term
risk of impairment. Investigation of the association
between intracranial lesions and functional deficit at
3 and 4 y of age is reported for the EMSCOT cohort
elsewhere [36].

Finally, the consistent lack of evidence for a bene-
ficial effect of pyrimethamine-sulphonamide treatment
compared with spiramycin [4,6] highlights the need
for controlled trials to compare different strategies such
as pyrimethamine-sulphonamide versus spiramycin
(or other macrolides), and no treatment.
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Appendix

The likelihood function consists of three parts corre-
sponding to the estimation of gestational age at sero-
conversion (GASC) based on: 1) maternal IgM and
IgG test results; and 2) the child’s IgM status. The
third part models the effect of GASC and treatment
variables on clinical manifestations in infancy. The
equations are as follows:

(1) To estimate the probability distribution of
gestational age at IgM seroconversion for
women who were IgG negative and IgM positive
at their first prenatal test, we defined a function
F, which can be written as:

1
1+ (0.824(RR; —u))***

where u is GASC, and RR; is the gestational age
at the first IgM-positive test (measured in weeks
from the last menstrual period).

The function was based on 415 women in a
cohort from Lyon, who were observed to sero-
convert for both IgM and IgG [3]. Analyses used
methods for doubly censored data. The same
methods were applied to the EMSCOT and the
results were similar.

(2) To determine the probability distribution
of GASC for mothers of babies identified by
neonatal screening for toxoplasma-specific IgM,
we derived a logistic function with a linear
predictor consisting of three parameters corre-
sponding to an intercept, a quadratic effect for
GASC in weeks, and a two-level factor for class
of treatment: pyrimethamine-sulphonomide
vs spiramycin or no treatment. The function was
derived from women who seroconverted during
pregnancy and were identified by prenatal
screening, provided their baby had at least one
test for toxoplasma-specific IgM in the first 2 mo
of life. The interval censoring of GASC was
taken into account in the same way as reported
in this paper. For the j-th subject it can be
written as:

Fi(u)=1

Oj(u) =P[IgM at birth] =
. 1
1+ exp (—2.12+0.0038 u — 1.09PS,)

where u is GASC in weeks, and PS; is 0
for women treated with pyrimethamine-
sulphonomide and 1 otherwise.

(3) To determine the effect of GASC and treatment
variables on clinical manifestations in infancy we
derived a logistic function L; (g(u), X;f) based
on a linear predictor for covariates g(u),
X=X,,..., X,with parameters = fo, f15. . .» f)
to model the presence of brain or eye lesions
based on an intercept, GASC and the treatment
variables. The function g(u) represents the
effect of GASC on the probability of clinical
manifestations and was a linear function for
all the analyses presented.The likelihood func-
tion is:

N  RR
Lik®)=>_ > {(Fw)*
j=1u=LLj+1
x (1 _P}(u))l—IgC;j)Prenaralf
X (0 ()"
x (1—0; (u))l—IgMBj)IgMBPj
X (Li(g(w), X;8))M
x (1—Li(g(u), X))~}

where f is a vector of parameters for the linear
predictor modelling probability of lesions; N is
the number of subjects in the study; u is GASC;
g is a function of GASC; X is a vector of co-
variates; LL; is GA at the last negative IgM test
for subject j; RR; is GA at the first positive IgM
test for subject j; IgG; is 1 for women who were
IgM + and IgG— at the first prenatal test, and
0 otherwise; Prenatal; is 1 if the mother was
screened prenatally and O otherwise; IgMB; is 1
if the child was IgM positive after birth and 0
otherwise; IgMBP; is 1 if the child was tested for
IgM within 2 mo of birth and 0 otherwise; CM;
is 1 if there were any clinical manifestations
detected during infancy for child j and 0
otherwise.
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