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Abstract: This study aimed to evaluate the prevalence of toxoplasmosis in pregnant women, as well
as the general characteristics, clinical and laboratory findings, and pregnancy and fetal outcomes of
pregnant women diagnosed with acute toxoplasma infection (ATI). The toxoplasma IgM, IgG, and
IgG avidity test results of pregnant women who applied to our referral hospital between January
2016 and June 2022, and among them, those diagnosed with ATI, were analyzed. The 119 patients
diagnosed with ATI during this time period were included for further analysis. The prevalence of
toxoplasmosis in pregnant women was found to be 46.2%, and the rate of ATI was 4%. The total
mother-to-child transmission rate was 5% (5/101). Congenital toxoplasmosis (CT) was observed
in 1 (1.1%) child of the 87 pregnant women who received spiramycin prophylaxis, though it was
found in 4 (30.8%) of the children of the 13 untreated mothers. With respect to prenatal treatment, CT
rates were significantly higher in the children born to untreated mothers (p = 0.001). In conclusion,
although toxoplasma seroprevalence was found to be high in our region, there was a paucity in
diagnosis, follow-up, and treatment. Our findings support that prenatal spiramycin prophylaxis is
effective in preventing the transmission of parasites from mother to child.

Keywords: congenital toxoplasmosis; congenital infections; pregnancy; prenatal diagnosis; spiramycin
prophylaxis

1. Introduction

Toxoplasmosis is a parasitic infection which can be seen both in humans and animals.
Its clinical presentation is primarily asymptomatic or mild in immunocompetent individ-
uals. However, it may cause serious problems in immunosuppressed patients and in the
infants of mothers who had such an infection during pregnancy. Congenital toxoplasmosis
(CT), which develops in children who contract the infection vertically from their mothers,
affects the lives of many individuals [1]. The severity of fetal or of a newborn’s disease
depends on the gestational age at which the mother was infected, the parasitic load, the
virulence of the strain, and the mother’s immune system [2]. Clinical manifestations range
from mild symptoms to serious consequences such as retinochoroiditis, hydrocephalus,
microcephaly, mental retardation, and even death. Some cases may show no evidence of
infection at birth but develop late clinical symptoms, resulting in neurological and ocular
sequelae [3]. Further, an infection may cause undesirable outcomes of pregnancy, such as
miscarriage, premature birth, intrauterine growth retardation (IUGR), and stillbirth [1].

Considering that this infection is typically asymptomatic, it is highly important to
perform screening tests during pregnancy to detect possible cases [2,4]. A diagnosis
of acute toxoplasma infection (ATI) in pregnant women can be made with serological
tests of toxoplasma IgM, IgG, and IgG avidity. Screening tests for toxoplasmosis are not
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mandatory in Turkey, but the Ministry of Health encourages family physicians to examine
every pregnant woman in their first trimester. On the other hand, such a preventable and
treatable disease that has so many detrimental consequences for newborns is an issue that
deserves more attention.

In this study, we aimed to evaluate the prevalence of toxoplasmosis in pregnant
women, as well as the general characteristics, clinical and laboratory findings, and preg-
nancy and fetal outcomes of pregnant women diagnosed with ATI in our referral hospital
in Sanhurfa Province, Turkey.

2. Materials and Methods

This retrospective and single-center study was conducted at the Sanliurfa Training and
Research Hospital, which is a tertiary referral center that provides services in obstetrics and
gynecology. Pregnant women admitted to our referral hospital between January 2016 and
June 2022 were evaluated for toxoplasmosis, and those diagnosed with ATI were included
for further analysis.

2.1. Patient Selection

Between January 2016 and June 2022, 346,113 pregnant women were admitted to
the Sanliurfa Training and Research Hospital. Of these, 21,177 underwent analysis for
toxoplasma IgG and toxoplasma IgM, but only 13,536 test results were available. In
538 of the patients, the toxoplasma IgM result was found to be positive. An avidity test
was requested for 530 of these patients. After the evaluation of the avidity test results,
255 women were considered to have ATI. Patients who were co-infected with HIV, HBV,
and HCV; those who were administered immunosuppressive therapy; and those whose
complete data could not be accessed were excluded from the study. Finally, 119 patients
were included in the study (Figure 1).

Total pregnant women apply
to outpatient clinic
(n=346,113)

Toxoplasma 1gG and
Toxoplasma IgM test results
available (n=13,536)

Toxoplasma IgM Excluded: (n=12,998)
positive (n=538) Toxoplasma IgM negative
or equivocal
Toxoplasma IgG Avidity
test results available
(n=530)
Considered as ATI Excluded: (n= 136)
(n=255) e Insufficient data
e Co-infection with HIV,
v HBV, HCV

included cases of ATI
(n=119)

Figure 1. Flow chart of the patient selection.
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A diagnosis of AT is made as follows [1]:

1.  Patients who have a positive toxoplasma IgM and low IgG avidity results within
each trimester;

2. Patients who have a positive toxoplasma IgM and high or intermediate IgG avidity
results after 16 weeks of pregnancy (in which acute past distinction cannot be made).

The newborns of all patients diagnosed with ATI during pregnancy were evaluated
for CT. A diagnosis of CT is made as follows [5,6]:

1.  Those who have toxoplasma IgM test positivity in the first 10 days after birth;

2. Detection of increasing or persistent toxoplasma IgG titer in the first year of life
without treatment;

3. Detection of T. gondii DNA PCR or a positive toxoplasma IgM test for cerebrospinal
fluid (CSF);

4. Sabin-Feldman test positivity in blood or CSF (a titer of 1:16 is considered to be positive).
The demographic features, clinical characteristics, laboratory findings, administered

treatments, and outcomes of the patients and their newborns were evaluated using the

hospital’s record system. Patients were also contacted by phone for missing data, and

they were asked about neonatal outcomes, mode of delivery, and whether the pregnancy

was ongoing.

2.2. Laboratory Analysis

The toxoplasma IgG and IgM assays were performed by conventional laboratory
methods on a Cobas 8000 analyzer (Roche, Penzberg, Germany), and the toxoplasma IgG
avidity results were obtained with a chemiluminescent microparticle immunoassay on
an Abbott Architect. Toxoplasma DNA was detected using polymerase chain reactions
in BioRad CFX 96 real-time PCR. The Sabin-Feldman Dye Test (SFDT) was carried out
with live antigen and methylene blue staining in accordance with the technique of the
Parasitology Reference Laboratory (Refik Saydam Hygiene Center, Ankara, Turkey).

2.3. Statistical analyses

Statistical analyses were completed using SPSS version 21.0 (SPSS Inc., Chicago, IL,
USA). Data are presented as medians (minimum-maximum) and as n (%).

2.4. Ethical Permission

This study was approved by the Harran University School of Medicine Ethics Com-
mittee Commission, with the protocol number HRU/22.13.01.

3. Results

In this study, the toxoplasma IgG was positive in 6252 (46.2%) of 13,536 pregnant
patients included in the analysis, while the toxoplasma IgM test was found to be positive
in 538 (4%). The maternal characteristics of the patients are shown in Table 1.

The median (minimum-maximum) patient age was 26 years (18-40). The median week
of pregnancy at diagnosis was 12 (5-38). During manuscript submission, 112 patients had
given birth and 7 pregnancies were ongoing. Of the 112 pregnancies, 2 of them were ended
with abortion. One of the women who had miscarriage was a 25-weeks-pregnant woman
whose amniocentesis toxoplasma PCR result was positive. After diagnosis, 3 patients
decided to terminate their pregnancies voluntarily. Of the 107 pregnant women, 6 gave
birth prematurely.

Avidity test results were low in 98 (82.4%), grayzone in 8 (6.7%), and high in 13 (10.9%)
patients at the time of diagnosis. After the diagnoses were made, amniocentesis was
recommended to all patients whose gestational week was appropriate. Only 24 patients
accepted the procedure, and in one patient, the amniocentesis toxoplasma PCR found to be
positive and their pregnancy was ended with abortion. The spiramycin prophylaxis was
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started after the diagnosis was made. A total of 16 patients rejected treatment. The median
duration of treatment was 17 (2-33) weeks for the remaining patients.

Table 1. Maternal characteristics and outcomes of acute toxoplasma infection in pregnant women.

Age, years, median (min-max) 26 (18-40)
Gestational age at presentation
<12 weeks (first trimester), n (%) 60 (50.4)
13-27 weeks (second trimester), n (%) 46 (38.7)
>28 weeks (third trimester), n (%) 13 (10.9)
Gravity, median (min-max) 3 (1-10)
Parity, median (min-max) 1(0-8)
Fetal USG examination
Normal, n (%) 114 (95.8)
Abnormal, n (%) 5(4.2)
Type of delivery
Normal vaginal, n (%) 71 (59.6)
Cesarean section, n (%) 36 (30.3)
Voluntarily termination, n (%) 3(2.5)
Missed abortion, n (%) 2 (1.7)
Ongoing pregnancy, n (%) 7(5.9)
Week ofpregmmc.y at diagnosis, median 12 (5-38)
(min-max)
Week of pregnancy at delivery, median 38 (17-40)

(min-max)

Toxoplasma IgM, median (min-max)

2.06 (1.01-27.56)

Toxoplasma IgG, median (min-max) 293 (2-650)
Toxoplasma IgG avidity
Low avidity (<50%), n (%) 98 (82.4)
Intermediate avidity (50-50.9%), n (%) 8 (6.7)
High avidity (>60%), n (%) 13 (10.9)
Toxoplasma PCR in amniotic fluid
Not done, n (%) 95 (79.8)
Done—PCR negative, n (%) 23 (19.3)
Done—PCR positive, n (%) 1(0.8)
Treatment
Spiramycin, n (%) 103 (86.6)
Rejected treatment, n (%) 16 (13.4)
Treatment duration, week, median (min-max) 17 (2-33)
Newborn abnormalities
Absent, n (%) 96 (80.7)
Present, n (%) 5(4.2)
Unknown, n (%) 18 (15.1)

PCR: polymerase chain reaction. Data are presented as median (minimum-maximum) and n (%).
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The status and outcome data for 18 children was not available, whereas no anomalies
were detected in 96 children and a diagnosis of CT was made in 5 children. The mother
of one child had a positive PCR test result from the amniotic fluid and terminated her
pregnancy by means of abortion. The total mother-to-child transmission rate was 5%
(5/101). Clinical, laboratory, and maternal features of the children diagnosed with CT after
birth are shown in Table 2.

Table 2. Clinical, laboratory and maternal features of children diagnosed with congenital toxoplasmosis.

CHILD-1 CHILD-2 CHILD-3 CHILD-4
Maternal Characteristics
Week of Pregn‘ancy 37 38 37 29
at Diagnosis
Week of P.regnancy 39 38 38 29
at Delivery
Intr.a uterme. Not Done Not Done Not Done Not Done
Amniocentesis
Intrauterine Treatment No No No No
Type of Delivery C/S Vaginal Vaginal C/S
Toxoplasma IgM Negative Positive Positive Positive
Toxoplasma IgG Positive Positive Positive Positive
Toxoplasma IgG Avidity Low Low No Data Low
Fetal Characteristics
Gender Female Male Male Male
Fetal USG Findings Macrocephaly Not Done Not Done Heavy IUGR
Hydrocephalus
Birth Weight 2800 2950 2500 650
Apgar Score 6/8 9/10 No Data No Data
Toxoplasma IgM Negative Positive Positive Not Adjusted
Toxoplasma IgG Positive Positive Negative Not Adjusted
Sabin-Feldman 1/1024 (Blood) 1/1024 (Blood) 1/64 (CSF) Not Adjusted
BOS Toxo PCR Negative No Data Negative Not Adjusted
.. NN S Toxoplasma scar
Clinical Fmdmgs of Chorioretinite Cerebellar hypoplasia Microcephaly Not Adjusted
Toxoplasmosis Hydrocephalis ;
Arachnoid cyst
Primetamine . . . .
Sulfadiazine Primetamine Primetamine
Treatment . Leucoverine Sulfadiazine No Treatment
Leucoverine Clindamycin Leucoverine
IV Steroid y
Outcome Alive Alive Alive Ex

C/S: Cesarean section, CSF: cerebrospinal fluid.

Child-1 was firstly suspected to have CT during the fetal USG, which showed macro-
cephaly and hydrocephalus. After birth, chorioretinite was also found during the ocular
examination. The mother of Child-2 was diagnosed with ATT at birth, and she was not
diagnosed and treated during pregnancy. The child had a toxoplasma scar, visual defects,
and strabismus during the ocular examination, as well as cerebellar hypoplasia and an
arachnoid cyst, which was found during magnetic resonance imaging (MRI). Child-3 was
diagnosed with CT while seeking the etiology of its microcephaly. The mother had been
diagnosed with ATI one week before birth, but she had not received any treatment. Child-4
had been suspected of having a congenital infection after heavy IUGR findings on a fetal
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USG. After the tests on the mother were found to be positive for ATI, the child was born
prematurely and was transferred to another hospital. When the family was contacted to
determine the child’s outcome, it was learned that he had died.

CT was observed in 1 (1.1%) child of the 87 pregnant women who received spiramycin
treatment, though it was observed in four (30.8%) of the children of the 13 untreated
mothers. When the rates of congenital spread to the infants of patients who received or
did not receive spiramycin were compared, there was a statistically significant difference
between the two groups (p = 0.001). The mother whose child was infected with T. gondii,
despite using treatment, was diagnosed with ATI when she was 20 weeks pregnant. The
avidity test result was low, which means she had definitely received the infection during
pregnancy, and a positive PCR test result from the amniotic fluid confirmed the diagnosis.
Treatment was started immediately, but she miscarried after five weeks of spiramycin
prophylaxis and before we received the PCR test result from the amniotic fluid.

4. Discussion

In this retrospective single-center study, the prevalence of toxoplasmosis in pregnant
women was found to be 46.2% and the rate of ATI was 4%. It was also observed that 5 of
the 101 mothers diagnosed with ATI transmitted the infection to their children, and the
total transmission rate was found to be 5%. When the mothers who received treatment and
those who did not receive treatment were compared, the CT rates were significantly higher
in the children of those who did not receive treatment.

Toxoplasmosis is one of the most common parasitic infections threatening public
health in the world, and serological evidence of the infection is detected in nearly one third
of the global population. [7]. The prevalence rates vary from region to region, and they
reach as high as 90% in some parts of Africa and up to 60% in some parts of Europe [7-9].
However, data from Asia (including China and India) are limited on this topic [10]. Due to
the geographical region and climatic conditions of our country, which is suitable for easy
parasitic spread, the prevalence of toxoplasmosis in pregnant women has been reported to
be 18.3% and 94.6% in different regions of Turkey over the last twenty years [11]. In a recent
study from the west of Turkey, the prevalence of toxoplasmosis in pregnant women was
found to be 27.78% [12]. Another previous study from the southeast of Turkey, which was
conducted in the same province as our study, reported a high prevalence of toxoplasmosis
(69.5%) [13]. In our region, social habits and food culture, such as the high consumption of
raw meat, may be the reason for the high prevalence, and in this study, we also reported
a high prevalence (46.2%) in pregnant women. Recognizing the regional prevalence of
toxoplasmosis may be the first starting point for taking precautions with pregnant women
to prevent the mother-to-child transmission of such a devastating disease.

Although the risk of transmission from mother to child in early pregnancy is low, the
risk of anomaly in the child is high. On the contrary, as the gestational weeks progress,
the rate of transmission increases and the rate of damage to the child decreases [1,10,14].
Transmission rates in pregnancy are globally reported to be 29% [15]. Donadona et al.
reported that the transmission rate in women who seroconvert during pregnancy was
32.9%, but it was 4.7% in women who were suspected to have toxoplasmosis during
pregnancy [16]. In another study, evidence of infection was found in the fetuses of 4.3%
of 346 women [17]. Hotop et al. also reported a low transmission rate of 4.8% in pregnant
women receiving treatment [18]. Due to a lack of follow-up, only patients diagnosed with
the infection during pregnancy were included, but the cases who developed seroconversion
during pregnancy were not included in our study, and the transmission rate from mother
to child was found to be 5%. Our findings are consistent with the literature, but they may
be low for our high-prevalence region. It is likely that many cases were missed because of
difficulties in diagnosis, and it is likely that not all pregnant women in our region, where
the fertility rate is high, were screened.

There are different approaches in different countries regarding toxoplasma screening
programs during pregnancy. Pregnant women are screened three times during pregnancy
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in Austria and monthly in France. In the USA (in Massachusetts and New Hampshire), a
newborn screening program for congenital toxoplasmosis is in place for all newborns. In
Brazil, where prevalence is high, a perinatal screening program for pregnant women and
newborns was launched in early 2022. However, Spain and Switzerland do not carry out
any screening programs [19]. Indeed, regular prenatal examination during pregnancy has
been demonstrated to have the benefit of reducing the risk of vertical transmission [20].
Although there is no mandatory screening program in our country, family physicians
are encouraged by the Ministry of Health to examine every pregnant woman in their
first trimester. The fact that children are still encountering the various morbidities of CT
suggests that screening programs would be beneficial for such a preventable infection.

The morbidity of CT, which is one of the most severe clinical entities caused by
T. gondii, is very high in humans. In a study conducted in France, where most of the
information about CT was obtained, 11 of the 272 fetuses with CT were lost before birth. The
outcome was unknown for 27 infants, and 206 of 234 live-born infants were asymptomatic,
while 21 had moderate and 7 had severe infections [21]. In another study carried out in
Austria, where the prevalence is high, clinical manifestations were observed in 10.6% of
the studied children (15/141) and all of them had chorioretinitis, while 12 had cerebral
findings [22]. Although the triad of hydrocephalus, chorioretinitis, and cerebral calcification
directly indicates CT, the most common presentation of the disease is ocular involvement
(strabismus, microphthalmy, cataracts, and even blindness), in which late-onset detriment
may occur [10]. Wallon et al. detected retinal damage in 24% of children with CT within
six years of follow-up [23]. In our study, two of four children had both ocular and brain
involvement, whereas one child had only microcephalus. However, one of the children who
was born with severe IUGR could not be evaluated because he was lost in the early postnatal
period. A proven intrauterine fetal infection can be determined by positive toxoplasma
gondii PCR from amniotic fluid [2]. In a study conducted in Norway, 4% (14/346) of the
studied women who underwent amniocentesis had a positive result for toxoplasmosis [17].
In another study by Prusa et al., 34 of 707 (4.8%) patients who underwent amniocentesis
were found to be positive [22]. Similarly, in our study, PCR was positive in 4.2% (1/24) of
the patients who accepted amniocentesis; unfortunately, the child was lost due to abortion.
We do not know the outcome of ongoing pregnancies or the status of other aborted and
voluntarily terminated fetuses.

The management of toxoplasmosis in pregnancy varies from country to country,
though spyramicine is preferred in most centers. In some centers, the combination of
pyrimethamine and sulfadiazine is chosen for treating confirmed fetal infections or for the
late-pregnancy period. Additionally, in some countries, spyramicine therapy is provided
first, and then the pyrimethamine and sulfadiazine combination treatment administered
on an ongoing basis [18]. However, there are countries where the pyrimethamine and sulfa-
diazine combination is not available, and a dual therapy of spyramicine and trimethoprim-
sulfamethoxazole is used [24]. In Turkey, spyramicine is provided to every pregnant woman
diagnosed with ATI, independent of the trimester and whether amniocentesis is performed,
and when a PCR test for T. gondii is found to be positive, the treatment is changed to
pyrimethamine, sulfadiazine, and folinic acid. On the other hand, spyramicine treatment is
ongoing until delivery if a PCR test result is negative or if amniocentesis is not performed.
In studies investigating the efficacy of treatment, it was reported that parasite transmission
from the mother to the child was higher in untreated pregnant women, and spyramicine
prophylaxis was found to be effective for preventing CT. In addition, it has been shown that
early diagnosis and treatment can reduce the mother-to-child transmission of the parasite,
and can also reduce the disease’s severity in the infected fetus [18,20,25,26]. However,
the SYROCOT study did not find robust evidence for a link between early treatment and
decreased risk of CT [14]. Additionally, in a European cohort, prenatal treatment was
not shown to reduce the risk of retinochoroiditis [27]. There are studies comparing the
performance of treatment regimens, as well. Buonsenso et al. investigated the effective-
ness of spyramicine and trimethoprim-sulfamethoxazole treatment in the transmission of
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toxoplasma from mother to child, and they found that the spyramicine and trimethoprim-
sulfamethoxazole therapy was superior to the spyramicine monotherapy. This combination
was non-inferior to a pyrimethamine-sulfadiazine combination therapy [24]. In our study,
103 of the patients were given a spiramycin monotherapy, whereas 16 patients refused to
take medicine. Considering the patients whose pregnancies ended, as is consistent with the
literature, we observed that the rate of congenital spread to infants was significantly higher
in patients who did not receive spiramycin than in those who had received such treatment.
The authors concluded that spiramycin may be effective in preventing mother-to-child
transmission of the parasite.

This study has some limitations. First, because of the retrospective design, the patient
data were insufficient, which limited our ability to evaluate all patients effectively. After
giving birth, some of the patients did not bring their children to the hospital for examination,
and so not all children could be consulted for a pediatric infectious disease, which may have
resulted in potential cases of CT being overlooked. Because of the high missed-follow-up
rate, the mother-to-baby infection transmission rates may have been low. In addition,
a definite prenatal diagnosis could not be made because most of the pregnant women
refused to undergo amniocentesis, and so the treatment of the mothers with spiramycin
prophylaxis had to be continued, which is why we could not present our experience with
the pyrimethamine, sulfadiazine, and folinic acid combination therapy.

5. Conclusions

In this study, we presented a single-center prevalence of toxoplasmosis in pregnant
women, which was found to be 46.2%, while the rate of ATI was 4% and the mother-to-child
transmission rate was 5%. Our findings support that prenatal spiramycin prophylaxis is
effective in preventing the transmission of parasites from mother to child. However, it was
concluded that although toxoplasma seroprevalence was found to be high in our region,
there was a paucity in diagnosis, follow-up, and treatment. The first starting point would
be to identify the regional prevalence of toxoplasmosis in order to take precautions for
pregnant women. In essence, to prevent CT, for which mortality and morbidity is high,
early diagnosis and treatment of pregnant women with ATI is necessary. Regular screening
tests would be beneficial for this purpose in high-prevalence areas.

Author Contributions: Conceptualization, T.D.C., IN.C.and M.D.; methodology, T.D.C., IN.C. and
M.D,; software, T.D.C., .N.C. and M.D.; validation, T.D.C., I.N.C., M.D. and A.T.; formal analysis,
T.D.C,IN.C,MD,AT,CA. and AG,; investigation, T.D.C., IN.C. and M.D,; resources, T.D.C.,
IN.C, M.D,, A.T. and C.A.; data curation, T.D.C., LN.C., M.D., A.T. and C.A;; writing—original
draft preparation, T.D.C.; writing—review and editing, T.D.C., IN.C., M.D, AT, CA.and AG,;
visualization, T.D.C., IN.C.,, M.D., A.T.,,C.A.and A.G,; supervision, C.A. and A.G. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Harran University School
of Medicine Ethics Committee Commission with a protocol number HRU/22.13.01. Date of approval:
04 July 2022.

Informed Consent Statement: Patient consent was waived due to the retrospective study design.

Data Availability Statement: The data presented in this study are available in this article and on
request from the corresponding author. The data are not publicly available to ensure the privacy of
the study participants.

Conflicts of Interest: The authors declare no conflict of interest.



Trop. Med. Infect. Dis. 2023, 8, 63 90of 10

References

1.

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ahmed, M.; Sood, A.; Gupta, ]J. Toxoplasmosis in pregnancy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 255, 44-50. [CrossRef]
[PubMed]

Kieffer, F.; Wallon, M. Congenital toxoplasmosis. In Handbook of Clinical Neurology, 3rd ed.; Elsevier: Amsterdam, The Netherlands,
2013; Volume 112, pp. 1099-1101.

Khan, K.; Khan, W. Congenital toxoplasmosis: An overview of the neurological and ocular manifestations. Parasitol. Int. 2018, 67,
715-721. [CrossRef] [PubMed]

Villard, O.; Cimon, B.; L'Ollivier, C.; Fricker-Hidalgo, H.; Godineau, N.; Houze, S.; Paris, L.; Pelloux, H.; Villena, I.; Candolfi,
E. Serological diagnosis of Toxoplasma gondii infection: Recommendations from the French National Reference Center for
Toxoplasmosis. Diagn. Microbiol. Infect. Dis. 2016, 84, 22-33. [CrossRef] [PubMed]

Reiter-Owona, I; Petersen, E.; Joynson, D.; Aspock, H.; Dardé, M.L.; Disko, R.; Dreazen, O.; Dumon, H.; Grillo, R.; Gross, U.; et al.
The past and present role of the Sabin-Feldman dye test in the serodiagnosis of toxoplasmosis. Bull. World Health Organ. 1999, 77,
929-935.

Hampton, M.M. Congenital Toxoplasmosis: A Review. Neonatal Netw. 2015, 34, 274-278. [CrossRef]

Molan, A.; Nosaka, K.; Hunter, M.; Wang, W. Global status of Toxoplasma gondii infection: Systematic review and prevalence
snapshots. Trop Biomed 2019, 36, 898-925.

Cabra-Bautista, G.; Paz-Cordoba, B.E.; Henao-Pabon, T.; Bravo, A.M.; Florez, I.D.; Delgado-Noguera, M.; Calvache, J.A. Quality
of clinical practice guidelines for gestational and congenital toxoplasmosis: A systematic review of the literature. J. Eval. Clin.
Pract. 2022, 28, 218-224. [CrossRef]

El Bissati, K.; Levigne, P; Lykins, J.; Adlaoui, E.B.; Barkat, A.; Berraho, A.; Laboudi, M.; El Mansouri, B.; Ibrahimi, A.; Rhajaoui,
M.; et al. Global initiative for congenital toxoplasmosis: An observational and international comparative clinical analysis. Emerg.
Microbes Infect. 2018, 7, 165. [CrossRef]

Dubey, J.P.; Murata, FH.A.; Cerqueira-Cézar, C.K.; Kwok, O.C.H.; Villena, I. Congenital toxoplasmosis in humans: An update of
worldwide rate of congenital infections. Parasitology 2021, 148, 1406-1416. [CrossRef]

Koloren, Z.; Dubey, ].P. A review of toxoplasmosis in humans and animals in Turkey. Parasitology 2020, 147, 12-28. [CrossRef]
Ulusan Bagci, 0; Baymndir Bilman, F; Baran, N.; Peker, B.O.; Pektas, B.; Aksoy Gokmen, A.; Er, H-H.; Kaya, S. Retrospective
Evaluation of Toxoplasma Serology in Patients Admitted to a Training and Research Hospital Between 2017-2021. Turk. Parazitol.
Derg. 2022, 46, 235-241. [CrossRef] [PubMed]

Tekay, F.; Ozbek, E. The seroprevalence of Toxoplasma gondii in women from Sanliurfa, a province with a high raw meatball
consumption. Turk. Parazitol. Derg. 2007, 31, 176-179.

SYROCOT (Systematic Review on Congenital Toxoplasmosis) Study Group; Thiébaut, R.; Leproust, S.; Chéne, G.; Gilbert, R.
Effectiveness of prenatal treatment for congenital toxoplasmosis: A meta-analysis of individual patients’ data. Lancet 2007, 369,
115-122.

Dunn, D.; Wallon, M.; Peyron, E; Petersen, E.; Peckham, C.; Gilbert, R. Mother-to-child transmission of toxoplasmosis: Risk
estimates for clinical counselling. Lancet 1999, 353, 1829-1833. [CrossRef]

Donadono, V.; Saccone, G.; Maruotti, G.M.; Berghella, V.; Migliorini, S.; Esposito, G.; Sirico, A.; Tagliaferri, S.; Ward, A.; Mazzarelli,
L.L.; et al. Incidence of toxoplasmosis in pregnancy in Campania: A population-based study on screening, treatment, and
outcome. Eur. J. Obstet. Gynecol. Reprod. Biol. 2019, 240, 316-321. [CrossRef]

Findal, G.; Helbig, A.; Haugen, G.; Jenum, P.A.; Stray-Pedersen, B. Management of suspected primary Toxoplasma gondii
infection in pregnant women in Norway: Twenty years of experience of amniocentesis in a low-prevalence population. BMC
Pregnancy Childbirth 2017, 17, 127. [CrossRef] [PubMed]

Hotop, A.; Hlobil, H.; Gross, U. Efficacy of rapid treatment initiation following primary Toxoplasma gondii infection during
pregnancy. Clin. Infect. Dis. 2012, 54, 1545-1552. [CrossRef] [PubMed]

Petersen, E.; Meroni, V.; Vasconcelos-Santos, D.V.; Mandelbrot, L.; Peyron, F. Congenital toxoplasmosis: Should we still care about
screening? Food Waterborne Parasitol. 2022, 11, e00162. [CrossRef]

Wallon, M.; Peyron, F.; Cornu, C.; Vinault, S.; Abrahamowicz, M.; Kopp, C.B.; Binquet, C. Congenital toxoplasma infection:
Monthly prenatal screening decreases transmission rate and improves clinical outcome at age 3 years. Clin. Infect. Dis. 2013, 56,
1223-1231. [CrossRef]

Villena, I.; Ancelle, T.; Delmas, C.; Garcia, P.; Brezin, A.P,; Thulliez, P.; Wallon, M.; King, L.; Goulet, V. Toxosurv network
and National Reference Centre for Toxoplasmosis. Congenital toxoplasmosis in France in 2007: First results from a national
surveillance system. Eurosurveillance 2010, 15, 19600. [CrossRef]

Prusa, A.R.; Kasper, D.C.; Pollak, A.; Olischar, M.; Gleiss, A.; Hayde, M. Amniocentesis for the detection of congenital toxoplas-
mosis: Results from the nationwide Austrian prenatal screening program. Clin. Microbiol. Infect. 2015, 21, 191-198. [CrossRef]
[PubMed]

Wallon, M.; Kodjikian, L.; Binquet, C.; Garweg, ].; Fleury, J.; Quantin, C.; Peyron, F. Long-term ocular prognosis in 327 children
with congenital toxoplasmosis. Pediatrics 2004, 113, 1567-1572. [CrossRef]


http://doi.org/10.1016/j.ejogrb.2020.10.003
http://www.ncbi.nlm.nih.gov/pubmed/33075679
http://doi.org/10.1016/j.parint.2018.07.004
http://www.ncbi.nlm.nih.gov/pubmed/30041005
http://doi.org/10.1016/j.diagmicrobio.2015.09.009
http://www.ncbi.nlm.nih.gov/pubmed/26458281
http://doi.org/10.1891/0730-0832.34.5.274
http://doi.org/10.1111/jep.13612
http://doi.org/10.1038/s41426-018-0164-4
http://doi.org/10.1017/S0031182021001013
http://doi.org/10.1017/S0031182019001318
http://doi.org/10.4274/tpd.galenos.2022.83007
http://www.ncbi.nlm.nih.gov/pubmed/36094127
http://doi.org/10.1016/S0140-6736(98)08220-8
http://doi.org/10.1016/j.ejogrb.2019.07.033
http://doi.org/10.1186/s12884-017-1300-1
http://www.ncbi.nlm.nih.gov/pubmed/28441952
http://doi.org/10.1093/cid/cis234
http://www.ncbi.nlm.nih.gov/pubmed/22460980
http://doi.org/10.1016/j.fawpar.2022.e00162
http://doi.org/10.1093/cid/cit032
http://doi.org/10.2807/ese.15.25.19600-en
http://doi.org/10.1016/j.cmi.2014.09.018
http://www.ncbi.nlm.nih.gov/pubmed/25596783
http://doi.org/10.1542/peds.113.6.1567

Trop. Med. Infect. Dis. 2023, 8, 63 10 of 10

24.

25.

26.

27.

Buonsenso, D.; Pata, D.; Turriziani, C.A.; lademarco, M.; De Santis, M.; Masini, L.; Conti, G.; Molle, E,; Baldascino, A.; Acampora,
A_; et al. Spyramicine and Trimethoprim-Sulfamethoxazole Combination to Prevent Mother-To-Fetus Transmission of Toxoplasma
gondii Infection in Pregnant Women: A 28-Years Single-center Experience. Pediatr. Infect. Dis. ]. 2022, 41, e223-e227. [CrossRef]
[PubMed]

Bartholo, B.B.G.R.; Monteiro, D.L.M.; Rodrigues, N.C.P; Trajano, A.J.B.; de Jesus, N.R.; Cardoso, EFO.; de Souza, FM.; Werner,
H.; Araujo Janior, E. Treatment of Acute Toxoplasmosis in Pregnancy: Influence in the Mother-to-Child Transmission. J. Obstet.
Gynaecol. Can. 2020, 42, 1505-1510. [CrossRef]

Avci, M.E,; Arslan, F; Ciftci, S.; Ekiz, A.; Ttiten, A.; Yildirim, G.; Madazli, R. Role of spiramycin in prevention of fetal toxoplasmosis.
J. Matern. Fetal Neonatal Med. 2016, 29, 2073-2076. [CrossRef] [PubMed]

Freeman, K.; Tan, HK,; Prusa, A.; Petersen, E.; Buffolano, W.; Malm, G.; Cortina-Borja, M.; Gilbert, R. European Multicentre Study
on Congenital Toxoplasmosis. Predictors of retinochoroiditis in children with congenital toxoplasmosis: European, prospective
cohort study. Pediatrics 2008, 121, e1215—-e1222. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1097/INF.0000000000003469
http://www.ncbi.nlm.nih.gov/pubmed/35175992
http://doi.org/10.1016/j.jogc.2020.04.021
http://doi.org/10.3109/14767058.2015.1074998
http://www.ncbi.nlm.nih.gov/pubmed/26365472
http://doi.org/10.1542/peds.2007-2169

	Introduction 
	Materials and Methods 
	Patient Selection 
	Laboratory Analysis 
	Statistical analyses 
	Ethical Permission 

	Results 
	Discussion 
	Conclusions 
	References

