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a  b  s  t  r  a  c  t

Background:  To this  end,  the  influence  of  COVID-19  on pregnant  women  and  their  neonates  is  not
completely  clear.  Therefore,  the  main  aim  of  this  study  is  to  investigate  maternal  and  neonatal  clinical  out-
comes  with  confirmed  COVID-19  infection.  Besides,  it investigates  the likelihood  of vertical  transmission
of  COVID-19  infection  from  pregnant  women  to  their  neonates.
Methods:  A  retrospective  descriptive  study  was  conducted  in three  medical  centers  during  the period
from  March  to  November  2020.  Data  were  collected  from  the  available  medical  records  in the  respective
hospitals  using  a standardized  questionnaire  on maternal  and neonatal  clinical  outcomes.  All  pregnant
women  with  confirmed  COVID-19  infection  across  the  three  hospitals  and  their  neonates  were  eligible to
participate  in  this  study.  Descriptive  statistics  were  presented  as  a  median  and  interquartile  range  (IQR)
or frequencies  and  percentages  as  appropriate  using  SPSS  24.0  software.
Results:  This  study  has  identified  a  total  of  288 pregnant  women  with  confirmed  COVID-19  infection
over  the study  period  of a median  age  of 30  years  and  median  GA  at  diagnosis  38  weeks  (IQR:  39  -33)
as  well  as  27%  of  them  were  obese  (n =  78).  The  majority  of  pregnant  women  were  symptomatic  with
cough  (n  =  92,  31.9%)  being  the  most  frequent  COVID-19  symptom  followed  by fever and  dyspnea  (n  =  36,
12.5%).  Two-hundred  and  four  pregnant  delivered  (70.84%)  and  caesarean  sections  were  prevalent  among
35.8% of them.  The  most  common  adverse  pregnancy  outcome  was  premature  (n =  31,  15.5%),  followed
by  fetal  distress  (n = 13, 6.5%), preeclampsia  (n = 4, 2.0%),  and  one  pregnant  woman  died.  The  laboratory

results  exhibit  that  temperature  higher  than  38  (n = 27),  leukopenia  (n  = 19),  neutropenia  (n =  54),  ALT
(n  = 12),  AST  (n = 31),  and  thrombocytopenia  (n = 35)  were  less  frequent  among  pregnant  women  while
lymphopenia  (n = 126),  hemoglobin  levels  lower  than 13.0  (n =  218),  deceased  albumin  levels  (n = 195)
were  most  frequent  among  them.  However,  a small  proportion  of  pregnant  women  were  admitted  to
the  ICU  (3.8%).  The  most  frequent  maternal  treatments  were  antibiotics  (n = 81),  antiviral  (n  = 49),  and

corticosteroid  (n =  24).  Of  204  neonates,  four  had  died  and  all  the  remaining  neonates  were  alive.  The
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median  gestational  age  at delivery  was  39  weeks  (IQR:  35–40).  Most  neonates  had  normal  laboratory
results. However,  14  had  lymphopenia  (7.0%),  22  had  neutropenia  (11.0%),  and  11  had  thrombocytopenia
(5.5%).  Four  infants  had  low  hemoglobin  levels  of less  than  13.0  (2.0%)  and  81  had  hyperbilirubinemia  (e.g.,
total bilirubin  of higher  than  23; 40.5%).  Approximately  less  than  one-half  of  neonates  required  admission
to the  NICU  (n  =  86,  43%),  7% of them  required  respiratory  support  of  mechanical  ventilation,  and  none  of
them  get  infected  with  COVID-19  disease.
Conclusion:  This  multicenter  study  suggests  that  the majority  of pregnant  women  had  mild  or  moderate
disease  symptoms.  Nevertheless,  this  study  did not  find  any  evidence  of  possible  vertical  transmission  of
COVID-19  infection  from  mothers  to  their  babies.  This study  may  provide  a  baseline  for  further  studies
focusing  on  investigating  long-term  maternal  and  neonate’s  outcomes  and  possible  vertical  transmission
of COVID-19  from  mothers  to  their  newborn  babies.

©  2021  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  King  Saud  Bin Abdulaziz  University  for
 open
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Health  Sciences.  This  is an

Introduction

The viral respiratory infection associated with the novel coro-
navirus disease (COVID-19) that was firstly emerged in Wuhan
in China in December 2019 has spread out rapidly among peo-
ple worldwide. This disease caused a global health crisis and it has
been confirmed as a pandemic and as a Public Health Emergency
of International Concern (PHEIC) by the World Health Organization
(WHO) [1–3]. Positive confirmed cases mostly develop symptoms
including fever, dry cough, headache, and fatigue or tiredness, loss
of smell, and taste. In severe cases, patients may  develop loss of
breath, confusion, loss of appetite, and pneumonia [4].

Pregnant women are being considered at a high risk of get-
ting viral respiratory infections and having symptomatic of severe
pneumonia because of the changes in their physiological character-
istics including immune and cardiopulmonary systems that arise
during pregnancy [5,6]. The earlier viral infectious diseases such
as the Middle East respiratory syndrome coronavirus (MERS) and
the Severe Acute Respiratory Syndrome coronavirus (SARS), and
influenza suggest that pregnant women are particularly suscepti-
ble to adverse outcomes such as admission to an intensive care unit
(ICU) and death [7–9].

There is a growing debate regarding the clinical outcomes of
maternal and neonates with confirmed COVID-19 [10–41]. The
study of Chen et al. was among the first exploratory studies that
assessed the clinical outcomes and possibility of vertical transmis-
sion to their neonates among nine pregnant with COVID-19 disease
in Wuhan [10]. Various studies have shown that most pregnant
women have mild to moderate COVID-19 symptoms while a small
proportion of them have developed severe symptoms including
high temperature and pneumonia. However, almost all previous
studies did not detect any possible vertical transmission to the
neonates. A recent systematic review and meta-analysis indicated
that approximately less than one-third (i.e., 31.1%) of pregnant
women were admitted to ICU and 2.7% have died while about 11.3%
of newborn infants admitted to ICU and 2.2% of them experienced
perinatal death. However, no cases of transmission from mothers
to their fetus were detected over the study period [11]. High body
mass index and maternal age and pre-existing comorbidities were
found among the most common risk factors to manifest severe
COVID-19. The rates of preterm birth were higher among COVID-19
infected pregnant women than non-infected pregnant women  with
COVID-19 [13]. Various systematic reviews indicated that preg-
nant and non-pregnant women shared almost similar symptoms of
COVID-19 and the likelihood of vertical transmission from infected
mothers to their neonates was rare [14,15]. A study by Ferrazzi et al.

found that only three out of 42 neonates were positively infected
with COVID-19 who were born to mothers with COVID-19 in Italy
[16]. Even though there are enormous studies on the effects of

•
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OVID-19 infection on pregnant women, newborns, and the possi-
ility of vertical transmission, there is no strong and sufficient data
o provide evidence regarding these effects [14].

With this current COVID-19 outbreak, the current knowledge
oncerning the effects of COVID-19 on pregnant women and their
eonates is still unclear and scarce. Therefore, this study aims to

nvestigate the COVID-19 clinical manifestations and outcomes of
aternal and neonates as well as exploring the possibility of verti-

al transmission of COVID-19 from mothers to their new-borns.

aterials and methods

tudy design and setting

This is a retrospective cohort and multicenter study of posi-
ively COVID-19 infected pregnant women  who  delivered at the
esigned three selected hospitals located in Riyadh city in Saudi
rabia during the period from March 2020 to November 2020. The
ospitals are King Fahad Medical City (KFMC), Al-Yammamah hos-
ital (AYH), and Imam Abdulrahman Al-Faisal hospital (AIAAFH).
he study population comprises all pregnant women with COVID-
9 who delivered and not delivered at the respective hospitals, and
heir neonates from March 2020 to November 2020 are included
n the study, which is retrospectively selected as a study sam-
le. All deliveries across hospitals were carefully revised and all
ases that had positive PCR test results were included along with
heir neonates in the sample. Thus, the final sample consists of
88 pregnant women and their respective neonates (Four patients
ad twins). All pregnant women and their neonates were triaged
ccording to the WHO  protocol and guidelines [42,43]. PCR samples
ere taken from neonates to diagnose them for COVID-19 infection

n each respective hospital. In KFMC, PCR samples were taken from
eonates after 12 and 36 h of delivery while in other hospitals they
ere taken after 24 and 48 h of delivery. All pregnant women with

onfirmed covid-19 and their neonates would be included in the
tudy and fit the inclusion criteria.

ata collection

Data were collected from the available medical records in the
espective hospitals using a standardized Data collection sheet on

aternal and neonatal clinical outcomes during the period from
arch to November 2020. The investigators reported all pregnant
omen  and their neonates successively observed who were eligible

o participate in this study as follows:
Maternal characteristics including age, GA at admission, preg-
nancy/birth, DM,  hypertension, gestational age, COVID-19
symptoms, respiratory support, mode of delivery, corticosteroid
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Table 1
Maternal characteristics with COVID-19 infection.

Age (years) 30.0 (35–26)
Gestational age at diagnosis in weeks 38 (39–33)

Comorbid conditions N (%)
Diabetes Mellitus (DM) 7 (2.4%)
Chronic Hypertension (HTN) 7 (2.4%)
Asthma 7 (2.4%)
Hypothyroidism 9 (3.1%)
Cardiac disease 1 (0.3%)
Chronic lung disease 1 (0.3%)
Obesity 78 (27.1%)
Anemia 13 (4.5%)

COVID-19 symptoms
Fever on admission 36 (12.5%)
Fever after admission 8 (2.7%)
Cough 92 (31.9%)
Sore throat 33 (11.5%)
Dyspnea/chest pain 36 (12.5%)
Fatigue 17 (5.9%)
Myalgia 2 (0.7%)
Malaise 8 (2.8%)
Diarrhea 8 (2.8%)
Nausea or vomiting 7 (2.4%)
Asymptomatic 41 (14.2%)

Delivered
Yes 204 (70.8%)
No  84 (29.2%)

Number of fetuses
Single 200 (98%)
Twin 4 (2%)

Mode of delivery
Viginal 131 (64.2%)
Cesearean (C-section) 73 (35.8%)

Adverse pregnancy outcomes
Premature or preterm delivery 31 (15.5%)
Prolonged rupture of membrane (PROM) 16 (8%)
Fatal distress 13 (6.5%)
Preeclampsia 4 (2.0%)
Mortality 1 (0.5%)

Maternal Respiratory Support Needed
No support 176 (61.1%)
NC  11 (3.8%)
HFNC 6 (2.1%)
Face mask 27 (9.4%)
CPAP 4 (1.4%)
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Fig. 1. Distribution of the sample by medical center.

received, antibiotic, antiviral, lab results, ICU admission, and mor-
tality.

• Neonatal characteristics including PCR result, days from birth
to COVID-19 detection, sex, neonatal death, birth weight, GA at
delivery, 1-min and 5-min APGAR scores, respiratory support,
PCR result 1st, and 2nd sample, lab results, and mortality.

Ethical consideration and data protection

For confidentiality, the data will be assured that all information
provided will be treated in strict confidentiality and will be used
solely for research purposes. All forms will be stored in a locked file
cabinet in a locked office and will be erased on completion of the
research. To assure anonymity the name will not be written, or any
identifying information in any part of the research. The study has
been approved by the research committee in King Fahad Medical
City.

Statistical analysis

This study utilized SPSS 24.0 software to perform all statistical
analysis. All continuous variables were presented as a median and
interquartile range (IQR) as appropriate. All categorical variables
were presented as frequencies and percentages.

Results

The current study has identified 288 pregnant women  with con-
firmed COVID-19 infection from the three hospitals distributed as
King Fahad Medical City (KFMC), Al-Yammamah hospital (AYH),
and Imam Abdulrahman Al-Faisal hospital (AIAAFH) as indicated
in Fig. 1.

The median age of pregnant women included in the current
study was 30 years (IQR: 35–26) and the median gestational
age at diagnosis was 38 weeks (IQR: 39–33). Less than one-
third of pregnant women were obese (n = 78, 27.1%). Thirteen
patients had anemia pre-existing disease (4.5%), nine patients
had hypothyroidism (3.1%), seven patients had diabetes melli-
tus, chronic hypertension, and asthma (2.4%), and one patient had
cardiac and chronic lung diseases (0.3%). Most pregnant women
developed COVID-19 symptoms (n = 247, 85.8%) in which the most
prevalent symptom was cough (n = 92, 31.9%) followed by fever on
admission and dyspnea (n = 36, 12.5%). The majority of participants
did not need respiratory support (n = 176, 61.1%). However, about
9.4% of pregnant women need respiratory support of face mask

(n = 27), 3.8% need nasal cannula (NC) support (n = 11), 2.1% need
High flow nasal cannula (HFNC) and mechanical ventilator support
(n = 6), and 1.4% need continuous positive airway pressure (CPAP)
support (n = 4) (Table 1).

T
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Mechanical ventilator 6 (2.1%)
Missing 58 (20.1%)

The majority of pregnant women  were delivered (n = 204, 70.8%)
nd with single fetus (n = 200, 98%). Viginal delivery was prevalent
mong approximately less than two-thirds of delivered women
n = 131, 64.2%). The most common adverse pregnancy outcome
as premature (n = 31, 15.5%), followed by fetal distress (n = 13

6.5%), Preeclampsia (n = 4, 2.0%), and one pregnant woman died
Table 1).

The laboratory test results of pregnant women are presented
n Table 2. Eight pregnant women had pneumonia revealed from

 chest x-ray diagnosis (2.8%). About 9.4% of patients had a tem-
erature higher than 38 (n = 27). Nineteen pregnant women had

eukopenia (6.6%), 54 had neutropenia (18.6%) and 126 had lym-
hopenia (43.8%). Elevated alanine aminotransferase (ALT) and
spartate aminotransferase (AST) were observed in 4.2% (n = 12)
nd 10.8% (n = 31), respectively. Thrombocytopenia (i.e., <150) was
etected among 12.2% of pregnant women (n = 35) and higher
latelet count (i.e., >450) was  detected among 2.4% of them (n = 7).

he majority of patients had hemoglobin levels lower than 13.0
n = 218, 75.7%) and had decreased albumin levels (n = 195, 67.7%).

The most common maternal treatment was  antibiotics (n = 81,
8.1%). Forty-nine patients were given antiviral (17.0%) and 24 were
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Table  2
Maternal laboratory tests and treatment.

CT 8 (2.8%)
Temp > 38 27 (9.4%)
Wight blood cells (WBC)
<4000 19 (6.6%)
4000–12000 179 (62.2%)
>12000 44 (15.3%)
Missing 46 (15.9%)

Lymphocyte
<20% 126 (43.8%)
20–40% 88 (30.5%)
>40% 6 (2.1%)
Missing 68 (23.6%)

Neutrophils
<40% 54 (18.6%)
40–75% 136 (47.2)
>75% 45 (15.6)
Missing 54 (18.6)

Platelet count
<150 35 (12.2%)
150–450 226 (78.5%)
>450 7 (2.4%)
Missing 20 (6.9%)

Hemoglobin
<13.0 218 (75.7%)
≥13.0 28 (9.7%)
Missing 42 (14.6%)

Alanine aminotransferase (ALT)
<7 20 (6.9%)
7–40 220 (76.4%)
>40 12 (4.2%)
Missing 36 (12.5%)

Aspartate aminotransferase (AST)
<13 18 (6.2)
13–35 203 (70.5%)
>35  31 (10.8%)
Missing 36 (12.5)

Albumin
<40 195 (67.7%)
40–55 35 (12.2%)
≥55 0 (0.0%)
Missing 58 (20.1%)
Treatment and Medication
Corticosteroid 24 (8.3%)
Antibiotics 81 (28.1%)
Antiviral 49 (17.0%)

Table 3
Neonates clinical outcomes of mothers infected with COVID-19.

Neonate outcome
Alive 200 (98.0%)
Fetal death 4 (2.0)
Neonatal death 0 (0.0%)
Gestational age at delivery (weeks) 39 (35–40)
Birth weight (in grams)
<2500 g 29 (14.5%)
2500–4000 g 170 (85.0%)
>4000 g 1 (0.5%)
1-min Apgar score
<5 18 (9.0%)
≥5 182 (91.0%)
5-min Apgar score
<5 5 (2.5%)
≥5 195 (97.5%)

Neonatal lab test
WBC
<4000 0 (0.0%)
4000–12000 95 (47.5%)
>12000 105 (52.5%)
Lymphocyte
<20% 14 (7.0%)
20–40% 142 (71.0%)
>40% 44 (22.0%)
Neutrophils
<40% 22 (11.0%)
40–75% 174 (87.0%)
>75% 4 (2.0%)
Platelet count
<150 11 (5.5%)
150–450 186 (93%)
>450 3 (1.5%)
Hemoglobin
<13.0 4 (2.0%)
13.0–17.5 58 (29.0%)
≥17.5 138 (69.0%)
Total bilirubin
<23 119 (59.5%)
≥23 81 (40.5%)
COVID-19 test result All negative

Neonatal complications and treatment
NICU admission 86 (43.0%)
IUGR 3 (1.5%)
Length of Stay (days) 8 (13–7)
Corticosteroid or antiviral 0 (0.0%)
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ICU admission 11 (3.8%)
Length of stay in hospital (LOS) in days 3 (4–1)

given corticosteroid (8.3%). Eleven pregnant women were admitted
to the ICU (3.8%). Of 11 patients admitted to the ICU, one patient
developed almost all COVID-19 symptoms and was in the 25th
week of gestational age, and 10 pregnant women had cough and
chest pain (pneumonia) and were between 28 and 36 weeks’ ges-
tational age. The median length of stay in the hospital was three
days (IQR: 4–1) and all patients discharged except one patient had
died (Table 2).

Neonatal clinical outcomes are shown in Table 3. There were
200 neonates were born for 200 pregnant women and 4 fetal deaths
observed during the period of the study. The median gestational age
at delivery was 39 weeks (IQR: 35–40) and the majority of neonates
had normal birth weight (2500–4000 g, n = 170, 85.0%), had 1-min
Apgar score higher than 5 (n = 182, 91.0%), and had 5-min Apgar
score higher than 5 (n = 195, 97.5%). The laboratory test results indi-
cate that no neonate had leukopenia, 14 had lymphopenia (7.0%),

22 had neutropenia (11.0%), and 11 had thrombocytopenia (5.5%).
Four infants had low hemoglobin levels of less than 13.0 (2.0%) and
81 had hyperbilirubinemia (e.g., total bilirubin of higher than 23;
40.5%).

T
w
p
n

705
Antibiotics 62 (31.0%)
Mechanical ventilator support needed 14 (7.0%)

Neonatal complications were observed among some neonates
here 86 of them were admitted to the NICU (43.0%), three of them

ad IUGR (1.5%), and 14 neonates required respiratory support of
echanical ventilation (7.0%). The most common treatment given

o neonates was antibiotics (n = 62, 31.0%) and all of them were dis-
harged with a median length of stay of 8 days interquartile range
IQR: 13–7) (Table 3). The COVID-19 PCR test results after 12 h or
4 h of delivery and 36 or 48 h of delivery were all negative. There-
ore, none of the neonates had confirmed COVID-19 infection, and
hus no evidence was  found of vertical transmission from mothers
o their neonates during the study period (Table 3).

iscussion

The current study aims to investigate the clinical characteristics
nd outcomes of pregnant women  and neonates with COVID-19
ho  were admitted into three different hospitals located in Riyadh,

audi Arabia over the period from March 2020 to November 2020.

herefore, this study retrospectively includes all pregnant women
ith COVID-19 infection who were either delivered or continued

regnancy resulted in a multicenter sample of 288 patients and 200
eonates over the study period. This study is among the first studies
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conducted in Saudi Arabia that differed from other overseas prelim-
inary reports and studies in which it includes to some extent a large
cohort of pregnant women and neonates [10,17,22,23,29,32,37].

The results from the present study indicate that the majority
of pregnant women with COVID-19 infection were symptomatic,
85.8%. The most common COVID-19 symptoms among preg-
nant women were cough (31.9%) and fever and dyspnea (12.5%),
which is congruent with most previous research and reports
[12,14,15,17,22,23,29,32,37,38,41]. A retrospective cohort study in
the New York City hospital in the United States found that dry
cough, fever, and myalgias at the presentation were among the
most common COVID-19 symptoms among pregnant women  [38].
A most recent systematic review and meta-analysis found that the
most observed complaints by pregnant women were fever (76%;
95% C.I is [57%–90%]) and cough (38%; 95% C.I is [28%–47%]) [12].
Also it has been reported that fever, cough, and dyspnea were
among the most common symptoms of COVID-19 at presentation
plus fatigue, and myalgia [14,15]. Those symptoms were also com-
mon  among infected pregnant women in Kuwait [41]. Other less
common symptoms were sore throat, fatigue, myalgia, malaise,
diarrhea, and vomiting [12,15,38,41]. However, a systematic review
of sixty studies indicated that about 43.5–92.0% of pregnant women
were asymptomatic [21,34]. The current study indicates that the
majority of pregnant women  were hospitalized due to Covid-19
disease during their 3rd trimester (i.e., median GA at presenta-
tion was 38 weeks), which consistent with the findings of most
overseas studies [10,12,27,30,37,38]. However, the study in Kuwait
showed that most pregnant women were hospitalized at a median
gestational age of 29 weeks in addition to some Chinese studies
which showed that the average gestational age at presentation was
30 weeks [18,41,42]. The most prevalent comorbidity conditions
were obesity (27.1%) and anemia (4.5%). The study conducted in
the New York City hospital found obesity and mild intermittent
asthma as the most prevalent comorbidity conditions of pregnant
women [38].

Maternal laboratory tests indicate that the majority of preg-
nant women had hemoglobin levels lower than 13.0. However,
lymphopenia was observed among 43.8% of pregnant women.
Neutropenia, thrombocytopenia, higher body temperature (i.e.,
>38), and leukopenia were observed among 18.6%, 12.2%, 9.4%,
and 6.6% of them, respectively. In addition, increased concen-
tration of AST and ALT were observed among 10.8% and 4.2%
among patients, respectively. Hemoglobin levels were in the nor-
mal  range among the majority of pregnant women. The findings
are consistent with previous research and reports but the preva-
lence of laboratory tests was variant [10,12,14,15,41,44,45]. More
specifically, lymphopenia was common not only among preg-
nant women with COVID-19 infection but also among the general
population with confirmed COVID-19 infection [34,46,47]. More-
over, more than two-thirds of pregnant women in the current
study delivered, and only four of them had twin fetuses. Cesarean
section and vaginal modes were observed as methods of deliv-
ery where the last mode being most prevalent among delivered
women (64.2%). This finding is consistent with previous findings
as these delivery methods were observed in previous research
[12,14,15,17,22,23,29,32,37,38,41]. A recent systematic review and
meta-analysis indicated that the prevalence of cesarean section was
detected in several studies and ranged from 66.7% to 100% of preg-
nant women where the pooled percentage of cesarean section was
88% [12]. Another systematic review found that cesarean section
was presented among 78.1% of pregnant women with confirmed
COVID-19 infection [14]. In Wuhan Children’s Hospital, Kuwait,

and New York City Center hospital, cesarean section was  carried
out among 78.8%, 47.8%, and 44.4% of pregnant women, respec-
tively [37,38,41]. The most frequent adverse pregnancy outcomes
and complications were premature (15.5%), fetal distress (6.5%),
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reeclampsia (2.0%), and one maternal death (0.5%) for which
hese complications had occurred among pregnant women who
ere in less than 37 weeks of gestational age. The current study

s in line with previous findings that found that premature, fetal
istress, preeclampsia, placenta praevia, uterine rupture, gesta-
ional diabetes, hypertension, fetal asphyxia, stillbirth, abortion,
nd maternal death were being among the broad adverse preg-
ancy outcomes [10,12–16,18,20,21,34,38,41,45,48].

Following maternal treatment, patients were mostly medi-
ated with antibiotics, antivirals, and corticosteroid medications.
urthermore, a small proportion of pregnant women required res-
iratory support and admission to the ICU (3.8%) and mostly they
ave developed symptoms of pneumonia and were between 28
nd 36 weeks’ gestational age. Almost all of them have been
ischarged from the hospital with 3 days median length of
tay except one patient had died. Our findings are in line with
revious research findings, which provide evidence of low ICU
dmission and very low mortality rates among pregnant women
10,12–15,18,21,34,38,41,45,48]. A recent systematic review and

eta-analysis revealed that the proportion of admission to ICU
as 4% in several studies [12]. Likewise, the pooled percent-

ge of admission to ICU among pregnant women was 13% [13].
nother systematic review found that 4.7% of pregnant women
ere required admission to the ICU [14]. Mortality rates were

xtremely low as indicated in several studies and most studies
id not report any deaths [12–15,41,45,49]. Recent studies have
hown that the ICU admission and mortality rates among pregnant
omen are comparable with the general population infected with

OVID-19 disease [26,50]. Therefore, maternal COVID-19 clinical
utcomes are almost similar to those among general individuals
ith confirmed COVID-19 infection [51]. Of 200 newborns included

n the current study, there were 15.5% of them are born preterm
nd the median gestational age at delivery was  39 weeks. Simi-
arly, a retrospective descriptive study in Kuwait and a prospective
ohort study in the United Kingdom found that about 26.6% and
6% of newborns were preterm infants, respectively, which is
igher than our findings [41,50]. The pooled percentage of preterm
abies was 23%, which higher than our proportion [12]. The median
estational age at delivery of 38 weeks in these studies [41,50].
owever, a systematic review shows that the average gestational
ge at delivery ranged from 28 to 41 weeks [14]. This study also
hows that a small proportion of newborns had birth weights
ess than 2500–4000 g, which congruent with previous studies
10,12,14,15,41,44,45]. Almost all neonates had 1-min and 5-min
pgar scores of higher than 5 meaning that almost all of them did
ot require assistance for establishing breathing at 1-min and 5-
in  of age [52]. We found almost similar results to those revealed

n various studies for which these studies indicated that both 1-
in  and 5-min Apgar scores were 7–9 and 8–10, respectively

10,14,20,36,38,41,44,45,53,54].
The laboratory tests indicate that lymphopenia, neutropenia,

hrombocytopenia, and low hemoglobin levels were less fre-
uently prevalent among neonates. Meanwhile, neonatal jaundice
as prevalent among 40.5% of neonates in this study. However,

o leukopenia among them was  observed. A retrospective study
ssessed clinical outcomes of 10 neonates born to mothers with
onfirmed COVID-19 infection in China indicated that there is a
hance of adverse perinatal complications such as thrombocytope-
ia, fetal distress, and premature as a result of abnormal liver

unction [23]. Some studies indicated that fever, pneumonia, lym-
hopenia, respiratory distress syndrome, low birth weight, and
apid heart rate were among the frequent neonatal complica-

ions who were born for mothers of confirmed COVID-19 infection
10,23,37,55]. Meanwhile, another retrospective study conducted
n Wuhan did not find any evidence of these neonatal complications
54]. The rate of neonatal admission to the ICU was somewhat high
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(43%) and the IUGR was 1.5% of neonates. There were no neonatal
deaths and the median length of stay was 8 days but there were
four cases of fetal deaths. A study in Italy showed that adverse
neonatal outcomes were preterm birth (26%) as a result of wors-
ening maternal COVID-19 symptoms and spontaneous labor [16].
A recent report in China showed that about 47% of all newborns
were transferred to the NICU and there was one neonatal death
due to severe neonatal asphyxia [26]. Moreover, a cohort study
in the United States indicates that about 63.6% of neonates were
transferred to the NICU and no neonatal death was observed [56].
The current study also finds that antibiotic medication was  given
to 31% of neonates and about 7% of neonates needed mechanical
ventilation support but this was probably due to the neonatal com-
plications of preterm delivery at lower than 37 weeks not due to
COVID-19 infection [12].

All alive newborns in this study were not infected with COVID-
19 disease and we did not find any evidence of vertical transmission
from mothers with confirmed COVID-19 infection to neonates. This
finding is congruent with most previous studies that showed little
evidence of possible vertical transmission [23,27,38]. A system-
atic review and meta-analysis show that the pooled percentage
of infected neonates with COVID-19 disease was  6% indicate new-
borns are at low risk of infection [12]. In Kuwait, only 2 out of 185
neonates got infected for infected mothers with COVID-19 [41].
Nevertheless, the current knowledge on vertical transmission of
COVID-19 from mothers to their neonates in most review studies
is inconclusive [12,14,15]. Therefore, further studies are needed to
provide strong evidence regarding vertical transmission potentials.

The current study adds further knowledge to the currently avail-
able evidence regarding clinical outcomes among maternal who are
infected with COVID-19 and the infection risk among their neonates
and mostly the current findings are almost consistent with previous
research reports. To the best of the authors’ knowledge, this is the
first-ever exploratory multicenter study conducted in Saudi Arabia
that focused on assessing the clinical outcomes of COVID-19 disease
among pregnant women and the possible vertical transmission to
their neonates.

This study, however, is subject to some potential limitations.
First, the lack of full medical records exhibited by the presence
of some missing values limits our attempts to investigate some
potential maternal and neonatal complications. Second, this is
a descriptive study and thus we were not able to draw some
inferences in terms of testing and comparing two  groups. For
example, testing whether there are significant differences in clin-
ical outcomes among pregnant and non-pregnant with confirmed
COVID-19 infection. The generalizability of this study should be
interpreted with caution since the medical records had a loss of
follow-up over the study period and the prevalence of disease
may  differ greatly according to the geographic regions especially in
those with low disease prevalence due to heterogeneity in health
conditions across regions and therefore the results may  not be gen-
erable to all regions or medical centers. Therefore, further studies
are needed to provide in-depth state of art of COVID-19 outcomes
among maternal and neonates at the national level.

Conclusion

This is a multicenter study carried out in three different hospi-
tals located in Riyadh, Saudi Arabia. This study revealed that the
majority of pregnant women had mild or moderate disease symp-

toms. Nevertheless, this study did not find any evidence of possible
vertical transmission of COVID-19 infection from mothers to their
babies. The findings of this study shed light on some important
interventions and implications concerning improving the health

[
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ystems and may  insist on some policy interventions for disease
revention control strategies during this current pandemic.

Finally, this study may  provide a baseline for further stud-
es focusing on investigating long-term maternal and neonate’s
utcomes and possible vertical transmission of COVID-19 from
others to their newborn babies.
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