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Relationship between COVID-19 and orofacial clefts
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Abstract. The work presents the connection between the infection of COVID-19 during pregnancy
and non-syndromic orofacial clefts (NSOFC). Aim of the study was to compare the incidence of
COVID-19 disease during mother s pregnancy between a group of the children with NSOFC and
a control group of the children without NSOFC. COVID-19 was confirmed by polymerase chain
reaction (PCR) test. The study showed significantly higher incidence of COVID-19 disease in the
group of mothers who gave birth to a child with NSOFC in comparison to the group of mothers who
gave birth to a child without NSOFC. Our results indicate the possible participation of the infection

of COVID-19 in the formation of NSOFC.
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Introduction

Coronaviruses are pathogens belonging to the Coronaviridae
family and the Nidovirales genus, which mainly attack the
human respiratory system (Poon et al. 2019). The first case of
the COVID-19 infection caused by the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) was discovered
in December 2019 in Wuhan, the capital of Hubei province,
in central China. It was detected in humans for the first time.
The virus spread from China to the whole world.

When COVID-19 and other coronaviruse pathogens
infect pregnant women, it increases the risk of adverse ef-
fects not only on the mother and her pregnancy but also on
newborns and causes severe respiratory disease and various
problems. SARS-CoV-2 is more infectious than SARS-CoV
and MERS-CoV, causing severe perinatal complications,
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premature birth, intrauterine growth restriction, respira-
tory dyspnea, nervous system dysplasia, immune system
defects (Dang et al. 2020). From the beginning of February
2020, Zhu et al. (2020) for the first time describe the clinical
symptoms of 10 newborns born to mothers with confirmed
SARS-CoV-2 infection, i.e. with COVID-19. Infection may
have adverse effects on newborns, causing problems such as
fetal distress, premature labor, respiratory distress, throm-
bocytopenia accompanied by abnormal liver function, and
even death.

Mullins et al. (2021) describe that pregnant women
with COVID-19 have a higher number of premature
caesarean sections. In addition, this infection can cause
adverse effects during pregnancy as well as restricted fetal
growth, premature birth and perinatal mortality (Juan et
al. 2020; Li et al. 2020). COVID-19 and preeclampsia are
also strongly associated and both have been described to
have negative effects during pregnancy (Papageorghiou et
al. 2021). Authors Huntley et al. (2020) reported that alow
percentage of both maternal and neonatal mortality and
vertical transmission of SARS-CoV-2 was detected dur-
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ing the early pandemic. From a literature review, Diriba
et al. (2020) found that coronavirus infections (SARS-
CoV-2, MERS-CoV and SARS-CoV) during pregnancy
were mainly associated with a relatively higher number
of caesarean sections, premature birth, preeclampsia,
spontaneous abortion and perinatal mortality. They also
state that none of the studies have yet demonstrated the
transmission of coronaviruses from mother to fetus in
utero. The possible transplacental transmission of the
virus has not yet been clarified (Rosen et al. 2021), but
vertical transmission has been described in several cases
of infection with COVID-19, complicating pregnancy as
well (Taglauer et al. 2020; Wang et al. 2020). Parazzini et
al. (2020) describe an increase in IgG antibodies in three
cases of newborns born to mothers with COVID-19, but
the polymerase chain reaction (PCR) test was negative. It
points to the transplacental passage of antibodies, as did
Mesa et al. (2022), who found that a significant immune
response passes to the fetus.

Some works also point to a possible connection between
COVID-19 and birth defects. Children born to women
with COVID-19 during pregnancy recorded e.g. congenital
cardiovascular defects, heart rhythm abnormalities, meta-
bolic disorders, and perinatal respiratory disorders at an
increased rate compared to children born to women who did
not have COVID-19 during pregnancy (Miller et al. 2023).
The authors Abdelkader et al. (2022) describe the case of
a 34-year-old pregnant woman who had a COVID-19 infec-
tion in the first month of pregnancy and had a premature
birth at 34 weeks. A congenital heart defect and hydrops
were present in the fetus. After giving birth, the girl was
cyanotic, had bradycardia and was generally in a bad con-
dition, she was admitted to the ICU and died 5 days later.
Although congenital heart disease can occur for a variety
of reasons, the authors hypothesize that COVID-19 may
play a role in the development of congenital heart defects.
Morhart (2022) found severe eye malformation (unilateral
microphthalmia, optic nerve hypoplasia, and congenital
retinopathy) associated with maternal SARS-CoV-2 infec-
tion. This embryopathy could not be explained by other in-
fectious agents, genetic factors, drug use, or other maternal
illness during pregnancy.

Only limited information is available on the effects of
COVID-19 on the development of congenital malforma-
tions during the first trimester of pregnancy (Hernandez-
Diaz et al. 2022). In the study, they reported that no
specific pattern of malformations was observed. Although
the results are not compatible with any major teratogenic
effects associated with maternal SARS-CoV-2 infection,
relative risk estimates were imprecise and larger studies
are justified. Long-term neurodevelopmental sequelae are
a potential concern in neonates after in utero exposure to
SARS-CoV-2. Benny et al. (2023) described two newborns

born to mothers positive for SARS-CoV-2. Both showed
early-onset (day 1) seizures, acquired microcephaly, and
significant developmental delay over time. Sequential mag-
netic resonance imaging (MRI) showed severe parenchymal
atrophy and cystic encephalomalacia. Neither child was
positive for SARS-CoV-2 (nasopharyngeal swab, reverse
transcription polymerase chain reaction) at birth, but both
had detectable antibodies to SARS-CoV-2 and elevated
blood inflammatory markers. Placentas from both moth-
ers showed SARS-CoV-2, fetal vascular malperfusion. One
child died. The dead dieter’s brain showed SARS-CoV-2.
The constellation of clinical findings, placental pathology,
and immunohistochemical changes strongly suggest that
maternal SARS-CoV-2 infection with placentitis triggered
an inflammatory response and fetal brain damage. Demon-
stration of SARS-CoV-2 in the brain of the deceased infant
also raises the possibility that SARS-CoV-2 infection of
the fetal brain directly contributed to the brain damage. In
both infants, the neurological findings at birth mimicked
the presentation of neonatal hypoxic-ischemic encepha-
lopathy. This study offers the first direct evidence that the
SARS-CoV-2 virus can penetrate the placenta (COVID-19
can cross placenta, harm infants: Case study; https://www.
beckershospitalreview.com/patient-safety-outcomes/
covid-19-can-cross-placenta-harm-infants-case-study.html;
Carbajal 2023).

Another aspect to consider is the psychological stress
caused by the COVID-19 pandemic in pregnant women.
COVID can be associated with acute changes in behavior,
including anxiety and depressive disorders. It can worsen
an already existing mental illness or result in a traumatic
stress disorder. In addition to being more susceptible to
infections during the pandemic, pregnant women routinely
lacked regular prenatal consultations. Social isolation, fear,
insecurity and lack of prenatal care contribute to maternal
mortality and can interfere with fetal development. An ex-
ample of this is the increased risk of preeclampsia in women
who experience depression or anxiety during pregnancy.
Vasoactive substances, hormones and other neuroendocrine
mediators have an altered secretion during depression,
which contributes to an increase in blood pressure, which
in turn increases the risk of preeclampsia. Several studies
have investigated the association between stress and non-
syndromic orofacial clefts (NSOFC). Sharif et al. (2023)
conducted a systematic review to determine the association
between maternal periconceptional stress and NSOFC in
newborns. They state that, based on currently available
evidence, maternal exposure to periconceptional stress
could be considered a risk factor for NSOFC. Aim of the
present study was to compare the incidence of COVID-19
disease during mother s pregnancy between a group of the
children with NSOFC and a control group of the children
without NSOFC.
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Material and Methods

At the Clinic for Plastic Surgery, Ruzinov Hospital in Brati-
slava (Slovak Republic), we recorded the arrival of mothers
who had newborns with orofacial clefts from September
2021 to February 2023. The total number of these mothers
was 38. From this number, we selected 13 mothers who
overcame COVID-19 confirmed by a PCR test during
the first trimester and without a genetic predisposition to
orofacial clefts. The mothers signed an affidavit stating that
they had a confirmation of overcoming COVID-19 by PCR
test, also that they had overcome only a mild course of the
COVID-19 infection without fever or with a temperature
of 37.5 to 38°C at the most, they did not take any medica-
tions, had no chronic or other diseases, did not smoke, did
not drink alcohol and also did not indicate any great stress
or fear of COVID-19. As a control group, we had mothers
who overcame COVID-19 in the first trimester in the same
period and gave birth to healthy newborns at the Gynecol-
ogy and Obstetrics Department at the Ruzinov Hospital in
Bratislava. During the same period, there were 2,667 births,
and of these, 11 mothers who gave birth to healthy newborns
overcame COVD-19 in the first trimester.

Statistics

The data were analysed using GraphPad Prism 8.0.1 software
using Chi-squared test with confidence interval of 95%, p <
0.05 was considered to be statistically significant.

Results

We compared the groups of children born in Ruzinov
Hospital in Bratislava between September 2021 to February
2023 according to whether their mothers overcome or not
COVID-19 infection in the first trimester of pregnancy.
The statistical evaluation of the data revealed a significantly
higher incidence of COVID-19 disease in the group of
mothers who gave birth to a child with NSOFC in com-
parison to the group of mothers who gave birth to a child
without NSOFC (Chi-square value = 361.111, p < 0.01).
(Table 1 and 2).

Discussion

The risk and potential consequences of mother-to-child
transmission of SARS-CoV-2 during pregnancy are still
a matter of debate. There are still very few studies regard-
ing the impact of COVID-19 on the development of birth
defects, and therefore any work that deals with this issue is
beneficial. Our study showed significantly higher incidence

Table 1. Evaluated groups of children and categories of mothers

Group/Category Without With Total
COVID-19 COVID-19

Without NSFOC (C) 2667 11 2678

With NSOFC 38 13 51

Total 2705 24 2729

NSFOC, non-syndromic orofacial cleft; C, control.

of COVID-19 disease in the group of mothers who gave birth
to a child with NSOFC compared to the group of mothers
who gave birth to a child without NSOFC.

The authors Komine-Aizawa et al. (2020) stated in their
study that the vertical transmission of SARS-CoV-2 and the
possible induction of pregnancy complications including
abortion, fetal malformations, fetal growth restriction and/
or stillbirth are a serious problem for pregnant women with
COVID-19. According to clinical information, the incidence
of vertical transmission of SARS-CoV-2 is still limited. Even
if the newborn tests negative for SARS-CoV-2, frequent
abnormal findings have been reported in mothers positive
for COVID-19, including fetal and maternal vascular malp-
erfusion. The primary receptor of SARS-CoV-2 is estimated
to be angiotensin-converting enzyme 2 (ACE2). It is highly
expressed in cells such as syncytiotrophoblasts, cytotropho-
blasts, endothelial cells and vascular smooth muscle cells
of primary and secondary villi. However, another route of
transplacental infection cannot be ruled out. Pathological
examinations have shown that syncytiotrophoblasts are
often infected with SARS-CoV-2, however, fetuses were not
always infected. The frequency and molecular mechanisms
of intrauterine vertical transmission of SARS-CoV-2 have
not yet been established.

In the study of Sabbagh et al. (2023) the factors related
to COVID-19 that may be related to the risk of NSOFC in
five Arab countries were assessed. These factors included
infection with COVID-19, symptoms of COVID-19, stress,
smoking and fear of COVID-19. They stated that NSOFC
might also be related to the mother’s exposure to stress from
COVID-19 without a direct effect of the infection itself,
however, our study did not confirm it.

SARS-CoV-2 infections in pregnancy can lead to placental
lesions based on vascular events, which can be well visualized

Table 2. Chi-square points

Group/Category Without COVID-19 With COVID-19
Without NSFOC (C) 0.059 6.689
With NSOFC 3.116 351.247

Chi-square = 361.111, p < 0.01. NSFOC, non-syndromic orofacial
cleft; C, control.
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on prenatal MRI of the fetus (Kienast et al. 2023). Although it
is now known that SARS-CoV-2 infection during pregnancy
can cause serious complications in mothers and fetuses,
there are very few prenatal studies in the literature on pos-
sible intrauterine damage to fetal and extrafetal structures.
A few histopathological studies deal with placental changes
after infection, but due to postnatal examination, they can
only provide limited information about pathological changes
already present prenatally. Furthermore, the current body
of studies on specific changes following SARS-CoV-2 dur-
ing pregnancy is very modest. MRI has not been used for
these purposes until now. In this study, prenatal MRI after
SARS-CoV-2 infection in pregnancy reveals placental lesions
based on vascular malperfusion. These changes provide an
explanation for fetal morbidity associated with SARS-CoV-2,
such as fetal growth restriction (Kienast et al. 2023).

Silasi et al. (2015) states that when coronaviruses infect
pregnant women, it increases the risk of adverse effects on
pregnancy and newborns, as well as severe respiratory dis-
ease. They describe that data from many impact studies, e.g.
influenza and other respiratory infections such as respiratory
syncytial virus and adenovirus, as well as others such as cyto-
megalovirus, herpes simplex virus and varicella zoster, have
shown an increased risk of pregnant women and newborns
compared to non-pregnant women and that they can cause
congenital malformations during pregnancy, which is also
in line with our previous studies (Molnarova et al. 2018,
2020). Such connections were found even when a pregnant
woman was infected with either SARS-CoV or MERS-CoV
(Schwartz and Graham 2020). There are still few published
cases of coronavirus infections occurring during pregnancy
and causing the possibility of transmission from mother
to fetus, however, there is also concern that fetuses may be
damaged by congenital infection with COVID-19 and other
coronaviruses. Diriba et al. (2020) indicate that, so far, none
of the studies have demonstrated the transmission of corona-
viruses from mother to fetus in utero. Allotey (2022) found
that the rate of SARS-CoV-2 positivity is low in children born
to mothers with SARS-CoV-2 infection. However, evidence
suggests confirmed vertical transmission of SARS-CoV-2,
although this is likely to be rare. The severity of the mother’s
COVID-19 disease appears to be related to the SARS-CoV-2
positivity of the offspring. Thus, the risk of vertical transmis-
sion and the potential pathogenesis of fetuses infected with
SARS-CoV-2 deserve further investigation.

Scientific evidence indicates that the causative agent
of COVID-19, SARS-CoV-2, apparently crosses the pla-
cental barrier (Dong et al. 2020; Khan et al. 2020) and the
blood-brain barrier (virus detected in cerebrospinal fluid)
(Moriguchi et al. 2020). Since the virus can penetrate the
placenta and the nervous system, the virus itself may have
some adverse effects on functional brain development if
pregnant mothers suffer from COVID-19. It also appears

that the SARS-CoV-2 coronavirus can be transmitted from
the mother to the fetus, as the virus uses an entry receptor,
ACE2, and S protein proteases expressed in the developing
human embryo. In particular, ACE2 and S protein proteases
are expressed in early gametes, zygotes and 4-cell embryos
(Colaco et al. 2020). Thus, direct transmission of SARS-
CoV-2 blast cell infection may be possible, but remains to
be confirmed. During embryonic development, the health
of these epiblast cells is critical as these cells undergo or-
ganogenesis. Any functional changes in early embryonic
cells by viral infection can lead to adverse birth defects.
Because much is still unknown about COVID-19 and neu-
rodevelopmental complications, there is an increased risk of
birth defects if SARS-CoV-2 infection occurs during early
pregnancy. Therefore, there is an urgent need to continue
collecting data on clinical cases of COVID-19 infection in
pregnancy, especially during the first trimester. We are also
inclined to this opinion with our study.

SARS-CoV-2 infection poses increased risks of poor
outcomes during pregnancy, including preterm birth and
stillbirth. There is also developing concern over the effects
of SARS-CoV-2 infection on the placenta, and these effects
seem to vary between different viral variants. Despite these
risks, many pregnant individuals have been reluctant to
be vaccinated against the virus owing to safety concerns.
We now have extensive data confirming the safety and ef-
fectiveness of COVID-19 vaccination during pregnancy
(Male 2022). Meta-analyses of epidemiologic studies of
vaccination against COVID-19 during pregnancy did not
find an increased risk of any adverse outcomes. There is
no evidence of direct or indirect harmful effects of SARS-
CoV-2 on fertility, embryo/fetal development, pregnancy
outcomes, delivery or short-term postnatal development of
the offspring (Edlow et al. 2020). Evidence for associations
between COVID-19 vaccination or SARS-CoV-2 infection
and the risk of congenital anomalies is limited (Calvert et al.
2023). Their primary analyzes found no association between
SARS-CoV-2 infection and any anomaly. Primary analyzes
also found no association between any vaccination and any
anomaly. These data provide reassurance about the safety
of vaccination. The study adds to the growing number of
epidemiological evidences that SARS-CoV-2 infection dur-
ing pregnancy and maternal vaccination is not associated
with the risk of congenital anomalies (Adhikari et al. 2020;
Flaherman et al. 2021). Although the cases are rare, the
authors claim that the findings underline the importance of
vaccination in prevention “as the first line of defense”

The palate develops from two primordia: primary pal-
ate and the secondary palate. The steps in palate formation
in humans take place between the 7th and 12th week and
consist of outgrowth of palatal shelves from the paired maxil-
lary prominences, reorientation of the shelves from vertical
to horizontal, apposition of the medial surfaces, formation
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of a bilayered seam, degradation of the seam and bridg-
ing of mesenchyme (Danescu et al. 2015). Major signaling
pathways, such as Shh, Fgf, Tgf-f and Wn tare involved in
regulating growth of the palatal shelves through epithelial-
mesenchymal interaction. Recent studies on patients with
nonsyndromic orofacial clefts have revealed that differen-
tial DNA methylation, epigenetic regulator mutations and
low-frequency genetic variations in noncoding regions
may contribute to cleft palate (Shaffer et al. 2019). Relevant
signaling pathways, transcriptional factors as well as epige-
netic variations may be targets to SARS-CoV-2 virus what in
turn can result in congenital anomalis including cleft palate.
Further studies involving also experimental animal models
are needed to shed light on underlying mechanism(s).

Our results point to the possibility of the influence of
COVID-19 on the development of NSOFCs, given that we
do not assume other possible teratogens such as, for example,
hyperthermia (the mothers only reported a temperature of
up to 37.5 a maximum of 38°C), the use of drugs (they only
had a mild course of infection), chronic and other diseases,
they did not smoke, they did not drink alcohol, they ruled
out any long-term stress or fear of COVID-19, they also
did not indicate a genetic predisposition to orofacial clefts.
The mothers ruled out these and other possible teratogens
and signed an affidavit, in which there is also a statement
about the confirmation of an overcome COVID-19 infec-
tion by a PCR test in the first trimester, we think that this is
the probability of the influence of the COVID-19 infection.
The mothers had a mild course of the disease with mild
symptoms. However, their PCR test was positive. We can
hypothesize the effect of the viral disease on the placenta
and/or embryo might have been high enough to contribute
to the cleft development.

Conclusion

The risk and potential consequences of COVID-19 infection
during pregnancy are still not clearly investigated. In the
present study, the incidence of COVID-19 infection during
mother’s was evaluated pregnancy between a group of the
children with NSOFC and a control group of the children
without NSOFC. The data were from the Clinic for Plastic
Surgery, Ruzinov Hospital in Bratislava from September 2021
to February 2023. The study showed significantly higher
incidence of COVID-19 disease in the group of mothers
who gave birth to a child with NSOFC in comparison to the
group of mothers who gave birth to a child without NSOFC.

Acknowledgment. To the cleft clinic team at the Ruzinov Plastic
Surgery Clinic, Bratislava. To the team of the Department of Gyne-
cology and Obstetrics, UNB LF UK Ruzinov, Bratislava, Slovakia.
For statistical evaluation to Dr. Méria Kazimirova.

Funding. This work was supported by the Operational Program
Integrated Infrastructure for the projects: ,,Development of
products by modification of natural substances and study of their
multi-modal effects on COVID-19¢ ITMS: 313011ATT2, and
»Development of biomodels for improving the evaluation of the
effectiveness of drugs and substances that have potential in the
treatment of COVID-19 (BIOVID-19)“, ITMS: 31301 1AVG3. The
study was also supported by the grant VEGA 2/0133/23.

References

Abdelkader MA, Abbas HM, Aboelkhair IM, Alafify ASA, Elgazzar
BA, Koura MSE (2022): Congenital heart disease in a patient
with COVID-19 infection during early pregnancy: a case report.
Egypt. Heart J. 74, 61
https://doi.org/10.1186/s43044-022-00295-5

Adhikari EH, Moreno W, Zofkie AC, MacDonald L, McIntire DD,
Collins RJ, Spong CY (2020): Pregnancy outcomes among
women with and without severe acute respiratory syndrome
coronavirus 2 infection. JAMA Netw. Open 3, 2029256
https://doi.org/10.1001/jamanetworkopen.2020.29256

Allotey J (2022): SARS-CoV-2 positivity in offspring and timing
of mother-to-child transmission: living systematic review and
meta-analysis. BMJ 376, e067696
https://doi.org/10.1136/bmj-2021-067696

Benny M, Bandstra ES, Saad AG (2023): Maternal SARS-CoV-2,
placental changes and brain injury in 2 neonates. Pediatrics
151, 5
https://doi.org/10.1542/peds.2022-058271

Calvert C, Carruthers J, Denny C (2023): A population-based
matched cohort study of major congenital anomalies follow-
ing COVID-19 vaccination and SARS-CoV-2 infection. Nat.
Commun. 14, 107
https://doi.org/10.1038/s41467-022-35771-8

Flaherman V], Afshar Y, Boscardin WJ, Keller RL, Mardy AH,
Prahl MK, Phillips CT, Asiodu IV, Berghella V, Chambers BD,
etal. (2021): Infant outcomes following maternal infection with
severe acute respiratory syndrome coronavirus 2 (sars-cov-2):
First report from the pregnancy coronavirus outcomes registry
(PRIORITY) study. Clin. Infect. Dis. 73, €2810-e2813
https://doi.org/10.1093/cid/ciaal411

Colaco S, Chhabria K, Singh D, Bhide A, Singh N, Singh A, Hu-
sein A, Mishra A, Sharma R, Ashary ND, Modi D (2020):
Expression map of entry receptors and infectivity factors for
pan-coronaviruses in preimplantation and implantation stage
human embryos. J. Assist. Reprod. Genet. 38, 1709-1720
https://doi.org/10.1007/s10815-021-02192-3

Danescu A, Mattson M, Dool C, Diewert VM, Richman JM (2015):
Analysis of human soft palate morphogenesis supports regional
regulation of palatal fusion. J. Anat. 227, 474-486
https://doi.org/10.1111/joa.12365

Dang D, Wang L, Zhang CH, Li Z, Wu H (2020): Potential effects of
SARS-CoV-2 infection during pregnancy on fetuses and new-
borns are worthy of attention. J. Obst. Gyn. Res. 46, 1951-1957
https://doi.org/10.1111/jog.14406

Diriba K, Awulachew E, Getu E (2020): The effect of coronavirus
infection (SARS-CoV-2, MERS-CoV, and SARS-CoV) dur-



318

Molnérova et al.

ing pregnancy and the possibility of vertical maternal-fetal
transmission: A systematic review and meta-analysis. Eur. J.
Med. Res. 25, 39
https://doi.org/10.1186/s40001-020-00439-w

DongL, Tian ], He S, Zhu C, Wang J, Liu C (2020): Possible vertical
transmission of SARS-CoV-2 from an infected mother to her
newborn. JAMA 323, 846-1848
https://doi.org/10.1001/jama.2020.4621

Edlow AG, LiJZ, Collier AY, Atyeo C, James KE, Boatin AA, Gray
KJ, Shook LL, Yonker LM, Fasano A, et al. (2020): Assessment of
maternal and neonatal SARS-CoV-2 viral loard: Transplacental
antibody transfer and placental pathology in pregnancies dur-
ing the COVID-19 pandemic. JAMA Netw. Open 3, 2030455
https://doi.org/10.1001/jamanetworkopen.2020.30455

Hernandez-Diaz S, Smith LH, Wyszynski DF, Rasmussen SA
(2022): First trimester COVID-19 and the risk of major con-
genital malformations — International Registry of Coronavirus
Exposure in Pregnancy. Birth Defects Res. 114, 906-914
https://doi.org/10.1002/bdr2.2070

Huntley BJE Huntley ES, Mascio DD (2020): Rates of maternal and
perinatal mortality and vertical transmission in pregnancies
complicated by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. Obstet. Gynecol. 136, 303-312
https://doi.org/10.1097/A0G.0000000000004010

Juan J, Gil MM, Rong Z, Yang H, Poon LC (2020): Effect of coro-
navirus disease 2019 (COVID-19) on matetrnal, perinatal and
neonatal outcome. Systematic review. Ultrasound Obstet.
Gynecol. 56, 15-27
https://doi.org/10.1002/u0g.22088

Khan M, Adil SE Alkhathlan HZ, Tahir MN, Saif S, Khan M, Khan
ST (2020): COVID-19: A global challenge with old history,
epidemiology and progress so far. Molecules 26, 39
https://doi.org/10.3390/molecules26010039

Kienast P, Prayer D, Binder J, Prayer F, Dekan S, Langthaler E, Sigl
B, Eichinger S, Perkmann-Nagele N, Stuempflen I, et al. (2023):
SARS-CoV-2 variant-related abnormalities detected by prenatal
MRI: a prospective case — control study. Lancet 26, 100587
https://doi.org/10.1016/j.]lanepe.2023.100587

Komine-Aizawa S, Takada K, Hayakawa S (2020): Placental barrier
against COVID-19. Placenta 15, 5-49
https://doi.org/10.1016/j.placenta.2020.07.022

Li Y, Zhao R, Zheng S, Chen X, Wang J, Sheng X, Zhou J, Cai H,
Fang Q, Yu F (2020): Lack of vertical transmission of severe
acute respiratory syndrome coronavirus 2, China. Emerg.
Infect. Dis. 26, 1335-1336
https://doi.org/10.3201/eid2606.200287

Male V (2022): SARS-CoV-2 infection and COVID-19 vaccination
in pregnancy. Nat. Rev. Immunol. 22, 277-282
https://doi.org/10.1038/s41577-022-00703-6

Mesa EG, Garcia-Fuentes E, Carvia-Pontiasec R, Lavado-Fernandez
Al, Cuenca-Marin C, Sudrez-Arana C, Blasco-Alonso M,
Benitez-Lara B, Mozas-Benitez L, Gonzalez-Cazorla A, et al.
(2022): Transmitted fetal immune response in cases of SARS-
CoV-2 infections during pregnancy. Diagnostics 12, 245
https://doi.org/10.3390/diagnostics12020245

Miller A, Joyce B, Little D, Stamp T, Barkley T (2023): Develop-
ment of infants born to COVID-positive mothers. Epic. Res.
2023, 1-10

Molnérova A, Palencar D, Fekia¢ova D, Bielikova E, Tich4 E, Ujhazy
E (2018): Orofacial clefts and infections during pregnancy.
Biologia 73, 629-635
https://doi.org/10.2478/s11756-018-0065-y

Molniarova A, Palen&ar D, Fekiac¢ova D, Bielikova E, Ticha E, Mach
M (2020): Adenovirus and RSV infections during pregnancy
and their relationship to orofacial clefts. Biologia 75, 105-106
https://doi.org/10.2478/s11756-019-00404-x

Morhart P (2022): Maternal SARS-CoV-2 infection during preg-
nancy: possible impact on the infant. Eur. J. Pediatr. 181,
413-418
https://doi.org/10.1007/s00431-021-04221-w

Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino J
(2020): A first case of meningitis/encephalitis associated with
SARS-coronavirus-2. Int. J. Infect. Diseases 94, 55-58
https://doi.org/10.1016/].ijid.2020.03.062

Mullins E, Hudak ML, Banerjee J, Getzlaft T, Townson T, Barnette
K, Playle R, Perry A, Bourne T, Lees CC (2021): Pregnancy and
neonatal outcomes of COVID-19: Coreporting of common out-
comes from PAN-COVID and AAP-SONPM registries PAN-
COVID investigators and the National Perinatal COVID-19
Registry Study Group. Ultrasound Obstet. Gynecol. 57, 573-581
https://doi.org/10.1002/u0g.23619

Papageorghiou AT, Deruelle P, Gunier RB, Rauch S, Garcia-May
PK, Mhatre M, Usman MA, Abd-Elsalam S, Etuk S, Simmons
LE (2021): Preeclampsia and COVID-19: Results from the
INTERCOVID prospective longitudinal study. Am. J. Obstet.
Gynecol. 225, 289
https://doi.org/10.1016/j.aj0g.2021.05.014

Parazzini F, Bortolus R, Mauri PA (2020): Delivery in pregnant
women infected with SARS-CoV-2: A fast review. Int. J. Gy-
naecol. Obstet. 150, 41
https://doi.org/10.1002/ijgo.13166

Poon LC, Yang H, Lee JC, Copel JA, Leung TY, Zhang Y (2019):
ISUOG Interim Guidance on 2020 novel coronavirus infec-
tion during pregnancy and puerperium: Information for
healthcare professionals. Ultrasound Obstet. Gynecol. 55,
700-708
https://doi.org/10.1002/u0g.22013

Rosen H, Bart Y, Zlatkin R, Ben-Sira L, Ben Bashat D, Amit S,
Cohen C, Regev-Yochay G, Yinon Y (2021): fetal and perina-
tal outcome following first and second trimester COVID-19
infection: Evidence from a prospective cohort study. J. Clin.
Med. 10, 2152
https://doi.org/10.3390/jcm10102152

Sabbagh JH, Alamoud RA, Zeinalddin M, Bulushi T, Al-
Batayneh OB, AboulHassan MA, Koraitim M, Quritum M,
Almugbali B, Alghamdi SM (2023): COVID-19 related risk
factors and their association with non-syndromicorofacial
cleftsin five Arab countries: a case control study. BMC Oral
Health 23, 246
https://doi.org/10.1186/s12903-023-02934-y

Shaffer JR, LeClair J, Carlson JC, Feingold E, Buxo CJ, Christensen
K, Deleyiannis FWB, Field LL, Hecht JT, Moreno L et al. (2019):
Association of low-frequency genetic variants in regulatory
regions with nonsyndromic orofacial clefts. Am. J. Med. Genet.
A 179, 467-474
https://doi.org/10.1002/ajmg.a.61002



COVID-19 and orofacial clefts

319

Sharif MT, Alamoudi RA, Sabbagh HJ (2023): Maternal stress as a
risk factor for non-syndromic orofacial clefts: Systematic review
and metaanalysis. Saudi Dent. J. 35, 207-219
https://doi.org/10.1016/j.sdentj.2023.02.004

Schwartz DA, Graham AL (2020): Potential maternal and infant
outcomes from (Wuhan) coronavirus 2019-nCoV infecting
pregnant women: Lessons from SARS, MERS, and other human
coronavirus infections. Viruses 12, 194
https://doi.org/10.3390/v12020194

Silasi M, Cardenas I, Kwon JY, Racicot K, Aldo P, Mor G (2015):
Viral infections during pregnancy. Am. J. Reprod. Immunol.
73, 199-213
https://doi.org/10.1111/aji.12355

Taglauer E, Benarroch Y, Rop K, Barnett E, Sabharwal V, Yar-
rington C, Wachman EM (2020): Consistent localization of

SARS-CoV-2 spike glycoprotein and ACE2 over TMPRSS2
predominance in placental villi of 15 COVID-19 positive
maternal-fetal dyads. Placenta 100, 69-74
https://doi.org/10.1016/j.placenta.2020.08.015

Wang S, Guo L, Chen L, Liu W, Cao Y, Zhang J, Feng L (2020):
A case report of neonatal 2019 coronavirus disease in China.
Clin. Infect. Dis. 71, 853-857
https://doi.org/10.1093/cid/ciaa225

Zhu H, Wang L, Fang Ch, Peng S, Zhang L, Chang G, Xia S, Zhou
W (2020): Clinical analysis of 10 neonates born to mothers with
2019-nCoV pneumonia. Transl. Pediatr. 9, 51-60
https://doi.org/10.21037/tp.2020.02.06

Received: February 21, 2024
Final version accepted: April 18, 2024





