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Summary

One of the most crucial topics at the moment is the viral infection caused by the SARS-CoV-2 coronavirus, which
has acquired not only medical, but also, of course, social significance. The COVID-19 pandemic has challenged
healthcare systems around the world.

Pregnant women are the most vulnerable category of people, along with the elderly. Due to low immune reactivity,
they are more susceptible to severe complications than others, which makes the problem of pregnancy in patients with
COVID-19 a pressing issue.

A successful pregnancy requires changes in the immune system of the pregnant woman to tolerate a genetically
foreign fetus. These changes in the immune system, as well as in the cardiac, pulmonary, and other systems, can lead
to increased susceptibility or increased morbidity and mortality due to infection during pregnancy. Considering the
physiological adaptations associated with pregnancy, we found that the high metabolic demand to maintain normal
intrauterine development increases the burden of oxidative stress during pregnancy. Intracellular redox changes
associated with acute phase reactions at the maternal-fetal interface may be enhanced during pregnancy. Notably,
mother-to-fetal transmission of SARS-CoV-2 has not been detected in most COVID-19 pregnancies. This relative
absence of vertical transmission may be due to the presence of lactoferrin in the placenta, amniotic fluid, and
breast secretions. However, the cytokine storm induced during COVID-19-associated pregnancies can cause severe
inflammatory damage to the fetus and, if left uncontrolled, can subsequently lead to autism spectrum disorders and
brain developmental abnormalities in newborns. Given this serious health threat to a child's growth and development,

preventing COVID-19 during pregnancy should be a priority.

We aimed to study risk factors and assess the course of pregnancy in women with COVID-19.

The study was carried out within the framework of the research work "Clinical and pathogenetic substantiation
of differentiated treatment of combined pathology of internal organs” (Ne0122U002209).

Key words: Pregnancy; COVID-19; SARS-CoV-2; SARS-CoV-2 Vaccine; Intrauterine Transmission, Lactoferrin;
D-dimer; Cytokine Storm; Coagulopathy; Coagulation, Thrombosis.

Coronavirus disecase (COVID-19), caused by the
SARS-CoV-2 coronavirus, was declared a pandemic
by the WHO on March 11, 2020 [1]. In 2020, the
number of cases of severe acute respiratory syndrome
increased exponentially. As of December 2022, about
650 million cases and more than 6 million deaths
caused by COVID-19 have been reported [2].

It has become clear that this virus poses a
particular threat to vulnerable individuals, including
the elderly, immunocompromised, those with certain
comorbidities, and pregnant women, especially in
the third trimester [3]. In general, pregnant women
are particularly susceptible to respiratory pathogens
due to immunological and physical changes that
include changes in T-cell immunity, reduced lung
capacity, and reduced functional residual capacity
[4]. The high metabolic demand to maintain normal
fetal development increases the burden of oxidative
stress during pregnancy.

Interpreting susceptibility to infection during
pregnancy is complex, given that the number of
infections observed depends not only on susceptibility
but also on the level of exposure to the pathogen.
Pregnant women may be more cautious about risk,
leading to lower exposure levels, which may appear
as a decrease in susceptibility. To adequately address
this issue, it is necessary to compare the incidence
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of cases between pregnant individuals and women
of the same age with the same levels of exposure to
SARS-CoV-2 [5].

It is currently known that most pregnant women
infected with SARS-CoV-2 are asymptomatic.
However, symptoms of COVID-19 during pregnancy
can range from mild to severe and critical illnesses
that cause acute respiratory distress syndrome and
other complications such as pulmonary embolism
and acute coronary syndrome. The severe illnesses
caused by COVID-19 are reflected in the increased
hospitalization of pregnant women. In June 2020, the
Centers for Disease Control and Prevention (CDC)
reported that among COVID-19 patients, 31.5% of
pregnant women required hospitalization compared
to 5.8% of non-pregnant women [6]. However, it
is possible that this indicates greater caution in the
management of pregnant women rather than more
serious illnesses.

The PregCOV-19 Living Systematic Review
Consortium reported that pregnant women with
COVID-19 are more likely to be admitted to intensive
care units and require invasive ventilation compared
to non-pregnant women with COVID-19.

When assessing the impact of COVID-19 during
pregnancy, it is important to distinguish between
studies comparing pregnant women with COVID-19
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and non-pregnant women with COVID-19 and
studies comparing pregnant women with and without
COVID-19. The former address the question of
whether pregnancy increases the risk of adverse
outcomes in women with the disease. The latter
concerns the idea of whether contracting the disease
during pregnancy increases the risk of adverse
outcomes.

Initial reports from China, the epicenter of the
pandemic, originally suggested that pregnant women
were not at increased risk of COVID-19-related
complications compared to the general population
[7]. Subsequent studies have suggested that pregnant
women are particularly susceptible to SARS-CoV-2
infection and that COVID-19 may increase health
risks to mothers and infants during pregnancy [8].
It has also been found that the clinical outcomes of
SARS-CoV-2 infections in pregnant women may
differ from those in the general population, and
pregnancy is considered a potential risk factor for
susceptibility to COVID-19, as well as illness and
death [9].

The placenta is a single organ consisting of cells
from two different individuals - the mother and
the fetus - intended for interaction between them.
The main functional units of the placenta are fetal
chorionic villi with fetal-placental vessels. The
maternal part of the placentais the decidual membrane
with maternal vessels. Between these two areas is an
interstitial space filled with maternal blood, which
is enriched with "maternal lactoferrin" (LF). The
expression of LF during pregnancy is regulated by
several transcription factors and steroid hormones
present during pregnancy, such as progesterone,
estrogen, and corticosteroids [10].

LF levels change during pathological pregnancy
(preterm pregnancy, preeclampsia, growth
retardation, and infection). Immunohistologic
studies of normal placentas have shown LF-positive
cells in the interstitial spaces and fetal stem vessels.
Placental cytotrophoblasts express unique LF
epitopes, and such expression is enhanced in the
presence of activated macrophages. This expression
may be an extraembryonic response to inflammation
and maternal allogeneic recognition, as an attempt to
protect trophoblastic cells. LF appears to play a role
in placental inflammation and the immune pathology
of infections during pregnancy [11].

Due to the physiological and anatomical changes
associated with pregnancy, women are susceptible
to microbial infections. In addition, maternal
lactoferrin and other amniotic protective factors are
aimed at protecting the fetus and make the mother
vulnerable to viral infections. Cytokines produced
by T helper (Th) lymphocytes regulate both immune
and inflammatory responses. Thl cytokines are
pro-inflammatory mediators that include interferon
gamma (IFN-y), interleukins IL-1a, IL-1f, IL-6,
and IL-12. Conversely, Th2 cytokines are anti-
inflammatory factors consisting of IL-4, IL-10, IL-13,
and transforming growth factor-p (TGF-f). During
pregnancy, the suppression of pro-inflammatory
Thl cells changes the physiological environment to
a dominant anti-inflammatory Th2 phase to protect
the fetus. This shift in the inflammatory cell cascade
contributes to overall infectious morbidity by

increasing the susceptibility of the mother to viral
pathogens such as SARS-CoV-2 [12].

Despite this strong barrier, some viral pathogens
are able to overcome host defenses; these include
Zika virus, Varicella Zoster virus (VZV), human
immunodeficiency virus (HIV), rubella virus,
cytomegalovirus (HCMV), and herpes simplex virus
(HSV). In contrast, and especially in the context
of COVID-19 pregnancy, vertical transmission of
SARS-CoV-2 does not occur with any clinically
relevant frequency. Given the role of LF in placental
barrier function, we analyzed the interaction
between mother and fetus to understand the potential
interaction of innate defense factors to prevent and
control pregnancy in the context of COVID-19.

A series of 68 cases of SARS-CoV-2 placentitis
associated with stillbirth or neonatal death found that
the cause of death was most likely hypoxic-ischemic
fetal injury due to severe placental damage rather
than fetal SARS-CoV-2 infection. Indeed, placental
SARS-CoV-2 infection does not necessarily equate
to intrauterine infection; in this case series, fetal
infection was confirmed in only 2 of 68 cases [13].

The difference in cytokine profiles between SARS
and COVID-19 infections in non-pregnant patients
is the basis for assessing and extrapolating disease
progression and severity in sick pregnant women.
Patients with SARS demonstrate predominant
activation of Thl immunity, leading to markedly
elevated levels of proinflammatory cytokines (IFN-y,
IL-1B, IL-6, and IL-12) for at least two weeks
after disease onset, resulting in significant lung
damage [14]. In contrast, patients with COVID-19
demonstrate activation of both Th1 and Th2 immunity
during the same period of the disease, culminating
in the presence of IFN-y and IL-1f in addition to
IL-4 and IL-10 [15]. In addition, elevated levels of
IL-6 (the predominant Th1 responder) are associated
with an increased risk of mortality in patients with
COVID-19 [16].

However, in COVID-19, an early adaptive immune
response is predictive of a less severe outcome of
the disease [17]. Changes in hormonal status during
pregnancy can affect immune responses against viral
pathogens [18]. Therefore, in combination, the shift
to Th2 expression with anti-inflammatory cytokines
(IL-4 and IL-10) and other immune adaptations may
serve as an immune response to SARS-CoV-2, which
may lead to a milder course of COVID-19 compared
to non-pregnant individuals [19].

Pregnancy is a physiological state accompanied
by a high energy requirement for many physiological
functions with increased oxygen demand and
increased oxidative stress. Placental oxidative
stress with subsequent syncytiotrophoblast damage
secondary to the early onset of maternal circulation
causes miscarriages.

Infection-induced inflammation and other
risk factors can cause redox imbalances, increase
the release of free radicals and other oxidants,
and rapidly weaken antioxidant defenses. In
turn, oxidative stress can initiate intracellular
signaling cascades that increase the production
of pro-inflammatory mediators. Oxidative stress
causes placental dysfunction and leads to fetal
malformation. Prevention of placental oxidative
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stress is important to ensure positive birth outcomes.
Oxidative stress and a strong inflammatory response
("cytokine storm") are involved in the pathogenesis
of COVID-19 [20]. Thus, monitoring redox activity
during COVID-19 pregnancy may provide a quick
prognostic advantage.

Viral infections during pregnancy can lead to
unfavorable clinical outcomes. Viral pathogens
at the mother-fetus interface can affect placental
function and cause pregnancy complications such
as miscarriage, intrauterine growth retardation,
or premature birth. The placenta functions as a
physiological and immunological barrier to prevent
transmission of the virus from mother to fetus.
However, the immunologic response to infection can
adversely affect fetal circulation or predispose the
mother to an abnormal response. Viral infection of
the decidual membrane and/or placenta can lead to
the production of soluble immune factors that can
reach the fetus and affect its development. Viruses
rarely penetrate the placental barrier; however, when
a pathogen does, it can cause serious birth defects
such as microcephaly or even death.

Recent studies have examined the placentas of
pregnant women with SARS-CoV-2 and compared
the histopathological findings with the control
group. Placentas from mothers with COVID-19
were significantly more likely to show abnormal
or damaged maternal vessels and interventricular
thrombi. It is worth noting that all analyzes of
amniotic fluid, umbilical cord blood, and throat
swab samples of newborns at birth were negative for
SARS-CoV-2. Criteria have been developed to assess
intrauterine transmission, including documentation
of maternal infection, identification of SARS-CoV-2
in the first 24 hours of life, and evidence of persistent
infection in the newborn [21]. Initial results have
shown that although viral infections are common
during pregnancy, the transplacental route of fetal
infection is the exception rather than the rule [22].

Numerous studies have examined umbilical cord
blood to more accurately identify newborns infected
through vertical transmission. Although the fetus
begins to produce both IgG and IgM between 12 and
20 weeks of gestation, maternal IgG can cross the
placenta, so only the presence of IgM signals fetal
exposure to the antigen. During pregnancies affected
by SARS-CoV-2 infection, the detection of Spike-
specific IgM in umbilical cord blood was reported in
0 to 7.7% of cases [23].

A systematic review of studies examining the
presence of viral genome in cord blood found it in
2.9% of cases, although a larger case series of 64
deliveries has since failed to detect viral genome in
the cord blood of any infant.

It is worth noting that increased levels of
inflammatory cytokines were observed in the
umbilical cord blood of newborns even in the
absence of placental infection [24]. It is unclear
whether these cytokines were produced locally by the
fetus or reflect maternal cytokines that have passed
through the placenta. However, the findings that
immune cells in umbilical cord blood show greater
cytokine production if the pregnancy was affected
by SARS-CoV-2 infection, and that IL-8 levels tend
to be higher in umbilical cord blood than in maternal
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blood, suggest that at least some of the cytokines
may be produced by the newborn.

SARS-CoV-2 infection during pregnancy mainly
affects the respiratory system, causing mild to
moderate respiratory symptoms in 85.0% of cases.
Cardiovascular, renal, neurologic, psychiatric,
dermatologic, and gastrointestinal manifestations
have also been reported [25-29].

A study of positive SARS-CoV-2 cases in pregnant
women summarized the clinical signs of COVID-19
in pregnancy. The average age of pregnant women
ranged from 29 to 32 years, and the disease occurred
mainly in the 3rd trimester of pregnancy. 20.0% of
pregnant women in the early weeks of gestation were
discharged without delivery and without significant
complications. The average gestational age varied,
and the birth of a child before the 37th full week of
pregnancy was 42.0%. These patients also had other
comorbidities or complications during pregnancy,
such as preeclampsia, gestational diabetes,
hypothyroidism, placenta previa, previous uterine
surgery, etc. [30].

Guan et al. reported fever in pregnant women
(88.7%), cough (67.8%), fatigue (38.0%), sputum
production (33.7%), shortness of breath (18.7%),
myalgia or arthralgia (14, 9 %), sore throat (13.9
%), headache (13.6 %), chills (11.5 %), nausea or
vomiting (5.0 %), nasal congestion (4.8 %) and
diarrhea (3.85 %) as the leading symptoms.

In 5-30.0% of patients, the virus caused severe
acute respiratory syndrome (ARDS), which led to
the use of mechanical ventilation and progressed to
multiorgan failure. ARDS is presented by hypoxemic
respiratory  failure with bilateral pulmonary
infiltrates. Almost 5.0% of patients with COVID-19
developed a severe form of the disorder that required
treatment in the intensive care unit [31-32].

Cesarean section accounted for 92.0% of all
deliveries related to COVID-19 pregnancy, but
successful vaginal deliveries were reported in 8.0%
of cases. Fetal distress was a common indication
for cesarean section. Lymphocytopenia (59.0%)
with elevated C-reactive protein (70.0%) was noted
in 91.0% of pregnant women with COVID-19 who
delivered by cesarean section. Most mothers were
discharged without serious complications, although
two cases of hospitalization in the intensive care unit
were reported.

Thus, severe maternal morbidity cannot be ruled
out in COVID-19-related pregnancies [33].

We also analyzed a retrospective single-center
study conducted at the Department of Obstetrics
and Gynecology of the Central Clinical Hospital of
the Ministry of Internal Affairs and Administration
in Warsaw, Poland. The control group consisted of
non-pregnant women of reproductive age who were
randomly selected from among those prescribed for
COVID-19 treatment in the hospital's departments.
From May 15,2020, to April 26,2021, 52 pregnant and
53 non-pregnant women with COVID-19 infection
were admitted for treatment. The inclusion criteria
were body temperature > 39°C (despite the use of
paracetamol), tachypnea > 30/min, SaO2 < 95%,
or critical illness. The diagnosis of COVID-19 was
confirmed by a positive PCR test performed no later
than 13 days before hospitalization. The researchers
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divided the patients into 4 groups based on the
classification guidelines of the Polish Association of
Epidemiologists and Infectious Diseases, determined
by the severity of symptoms and test results. Mild
(asymptomatic or cough, fever, shortness of breath,
fatigue, headache, muscle pain, nausea, vomiting,
diarrhea), moderate (clinical and radiological
signs of lung damage), severe (respiratory failure,
low peripheral SpO2 < 90%), or critical (ARDS,
hypotensive shock, multiple organ failure, loss of
consciousness). Upon hospitalization, all women
underwent blood tests, urine tests, coagulation tests,
blood chemistry, and computed tomography (without
contrast) for suspected moderate, severe, and critical
COVID-19 [34].

The following data were analyzed: patient's
age, weight, height, body mass index (BMI),
existing diseases (diabetes mellitus, hypertension,
hypothyroidism, bronchial asthma), symptoms,
physical examination results, pregnancy status, and
gestational age at admission. The average gestational
age was 30 weeks, with a range of 17 to 37 weeks.
The average age of the patients was 31.9 £ 4.79
years, the median body weight was 77 kg, and the
median body mass index was 28.36 kg/m2. The main
clinical symptoms were dyspnea (92.3%), cough
(90.3%), fever (63.4%), fatigue (42.3%), and muscle
pain (42.3%).

Dyspnea and cough were more common in the
pregnant group, and diarrhea was less common.
Comorbidities included diabetes (17.6%),
hypertension  (10.0%), asthma (3.8%), and
hypothyroidism (35.2%), the latter being more
common in the pregnant cohort. Nine (17.3%)
cases were classified as mild COVID-19. Moderate
COVID-19 accounted for 25 (48.0%), 17 (32.6%),
and 1 (1.9%) cases of COVID-19, respectively.

The average gestational age at hospitalization
was 30 weeks. The average length of hospitalization
was 8 days. The average percentage of lung lesions
on CT scan was 20.0%. Forty-two (80.7%) pregnant
women with COVID-19 required oxygen therapy.
Hospitalization in the intensive care unit was required
in 2 (3.8%) cases, and there were no indications
for mechanical ventilation in the pregnant group.
There were 6 (11.5%) cases of childbirth at 29, 32,
35, 36, and 37 weeks of pregnancy. Comparison of
laboratory results of patients with those in the non-
pregnant group revealed higher levels of leukocytes,
neutrophils, CRP, procalcitonin, IL-6, D-dimer,
and fibrinogen and significantly lower levels of
hemoglobin, lymphocytes, platelets, NT, pro-BNP,
calcium, ferritin, creatinine, urea, magnesium,
sodium, and prothrombin time in the pregnant cohort
[35].

According to available data, the severe and critical
course of COVID-19 is mainly a hyperinflammatory,
immune-mediated disorder caused by the virus. Due
to their immunological characteristics, pregnant
women are particularly susceptible to intracellular
infections and immunological disorders, especially
at the end of the second and third trimester. During
the second trimester, these changes are characterized
mainly by an increase in humoral immune responses
and a suppression of cell-mediated immunity, called
the T helper lymphocyte shift (Th1-Th2).

Thus, Thl cell-mediated immunity is impaired,
which increases the susceptibility of pregnant women
to viral and intracellular bacterial infections. During
the third trimester, an increased number of monocytes
and granulocytes are detected in the mother's blood
compared to non-pregnant women, which releases
inflammatory cytokines, such as IL-8, TNF-a, and
IL-6. In addition, the pathophysiological processes
responsible for the development of hypertension,
diabetes, or cardiovascular discase are aggravated
during the 3rd trimester, and pregnant women with
comorbidities and elderly pregnant women are at
particularly increased risk of adverse maternal
outcomes [36].

Pregnancy is a complex state of immunological
dichotomy. The maternal-fetal interface of the
decidual membrane provides immune tolerance to
the "foreign" allogeneic fetus while maintaining the
immune capacity to fight off invading pathogens.
The interface also facilitates the transfer of 02, CO2,
and nutrients to support the synthesis of various
hormones, enzymes, and cytokines [37]. This unique
immune dichotomy during pregnancy is achieved
through a programmed switch of cytokines from
Thl to Th2. Progesterone, estradiol, prostaglandin
D2, and leukemia inhibitory factor during pregnancy
enhance the Th2 cytokine profile and are responsible
for the Th2 shift associated with normal pregnancy.
This Th2-related immune change is a major factor
in susceptibility to COVID-19 infection in pregnant
women. Hypersensitivity causes suppression of cell-
mediated immunity as pregnancy shifts from a pro-
inflammatory Th1 to Th2 immune environment [38].

Pregnancy immunology is a combination of
signals and responses from the maternal immune
system and the fetal-placental immune system.
Signals originating in the placenta modulate the
maternal immune response in the presence of a
potential pathogen. The trophoblast, a cellular unit
of the placenta, releases antimicrobial peptides such
as human B-defensins, leukocyte secretory protease
inhibitor (SLPI) and expresses toll-like receptors
(TLR-3, TLR-7, TLR-8 and TLR-9). Placental
syncytiotrophoblasts express "maternal lactoferrin"
(LF), an extraembryonic response to inflammation
and maternal allogeneic recognition to protect
trophoblastic cells. Placental-LF, IFN-f and SLP.
The production of trophoblast I by trophoblast cells
in response to viral infection at the maternal-fetal
junction may represent a potential mechanism by
which the placenta markedly inhibits the transmission
of viral infection to the fetus during pregnancy.
Together with trophoblast factors in the placenta, LF
may be critical in providing a first line of defense
against viral infections [39].

The maternal-fetal interface is an immunologically
unique site designed to promote tolerance to the
allogeneic fetus and maintain host defense against a
diverse range of possible pathogens. Innate immune
responses to viruses at the maternal-fetal interface
can have a significant impact on pregnancy outcomes.
Cytotoxic adaptive immune responses are reduced,
bypassed, or even suppressed, while regulatory
adaptive immunity is enhanced during pregnancy. In
contrast, innate (natural) immunity remains intact,
serving two purposes: 1) to continue to protect the

117



HEOHATONOTIA, XIPYPrIfi TA NEPUHATANIbHA MEQULUVWHA
NEONATOLOGY, SURGERY AND PERINATAL MEDICINE

T. X111, Ne 2(48), 2023
VoL. xill, Ne 2(48), 2023 KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)

ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)

ISSN 2226-1230 (PRINT) ISSN 2413-4260 (ONLINE)

body against infection and 2) to interact with fetal
tissues to promote successful placentation and
pregnancy.

It is currently known that many factors can
influence the incidence, duration, and severity of
viral infection at the mother-fetus interface. Viruses
gain access to the cells of the decidual membrane and
placenta by ascending from the lower reproductive
tract or by hematogenous route [40].

After access to the upper reproductive tract, viral
tropism to the decidual membrane and/or placenta
depends on both the expression of the viral entry
receptor by these tissues and the specific immune
response of the mother against the virus. These
factors vary with cell type and gestational age
and are influenced by changes in the intrauterine
environment and maternal immunity. Virus-host
interactions during pregnancy are complex and
highly variable. Innate immune cells, including NK
cells, DCs, macrophages, and the maternal humoral
response, play a crucial role in the infection, which,
therefore, determines the severity of COVID-19. In
contrast to non-pregnant women, the function of the
innate immune system during pregnancy is affected
by the fetal/placental unit [41].

Severe cases of COVID-19 include a "cytokine
storm" with elevated levels of IL-2, IL-7, IL-10,
G-CSF, IFN-y-inducible protein-10, monocyte
chemoattractant protein-1, macrophage inflammatory
protein-la, and TNF-o, which is a result of ADE
[42]. Since pregnant women are in a Th2 state
during the 1Ist and 3rd trimester, the cytokine
storm caused by SARS-CoV-2 can lead to severe
inflammatory damage. Increased cytokine responses
to viral infections during pregnancy can later cause
autism spectrum disorders and brain developmental
abnormalities in children.

In a meta-analysis conducted by Zambrano et
al. that included more than 23,000 pregnant women
and more than 386,000 non-pregnant women of
reproductive age with symptomatic laboratory-
confirmed SARS-CoV-2 infection, pregnant patients
were at higher risk of intensive care unit admission,
invasive ventilation, and death. The results of
laboratory tests performed in the pregnant group on
admission, comparing inflammatory markers with
the non-pregnant group, showed that white blood cell
counts, neutrophil counts, CRP levels, procalcitonin
and IL-6 levels were higher, except for ferritin levels.

Some findings are consistent with similar studies
and can be explained by the hyperinduction of the
immune system caused by pregnancy and SARS-
CoV-2 infection [43]. Nevertheless, the analysis of
the data presented by Liu et al. shows that the number
of leukocytes is at the upper limit of the normal
range of values for pregnant women. In addition,
mild leukocytosis physiologically occurs in the third
trimester. Serum ferritin levels were not significantly
higher, probably due to the higher incidence of iron
deficiency anemia in the pregnant group [44].

When examining the state of hypercoagulability,
which is manifested by increased levels of D-dimer
and fibrinogen and decreased prothrombin time, could
be partially caused by pregnancy. This suggests an
increased risk of venous thromboembolism associated
with COVID-19 in infected pregnant patients
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compared to uninfected pregnant patients [45].

Lower levels of hemoglobin, platelets, creatinine,
and urea are typical in pregnancy due to hemodilution,
increased renal blood flow, and pregnancy-related
thrombocytopenia.

Changes in ion levels occur due to physiological
changes during pregnancy, namely decreased levels
of magnesium, calcium, and sodium.

A systematic review and meta-analysis showed
increased risks of intensive care unit admission, need
for invasive ventilation, and need for extracorporeal
membrane oxygenation for pregnant and recently
pregnant women compared to non-pregnant women
of reproductive age [46]. Several studies have
shown that SARS-CoV-2 infection during pregnancy
increases the risk of pregnancy complications. In a
systematic review and meta-analysis that included
42 studies involving 438,548 pregnant women,
COVID-19 was associated with an increased risk of
pre-eclampsia, preterm birth, and stillbirth compared
to no SARS-CoV-2 infection during pregnancy.
Severe COVID-19 was associated with pre-
eclampsia, gestational diabetes, cesarean section,
preterm birth, low birth weight, and admission to
the neonatal intensive care unit compared to mild
COVID-19 (defined as a positive SARS-CoV-2 test
without serious symptoms) [47].

A study carried out in Colombia also showed
a significantly increased risk of death among
pregnant women compared to non-pregnant women
of reproductive age. It was found that the risk of
postpartum complications (fever, hypoxia, or the
need for re-hospitalization) was higher among
patients with COVID-19 (12.9%) compared to those
without COVID-19. In addition, several risk factors
for serious illness during pregnancy have been
identified, including older maternal age, high body
mass index, and preexisting extragenital diseases
such as diabetes and hypertension [48, 49].

Analyses focusing on the impact of SARS-
CoV-2 infection during pregnancy and pre-eclampsia
showed increased risks of pre-eclampsia, eclampsia,
hemolysis, elevated liver enzymes, and low platelet
count syndrome (HELLP syndrome) in pregnant
women with SARS-CoV-2 infection compared to
those without SARS-CoV-2 infection. An increased
probability of pre-eclampsia was observed in patients
with both asymptomatic and symptomatic SARS-
CoV-2 infection, but the odds were higher among
patients with COVID-19 symptoms [50]. Various
studies have identified risk factors associated with
COVID-19 prevalence and severe illness in pregnant
women [51].

The results of the study demonstrate the
association of COVID-19 with hemostatic and
thromboembolic complications. Pregnancy
is a prothrombotic condition. It is likely that
COVID-19 exacerbates the already increased risk
of thromboembolic complications during pregnancy.
A recent review of 1630 pregnant women with
confirmed COVID-19 found that 15 women were
diagnosed with coagulopathy, thromboembolism,
deep vein thrombosis, or disseminated intravascular
coagulopathy, suggesting that COVID-19 increases
the risk of these pathologies [52].

Another study showed that the rate of venous
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thromboembolism and myocardial infarction was
higher in pregnant women with COVID-19 than in
pregnant women without COVID-19 [53]. This may
explain the possible increase in maternal mortality
associated with COVID-19 and emphasizes the
importance of early thromboprophylaxis.

A study comparing bleeding-related outcomes in
pregnant women with and without COVID-19 found
that blood loss and obstetric hemorrhage rates were
not higher in pregnant women with COVID-19 [54].

A study in Wuhan comparing pregnant women
with confirmed COVID-19 and pregnant women
without COVID-19 found that there is an increased
risk of cesarean section in pregnant women with
COVID-19. Indications for cesarean section included
worsening COVID-19 symptoms, such as maternal
shortness of breath [55].

The increase in cesarean section rates can be
explained by the direct impact of COVID-19 on
maternal health, as well as an increase in the incidence
of pathologies indirectly caused by COVID-19 [53].
The results of the study show that the incidence of
cesarean section is higher in women with confirmed
COVID-19, but these rates vary significantly from
country to country. This may be due to the time
period during which these studies were conducted,
especially if data collection took place during
the peak of the pandemic or at the beginning of
the pandemic, when midwives who were rapidly
trained may have had a lower threshold for cesarean
delivery. Although absolute preterm birth rates vary
by country, with US studies showing lower rates
(12.0%) than European (19.0%) and Chinese studies
(17.0%), the impact of COVID-19 is consistent [56].

Conclusions

Pregnant women's susceptibility to infections and
hypercoagulability puts them at risk for COVID-19
infection and increased risk of pregnancy-related
complications, such as miscarriages, preterm birth,
preeclampsia, and fetal growth retardation.

Pregnant women are especially susceptible
to respiratory infections due to physiological
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Early detection and treatment of COVID-19 in
pregnant women can help prevent negative outcomes
for newborns and reduce potential obstetric
complications such as abortion and preterm birth.

It is important to take a multidisciplinary
approach to the care of pregnant and postpartum
women with COVID-19 and provide specific advice
to reduce the risk of complications and intensive care
unit admission.
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Pe3ome

OnHi€o 3 akTyalbHHX NPOOJIEeM CydyacHOI MEIMLMHM B TENEpillHil 4ac € BipycHa iH(EKIis, BUKINKAaHA KOPOHABIPyCOM
SARS-CoV-2, sixa HaOysa He TiITbKH MEJIMYHOTO, a i, 0e3yMOBHO, coliaibHOTO 3HaueHHs. [langemis COVID-19 kuHyna BUKIUK
CHCTEMaM OXOPOHH 3/10pPOB’SI B yCHOMY CBITI.

Haii0inbin BpasnuBa KaTeropis JIoAei, mopsa 3 ocodbaMu CTapiioro Biky, — BariTHI xkiHku. Yepe3 HU3bKY IMyHHY pEaKTHB-
HICTh BOHU OibIIE 3a IHIIMX CXHMJIBHI J0 TSOKKUX YCKJIQZHEHb, [0 3yMOBIIOE aKTyalbHICTh IpobieMu mepediry BariTHOCTI y
xBopux Ha COVID-19.

VYenimHa BariTHICTh BUMAarae 3MiH B iIMyHHIH cHCTeMi BariTHOT KiHKH, 1100 NEPEHOCUTU IeHETHYHO 4yXopiaHui miix. I1i
3MIHM B IMyHHIH, a TaKOX B CEpIEBil, JereHeBiil Ta IHIIMX CHCTEMaX MOXYTh NPHU3BECTU JO IIiJABHIICHOT CIPUHHSATINBOC-
Ti abo 30i7TbIICHHS 3aXBOPIOBAHOCTI Ta cMepTHOCTI Bix iHdeknii mix gac BariTHOCTi. Posrismaroun ¢izionoriuny agamnraiiio,
MOB’s13aHy 3 BariTHICTIO, MM BCTAHOBUIIH, 10 BUCOKHI MeTAa0ONIUYHUI TONUT ISl MIATPUMKH HOPMaJIbHOTO BHYTPIIIHBOYTPOO-
HOTO PO3BUTKY 30iIbIIye TATap OKHCHOTO CTPECy IiJ{ 4ac BariTHOCTi. BHyTpINIHbOKIITHHHI OKMCHIOBAJIbHO-BIJHOBHI 3MiHH,
MEPEIUIETeH 3 peakuisiMu rocTpoi (pa3u Ha MaTepUHCHKO-(peTanbHOMY iHTepdeiici, MOKYTh MOCHIIOBATHCS IIiJ Yac BaTriTHOCTI.
[lixaBo, mo nepenaya SARS-CoV-2 Bixg Marepi 10 mioaa He Oyna BusiBieHa y OinbmocTi Bunmaakis BarirHocti 3 COVID-19.
L5 BiHOCHA BiJICYTHICTh BEpTHKAJIBHOI Mepegadi Moke OyTH IOB’s3aHa 3 HAsBHICTIO JaKTO(EpHHY B IUIALCHTI, aMHIOTHYHIH
piouHi Ta ceKpeTi MOTOYHHX 3a103. OJHAK MUTOKIHOBUU IITOPM, BUKJIMKAHHUN Mg 9ac BariTHOCTI, aconiioBanoi 3 COVID-19,
MOJKE CHPHYMHHUTH CEpPHO3HE 3analibHe ypaKeHHS IJI0/1a, a AKIIO0 HOro He KOHTPOJIIOBATH, 3T0JJOM MOXE IPU3BECTH 10 PO3JaliB
AYTUCTHYHOTO CIIEKTPY Ta aHOMaJill pO3BUTKY MO3KY y HOBOHApO/UKCHHX. BpaxoByroun 1o cepio3Hy 3arposy 310pOB’I0 s
pOCTY Ta po3BUTKY IuTUHH, npodinakTuka COVID-19 mig gac BariTHOCTI Ma€ OyTH TPIOPUTETHOIO.

Mu nocTaBuiIM 32 METy BUBYNTH (DAKTOPU PU3UKY Ta OLIHUTHU Tepebir BariTHOCTI y xkiHOK, xBopux Ha COVID-19.

Po6ora Bukonana B pamkax HJIP «Kuiniko-naroreHeTnyne oOrpyHTYBaHHS qU(epeHIiioBaHOTO JIIKyBaHHS HO€IHAHOT Ma-

ToJIOTii BHYTpimHIX opraniBy (Ne0122U002209).

Karwuosi cioBa: saritnicts; COVID-19; SARS-CoV-2; Bakuuna SARS-CoV-2; BHyTpillHE0yTpOGHA TIepeaya; J1aKkTo-
¢epun; D-gumep; TMTOKIHOBUH MITOPM; KOAryJIONATis; KOATyJsALis; TpoMO03.
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