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Abstract

Background: Considering that the obstetricians and pediatricians need to comprehensive information about the
obstetric and neonatal effect of COVID-19, this review study was conducted to investigate the impact of COVID-
19 on obstetrics and neonatal outcomes.

Methods: In this systematic review the international search databases following PubMed, Web of Science, Scopus,
ProQuest and Embase and Google scholar were searched. All articles were reviewed by two independent research-
ers until 10 April 2020. After quality assessment of included studies the finding reported in 2 sections obstetrics and
neonatal outcomes.

Results: The sixteen studies with a sample size of 123 pregnant women with a definitive diagnosis of COVID-19
and their neonates were evaluated. The range of gestational age was 25-40 weeks. There was no death associated
with COVID-19 in pregnant women. The obstetric outcomes in pregnant women with COVID-19 include de-
creased fetal movement, intrauterine fetal distress, anemia, PROM, preterm labor, Multiple Organ Dysfunction
Syndrome (MODS) and etc. The most common delivery mode in women affect with COVID-19 was cesarean sec-
tion. Expect for one case with MODS, in the majority of the studies reviewed, no severe morbidity or mortality
occurred. The neonatal outcomes were stillbirth, prematurity, asphyxia, fetal distress, low birth weight, small for
gestational age, large for gestational age, multiple organ dysfunction syndrome, disseminated intravascular coagula-
tion and neonatal death. In addition, five neonates born to mothers with COVID-19 were positive for SARS-CoV-
2. However, the studies report these outcomes but the exact causes of theme are not known.

Conclusion: In this systematic review, we summarize the diverse results of studies about the obstetrics and neona-
tal outcomes following COVID-19. This infection may cause negative outcomes in both mothers and neonates.
However, there were evidence about neonate infected with COVID-19, but there is controversial information about
the vertical transmission of COVID-19.
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Introduction

Coronaviruses are the enveloped and largest of
positive-strand RNA viruses that are important
pathogens of humans, other mammals, and birds.
These viruses can cause respiratory, intestinal,
liver, and nervous system diseases (1, 2). In De-
cember 2019, a high incidence of pneumonia
with unknown causes was detected in Wuhan,
China in January 2020 and the scientists identi-
fied the cause of this pneumonia as a new type of
coronavirus called SARS-Cov-2 as the cause of
2019 novel coronavirus infectious disease
(COVID-19) (3). This virus belongs to the family
Coronaviridae from the Nidovirales order (4).
The transmission route of this virus similar to
Severe Acute Respiratory Syndrome (SARS) and
Middle East Respiratory Syndrome (MERS), oc-
curs via respiratory droplets and secretions
thought nosocomial contacts (5). The incidence
of COVID-19 and pneumonia related to it is
higher in people with weakened immune systems,
such as the elderly, people with underlying dis-
eases, and pregnant women (6).

The immunological changes during pregnancy
period put the pregnant women at high risk
group (7). The increased risk of viral pneumonia
during pregnancy is also attributed to physiologi-
cal changes that are responsible for shift cellular
immunity to humoral immunity; moreover, preg-
nant women do not tolerate severe pneumonia
combined with a significant reduction in ventila-
tion capacity as well as non-pregnant women (8,
9).

Fetuses also pootly tolerate hypoxemia and aci-
dosis, and these complications induce preterm
labor (9). Studies showed the high rates of ma-
ternal mortality, stillbirth, abortion, and preterm
labor after viral pneumonia caused by the influ-
enza A, HIN1, MERS, and SARS viruses (10-12).
Despite the criticality of these conditions, how-
ever, information on the impact of COVID-19
on obstetrics and newborn outcomes is very lim-
ited.

Despite the researchers reported some pregnancy
complications of COVID-19 (6, 13-17) but be-
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cause the obstetricians and pediatricians need to
comprehensive information about the obstetric
and neonatal effect of COVID-19, so this review
study was conducted to investigate the impact of
COVID-19 on obstetrics and neonatal outcomes.

Methods

Data sources

In this systematic review the international search
databases following PubMed, Web of Science,
Scopus, ProQuest and Embase and Google
scholar were searched. All observational articles
were reviewed by two independent researchers
until 10 April 2020. In addition, hand searching
and snowballing method were also used to identi-
ty other studies from the reference list of selected
studies. This systematic review is based on the
Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA).

Search strategies

To find relevant articles, keywords are selected
based on Mesh (i.e., “Pregnancy”, “Gravidity”,
“Delivery”, “Infant”, “Newborn”, “Neonate”,
“Outcome”, “Complication”, “Abortion”, “Ob-
stetric Labor, Premature”, “Cesarean Section”,
“Fetal Death”, “Infant, Premature”, “SARS COV
27, “Coronavirus Infection”, “COVID-197)
which were combined using the AND and OR
operators to ensure a comprehensive and com-
plete search process.

Inclusion and exclusion criteria

The inclusion criteria of this study include all
studies that indicate the impact of COVID-19 on
obstetrics and neonatal outcomes. The exclusion
criteria were the lack of full access to articles,
studies with irrelevant reports and review articles.

Data collection and extraction

An initial 3158 articles were found using the key-
words. After excluding duplicate studies in End-
notes software, the title and abstract of the re-
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maining studies were reviewed by both authors
independently and where article could not be ex-
cluded based on title or abstract or when there
was disagreement between researchers, then the
full-text of papers with eligibility criteria was re-
trieved and assessed (Fig. 1). After removing un-
related articles finally, 16 studies were included in

the research for the quality assessment. To ex-
tract data from the text, two authors inde-
pendently extracted information. After collecting
the data, the third author evaluated all forms of
data extraction independently and assisted the
external reviewer if the authors disagreed.

Records identified via other sources
(hand searching, etc.)

Records excluded via titles and abstracts:
Unrelated results, not original research

article, not report research results
specifically for pregnancy, article about
other type of coronaviruses

(n=2760)

| Duplicate Population, article about other

Records excluded via full text:

type of corona viruses, review article
(N=29)

Records identified through electronic

E database searches

E (n=3155) (n=3)
H I I
=

Duplicates remowved
(n=353)

= Records screened by title and abstract
E (n=2805)

=

§

Full-text of articles assessed for

= eligibility
e

=
[

3

=

% Papers included in systemic

=

Fig.1: Flowchart for selection of studies
Quality assessment

Two authors independently assessed the quality
assessment of the studies using the Newcastle-
Ottawa Scale (NOS) checklist and scoring system
to evaluate the quality of the case reported stud-
ies. The NOS checklist was used to assess the
quality of cross-sectional, case control and cohort
studies. The checklist consists of three subcate-
gories: selection, comparability exposure, or out-
come (18). A checklist designed by Kanthraj et al
was used to evaluate the quality of the case report
studies. The checklist includes five subcategories
of goal reporting, diagnostic criteria, clinical
techniques and methods, and symptom reporting,
factors related to clinical existence, and the au-
thors' conclusions (19).

40

Results

In this review study, 16 studies with a sample size
of 123 pregnant women with a definitive diagno-
sis of COVID-19 and their neonates were evalu-
ated. From among the included studies, 6, 1, 4
and 5 had been done as retrospective case analy-
sis, cohort, case series and case reports, respec-
tively. The range of gestational age was 25-40
weeks. In all participants, diagnosis of COVID-
19 was confirmed by using laboratory tests
and/or imaging examinations. All studies were
published in China from December 8, 2019 to
March 26, 2020. The qualities of three studies

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Banaei et al.: Obstetrics and Neonatal Outcomes in Pregnant Women ...

stetrics and neonatal outcomes and signs and
symptoms in neonates and mothers represented
in Table 1.

were satisfactory and the qualities of the remain-
ing studies were excellent. After reviewing in-
cluded studies, the findings were categorized ob-

Table 1: Study characteristics of all studies included in the systematic review

Author Number of preg- Mean of Method Typical signs of viral infec- Treatment
nant wom- Gestational  of deliv- tion (n)
en/neonates Age ery (n)
Zhang L 16 pregnant 387w C/s* - -
etal (28) (COVID-19
group)
Chen SH 3 pregnant 37.6w, 2d C/s Prenatal fever (1), postpartum -
etal (13) fever (2), chest tightness (1)
Liu D et 15 pregnant 33wt1d C/S (10), Postpartum fever (1), Cough Oxygen support (nasal cannula),
al (29) NVD**(1)  (9), Sore throat (1), Dyspnea Antiviral therapy, Antibiotic thera-
(1), Myalgia (3), fatigue (4), Py
Diarrhea (1)
Zhu H et 9 mothers/10 neo- 38w, 2d C/S (), - Oseltamivir and nebulized inhaled
al (27) nates NVD (2) interferon
Chen H 9 pregnant 39w, 3d C/S 9) Post-partum fever(6), Myalgia Oxygen support (nasal cannula),
et al (20) (3), Malaise (2), Cough (4), Antiviral therapy, Antibiotic thera-
Dyspnea (1), Sore throat (2), py
Diarrhea (1)
Song L et 1 pregnant 36w, 3d C/S Decreased breath sounds and -
al (21) rales on lung auscultation
Liu Y et 13 pregnant C/S (10) - -
al (6) 33w, 3d
Wang X 1 pregnant 30 w C/s - Arbidol, Lopinavir and Ritonavi,
etal (24) Cefoperazone Sodium and Sulbac-
tam Sodium, Human Serum Albu-
min
LiYetal 1 pregnant 35w C/S - Antiviral treatment, Methylpredni-
(25) solone to relieve inflammation effu-
sion
Chen Y 4 pregnant 38w,2d C/S (3), Fever (3), cough (2), fatigue Oxygen therapy of neonate
etal (22) NVD (1) (2), headache (2), mulligrubs
(1), dyspnea (2)
Fan C et 2 pregnant 36w,3d C/S (2 Fever persisted (1), rash (1), Cefotiam hydrochloride, Ornida-
al (15) nasal congestion (1), sore zole, Methylprednisolone;
throat (1) Ceftazidime, Oseltamivir, Lianhua
Qingwen capsules, Methylpredniso-
lone
Zeng L et 33 pregnant 37w, 3d C/S (26), Postpartum fever (6), Cough Mechanical ventilation, Antibiotic,
al (20) NVD(06) (10)
Yu N et 7 pregnant 39w, 1d C/S () Cough, Shortness of breath, Oxygen support (nasal cannula),
al (23) Diarrhoea (1) Antiviral therapy (oseltamivir,
ganciclovir, interferon, arbidol
tablets), Antibiotic treatment
Chen S et 5 pregnant 39w,5d C/S (2), Post-partum fever (1), Cough -
al (14) NVD (3) (1), Sputum (1), Coryza (1)
Khan S et 3 pregnant 37w, 1d NVD (3) Fever (2), Cough (3), Chest Azithromycin, Oral Lianhua
al (16) tightness (1) Qingwen capsules, Oseltamivir
antiviral drugs, Oxygen inhalation
Wang S 1 pregnant 40 w C/s - Antiviral treatment (interferon alb
et al (30) atomized inhalation, ganciclovir),

Anti-infection (Abipenem, moxi-
floxacin), Methylprednisolone

*Cesarean Section; **Natural Vaginal Delivery
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Obstetrics outcomes

Overall, 123 pregnant women with COVID-19
were included in this review, among whom 99
patients were delivered by cesarean section and
17 by wvaginal delivery. Although most studies
found that COVID-19 does not lead to vertical
transmission of infection from mother to infant,
but one of the causes of cesarean section in af-
fected women were COVID-19 and its complica-
tions such as persistent fever (0, 14, 15, 20-22).
Based on the results of included studies, 8 pa-
tients had combined spinal and epidural anesthe-
sia and one received general anesthesia (21, 23,
24).

Based on the results of the included studies, ob-
stetrics outcomes include: decreased fetal move-
ment (22, 24, 28), increased fetal movement (23),
intrauterine fetal distress (6, 20, 24, 26-28), devel-
oped anemia (22), severe dyspnea after delivery
and required respiratory support (22), preeclamp-
sia (20, 28), Premature Rupture of Membranes
(PROM ) (6, 20, 26-28), influenza (20), preterm
labor (6, 15, 16, 20, 21, 24-29), significant in-
crease in aminotransferase concentration (20),
meconium-stained amniotic fluid (26, 28, 30),
developed fever after delivery (13, 14, 20, 26, 29,
30), severely elevated liver tests such as ALT or
AST (20) and MODS (6).

A study reported that there was no significant differ-
ence between the infected and non-infected women
in terms of maternal outcomes. Of the 16 pregnant
women, only one had severe coronavirus type, who
after active treatment, she still had clear symptoms of
chest tightness and shortness of breath. In this study,
for COVID-19 pregnant women with uterine contrac-
tion, carbetocin or carboprost tromethamine during
cesarean section was used more than the control
group, and this difference was statistically significant
28).

In the majority of the studies, no severe morbidi-
ty or mortality occurred, and the clinical features
and patterns of CT (computerized tomography)
imaging for progression among pregnant women
were similar to those of non-pregnant females
(13, 20, 21, 27, 28, 30). However, one patient's
condition deteriorated during hospitalization and
due to MODS, including respiratory distress syn-
drome requiring intubation and mechanical venti-
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lation, acute liver and kidney failure, and shock.
Then she was admitted to the intensive care unit
and supported by Extracorporeal Membrane Ox-
ygenation (ECMO) (6). Nevertheless, no mater-
nal deaths occurred in included studies.

Placenta change: Histopathological analysis of
the placenta in one study showed that 1 case had
chorioangioma and another had multifocal in-
farction; 3 cases had microscopic fibrin deposi-
tion in the villus interstitial or around the wvilli,
and local syncytia nodules increased. Other tis-
sues, including embryonic membranes and umbil-
ical cord, were not abnormal and no chotionic
inflammation and chorioamnionitis were ob-
served. Three cases of placental tissue SARS-
CoV-2 nucleic acid teste were negative (13).

Neonatal outcomes

Based on included studies, the range of neonatal
weight was 1580 to 4000 gr. The weight of thir-
teen premature neonates was under 2500 gr (20,
24, 26, 27). In addition, 1 male neonate (39w)
weighed 2810 gr, and another male neonate
(38w,4d) weighed 2450 gr were small for gesta-
tional age (SGA) and one male neonate (37w)
weighed 3800 gr was large for gestational age
(LGA) (27). Among the studied neonates, 30 ne-
onates were premature from 30w to 36w, 5d (0,
15, 16, 20, 21, 24-29). All of these neonates sur-
vived except one neonate (34 w) in Zhu H et al
study (27). In the reviewed studies, except for
one stillbirth (6), all neonates were born alive.
The Apgar score of one neonate affected by
COVID-19 were 3, 4, and 5 at 1, 5, and 10
minutes after birth, respectively (26). The rest of
neonates obtained Apgar scores = 7 at 1 and = 8
at 5 minutes after birth. Only asphyxia was re-
ported in two neonates (26, 28) which, nasopha-
ryngeal and anal swabs for SARS-CoV-2 in one
neonate were positive (20).

Vertical transmission: In most of the studies,
the samples of amniotic fluid, umbilical cord
blood, whole blood, plasma serum, throat swabs
from neonates, and breast milk were collected
and assessed for SARS-CoV-2. In majority of
included studies, there was no evidence of verti-
cal transmission and infant infection with
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COVID-19 (6, 13-16, 20-22, 24, 25, 27-29).
However, the result of five neonates were posi-
tive for SARS-CoV-2.

In the study by Zeng et al., in 33 neonates born
to mothers with COVID-19, three neonates were
positive for SARS-CoV-2. In this study, two ne-
onates were term and one was preterm. Case 1
was born at 40 weeks of gestational age by cesar-
ean section and 2 days after birth had lethargy
and fever. In physical examination, there was no
remarkable result. A chest radiographic image
showed pneumonia, but other laboratory tests
were normal. The duration of NICU (Newborn
Intensive Care Unit) was 2 days. Case 2 was born
at 40 w, 4d by cesarean delivery because of con-
firmed maternal COVID-19. He experienced
lethargy, vomiting, and fever. In physical exami-
nation, there was no remarkable result, but the
laboratory tests showed leukocytosis, lymphocy-
topenia, and an elevated creatine kinase—MB frac-
tion. A chest radiographic image showed pneu-
monia. The duration of NICU was 4 days. Case 3
was born at 31w, 2d by cesarean delivery because
of fetal distress and confirmed maternal COVID-
19. Following low Apgar score in 1, 5, and 10
minutes after birth, resuscitation was required.
The results of chest CT-Scan showed neonatal
respiratory distress syndrome and pneumonia
that improved on day 14 after treatment with
noninvasive ventilation, caffeine, and antibiotics.
The duration of NICU was 11 days. In these
three neonates, nasopharyngeal and anal swabs
were positive for SARS-CoV-2 on days 2 and 4
of life and negative until day 7. All three neonates
were discharged from hospital (20).

In another study, the nucleic acid test for the
throat swab of one neonate was positive at 36 h
after birth. This neonate was born to 34 years old
mother by cesarean section. This neonate had no
fever and cough, with mild shortness of breath
symptoms. The result of Chest x-ray showed
mild pulmonary infection. After two consecutive
negative nucleic acid test results the neonate was
discharged after 2 weeks (23).

Another infected infant that was born at 40w by
emergency cesarean delivery, half an hour after
birth, had vomiting once after feeding with for-
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mula and the blood tests showed lymphopenia,
deranged liver function tests, elevated total and
indirect bilirubin and creatine kinase level. 36
hours after birth the results of pharyngeal swab
for SARS-CoV-2 was positive. After finding evi-
dence of neonatal infection, nucleic acid tests
were performed for SARS-CoV-2 on cord blood
and placental specimens and the results were
negative. The mother’s breast milk sample was
negative for SARS-CoV-2 as well. On the six-
teenth day after birth the nucleic acid tests of the
pharyngeal and anal swabs for SARS-CoV-2 were
negative and neonate was discharged (30).
Neonatal death: In a study, a male neonate with
a gestational age of 34 w, 5 d was born to a 30-
year-old mother, who underwent a cesarean sec-
tion. The infant weighed 2200 g and had Apgar
scores of 8 and 9 at 1 and 5 minutes after deliv-
ery, respectively. At 30 minutes after delivery, due
to moaning and difficulty breathing was admitted
in NICU. This neonate had intrauterine fetal dis-
tress and his first sigh was an increase in heart
rate. This neonate’s chest X-ray was normal at
admission, but 8 days later, he developed refrac-
tory shock, multiple organ failure, and dissemi-
nated intravascular coagulation (DIC), which was
treated with transfusion of platelets, suspended
red blood cells, and plasma. His throat swab test
was negative on the ninth day of birth, and he
received no antiviral treatment during this time,
but he also died on this day (27).

Stillbirth: In a study, one neonate was born by
cesarean section at 34 weeks of age with a dead
status and zero Apgar score. During hospitaliza-
tion, the condition of this neonate’s mother dete-
riorated because of MODS and finally she was
supported by ECMO (6).

Discussion

Recently the COVID-19 has become a global
health concern. In this systematic review, we
summarize the result of 16 studies including 123
pregnant women. Most of the women were in
third trimester. The cesarean section is the com-
mon delivery method in pregnant women. This
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finding is consistent with previous studies that
reported emergency C-sections were pregnancy
complication of women with COVID-19 (6) and
MERS (31) and SARS (32). In this review, the
reasons for C-section were some medical condi-
tion such as, repeat cesarean, fetal distress,
PROM, Placenta issues, gestational diabetes and
etc. Generally, the decision on the method of de-
livery should be individualized and based on ges-
tational age, maternal and neonatal conditions
(33). According to the evidence about the safety
of anesthetic regimens in C-section of pregnant
women with COVID-19, the both general and
epidural regimes were safe in these women (34).
The result of the case report of Song et al
showed that combined spinal and epidural anes-
thesia was effective and safe in pregnant women
infected with COVID-19 and met the need for
emergent cesarean delivery (21).

There was some evidence about neonates
COVID-19 in the included studies (23, 26, 30),
but it is not clear whether the source of the infec-
tion in these neonates is from the mother or
from the environment. In addition, there is no
information about the false negative or false posi-
tive of tests. A study in China reported that the
sources of SARS-CoV-2 in the neonates were
maternal in origin, because strict infection control
and prevention procedures were implemented
during the delivery (26). However, in the majority
of studies, there was no evidence of vertical
transmission (6, 13-16, 20-22, 24, 25, 27-29). So,
the maternal-to-neonatal vertical transmission of
COVID-19 is controversial. In most studies, the
neonates were separated from the mother after
birth to reduce the chance of transmission, but
there is also currently insufficient evidence re-
garding the mother/baby separation. If the
mother is severely or critically ill, separation
should be considered (35). The result of a review
showed that in SARS vertical transmission were
not seen (30). It seems that similar to the SARS
and MERS the spread of COVID-19 occurs
mainly via respiratory droplets (5). However,
there are many unknown issue about the trans-
mission of it.
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The COVID-19 may be accompanied by some
obstetrics outcomes. In the present review, the
obstetric outcomes include, decreased fetal
movement, intrauterine fetal distress, developed
anemia, PROM, preterm labor, multiple organ
dysfunction syndrome and etc. A study in Hong
Kong in 2004 reported that SARS during preg-
nancy is associated with high incidences of spon-
taneous miscarriage, preterm delivery, and intrau-
terine growth restriction (11). Another study
showed that the pneumonia could increase the
risk of low birth weight, preterm births, restricted
fetal growth, and 5-minute Apgar score < 7 (37).
In pregnant women, similar to other adults (38),
the fever was the common clinical manifestation
at the onset of COVID-19. Another symptom in
the pregnant women including cough, sore
throat, diarrhea, dyspnea, chills, shortness of
breath. Also in SARS, which epidemic in 2002-3,
the fever was the common symptom of pregnant
women (39). Evidence showed that the intrapar-
tum fever might lead to neonatal outcomes (40).
In this review, the feto-neonatal outcomes of
pregnant with COVID-19 were fetal distress,
prematurity, low birth weight, neonatal asphyxia,
stillbirth, multiple organ failure and DIC. The
preterm labor and fetal distress are the common
outcomes in this study. This finding is consistent
with a study which reported the fetal distress,
PROM and stillbirth and preterm delivery were
the pregnancy complication of women with
COVID-19 (6). A rapid review reported that pre-
term delivery affected 42% of women with
COVID-19 (41). In addition, a study showed that
the pregnancy of 12 pregnant with SARS were
complicated by IUGR, preterm labor and spon-
taneous abortion (11). Due to insufficient infor-
mation, and different infection duration, severe
and symptoms, different immune system of
pregnant women the interpretation of studies
finding and determination the causal link be-
tween neonatal complication and COVID-19 in-
fection, is not possible.

In contrary with Wong’s results, that were three
deaths occurred from 12 pregnant women with
SARS (11), there was not any death associated
with COVID-19 in the pregnant women. The
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other type of coronavirus had worsened maternal
outcomes. Among 1308 patients with MERS, 5
cases were pregnant women and 2/5 (40%) of
them were died (42). In addition, in 10 pregnant
women during the outbreak of SARS, the adverse
maternal outcomes including: renal failure, sepsis,
deaths, ICU admission (39). In overall, the im-
mune system of pregnant women was complex.
Therefore, in each pregnant woman based on the
gestational age, the immune system, the infection
duration and severity the maternal and neonatal
outcomes will be different. The equipment, phys-
ical space and human resource are necessary in
management of obstetric triage (43).

The Nasal oxygen therapy is the common respir-
atory support for pregnant women. Maternal hy-
poxia might affect the brain function of neonatal
in later life (44). According the world health or-
ganization recommendation, the management
option in pregnant women with sever COVID-19
is oxygen therapy for achieving the SpO, = 92—
95% (45). Most of women receive the treatment
plan after the delivery. Antiviral therapy (such as
oseltamivir) is one of the treatment options in
participants of included studies. Evidence
showed that there are no adverse pregnancy out-
comes of oseltamivir using during pregnancy
(40).

The physicians should investigate the risk-benefit
of antiviral therapy in pregnant women. Overall,
close collaboration and coordination between
midwifery and neonatal unit are needed to man-
agement of maternal and neonatal outcome fol-
lowing COVID-19. The multidisciplinary team
should be managed the pregnant women with
COVID-19 and their newborns of these women
should be isolated until 2 weeks.

Conclusion

The obstetrics and neonatal outcomes following
COVID-19 were divers. It may cause negative
outcomes in both mothers and neonates. How-
ever, there were evidence about neonate infected
with COVID-19, but there is controversial in-
formation about the wvertical transmission of
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COVID-19. Therefore, due to the high transmis-
sibility of this virus, the treatment team should be
aware of the possibility of vertical transmission
and they should take the necessary measures. If
the mother is severely or critically ill, separation
should be considered.

Although, the studies report some obstetric and
neonatal outcomes but the exact causes of theme
are not known, and there is need the future stud-
ies to clear the causal link between these out-
comes and COVID-19 infection.
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