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Abstract

Coronavirus disease 2019 (SARS-CoV-2) is an emerging
pandemic disease. Coronaviruses cause illness spectrums
changing from the common cold to serious respiratory
illness and death. Available data about coronavirus
disease 2019 during pregnancy are limited because of the
limited studies. However, no vertical transmission
maternal to fetal is proven in recent studies. Pregnancy
complicated with Coronavirus can cause spontaneous
abortion, miscarriages, preterm deliveries, intrauterine
growth restriction, and fetal demise. Pregnancy
complicated with Coronavirus can be due to severe acute
respiratory syndrome, disseminated intravascular
coagulopathy, renal failure, secondary bacterial
pneumonia, and sepsis. And also maternal infection
during pregnancy contribute elevated cytokines leading to
cytokine-storm. Cytokine-storm-related Coronavirus 19
infection at pregnancy can deteriorate fetal development.
Fetal neuronal dysfunction, atypical behavioural
phenotypes, autism, and attention-deficits are related to
viral infections at the time of pregnancy.
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Introduction
Immunologic changes are established protection and

tolerance for the allogeneic fetüs in pregnancy. The maternal
immune system installs the ability for protection against
microbial infections by well-tuned systemically and locally
immune adaptations. Maternal immunological changes
providing the adaptation of fetal growth and developments. At
the time of the gestational stages, different adaptive
mechanisms occur. Different adaptive mechanisms occur for
every different gestational stage. The embryo implantation
and placentation is a pro-inflammatory state in the first
trimester. To maintain the fetal growth in the second trimester
is an anti-inflammatory state. And the second pro-
inflammatory phase is the third trimester for parturition [1].
The maternal immune system is well organized for foreign
pathogens like viruses. The immune system in pregnancy is
named “ immune clock ”  in some studies [2]. Maternal

endogenous STAT5ab signaling increase across multiple T cell
subsets in pregnancy. Maternal immune cells, respond
potently to infectious and lead to cytokine-storm. Some
adaptive immune responses during pregnancy such as
decreased numbers of T and B cells [2]. But although well
organized maternal immune changes the high level of estrogen
and progesterone, and restricted lung expansion capacity
cause pregnant women sensitive to respiratory tract
infections.

SARS-CoV-2 During Pregnancy and
Associated Cytokine-Storm

Maternal infections can also affect fetal and placental
development. The risk of viral pneumonia is higher among
pregnant women compared with the general population. SARS
is a disease novel coronavirus. SARS infection leads to atypical
pneumonia, progresses to severe failure. Spontaneous
abortion, premature birth, and intrauterine growth restriction
are the results of SARS infection during pregnancy. These
complications are because of the hypoxemia and circulatory
insufficiency in both the mother and fetus as a result of SARS
infection. Increased amounts of proinflammatory cytokines in
serum (eg. IL1B, IL6, IL12, IFNγ, IP10, and MCP1) are
associated with pulmonary inflammation and extensive lung
damage in SARS patients [3].

MERS-CoV infection was also reported to induce increased
concentrations of proinflammatory cytokines (IFNγ, TNFα,
IL15, and IL17 [4]. SARS cases fatality rate of 25% for pregnant
women . There is no proof about the vertical transmission of
SARS infection from the mother to the child [3].

And also COVID-19 infection is associated with increased
plasma concentrations interleukins (IL2), IL-7, IL-10,
granulocyte-colony stimulating factor, interferon-γ-inducible
protein 10, monocyte chemoattractant protein 1, macrophage
inflammatory protein 1 alpha, and Tumor Necrosis Factor-α
(TNF-α). Elevated plasma concentrations of interleukins at
pregnancy cause cytokine-storm [5].

Pulmonary inflammation and extensive lung damage in SARS
are associated with increased amounts of proinflammatory
cytokines in serum (eg. IL1B, IL6, IL12, IFNγ, IP10, and MCP1).
Cytokine storm in SARS-CoV-2 can be explained by Antibody-
Dependent Enhancement (ADE). Previous exposure by one or
more prior coronavirus exposures, and due to antigenic
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epitope heterogeneity, are experiencing the effects of ADE
that can explain the severe cases. Continuous inflammation,
lymphopenia, and cytokine storm are responsible for severe
cases and deaths [6].

The pregnant women in their first and third trimester are
at the pro-inflammatory state. The cytokine-storm induced by
SARS CoV-2 may induce a more severe inflammatory state in
these women. The occurrence of maternal inflammation as a
result of viral infection during pregnancy can affect several
aspects of fetal brain development. And deteriorated neuronal
functions and atypical behavioural changes. These pathologies
can be recognized later in postnatal life [1]. The level of the
maternal inflammatory response and the levels of
inflammatory cytokines, such as interleukin IL-1, IL-6, IL-8, and
TNF-α are very high, which can affect the development of the
fetal brain and circulatory system, and may increase the risk of
schizophrenia, autism, and mental disorders. Although the
virus does not reach the fetus [7].

Approximately half of the pregnant women who are infected
without showing infectious symptoms give birth prematurely,
which may be related to past placental infections or acute and
chronic chorioamnionitis [8]. The maternal inflammatory
process leads to increased immune activation and IL-17a
levels, which induces an autism spectrum-like phenotype [9].

Systemic cytokines, including TNF-α, IFN-γ, and IL-10 in
women with malaria increasing showed a correlation in
pregnancy complications [10]. Elevated levels of TNF-α as a
systemic cytokine is related to the toxic effect on early embryo
development [11]. COVID-19 infection associated fever can
cause increased attention-deficit/hyperactivity disorders [12].

Hyperactive interferon signaling is a potential driver of brain
pathology and abnormal brain development after congenital
infections and genetic diseases. IFNγ is primarily produced by
T and NK cells and induces some overlapping effectors with
type I IFNs [13]. In addition to over structural malformations,
Maternal Immune Activation (MIA) during pregnancy is
associated with an increased risk of psychiatric diseases
including schizophrenia and autism spectrum disorder [14].

One retrospective study estimates that maternal exposure
to influenza virus can account for as many as 20% of cases of
schizophrenia [15]. Abnormal behaviour analogous to
schizophrenia and autism, including the inability to inhibit the
startle response, has been recapitulated in animals by the
injection of influenza virus, poly (I:C), LPS, or recombinant IL-6
[14]. The poly(I:C)-induced autism-like phenotype leads to
specific defects in the dysgranular zone of the somatosensory
cortex and is mediated by IL-17 [16]. IL-17 produced by
maternal T helper-17 (Th17) cells presumably crosses the
placenta to trigger IL-17R in the fetal neurons, resulting in
cortical and behavioural abnormalities [17].

Perinatal inflammation is also recognized as an important
risk factor for brain injury and development disorders including
cerebral palsy, white matter injury, and autism. Elevated
cytokines IL-6 and IL-1β in the amniotic fluid, as well as
placental inflammation, are predictors of brain injury in
premature infants [18].

A healthy pregnancy requires appropriate immune
responses. Cytokines and IFNs can alter cellular function,
migration, cell-cell communication, proliferation, and gene
expression. İnappropriate expressed cytokines aginst the viral
infections, can act as teratogens for fetüs. And can also disturb
placental development. The effects of the cytokines at the
time inflammation at pregnancy can cause birth defects [17].

SARS-CoV-2 is responsible for severe acute respiratory
syndrome COVID-19 can cause mild upper respiratory tract
infection. Respiratory tract infections symptoms are fever,
cough, and typical changes in radiographic studies. Infection
spectrum changes to non-life threatening pneumonia to life-
threatening pneumonia [19].

All age groups, including newborns to the elders sensitive
for COVID-19 disease. The effects of COVID-19 on pregnant
women have not been well studied [20]. The currently
published studies, existing data did not support the mother-to-
child transmission [21,22]. The prevalence of morbidity and
mortality of pregnant women with COVID-19 is still unknown
[21-23].

Conclusion
Individualized approaches and treatments should be given

to pregnant according to the severity of the disease and the
advancement of the trimester of the pregnancy. Especially
pregnant women in the first and second trimester with
COVID-19 need more attention because of elevated
inflammation cytokines. Vertical transmission of COVID-19
from the mothers to the baby is not supported by any study.
But the maternal infection and inflammation as a response to
the viral infection could deteriorate developing fetüs.

Early detection and intervention of COVID-19 may reduce
potential obstetrical complications. Complications such as
pregnancy loss, intrauterine growth restriction, and preterm
delivery. Anti-viral therapy for COVID-19, such as lopinavir and
ritonavir, may be beneficial for improving pregnancy
outcomes. Anti-viral therapy for COVID-19 should be
estimated by maternal and fetal health. Even after the viral
infection is controlled, the intrauterine development of the
fetüs should be closely monitored. Since they had anti-viral
drug therapy and radiation exposure from CT examinations,
postnatal controls are necessary.

Because of characteristic immune responses during
pregnancy and potential risks from the cytokine-storm by
COVID-19 infection, pregnant women with COVID-19 may face
severe morbidity and even mortality. Although there is no
proof for intrauterine vertical transmission, the maternal
infection and inflammation occurred in response to COVID-19
could affect the developing fetus and even postnatal life. With
the continuing pandemic of COVID-19, more efforts should be
made to protect both mothers and fetuses. Further studies are
warranted to investigate the pregnant women with COVID-19
in the first and second trimester and follow-up the pregnancy
outcomes and postnatal development of the fetus.
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