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Acquired maternal infection with Toxoplasma gondii
(T. gondii) during pregnancy may cause congenital
toxoplasmosis. Transplacentally acquired infection of
the fetus may cause chorioretinitis, severe thrombocyto-
paenia, intracranial calcification, hepatosplenomegaly,
and disturbances of head size, etc. In infected newborns,
who appear normal at birth, retinal scars may develop
slowly during the first 3–4 years of life, either with or
without accompanying symptoms. The retinal lesion is
probably the most frequent manifestation of congenital

toxoplasmosis.1–3 If the retinal damage occurs in the
macular area, blindness may result. Each case of con-
genital toxoplasmosis is a tragic event for the family
and a social burden to society.

Prevention of congenital toxoplasmosis is a step-
wise process. The first step is reduction in the risk of
contamination of women by adequate health education
both before and during pregnancy. The second step
comes after maternal contamination: the reduction and
prevention of fetal disease by the early diagnosis and
treatment of the toxoplasma infection during preg-
nancy. The third step involves the early treatment of the
newborn and special follow-up of the child at least for
2 years. However, it is not easy to reduce the risk of
contamination of pregnant women since this would
demand a change in their lifestyle in order to avoid the
multiple means of toxoplasma transmission, e.g. via
contact with infected cat faeces, or eating insufficiently
washed or unwashed raw vegetables and fruits (such as
strawberries, lettuce, etc.) infected with cat faeces, or
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Background. Toxoplasma gondii infection of the fetus can only be discovered or prevented by the appropriate serological
screening and subsequent treatment of the mother and her offspring. In Hungary, there is no obligatory toxoplasma screen-
ing for pregnant women and both the reporting and follow-up of congenital toxoplasmosis cases is limited. In 1987 we
started a systematic study in the Szeged region of Hungary, in which all pregnant women were screened and appropriate
treatment given to all mothers and their offspring where congenital toxoplasmosis was suspected.
Methods. All pregnant women were routinely screened within the first 16 weeks of gestation for toxoplasma antibodies
by complement fixation test (CFT). Seronegative cases were retested for possible seroconversion every second month.
Patients with CFT titres >1:256 were retested for anti-P30 immunoglobulin A (IgA), IgM and IgG antibodies by ELISA
and/or SDS-PAGE-Western immunoblot in order to distinguish the acute and chronic phases of the infection.
Results. Up to the end of 1994, the sera of 17 735 gravidae were screened. Ten women were found to have seroconverted
during pregnancy and 78 had high initial antibody levels accompanied by anti-P30 IgA antibodies at the very first screening.
These two groups together were considered as definitely (10) or possibly (78) infected with Toxoplasma during pregnancy
and were treated with Spiramycin. All of their offspring were also treated for one month and followed-up by systematic
serological and clinical screening for 2 years. No congenital toxoplasmosis was found in any of the offspring.
Conclusions. Antenatal, early diagnosis and treatment of toxoplasmosis in mothers, together with treatment and follow-
up of their offspring, may considerably reduce the incidence of the disease in the offspring.
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the consumption of raw or undercooked meat contain-
ing tissue cysts.1,3–5 The walls of these cysts are quite
resistant to gastric juice and thus the parasites are pro-
tected from gastric degradation.1,6 Information about
preventive measures should be given to all women of
childbearing age before pregnancy in order to prevent
acute infections in early pregnancy, which is considered
the most dangerous period for the fetus. Toxoplasmosis
is generally asymptomatic in immunocompetent patients,
therefore, it is not easily detected during pregnancy.7

Early identification of the infection followed by treat-
ment is, however, the only practical way to reduce the
incidence of congenital toxoplasmosis.

With this study, we have tried to evaluate the effect
of an intensive programme for the prevention of con-
genital toxoplasmosis in Szeged (Hungary). The pro-
gramme consisted of the prevention of infection of the
mother by education about risk factors, and the pre-
vention of infection of the child by early diagnosis and
treatment of the infection.

SUBJECTS AND METHODS
Subjects
All pregnant women (17 735) in the city of Szeged
between 1987 and 1994 were routinely screened for
toxoplasma antibody. Written information was given to
the women which described the symptoms and conse-
quences of toxoplasma infection, and the aims of the
screening using blood sampling. The information was
provided in such a way that it would be easy for the
women to understand but would not induce unnecessary
anxiety. Since toxoplasma screening is not obligatory 
in Hungary, blood sampling was carried out only after
the informed consent of the pregnant women and the
approval of the Ethics Committee of the University.

Antenatal Screening and Maternal Treatment
The most important feature of antenatal screening is the
date of the first blood sample. The sooner this is done,
the better, and the pregnant women were therefore tested
when they were first seen at antenatal clinics, between
the 8th and the 16th weeks. At this time, a compulsory
blood sample is taken for syphilis examination, thus,
the same blood sample was also used for the deter-
mination of toxoplasma antibody. Thus, the first blood
sample involved no extra cost and the pregnant women
had no extra stress with regard to toxoplasma screening.
In women with complement fixation test (CFT) titres of
1:16–1:128 at this time further tests were omitted on the
assumption that they had been infected before the
pregnancy.3 This greatly reduced the cost of the sero-
logical surveillance. If the CFT titre was >1:256 at 

the first test, the specimen was further examined either
by SDS-PAGE-Western immunoblot8–16 or by the
determination of anti-P30 IgA and IgM9,17–19 in order to
distinguish between the ‘acute’ and ‘chronic’ phases of
the infection. (P30 is a major surface protein of T. gondii
expressed only by tachyzoites.) Patients with high CFT
titres but no anti-P30 IgA antibody titres were con-
sidered as having ‘chronic’ infection, thus, with no risk
of recent toxoplasmosis, therefore, further testing was
omitted. In contrast, patients with high CFT titres plus
anti-P30 IgA antibody titres were considered to have
recently acquired Toxoplasma. A minority of these in-
fections may have been acquired during the pregnancy
but the time cannot be determined exactly by serolog-
ical methods. Seronegative cases were retested every
second month until the end of pregnancy to monitor any
seroconversion. When recently acquired toxoplasma
infection was serodiagnosed (e.g. we discovered sero-
conversion or rising CFT titres, or continuous high CFT
titres with the presence of anti-P30 IgA antibody), the
mother was immediately treated with 3 g of Spiramycin
per day until one month before the expected delivery. To
confirm fetal infection, a fetal blood sample was taken
from the umbilical vein. This was also done in three 
of the ten seroconverted mothers with the consent of 
the mother.20 No consent was given by the other seven
patients. The fetal blood was used for Western blot
analysis and/or anti-P30 IgA, IgM determinations by
ELISA, as well as for inoculation into mice and poly-
merase chain reaction (PCR) amplification. The same
tests were also performed on amniotic fluid obtained by
amniocentesis at the time of the fetal blood sampling.21

The amniotic fluid from two patients was also used for
PCR-amplification of part of the P30 gene of the para-
site.22 Ultrasound examination was also performed
monthly from the time of fetal blood sampling up to the
end of pregnancy, paying special attention to the size of
the lateral ventricles, signs of intracranial calcification,
the thickness of the placenta, and fetal hepatomegaly.

Neonatal Surveillance and Neonatal Treatment
At birth, cord blood was taken for anti-P30 IgA and
IgM determination by ELISA and/or Western immuno-
blot in all cases where the mothers displayed sero-
logical evidence of acute infection. Two weeks later, 
a blood sample was also taken from the baby for the
same examinations.8–11 Serological examinations were
repeated monthly up to 6 months of age, and then every
6 months up to 2 years of age. At these points in time,
ophthalmoscopy, ultrasound examination and skull
radiography were also performed. From birth, the new-
borns of the infected mothers were treated with 500 mg
per 5 kg of Spiramycin per day for one month.
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Serological Methods
All sera were tested by a sensitive CFT (the dilution of
the complement was usually 1:90, and the dilution 
of the haemolysin was 1:300), using a toxoplasma anti-
gen containing both the mannan and the somatic com-
ponents of T. gondii (SEVAC, Prague, Bohemia).10

Seronegative cases were retested by CFT every second
month to monitor seroconversion. If the CFT titre was
>1:256 at the first testing, the specimen was further
examined by ELISA IgG (Organon Teknika, B V Boxtel,
Holland, or Sanofi Diagnostic Pasteur, Paris, France)
and either by the technique of SDS-PAGE and Western
immunoblot with anti-human IgG-conjugate (REANAL,
Budapest, Hungary),8,11 or by anti-P30 IgA and IgM
immunocapture ELISA kits (Sanofi Diagnostic Pasteur,
Paris, France) using the P30 protein as antigen.9 The
PCR amplification of part of the P30 gene of T. gondii,22

Western blot analysis8,11 and/or anti-P30 IgA, IgM de-
terminations,17 and inoculation into mice were carried
out also from fetal blood and amniotic fluid.

The sensitivity, specificity, and positive predictive
value (PPV) of the CFT were calculated by comparing
with the ELISA IgG (Sanofi Diagnostics Pasteur, Paris,
France) as a reference test. (According to the Sanofi
Diagnostics Pasteur’s brochure, the sensitivity and the
specificity of the ELISA IgG are 100.0% and 99.6%,
respectively, as compared to the indirect immunofluor-
escence.) Altogether, 192 random samples were exam-
ined. Sensitivity was found to be 97.1%, specificity:
86.2%, and PPV: 89.5%.

RESULTS
Table 1 summarizes the data on the immune status to
T. gondii infection of 17 735 pregnant women according
to the year in which they were screened. The prevalence
of the presence of T. gondii antibody varied between
55.8% in 1990 and 73.2% in 1991. In all 6245 women
(35.2% of those screened during the study) were sero-
negative at the first test. Altogether, ten patients were
found in the seroconverted group (Group C), ranging
from zero in 1991 and 1993 to four (0.45%) in 1989. The
yearly distribution of Group D (high initial antibody
levels [HIAL] with anti-P30 IgA) varied from three
(0.24%) in 1990 to 20 (1.43%) in 1994. The patients in
Groups C+D varied from five in 1988 and 1990 (0.22%
and 0.23%, respectively) to 21 cases (0.94%) in 1994.
Thus, a total of 88 patients, (Groups C+D) were found
with serological evidence of acute toxoplasmosis. All
these patients were treated immediately and continu-
ously, as mentioned earlier. The 88 babies born to these
mothers were treated for one month and followed up 
for 2 years, as described earlier. No case of congenital
toxoplasmosis was discovered during this study. Rigor-
ous surveillance during the whole period of the study
could not discover any side effects of the Spiramycin
treatment either in the mothers or in the infants.

The IgG immunoblot pattern and the anti-P30 IgA
antibody levels were determined in 27 pregnant women
(Groups C+D) from 1987 to 1990. The appearance of
the 30 kD early band on immunoblot was seen together
with the appearance of anti-P30 IgA antibody. These

TABLE 1 Immune status to toxoplasmosis during pregnancy over an 8-year period

Year No. of gravidae Group A Group B Group C Group D Groups C+D
(Groups A+B) Seronegative Seropositive Seroconverted HIAL with anti- (Treated with

subjects subjects subjects P30 IgA +ivec Spiramycin)

No. (%) No. (%) No. (%)b No. (%)d No. (%)e

1987a 1758 718 (40.8) 1040 (59.2) 1 (0.14) 7 (0.67) 8 (0.45)
1988 2199 805 (36.6) 1394 (63.4) 1 (0.12) 4 (0.29) 5 (0.22)
1989 2270 890 (39.2) 1380 (60.8) 4 (0.45) 5 (0.36) 9 (0.40)
1990 2218 980 (44.2) 1238 (55.8) 2 (0.20) 3 (0.24) 5 (0.23)
1991 2491 668 (26.8) 1823 (73.2) 0 (0) 13 (0.71) 13 (0.52)
1992 2273 670 (29.5) 1603 (70.5) 1 (0.15) 12 (0.74) 13 (0.57)
1993 2299 823 (35.8) 1476 (64.2) 0 (0) 14 (0.95) 14 (0.61)
1994 2227 691 (31.0) 1536 (69.0) 1 (0.16) 20 (1.43) 21 (0.94)
Total 17 735 6245 (35.2) 11 490 (64.8) 10 (0.16) 78 (0.68) 88 (0.50)

a Study started on 9 February 1987.
b Percentage of seronegative women seroconverting during pregnancy.
c HIAL with anti-P30 IgA +ive = high initial antibody levels accompanied by anti-P30 IgA antibodies.
d Percentage of seropositive patients with HIAL and anti-P30 IgA.
e Percentage of gravidae with seroconversion and HIAL with anti-P30 IgA.
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were found to be early indicators of an acute infection.
A fading of the 30 kD band on the immunoblot (in
parallel with the decrease in the anti-P30 IgA antibody
level) seems to indicate the transition of the acute phase
to the chronic phase. The transition was observed 3–8
months after seroconversion.

Figure 1 illustrates the IgG immunoblot pattern, 
the CFT titres and the ELISA IgG and IgA results of a
pregnant woman with asymptomatic toxoplasmosis,
together with the pattern of her newborn. The 30 kD
and the 35 kD molecular weight early bands appeared
(in parallel with the anti-P30 IgA positivity) in the sec-
ond serum sample, taken 2 months after the last sero-
negative sample. The anti-P30 IgA decreased below the
cutoff level within 4 months. At that time, the CFT and
ELISA IgG titres were still high. The immunoblot
patterns of the cord blood and the blood of the newborn
were identical. The intensity of the bands declined
during the first month of the baby’s life, indicating that
the baby’s pattern originates from the passively
transferred maternal IgG antibodies. The baby had an
elevated CFT titre, but not detectable IgA antibodies or
clinical symptoms.

Figure 2 shows the results of a patient from Group D.
She had constantly high levels of CFT and ELISA IgG,
with the presence of anti-P30 IgM and IgA. The anti-
P30 IgA titre decreased within 8 months whereas the
IgM persisted for more than one year.

DISCUSSION
Since acquired toxoplasmosis is generally asympto-
matic among immunocompetent patients, it is rarely

detected during pregnancy. Thus, their offspring can
escape the possibility of infection only through the
early identification of the infection in their mother by
prospective screening, and by subsequent appropriate
treatment.7,18

The finding that IgM antibody, which is a marker of
a recent infection, can persist occasionally long after
the onset of toxoplasmosis, complicates the serodiag-
nosis of a recent infection.17,18 IgG may also persist in
high titres for more than one year after seroconversion.
Thus, the persistence of high titres of IgM and IgG, do
not allow an estimate of the onset of the infection, which
is especially important in pregnant women where only
acute infections can be transmitted to the fetus.

In congenital toxoplasmosis, the specific anti-
toxoplasma IgM antibody is absent in one-third of the
babies.23 Further, an elevated anti-toxoplasma IgG
antibody titre in the newborn may be of either maternal
or fetal origin, i.e. it may reflect either an active con-
genital toxoplasmosis or simply the passively transferred
antibodies of a maternal toxoplasmosis.

The detection of specific IgA against T. gondii P30
has recently been used for the differential diagnosis 
of acute and congenital toxoplasmosis.17,24 This 30 kD
protein is the major surface protein of the multiplicative
form of toxoplasma. It comes into contact with the
immune system very early after infection, and thus it 
is a favoured target of the acute humoral immune re-
sponse. In our study, the fast developing anti-P30 IgA
titres usually decreased more rapidly than the IgM
titres. Thus, we could confirm that anti-P30 IgA ELISA
is a useful, easy-to-handle method for the determina-
tion of a recently acquired toxoplasmosis (Figure 2).

FIGURE 1 IgG immunoblot pattern and antibody titres of a pregnant woman with seroconversion,
and of her baby



Furthermore, no IgA antibody was found in any of the
newborns born to infected mothers. These babies
proved to be uninfected during the follow-up.

Beside the IgA determination, we evaluated the tech-
nique of SDS-PAGE-Western immunoblot. The SDS-
PAGE-Western immunoblot reveals a characteristic
pattern evolved by the binding of antibodies to distinct
toxoplasma antigenic components. The changes in the
immunoblot pattern are considered to indicate the stage
of infection.8–12 Using immunoblot we found (Figure 1)
that the 30 kD and the 35 kD molecular weight antigen
components elicited an IgG response early after the
onset of the infection. The intensities of these bands de-
creased earlier than the CFT and/or ELISA IgG titres, i.e.
the fading of the early bands seems to indicate the trans-
ition of the infection to the chronic stage earlier than
the decrease in the CFT and the IgG ELISA titres. Thus,
determination of the immunoblot pattern is a useful
diagnostic tool in the serodiagnosis of the stages of toxo-
plasmosis of the mother in the event of persistent high
titres of IgM and/or IgG. In the baby, the pattern of 
the immunoblot indicates that the infant did or did not
acquire toxoplasmosis in utero. Since 1991, the regular
IgG immunoblot determination has been omitted; first,
because of the parallelism observed between the results
of this test and the results of IgA determination, second,
because the ELISA method of anti-P30 IgA deter-
mination is cheaper, easier to perform and less time-
consuming than the SDS-PAGE-Western blot technique
and the interpretation can be performed by the technical

staff. It should be stressed, however, that the IgG im-
munoblot determination may be extremely useful in
analysing some disputed cases.

An important part of any ‘case finding’ screening
study is the ability of the test to classify as positive
people with the disease (sensitivity) and to class as neg-
ative those without the disease (specificity).25 Accord-
ing to Wilson & Jungner, a test should be, first, highly
sensitive; second, as simple as possible; third, cause
minimal disturbance to the subject.25 We feel that our
screening test fulfils these criteria.

Table 1 shows data on the 17 735 pregnant women
we screened between 1987 and 1994. The prevalence of
antibody to T. gondii was determined each year from
1987 to 1994 and varied between 55.8% and 73.2%.
This value is definitely higher than those found earlier
in Hungary in some less detailed studies,26–28 and is
somewhat lower than those found in the neighbouring
Yugoslavia,29 while, in Austria, Aspöck found a de-
crease from 50% in 1975 to 36% in 1994.30 Of the 6245
seronegative subjects (35.2% of all screened patients),
ten patients seroconverted during the screening period,
and thus were in danger of passing toxoplasma infection
to their offspring (Group C). Published data13,31 indi-
cate that 10–30% of infants of unscreened and untreated
infected mothers will have impairment. However, the
actual rate of infection of the offspring depends on sev-
eral factors: virulence of toxoplasma strains, immuno-
logical status of the pregnant women, and, in particular
the age of the fetus at the time of exposure.29 Thus, the
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FIGURE 2 Fresh infection of a patient discovered with high levels of IgA, IgM and high
complement fixation test (CFT) titre



frequency of fetal infection is considered approxim-
ately 15% in the first trimester, 25% in the second, and
60% during the third trimester.32 A 90% infection rate
may occur in the last weeks before delivery.33 The sev-
erity of the fetal damage shows, however, the opposite
tendency: a decrease from the first trimester to the third
trimester.34 Aspöck assumes a 50% risk of toxoplasma
infection of the infected mothers’ fetuses.30 Thus, it is
not unreasonable to suppose that at least five fetuses
might have been infected with toxoplasma had not
therapy started immediately after the discovery of
seroconversion.

In addition, Group D (high initial antibody levels
accompanied with anti-P30 IgA antibodies) may also be
at risk of transmission of toxoplasmosis to their fetuses,
considering that the 78 pregnant women in this group
had definitely had a recent, acute toxoplasma infection.
Some of these might have occurred after the time of
conception in that, the first blood sample in our study
was done between the 8th and 16th weeks of pregnancy,
the majority between the 12th and 16th weeks. It is not
unreasonable to suppose that in approximately one-
third of this ‘acute’ group (i.e. 13–17 women), the toxo-
plasma infection might have occurred after conception.
Using a 50% fetal transmission rate, 7–9 offspring could
have been infected without the screening and treatment
programme. Conservatively, we might have expected
12–14 infected offspring from Group C+D. In our study,
however, not a single case of congenital toxoplasmosis
was found among the 88 offspring of mothers of Group
C+D who were screened antenatally and treated
appropriately. In concordance with the results of Stray-
Pedersen,33 no adverse effects of Spiramycin treatment
were observed during the 8 years of the study.

No such screening (and hence, no such treatment) 
has been performed in other regions of Hungary. The
comparison of our impressive results (i.e. no neonatal
toxoplasmosis at all) with the whole of Hungary is very
difficult. The number of live births for Hungary from
1987 to 1994 was 981 083;35 the annual mean was
122 635 with 116 000 and 127 207 as extremes in 1994
and 1991, respectively. However, the annually reported
number of toxoplasma cases in the entire country dur-
ing the same period was much more variable, 15 in 1987,
16 in 1988, five in 1989, three in 1990, two in 1991,
two in 1992, one in 1993, and two in 1994; 46 in total.
(Data obtained from the ‘Béla Johan’ National Institute
of Public Health, Budapest.) The same data relating to
the 8 years (1979–1986) preceding our studies are as
follows: the number of live births was 1 078 957
altogether,35 and the annual mean was 134 869. The
reported number of congenital toxoplasma cases during
the same period was exactly 100 with three (1979) and

31 (1986) as extremes. Does it mean a drastic decrease
in the incidence of neonatal toxoplasmosis in recent
years? Or, does it mean a drastic decrease in the (oblig-
atory) reporting of neonatal toxoplasma cases to the
‘Béla Johan’ National Institute of Public Health? Or,
are there other unknown factors causing a rapid decrease
of the reported cases of the neonatal toxoplasmosis?
Ljungström supposes a significant underestimate of
congenital toxoplasmosis in Sweden because the
infected neonate may be without symptoms and still be
at risk of developing sequelae such as chorioretinitis.36

Anyway, it must be stressed that our report is not able
to answer that question definitely, nor was its purpose
to unravel the reasons.

An unavoidably important aspect in all screening
programmes is the evaluation of the cost-benefit estim-
ates related to other methods, e.g. clinical treatment.
Such calculations were not commonly applied previ-
ously in Hungary. Even now, many of the costs are
continuously changing, or difficult to estimate due to a
lack of proper information and uncertainties in health
policy. Nevertheless we have tried to give some calcu-
lations, but these may not be definitive enough to make
a final decision on the cost-effectiveness of screening
versus other methods in the case of congenital toxo-
plasmosis.

The most important costs of the screening program-
me derive from the serological tests. In our calculation,
the yearly cost of CFT is approximately 450 000 Hun-
garian Forints (HuFt). (In May 1996, 1 HuFt = 0.006587
US$.) Confirmatory tests (ELISA IgA/IgM/IgG):
571 000 HuFt. Thus, the serological tests cost around
1 021 000 HuFt. Gynaecological screening (together
with Spiramycin treatment) for the suspected cases
(Group C+D): 153 000 HuFt approximately. Costs of
ophthalmological screening: 40 000 HuFt per year.
Neurological tests: 65 000 HuFt. Infection screening
17 000 HuFt approximately. The total costs of the screen-
ing programme have been 1 296 000 HuFt per year, i.e.
10 368 000 HuFt for the 8-year period of our study.

We estimated that about 12–14 infected offspring
would have occurred in the Szeged region during our
study without the screening programme. Thus, the pre-
vention of each potential congenital toxoplasmosis has
cost 740 000–864 000 HuFt. According to the data of
one of us (ZO) the government’s Department of Health
allows 500 000 HuFt spending per year for each child
with toxoplasmosis requiring institutional care. This is
far from being enough: the actual costs of acceptable
care, however, are at least 850 000 HuFt. Additional
costs of home care, travel costs, working time lost by
parents and patients, etc. are not included. In conclu-
sion, the costs of the yearly screening programme are in
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the same range as the costs of the institutional care of
one case of congenital toxoplasmosis. Lappalainen states
that severely ill children require permanent institutional
care for the whole of their lives, i.e. 40 years.37

To conclude, we believe that the introduction of a
nationwide toxoplasma screening programme would
result in a decrease in neonatal toxoplasma cases like
that experienced in the city of Szeged in other regions
of Hungary. A programme using the CFT as a first line
screen, and anti-P30 toxoplasma IgM and IgA deter-
mination with occasional Western immunoblot, as addi-
tional tests to discriminate between acute and chronic
infections, seems to be efficient. Further studies need to
be performed on the more accurate determination of the
risk of materno-fetal toxoplasmosis as well as on the
exact costs of home care and hospitalization, or perman-
ent institutional care in order to make definitive cost-
benefit analysis of screening versus other alternatives.
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