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Abstract: (1) Background and Aim: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is linked to increasing cases of coronavirus disease 2019 (COVID-19) around the world. COVID-19
infections have an important impact on pregnancy, preterm birth (PTB) and delivery. Although
several complications have been reported in infected pregnant women, the effect of infection on
PTB is controversial. The purpose of this study was to summarize the existing literature on the
effects and complications of COVID-19 on the health of pregnant women and preterm babies and
its impact on the incidence of PTB. We also discuss the effect of current COVID-19 vaccines during
pregnancy. (2) Methods: We carried out a systematic search of MEDLINE, Embase, and PubMed for
studies on preterm births associated with COVID-19. (3) Results and Conclusions: We discovered
contradictory results regarding the prevalence of PTB during the pandemic compared to earlier years.
While most studies indicated an increase in PTBs with COVID-19, some indicated a decline in the
preterm delivery rate during this time. During pregnancy, COVID-19 infection can increase the
incidence of cesarean section, stillbirth, ICU admission, preeclampsia/eclampsia, and mortality rates.
In the treatment of pregnant women with severe COVID-19, methylprednisolone was favored over
prednisolone, and a brief course of dexamethasone is advised for pregnant women with anticipated
PTB to accelerate the development of the fetal lung. Generally, vaccination for COVID-19 in pregnant
and lactating women stimulates anti-SARS-CoV2 immune responses, and it does not result in any
noteworthy negative reactions or outcomes for the mother or baby.

Keywords: pregnancy; preterm birth; delivery; vertical transmission; COVID-19 vaccines

1. Introduction

Coronaviruses are positive-sense single-stranded RNA viruses circulating among
humans and animals globally [1]. SARS-CoV-2 causes COVID-19, which has been associated
with pandemics and fatalities since its initial characterization in Wuhan, China, in late
2019 [1-3]. A recent study reported that medical occupation does not impact the infection
spread. Interestingly, females are slightly more likely to test positive than males [4]. Data
on gender for the first 250 days of the COVID-19 pandemic in Bucharest, Romania showed
that 53.2% of COVID-19 cases were females, and gender and age data should influence the
prevention measures [5].

Positive cases have been on a continuous increase all over the world, among which
pregnant women constitute an important group of cases [6]. During pregnancy, the chance
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of viral infection is considered to put both the pregnant mother and her fetus in danger.
Some studies have reported increased incidence of preterm births (PTBs) with COVID-19
infection [6]. Pregnancy represents a special situation, since management decisions involve
two patients: the mother and the fetus [7].

Pregnant women may experience significant COVID-19 expression due to the reduced
lung volume associated with fetal growth and the suppression of the immune system
during pregnancy [8,9]. Pregnant women who have COVID-19 have a higher risk of
serious health problems such as ICU admission, mechanical ventilation, and PTB than
non-infected pregnant women [9-11]. Premature membrane rupture, respiratory distress
syndrome, preterm delivery, neonatal asphyxia, and neonatal mortality are among the
more common obstetric problems that have been linked to known COVID-19 infection
throughout pregnancy [12,13]. In this review, we focused on the impact of COVID-19
infection and the incidence of PTBs, the possibility of vertical transmission, and the types
of COVID vaccines authorized for emergency use during pregnancy.

2. Preterm Delivery Rates: Did the COVID-19 Pandemic Cause an Increase or
Decrease in Preterm Birth Rates?

Preterm delivery, also referred to as PTB or preterm labor, is parturition after 20 and
before 37 weeks of gestation [14]. Recent studies on the incidence of PTB during the
pandemic to earlier years revealed conflicting findings. Although most studies showed
an increase in PTBs with COVID-19, several studies reported a decrease in the preterm
delivery rate in the COVID-19 era (Table 1).

A report including 48 studies assessing the effect of COVID-19 infection on PTB <37
weeks that evaluated the effects of COVID-19 on pregnant women showed that 10.85%
of infected mothers had a preterm birth, compared to only 6.0% in the control group
(non-infected pregnant women). They acknowledged that it was challenging to determine
whether preterm births were directly caused by COVID-19 or by a confluence of medical
advice or responses to medications given to the woman to mitigate the disease’s effects,
which might lead the data to lose rigor [9]. In another study, the proportion of preterm live
births was higher among the infected women during pregnancy ratio (12.9%) compared
to the general population of 2019 (10.2%), suggesting that the infection with SARS-CoV-2
may increase the risk of preterm birth, according to SET-NET, which included data from
16 jurisdictions [15]. Another study conducted in Romania reported an increase in 6.08%
in PTB in women infected with COVID-19 (14.28%) compared with pre-pandemic levels
(8.2%) and an increase in more than 13-fold in cesarean delivery from infected mothers
compared to non-COVID-19 women [16].

Combining the results found in the Databases of Medline, Emblise, and Clinical
Trials.gov, a 21.4% rate of PTB was observed in 2567 infected mothers with COVID-19
infection [17]. A report including 33 studies performed by Elshafeey et al. [18] found a 15.2%
rate of PTB among infected women but did not compare their results to uninfected pregnant
women. Smith et al. [19] surveyed the literature on PubMed, MEDLINE and EMBASE and
documented a PTB rate of 63.8% among infected women and noted that the baseline rate of
PTB in China was 6.7%. A study conducted on 132 women in a hospital in East India found
a 15.4% increase in PTB in mothers infected with COVID-19 compared to the PTB rate in the
preceding year [20]. A study focusing on COVID-19-infected pregnant patients hospitalized
in 12 US institutions with critical outcomes found that 75% of women with critical disease
suffered from PTB [21]. Patil et al. ran a cross-sectional study on 118 live births for SARS-
CoV-2-infected women and showed that seven (16%) newborns were admitted to the
NICUs after birth because of prematurity [22]. These findings were supported by many
reports from the CDC showing increased PTB among women hospitalized during the
SARS-CoV-2 pandemic [23,24].

However, other studies showed that PTB is decreased with COVID-19 infection [25-29].
In a study by Meyer et al., the maternal, obstetrical, and neonatal outcomes of singleton
pregnancies at the Sheba Medical Center, Israel, were compared before and during the
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pandemic. They reported that the rate of PTB was significantly reduced by more than 50%,
improving neonatal outcomes [26]. Another study conducted in the United States [25]
reported a significant decrease in the PTB, especially in early and very early PTBs during
the COVID-19 pandemic. In Denmark, a study of 31,180 live infants reported the probable
effect of a countrywide lockdown on extreme PTB. Compared to the preceding five years,
they discovered that the rate of extreme PTB dropped during the COVID-19 lockdown.
They found that there were no significant differences in the rates of very preterm, moderate
preterm birth, term, or post-term infants, which could indicate that such changes did not
occur or that their incidence was too small to detect [27].

Another study in Ireland found that there was a 73% decrease in live births of very
low birth weight (VLBW) infants and a 100% decrease in live births of extremely low birth
weight (ELBW) infants compared to the previous 20 years [28]. Among the explanations
proposed to explain the decrease in the PTB rate was a reduction in the level of stress,
work, car driving, and air pollution as a result of the lockdown policy [25-27], avoidance of
infections, reduced iatrogenic PTBs and the induction of HO-1, which may occur due to
relative hypoxia caused by the mask mandates during the pandemic [26,27]. HO-1 increases
hemoglobin synthesis and has been found to lower the rates of spontaneous PTB [26].

Most studies either reported a decrease in PTB rates or an increase in PTB rates, as
indicated in Table 1, making our review article the first to explore the contradictory results
of the influence of COVID-19 on PTB rates. In addition, we gathered most of the possible
variables that could impact the PTB rate during COVID-19 (Figure 1) [9,15-17,20-30],
providing information for further research. Further investigation is required to establish
the precise causal relationship between COVID-19 and the rate of PTB, and the causative
factors for this effect. This relationship can be translated into management that offers a
successful strategy for the management of PTB associated with COVID-19-infected mothers
and the associated morbidity and mortality.

[ Possible factors affecting the rate of preterm births (PTBs) during COVID-19 J

l
. |

[ Factors increase the PTBs } [ Factors decrease the PTBs ]

l }

¢ 1 wearing of face masks - relative hypoxia —
Induction of heme- oxygenasel (HO-1) and
hemoglobin production - ! PTBs rates

1 influenza vaccination rates

1 nutrition & time for exercise

t hygiene & protective measures

| stress level related to the lockdown policy
| iatrogenic PTBs & medical interventions

| transmission of infections & social
interactions

Lockdown measures — t risk for anxiety &
depression in pregnant women due to job
loss — t hypothalamus-pituitary-adrenal
cortex axis activity — t corticotropin-
releasing hormone

Lockdown measures — decrease in the
number of medical staff and care - t PTBs

1 hesitation to seek medical attention during
the lockdown because of a concern of
coniractinglGOVID.LSnfection 1 work hours & emotional stress of work
COVID-19 infection - t cesarean section to | environmental pollutants & air pollution
limit the risk of intrapartum transmission | smoking & drug use because of the
COVID-19 infection - t C-Reactive Protein I

(CRP) level which is a risk factor for PTBs

¢ | car driving & fewer accidents
. J - J

Figure 1. Various factors that could impact the frequency of preterm births (PTB) in the context of the
COVID-19 pandemic. | means decrease, reduction, T means increase.
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Table 1. A summary of some studies reporting the outcomes and incidence of preterm deliveries in the era of COVID-19.

Author(s), Year Study Type Country Study Subject Outcomes PTB Incidence Ref
Pregnant and recently pregnant Severe diseases are significantly
A svstemati . d women with COVID-19 increased in pregnant women with
Allotey J et al., 2020 sysl\irr;a ¢ relvu?w an Global (n =293,152), and non-pregnant COVID-19 compared with healthy Increased [9]
€ta-analysis women with COVID-19 women, including PTB and maternal
(n =2,903,149) death.
Pregnant women with COVID-19 Increase in 2.7% of PTB in pregnant
Woodworth K et al., 2020 Cohort study United States (n= 5252)’. Infants born to women with COVID-19 compared to Increased [15]
COVID-19-infected mothers healthy individuals.
(n =3912)
Strong positive correlation between
PTB and cesarean section in mothers
Pregnant women infected with with COVID-19.
. Prospective cohort . COVID-19 and having preterm Older COVID-19 pregnant women
Bobei T et al., 2022 observational study Romania birth (n = 34), healthy women with PTB had more serious Increased [16]
having preterm birth (n = 48). respiratory problems, lower oxygen
saturation, higher inflammatory
markers, and fewer lymphocytes.
Increase iatrogenic PTB and cesarean
A systematic review and P t ith COVID-19 delivery rates.
Khalil, A et al., 2020 sysl\inia e rel‘"?w an Global reghan Womfr;;é; ) Although rare, vertical virus Increased [17]
cta-analysis (n= ) transmission probably does happen in
some instances.
High rates of PTB and neonatal ICU
hospitalizations.
PTB occurred at a rate of 28.69%.
The Caesarean section rate was
Retrospective Pregnant women with COVID-19 63.93%.
Singh V et al., 2021 Observational Study East India (n = 132) Vertical transmission is feasible, Increased [20]

although the probability is low.

The rates of intrauterine and neonatal
death remain low.

Diabetes, hypertension, and anemia
are comorbidity factors.
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Table 1. Cont.
Author(s), Year Study Type Country Study Subject Outcomes PTB Incidence Ref
PTB was found in 75% of women who
Pierce-Williams R et al., . Hospitalized pregnant women had critical conditions of COVID-19.
2020 Cohort Study United States with COVID-19 (n = 64) no evidence of vertical transmission, Increased (21]
stillbirths, or neonatal deaths.
16% of the infants were sent to NICU
live births to mothers who had . . .
. Retrospective . . ) . due to prematurity or possible sepsis.
Patil, UP etal,, 2020 cross-sectional study United States COVID-19 1r_1f§3§t810n testing 11% of the infants were placed in an Increased [22]
(n=118) isolated room in early pandemic.
Paired ison b Higher risk for
. . . aire Compa“sof‘ etween preeclampsia/eclampsia, ICU
Villar, J et al., 2021 Paired Controlled Study 18 countries pregnant women with (n = 706) admission. severe neonatal morbidit Increased [30]
and without (n = 1425) COVID-19 and mortality index Y
Meta Analysis of 228 studies of
. A systemic review and nonpregnant patients(n = 128,176) Increased caesarian delivery, low birth
Jafari M etal., 2021 Meta-analysis Global and 121 studies including rate Increased [31]
pregnant patients (n = 10,000)
Total births during COVID-19 L :
25% reduct PTB d with
Berghella V et al., 2020 Meta-Analysis United States (n = 1197), births before e :;C lo.nlm 1 compated wi Decreased [25]
” pre-pandemic levels.
COVID-19 (n =911)
e  Group 1 (March 2020-June
(ZI?%O)Z:SSSVID_Q deliveries At < 34 0/7 weeks of gestation, the
Meyer R et al., 2021 Cohort Study Israel e Groups2 (2019) and 3 ;&(1;; of PTB decreased by more than Decreased [26]
(2011-2019), (n = 2742 and o
28,686, respectively)
Significantly d d rate of ext
Nationwide prevalence Live births born between March PI{?T]? ' dllii; ythzcéeOa;eIDﬁge 1&%53?18 Decreased in
Hedermann G. et al., 2021 proportion study Denmark 12 and April 14, 2015-2020 The lock dogwn could reduce infant ' e)ftieiizePTB [27]
(Observational Study) (n =31,180)

mortality and extreme PTB.
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Table 1. Cont.

Author(s), Year Study Type Country Study Subject Outcomes PTB Incidence Ref
Live births of very low birth
Retrospective descriptive weight (VLBW) and extremely A 100% decrease in ELBW infants and Decreased in
Philip RK. et al., 2020 study Ireland low birthweight (ELBW) infants a 73% decrease in VLBW infants VLBW and ELBW  [28]
(Cohort Study) from 1 January 2001 to 30 April compared to the previous 20 years. infants
2020
PTB dropped to 5.5% during the
. . lockdown from 9.1% in previous
Retrospective cohort Births born between April to July years

Jasper B etal., 2022 study Australia (io_li_fg;g) Emergency Caesareans were reduced Decreased [29]

while instrumental vaginal deliveries
increased during the lockdown.
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3. COVID-19-Infected Women Giving Birth during the Pandemic: Characteristics
and Consequences

COVID-19 can increase the risk of serious maternal illness and prematurity. In addi-
tion, it can cause various serious symptoms and consequences, making it a very dangerous
infectious disease, especially in pregnant women, who are a high-risk population (Table 2).
The most frequent and serious complications are acute respiratory distress syndrome, septic
shock and sepsis, acute heart and renal injury, sepsis, and other consequences [32]. Further-
more, severe pneumonia was also observed in a substantial percentage of pregnant patients,
leading to the conclusion that pregnancy can increase the chances of a SARS-CoV-2 infec-
tion to progress into pneumonia [32]. Zambrano et al. ran a study on 409,462 symptomatic
women who had COVID-19 with laboratory confirmation of whom 23,434 were pregnant
women. Those symptoms ranged from mild fever, coughing, and chills, to an increase in
ICU admissions [33]. COVID-19-positive pregnant women were substantially more likely
to be admitted to an ICU in comparison to non-pregnant women. Although the actual risks
of serious COVID-19-related complications in women were low, pregnant women had a
markedly higher risk of serious complications than non-pregnant women [33].

A cohort study comparing the outcomes of women with COVID-19 who gave birth
revealed a significant increase in the need for intubation, ventilation, ICU admissions, and
mortality of infected mothers compared to healthy individuals. Chinn et al. studied a
group of 869,079 adult women including 18,715 women with COVID-19. Infected women
had a higher chance of mortality, PTB, and intubation in the hospital undergoing childbirth
compared to non-infected women [34]. Similarly, a six-country retrospective study of
women of reproductive age (n = 1315) who were admitted to hospitals during the COVID-
19 pandemic showed that ICU admissions, oxygen therapy at admissions, and death
were significantly higher in infected pregnant women compared to infected non-pregnant
women and pregnant non-infected women [35]. Women with COVID-19 had a higher
risk of stillbirth than women without COVID-19, particularly during the COVID-19 Delta
variant predominance phase compared to the pre-Delta era [36]. DeSisto and colleagues
conducted a study on 1,249,634 deliveries to assess the influence of COVID-19 on stillbirths.
They observed a total of 8154 stillbirths throughout this period, impacting 0.64% of women
without COVID-19 versus 1.26% of women with COVID-19 at delivery [36].

Table 2. Characteristics and outcomes of maternal COVID-19 infection.

Author(s), Year Country Study Subject Outcomes Ref.
Symptomatic COVID-19 1 ICU admission and complications in pregnant women
Zambrano, L.D. et al., 2020 United States women (n = 409,462), compared to non-pregna nt women. L. [33]
including pregnant women Pregnant women had higher risk of acquiring
(n=23,434) COVID-19-related complications.
Adult women (n = 869,079) 71 intubation, ventilation, ICU admissions, and mortality of
Chinn, J. et al., 2021 United States including women with infected COVID-19 mothers compared to non-infected [34]

COVID-19 (n = 18,715)

ones.

Nachega, J.B. et al., 2022

Six countries in
Sub-Saharan
Africa

Women at reproductive age
(n=1315)

1 ICU admissions, oxygen therapy at admissions, and
death in infected pregnant women, compared to infected
non-pregnant women and pregnant non-infected women.

DeSisto, C.L. et al., 2021

United States

Delivery hospitalizations

(n =1,249,634) including
21,653 deliveries to
COVID-19 infected women.

1 risk of stillbirth in COVID-19-infected, especially during
the COVID-19 Delta variant predominance phase rather
than the pre-Delta era than non-infected women.

[36]

1 means increase.

4. Clinical Features and Short-Term Complications of Preterm Infants

Pediatric SARS-CoV-2 infections could be asymptomatic or manifest with mild symp-
toms including headache, cough, nasal congestion, acute respiratory distress syndrome,
anosmia, temperature instability, and runny nose [37,38]. This can be explained by the fact
that the immune system of children is still developing, so they are unlikely to be able to
initiate a cytokine storm like that of adults [39,40]. Dong et al. reported that confirmed
pediatric patients with SARS-CoV-2 infection showed different degrees of manifestations,
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where 94.1% of cases were asymptomatic, mild, or moderate infections, and only 5.2%
demonstrated severe manifestations [41]. Similarly, an outbreak that occurred in the United
States in an overnight camp for children showed that 26% of COVID-19-infected children
were asymptomatic [42].

Zhu et al. performed a study on ten neonates born to mothers who had tested positive
for COVID-19. Six neonates developed shortness of breath, two neonates had fever, two
neonates had thrombocytopenia and abnormal liver function, one neonate developed
rapid heartbeat, one neonate had vomiting, and one neonate had pneumothorax [43]. In a
cohort study conducted by Zeng et al. on 33 neonates born to COVID-19-positive women,
three out of the 33 neonates tested positive for COVID-19. One of the three babies was
reported as PTB. Due to fetal distress and maternal COVID-19 pneumonia, a second baby
was delivered via cesarean section at 31 weeks and 2 days of gestation, and resuscitation
was necessary. The infant required noninvasive ventilation, caffeine, and antibiotics for
the treatment of pneumonia and neonatal respiratory distress syndrome. In addition, he
exhibited leukocytosis, thrombocytopenia, and coagulopathy, as well as a blood culture
that had come up positive for Enterobacter agglomerates [12].

Recently, some reports have shown that COVID-19 can be associated with MIS-C in
some infants. Some features of MIS-C in infants are similar to those of Kawasaki disease,
while others are similar to those of toxic shock syndrome. Infants with MIS-C typically
have a prolonged fever, gastrointestinal complications, and experience multisystem inflam-
mation, with the cardiovascular system being the most affected [44]. These PTB correlated
with a higher Body Mass Index (BMI) of the mother, cesarean delivery, and COVID-19 sever-
ity [45]. A study conducted on a cohort of 255 newborns of COVID-19-infected mothers
revealed that COVID-19-exposed infants were at risk for both direct and indirect negative
health consequences, while preterm delivery caused by a COVID-19 infection in the mother
was linked to significant neonatal morbidity [46]. There was also a significant association
between the rate of cesarean section and COVID-19 infection [45]. Various SARS-CoV-2
complications and symptoms that have been observed during pregnancy are shown in
Figure 2. As shown, the symptoms might be absent, mild, moderate, or severe, affecting
both the mother and the infant’s lives.

Asymptomatic,
mild or moderate

.
« Chills

symptoms; « 1 ICU admission

« TPTBs

« tstillbirth

* T Caesarean section
« T Mortality rate

« 1 0, Saturation

Severe
symptoms

« Fever

: saShi?]
i « Vomiting
mild or moderate * Cough

+ Nasal congestion

+ Multisystem inflammatory
syndrome in Children (MIS-C)

« Acute respiratory distress
syndrome

« Cyanosis

Infant
symptoms

Severe
symptoms

« Shoc
« Gastrointestinal
haemorrhage

Figure 2. Complications and symptoms of COVID-19 during pregnancy. SARS-CoV-2 can affect both
the pregnant woman and her infant. The symptoms might be unnoticed, mild, moderate, or severe,
affecting both the mother and the infant’s lives. | means decrease, reduction, T means increase.

5. COVID-19 Vaccines: Safety and Efficacy during Pregnancy

One of the most important methods of protection during pregnancy is vaccination.
Vaccines are used to prevent morbidity and mortality of the mother and to allow infants
to acquire passive immunity [47]. Infants born to mothers vaccinated against smallpox
during pregnancy are less liable to morbidity and mortality than infants of non-vaccinated
mothers [47,48]. This is also true in the case of pertussis, tetanus, and influenza vaccina-
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tion [47]. Because of the dangerous sequelae of COVID-19, especially in pregnant women,
the need for vaccination is increased, but there have been worries about the side effects of
vaccination [48]. Despite this, vaccination campaigns for pregnant women started while
waiting for the results of clinical trials, and the campaign showed desirable results [49-51].

The first data about vaccination in pregnant women were related to Pfizer mRNA
(BNT162b2) and Moderna (mRNA-1273) vaccines, which were used in the United States
and Israel [50-52]. In one study, there were no observable safety concerns for mothers or
infants from the vaccine-induced antibodies [52]. Among the reported effects recorded
in the vaccinated subjects was injection-site pain; other symptoms such as fever, myalgia,
chills, and headache were less frequent [51]. Of the vaccinated pregnant women who
completed their pregnancy, 13.9% were pregnancy losses, and 86.1% were live births.
According to neonatal outcomes, there was 9.4% PTB, and no neonatal death [51]. One of
the most important results was that antenatal vaccination by BNT162b2 mRNA induces
maternal hormonal responses that effectively transfer to the fetus, supporting the role
of vaccination during pregnancy [53-55]. It was also reported that the vaccine is not
associated with any pathological changes [54]. These data mean that COVID-19 vaccination
is not associated with any developmental changes in the fetus, but immunological and
inflammatory reactions occur at nearly the same rate as in the general population [52,56,57].
However, the probability that the placenta or fetus could be affected by an immunological
reaction to the COVID-19 vaccination should be taken into consideration. Most safety data
for these vaccines come from these results, which encouraged other countries to use them
for pregnant women. Table 3 summarizes the types of COVID-19 vaccines authorized for
emergency use during pregnancy and their side effects.

According to a recently published systematic review that summarizes the current data
on COVID-19 vaccines including 23 studies and 117,552 COVID-19 vaccinated pregnant
women [58], there was no difference in the obstetric outcomes between vaccinated and
non-vaccinated pregnant women in the term of pre-eclampsia, placental abruption, pul-
monary embolism, postpartum hemorrhage, ICU admission, or maternal death. Similarly,
a systemic review by Fu et al. [59] concluded that vaccination for COVID-19 in pregnant
and lactating women stimulated anti-SARS-CoV2 immune response, and did not result in
any noteworthy negative reactions for the mother or the baby. Furthermore, it has been
shown to be efficacious in preventing COVID-19 disease. Therefore, these results support
the recommendations for the use of COVID-19 vaccine in pregnant mothers, because it
does not increase the risk ratio in this category of the population.

Concerning vaccine efficacy, Piekos et al., in a retrospective, multicenter study, reported
that 26,792 pregnant women who had received two doses of mRNA-1273 Moderna or
BNT162b2 Pfizer/BioNTech vaccine and /or boosted (n = 7616) had a significantly lower
risk of contracting the COVID-19 virus than matched pregnant women who had not
received the vaccine. However, vaccination did not affect the duration of hospital stays for
infected pregnant women, but it significantly reduced the percentage of patients receiving
oxygen supply and vasopressor compared to those who did not receive the vaccination [60].

Studies revealed that the two groups (pregnant and nonpregnant women) had similar
antibody and T-cell responses [56,61]. However, they also detected stronger virus-specific
antibody titers linked to COVID-19 vaccination compared to SARS-CoV-2 infection, in-
dicating that vaccines are still effective in people who have previously contracted the
disease [56,61]. Another study reported that the overall antibody titers did not vary be-
tween pregnant women, lactating women, and non-pregnant groups, but that after only
one dose of vaccine, Fc receptor binding and antibody effector functions were induced
with delayed kinetics in the pregnant group in comparison to the non-pregnant group [62].
However, after the second dose, there was no significant difference between the groups [62].

In summary, COVID-19 vaccines decreased the rate of maternal COVID-19 infection
among healthy pregnant women and reduced the need for supplemental oxygen supply
and vasopressor among infected pregnant women, meaning that COVID-19 vaccines are
effective even in those already infected with SARS-CoV-2.
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Table 3. COVID-19 vaccines authorized for emergency use during pregnancy and the reported side effects.

Name Pfizer/BioNTech Moderna Sisriz}())::rcrln Bh(aég:,zi(;):)ach IS:;T:: ér(;itii:tl:itzlgf Oxford/AstraZeneca éf:ﬁ::f;:;iﬁ:{:;:)'
Age >12 >18
Dosage 2 doses Single dose
Dose interval 3 weeks 4 weeks 3-4 weeks 4-6 weeks 12-16 weeks 8-12 weeks -
Type of vaccine mRNA Inactivated virus Adenoviral vector

Local pain, redness, swelling, fatigue, headache, muscle pain, nausea and vomiting, and fever

Influenza-like illness,

i . . i , , . . . illain- , is with
Side effects Severe allergic reaction, D1a.rrhea. cough Itching, rashes, and allergic thrombocytopenia, Guillain-Barre syndrqme thrombosis wi
& Joint pain, and & & ytop thrombocytopenia syndrome, and
myocarditis, and pericarditis L reaction and venous S !
allergies thrombotic events post-vaccination syndrome
References [2,10,58,63-66]
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6. Modes of COVID-19 Infection Transmission from the Mother to the Fetus

According to the most recent studies on the modes of SARS-CoV2 transmission, respi-
ratory droplets, contact transmission, and aerosol transmission are the three main modes of
transmission [67,68]. Additionally, SARS-CoV2 has been found in stool samples, so fecal—-
oral transmission could be another mode of transmission [67,68]. Although COVID-19
infections have been observed in pregnant women and newborns, vertical transmission
remains a controversial issue [12,38,69—72]. Some cases have recently emerged as transpla-
cental transmission due to placental involvement and neonatal infection was confirmed by
RT-PCR in a nasopharyngeal (NP) swab at birth [73,74]. SARS-CoV-2 RNA was found in an
NP swab sample obtained on the day of birth with no risk of contact with vaginal secretions
or the skin of the mother, suggesting congenital transmission of the virus [75]. Similarly,
high levels of IgM antibody in the fetus borne to the infected mother indicate intrauterine
infection [76,77]. However, Kimberlin and Stagno pointed out that the presence of specific
IgM in the newborn is inadequate to confirm the in-utero infection, and a false positive
result is probable [78]. A recent systematic review included 936 newborns from COVID-
19-infected mothers; 27 newborns had a positive RT-PCR using a NP swab, implying a
pooled proportion of 3.2% for vertical transmission, suggesting that vertical transmission
of COVID-19 is possible and appears to occur in a minority of cases of maternal COVID-19
infection in the third trimester [79].

SARS-CoV-2 was also detected in the breast milk of infected breastfeeding moth-
ers [80,81]. Chambers et al. described the detection of viral RNA in the milk of one out
of 18 infected mothers, but the culture was negative, indicating that the presence of viral
RNA does not imply infectivity [82]. Still, the possibility of vertical transmission through
breastfeeding needs further investigation. In a retrospective study by Chen et al. includ-
ing pregnant women with COVID-19, breastmilk samples of all the tested samples were
negative for SARS-CoV-2 [70]. Therefore, most pediatric guidelines do not warn against
breastfeeding COVID-19 mothers [83]. Due to the increasing number of COVID-19 cases
every day, a set of regulations has been established to limit the number of parents who
reach the NICU to prevent the transmission of infection from parents to newborns, and
this limitation influences the psychological and physiological health of both parents and
newborns [84,85]. The WHO recommended not to separate mothers from newborns even
if they are suspected, despite the transmission of SARS-CoV2 from mothers to fetuses
through direct contact, breastfeeding, and respiratory droplets [86].

7. Prevention, Management, and NICU Admission of Preterm Infants of
COVID-19-Infected Mothers

I Infection of pregnant women with COVID-19 had a minimal effect on preterm de-
livery and neonatal short-term outcomes when they were given an appropriate delivery
procedure, good management, and efficient infection precautions [87]. If sufficient man-
agement is applied, the possibility of vertical transmission of SARS-CoV-2 in premature
newborns to COVID-19-infected mothers is relatively low [87]. Infants born to mothers
who have COVID-19 should be categorized as suspected patients who should be isolated
and monitored [88]. A large number of guidelines advise that a newborn baby should
be isolated in the specified NICU, but some permit rooming in the mother’s room, with
suitable infection control measures [38,89]. The delivery room should be properly equipped
and prepared when dealing with confirmed infected mothers, particularly with negative
pressure, if available, and all the physicians should wear PPE [67].

COVID-19 treatments are mostly conservative for pregnant women who are expecting
a premature birth. Antiviral medications and high doses of corticosteroids are rarely used,
because of inconsistent efficiency and/or adverse effects in preterm infants [90]. However,
the use of prednisolone or hydrocortisone is recommended for pregnant women with
moderate to severe COVID-19 [91]. Vardhelli et al. recommended the use of antenatal
steroids and magnesium sulfate for protection against perinatal COVID-19 [92]. A study
conducted on 81,832 newborns who were born following 23 to 34 weeks’ gestation and
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exposed to prenatal corticosteroids showed that the therapy decreased mortality and
morbidity compared to no exposure [93]. When treating pregnant women with severe
COVID-19, methylprednisolone was preferred over prednisolone in treating pregnant
women with severe COVID-19 [91]. Additionally, a brief course of dexamethasone is
recommended for pregnant women with expected PTB to speed up the development of the
fetal lung [91].

COVID-19-positive newborns should be nursed in an incubator and transferred to the
NICU [92]. Negative-pressure isolation rooms or rooms with high-efficiency particulate air
filters are suitable for the neonate. Staff can manage the baby with isolation precautions
and PPE, and they should not be moved to other parts of the NICU [92]. NICU should only
be used for neonates who need intensive care to decrease the number of required beds and
avoids putting critical and emergency cases in a dangerous situation [92,94,95].

8. Conclusions

SARS-CoV2-infected pregnant women suffer higher rates of severe disease than non-
pregnant infected women and higher rates of stillbirths than non-infected women. While
children generally have mild COVID-19 symptoms, infants born to infected women were
at risk for negative health consequences. Whether COVID-19 causes preterm births is
unclear, with conflicting results from different studies around the world. Prednisolone
or hydrocortisone were administered to decrease morbidity and mortality and antenatal
steroids and magnesium sulfate were recommended to protect against perinatal COVID-19.
It remains unclear if women can pass SARS-CoV2 to their offspring via the placenta or
breast milk and infected women are recommended to remain with their newborns after
birth. Preterm babies that do need to be cared for in the NICU should be housed in negative
pressure rooms with minimal exposure to non-infected infants.

Author Contributions: Literature search, data collection, and interpretation: A.K.A., V.CS,, RS,
G.RR,SFA,MAE-M.and IMS. AK.A, V.CS, RS. and I.M.S. wrote the original draft, and all
authors revised and agreed to the content. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Figures 1 and 2 were created using the free software “Biorender.com”.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CDC: Centers for Disease Control and Prevention, ELBW: Extremely Low Birth Weight, HO-
1: heme-oxygenasel, ICU: Intensive Care Unit, MIS-C: Multisystem Inflammatory Syndrome in
Children, NICU: Neonatal Intensive Care Unit, NP: Nasopharyngeal, PPE: Personal Protective Equip-
ment, PTB: Preterm Birth, RT-PCR: Reverse Transcriptase-Polymerase Chain Reaction., SET-NET:
Surveillance for Emerging Threats to Mothers and Babies Network, VLBW: Very Low Birth Weight,
WHO: World Health Organization.

1. Wang, D.; Hu, B.; Hu, C.; Zhu, F; Liu, X,; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical Characteristics of 138
Hospitalized Patients with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA J. Am. Med. Assoc. 2020, 323,
1061-1069. [CrossRef] [PubMed]

2. Rasmussen, S.A.; Kelley, C.F.; Horton, J.P,; Jamieson, D. Coronavirus disease 2019 (COVID-19) vaccines and pregnancy: What
obstetricians need to know. J. Obstet. Gynaecol. 2021, 137, 408. [CrossRef] [PubMed]


Biorender.com
http://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://doi.org/10.1097/AOG.0000000000004290
http://www.ncbi.nlm.nih.gov/pubmed/33370015

Vaccines 2023, 11, 640 13 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Dennison Himmelfarb, C.R.; Baptiste, D. Coronavirus Disease (COVID-19): Implications for Cardiovascular and Socially At-risk
Populations. J. Cardiovasc. Nurs. 2020, 35, 318-321. [CrossRef] [PubMed]

Hancean, M.G,; Lerner, J.; Perc, M.; Oana, I.; Bunaciu, D.A.; Stoica, A.A.; Ghita, M.C. Occupations and their impact on the
spreading of COVID-19 in urban communities. Sci. Rep. 2022, 12, 14115. [CrossRef]

Hancean, M.G.; Ghita, M.C.; Perc, M,; Lerner, J.; Oana, I.; Mihaila, B.E.; Stoica, A.A.; Bunaciu, D.A. Disaggregated data on age
and sex for the first 250 days of the COVID-19 pandemic in Bucharest, Romania. Sci. Data 2022, 9, 253. [CrossRef]

Karasek, D.; Baer, R.].; McLemore, M.R; Bell, A.].; Blebu, B.E.; Casey, ].A.; Coleman-Phox, K.; Costello, ].M.; Felder, ].N.; Flowers,
E.; et al. The association of COVID-19 infection in pregnancy with preterm birth: A retrospective cohort study in California.
Lancet Reg. Health Am. 2021, 2, 100027. [CrossRef]

Matar, R.; Alrahmani, L.; Monzer, N.; Debiane, L.G.; Berbari, E.; Fares, J.; Fitzpatrick, F.; Murad, M.H. Clinical Presentation and
Outcomes of Pregnant Women With Coronavirus Disease 2019: A Systematic Review and Meta-analysis. Clin. Infect. Dis. 2020,
72,521-533. [CrossRef]

Wainstock, T.; Yoles, L; Sergienko, R.; Sheiner, E. Prenatal maternal COVID-19 vaccination and pregnancy outcomes. Vaccine 2021,
39, 6037-6040. [CrossRef]

Allotey, J.; Stallings, E.; Bonet, M.; Yap, M.; Chatterjee, S.; Kew, T.; Debenham, L.; Llavall, A.C.; Dixit, A.; Zhou, D.; et al. Clinical
manifestations, risk factors, and maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy: Living systematic
review and meta-analysis. BM]J 2020, 370, m3320. [CrossRef]

Garg, I; Shekhar, R.; Sheikh, A.B.; Pal, S. COVID-19 Vaccine in Pregnant and Lactating Women: A Review of Existing Evidence
and Practice Guidelines. Infect. Dis. Rep. 2021, 13, 685-699. [CrossRef]

Mullins, E.; Hudak, M.L.; Banerjee, ].; Getzlaff, T.; Townson, J.; Barnette, K.; Playle, R.; Perry, A.; Bourne, T.; Lees, C.C. Pregnancy
and neonatal outcomes of COVID-19: Coreporting of common outcomes from PAN-COVID and AAP-SONPM registries.
Ultrasound Obstet. Gynecol. 2021, 57, 573-581. [CrossRef]

Zeng, L.; Xia, S.; Yuan, W,; Yan, K.; Xiao, F.; Shao, J.; Zhou, W. Neonatal Early-Onset Infection With SARS-CoV-2 in 33 Neonates
Born to Mothers With COVID-19 in Wuhan, China. JAMA Pediatr. 2020, 174, 722-725. [CrossRef]

Papapanou, M.; Papaioannou, M.; Petta, A.; Routsi, E.; Farmaki, M.; Vlahos, N.; Siristatidis, C. Maternal and Neonatal
Characteristics and Outcomes of COVID-19 in Pregnancy: An Overview of Systematic Reviews. Int. J. Environ. Res. Public Health
2021, 18, 596. [CrossRef]

Quinn, J.A.; Munoz, EM.; Gonik, B.; Frau, L.; Cutland, C.; Mallett-Moore, T.; Kissou, A.; Wittke, F.; Das, M.; Nunes, T.; et al.
Preterm birth: Case definition & guidelines for data collection, analysis, and presentation of immunisation safety data. Vaccine
2016, 34, 6047-6056. [CrossRef]

Woodworth, K.R.; Olsen, E.O.; Neelam, V.; Lewis, E.L.; Galang, R.R.; Oduyebo, T.; Aveni, K.; Yazdy, M.M.; Harvey, E.; Longcore,
N.D.; et al. Birth and Infant Outcomes Following Laboratory-Confirmed SARS-CoV-2 Infection in Pregnancy—SET-NET, 16
Jurisdictions, March 29-October 14, 2020. Morb. Mortal. Wkly. Rep. 2020, 69, 1635-1640. [CrossRef]

Bobei, T.I.; Haj Hamoud, B.; Sima, R.M.; Gorecki, G.P,; Poenaru, M.O.; Olaru, O.G.; Ples, L. The Impact of SARS-CoV-2 Infection
on Premature Birth-Our Experience as COVID Center. Medicina 2022, 58, 587. [CrossRef]

Khalil, A.; Kalafat, E.; Benlioglu, C.; O’Brien, P.; Morris, E.; Draycott, T.; Thangaratinam, S.; Le Doare, K.; Heath, P,; Ladhani, S.;
et al. SARS-CoV-2 infection in pregnancy: A systematic review and meta-analysis of clinical features and pregnancy outcomes.
EClinicalMedicine 2020, 25, 100446. [CrossRef]

Elshafeey, F.; Magdi, R.; Hindi, N.; Elshebiny, M.; Farrag, N.; Mahdy, S.; Sabbour, M.; Gebril, S.; Nasser, M.; Kamel, M.; et al. A
systematic scoping review of COVID-19 during pregnancy and childbirth. Int. J. Gynaecol. Obstet. Off. Organ Int. Fed. Gynaecol.
Obstet. 2020, 150, 47-52. [CrossRef]

Smith, V.; Seo, D.; Warty, R.; Payne, O.; Salih, M.; Chin, K.L.; Ofori-Asenso, R.; Krishnan, S.; da Silva Costa, F.; Vollenhoven, B.;
et al. Maternal and neonatal outcomes associated with COVID-19 infection: A systematic review. PLoS ONE 2020, 15, e0234187.
[CrossRef]

Singh, V.; Choudhary, A.; Datta, M.R.; Ray, A. Maternal and Neonatal Outcomes of COVID-19 in Pregnancy: A Single-Centre
Observational Study. Cureus 2021, 13, e13184. [CrossRef]

Pierce-Williams, R.A.M.; Burd, J.; Felder, L.; Khoury, R.; Bernstein, P.S.; Avila, K.; Penfield, C.A.; Roman, A.S.; DeBolt, C.A.; Stone,
J.L.; et al. Clinical course of severe and critical coronavirus disease 2019 in hospitalized pregnancies: A United States cohort study.
Am. ]. Obstet. Gynecol. MFM 2020, 2, 100134. [CrossRef] [PubMed]

Patil, U.P; Maru, S.; Krishnan, P.,; Carroll-Bennett, R.; Sanchez, J.; Noble, L.; Wasserman, R. Newborns of COVID-19 mothers:
Short-term outcomes of colocating and breastfeeding from the pandemic’s epicenter. J. Perinatol. 2020, 40, 1455-1458. [CrossRef]
[PubMed]

Panagiotakopoulos, L.; Myers, T.R.; Gee, ].; Lipkind, H.S.; Kharbanda, E.O.; Ryan, D.S.; Williams, ].T.B.; Naleway, A.L.; Klein,
N.P; Hambidge, S.J.; et al. SARS-CoV-2 Infection Among Hospitalized Pregnant Women: Reasons for Admission and Pregnancy
Characteristics—Eight U.S. Health Care Centers, March 1-May 30, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1355-1359.
[CrossRef] [PubMed]


http://doi.org/10.1097/JCN.0000000000000710
http://www.ncbi.nlm.nih.gov/pubmed/32384299
http://doi.org/10.1038/s41598-022-18392-5
http://doi.org/10.1038/s41597-022-01374-7
http://doi.org/10.1016/j.lana.2021.100027
http://doi.org/10.1093/cid/ciaa828
http://doi.org/10.1016/j.vaccine.2021.09.012
http://doi.org/10.1136/bmj.m3320
http://doi.org/10.3390/idr13030064
http://doi.org/10.1002/uog.23619
http://doi.org/10.1001/jamapediatrics.2020.0878
http://doi.org/10.3390/ijerph18020596
http://doi.org/10.1016/j.vaccine.2016.03.045
http://doi.org/10.15585/mmwr.mm6944e2
http://doi.org/10.3390/medicina58050587
http://doi.org/10.1016/j.eclinm.2020.100446
http://doi.org/10.1002/ijgo.13182
http://doi.org/10.1371/journal.pone.0234187
http://doi.org/10.7759/cureus.13184
http://doi.org/10.1016/j.ajogmf.2020.100134
http://www.ncbi.nlm.nih.gov/pubmed/32391519
http://doi.org/10.1038/s41372-020-0765-3
http://www.ncbi.nlm.nih.gov/pubmed/32778684
http://doi.org/10.15585/mmwr.mm6938e2
http://www.ncbi.nlm.nih.gov/pubmed/32970660

Vaccines 2023, 11, 640 14 of 17

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Delahoy, M.].; Whitaker, M.; O’Halloran, A.; Chai, S.J.; Kirley, PD.; Alden, N.; Kawasaki, B.; Meek, J.; Yousey-Hindes, K;
Anderson, EJ.; et al. Characteristics and Maternal and Birth Outcomes of Hospitalized Pregnant Women with Laboratory-
Confirmed COVID-19—COVID-NET, 13 States, March 1-August 22, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1347-1354.
[CrossRef]

Berghella, V,; Boelig, R.; Roman, A.; Burd, J.; Anderson, K. Decreased incidence of preterm birth during coronavirus disease 2019
pandemic. Am. J. Obstet. Gynecol. MFM 2020, 2, 100258. [CrossRef]

Meyer, R.; Bart, Y.; Tsur, A.; Yinon, Y.; Friedrich, L.; Maixner, N.; Levin, G. A marked decrease in preterm deliveries during the
coronavirus disease 2019 pandemic. Am. . Obstet. Gynecol. 2021, 224, 234-237. [CrossRef]

Hedermann, G.; Hedley, P.L.; Baekvad-Hansen, M.; Hjalgrim, H.; Rostgaard, K.; Poorisrisak, P.; Breindahl, M.; Melbye, M.;
Hougaard, D.M.; Christiansen, M.; et al. Danish premature birth rates during the COVID-19 lockdown. Arch. Dis. Child. Fetal
Neonatal Ed. 2021, 106, 93-95. [CrossRef]

Philip, R.K.; Purtill, H.; Reidy, E.; Daly, M.; Imcha, M.; McGrath, D.; O’Connell, N.H.; Dunne, C.P. Unprecedented reduction in
births of very low birthweight (VLBW) and extremely low birthweight (ELBW) infants during the COVID-19 lockdown in Ireland:
A ‘natural experiment’ allowing analysis of data from the prior two decades. BM] Glob. Health 2020, 5, e003075. [CrossRef]
Jasper, B,; Stillerova, T.; Anstey, C.; Weaver, E. Reduction in preterm birth rates during and after the COVID-19 lockdown in
Queensland Australia. Aust. New Zealand ]. Obstet. Gynaecol. 2022, 62, 851-858. [CrossRef]

Villar, J.; Ariff, S.; Gunier, R.B.; Thiruvengadam, R.; Rauch, S.; Kholin, A.; Roggero, P.; Prefumo, F.; do Vale, M.S.; Cardona-Perez,
J.A.; et al. Maternal and Neonatal Morbidity and Mortality Among Pregnant Women With and Without COVID-19 Infection: The
INTERCOVID Multinational Cohort Study. JAMA Pediatr. 2021, 175, 817-826. [CrossRef]

Jafari, M.; Pormohammad, A.; Sheikh Neshin, S.A.; Ghorbani, S.; Bose, D.; Alimohammadi, S.; Basirjafari, S.; Mohammadi, M.;
Rasmussen-Ivey, C.; Razizadeh, M.H.; et al. Clinical characteristics and outcomes of pregnant women with COVID-19 and
comparison with control patients: A systematic review and meta-analysis. Rev. Med. Virol. 2021, 31, 1-16. [CrossRef]

Ntounis, T.; Prokopakis, I.; Koutras, A.; Fasoulakis, Z.; Pittokopitou, S.; Valsamaki, A.; Chionis, A.; Kontogeorgi, E.; Lampraki, V.;
Peraki, A.; et al. Pregnancy and COVID-19. J. Clin. Med. 2022, 11, 6645. [CrossRef]

Zambrano, L.D.; Ellington, S.; Strid, P.; Galang, R.R.; Oduyebo, T.; Tong, V.T.; Woodworth, K.R.; Nahabedian, J.E, 3rd; Azziz-
Baumgartner, E.; Gilboa, S.M.; et al. Update: Characteristics of Symptomatic Women of Reproductive Age with Laboratory-
Confirmed SARS-CoV-2 Infection by Pregnancy Status—United States, January 22-October 3, 2020. MMWR Morb. Mortal. Wkly.
Rep. 2020, 69, 1641-1647. [CrossRef]

Chinn, J.; Sedighim, S.; Kirby, K.A.; Hohmann, S.; Hameed, A.B.; Jolley, ].; Nguyen, N.T. Characteristics and Outcomes of Women
with COVID-19 Giving Birth at US Academic Centers during the COVID-19 Pandemic. JAMA Netw. Open 2021, 4, 6-11. [CrossRef]
Nachega, ].B.; Sam-Agudu, N.A.; Machekano, R.N.; Rosenthal, PJ.; Schell, S.; de Waard, L.; Bekker, A.; Gachuno, O.W.; Kinuthia,
J.; Mwongeli, N.; et al. Severe Acute Respiratory Syndrome Coronavirus 2 Infection and Pregnancy in Sub-Saharan Africa: A
6-Country Retrospective Cohort Analysis. Clin. Infect. Dis. 2022, 75, 1950-1961. [CrossRef]

DeSisto, C.L.; Wallace, B.; Simeone, R.M.; Polen, K.; Ko, J.Y.; Meaney-Delman, D.; Ellington, S.R. Risk for Stillbirth Among Women
With and Without COVID-19 at Delivery Hospitalization—United States, March 2020-September 2021. MMWR Morb. Mortal.
WKkly. Rep. 2021, 70, 1640-1645. [CrossRef]

Ahmed, A K;; Sayad, R.; Mahmoud, I.A.; EI-Monem, AM.A ; Badry, S.H.; Ibrahim, I.H.; Hafez, M.H.R.; El-Mokhtar, M.A.; Sayed,
IM. “Anosmia” the mysterious collateral damage of COVID-19. ]. NeuroVirology 2022, 28, 189-200. [CrossRef]

De Rose, D.U.; Piersigilli, F.; Ronchetti, M.P.; Santisi, A.; Bersani, I.; Dotta, A.; Danhaive, O.; Auriti, C.; Study Group of Neonatal
Infectious Diseases of The Italian Society of Neonatology. Novel Coronavirus disease (COVID-19) in newborns and infants: What
we know so far. Ifal. |. Pediatr. 2020, 46, 56. [CrossRef]

Huang, C.; Wang, Y.; Li, X;; Ren, L.; Zhao, ].; Hu, Y,; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]

Warner, S.; Richter, A.; Stamataki, Z.; Kelly, D. Understanding COVID-19: Are children the key? BM] Paediatr. Open 2021, 5,
€001063. [CrossRef]

Dong, Y.; Mo, X.; Hu, Y.; Qi, X;; Jiang, F; Jiang, Z.; Tong, S. Epidemiology of COVID-19 Among Children in China. Pediatrics 2020,
145, €20200702. [CrossRef] [PubMed]

Szablewski, C.M.; Chang, K.T.; Brown, M.M.; Chu, V.T.; Yousaf, A.R.; Anyalechi, N.; Aryee, P.A.; Kirking, H.L.; Lumsden, M.;
Mayweather, E.; et al. SARS-CoV-2 Transmission and Infection Among Attendees of an Overnight Camp—Georgia, June 2020.
MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1023-1025. [CrossRef] [PubMed]

Zhu, H.; Wang, L.; Fang, C.; Peng, S.; Zhang, L.; Chang, G.; Xia, S.; Zhou, W. Clinical analysis of 10 neonates born to mothers with
2019-nCoV pneumonia. Transl. Pediatr. 2020, 9, 51-60. [CrossRef] [PubMed]

Blumfield, E.; Levin, T.L. COVID-19 in pediatric patients: A case series from the Bronx, NY. Pediatr. Radiol. 2020, 50, 1369-1374.
[CrossRef]

Vimercati, A.; De Nola, R.; Trerotoli, P.; Metta, M.E.; Cazzato, G.; Resta, L.; Malvasi, A.; Lepera, A.; Ricci, I.; Capozza, M.; et al.
COVID-19 Infection in Pregnancy: Obstetrical Risk Factors and Neonatal Outcomes-A Monocentric, Single-Cohort Study. Vaccines
2022, 10, 166. [CrossRef]


http://doi.org/10.15585/mmwr.mm6938e1
http://doi.org/10.1016/j.ajogmf.2020.100258
http://doi.org/10.1016/j.ajog.2020.10.017
http://doi.org/10.1136/archdischild-2020-319990
http://doi.org/10.1136/bmjgh-2020-003075
http://doi.org/10.1111/ajo.13538
http://doi.org/10.1001/jamapediatrics.2021.1050
http://doi.org/10.1002/rmv.2208
http://doi.org/10.3390/jcm11226645
http://doi.org/10.15585/mmwr.mm6944e3
http://doi.org/10.1001/jamanetworkopen.2021.20456
http://doi.org/10.1093/cid/ciac294
http://doi.org/10.15585/mmwr.mm7047e1
http://doi.org/10.1007/s13365-022-01060-9
http://doi.org/10.1186/s13052-020-0820-x
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1136/bmjpo-2021-001063
http://doi.org/10.1542/peds.2020-0702
http://www.ncbi.nlm.nih.gov/pubmed/32179660
http://doi.org/10.15585/mmwr.mm6931e1
http://www.ncbi.nlm.nih.gov/pubmed/32759921
http://doi.org/10.21037/tp.2020.02.06
http://www.ncbi.nlm.nih.gov/pubmed/32154135
http://doi.org/10.1007/s00247-020-04782-2
http://doi.org/10.3390/vaccines10020166

Vaccines 2023, 11, 640 15 of 17

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Angelidou, A ; Sullivan, K.; Melvin, P.R.; Shui, J.E.; Goldfarb, I.T.; Bartolome, R.; Chaudhary, N.; Vaidya, R.; Culic, L.; Singh,
R.; et al. Association of Maternal Perinatal SARS-CoV-2 Infection with Neonatal Outcomes during the COVID-19 Pandemic in
Massachusetts. JAMA Netw. Open 2021, 4, €217523. [CrossRef]

Mackin, D.W.; Walker, S.P. The historical aspects of vaccination in pregnancy. Best Pract. Res. Clin. Obstet. Gynaecol. 2021, 76,
13-22. [CrossRef]

Male, V. SARS-CoV-2 infection and COVID-19 vaccination in pregnancy. Nat. Rev. Immunol. 2022, 22, 277-282. [CrossRef]

Syan, S.K.; Gohari, M.R.; Levitt, E.E.; Belisario, K.; Gillard, J.; DeJesus, J.; MacKillop, J. COVID-19 Vaccine Perceptions and
Differences by Sex, Age, and Education in 1367 Community Adults in Ontario. Front. Public Health 2021, 9, 719665. [CrossRef]
Zauche, L.H.; Wallace, B.; Smoots, A.N.; Olson, C.K.; Oduyebo, T.; Kim, S.Y.; Petersen, E.E; Ju, ].; Beauregard, J.; Wilcox, A.].; et al.
Receipt of mRNA Covid-19 Vaccines and Risk of Spontaneous Abortion. N. Engl. . Med. 2021, 385, 1533-1535. [CrossRef]
Shimabukuro, T.T,; Kim, S.Y.; Myers, T.R.; Moro, P.L.; Oduyebo, T.; Panagiotakopoulos, L.; Marquez, P.L.; Olson, C.K; Liu, R,;
Chang, K.T,; et al. Preliminary Findings of mRNA Covid-19 Vaccine Safety in Pregnant Persons. N. Engl. |. Med. 2021, 384,
2273-2282. [CrossRef]

Bookstein Peretz, S.; Regev, N.; Novick, L.; Nachshol, M.; Goffer, E.; Ben-David, A.; Asraf, K.; Doolman, R.; Levin, E.G.; Regev
Yochay, G.; et al. Short-term outcome of pregnant women vaccinated with BNT162b2 mRNA COVID-19 vaccine. Ultrasound
Obstet. Gynecol. 2021, 58, 450-456. [CrossRef]

Beharier, O.; Mayo, R.P; Raz, T.; Sacks, K.N.; Schreiber, L.; Suissa-Cohen, Y.; Chen, R.; Gomez-Tolub, R.; Hadar, E.; Gabbay-Benziv,
R. Efficient maternal to neonatal transfer of antibodies against SARS-CoV-2 and BNT162b2 mRNA COVID-19 vaccine. J. Clin.
Investig. 2021, 131, e154834. [CrossRef]

Shanes, E.D.; Otero, S.; Mithal, L.B.; Mupanomunda, C.A.; Miller, E.S.; Goldstein, J.A. Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) Vaccination in Pregnancy: Measures of Immunity and Placental Histopathology. Obstet. Gynecol.
2021, 138, 281-283. [CrossRef]

Prahl, M.; Golan, Y.; Cassidy, A.G.; Matsui, Y.; Li, L.; Alvarenga, B.; Chen, H.; Jigmeddagva, U.; Lin, C.Y.; Gonzalez, V.J.; et al.
Evaluation of transplacental transfer of mRNA vaccine products and functional antibodies during pregnancy and infancy. Nat.
Commun. 2022, 13, 4422. [CrossRef]

Gray, KJ.; Bordt, E.A.; Atyeo, C.; Deriso, E.; Akinwunmi, B.; Young, N.; Baez, A.M.; Shook, L.L.; Cvrk, D.; James, K.; et al.
Coronavirus disease 2019 vaccine response in pregnant and lactating women: A cohort study. Am. J. Obstet. Gynecol. 2021, 225,
303.e301-303.e317. [CrossRef]

Kadali, R.A.K,; Janagama, R.; Peruru, S.R.; Racherla, S.; Tirumala, R.; Madathala, R.R.; Gajula, V. Adverse effects of COVID-19
messenger RNA vaccines among pregnant women: A cross-sectional study on healthcare workers with detailed self-reported
symptoms. Am. J. Obstet. Gynecol. 2021, 225, 458-460. [CrossRef]

Prasad, S.; Kalafat, E.; Blakeway, H.; Townsend, R.; O’'Brien, P; Morris, E.; Draycott, T.; Thangaratinam, S.; Le Doare, K.; Ladhani,
S.; et al. Systematic review and meta-analysis of the effectiveness and perinatal outcomes of COVID-19 vaccination in pregnancy.
Nat. Commun. 2022, 13, 2414. [CrossRef]

Fu, W.; Sivajohan, B.; McClymont, E.; Albert, A.; Elwood, C.; Ogilvie, G.; Money, D. Systematic review of the safety, immuno-
genicity, and effectiveness of COVID-19 vaccines in pregnant and lactating individuals and their infants. Int. . Gynecol. Obstet.
2022, 156, 406-417. [CrossRef]

Piekos, S.N.; Hwang, Y.M.; Roper, R.T.; Sorensen, T.; Price, N.D.; Hood, L.; Hadlock, J.J. The effect of COVID-19 vaccination and
booster on maternal-fetal outcomes: A retrospective multicenter cohort study. medRxiv 2022. [CrossRef]

Collier, A.Y.; McMahan, K.; Yu, J.; Tostanoski, L.H.; Aguayo, R.; Ansel, J.; Chandrashekar, A.; Patel, S.; Apraku Bondzie, E.;
Sellers, D.; et al. Immunogenicity of COVID-19 mRNA Vaccines in Pregnant and Lactating Women. JAMA 2021, 325, 2370-2380.
[CrossRef] [PubMed]

Atyeo, C.; DeRiso, E.A.; Davis, C.; Bordt, E.A.; De Guzman, R.M.; Shook, L.L.; Yonker, L.M.; Fasano, A.; Akinwunmi, B.;
Lauffenburger, D.A.; et al. COVID-19 mRNA vaccines drive differential antibody Fec-functional profiles in pregnant, lactating,
and nonpregnant women. Sci. Transl. Med. 2021, 13, eabi8631. [CrossRef] [PubMed]

Zavala, E.; Krubiner, C.B.; Jaffe, E.F.; Nicklin, A.; Gur-Arie, R.; Wonodi, C.; Faden, R.R.; Karron, R.A. Global disparities in public
health guidance for the use of COVID-19 vaccines in pregnancy. BMJ Glob. Health 2022, 7, €007730. [CrossRef] [PubMed]

Ding, C.; Liu, Y,; Pang, W.; Zhang, D.; Wang, K.; Chen, Y. Associations of COVID-19 vaccination during pregnancy with adverse
neonatal and maternal outcomes: A systematic review and meta-analysis. Front. Public Health 2023, 11, 1044031. [CrossRef]
Zhang, D.; Huang, T.; Chen, Z.; Zhang, L.; Gao, Q.; Liu, G.; Zheng, J.; Ding, F. Systematic review and meta-analysis of neonatal
outcomes of COVID-19 vaccination in pregnancy. Pediatr. Res. 2023, 1-9. [CrossRef]

Magon, N.; Prasad, S.; Mahato, C.; Sharma, J].B. COVID-19 vaccine and pregnancy: A safety weapon against pandemic. Taiwan J.
Obstet. Gynaecol. 2022, 61, 201-209. [CrossRef]

Lu, Q.; Shi, Y. Coronavirus disease (COVID-19) and neonate: What neonatologist need to know. J. Med. Virol. 2020, 92, 564-567.
[CrossRef]

Zhang, W.; Du, RH,; Li, B.; Zheng, X.S.; Yang, X.L.; Hu, B.; Wang, Y.Y.; Xiao, G.F; Yan, B.; Shi, Z.L.; et al. Molecular and serological
investigation of 2019-nCoV infected patients: Implication of multiple shedding routes. Emerg. Microbes Infect. 2020, 9, 386-389.
[CrossRef]


http://doi.org/10.1001/jamanetworkopen.2021.7523
http://doi.org/10.1016/j.bpobgyn.2020.09.005
http://doi.org/10.1038/s41577-022-00703-6
http://doi.org/10.3389/fpubh.2021.719665
http://doi.org/10.1056/NEJMc2113891
http://doi.org/10.1056/NEJMoa2104983
http://doi.org/10.1002/uog.23729
http://doi.org/10.1172/JCI154834
http://doi.org/10.1097/AOG.0000000000004457
http://doi.org/10.1038/s41467-022-32188-1
http://doi.org/10.1016/j.ajog.2021.03.023
http://doi.org/10.1016/j.ajog.2021.06.007
http://doi.org/10.1038/s41467-022-30052-w
http://doi.org/10.1002/ijgo.14008
http://doi.org/10.1101/2022.08.12.22278727
http://doi.org/10.1001/jama.2021.7563
http://www.ncbi.nlm.nih.gov/pubmed/33983379
http://doi.org/10.1126/scitranslmed.abi8631
http://www.ncbi.nlm.nih.gov/pubmed/34664972
http://doi.org/10.1136/bmjgh-2021-007730
http://www.ncbi.nlm.nih.gov/pubmed/35210309
http://doi.org/10.3389/fpubh.2023.1044031
http://doi.org/10.1038/s41390-022-02421-0
http://doi.org/10.1016/j.tjog.2022.02.005
http://doi.org/10.1002/jmv.25740
http://doi.org/10.1080/22221751.2020.1729071

Vaccines 2023, 11, 640 16 of 17

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Auriti, C.; De Rose, D.U.; Tzialla, C.; Caforio, L.; Ciccia, M.; Manzoni, P.; Stronati, M. Vertical Transmission of SARS-CoV-2
(COVID-19): Are Hypotheses More than Evidences? Am. J. Perinatol. 2020, 37, S31-S38. [CrossRef]

Chen, H.; Guo, J.; Wang, C.; Luo, E; Yu, X.; Zhang, W.; Li, J.; Zhao, D.; Xu, D.; Gong, Q.; et al. Clinical characteristics and
intrauterine vertical transmission potential of COVID-19 infection in nine pregnant women: A retrospective review of medical
records. Lancet 2020, 395, 809-815. [CrossRef]

Yu, N.; Li, W,; Kang, Q.; Xiong, Z.; Wang, S.; Lin, X; Liu, Y.; Xiao, J.; Liu, H.; Deng, D.; et al. Clinical features and obstetric and
neonatal outcomes of pregnant patients with COVID-19 in Wuhan, China: A retrospective, single-centre, descriptive study. Lancet
Infect. Dis. 2020, 20, 559-564. [CrossRef]

Schwartz, D.A. An Analysis of 38 Pregnant Women With COVID-19, Their Newborn Infants, and Maternal-Fetal Transmission of
SARS-CoV-2: Maternal Coronavirus Infections and Pregnancy Outcomes. Arch. Pathol. Lab. Med. 2020, 144, 799-805. [CrossRef]
Patane, L.; Morotti, D.; Giunta, M.R.; Sigismondi, C.; Piccoli, M.G.; Frigerio, L.; Mangili, G.; Arosio, M.; Cornolti, G. Vertical
transmission of coronavirus disease 2019: Severe acute respiratory syndrome coronavirus 2 RNA on the fetal side of the placenta
in pregnancies with coronavirus disease 2019-positive mothers and neonates at birth. Am. J. Obstet. Gynecol. MFM 2020, 2, 100145.
[CrossRef]

Sisman, J.; Jaleel, M.A.; Moreno, W.; Rajaram, V.; Collins, R R.J.; Savani, R.C.; Rakheja, D.; Evans, A.S. Intrauterine Transmission
of SARS-COV-2 Infection in a Preterm Infant. Pediatr. Infect. Dis. ]. 2020, 39, e265-e267. [CrossRef]

Kirtsman, M.; Diambomba, Y.; Poutanen, S.M.; Malinowski, A.K.; Vlachodimitropoulou, E.; Parks, W.T.; Erdman, L.; Morris, S.K,;
Shah, P.S. Probable congenital SARS-CoV-2 infection in a neonate born to a woman with active SARS-CoV-2 infection. CMA]
2020, 192, E647-E650. [CrossRef]

Dong, L.; Tian, J.; He, S.; Zhu, C.; Wang, J.; Liu, C.; Yang, J. Possible Vertical Transmission of SARS-CoV-2 From an Infected
Mother to Her Newborn. JAMA 2020, 323, 1846-1848. [CrossRef]

Zeng, H.; Xu, C.; Fan, J.; Tang, Y.; Deng, Q.; Zhang, W.; Long, X. Antibodies in Infants Born to Mothers With COVID-19 Pneumonia.
JAMA 2020, 323, 1848-1849. [CrossRef]

Kimberlin, D.W,; Stagno, S. Can SARS-CoV-2 Infection Be Acquired In Utero?: More Definitive Evidence Is Needed. JAMA 2020,
323, 1788-1789. [CrossRef]

Kotlyar, A.M.; Grechukhina, O.; Chen, A.; Popkhadze, S.; Grimshaw, A.; Tal, O.; Taylor, H.S.; Tal, R. Vertical transmission of
coronavirus disease 2019: A systematic review and meta-analysis. Am. J. Obstet. Gynecol. 2021, 224, 35-53.e33. [CrossRef]
Costa, S.; Posteraro, B.; Marchetti, S.; Tamburrini, E.; Carducci, B.; Lanzone, A.; Valentini, P.; Buonsenso, D.; Sanguinetti, M.;
Vento, G.; et al. Excretion of SARS-CoV-2 in human breast milk. Clin. Microbiol. Infect. 2020, 26, 1430-1432. [CrossRef]

Gross, R.; Conzelmann, C.; Muller, J.A.; Stenger, S.; Steinhart, K.; Kirchhoff, F.; Munch, J. Detection of SARS-CoV-2 in human
breastmilk. Lancet 2020, 395, 1757-1758. [CrossRef] [PubMed]

Chambers, C.; Krogstad, P.; Bertrand, K.; Contreras, D.; Tobin, N.H.; Bode, L.; Aldrovandi, G. Evaluation for SARS-CoV-2 in
Breast Milk From 18 Infected Women. JAMA 2020, 324, 1347-1348. [CrossRef] [PubMed]

Al-Kuraishy, HM.; Al-Gareeb, A.L; Atanu, FO.; El-Zamkan, M.A; Diab, H.M.; Ahmed, A.S.; Al-Maiahy, T.J.; Obaidullah, A.J.;
Alshehri, S.; Ghoniem, M.M.; et al. Maternal Transmission of SARS-CoV-2: Safety of Breastfeeding in Infants Born to Infected
Mothers. Front. Pediatr. 2021, 9, 738263. [CrossRef] [PubMed]

Lubbe, W.; Botha, E.; Niela-Vilen, H.; Reimers, P. Breastfeeding during the COVID-19 pandemic—A literature review for clinical
practice. Int. Breastfeed. ]. 2020, 15, 82. [CrossRef]

Darcy Mahoney, A.; White, R.D.; Velasquez, A.; Barrett, T.S.; Clark, R.H.; Ahmad, K.A. Impact of restrictions on parental presence
in neonatal intensive care units related to coronavirus disease 2019. J. Perinatol. 2020, 40, 36—46. [CrossRef]

WHO. Breastfeeding and COVID-19. Available online: https:/ /www.who.int/news-room/commentaries/detail /breastfeeding-
and-covid-19 (accessed on 1 February 2023).

Hu, X,; Gao, J.; Wei, Y.; Chen, H.; Sun, X.; Chen, ].; Luo, X.; Chen, L. Managing Preterm Infants Born to COVID-19 Mothers:
Evidence from a Retrospective Cohort Study in Wuhan, China. Neonatology 2020, 117, 592-598. [CrossRef]

Society of Pediatrics, C.M.A.; Editorial Board, C.J.o.P. [Recommendations for the diagnosis, prevention and control of the 2019
novel coronavirus infection in children (first interim edition)]. Zhonghua Er Ke Za Zhi Chin. ]. Pediatr. 2020, 58, 169-174. [CrossRef]
Yeo, K.T.; Biswas, A.; Ying Ho, S.K.; Kong, ].Y.; Bharadwaj, S.; Chinnadurai, A.; Yip, W.Y.; Ab Latiff, N.F,; Quek, B.H.; Yeo, C.L,;
et al. Guidance for the clinical management of infants born to mothers with suspected /confirmed COVID-19 in Singapore. Singap.
Med. ]. 2022, 63, 489-496. [CrossRef]

Tegethoff, M.; Pryce, C.; Meinlschmidt, G. Effects of intrauterine exposure to synthetic glucocorticoids on fetal, newborn, and
infant hypothalamic-pituitary-adrenal axis function in humans: A systematic review. Endocr. Rev. 2009, 30, 753-789. [CrossRef]
Magala Ssekandi, A.; Sserwanja, Q.; Olal, E.; Kawuki, J.; Bashir Adam, M. Corticosteroids Use in Pregnant Women with COVID-19:
Recommendations from Available Evidence. J. Multidiscip. Healthc. 2021, 14, 659-663. [CrossRef]

Vardhelli, V.; Pandita, A.; Pillai, A.; Badatya, S.K. Perinatal COVID-19: Review of current evidence and practical approach
towards prevention and management. Eur. J. Pediatr. 2021, 180, 1009-1031. [CrossRef]

Travers, C.P.; Clark, R.H.; Spitzer, A.R.; Das, A.; Garite, T.J.; Carlo, W.A. Exposure to any antenatal corticosteroids and outcomes
in preterm infants by gestational age: Prospective cohort study. BM] 2017, 356, j1039. [CrossRef]


http://doi.org/10.1055/s-0040-1714346
http://doi.org/10.1016/S0140-6736(20)30360-3
http://doi.org/10.1016/S1473-3099(20)30176-6
http://doi.org/10.5858/arpa.2020-0901-SA
http://doi.org/10.1016/j.ajogmf.2020.100145
http://doi.org/10.1097/INF.0000000000002815
http://doi.org/10.1503/cmaj.200821
http://doi.org/10.1001/jama.2020.4621
http://doi.org/10.1001/jama.2020.4861
http://doi.org/10.1001/jama.2020.4868
http://doi.org/10.1016/j.ajog.2020.07.049
http://doi.org/10.1016/j.cmi.2020.05.027
http://doi.org/10.1016/S0140-6736(20)31181-8
http://www.ncbi.nlm.nih.gov/pubmed/32446324
http://doi.org/10.1001/jama.2020.15580
http://www.ncbi.nlm.nih.gov/pubmed/32822495
http://doi.org/10.3389/fped.2021.738263
http://www.ncbi.nlm.nih.gov/pubmed/34956971
http://doi.org/10.1186/s13006-020-00319-3
http://doi.org/10.1038/s41372-020-0753-7
https://www.who.int/news-room/commentaries/detail/breastfeeding-and-covid-19
https://www.who.int/news-room/commentaries/detail/breastfeeding-and-covid-19
http://doi.org/10.1159/000509141
http://doi.org/10.3760/cma.j.issn.0578-1310.2020.03.001
http://doi.org/10.11622/smedj.2021045
http://doi.org/10.1210/er.2008-0014
http://doi.org/10.2147/JMDH.S301255
http://doi.org/10.1007/s00431-020-03866-3
http://doi.org/10.1136/bmj.j1039

Vaccines 2023, 11, 640 17 of 17

94. De Luca, D. Managing neonates with respiratory failure due to SARS-CoV-2. Lancet Child Adolesc. Health 2020, 4, 8. [CrossRef]
95. Vavouraki, E. The impact of COVID-19 pandemic on the healthcare of premature babies. Eur. J. Midwifery 2020, 4, 21. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/S2352-4642(20)30073-0
http://doi.org/10.18332/ejm/122385

	Introduction 
	Preterm Delivery Rates: Did the COVID-19 Pandemic Cause an Increase or Decrease in Preterm Birth Rates? 
	COVID-19-Infected Women Giving Birth during the Pandemic: Characteristics and Consequences 
	Clinical Features and Short-Term Complications of Preterm Infants 
	COVID-19 Vaccines: Safety and Efficacy during Pregnancy 
	Modes of COVID-19 Infection Transmission from the Mother to the Fetus 
	Prevention, Management, and NICU Admission of Preterm Infants of COVID-19-Infected Mothers 
	Conclusions 
	References

