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ABSTRACT

Aim The AGG (Working Group for Obstetrics and Prenatal Di-

agnostics, Section Maternal Diseases) has issued these recom-

mendations to improve the detection and management of

Toxoplasma gondii infection in pregnancy.

Methods Members of the Task Force developed the recom-

mendations and statements presented here using recently

published literature. The recommendations were adopted

after a consensus process by members of the working group.

Recommendations This article focuses on the epidemiology

and pathophysiology of Toxoplasma gondii infection in preg-

nancy and includes recommendations for maternal and fetal

diagnosis, transmission prophylaxis, therapy, prevention,

screening, and peripartum management.

ZUSAMMENFASSUNG

Ziel Diese Empfehlungen der AGG (Arbeitsgemeinschaft für

Geburtshilfe und Pränatalmedizin, Sektion maternale Erkran-

kungen) haben das Ziel der Verbesserung der Diagnostik und

des Managements von Toxoplasma-gondii-Infektionen in der

Schwangerschaft.
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Methoden Basierend auf der aktuellen Literatur entwickelten

die Mitglieder der Task Force die vorliegenden Empfehlungen

und Stellungnahmen. Diese Empfehlungen wurden nach

einem Konsens der Mitglieder der Arbeitsgruppe verabschie-

det.

Empfehlungen Das folgende Manuskript beschäftigt sich

mit der Epidemiologie und Pathophysiologie von Toxoplas-

ma-gondii-Infektionen in der Schwangerschaft und enthält

Empfehlungen zu maternaler und fetaler Diagnostik, Trans-

missionsprophylaxe, Therapie, Prävention, Screening und pe-

ripartalem Management.

Tissue cyst

Oocyst
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1 Introduction
Toxoplasma gondii infection in pregnancy can be dangerous for
the fetus. As screening is currently not legally required in Ger-
many and there is no clear evidence regarding the best strategy
in pregnancy, there is currently no consistent approach used for
the diagnosis and therapy of this infection. This paper therefore
includes a review of the current data together with a list of recom-
mendations for the appropriate approach in pregnancy based on
the available literature.
2 Methodology
The RKI guideline on toxoplasmosis published in 2018 [1] was
used as the basis for compiling these recommendations. In addi-
tion, we carried out a MEDLINE literature search using the search
terms “pregnancy AND toxoplasmosis” and the filters “meta-anal-
ysis,” “systematic review” and “10 years”. Identified abstracts
were reviewed for relevance and relevant studies were consulted
for this publication. Topic-related literature searches were addi-
tionally carried out to cover specific individual questions.
Transplant

▶ Fig. 1 Life cycle of Toxoplasma gondii (source: Zeitschrift für
Gastroenterologie [66]).
3 Pathogen, Transmission and
Epidemiology

Toxoplasmosis is a zoonotic disease caused by the intracellular
protozoan parasite Toxoplasma (T.) gondii.

Sexual development and reproduction of T. gondii occur in the
epithelial cells of the feline bowel following initial oral ingestion of
the parasite by cats or other Felidae (definitive hosts) (▶ Fig. 1).
Oocysts are subsequently shed in the feces and develop into infec-
tious sporozoites after 24 hoursʼ maturation in the open air; in
suitable climatic conditions they can survive several months to
years.

Ingestion of water or food contaminated by oocysts [2] leads
to initial infection of the intestinal epithelium in the intermediate
host (all warm-blooded creatures, including cattle, pigs, birds,
and humans) and, following hematogenic spread, to lifelong per-
sistence in the form of tissue cysts containing slowly replicating
bradyzoites in different types of tissue (primarily the brain, but
also the retina and in skeletal and cardiac musculature) [1]. After
primary infection, most people become immune but reactivation
can occur in immunocompromised persons (e.g., patients with
AIDS or transplant recipients).

Infection of humans occurs through the oral ingestion of
sporulated oocysts (e.g., after forgetting to wash hands after
working in the garden or eating unwashed vegetables) or of tissue
1432 Schneider MO et al. Toxoplas
cysts containing vital bradyzoites (in raw or undercooked meat).
Very rarely, transmission can occur through a patient receiving
an infected transplant [3].

In Germany, the main cause of infection is assumed to be the
consumption of raw meat products such as sausages and ground
pork (mince). Additional risk factors are a high body mass index
(BMI) and domestic cats [2].
ma gondii Infection… Geburtsh Frauenheilk 2023; 83: 1431–1445 | © 2023. The author(s).
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▶ Fig. 2 Estimated seroprevalence of Toxoplasma gonadii-specific antibodies according to age (18–79 years) and gender in Germany, 2008–2011
[2].
AGG STATEMENT (1)

In Germany, more than half of all women of child-bearing age

are seronegative and their first infection with Toxoplasma

gondii can occur in pregnancy.

In addition to the transmission routes described above, primary
infection during pregnancy can lead to congenital toxoplasmosis
in the infant.

It is assumed that one third of the global population has been
infected with Toxoplasma gondii [4]. According to an evaluation
of the RKI (Robert Koch Institute) for the years 2008–2011, sero-
prevalence in women of child-bearing age in Germany increases
with age from around 20% (age range: 18–29 years) to almost
50% (age range: 40–49 years) (▶ Fig. 2) [2]. The seroprevalence
measured in 1992 in a cohort of pregnant women in Germany
was 39% (n = 5670, age range: 15–47 years) [5].

The incidence of seroconversion in pregnancy is estimated to
be 1325/100000 pregnancies (i.e., 1% of pregnancies) [2]
although, according to an analysis of data from health insurance
companies in Germany, acute infection with T. gondii was only di-
agnosed in 40/100000 pregnancies [6].
4 Maternal Symptoms

AGG STATEMENT (2)

Infection with Toxoplasma gondii is generally asymptomatic

in immunocompetent pregnant women.
Schneider MO et al. Toxoplasma gondii Infection… Geburtsh Frauenheilk 2023; 83: 1431–1445
In immunocompetent adults, mononucleosis-related symptoms
such as fever, headache and cervical/occipital lymphadenopathy
occur in less than 10% of infections following an incubation period
of between one and three weeks. Symptoms can persist for sev-
eral weeks. In exceptional cases, infected immunocompetent pa-
tients may present with maculopapular rash, reactive arthritis,
hepatosplenomegaly, or other organic abnormalities [4, 7].

Infection with T. gondii in immunocompromised pregnant
women can cause severe encephalitis, myocarditis, pneumonitis,
or hepatitis [8].
5 Congenital Toxoplasmosis
Transplacental infection of the fetus can develop following pri-
mary infection of a previously seronegative mother or rare reacti-
vation of Toxoplasma gondii in a pregnant seropositive woman
who is severely immunocompromised. Maternal-fetal transmis-
sion occurs between one and four months after placental coloni-
zation by Toxoplasma gondii [8]. The placenta acts as both a bar-
rier and a reservoir for Toxoplasma gondii [9].

5.1 Epidemiology of congenital toxoplasmosis

AGG STATEMENT (3)

The rate of maternal-fetal transmission of T. gondii increases

with gestational age, although the risk of severe fetal disease

decreases with increasing duration of the pregnancy.

Overall, between 6 and 23 cases of congenital toxoplasmosis are
reported to the RKI every year in Germany [1], although a review
of health insurance data covering the same time period found 43–
1433|© 2023. The author(s).
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▶ Fig. 3 Risk of T. gondii transmission between mother and fetus
according to gestational age when maternal seroconversion has
occurred (during maternal treatment with medication) [15].
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▶ Fig. 4 Probability of serious neurological sequelae or death of
infected fetuses (including abortion) depending on the time of
maternal seroconversion and treatment [51].
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▶ Fig. 5 Flowchart showing the risk of the fetus or neonate devel-
oping disease based on maternal seroconversion of toxoplasmosis
(source: Picone et al. [12]).
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116 diagnosed cases. It is generally thought that the number of
unrecorded cases of fetal infection is much higher (e.g., due to
miscarriage or asymptomatic course of disease) and the real num-
ber of cases with congenital toxoplasmosis is assumed to be
around 1300 asymptomatic and 350 symptomatic cases annually
[2].

As with other infectious diseases, the rate of maternal-fetal
transmission of toxoplasmosis increases with gestational age
(▶ Fig. 3), although the risk of severe fetal disease decreases with
increasing duration of pregnancy (▶ Fig. 4). The data on maternal-
fetal transmission rates were obtained from studies in which the
majority of infected mothers received medication after being di-
agnosed.

Based on the drug regimen commonly used in Germany, the
reported rates of transmission were 1.3% if maternal infection oc-
curred in the 1st trimester of pregnancy, 10.6% if infection oc-
curred in the 2nd trimester and 21.7% if infection occurred in the
3rd trimester [10].

5.2 Fetal and neonatal symptoms

The typical triad associated with symptomatic congenital infec-
tion with toxoplasmosis was first described in the 1950s by Dr. Al-
bert Sabin [11] and consists of retinochoroiditis, cerebral calcifica-
tions and hydrocephalus.

Data from France (2006–2017, ▶ Fig. 5) obtained from prena-
tal screening and the treatment of liveborn children with congen-
ital toxoplasmosis at birth showed that 90.7% of cases were
asymptomatic and 9.3% were symptomatic. Two thirds of symp-
tomatic children had moderate symptoms (intracranial calcifica-
tions, peripheral retinochoroiditis) and 11⁄33 presented with severe
symptoms (disseminated toxoplasmosis, hydrocephalus or retino-
choroiditis affecting the macula) [12].

It appears that severe forms of congenital toxoplasmosis with
hydrocephalus only occur if maternal infection occurs in the 1st
and 2nd trimester of pregnancy [13], whereas retinochoroiditis
may also occur following infection in the 3rd trimester [10,14].
1434 Schneider MO et al. Toxoplasma gondii Infection… Geburtsh Frauenheilk 2023; 83: 1431–1445 | © 2023. The author(s).



Depending on the start and type of therapy, the percentage of
symptomatic neonates reported in the literature varies signifi-
cantly.

5.2.1 Retinochoroiditis

AGG STATEMENT (4)

Ocular lesions (toxoplasma retinochoroiditis) may first

appear several years after birth in cases with congenital

toxoplasmosis.

15.5–26% of children with congenital toxoplasmosis go on to de-
velop retinochoroiditis [15–18]. These data were obtained from
studies in which the majority of children received prenatal and/or
postnatal treatment with antiparasitic medication.

Visual impairment of the more strongly affected eye occurs in
29% of children with toxoplasma retinochoroiditis [19]. Severe
bilateral visual impairment is rare (9%) [20,21]. Ocular lesions
may first appear several years after birth (39% at birth, 85% be-
fore 5 years of age, 96% before 10 years of age) [16].

In one study of 102 patients (12.7% of whom had impaired vi-
sion) the impact of congenital toxoplasmosis on quality of life was
described as low [22], whereas a study of 16 children with im-
paired vision by Roizen et al. also reported lower cognitive abilities
in these children compared to 48 children with no visual impair-
ments [23].

5.2.2 Neurological outcome

AGG STATEMENT (5)

Symptomatic congenital toxoplasmosis can have severe

neurological consequences such as hydrocephalus and/or

psychomotor retardation. These consequences have become

relatively rare due to the administration of medical therapy

pre- and postnatally.

In 1960, Heinz Eichenwald described an untreated cohort of chil-
dren infected with T. gondii during pregnancy who had general-
ized or neurological symptoms at birth. At follow-up after 4 years,
more than 85% presented with mental retardation, 81% had sei-
zures, 70% presented with motor impairments, 60% had severe
visual impairments and 33% had hydrocephalus or microcephalus.
Only 11% of children had no symptoms [24].

More recent publications largely describe the outcomes of chil-
dren who received intrauterine treatment and/or postnatally. Hy-
drocephalus is now reported to occur in only 4% of symptomatic
neonates [25]. In the study by Hotop et al., only 2 of 11 fetuses
presented with hydrocephalus in utero (in both cases, therapy
had been delayed by > 8 weeks), although discreet residual traces
were only found in one of the children at birth.

In 2004, Wallon et al. described a cohort of 327 children with
confirmed congenital toxoplasmosis [21]. Intrauterine therapy
with pyrimethamine and sulfadiazine was administered in 38% of
Schneider MO et al. Toxoplasma gondii Infection… Geburtsh Frauenheilk 2023; 83: 1431–1445
cases and postnatal therapy with pyrimethamine and sulfadiazine
was given to 72% of cases. After a median follow-up of 6 years,
24% had retinal lesions, 9% had cerebral calcifications, 2% had hy-
drocephalus and < 1% had microcephalus. Three of the six chil-
dren with hydrocephalus had moderate psychomotor retardation;
development was normal in the other three. Two of the 31 chil-
dren with cerebral calcifications had had a single seizure episode.
McLone et al. reported on 65 children with hydrocephalus due to
congenital toxoplasmosis. Presentation ranged from normal cog-
nitive function to severe developmental disorders. Early
placement of a ventriculoperitoneal shunt (< 25 days after diagno-
sis) improved the outcome. Nevertheless, almost 30% of the chil-
dren in this group were too cognitively impaired to participate in
formal intelligence tests [26].

It has been reported that certain subtypes of Toxoplasma gon-
dii found outside Europe and the USA are associated with severe
clinical manifestations in children [19,27,28].
6 Diagnosis

6.1 Maternal serological diagnosis

AGG RECOMMENDATION (1)

All serological toxoplasmosis findings must be recorded in

the motherʼs maternity health passport.

AGG STATEMENT (6)

Primary infection with Toxoplasma gondii during pregnancy

can either be confirmed by serology test showing serocon-

version in a previously seronegative mother or assumed based

on estimating the time of infection using avidity analysis and

follow-up serum tests.

AGG RECOMMENDATION (2)

Every positive IgM antibody (Ab) test in a pregnant woman

must be investigated further in a specialized laboratory.

The diagnosis of maternal primary infection with T. gondii in preg-
nancy is confirmed by the detection of Toxoplasma gondii-specific
antibodies in a previously seronegative patient (seroconversion)
[29].

If negative results were not previously found during the preg-
nancy, evidence of Toxoplasma-specific IgG antibodies before
18 weeks of gestation (GW) combined with seronegativity for
Toxoplasma-specific IgM antibodies are an indication that the
pregnant women is probably immune (in terms of protection of
the unborn child) due to a previous infection prior to her current
pregnancy [29]. Rare exceptions include Toxoplasma gondii infec-
tion with merely transient or completely absent formation of IgM
1435|© 2023. The author(s).
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antibodies or reactivation of Toxoplasma gondii in an immuno-
compromised woman or reinfection with a virulent strain [30].

Reinfection or reactivation in pregnant women has been re-
ported in individual cases but it is very rare. It appears that more
virulent (atypical) toxoplasma strains and maternal immune sta-
tus play an important role [31,32].

If IgG antibodies are first detected after 18 weeks of gestation
(GW) or IgM antibodies are detected, further investigations, con-
sisting of additional serology tests (e.g., IgG avidity, immunoblot,
IgA tests, analysis of older retention samples) must be carried out
by a laboratory with the relevant expertise to differentiate acute
infection in pregnancy with an associated fetal risk from infection
prior to pregnancy which does not put the fetus at risk (see also
the guide to toxoplasmosis issued by the RKI [1]).

This is particularly important because IgM can persist for sev-
eral years in individual cases and a positive IgM result (especially
a low IgM titer) does not always equate to acute Toxoplasma gon-
dii infection. An American study showed that a positive IgM result
provided by a non-reference laboratory was only confirmed as
acute infection by a reference laboratory in 40% of cases [33].

6.2 Amniocentesis

AGG RECOMMENDATION (3)

Amniocentesis may be carried out after weighing up the risks

and benefits if the result will affect the decision for or against

initiating therapy.

Fetal infection can be diagnosed using amniocentesis and poly-
merase chain reaction (PCR) of Toxoplasma DNA obtained from
amniotic fluid.

Most data on sensitivity and specificity and negative predictive
value are available for amniocentesis carried out at least 4 weeks
after primary infection of the mother (i.e., two weeks after ma-
ternal seroconversion) and fromweek 18 + 0 of gestation. These
are the time periods given in French, Canadian and US recommen-
dations as well as by the RKI as a precondition for amniocentesis
[1, 8,34,35]. This is because from that period on, fetal urine pro-
duction is sufficient to allow detection of fetal toxoplasma infec-
tion in amniotic fluid [36].

Depending on the study, the overall sensitivity of toxoplasma
PCR obtained by amniocentesis in pregnancy ranges from 69–
92%. This means that a negative PCR test does not completely ex-
clude fetal infection. Even though the lowest sensitivity is re-
ported for the first trimester of pregnancy (56.7% [37]), some
studies have reported that the negative predictive value showing
increasing probability of fetal infection decreases with gestational
age (1st trimester: 98–99%; 2nd trimester: 92–99%; 3rd trimes-
ter: 56–100%) [38–41].

The specificity of toxoplasma PCR in amniotic fluid is 98–100%
[38–41]. A positive PCR result is therefore generally an indication
of fetal infection.

According to an evaluation carried out by the Austrian prenatal
screening program, starting anti-toxoplasmosis treatment prior
1436 Schneider MO et al. Toxoplas
to amniocentesis had no impact on the sensitivity and specificity
of amniocentesis [42].

Most international recommendations generally advise carrying
out amniocentesis in cases with maternal Toxoplasma gondii in-
fection in pregnancy to allow the drug treatment regimen to be
adjusted in cases with fetal infection (▶ Table 1) and avert or re-
duce fetal injury. Prospective randomized studies on this are lack-
ing. A more restrictive approach has been proposed in cases with
infection after 24 GW or in the 3rd trimester, as the risk of compli-
cations of amniocentesis must also be taken into account [8,34].
The RKI has generally stated that the risk associated with amnio-
centesis must also be considered (the risk of miscarriage accord-
ing to recent meta-analyses is 0.1–0.3% [43]). The RKI therefore
recommends that irrespective of gestational age, great caution
must be exercised when taking the decision to carry out amnio-
centesis, stating that amniocentesis “may be considered if the re-
sult would be relevant for the decision to initiate therapy.” In ac-
cordance with these cautious recommendations for amniocente-
sis in Germany, in the cohort of Hotop et al. [10] amniocentesis
was only carried out in 12.1% of cases with maternal toxoplasmo-
sis in pregnancy.

6.3 Fetal ultrasound

AGG RECOMMENDATION (4)

If maternal infection with Toxoplasma gondii has been

confirmed, ultrasound examinations should be carried out at

4-weekly intervals (the examiner must have the appropriate

qualifications, e.g., DEGUM level II) to exclude signs of fetal

infection.

AGG RECOMMENDATION (5)

The interval between control examinations should be

changed to once every 2 weeks if maternal-fetal transmission

is confirmed.

AGG RECOMMENDATION (6)

Magnetic resonance imaging may be additionally carried out

if the ultrasound findings are unremarkable or unclear.

In the largest cohort of fetuses with congenital toxoplasmosis and
ultrasound abnormalities to date, isolated cerebral anomalies
were found in 45 of 88 cases and a combination of cerebral and
extracerebral anomalies in 35 of 88 cases. Isolated extracerebral
anomalies were found in 8 of 88 cases [13].

The most common intracranial lesions are hyperechoic foci,
progressive ventriculomegaly and periventricular abscesses. This
type of ultrasound findings occurred almost exclusively following
infection in the 1st and 2nd trimester of pregnancy. Postnatally,
hyperechoic foci presented as calcifications which became smaller
or were no longer detectable on imaging in 75% of cases following
ma gondii Infection… Geburtsh Frauenheilk 2023; 83: 1431–1445 | © 2023. The author(s).



▶ Table 1 Review of recommendations on toxoplasmosis during pregnancy issued by different national and international working groups, professional
societies and institutes.

Country Author Year Type of
publication

Recommendations

Screening Treatment Amniocentesis
(AC)

Follow-up

France Mandelbrot
et al. [47]

2021 Expert opinion ▪ Since 1992

▪ Serology test at
first presentation
in the 1st trimes-
ter; if seronega-
tive: monthly
serology tests
until the birth

Maternal infection between 2 and 6 GW:
▪ Ultrasound examination 1× per trimester

▪ Neonatal examination after birth

▪ Spiramycin/AC not recommended

Maternal infection between 6 and 14 GW:
▪ Spiramycin* until the birth if AC is negative

▪ If AC is positive: pyrimethamine/
sulfadiazine/folinic acid** until the birth

Maternal infection between 14 and 32 GW:
▪ Start with pyrimethamine/sulfadiazine/

folinic acid** as soon as possible (inform
patient about the alternative option of
spiramycin*)

▪ If AC is negative: pyrimethamine/

▪ sulfadiazine for a total of four weeks,
then switch to spiramycin* until the birth

▪ If AC is positive: pyrimethamine/
sulfadiazine/folinic acid** until the birth

Maternal infection after 32 GW:
▪ Start with pyrimethamine/sulfadiazine/

folinic acid** as soon as possible and
continue until the birth

▪ Recommend AC to plan postnatal
diagnostic examinations/therapy

* 3 × 1 g spiramycin/day

** 50mg pyrimethamine/day+ 2 × 1.5 g
sulfadiazine/day + 2 × 25mg folinic acid/
week

Alternatively, if medications are not available:
cotrimoxazole and folinic acid or pyrimeth-
amine, azithromycin and folinic acid

▪ Not before
18 GW

▪ No earlier than
4 weeks after
the presumed
time of mater-
nal infection

▪ Generally
recommended
after infection
in every tri-
mester of
pregnancy

▪ Monthly
ultrasound
examinations

▪ If AC is positive,
examinations
every two to
four weeks

Canada SOGC [8] 2018 Clinical
Practice
Guideline

▪ No routine
screening

▪ Only in high-risk
cohorts (immu-
nosuppression,
ultrasound
anomalies: e.g.
intracranial
calcifications,
microcephalus,
hydrocephalus,
ascites, hepato-
splenomegaly,
FGR)

Maternal infection in pregnancy without
fetal infection:
▪ Spiramycin*

Confirmed or highly suspicious for fetal
infection:
▪ Pyrimethamine/sulfadiazine/folinic acid**

* 3 × 1 g spiramycin/day, no information
about duration

** No information about dosages or duration

▪ Not before
18 GW

▪ No earlier than
4 weeks after
the presumed
time of mater-
nal infection

▪ Generally
recommended
after infection
in every tri-
mester, late in
the 3rd trimes-
ter (individual
decision)

No data provided

Continued next page
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▶ Table 1 Review of recommendations on toxoplasmosis during pregnancy issued by different national and international working groups, professional
societies and institutes. (Continued)

Country Author Year Type of
publication

Recommendations

Screening Treatment Amniocentesis
(AC)

Follow-up

Austria Infectiology
Working
Group
of the
Austrian
Society for
Pediatrics
[65]

2013 Guideline ▪ Since 1975

▪ Serology test in
the first trimester
before 9 + 0 GW;
if test is seroneg-
ative, serology
test every
8 weeks until
the birth (IgG;
if this is positive,
also IgM)

▪ If findings are
positive: start
therapy and
test again after
14 days

▪ At birth: final
testing of mater-
nal or umbilical
cord blood

Therapy of acute toxoplasmosis during
pregnancy:
▪ Spiramycin* until 15 + 6 GW

▪ From 16 + 0 GW: pyrimethamine/

▪ sulfadiazine/folinic acid ** for 4 weeks

Additional treatment depending on results
of AC:

PCR from amniotic fluid is positive or AC
not carried out:
▪ alternate 4 weeks of combination therapy

(pyrimethamine/sulfadiazine/folinic
acid**) and 4 weeks spiramycin* until
the birth

Negative PCR from amniotic fluid:
▪ Spiramycin* until the birth

* 3 × 750mg spiramycin/day

** 25mg pyrimethamine/day (on day 1:
50mg) + 1 × 750mg sulfadiazine/day
(day 1: 3 × 500mg) + 3 × 15mg folinic
acid/week

▪ All pregnant
women with
confirmed
acute infection

▪ From
15 + 0 GW

▪ Optimally be-
fore starting
therapy (no
contraindica-
tion if therapy
has already
been initiated)

▪ If AC is positive:
ultrasound
examinations
every 4 weeks

USA Committee
on infec-
tious
Diseases
(American
Academy of
Pediatrics)

Maldonado
et al. [34]

2017 Review with
treatment
recommenda-
tions by the
PAMF‑TSL (Palo
Alto Medical
Foundation
Toxoplasma
Serology
Laboratory)

▪ Data is still
insufficient

Treatment of acute toxoplasmosis if mater-
nal infection occurred between 3months
prior to conception and 18 + 0 GW:
▪ Spiramycin*

If AC is negative:
▪ Spiramycin* until the birth

If AC is positive or ultrasound suspicious
for fetal infection:
▪ Pyrimethamine/sulfadiazine/folinic acid**

until the birth

Therapy of acute toxoplasmosis during
pregnancy if maternal infection occurred
after 18 + 0 SSW:
▪ Pyrimethamine/sulfadiazine/folinic acid**

until the birth

* 3 × 1 g spiramycin/day

** 50mg pyrimethamine/day (on days 1
and 2: 2 × 50mg/d) + 2 × 50mg/kg/bw
Sulfadiazine/day (max. 4 g/d; day 1:
2 × 37.5mg/kg/bw) + 10–12mg folinic
acid/day (continue until 1 week after
pyrimethamine therapy)

▪ As soon as
possible from
18 + 0 GW

▪ The risk of
complications
fromweek 24
of gestation
should be
considered

Monthly
ultrasound
examinations

Interna-
tional

ISUOG
(The Inter-
national
Society of
Ultrasound
in Obstet-
rics and
Gynecology
[36]

2020 Practice
Guideline

▪ No data provided Therapy of acute toxoplasmosis during
pregnancy:
▪ Spiramycin* until the birth

If AC is positive:
▪ Spiramycin* for one week.

▪ Then pyrimethamine/sulfadiazine/folinic
acid** until the birth

* 3 × 1 g spiramycin/day

** 50mg pyrimethamine/day+ 3 × 1 g
sulfadiazine/day+ 50mg folinic acid/week

▪ Not before
18 GW

▪ No earlier than
4 weeks after
the presumed
time of mater-
nal infection

▪ Ultrasound
examinations
every 4 weeks
(brain, eyes,
fetal growth
should be
monitored)

▪ Possibly MRI
if ultrasound
results are
unremarkable

Continued next page
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▶ Table 1 Review of recommendations on toxoplasmosis during pregnancy issued by different national and international working groups, professional
societies and institutes. (Continued)

Country Author Year Type of
publication

Recommendations

Screening Treatment Amniocentesis
(AC)

Follow-up

Germany RKI (Robert
Koch Insti-
tute) [1]

2018 Guide ▪ No data provided Therapy of acute toxoplasmosis during
pregnancy:
▪ Up until 14 + 6 GW: spiramycin*

▪ From 15 + 0 GW: pyrimethamine/

▪ sulfadiazine/folinic acid** for at least
4 weeks

if anomalies are detected on ultrasound:
▪ Pyrimethamine/sulfadiazine/folinic acid**

until the birth

* 3 g (9 MIU) spiramycin/day

** 25mg pyrimethamine/day (on day 1:
50mg) + 50mg/kg/bw sulfadiazine/day
(3 g/day for < 80 kg/bw, 4 g/day for
> 80 kg/bw) + 10–15mg folinic acid/day

▪ Caution is
advised before
opting for AC.
ACmay be con-
sidered if the
results would
be relevant
when deciding
to initiate
therapy

▪ Not before
18 GW

▪ No earlier than
4 weeks after
the presumed
time of mater-
nal infection

▪ No data
provided
therapy [44]. Ventriculomegaly is considered an important prog-
nostic factor for a poor neurological outcome [45].

Extracerebral changes consist mainly of fluid accumulations
such as ascites as well as hepatomegaly and splenomegaly.

If infection occurred in the 3rd trimester, the only anomaly di-
agnosed on ultrasound in some cases in the above-described co-
hort was fetal growth restriction [13].

Fetal retinochoroiditis cannot be detected on ultrasound.
If an infected fetus shows no anomalies on ultrasound, the out-

come in most cases will be favorable. In a study by Berrebi et al.,
only 1 of the 36 children with no anomalies on ultrasound imaging
following primary infection in the 1st trimester presented with a
severe form of congenital toxoplasmosis at one year of age. Seven
children developed retinochoroiditis without relevant loss of vi-
sion and their neurological development was unremarkable [46].

When ultrasound findings are unremarkable or unclear, some
international recommendations have suggested carrying out ad-
ditional fetal magnetic resonance imaging [36,47]. In the context
of fetal infection with cytomegalovirus, an additional benefit of
MRI in addition to diagnostic ultrasound was the detection of fetal
CNS anomalies [48]. There is currently no specific evidence for in-
fection with Toxoplasma gonadii.
7 Transmission Prophylaxis and Therapy
Two medication options are currently used to treat toxoplasmosis
in pregnancy.

Spiraymycin is used as prophylaxis against transmission in
cases with no signs of fetal infection and a combination of pyri-
methamine, sulfadiazine and folinic acid is used in the period from
14 + 0 to 15 + 6 GW. Pyrimethamine and sulfadiazine should not
be used in the 1st trimester of pregnancy because of their terato-
genicity.
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The only prospective randomized study on the prophylactic
use of medication to prevent transmission from week 14 + 0 of
gestation compared spiramycin with primethamine/sulfadiazine
and found a tendency to lower rates of transmission with pyri-
methamine/sulfadiazine (did not reach statistical significance,
▶ Fig. 6). Cerebral anomalies only occurred in the spiramycin
group [49], which could be explained by the fact that spiramycin
does not cross the blood-brain barrier [50]. The study did not have
a placebo arm.

A retrospective evaluation of the Austrian toxoplasmosis regis-
ter found a 6-times lower rate of maternal-fetal transmission if the
start of treatment followed the Austrian treatment regimen
(▶ Table 1) within 4 weeks after maternal infection (▶ Fig. 7) [7].

If signs of fetal infection are already detectable, a combination
of pyrimethamine and sulfadiazine is used for transplacental ther-
apy of the fetus in the 2nd and 3rd trimester of pregnancy. Pyri-
methamine and sulfadiazine cross the placenta more easily and
can also cross the blood-brain barrier.

If medication is used for transmission prophylaxis and therapy,
its effect is limited to the folic acid/protein metabolism of fast-
replicating tachyzoites; medication has very little effect against
bradyzoite-containing cysts [1].

Clindamycin and cotrimoxazole have also been used in combi-
nation as an alternative to treat toxoplasmosis.

Several retrospective studies were able to show that different
therapy regimens reduced the clinical manifestations of fetal
toxoplasmosis, especially if treatment was initiated early (see also
▶ Fig. 4) [10,14,51,52]. For ethical reasons, there are no prospec-
tive randomized, placebo-controlled studies.

After reviewing the above-mentioned studies and numerous
other low evidence studies, some of which had methodological
weaknesses, the German internet portal IGeL-Monitor which re-
views individual health care services paid for by patients them-
1439|© 2023. The author(s).



Gestational age at time of maternal seroconversion (weeks)
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▶ Fig. 6 Probability of congenital infection depending on
gestational at maternal seroconversion and medication used for
treatment (spiramycin vs. pyrimethamine and sulfadiazine) [49].
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▶ Fig. 7 Probability of congenital infection depending on maternal
treatment with medication and age of gestation at the time of
maternal infection (start of therapy within 4 weeks after maternal
infection) [7].
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selves found only weak indirect indications that medication to
treat toxoplasmosis in pregnancy offered an overall benefit in
terms of reducing the transmission rate and number of clinical
manifestations in infected children [53].

7.1 Spiramycin

AGG STATEMENT (7)

Spiramycin is not teratogenic and can be used in the first

trimester of pregnancy.

Spiramycin is a parasitostatic macrolide antibiotic which acts
through inhibiting protein synthesis. It accumulates in the
placenta although transplacental transfer is low. Rare contraindi-
cations include erythrocyte glucose-6-phosphate dehydrogenase
deficiency (risk of acute hemolysis) and long QT syndrome.

7.2 Pyrimethamine, sulfadiazine and folinic acid

AGG RECOMMENDATION (7)

Pyrimethamine and sulfadiazine are teratogenic and must

not be used prior to the second trimester of pregnancy.

AGG RECOMMENDATION (8)

Weekly blood counts (differential blood count) should be

carried out during therapy and up to two weeks after therapy

with pyrimethamine to exclude bone marrow depression

(see the summary of product characteristics).
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AGG RECOMMENDATION (9)

It is important to ensure that fluid intake is sufficient during

therapy with pyrimethamine and sulfadiazine (> 2 liters/day

or at least 1.2 liters urine/day) as this reduces the risk of

crystalluria.

AGG RECOMMENDATION (10)

Folic acid supplementation must be discontinued during

therapy with pyrimethamine and sulfadiazine and replaced

by folinic acid (calcium folinate) to prevent hematological

toxicity.

Pyrimethamine and sulfadiazine act in synergy and interfere with
the pathogenʼs folic acid synthesis by inhibiting dihydropteroate
acid synthase. This therapy should not be administered in the first
trimester of pregnancy because it is teratogenic.

Folinic acid (calcium folinate) must be taken during treatment
with pyrimethamine to reduce the risk of bone marrow depression
(anemia, leukopenia, thrombopenia). Supplementation with folic
acid which usually taken during pregnancy should be discontin-
ued to maintain the selectivity of pyrimethamine and sulfadiazine
against the parasite.

Sulfadiazine should not be used alone. Potential side effects of
sulfadiazine include hypersensitivity reactions of varying severity
(usually late reaction); Stevens-Johnson syndrome and toxic epi-
ma gondii Infection… Geburtsh Frauenheilk 2023; 83: 1431–1445 | © 2023. The author(s).



dermal necrolysis have been reported in very rare cases. Sulfadia-
zine must not be used in cases with congenital erythrocyte glu-
cose-6-phosphate dehydrogenase deficiency. The administration
of sulfonamides in pregnancy can increase the risk of hyperbiliru-
binemia, especially in premature infants.

7.3 Clindamycin

Prospective randomized studies on the treatment of toxoplasmo-
sis encephalitis in non-pregnant patients with HIV evaluated the
use of clindamycin as an alternative to sulfadiazine in combination
with pyrimethamine and folinic acid. The data indicate that the
combination of clindamycin/pyrimethamine/folinic acid is toler-
ated better than the sulfadiazine/pyrimethamine/folinic acid
combination and is just as effective in terms of the acute treat-
ment of toxoplasmosis encephalitis, but recurrence is more com-
mon during maintenance therapy [54]. The only data available on
treatment and transmission prophylaxis in pregnancy is from a
mouse model in which monotherapy with clindamycin prevented
transplacental transmission [55].

7.4 Cotrimoxazole

A recent retrospective study compared the efficacy of the combi-
nation therapy spiramycin/cotrimoxazole (n = 97) with that of
pyrimethamine/sulfadiazine (n = 8) or monotherapy with spiramy-
cin (n = 64) [56]. No significant differences were found between
the two combination regimens, but monotherapy with spiramycin
resulted in significantly higher rates of maternal-fetal transmis-
sion. The small number of cases and the retrospective design of
the study were insufficient to permit a general recommendation
to be made about the use of cotrimoxazole in pregnancy.

7.5 Therapy regimen
7.5.1 Transmission prophylaxis

AGG RECOMMENDATION (11)

The following treatment regimen should be started as quickly

as possible as a prophylaxis against transmission in cases

with acute maternal Toxoplasma gondii infection in preg-

nancy without signs of fetal infection:

Up to week 14 + 6 of gestation:

▪ spiramycin (3.0 g = 9MIU/day)

From week 15 + 0 of gestation (for at least 4 weeks):

a combination of

▪ pyrimethamine (50mg on 1st day, 25mg from 2nd day) +

▪ sulfadiazine (50mg/kg/bw/day; 3 g/day up to < 80 kg/bw;

4 g/day for ≥ 80 kg/bw) +

▪ folinic acid (10–15mg/day, folic acid supplementation

must be discontinued)
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Spiramycin 9MIU/day is used as transmission prophylaxis in the
first trimester. The recommendations in the international litera-
ture on whether and when prophylactic medication should be
switched to pyrimethamine and sulfadiazine vary (▶ Table 1).
The above-mentioned prospective randomized study by Mandel-
brot et al. [49] indicates that pyrimethamine and sulfadiazine
could be a more effective prophylaxis against transmission than
spiramycin. The RKI recommends switching to pyrimethamine
and sulfadiazine in week 15 + 0 of gestation [1].

Because of the lack of evidence from prospective randomized
studies, the recommendations in the international literature re-
garding the duration of transmission prophylaxis with pyrimeth-
amine and sulfadiazine when there are no indications of fetal in-
fection (ultrasound anomalies or positive amniocentesis if AC is
carried out) also vary considerably. In Austria, pyrimethamine
and sulfadiazine are administered (if no amniocentesis was carried
out) in alternation with spiramycin until the end of the pregnancy.
In a French study by Mandelbrot et al., pyrimethamine and sulfa-
diazine were discontinued after 4 weeks if amniocentesis was neg-
ative; if no amniocentesis was carried out, pyrimethamine and sul-
fadiazine were discontinued at the earliest after 8 weeks. In Ger-
many, the RKI recommends prophylactic therapy with pyrimeth-
amine and sulfadiazine for at least 4 weeks (irrespective of
whether AC was carried out or not). In a large German retrospec-
tive examination by Hotop et al. [10], pyrimethamine-sulfadiazine
prophylaxis for maternal infection occurring after week 15 + 0 of
gestation was extended to 6 weeks. Amniocentesis in this cohort
was only carried out in 83 of 685 (12%) pregnant women. The ad-
justed rate of transmission in this cohort was lower (11% vs. 18–
30%) compared to French studies [17,18,49] and comparable
with the rate of transmission in Austria (13%) [7].

The percentage of children who were symptomatic at birth was
higher in the German cohort compared to the French and the Aus-
trian cohorts (33% vs. 13–20% and 17%, respectively), although
comparisons between studies are limited because of the differ-
ences in the incidence of infections per trimester in the respective
studies.

7.5.2 Therapy for suspected or confirmed fetal infection

AGG RECOMMENDATION (12)

Treatment with pyrimethamine, sulfadiazine and folinic acid

should be continued until the birth if fetal infection is strongly

suspected or confirmed.

If anomalies are detected on ultrasound which appear to indicate
fetal infection with Toxoplasma gondii or the pathogen is con-
firmed in amniotic fluid, treatment with pyrimethamine, sulfadia-
zine and folinic acid should be continued until the birth.
1441|© 2023. The author(s).
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7.5.3 Alternative treatment regimens

AGG RECOMMENDATION (13)

If sulfadiazine is not available or not tolerated, the following

alternative treatment regimens may be used for transmission

prophylaxis and therapy:

From 15 + 0 GW: a combination of

▪ spiramycin (3.0 g = 9MIU/day) +

▪ cotrimoxazole (2 × 960mg/day) +

▪ folinic acid (10–15mg/day, folic acid supplementation

must be discontinued)

or

▪ cotrimoxazole (2 × 960mg/day) +

▪ folinic acid (10–15mg/day, folic acid supplementation

must be discontinued)

or

▪ pyrimethamine (50mg/day) +

▪ clindamycin (3 × 600mg/day) +

▪ folinic acid (10–15mg/day, folic acid supplementation

must be discontinued)

It may be difficult to obtain sulfadiazine or procuring sulfadiazine
may be delayed. To avoid a delay in treatment, the following alter-
native treatment regimens may be used: a combination of spira-
mycin, cotrimoxazole and folinic acid (adapted from Buonsenso
et al. [56]; in the original publication treatment with spiramycin
started before 13 + 0 GW and was continued together with cotri-
moxazole/folinic acid from 13 + 0 GW up until one week prior to
delivery of the fetus) or cotrimoxazole/folinic acid (adapted from
a French expert opinion [47]; the publication reported that cotri-
moxazole/folinic acid was administered as transmission prophy-
laxis from 14 + 0 GW and was continued until the birth in cases
with fetal infection or late maternal infection from 33 + 0 GW; if
maternal infection occurred before 33 + 0 GW and amniocentesis
was negative, this was replaced by spiramycin until the birth) or
pyrimethamine, clindamycin and folinic acid (expert opinion,
analogous to the treatment of toxoplasmosis encephalitis in cases
with HIV [57]; from 15 + 0 GW for at least 4 weeks).

The data on the efficacy of these three therapy regimens dur-
ing pregnancy is very limited and insufficient. These combinations
should therefore not be administered as first-choice regimens but
only when sulfadiazine is not available and after the patient has
been informed about the individual approaches.

7.6 Best time to initiate medical therapy

AGG RECOMMENDATION (14)

If medical therapy to treat toxoplasmosis in pregnancy is

indicated, treatment must be started immediately.

Different studies have stated that the time when drug treatment
is initiated has an impact on maternal-fetal rates of transmission
1442 Schneider MO et al. Toxoplas
and/or the percentage of symptomatic fetuses. Some studies re-
ported a significant benefit if treatment was started 3 [15] (or 4
[10,52] or 8 [14]) weeks after maternal infection compared to 4
[52] or 8 [10,14,15] weeks after maternal infection.

7.7 Medication levels

AGG STATEMENT (8)

The levels of sulfadiazine and pyrimethamine in maternal

serum vary considerably. A serology test two weeks after

starting medical therapy may be useful.

In a retrospective case-control study of 89 women with primary
toxoplasma infection in pregnancy and 17 non-pregnant women
with acute ocular toxoplasmosis, 26% of the pregnant women
had sulfadiazine levels of less than 20mg/l and 17% of cases addi-
tionally had pyrimethamine levels of less than 700 µg/l [58]. As
studies are lacking, it is still not clear which therapeutic levels
should be aimed for in pregnant women. It is assumed that the
pyrimethamine level in fetal blood could be 11⁄33 of the level in ma-
ternal blood [59]. In non-pregnant patients, therapeutic levels of
50–150mg/l for sulfadiazine and 700–1300 µg/l for pyrimeth-
amine have been reported for the combination therapy of sulfa-
diazine and pyrimethamine [58].
8 Prevention

AGG RECOMMENDATION (15)

Seronegative pregnant women must be advised about the

hygiene measures they should follow as prophylaxis against

exposure to Toxoplasma gondii.

Seronegative pregnant women can reduce their risk of Toxoplas-
ma gondii infection by exposure prophylaxis [60]. Preventive mea-
sures include [1,8]:
▪ do not eat raw, undercooked, or frozen meat products (e.g.,

ground meat or briefly matured raw sausages),
▪ wash raw vegetables and fruits thoroughly before consump-

tion,
▪ wash hands before eating,
▪ wash hands thoroughly after preparing raw meat, working in

the garden or in the fields or carrying out excavation works as
well as after visiting sand play areas,

▪ if there is a cat at home in the vicinity of the pregnant woman,
the cat should only be given canned food and/or dry cat food
to eat. The catʼs litter tray should be cleaned every day with
hot water by a non-pregnant person, especially if the cat is free
to go outside.

The pregnant woman must be advised about this as part of stan-
dard prenatal care in accordance with German maternity guide-
lines [61].
ma gondii Infection… Geburtsh Frauenheilk 2023; 83: 1431–1445 | © 2023. The author(s).



9 Screening

AGG RECOMMENDATION (16)

Non-immune pregnant women must be informed about the

risks of infection with Toxoplasma gondii and the option to be

screened for toxoplasmosis.

AGG RECOMMENDATION (17)

If a pregnant woman wishes to be screened for toxoplasmosis,

her antibody status (toxoplasma IgG and IgM) should be

evaluated as early as possible during pregnancy and sero-

negative pregnant women should be followed up regularly

every 4–8 weeks until the end of the pregnancy to exclude

seroconversion.

Screening for toxoplasmosis in pregnancy is already standard pro-
cedure in different European countries (since 1974 in Austria,
since 1992 in France, since 1998 in Italy, and since 1995 in Sloven-
ia). Numerous studies have shown that the introduction of sys-
tematic screening programs resulted in the simultaneous reduc-
tion of maternal-fetal transmissions and fetal injury and is cost ef-
fective [62]. The screening intervals proposed in various countries
for seronegative pregnant women differ (e.g., once a month in
France and every 8 weeks in Austria). In Switzerland, the decision
was taken in 2008 not to screen for toxoplasmosis because of the
unclear evidence, the low incidence of congenital toxoplasmosis
and possible negative consequences (e.g., the upset caused to
the pregnant woman if results are false-positive, complications
during amniocentesis) [63].

In Germany, serology screening for Toxoplasma gondii is cur-
rently not funded by statutory health insurance companies and is
therefore only offered to persons with statutory health insurance
as an individual health service paid for by the patient. If there is a
reasonable suspicion of infection (e.g., relevant exposure, symp-
toms, ultrasound anomalies), testing is considered a curative pro-
cedure and reimbursed accordingly.

Pregnant women should be informed about this option but
also told that the information obtained during screening is un-
clear [53]. If a pregnant woman wishes to be screened for toxo-
plasmosis, her antibody status (toxoplasmosis IgG and IgM)
should be evaluated as early as possible in pregnancy and sero-
negative pregnant women should be followed up every 4–8 weeks
until the end of the pregnancy to exclude seroconversion. Regular
follow-up tests can ensure that if therapy does become necessary,
it can be initiated in good time (see 6.5).
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10 Delivery and Breastfeeding

AGG RECOMMENDATION (18)

Delivery of infants in cases with maternal-fetal Toxoplasma

gondii infection should be based on general obstetric criteria.

AGG STATEMENT (9)

Transmission of Toxoplasma gondii via breast milk has not

been detected in humans.

In a study of 10 pregnant women with maternal Toxoplasma gon-
dii infection, fetal infection occurred in 9 out of 10 cases despite
prompt delivery of the infant by induction of labor or caesarean
section (on average, 3 weeks after maternal infection). The
authors concluded that even in cases with late maternal primary
infection, premature delivery of infants should not be encouraged
as early delivery does not definitively exclude maternal-fetal trans-
mission [64].

Information about maternal-fetal diagnostic examinations and
therapy should be passed to pediatric colleagues peripartum to al-
low them to plan the requisite diagnostic examinations and ther-
apy of the neonate.

Breastfeeding is possible even in cases of maternal infection
with Toxoplasma gonadii as there are no documented cases of
transmission of Toxoplasma gondii via breast milk in humans.
11 Treatment of Neonates After Delivery
A combination of pyrimethamine, sulfadiazine and folinic acid is
the first-choice treatment regimen for infected neonates. Dura-
tion of treatment depends on the symptoms displayed by the
neonate (usually 3–12 months) [1].
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