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The new coronavirus infection caused by the SARS-CoV?2 virus has become a
global problem for humanity incredibly quickly due to its high contagiousness and
mortality among the population. An extremely unfavorable epidemiological situation
has developed worldwide, which has led to high morbidity among pregnant women
[2,9]. During the pandemic, maternal and perinatal morbidity and mortality rates
associated with the new COVID-19 coronavirus infection and its complications
increased significantly, demonstrating the unpreparedness of medical workers
worldwide to combat the new disease due to insufficient knowledge of its pathogenesis
and treatment possibilities [1,17,18,24,32,41]. During the pandemic, data were
accumulated on the peculiarities of the course of the COVID-19 infection, the clinical
manifestations of which are variable: from asymptomatic course to the development of
massive lung damage and acute respiratory distress syndrome. Due to mutations in the
SARS-CoV-2 virus strain, the disease can be unpredictable and cause complications in
people of any age. During the COVID-19 pandemic, several significant increases in
morbidity related to SARS-CoV-2 virus mutations were noted, characterized by
variability in clinical and laboratory data and mortality rates [2,9,19,25,34,40].

This article analyzes observations and assesses perinatal outcomes in women
with SARS-CoV-2 associated infection, comparing them with data from publications
on COVID-19.

The infection caused by the SARS-CoV-2 virus, detected in a pregnant woman
in the first trimester, did not lead to an increase in the thickness of the fetal collar zone,
the development of congenital anomalies, or delayed development, and did not increase
the risk of miscarriage compared to other transplacental infections, such as the Zika
virus [7,8]. At the same time, clinical observations of pregnancies against the
background of SARS-CoV-2 infection in later stages, ending in premature birth and
even perinatal fetal death, resulting in maternal mortality [8], have been described. It

is not fully understood whether premature termination of pregnancy is a complication
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of this infection or is caused by obstetric tactics aimed at early delivery of sick women.
Further research is needed to determine the impact of the new coronavirus infection on
pregnancy, the placenta, and related complications in the fetus [3,10,20,26,33,42].
Characteristics of newborns from mothers who have had COVID-19 during
pregnancy. In most literature sources devoted to the analysis of the course of the new
coronavirus infection in pregnant women, women in labor, and newborns, the somatic
status and morphofunctional characteristics of children born to women with a positive
PCR test for COVID-19 at the time of delivery were assessed [3, 6]. Considering the
hypercoagulation observed in COVID-19 patients, perinatal complications in children
are likely due to impaired fetoplacental perfusion and/or possible thrombotic changes
in the mother, vasculopathy, decreased placental barrier function, and inflammatory
changes in it [5, 6]. D. Baud et al. suggested that virus-induced changes in the placenta
lead to chronic and acute fetal hypoxia, premature birth, which determines the severity
of the children's condition at birth [1,7].

According to a multi-center cohort study conducted from March 1 to May 10,
2020, in New York City, which included 149 mother-child couples hospitalized in the
observation departments, 12% of newborns required hospitalization in the intensive
care unit, of which 10% were born prematurely and 3% required artificial lung
ventilation. It should be noted that children born to mothers with clinical manifestations
of COVID-19 were more often born prematurely (compared to 3% in the general
population) and required intensive care (compared to 2%) [4,11,16,27,31,39].

A systematic review published in 2020 compared maternal and neonatal
outcomes in women infected with SARS-CoV, SARS-CoV-2, and MERS. Compared
to SARS-CoV and MERS, women's SARS-CoV-2 infection was also associated with
a higher rate of premature birth and surgical delivery through cesarean section, as well
as the frequency of fetal distress syndrome diagnosis and perinatal mortality rates [7].

S. Reem et al. analyzed data on the health status of 201 newborns: 71 children
(35.3%) were born prematurely, before 36 weeks of pregnancy. There is no reliable
data on the reasons for premature birth: were it obstetric indications or the mother's

new coronavirus infection. The average score on the Apgar scale in the 1st minute was
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6.49, in the 5th minute - 8.98. In 7 children (2.8%), fetal distress was observed, which
in some cases was an indication for preterm labor. After birth, the frequency of
respiratory disorders among newborns was 4.4%: 6 newborns had transient neonatal
tachypnea, 2 had pneumonia according to radiography, and 1 child had respiratory
distress syndrome (RDS). In the sample under consideration, 5 (2.5%) deaths were
registered, which is significantly higher than the average statistical indicators (2 cases
of stillbirth, 3 more died shortly after birth due to progressive multiple organ failure
against the background of infectious-toxic shock). All newborns underwent
antibacterial therapy [5,12,15,28,35,38].

H. Zhu et al. reported that out of 10 newborns born to 9 women with COVID-
19, 6 were born prematurely, 6 out of 10 developed fetal distress, 6 out of 10 were
diagnosed with RDS, 2 had thrombocytopenia, and all children had a negative PCR
test for COVID-19 [4].

Several studies have noted the presence of SARS-CoV-2 in placenta, umbilical
cord, and amniotic fluid samples, however, the virus's impact on the mother and fetus
is currently unclear [7].

It has been noted that in pregnancies that occurred against the background of
SARS and MERS, intrauterine fetal developmental delay (IFD) is often recorded [25].
The frequency of POI in pregnancies against the background of a new coronavirus
infection did not exceed the general population data [20].

Transmission of the SARS-CoV-2 virus to newborns. The possibility of SARS-
CoV-2 transmission from mother to fetus and from mother to newborn is an important
issue during the COVID-19 pandemic. To date, there is no consensus on whether the
SARS-CoV-2 virus can be transmitted from the mother to the newborn [7]. There is no
convincing evidence to claim that the placental barrier reliably prevents the vertical
transmission of SARS-CoV-2 [9]. Previous studies on SARS and MERS-induced
diseases have not reported cases of their vertical transmission [30, 31]. Similar results
were obtained in the first studies of pregnant women infected with SARS-CoV-2,
although later studies did not rule out the possibility of intrauterine transmission of the

virus to the fetus [6,13,21,23,30,37]. Several authors have published data on SARS-
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CoV-2 penetration through the placenta and cases of possible intrauterine SARS-CoV-
2 transmission [2, 3].</2

The impact of the SARS-CoV-2 virus on the embryo and/or fetus in the first and
second trimester of pregnancy has been little studied. It has been proven that in the
placenta of women who have had COVID-19 in the third trimester, maternal/fetal
vascular anomalies (malperfusion) develop more frequently [5], and in some clinical
observations, the vertical transmission of SARS-CoV-2 has been demonstrated [2, 3].
Moreover, the detection of immunoglobulin M (IgM) against SARS-CoV-2 in the
umbilical cord blood and/or in the blood of newborns confirms suspicion of an
intrauterine infection, as IgM is not transmitted transplacentally from the mother to the
fetus [3]. Detection of SARS-CoV-2 RNA in placental and amniotic tissue samples
indicates the possibility of fetal infection during childbirth [4]. Based on histological
examination data, placental infection (inflammatory infiltrate in the subchorial space,
increased fibrin deposition in the intervillous space, and funisitis) was identified, which
also indicates the presence of an inflammatory reaction in the fetus [6, 7].

A.J. Vivanti et al. described a clinical case of SARS-CoV-2 transplacental
transmission in a 23-year-old pregnant woman with COVID-19 infection. At birth,
SARS-CoV-2 was identified by PCR in amniotic fluid samples, placental tissue,
mother's and newborn's blood, and in a nasopharyngeal swab. The viral load in the
placental tissues was significantly higher than in the amniotic fluid and maternal blood.
Immunohistochemical examination of placental tissue also revealed a high level of
SARS-CoV-2 invasion into trophoblast cells and inflammatory changes in the placenta
[7,8,14,22,29,36]. The realization of congenital infection in a newborn confirms
transplacental transmission in the case of high viral load in placental tissues and the
presence of SARS-CoV-2 in trophoblast cells [3,11]. A team of authors from Italy
described 2 newborns with a positive PCR result for SARS-CoV-2, obtained
immediately after birth. In both cases, SARS-CoV-2 was observed to invade the fetal
tissue of the placenta [2].

H. Hosier et al. reported on a case where SARS-CoV-2 was identified in the
syncytiotrophoblast of the placenta, although the results of lung, heart, liver, and
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kidney analysis of the fetus were negative for SARS-CoV-2 [2]. M. Zamaniyan, A.
Ebadi et al. reported that amniotic fluid obtained during cesarean section in a pregnant
woman with COVID-19 was positive for SARS-CoV-2 based on PCR results [4]. On
the contrary, H. Chen et al. showed that 6 of the 6 amniotic fluid and umbilical cord
blood samples tested for SARS-CoV-2 in pregnant women with symptoms and
confirmed COVID-19 infection were negative for SARS-CoV-2 [5]. Similar work
conducted by Simoées E. Silva et al. demonstrated that the SARS-CoV-2 virus was
absent in 18 of the 18 amniotic fluid, cord, and/or placenta samples during 5 different
studies. Additionally, the same group of researchers found that 85 (95.5%) of 89
newborns had a negative PCR smear from the nasopharynx for SARS-CoV-2,
performed in the first 9 days after birth from mothers with COVID-19, indicating a low
probability of intrauterine SARS-CoV-2 transmission. Considering that 4 out of 5
newborns with a positive SARS-CoV-2 result had smears taken 3-9 days after birth,
and 3 out of 4 newborns had close contact with infected mothers from the first days,
SARS-CoV-2 infection is likely the result of postnatal transmission [3].

Transplacental transmission of antibodies. A newborn's protection from
infection depends primarily on innate immunity and maternal antibodies obtained
transplacentally. Assessing the level of maternal antibodies produced in response to an
infection caused by the SARS-CoV-2 coronavirus during pregnancy, penetrating the
placenta, is necessary to understand the potential protection of newborns from COVID-
19. Passive immunization during breastfeeding (BF) is also important for child
protection. However, data on the level of AT to SARS-CoV-2 in pregnant women who
have had COVID-19 and their newborns are not so extensive.

In a prospective observational study conducted by scientists at the Stanford
University of the USA, involving 147 newborns from 145 women infected with
COVID-19 during pregnancy, IgG levels in maternal blood samples taken during
childbirth and in umbilical cord blood were strongly correlated. High transplacental
IgG transfer rates were observed in cases where infection occurred less than 60 days

before delivery or during the second trimester of pregnancy. The preservation of
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maternal IgG in newborns positively correlated with the initial level of antibodies in
the umbilical cord blood [6].

The study, conducted by a group of scientists from Germany led by K.
Rathberger, included 16 women infected with SARS-CoV-2 during pregnancy and
their newborns. The SARS-CoV-2 antibody response was measured in the mother's
blood and umbilical cord blood, as well as in the postpartum period and 6-11 weeks
after childbirth. A total of 73% of women and 1/3 of their children developed antibodies
to SARS-CoV-2. At the same time, the long interval between infection and childbirth,
as well as the high titer of maternal antibodies, favorably influenced the transplacental
transfer of AT to the fetus. In all children, during subsequent examination, a decrease
in antibody titer was observed, while titers in their mothers remained stable or even
increased [7]. Post-vaccination immune response is still poorly understood. According
to a group of Israeli authors, vaccination with BNT162b2 in the third trimester of
pregnancy causes a strong humoral immune response in the mother (IgG antibodies to
the S-protein region, called RBD antigen). Antibodies penetrate the transplacental
barrier and reach the maternal titers in the fetus within 15 days after vaccination with
the first dose of the vaccine [11,12]. The ratio of maternal and neonatal antibodies to
COVID-19 did not differ compared to the previous infection. The transmission
coefficient of IgG at birth was significantly lower during infection in the third trimester
compared to the second trimester [8]. Thus, transplacental transfer of SARS-CoV-2-
specific antibodies is possible. However, immunity acquired by newborns
transplacentally can be unstable. non-pregnant women belong to the high-risk group
for severe NCI, therefore, the issue of timely diagnosis of disease progression,
development of somatic, gestational, and perinatal complications is acute, the
pathophysiological prerequisites of which lie in both the pregnant woman's body's
reactivity to SARS-CoV-2 and the patterns of uncomplicated pregnancy formation.
Disruption of gestational adaptation due to NCI leads to a pronounced escalation of
physiological shifts (activation of the endothelial-platelet link, moderate pro-
inflammatory and hypercoagulation state, regulatory oxidative stress, etc.) with

transformation into pathogenetic links of COVID-19 (antiangiogenic, inflammatory
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and prothrombogenic status, pronounced systemic and intracellular oxidative stress,
hyperactivation of innate immune and metabolic processes with the implementation of

PON).
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