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Background. COVID-19 is a new pandemic, which was declared by the World Health Organization in 2019 as a threat to public
health. According to numerous reports, it can have negative consequences for pregnant women, labour, and neonates born to
infected mothers. The aim of this paper was to gather the evidence and to present a summary of the results of studies
concerning COVID-19 in pregnant women and their neonates. Methods. Articles from prestigious journals covering the period
from 2020 to February 2023, relevant review papers, and original research articles from PubMed were analysed. In order to
analyse the available research literature, the Web of Science, Scopus, and PubMed databases were used, in which the search for
articles was conducted using terms (“pregnancy,” “coronavirus,” “SARS-CoV-2,” and “newborn”) and using PRISMA
(Preferred Reporting Items for Systemic Reviews and Meta-Analysis) guidelines for clinical trials. Meta-analyses and systematic
reviews (2022-2023) on symptoms, neonatal course, and risk of COVID-19 infection have been summarized. Summary of
meta-analyses and systematic reviews (2022-2023) on the effect and adverse reaction of the COVID-19 vaccination is
presented. Results. As a result of the research conducted, it was confirmed that in most pregnant women, no serious signs of
the infection were observed, although isolated cases of death related to COVID-19 in pregnant women were reported. Several
authors called attention to the more severe course of the infection in pregnant women with obesity. It seemed that no vertical
transmission from mother to child was occurring. Nevertheless, the information was not clinching. The condition of the
neonates born to mothers with COVID-19 was in most cases described as normal; however, some papers reported deaths of
infected neonates. Conclusions. Due to insufficient data, further research is necessary. Further studies and follow-up are
recommended, which would make possible an assessment of remote effects of COVID-19 on pregnancy and vital parameters
of the newborn.

1. Background

Pregnancy is a special time in a woman’s life. Each woman
planning pregnancy tries to prepare her body for that excep-
tional, but also observation- and care-requiring, period.

The preparation of the mother’s body for pregnancy
should be started about 12 months before the planned preg-
nancy [1]. Wade et al. [2] suggest that a control gynaecological
examination would direct the care of pregnant women to
avoid failures in the early pregnancy period.

Anatomical and physiological changes during pregnancy
impact the respiratory (shape of the chest and elevation of
the diaphragm), immune, and cardiovascular systems. Addi-
tionally, changes in metabolism are observed.

The diaphragm position during pregnancy, resulting from
displacement of the internal organs, reduces the tolerance of
hypoxia [3]. Dashraath et al. [4] call attention to the fact that
during pregnancy, a shallowing of the physiological breathing
and reduction in total lung capacity result in an increase of the
oxygen requirement of the pregnant woman. Pregnancy and
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the developing foetus can cause dyspnoea, which should be
distinguished from a pathology or disease. During pregnancy,
a change of the lung volume occurs together with a dilation of
the blood vessels, which can lead to an increased amount of
secretion in the respiratory tract and, as a consequence, can
create favourable conditions for infections.

Infections, particularly viral ones, during pregnancy fre-
quently result in serious consequences for the developing
foetus [5, 6]. The appearance in 2019 of a new coronavirus
called SARS-CoV-2, which spread very quickly around the
world, has created a threat to public health.

Qeadan et al. [7] pointed out that during the SARS epi-
demic, the percentage of complications and deaths among
pregnant women was significantly higher than usual.

Schwartz and Dhaliwal said that virus transmission from
the mother to the foetus led to miscarriage or development
of foetal malformations or foetal death [8]. Taking into
account the possibility of occurrence of vertical transmission
of infection from the mother to the foetus or newborn, who
has an immature immune system, pregnant women and
newborns should be regarded as a potential risk group [9].

The aim of our publication was to analyse the available
literature in terms of the impact of COVID-19 on the course
of pregnancy and the health of the newborn.

2. Main Text

2.1. Materials and Methods. The articles from prestigious
scientific journals covering the period from 2020 to February
2022 and relevant review papers and original research arti-
cles from PubMed were analysed.

In order to analyse the available research literature, the
Web of Science, Scopus, and PubMed databases were used,
in which the search for publications was conducted using
keywords (“pregnancy,” “coronavirus,” “SARS-CoV-2,” and
“newborn”). Analysis of clinical trials and randomized con-
trolled trials was additionally performed using PRISMA
(Preferred Reporting Items for Systemic Reviews and Meta-
Analysis) guidelines (flowchart), according to inclusion and
exclusion criteria, full-text English, and relation to infection
of COVID-19 and pregnancy. Meta-analyses and systematic
reviews (2022-2023) on symptoms, neonatal course, and risk
of COVID-19 infection have been summarized (Table 1).
Summary of meta-analyses and systematic reviews (2022-
2023) on the effect and adverse reaction of the COVID-19 vac-
cination is presented in Table 2.

2.2. Selection Criteria. Figure 1 is a flowchart presenting the
selection of randomized controlled trials and clinical trials
according PRISMA guidelines.

3. Results and Discussion

In Table 3 below, we present the summary of the random-
ized controlled trials and clinical trials in accordance with
PRISMA.

In 2020, the College of American Pathologists studied 38
pregnant women and their neonates. The women analysed
had SARS-CoV-2 infection during pregnancy. The clinical
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data and results of laboratory tests and virological tests were
taken into account. The studies revealed that no transmis-
sion of the virus from mother to child had occurred in any
of the women who had suffered the infection. None of the
examined swabs taken from the newborns and none of the
placentae examined in some cases suggested any intrauterine
or transplacental transmission of the SARS-CoV-2 from the
women to their foetuses [46]. The clinical trial (2021) ana-
lysed the placentas of 31 COVID-19-positive mothers via
reverse transcriptase PCR, immunohistochemistry, and in
situ hybridization. Only one case of placental infection was
detected, which was associated with intrauterine demise of
the foetus [43].

The study by Khoury et al. [46] conducted in five New
York hospitals in 241 female patients revealed that almost
30% of COVID-19 cases had a severe or critical course. Most
pregnancies in those patients were terminated via caesarean
sections. The result of the study correlated with overweight,
determining the severity of the infection course. Women
with a BMI value of 30 or more had a more severe course
of the infection.

Jamieson and Rasmussen presented their data, suggest-
ing that pregnant women with COVID-19 three times more
frequently required hospitalisation in an intensive therapy
unit, compared with nonpregnant females. Pregnant women
with COVID-19 almost three times more frequently
required mechanical ventilation, and their mortality rate
was 1.7 times higher [47]. Obese women, with a BMI of 30
or more, had a more severe course of COVID-19, and their
infection intensified. Ferrugini et al. [41] in clinical trials
suggest that it is important to test SARS-CoV-2 infections
during pregnancy to prevent complications. A total of 265
pregnant women were included in the study. Patients
exposed or infected with SARS-CoV-2 had a higher inci-
dence of preterm delivery, caesarean section, and need for
resuscitation in the delivery room. The results showed a high
rate of positive tests among newborns (37.5%).

Carrasco et al. conducted a study in Spain in 105 preg-
nant women with COVID-19 and found that the rate of pre-
maturity reached over 20%, and almost 17% of the babies
required hospitalisation in an intensive therapZ unit [48].

In the period between 1°* March and 14" April 2020,
Knight et al. [49] conducted a study in 194 centers located
in the United Kingdom, including an analysis of 427 females
admitted to hospitals with SARS-CoV-2 infection. In the
study, the UK Obstetric Surveillance System (UKOSS) was
used. The authors observed that 233 (56%) pregnant women
requiring hospitalisation were black or belonged to another
ethnic minority. Again, attention was paid to the fact that
281 women, i.e., 62% of the study population, were over-
weight. Therefore, overweight correlated with COVID-19.
Over 40% of cases were women aged 35 years and older,
and 145 (34%) had comorbidities. In most women (196,
i.e., 73%), the pregnancies could have been terminated with
labour at term. Unfortunately, five women, ie., 1%, died
during COVID-19, and 41, ie. 10%, required respiratory
support. Carrasco et al. also reported that 5% of 256 neo-
nates proved positive in the test for SARS-CoV-2 within 12
hours after birth [48].
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Records removed be fore screening:
Duplicate records removed (n = 0)
- Records identified from: Records marked as ineligible by
£ automation tools (n = 0)
S Databases (n = 1,962) S
& Records removed for other reasons
8 Registers (1 = 0) (Books and documents, meta-analysis,
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FiGure 1: Flowchart presenting the study selection according to PRISMA guidelines.

Wang et al. [50] demonstrated in their study that SARS
and MERS contributed to miscarriages, intrauterine deaths,
and even foetal growth restriction and a high mortality rate.
The authors confirmed that pneumonia caused by COVID-
19 in pregnant patients had a similar course to that occurring
in nonpregnant females. It was also found that pregnant
women were not at a higher risk of acquiring COVID-19
and of its more severe course. Furthermore, Wang et al.
[50] have reported that currently no evidence is available that
the virus can be transmitted to the foetus during pregnancy
or labour. The authors also observed that infants and babies
only experienced mild forms of COVID-19. At the same time,
they recommended further studies on the effect of COVID-
19 on pregnancy course and foetal development [50].

The analysis of the data and reports concerning the role
of placenta, vertical transmission in SARS-CoV-2 infection,

and results of prenatal exposure to the virus were described
in the paper by Prochaska et al. [51]. According to the opin-
ion presented in the publication and observations by other
authors [52], the effect of SARS-CoV-2 on the developing
foetus remains not fully elucidated. The presented case
reports, analysed by Prochaska et al. [51], suggest that the
transmission from mother to foetus is rare. Some evidence
is, however, available that suggests that a SARS-CoV-2 infec-
tion of the placenta and foetus is possible. Infected placentae
show inflammatory, thrombotic, and vascular changes. The
authors stressed that the inflammatory character of SARS-
CoV-2 infection during pregnancy can cause obstetric and
neonatal complications. The exposure to intrauterine inflam-
mation and placental lesions can also potentially lead to
long-lasting multisystem defects in the neonates, the mothers
of whom had COVID-19 [52].
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On the other hand, the study by Schwartz [52] demon-
strated no fatal cases of COVID-19 in pregnant women. In
the study, no virus transmission from infected mothers to
foetuses was found. Importantly, similar to the case of preg-
nancies with SARS and MERS infections, no confirmed cases
were reported of intrauterine SARS-CoV-2 transmission
from mothers with COVID-19 to their foetuses. All studied
samples from the neonates, in some cases including the pla-
centae, proved SARS-CoV-2-negative on RT-PCR. At this
moment of the COVID-19 global pandemic, there is no evi-
dence that SARS-CoV-2 intrauterine or transplacental trans-
mission from infected pregnant women to their foetuses is
possible. The authors recommend further studies in this
respect [46, 52].

The pathogenetic process, aspects of pathology, and
clinical data concerning COVID-19 with particular consid-
eration of pregnancy and its course and, moreover, histolog-
ical analysis of the placentae of pregnant women infected
with SARS-CoV-2 compared with those infected with
SARS-CoV and MERS-CoV were presented by Wenling
et al. [3]. Based on a literature review, the authors have con-
firmed that the mentioned viruses cause a cytokine storm in
the body, an extensive immune response, and cause changes
in peripheral lymphocytes and immune system cells, leading
to pregnancy complications resulting from that infection.
The expression of ACE2 receptors in vascular endothelium
may correlate with histological changes in the placentae of
pregnant women infected by SARS-CoV-2. No unequivocal
evidence is available as yet to support foetal infection
through intrauterine vertical transmission of SARS, MERS,
and SARS-CoV-2 viruses, but many reports confirm and
point out the risk of death of mothers due to COVID-19.
Therefore, pregnant women and newborns require special
care in respect of COVID-19 prophylaxis, diagnosis, and
treatment [3].

Caparros-Gonzalez [53] in his review paper concludes
that pregnant women show no serious signs after getting
COVID-19, and according to the observations of Wenling
et al. [3], pregnant women with pneumonia in the course
of COVID-19 show clinical characteristics similar to those
of nonpregnant women. Caparros-Gonzales [53] demon-
strated however, that neonates were at a higher risk of com-
plications, and the course of COVID-19 was more severe,
posing a threat to the neonate. In the analysed review mate-
rial, the case was described of a premature infant, in the
mother of whom a COVID-19-induced pneumonia was
diagnosed, and that infection led to death of the baby. It
was not confirmed, however, that a vertical transmission
occurred from the mother to the baby. In his literature
review, Caparros-Gonzalez [53] concluded that COVID-19
seemed to be milder for pregnant women than for their
newborns.

Transmission of SARS-CoV-2 from the mother to foe-
tus has not been confirmed in the study by Naidu et al.
in 2022. According to their observations, the absence of
transmission from the mother to foetus may by associated
with the presence of lactoferrin in the placenta, amniotic
fluid, and milky discharge. The authors stress the key role
of lactoferrin in ensuring immunity. The cytokine storm
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caused by COVID-19 in pregnant women can produce sig-
nificant damages, such as foetal inflammatory conditions,
and, if not controlled, may later result in disorders from
the autism spectrum and abnormalities of brain develop-
ment in newborns. Taking into account this significant
threat to a child’s growth and development, the prevention
of COVID-19 during pregnancy should be given a high
priority [54].

Kyle et al. [55] observed that neonates born to mothers
infected by SARS-CoV-2 rarely acquired the disease or pre-
sented unfavourable clinical results. At the same time, the
authors have stressed that the COVID-19 pandemic is still
spreading worldwide and that the SARS-CoV-2 virus will
stay with the human population; therefore, it is important
to identify the populations at risk and to establish an ade-
quate strategy of clinical care in order to protect the human
population and, in particular, the newborns. Burwick et al.
[40], in clinical trials they conducted, describe the use of
eculizumab to treat severe COVID-19 in a small series of
pregnant and postpartum adults. There were no serious
adverse maternal or neonatal events attributed to eculizu-
mab at 3 months. In order to protect the human popula-
tion, and in particular newborns, Friedman et al. [56]
conducted their research. Data provide reassurances that
the maternal use of hydroxychloroquine is associated with
a low incidence of infant QTc prolongation. However, if
included in clinical COVID-19 studies, early postnatal
ECGs should be considered.

The observations by Kyle et al. [55] are in concordance
with those reported by Salem et al. [9], who said that infec-
tions of pregnant women diagnosed with COVID-19 were
usually asymptomatic or had mild or moderate symptoms.
They concluded that pneumonia is one of the most frequent
conditions in pregnant women with COVID-19. It cannot be
unequivocally said, however, that SARS-CoV-2 infection
increases the risk of maternal, foetal, and neonatal complica-
tions [55]. The COVID-19 pandemic represents a collective
trauma that may have enduring stress effects during sensi-
tive periods, such as pregnancy. Prenatal stress may result
in epigenetic signatures of stress-related genes (e.g., the sero-
tonin transporter gene, SLC6A4) that may in turn influence
infants’ behavioral development [42]. Based on inhibition of
viral replication and limited reports on clinical efficacy,
hydroxychloroquine (HCQ) is being considered as prophy-
laxis and treatment of COVID-19 [56]. These data provide
reassurances that the maternal use of HCQ is associated with
a low incidence of infant QTc prolongation. However, if
included in clinical COVID-19 studies, early postnatal ECGs
should be considered.

On the other hand, Papapanou et al. [57] observed an
increased incidence of caesarean sections and premature
births in women with COVID-19.

Oncel et al. [45], in clinical trials they conducted, stated
if COVID-19 in pregnant women has important impacts on
perinatal and neonatal outcomes. Maternal mortality, higher
rates of preterm birth and caesarean section, suspected risk
of vertical transmission, and low rate of breastfeeding show
that family support should be a part of the care in the NICU.
In the case of symptomatic women (COVID-19) with
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confirmed infection, a high percentage was reported of
admissions of mothers and neonates to ITUs. Papapanou
et al. [57], similar to Salem et al. [9], suggest that a possibil-
ity of vertical transmission from the mother to baby cannot
be ruled out. The authors of the publications recommend
further studies in pregnant women during the COVID-19
pandemic [9, 57]. In the study by Ayed et al. [58], two cases
have been presented of neonates born spontaneously
through natural passages after premature rupture of the
membranes, to mothers with positive results of RT-PCR
tests. The babies were born in the 31 and 39™ weeks of
pregnancy, and during the birth of the first of them, a fever
occurred in the mother, and then, the COVID-19 infection
was confirmed [58].

The literature review shows that a vertical transmission
from the mother to baby is possible. The third trimester
seems to be the period of key importance and the highest
sensitivity in the course of the infection. The authors recom-
mend further studies to activate surveillance programs at the
end of the second trimester. Both Salem et al. [9] and other
authors suggest that during this pandemic, a monitoring of
pregnant women before and after labour and of their infants
is necessary [3, 51, 55].

Elsaddig and Khalil [59] have found, however, that preg-
nant women with COVID-19 in the third trimester are more
likely than their nonpregnant counterparts to require inten-
sive care, though this may reflect a lower threshold for inter-
vention in pregnant women rather than more serious disease
[59]. Outcomes of neonates born to COVID-19-positive
women are generally very good, though iatrogenic preterm
births are more common. Elsaddig and Khalil suggest a need
of further monitoring of the results of pregnant women and
those directly after labour, during the pandemic [59].

In the study by Ko et al. [60], the data from 703 hospitals
were considered. Out of 489,471 obstetric hospitalisations, in
6550 cases (1.3%), COVID-19 was diagnosed. Moreover, in
the women with COVID-19, the following were observed:
respiratory failure, deaths, sepsis, and shock. Women diag-
nosed with COVID-19 were more frequently admitted to
intensive care units. Furthermore, in such pregnant women,
acute renal failure, thrombosis in the placental chorion,
thromboembolism, and premature births were observed. In
view of that, the authors recommended implementation of
prophylactic strategies in order to reduce the risk of severe
acute respiratory failure after COVID-19 [60-62].

Mirbeyk et al. [63] in their literature review considered
37 papers describing 364 pregnant women with COVID-19
and 302 newborns and found that a definite majority of
the pregnant women were in the third trimester of preg-
nancy, and only 45 pregnant patients had COVID-19 in
the first or second trimester of pregnancy (12.4%). In most
mothers, mild-to-moderate symptoms of COVID-19
occurred. Out of 364 pregnant women, 25 were asymptom-
atic on admission. The most frequent signs included fever
(62.4%) and cough (45.3%). Two mothers with COVID-19
died. Some pregnant patients (12.1%) had negative results
of tests for SARS-CoV-2, but they presented COVID-19-
related clinical signs and abnormalities on computed tomog-
raphy (CT) examinations. Severe pneumonia developed in
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22 (6.0%) pregnant patients. The two cases of death of the
mothers were due to severe pneumonia and multiple organ
dysfunction. The study involved the total number of 302
neonates born to mothers with COVID-19. It was found that
65 out of 302 newborns were premature babies, what
accounted for 23.6%. Death was reported of one baby, born
to a mother with COVID-19 (a stillbirth). Out of the babies
born to mothers with COVID-19, five neonates were in crit-
ical condition and two neonates later died. Mirbeyk et al.
[63] concluded that their systematic review of published
studies confirmed that the course of COVID-19 in pregnant
women was similar to that in other populations. No suffi-
cient data are available, however, to say that COVID-19
poses a risk for the developing pregnancy [63].

In order to prevent COVID-19 complications, Wainstock
et al. [64] conducted studies in pregnant women, confirming
the effectiveness of vaccinations. They studied the association
between prenatal Pfizer-BioNTech COVID-19 vaccination
and pregnancy. It was found that prenatal maternal
COVID-19 vaccine had no adverse effects on pregnancy
course and outcomes. Clinical trial findings of Cosma et al.
[44] may help to guide the global COVID-19 vaccination
program in pregnancy. In sequential samples collected up
to at least 6 months after SARS-CoV-2 infection in pregnant
patients, we detected a typical antibody response after an
acute viral infection. In those who developed a neutralizing
antibody response, the titers were maintained for the entire
length of pregnancy and transmitted to the newborn [44].

Pregnant women are one of the vulnerable groups that
require special care during the COVID-19 epidemic (20).
They are, therefore, more susceptible to infectious diseases
such as SARS-COV-2 (5).

The published observations were analysed by comparing
the results of mothers and pregnancies, perinatal results, and
results of newborns and infants from the time of the pan-
demic, comparing them to the period before the pandemic
period [14, 28].

The infection, symptoms, infection severity, the need for
intensive therapy, and mechanical ventilation were analysed,
as well as childbirth and puerperium of women with
COVID-19 infection [14, 18].

The number of premature births (PTB), birth weight,
and maternal/foetal mortality was determined [10, 11, 13,
16, 20, 28].

Additionally, the aim of the study was to determine
SARS-CoV-2 infection in children born to SARS-CoV-2-
infected mothers, time of transmission from the mother to
child, and perinatal results [47, 65].

Despite the increasing number of studies on the risks of
COVID-19, the assessment of the impact of the pandemic
on childbirth and preterm birth remains contradictory. Peri-
natal outcomes and reports are also conflicting [19]. Current
data suggest little or no potential for vertical transmission of
COVID-19 from pregnant women to the foetus during preg-
nancy or delivery. Controversies are evident in the quality
and design of published research.

The COVID-19 pandemic has had a significant impact
on healthcare systems and on women’s health as well as their
mental state. The results from all observations and published
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works prompted us to collect and systematize the data
(Tables 1 and 2) from publications created until 03.2023.

This review additionally discusses the results and conclu-
sions important in terms of prevention and, thus, vaccina-
tion against COVID-19 infection. The prevention of
COVID-19, as we have shown above, is crucial to ensure
the health of the mothers and newborns. Knowledge, aware-
ness, and, thus, the attitude and practice of pregnant women,
staff, and all society towards COVID-19 infection are
fundamental.

In Table 2 below, we present the collected data related to
not only effectiveness but also the potential risk of vaccina-
tion or side effects.

4. Conclusions

Pregnant women, foetuses, and neonates are possibly the
population at high risk during the present coronavirus
disease 2019 (COVID-19) pandemic caused by the SARS-
CoV-2 virus. The number of publications on the conse-
quences of COVID-19 during pregnancy is slowly growing,
and for the sake of the mothers and neonates, an analysis of
that issue is, by all means, justified. A SARS-CoV-2 infec-
tion can disturb female reproductive system functions,
leading to menstrual cycle disorders, complications of preg-
nancy development, or miscarriages [66, 67]. Most litera-
ture reports suggest that the course of the infection in
pregnant women is similar to that in the general population
[68]. However, some women require a respiratory support,
and they are also at a risk of death [69]. The reports are
alarming that a significant percentage of pregnancies is ter-
minated prematurely by caesarean section. Such delivery by
caesarean section leads to a need of care of the neonate,
who is at a higher risk of complications. Newborns have a
poorer intestinal flora, which, as it is known, is the founda-
tion of the normal immunity of the newborn’s organism.
Although SARS-CoV-2 infection was found in few neo-
nates, a transmission of the virus from the mother to foetus
cannot be ruled out [70, 71]. The long-term developmental
consequences for babies of mothers who proved virus-
positive during pregnancy are only the subject of research.
Further studies and follow-up will make an assessment of
the long-term consequences possible.
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