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Abstract

Background In December 2019, novel coronavirus pneumonia was detected in Wuhan, Hubei Province, China, and as the
epidemic spread, such cases emerged worldwide. Recently, the World Health Organization (WHO) named a new mutant
Omicron (B.1.1.529), which disrupts the binding of most antibodies to the S protein and has a greater ability to break
through the vaccine, posing a serious risk to population safety. Positive pregnant women give birth to positive newborns
despite appropriate isolation measures taken by medical staff, suggesting that we may have vertical transmission of the novel
coronavirus. This article analyzes and studies the possible vertical transmission path of the new coronavirus in the perinatal
period of pregnant women and the antibody-dependent enhancement (ADE), and puts forward effective preventive measures
for positive pregnant women to provide further reference for clinical work.

Methods We searched multiple databases, including PubMed, CNKI, Google Scholar, WHO COVID-19 database, and
CDC database. Search terms included COVID-19, SARS-CoV-2, vertical transmission, Omicron, Vaginal, Breast Feeding,
Vaccine, Neonatal, Severe acute respiratory syndrome coronavirus, Pregnancy, and Semen.

Selection criteria The following criteria were also met: (1) positive maternal novel coronavirus nucleic acid test; (2) reporting
of neonatal outcome; (3) language in Chinese or English; (4) study date or location indicated; (5) no suspected or confirmed
duplicated reports.

Results There is evidence of vertical transmission, and the risk of possible vertical transmission is 5.7% (75/1314). The
article listed four possible vertical transmission routes, namely placental transmission, vaginal upstream transmission,
breastfeeding transmission and monocyte, and macrophage transmission route, with placental transmission being the most
probable. Meanwhile, SARS-CoV-2 may also enter the placenta to infect the fetus through antibody-dependent enhanced
substitution mechanism. We recommend three methods for early surveillance of vertical transmission, namely nucleic acid
testing, antibody screening, and antigen testing, and analyze their advantages and disadvantages. Finally, the article provides
recommendations in four areas: labor management, neonatal management, nosocomial infection prevention and control, and
vaccination. As well as suggesting effective preventive measures for positive pregnant women and analyzing the advantages
and disadvantages of vaccination, it is recommended that pregnant women should be vaccinated promptly, but considering
that the vaccine may cause fever, it is recommended to consider vaccination cautiously in the first trimester of pregnancy.
Conclusion The article concludes that vertical transmission is possible, with placental transmission being the most likely,
and that the risk of possible vertical transmission is 5.7% (75/1314). Good personal protection, patient isolation, ward dis-
infection, and vaccination are the best means of interrupting SARS-CoV-2.
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MERS-CoV  Middle East respiratory syndrome
coronavirus

ADE Antibody-dependent enhancement

NAb Neutralizing antibody

RT-PCR Real-time reverse transcription-polymer-
ase chain reaction

EDTA Ethylenediaminetetraacetic acid

CI Confidence interval
HEPA High efficiency particulate air filter

Introduction

Novel coronavirus pneumonia refers to pneumonia caused
by SARS-CoV-2. In December 2019, novel coronavirus
pneumonia was detected in Wuhan, Hubei Province, China,
and as the epidemic spread, such cases emerged worldwide.
On March 7, 2020, the World Health Organization declared
novel coronavirus a global pandemic [1].

According to the World Health Organization (WHO), as
of 6 January, 2022, a cumulative total of 234,533,539 cases
of novel coronavirus pneumonia and 4,796,222 deaths have
been confirmed worldwide [2]. The powerful spread of the
epidemic has been accompanied by widespread mutation of
the novel coronavirus, with 195 countries reporting cases of
the Alpha variant, while 145 countries have reported cases
of the Beta variant, 99 countries have reported cases of the
Gamma variant, and 192 countries have reported cases of
the Delta variant. According to WHO, there are currently
11 variant types alone of greatest concern, and these vari-
ant viruses are causing public health events of concern [2,
3]. Recently, a new variant of SARS-CoV-2 was reported
in South Africa. On November 26, 2021, WHO named this
mutant—Omicron (B.1.1.529) [4]. Omicron has a large
number of mutations widely distributed across multiple pro-
teins, but the focus is on mutations in the S-protein receptor
binding domain (RBD), which mutations affect both infec-
tivity and vaccine blocking ability. Omicron is 13 times
more infectious than the original SARS-CoV-2 and 2.8 times
more infectious than Delta [5]. Omicron disrupts the bind-
ing of most antibodies to S proteins and has a greater vac-
cine breakthrough ability. The current COVID-19 vaccine
is somewhat less effective against the mutant virus, but the
vaccine still has a preventive effect that can control the trans-
mission and infection of Omicron [6]. Due to its frequent
mutations and strong transmission capacity, COVID-19 has
the ability to spread rapidly worldwide. It is recommended
to strengthen existing sanitary and public health measures
to curb its spread.

Experimental data showed that mothers with COVID-19
were more likely to have more severe complications, higher
rates of preterm birth, and even 22 times higher mortal-
ity than undiagnosed mothers [7]. Moreover, most of the
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positive pregnant women showed mild or moderate symp-
toms, most commonly fever, cough, smell disturbance, taste
disturbance, muscle pain, fatigue, sore throat, chills, head-
ache, and loss of appetite [8]. Although the risk of SARS-
CoV-2 infection in pregnant women is consistent with those
who are not pregnant, they have more stress and anxiety
and are more likely to suffer from post-traumatic stress
disorder, so the role of novel coronaviruses in mothers and
infants should be emphasized, studied, and explored [9, 10].
Whether the novel coronavirus produces vertical transmis-
sion and threatens fetal health has become a focus of atten-
tion in the field of perinatal medicine. Now, we analyze and
discuss the possible pathways of vertical transmission of
novel coronavirus in the perinatal period, as well as the early
detection and interruption measures for maternal and fetal
health, based on published research data and clinical data.

Vertical transmission of new coronavirus
may occur

The literature shows that a total of 205 infants were born
to COVID-19-positive pregnant women in 33 studies, of
which 6.3% (13/205) tested positive at birth. China reported
167 positive maternal deaths, of which 4.2% (7/167) of
infants were positive at birth [11]. Mirbeyk et al. reported
in a systematic review that COVID-19-positive pregnant
women conceived 302 newborns and a total of 219 new-
borns underwent nasopharyngeal specimen collection, of
which 5% (11/219) tested positive for nucleic acid [12].
Chi et al. reported nucleic acid test results for SARS-CoV-2
in 128 newborns, of which 3.9% (5/128) of the neonates
tested positive for nucleic acid [13]. Villar et al. reported
nucleic acid test results in 416 neonates whose mothers were
COVID-19 positive, of which 12.9% (54/416) tested posi-
tive for nucleic acid [7]. The presence of positive children
suggests the need for further research into the possibility of
vertical transmission.

Dong et al. reported an infected pregnant woman who
delivered by cesarean section in a negative pressure ward
and whose newborn was isolated immediately after delivery
and whose newborn blood sample showed high levels of
IgM 2 h after delivery and continued to be elevated [14].
IgM does not cross the placental barrier and is not detectable
until at least 3 days after infection [15]. In contrast, high [gM
after 2 h of birth indicates that intrauterine infection may
have occurred and that the newborn is producing antibodies
of its own.

Huiting et al. reported the delivery of a COVID-19 posi-
tive pregnant woman, respectively. The newborn was born
without contacting the mother and was immediately iso-
lated for observation, and was tested positive for nucleic
acid after 36 h, 16 h, and 3 days, respectively [16—18]. A
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positive result was still detected in an immediately isolated
neonate, suggesting the possibility of intrauterine infection.

A systematic review listed 655 nasopharyngeal swabs
of newborns, 19 of which were positive for SARS-CoV-2
by RT-PCR, 4 placenta and 1 cord blood specimens were
positive, but all nasopharyngeal swabs were negative, and 3
newborns had abnormally elevated IgM antibodies against
SARS-CoV-2 in their sera. These findings suggest that
SARS-CoV-2 may invade the placenta and even break the
placental barrier to infect the fetus [19].

We included 15 articles to calculate the risk of vertical
transmission and showed that 75 of the 1314 children born to
positive pregnant women were positive, suggesting a possi-
ble risk of vertical transmission of 5.7% (75/1314) (Table 1).

Possible routes and mechanisms
of the mother-to-child transmission
of SARS-CoV-2

Vertical transmission refers to the way of the virus is
transmitted from the parental host to the offspring, mainly
through the placenta or the birth canal, but also can be
seen perinatal breastfeeding or intimate contact infection,
etc. [20]. There are four possible routes of mother-to-child
transmission of SARS-CoV-2: placental transmission, vagi-
nal ascending transmission, and breastfeeding transmission.
Next, I will further explain its transmission mechanism from
the following aspects.

Placental transmission

The placenta acts as a barrier and SARS-CoV-2 are found
in the placental trophoblast [21]. Angiotensin-converting
enzyme 2 (ACE2) binds to the virus and enters the pla-
centa with the aid of transmembrane serine protease 2
(TMPRSS?2), leading to mother-to-child transmission [22].
When SARS-CoV-2 invades target cells, the stinger protein
(S) binds to ACE2, a receptor on the surface of the target
cells. Meanwhile, cellular proteases such as TMPRSS2,
Recombinant Cathepsin B (CTSB), and Recombinant
Cathepsin L (CTSL) cleave the S protein, thus allowing
the S protein to bind to ACE2 into the target cells [23-26].
Therefore, serine protease blockers inhibit serine protease
activity, resulting in a lower rate of SARS-CoV-2 infection,
and blockers have been used in Japan for the treatment of
COVID-19 pneumonia [24].

In addition, ACE2 expression was found in many cells,
and ACE2 was expressed in the intestine, kidney, testis, gall-
bladder, heart, lung, and placenta. Within the placental villi,
ACE2 was expressed mainly in syncytial trophoblasts, cyto-
trophoblasts, endothelial cells, decidual cells, and vascular
smooth muscle cells of primary secondary villi [23-27]. The
extent of ACE2 and TMPRSS2 expression in the placenta
varies with the period of gestation. In early gestation, ACE2
and TMPRSS?2 levels are high, and ACE2 is predominantly
found in the primary and secondary decidual areas; expres-
sion levels gradually decrease with increasing gestational
duration. In late gestation, ACE2 and TMPRSS2 were not
even expressed [27, 28].

A study reported the miscarriage of an SARS-CoV-
2-positive pregnant woman at 13 weeks of gestation, and the

Table 1 Background

T Authors Study location Study design Number of Number of
char?cterlstlcs of the selected newborn positive new-
studies borns

1 Villar et al. [7] Multinational study ~ Case report 706 54
2 Chen et al. [45] China Retrospective cohort 9 0
3 Dong et al. [14] China Case report 1 0
4 Ferrazzi et al. [18] Italy Retrospective cohort 3 42
5 Liu et al. [33] China Case report 3 0
6 Lu et al. [93] China Case report 1 0
7 Di et al. [94] China Retrospective cohort 9 0
8 Jinhua et al. [95] China Retrospective cohort 17 0
9 Chao et al. [96] China Case report 1 0
10 Siyin et al. [97] China Case report 1 0
11 Huiting et al. [11] China Retrospective cohort 1
12 Kirtsman et al. [31] Canada Case report 3 3
13 Lopian et al. [39] Israel Retrospective cohort 21 1
14 Fenizia et al. [35] Italy Prospective study 56 0
15 Gonzalez et al. [62]  Spain Retrospective cohort 14 440
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replication and synthesis of the viral genome was detected
in the placenta, lung, and kidney tissues of both fetuses [29].
Hosier et al. reported that COVID-19 was diagnosed in one
pregnant woman at 22 weeks of gestation, and PCR test-
ing of the placenta and fetus revealed a positive placenta
and umbilical cord [30]. Kirtsman et al. reported a pregnant
woman who tested positive for SARS-CoV-2 before delivery
and a newborn who tested positive for SARS-CoV-2 on the
day of birth, day 2, and day 7 on nasopharyngeal swabs and
placenta [31].

These studies suggest that novel coronaviruses may infect
the fetus through the placenta at all stages of pregnancy.
Moreover, the gradual decrease in the expression of ACE2
and TMPRSS?2 suggests that maternal infection with SARS-
CoV-2 in early pregnancy is more likely to lead to placental
infection, while infection with SARS-CoV-2 in late preg-
nancy is less likely to result in vertical transmission, and
the maternal and neonatal risks are lower [32], However, it
is still necessary to take precautions to avoid infection with
the virus to prevent critical situations of placental inflamma-
tion, fibrin deposition, or even infarction, which can affect
maternal and neonatal health [29] (Fig. 1).

Vaginal ascending transmission

Several studies have shown that vaginal secretions of
SARS-CoV-2-positive pregnant women tested negative and
that maternal vaginal secretions tested negative even when
intrauterine infection occurred in the newborn [14, 33, 34].
Fenizia et al. reported vaginal swabs from 45 SARS-CoV-
2-positive pregnant women with no detectable SARS-CoV-2
and also tested 34 rectal swabs and found 27% of the samples
to be positive; nevertheless, all neonates tested negative [35].
Takmaz et al. reported that none of the vaginal swabs of 38
SARS-CoV-2-positive patients had detectable SARS-CoV-2

Fig.1 SARS-CoV-2 invasion
pathway into the placenta. A
Stinger protein subunit S1 binds
to target cell surface receptor
ACE2. B Cellular protease
TMPRSS2 cleaves S protein 3
and activates stinger protein

subunit S2. C Stinger protein "
subunit S2 promotes entry of Spike J
novel coronavirus into cells proter

@ SARS-CoV-2

=

b

ACE2

@ Springer

[36]. A systematic review showed that all 13 neonates deliv-
ered vaginally tested negative for SARS-CoV-2 nucleic acid
[37]. Belinda et al. reported an SARS-COV-2-positive preg-
nant woman who did not undergo mother-infant separation
after a vaginal delivery and the infant lived with its par-
ents, both of whom were notably SARS-COV-2 positive.
They followed strict viral precautions, washing their hands
and wearing surgical masks. The newborns were breastfed
throughout. The newborns were tested for COVID-19 24 h
after delivery and the results were negative [38]. However,
there were still cases of positive pregnant women who were
born after vaginal delivery and 2 newborns tested positive
for SARS-CoV-2 nucleic acid after day 1 and day 3, respec-
tively [18]. Lopian et al. reported 21 newborns born to 21
SARS-CoV-2 positive patients and 1 newborn tested posi-
tive 24 h after birth. However, infection with SARS-CoV-2
is most likely not affected by the mode of delivery and may
be related to other routes of transmission [39]. In general,
vaginal upstream transmission is very unlikely and pregnant
women can choose vaginal delivery.

Some researchers have discussed whether SARS-CoV-2
can appear in sperm and thus be transmitted to women
through sexual intercourse [40]. Pan et al. reported 34
men who were infected with SARS-CoV-2 and then recov-
ered, and after 31 days, no SARS-CoV-2 was detected in
semen samples [41]. Pavone et al. reported 36 patients with
COVID-19-positive [42]. Guo et al. reported 23 patients
with COVID-19 with a median time from diagnosis to
semen sample production of 32 days and tested their semen
specimens during hospitalization and all specimens were
negative [43]. Jin et al. reported the semen test results of
38 patients with COVID-19, of which 6 patients had posi-
tive test results [44]. Although cases of SARS-CoV-2 in
male semen have been reported, most studies suggest that
the risk of having SARS-CoV-2 in semen is extremely low.
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Therefore, the likelihood of sexual intercourse transmission
of SARS-CoV-2 is extremely low.

Breastfeeding transmission

Hikmet et al. stated in their study that the expression of
ACE?2 in the breast is not clear, which tentatively suggests
that SARS-CoV-2 is not transmitted to breast milk through
the breast [23]. Chen et al. reported nine laboratory-con-
firmed SARS-CoV-2-positive pregnant women. Amniotic
fluid, umbilical cord blood, breast milk samples, and neo-
natal pharyngeal swabs collected from six of these patients
were sampled, and no SARS-CoV-2 was detected [45].
These studies suggest that the likelihood of SARS-CoV-2
transmission to breast milk is extremely low. The Center for
Disease Control and Prevention and the American College
of Obstetricians and Gynecologists state that breast milk is
an important source of nutrition for infants and helps boost
their immunity, and that mothers infected with SARS-CoV-2
can breastfeed [46, 47]. And the patient can also breastfeed
after the vaccination [9].

Monocyte and macrophage transmission pathways

SARS-CoV-2 can infect monocytes and macrophages
through the ADE pathway and also monocytes and mac-
rophages through the ACE2 pathway. MERS-CoV and
SARS-CoV can spread the infection further by infect-
ing macrophages. SARS-CoV-2 is highly homologous to
MERS-CoV and SARS-CoV [48]. A similar pathway may
exist to infect monocytes and macrophages. The S protein
of SARS-CoV-2 binds to ACE2 of monocytes and mac-
rophages, allowing SARS-CoV-2 to enter and infect cells
[49], and these infected cells migrate into the tissues, allow-
ing the virus to spread [50]. A study found that SARS-CoV-2
entered the macrophage population via ACE2 in the sub-
epithelial and splenic marginal zones of lymph nodes by
immunostaining in COVID-19 patients [51]. Jafarzadeh
et al. reported that a pregnant woman infected with SARS-
CoV-2 presented with miscarriage at 13 weeks of gestation,
and SARS-CoV-2 was detected in the placenta with a high
degree of inflammation, and the presence of a large number
of macrophages was observed, which may have been infected
with SARS-CoV-2 and transported to the placenta and then
infected with capillary cells, allowing vertical transmission
to occur [29]. These studies suggest that SARS-CoV-2 is
capable of infecting monocytes and macrophages, and per-
haps also infecting the fetus through infected macrophages
during pregnancy, with vertical transmission occurring.
More evidence is still needed to show that SARS-CoV-2
can infect macrophages and spread the virus to the placenta.

Possible antibody-dependent enhancement
(ADE) alternative mechanisms for vertical
mother-to-child transmission of SARS-CoV-2

SARS-CoV-2 has been shown to enter cells via the ACE2
pathway, but other entry pathways may still exist. The
antibody-dependent enhancement alternative mechanism is
present in many coronaviruses, such as feline infectious peri-
tonitis (FIP) virus, SARS-CoV, and Middle East respiratory
syndrome coronavirus (MERS-CoV) [48]. SARS-CoV-2 is
approximately 79% homologous to SARS-CoV and 50%
homologous to MERS-CoV [48, 52]. Therefore, to study
the transmission mechanism of SARS-CoV-2, it is important
to consider whether ADE will occur.

ADE may be an alternative mechanism: the complex
formed by binding of SARS-CoV-2 to antibodies may bind
to Fcy receptors on the surface of B cells or antigen-present-
ing cells and mediate entry into immune cells, which in turn
invade systemic organs [53]. If this hypothesis is confirmed,
then instead of preventing the entry of the virus, neutralizing
antibodies would promote cellular infection [53]. Another
hypothesis is that under the stimulation of a low-level neu-
tralizing antibody (NAb), SARS-CoV-2 binds to the anti-
body and the complex formed can enter the cell via ACE2
receptor and then release SARS-CoV-2 [48]. This hypothesis
suggests that the virus may enter the placenta and even infect
the fetus through low levels of neutralizing antibodies. One
study showed that IgG antibodies were more responsive to
SARS-CoV-2 nuclear capsid protein, with slower viral clear-
ance and more severe infection. In contrast, patients with
a weaker antibody response to the nuclear capsid protein
cleared the virus earlier, suggesting that we may have an
ADE mechanism [48]. Although various hypotheses exist,
there is no clear evidence of an ADE mechanism for SARS-
CoV-2, and more research is still needed to seek evidence
[54].

SARS-CoV-2 early monitoring
of mother-to-child transmission

Nucleic acid testing

According to the COVID-19 Treatment Protocol (Trial Ver-
sion 8, Revised), positive real-time reverse transcription-pol-
ymerase chain reaction (RT-PCR) tests and positive tests for
SARS-CoV-2-specific IgG antibodies and IgM antibodies in
people who have not been vaccinated against COVID-19 are
the current gold standard for diagnosing people with SARS-
CoV-2 [56]. SARS-CoV-2 nucleic acid can be detected in
specimens such as nasal, oropharyngeal swabs, sputum or
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other lower respiratory secretions, blood, stool, and urine by
RT- PCR, NGS, etc. [55].

Antibody test

Compared with the IgG and IgM antibody assay for SARS-
CoV-2, RT-PCR is accurate, but the detection cycle is long
and complicated, requiring professional personnel and labo-
ratories to operate, which is not conducive to rapid diagno-
sis. The rapid, simple, sensitive, and accurate antibody assay
is more suitable for clinical diagnosis [57].

Serum, plasma, and venous whole blood specimens can
all be tested for antibodies. Three-five milliliters of whole
blood is recommended for adults to ensure that a sufficient
amount of serum can be isolated. Whole blood specimens
can be collected directly using ethylenediaminetetraacetic
acid (EDTA) anticoagulation tubes [58].

The body produces IgG and IgM as a specific immune
response to viral invasion. IgG can cross the placental bar-
rier to the fetus, but IgM molecules are too large to cross
the placental barrier [15]. I[gM is produced early and can
be detected in the patient's blood 3—6 days after infection.
Therefore, it can be used as an early detection indicator. IgG
is produced late and can only be detected in the patient's
blood 8 days after infection [15]. If the newborn tests posi-
tive for IgM, intrauterine infection may be suspected. If the
test is positive for IgG and negative for IgM, the intrauterine
infection is not considered to have occurred [56]. If IgG
declines rapidly and IgM is negative, the initial diagnosis is
false positive and no intrauterine infection has occurred [59].
Notably, in their study, Xia Chengjing et al. pointed out that
false positives may occur in IgG and IgM antibody assays
due to insufficient specificity in the selection of labeled anti-
gen sites, and therefore suggested using fusion fragments of
SARS-CoV-2 S and N proteins as antigens to improve the
specificity of the assay [60].

Antigen detection

The growing number of COVID-19 infections in the
population and the increasing number of specimens to be
tested have overwhelmed laboratories, leaving them short
of resources and delaying the delivery of test results [61].
Although RT-PCR is accurate, the test cycle is long and
complex, requiring professionals and laboratories to oper-
ate, which is not conducive to rapid diagnosis. Therefore,
there is an urgent need for alternative technologies, such
as antigen detection tests, which can detect the presence of
viruses in respiratory samples in a matter of minutes [62].
Antigen tests are currently available for evaluation, but
mostly for the adult population and very few specifically for
the pediatric population [61-65], and some researchers have
speculated that antigen testing accuracy in children may be

@ Springer

lower than in adults [65], so SARS-CoV-2 antigen testing
must be evaluated specifically in children. Gonzélez et al.
evaluated the COVID-19 Ag Rapid Test Device (Abbott
Rapid Diagnostics Jena GmbH, Jena, Germany), which was
specifically designed for the pediatric population. The sen-
sitivity and specificity of the rapid antigen test were 77.78%
[95% confidence interval (CI) 51.92-92.63] and 100% (95%
CI 98.88-100), respectively. The diagnostic accuracy was
99.09% (95% CI 97.53-99.71) with a kappa coefficient of
0.87 (P <0.001). The minimum performance requirement
for using an antigen test as a SARS-CoV-2 diagnostic is
a sensitivity higher than 80%, and test results close to this
value but with good specificity, negative and positive predic-
tive values might be considered for use [62]. There are very
few studies on antigen detection in the pediatric population
and more research data are needed.

SARS-CoV-2 interruption of mother-to-child
transmission

SARS-CoV-2 is widely prevalent and extremely transmis-
sible, adaptive, and variable. Due to the decline of maternal
immunity in the perinatal period and the underdeveloped
immune system of newborns, the risk of SARS-CoV-2
infection is high for this reason. To effectively interrupt the
mother-to-child transmission route of SARS-CoV-2, targeted
prevention should be carried out in four areas: labor manage-
ment, neonatal management, nosocomial infection preven-
tion and control, and vaccination.

Maternity ward management

Studies have shown that vaginal ascending transmission is
less likely, and for this reason, vaginal delivery is also less
likely to infect the newborn. For women with mild symptoms
and no contraindications, vaginal delivery can be chosen, but
the cesarean section is generally recommended [66, 67]. Of
course, the possibility of vaginal ascending transmission can-
not be completely excluded. Pregnant women who have been
diagnosed with COVID-19 should deliver in a designated hos-
pital, and the isolation ward should be managed by a multidis-
ciplinary team of members, including obstetricians, neonatol-
ogists, infectious diseases, respiratory medicine, critical care
disciplines and anesthesiologists, nurses, etc. [68]. Pregnant
women should deliver in a negative pressure operating room,
and pregnant women and physicians should wear tertiary pro-
tection (N95 mask, face shield, goggles, gloves, gown, shoe
covers, operating cap) [69]. Although delayed cord ligation
is beneficial for preterm and term infants, the possibility of
mother-to-child transmission is currently unknown, and for
this reason, delayed cord ligation is not recommended to
reduce the risk of mother-to-child transmission [70].
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Neonatal management

Since the potential for mother-to-child transmission is
unclear, and the greatest risk for the neonatal route of infec-
tion is droplet transmission [56]. For this reason, good
neonatal isolation is an important measure to avoid infec-
tion. For pregnant women who have been diagnosed with
COVID-19 during delivery, postpartum newborns should
be promptly sent to a negative pressure isolation room or
a single room with a high-efficiency particulate air filter
(HEPA) for isolation [69]. And strengthen the implementa-
tion of contact isolation, droplet isolation, and air isolation
measures [71]. During this period, nasopharyngeal, oro-
pharyngeal swabs or lower respiratory tract aspirates, and
alveolar lavage fluid as well as serum should be collected
regularly to test for viral nucleic acids in newborns [72]. It
is also recommended to stop newborn chaperones and visits
and to feed the newborn with formula. If donor breast milk
is used, it should be fed after pasteurization [72].

Prevention and control of nosocomial infections

The room of the child should be disinfected preferentially
by hydrogen peroxide fogging or vaporization, or by spray-
ing with chlorine-containing agents [72]. The medical waste
generated by the child should be placed in a double-layer
infectious medical waste bag, and, disinfected with a chlo-
rine-containing preparation for more than 10 min, and then
marked [73]. After 7 days of use, the newborn warming box
should be disassembled and cleaned and disinfected with
chlorine-containing disinfectant, and some contaminated
areas should be cleaned and disinfected with stain, and then
disinfected and dechlorinated with water [74].

Vaccination

Inactivated vaccines, mRNA vaccines, etc. have been
developed. [75]. Studies have indicated that vaccination of
pregnant women does not affect pregnancy, delivery, and
neonatal complications [76], but local and systemic adverse
events may occur after vaccination, with local adverse events
including injection site pain, fatigue, headache, and muscle
pain. Systemic adverse events include fatigue, headache,
muscle pain, chills, fever, and nausea [77, 78]. Differences
in the probability of adverse events between the first and
second vaccination with Pfizer-BioNTech and Moderna
have been reported. For example, the incidence of chills
[3% (254/9052) vs 26% (1747/6638)], fever [3% (256/9052)
vs 25% (1648/6638)] and nausea [5% (492/9052) vs 20%
(1356/6638)]. The incidence of chills [6% (442/7930) vs 49%
(2755/5635)], fever [6% (453/7930) vs 46% (2594/5635)],
and nausea [8% (638/7930) vs 34% (1909/5635)] after the
first and second doses of Moderna, respectively. A higher

incidence of adverse events can be found after the second
dose of vaccine [78]. In early gestation, maternal fever is
likely to cause fetal neural tube defects and may also trigger
cardiovascular defects, oral clefts, isolated congenital ear
defects, cataracts, hypospadias, renal anomalies, possible
anorectal malformations, and general congenital malforma-
tions [79], and vaccination may trigger fever, but the likeli-
hood of long-term fever is low [80].

The World Health Organization believes that the benefits
of vaccination outweigh the risks and recommends vacci-
nation for pregnant women [81]. The Centers for Disease
Control and Prevention (CDC) recommends that pregnant
women be vaccinated against SARS-CoV-2, concluding that
the mRNA vaccine does not pose a safety issue for pregnant
women and infants [82]. The current findings suggest that
the vaccine is safe for pregnant women, but considering that
fever can increase the risk of congenital malformations, it is
recommended that vaccination in the first trimester of preg-
nancy be considered with caution [79, 83].

It has been shown that the New Crown Pneumonia mRNA
vaccine is immunogenic in pregnant and lactating women
and induces an immune response to SARS-CoV-2 variants,
and that vaccination elicits a higher antibody response than
infection [84]. After vaccination, serum antibody and breast
milk antibody IgM, IgG, and IgA levels increased in preg-
nant and lactating women, but the main serum antibody and
breast milk antibody and breast milk antibody were IgG [84,
85]. And the more the number of inoculations, the higher
the IgG level [85].

Researchers have found higher antibody levels in the cord
blood of vaccinated pregnant women than in unvaccinated
infected pregnant women [84], suggesting antibody transfer
to the newborn through the placenta. There is also a study
that suggests that the timing of vaccination may affect the
degree of antibody transfer, suggesting that we should per-
haps vaccinate as soon as possible to strengthen fetal immu-
nity [85].

As SARS-CoV-2 continues to mutate, one begins to
wonder about the possibility of reinfection. Sengpiel et al.
reported a pregnant woman who tested positive at gesta-
tional week 104 2. Neutralizing antibody (NAB) and SARS-
CoV-2 antibody tests were negative 2 months after the first
infection, which may explain why reinfection occurred.
Newborns tested SARS-CoV-2 2 h after birth, indicating that
intrauterine infection did not occur [86]. There are very few
cases of reinfection during pregnancy after vaccination, and
it is unclear how reinfection affects vertical transmission,
and more data are needed to study this. However, as SARS-
CoV-2 continues to mutate, the efficacy of existing vac-
cines has decreased to varying degrees and immune escape
may occur. The authors speculated that previous infections
or vaccinations do not fully ensure protection of pregnant
women and newborns from infection [5, 86-89].
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The novel coronavirus S protein contributes to virus
recognition and entry into host cells [22], and there is an
86% probability of mutations in the gene sequence of the S
protein [90], which may enhance the affinity of the virus to
the cellular receptor ACE2, leading to increased infectiv-
ity and even to viral immune escape [91]. Vaccines now
developed have different degrees of reduced effectiveness
against different mutant strains [91], and vaccine immune
escape may occur if mutant strains continue to drift through
the population [92]. Therefore, the gene sequence of SARS-
CoV-2 should be monitored in a timely manner and a novel
vaccine should be developed to reduce or stop the SARS-
CoV-2 pandemic.

Conclusions

The current mechanism of vertical transmission relies
mainly on placental transmission, with a possible risk of
vertical transmission of 5.7% (75/1314), and further clinical
studies are still needed. When diagnosing mother-to-child
transmission, attention should be paid to the problem of
false positives in newborns and follow-up for 3—6 months
to dynamically monitor the changes in IgG and IgM. As
a special population, to effectively prevent mother-to-child
SARS-CoV-2 infection, it is recommended to conduct com-
parative vaccination studies along with good hospital infec-
tion surveillance and isolation and decontamination of the
ward. Vaccination studies in pregnant women have shown
that vaccines are safe and reliable, can boost their immu-
nity, and are less likely to be harmful to the fetus, but it
is recommended that vaccination be considered carefully
in the first trimester of pregnancy. The available literature
still lacks dynamic and continuous follow-up of the infection
process in positive mothers, and further information needs
to be accumulated.
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