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ABSTRACT
OBJECTIVE: With apoptosis being critical for the development and homeostasis of placental tissues, it
is possible to hypothesize that accelerated trophoblastic apoptosis during pregnancy may result in a partial loss of trophoblastic activity or trophoblastic cell mass, and ultimately may alter the second-trimester
screening test parameters. Thus, this study was conducted to investigate the influence of maternal toxoplasmosis on second-trimester aneuploidy screening tests.
STUDY DESIGN: This retrospective study was conducted with 552 pregnant women admitted to our
University Hospital. The demographic data such as maternal age and weight; and the main parameters
of second-trimester aneuploidy screening test including maternal serum alpha-fetoprotein, unconjugated
estriol (uE3) and human chorionic gonadotropin were analyzed with the comparison of their Toxoplasma
immunoglobulin serology results.
RESULTS: The mean age of the pregnant women was 27.6 (17.0 - 43.0) years, and the mean maternal weight was 65.0 (40.0 - 120.0) kg. The pregnant women with positive Toxoplasma IgG antibody had
a higher mean maternal age than those with negative Toxoplasma IgG antibody (p<0.0001). No significant difference for the concentrations and MoM values of second-trimester screening test parameters in
women with Toxoplasma IgM and IgG antibodies was observed (p>0.05, for all).
CONCLUSION: Although IgG-seropositivity of toxoplasmosis may lead to an accelerated trophoblastic
apoptosis during pregnancy, there is no significant influence on the second-trimester screening test results. There was no data regarding the unaffected population whom used for calculation of MoM, if they
had toxoplasmosis in their life span.
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Introduction
All pregnant women, regardless of their age or probable
risk status, are offered screening tests to identify the risk for
fetal aneuploidy including trisomy 21 and 18, and fetal open
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neural tube defects. Serum screening of pregnant women aims
to reduce the necessity of invasive diagnostic testing and increase detection of the affected fetuses (1). One such screening, also known as the triple test, involves identifying levels of
unconjugated estriol (uE3), human chorionic gonadotropin
(hCG), and maternal serum alpha-feto protein (MSAFP).
Although the popularity of triple test has decreased in clinical practice, most clinicians in Turkey still utilize it as an aneuploidy screening test. Maternal age is also taken into consideration during evaluation. When the second trimester DS cutoff risk of 1 in 270 is taken into account, the sensitivity of the
triple test is approximately 65% for Down Syndrome (DS) and
70 % for trisomy 18, at a false positive rate of 5%. Whereas,
when MSAFP and uE3 levels are 25 - 30% lower, hCG levels
are approximately two times higher than that of normal controls in most DS cases (2).
The screening performance of biochemical markers for
aneuploidy may be affected by various factors. Gestational
age is the most important factor since concentrations of several markers such as hCG and MSAFP change with gestational age. Maternal weight and maternal serum markers show
a negative correlation that has been attributed to variations of
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volume of distribution due to physiologic increase in blood
volume (3). Biochemical markers may also show signiﬁcant
variations with maternal ethnicity, insulin-dependent diabetes
mellitus, in vitro fertilization, and smoking (4-7).

nancy, and intrauterine infections were regarded as exclusion
criteria. The female Caucasian participants were required to
have never smoked, not have achieved pregnancy by assisted
reproduction, and not have insulin-dependent diabetes mellitus. The number of women who met the inclusion criteria was
552. Informed consent has been obtained from all participants.

Toxoplasma gondii (T. gondii) is an obligate intracellular
protozoan parasite that has a high capacity of asexual propagation in the nucleated cells of vertebrate hosts, including humans (8). Chronic T. gondii infection is evident in approximately one-third of the human population in the world. The
parasites responsible for this infection are considered as one of
the most successful to infect humans (9). Pregnant women infected by this parasite may undergo severe symptoms (10). It
was reported that congenital toxoplasmosis may cause endocrine disorders (11), imbalance of apoptosis regulation
(12,13), and placental structural damage (14). However, the
pathophysiological mechanisms remain unclear. It has been
estimated that the risk of infection with this pathogen is approximately 0.1 - 1% of all pregnancies (15).
Apoptosis is a normal phenomenon vital for normal placental development and fetal growth, and it physiologically occurs in trophoblastic cells throughout gestation (16). The apoptosis of trophoblasts may be induced or inhibited by a number
of stimuli including abortion, preeclampsia, IUGR, and
preterm labor (17). In addition, viruses, bacteria, and protozoan
parasites that because intrauterine infections may modulate
host cell apoptosis (18). T. gondii is able to promote or inhibit
apoptosis by altering the apoptotic program of the host cells
(19). This dual activity of the parasite may need a balance between pro- and anti-apoptotic signals of the infected host cells
(20). It has been shown that apoptotic modulation of T. gondii
infection may be associated with the virulence of the parasite
(21-22). Promoted apoptosis may be related to decreased
serum hCG levels in IgG-seropositive pregnant women.
It has been considered that transplacental transmission of
T. gondii causes congenital toxoplasmosis. With apoptosis
being critical for the development and homeostasis of placental tissues, it is possible to hypothesize that accelerated trophoblastic apoptosis during pregnancy may result in a partial
loss of trophoblastic activity or trophoblastic cell mass, and
ultimately may alter the second-trimester screening test parameters. The aim of the present study was to investigate the
effects of maternal toxoplasmosis on second-trimester aneuploidy (triple) screening test results.

Material and Method
This case-control retrospective study was conducted between September 2014 and September 2016 at the obstetrics
outpatient clinic of our University Hospital. The study was approved by the local institutional review board, which was in
accordance with the Declaration of Helsinki (Reference number: 71444544/2063). The factors that regulate the trophoblast
apoptosis and complicated pregnancy such as preeclampsia,
intrauterine growth retardation, preterm labor, multiple preg-

We assessed the parameters of second-trimester aneuploidy screening tests in the laboratory (accredited according
to TS EN ISO 15189: 2014 since 2011). The second-trimester
screening test was derived from the combination of triple
serum markers (hCG, MSAFP and uE3). These marker samples were measured by the electrochemiluminescence immunoassay (ECLIA) method using an auto-analyzer
(Beckman Coulter, Beckman Coulter - Unicel DxI 800, US).
The measured marker levels were expressed as multiples of
the medians (MoM) (23). MoM was calculated by dividing
each patient’s results of MSAFP, uE3, and hCG levels by their
median levels for all of the population at that gestational age
in the applied laboratory. The average value corrected according to the weight is 1.0. The serum levels of Toxoplasma IgM
and Toxoplasma IgG were analyzed by chemiluminescent microparticle enzyme immunoassay (Cobas E 601, Roche
Diagnostics, Switzerland) in the Microbiology Laboratory of
the University Hospital. The baseline demographic data such
as maternal age and weight, and the main parameters of the
triple test including MSAFP, uE3, and hCG were analyzed
with the comparison of their Toxoplasma immunoglobulin
serology results.
Statistical analysis
The data was analyzed using SPSS (Statistical Packages
for The Social Sciences) software, version 22 (SPSS Inc.
Chicago. USA). The continuous variables of Toxoplasma IgM
serology were compared by using the Mann Whitney U test as
a nonparametric test due to the small number of participants in
that group (n=13). The continuous variables of Toxoplasma
IgG group were analyzed using the independent sample t test
as a parametric test. All continuous variables were presented
as mean ± standard deviation. A p value smaller than 0.05 was
considered statistically signiﬁcant.

Results
The comparisons of the baseline demographic data and the
main parameters of triple test according to Toxoplasma IgM
and IgG serology are demonstrated in table 1. A total of 552
pregnant women were investigated for toxoplasma antibody
assessment. The mean age of the pregnant women was 27.6
(17.0 - 43.0) years, and the mean maternal weight was 65.0
(40.0 - 120.0) kg. A positive Toxoplasma IgM serology was
found in 13 of the 552 pregnant participants (2.4 %). On the
other hand, 22.1% of the pregnant participants constituted the
positive Toxoplasma IgG serology. Moreover, no congenital
toxoplasmosis was observed in the pregnant women with
Toxoplasma positive antibodies.
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Table 1: The comparisons of baseline demographic data and the main parameters of triple test according to Toxoplasma IgM and
IgG serology
Toxoplasma IgM

Maternal age (years)
Maternal weight (kg)
Triple test parameters
MSAFP (IU/mL)
MSAFP MoM
uE3 (ng/mL)
uE3 MoM
hCG(mIU/mL)
hCG MoM

Toxoplasma IgG

Negative
(n=539, 97.6.%)

Positive
(n=13, 2.4%)

p

Negative
(n=430, 77.9%)

Positive
(n=122, 22.1%)

27.5±5.6
64.9±12.8

28.2±5.4
63.6±10.5

0.650
0.658

27.0±5.4
64.6±12.9

29.3±5.8
66.0±12.3

0.000*
0.257

36.8±17.2
1.04±0.4
0.9±0.5
1.0±0.4
25.3±14.5
1.0±0.5

40.7±17.5
1.1±0.4
1.2±0.6
1.0±0.3
23.7±13.1
1.0±0.5

0.312
0.557
0.092
0.545
0.658
0.584

36.5±16.0
1.0±0.4
0.9±0.5
1.0±0.4
25.3±14.3
1.0±0.5

38.3±20.7
1.1±0.6
1.0±0.5
1.0±0.3
25.1±15.3
1.0±0.6

0.290
0.072
0.502
0.777
0.905
0.899

p

MSAFP: Maternal serum alpha-feto protein, uE3: Unconjugated estriol, hCG: Human chorionic gonadotropin. *p <0.05 statistically significant

As calculated in Table 1, the comparisons of maternal age
revealed that the pregnant women with positive Toxoplasma
IgG antibody had a higher mean maternal age than those with
negative Toxoplasma IgG antibody (p <0.0001). However, the
pregnant women with negative and positive Toxoplasma IgM
antibodies had a similar mean maternal age (p=0.650). There
was also no difference in the average weight of the pregnant
women with negative and positive Toxoplasma IgM antibodies (p=0.658 and p=0.257, respectively). Moreover, we did not
observe a signiﬁcant difference for the concentrations and
MoM values of second-trimester screening test parameters,
i.e. MSAFP, uE3, and hCG, in pregnant women with
Toxoplasma IgM and IgG antibodies (p> 0.05, for all).

Discussion
Currently, screening for fetal aneuploidy has been recommended in the follow-up of pregnant women. The triple test is
one of the most frequently employed screening tests in clinical practice. A number of factors affect the interpretation of
the triple screening test results. For example, studies have
shown that Black women have relatively higher MSAFP and
hCG rates when compared to Caucasian women (4).
Pregnancies present with higher hCG and uE3 levels are attributed to the hormonal stimulation and higher progesterone
concentrations when compared to spontaneously conceived
ones (6). Adjustments of DS screening serum markers for maternal factors slightly affects the overall screening performance (7). Pregnant women with insulin-dependent diabetes
mellitus have lower MSAFP and uE3 levels when corrected
for maternal weight (5). To avoid these contributing factors,
we excluded the pregnant women who had history of one of
them. The current study showed that the pregnant women
seropositive to Toxoplasma IgG had similar mean MoM values of triple screening test parameters when compared to the
pregnant women seronegative to Toxoplasma IgG antibody.

An accurate assessment of the risk of Down syndrome is
dependent on the correct assessment of the triple aneuploidy
screening parameters. It has been demonstrated that several
different diseases paired with certain maternal factors can affect the levels of these parameters and lead to misestimating of
Down syndrome risk. In the existing literature, there are a few
studies of auto inﬂammatory or autoimmune diseases associated with vasculitis and serum screening markers for Down
syndrome. Maymon et al. found elevated hCG levels in the
second trimester in systemic lupus erythematosus patients (24).
Turkcapar et al. from Turkey also reported low levels of PAPPA in pregnant women with Familial Mediterranean fever in the
ﬁrst trimester (25). In a study by Wiener, it was reported that
the triple test serum markers might be altered in thrombophilia
patients treated with low molecular weight heparin (26).
Apoptosis has been regarded as a crucial physiological
process for normal development of the human embryo as it
eliminates abnormal embryonic cells and promotes the immune tolerance to pregnancy (27). The apoptotic phenomenon
consists of the normal cell turnover in trophoblastic cells that
leads to elimination of those cells without a local inﬂammatory reaction (28). Moreover, pregnancy loss may result from
alterations of apoptosis in trophoblastic cells or embryonic
damage, particularly in the early stages of pregnancy (29).
Maternal T. gondii infection induces trophoblast apoptosis
through oxidative stress-initiated mitochondrial dysfunction,
which is followed by activation of the downstream signal
pathway (30). However, the ﬁndings of the present study do
not support that cytokine secretions by trophoblasts may alter
hCG production.
To the best of our knowledge, this is the ﬁrst conducted
study in the literature investigating the inﬂuence of IgGseropositivity of toxoplasmosis on parameters of triple aneuploidy screening test. Hence, limited information is available
on the relationship between IgG-seropositivity and serum
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hCG level triple test results in the current literature. The retrospective design and small sample size are the main limitations of the current study. Additionally, we could not obtain
detailed data on the maternal demographics.
In conclusion, although IgG-seropositivity of toxoplasmosis may lead to an accelerated trophoblastic apoptosis during
pregnancy, there is no signiﬁcant inﬂuence on the secondtrimester screening test results. However, there was no data regarding if the unaffected populations used for the calculation of
MoM had toxoplasmosis sometime during their life span.
Further prospective studies are warranted to reveal whether
IgG-seropositivity of toxoplasmosis may be an inﬂuencing factor on results of triple screening test during pregnancy.
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