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Abstract. – OBJECTIVE: To evaluate the clin-
ical manifestations and outcomes of neonates 
born to women who had Coronavirus Disease 
2019 (COVID-19) during pregnancy. 

MATERIALS AND METHODS: A systemat-
ic literature search was conducted on PubMed 
and Embase till April 15, 2020, by combining 
the terms (COVID-19, Severe Acute Respirato-
ry Syndrome Coronavirus 2, SARS-CoV-2, Nov-
el Coronavirus, 2019-nCov, Wuhan pneumonia) 
and (pregnancy, pregnant women, mother, fe-
tus, neonate, newborn, infant).

RESULTS: We included 16 case series and 12 
case reports describing a total of 223 pregnant 
women and 201 infants. Four newborns born to 
mothers affected by COVID-19 were reported to 
have laboratory-confirmed Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2) 
infection within 48 hours after birth. However, 
Reverse Transcription-Polymerase Chain Reac-
tion tests of the breast milk, placenta, amniot-
ic fluids, and cord blood and maternal vaginal 
secretions were all negative for SARS-CoV-2 in 
the reported cases. Fetal death was reported in 
two cases, and 48 of 185 newborns (25.9%) were 
born prematurely. Infants born small for gesta-
tional age and low birth weight (< 2,500 g) ac-
counted for 8.3% and 15.6% of reported cases, 
respectively. Birth asphyxia and respiratory dis-
tress syndrome were observed in 1.8% and 6.4% 
of neonates, respectively. There was one neo-
natal death due to intractable gastric bleeding 
among the SARS-CoV-2-negative infants. 

CONCLUSIONS: Current evidence suggests 
that COVID-19 during pregnancy rarely affects 
fetal and neonatal mortality, but can be associ-
ated with adverse neonatal morbidities. Vertical 
transmission has not been observed in the ma-
jority of the reported cases. The infants born to 
mothers with COVID-19 are carefully monitored 
for accompanying complication, and quarantine 
of infected mothers is warranted.

Key Words:
COVID-19, SARS-CoV-2, Newborn, Infant, Pregnan-

cy, Outcome.

Introduction

The outbreak of the Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2), which 
was first reported in Wuhan, China, is now spread-
ing throughout the world with high infectivity and 
fatality rates1. This Novel Coronavirus has caused 
special concern in pregnant women and newborns, 
because previous Severe Acute Respiratory Syn-
drome Coronavirus (SARS-CoV-1) and Middle 
East Respiratory Syndrome Coronavirus (MERS-
CoV) outbreaks caused high case mortality rates 
and severe complications in pregnant women 
and their fetuses and newborns2-5. Furthermore, 
pregnant women and neonates were both highly 
susceptible to infection and hypoxia6-8. Whether 
SARS-CoV-2 virus can be vertically transmitted 
from mother to fetus is also a crucial interest9. 

However, knowledge of neonatal outcomes 
when mothers are infected with Coronavirus 
Disease (COVID-19) during pregnancy is still 
limited to several case reports and case series. We 
conducted a systematic review of the published 
literature to assess the clinical impact of maternal 
SARS-CoV-2 infection during pregnancy on in-
fants, including clinical and laboratory character-
istics of infants and their mothers, maternal and 
neonatal outcomes, and evidence of mother-to-in-
fant vertical transmission.

Materials and Methods

This review was performed in accordance with 
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses Statement (PRISMA)10. 
Ethical approval was not required for this review.

Search Strategy
Medline/PubMed and Embase were searched 

by combining the terms (COVID-19, Severe 
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Acute Respiratory Syndrome Coronavirus 2, 
SARS-CoV-2, Novel Coronavirus, 2019-nCov, 
Wuhan pneumonia) and (pregnancy, pregnant 
women, mother, fetus, neonate, newborn, in-
fant) to identify studies that report on neonates 
born to mothers affected by COVID-19 during 
pregnancy. The search was executed on April 
15, 2020. Additional studies were identified 
by examining the reference lists of relevant 
articles. No language or data restrictions were 
applied to the search.

Study Selection
SHY and JGA independently screened the 

titles and abstracts for potential relevance and 
conducted full-text reviews of the selected arti-
cles. Any disagreements were resolved by a third 
reviewer (JMK) following a discussion with all 
three reviewers. Studies were included if they re-
ported demographic and clinical characteristics, 
as well as maternal and neonatal outcomes for 
mothers with confirmed COVID-19 (Figure 1). 
We classified articles that reported more than five 
cases as case series and those that reported fewer 
than five cases into a case report. Descriptive 
statistics were applied to case reports for summa-
rizing the data.

We excluded articles if they included neonates 
born to mothers who were not confirmed to have 
COVID-19 during pregnancy or if they did not 
address the outcomes of neonates or their moth-
ers. Reviews, editorials, expert opinions, letters, 
and animal experiments not presenting original 
data were excluded, as well as studies reporting 
cases with incomplete information. If studies 
separately addressed the data of laboratory-con-
firmed and clinically confirmed COVID-19-pos-
itive pregnant women, we only included the in-
formation on the laboratory-confirmed pregnant 
women. 

Data Extraction
Two authors (SHY and JGA) independently 

extracted the following variables: first author, 
date of publication, and country; neonatal out-
comes, including birth weight, incidence of pre-
maturity, incidence of birth asphyxia (defined as 
an Apgar score at 5 minutes of < 4)11, incidence 
of low birth weight (LBW, < 2,500 g)12, inci-
dence of small for gestational age (SGA), Apgar 
scores at 1 and 5 minutes, clinical manifesta-
tions (e.g., fever, shortness of breath), laboratory 

findings if available, and fetal and neonatal 
mortality13; diagnostic method used to document 
COVID-19, type of samples used for testing, the 
number of laboratory tests performed for SARS-
CoV-2, and the number of laboratory confirmed 
SARS-CoV-2 cases; and the incidence of radio-
logic confirmed pneumonia and number of chest 
computed tomography (CT) scans performed. 
Information for mothers who were confirmed 
COVID-19 positive was also extracted as fol-
lows: demographics, epidemiological history, 
gestational ages at presentation and delivery, di-
agnostic method for COVD-19 confirmation, the 
number of confirmed cases and confirmed cases 
by Reverse Transcription Polymerase Chain Re-
action (RT-PCR), clinical signs and symptoms 
at presentation, laboratory findings, number of 
births, delivery mode, maternal complications, 
and pregnancy outcomes.

Statistical Analysis
Statistical analysis was performed using SPSS, 

version 25.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were presented as mean 
with standard deviation. Categorical variables 
were described as number of cases and percent-
ages (%).

Results 

Study Selection and Characteristics
The search revealed 170 results; after the 

removal of duplicate articles and exclusion 
of studies based on titles and abstracts, 37 
relevant studies were identified for full test 
review. Of these, seven studies were exclud-
ed due to a lack of information on whether 
COVID-19 was diagnosed in pregnancy or 
lack of information regarding perinatal out-
comes. Two were excluded due to duplicat-
ed patient information. Therefore, 28 articles 
were finally included in the systematic review 
(Figure 1). 

All studies were case reports or series. Our 
review included 16 case series14-29 and 12 case 
reports30-41 published between February 10, 2020, 
and April 13, 2020, most of them were from Chi-
na14-23,25-34,37,38,40,41. There was one report each from 
Honduras35, Iran39, South Korea36, and the USA24. 
The studies included a total of 223 pregnant 
women and 201 infants; the main characteristics 
of these studies are shown in Table I.
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Clinical Characteristics and 
Outcomes of Neonates Born to 
COVID-19 Infected Mothers

Among the 223 COVID-19 confirmed preg-
nant women, 201 (90.1%) women delivered before 
end of the studies (Table I). The reported number 
of live births was 201 (including 2 twin births). 
Among 185 neonates for whom the method of de-
livery was available, 163 (88.1%) were delivered 
by Cesarean section and 22 (11.9%) were deliv-
ered vaginally (Table II). Gestational age at birth 
ranged from 30 weeks  plus 6 days to 41 weeks 
plus 5 days. Birth weight ranged from 1880 g 
to 4050 g. Forty-eight of 185 newborns (25.9%) 
were born prematurely. Infants born SGA ac-
count for five of 60 cases (8.3%) and infants born 
LBW accounted for 15 of 96 cases (15.6%). Three 
of 168 (1.8%) neonates with available data had 
birth asphyxia. A majority of Apgar scores at 1 
min and 5 min were 8 to 9 and 9 to 10, respec-
tively (Table II).

Mostly reported infants born to COVID-19 
confirmed mothers were asymptomatic (68 of 73 
cases, 93.2%). The most common clinical man-
ifestations included shortness of breath (9.6%), 
gastrointestinal symptoms (e.g., feeding intoler-

ance, vomiting) (7.2%), respiratory distress syn-
drome (RDS, 6.4%), and fever (4.0%) among the 
reported cases (Table II). Radiologic confirmed 
pneumonia was shown in 18 of 68 neonates 
(26.5%). Among them, three cases were diag-
nosed as bacterial pneumonia17. One neonate was 
applied mechanical ventilation22. DIC was found 
in two cases14. Neonatal death has been report-
ed in one case (one of 177 cases, 0.6%), due to 
gastric bleeding with disseminated intravascular 
coagulation (DIC)14. 

Clinical Characteristics of Who 
Were Confirmed COVID-19 by 
Laboratory Tests

Among the 201 neonates born to COVID-19 
confirmed mothers, 167 (83.1%) were performed 
laboratory tests, and four neonates (2.4%) were 
confirmed SARS-CoV-2 infection by RT-PCR. 
One case was confirmed by throat swab at 36 
hours after birth21 and other three cases by naso-
pharyngeal and anal swab on 2 days after birth22. 
Liu et al29 reported one case who showed positive 
RT-PCR test results in throat swab, but the result of 
repeated check on the same sample was negative, 
indicating false-positivity. Zeng et al23 reported 
two neonates and Dong et al34 reported one neo-
nate who had elevated SARS-CoV-2 IgM (≥10 AU/
mL) in their serum but all of their nasopharyngeal 
samples showed negative RT-PCR results. 

The clinical and laboratory characteristics of 
the four confirmed neonates with SARS-2 in-
fection by RT-PCR are shown in Table III. All 
four patients were delivered by cesarean sec-
tion due to their maternal COVID-19 pneumo-
nia. All patients were male. One neonate (25%) 
had fetal distress and delivered prematurely (31 
weeks plus 2 days) with LBW (1580 g)22. All 
neonates showed pneumonia on chest imaging. 
Fever (50%), lethargy (50%), and vomiting (75%) 
were the most frequent clinical manifestations. 
Lymphocytopenia and leukocytosis were found 
in two of the three neonates (75%). One neonate 
showed elevated procalcitonin level, despite other 
laboratory test results being normal22. 

One neonate who delivered prematurely need-
ed resuscitation because of birth asphyxia22. He 
was treated and showed improvement with anti-
biotics, noninvasive ventilation, and caffeine for 
respiratory distress syndrome, pneumonia, and 
suspected sepsis (positive blood culture with En-
terobacter agglomerates).

No special treatment as antiviral agent was 
given. All infected neonates recovered well and 

Figure 1. Flow diagram of the study selection process.
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Table I. Characteristics of the included studies.

							       Patients who		  Neonatal	
						      Confirmed	 delivered	 Number	 confirmed	
						      pregnant	 before end	 of	 cases/test	
						      women	 of study	 neonates,	 performed	
	 Authors	 Date	 Country	 Study area	 Study period	 cases, n	 period, n (%)	 n	 cases, n (%)	 Reference

Zhu et al14	 10-Feb-20	 China	 Hubei Province, China	 Jan 20 – Feb 5, 2020	   9*	   9 (100)	 10	 0/9 (0)	 [14]
Liu et al15	   4-Mar-20	 China	 Outside Wuhan, China	 Dec 8, 2019 – Feb 25, 2020	 13	 10 (77)	   9	 0/9 (0)	 [15]
Chen et al6	   7-Mar-20	 China	 Wuhan, China	 Jan 20 – Jan 31, 2020	 9	   9 (100)	   9	 0/6 (0)	 [16]
Zhang et al17	   7-Mar-20	 China	 Hubei Province, China	 Jan 30 – Feb 17, 2020	 16	 16 (100)	 16	 0/10 (0)	 [17]
Chen et al18	 16-Mar-20	 China	 Wuhan, China	 Jan 30 – Feb 23, 2020	 17	 17 (100)	 17	 0/17 (0)	 [18]
Liu et al19	 18-Mar-20	 China	 Wuhan, China	 Jan 20 – Feb 10, 2020	 15	 11 (73)	 11	 0/11 (0)	 [19]
Liu et al20	 20-Mar-20	 China	 Wuhan, China	 Jan 27 – Feb 14, 2020	 16†	   6 (38)	   6	 NA	 [20]
Yu et al21	 24-Mar-20	 China	 Wuhan, China.	 Jan 01 – Feb 08, 2020	   7	   7 (100)	   7	 1/3 (33)	 [21]
Zeng et al22	 26-Mar-20	 China	 Wuhan, China	 Jan – Feb, 2020	 33	 33 (100)	 33	 3/33 (9)	 [22]
Zeng et al23	 26-Mar-20	 China	 Wuhan, China.	 Feb 16 – Mar 6, 2020	   6	   6 (100)	   6	 0/6 (0)	 [23]
Breslin et al24	 27-Mar-20	 USA	 New York, USA	 until Mar 25, 2020	   7	   2 (29)	   2	 0/2 (0)	 [24]
Chen et al25	 28-Mar-20	 China	 Wuhan, China	 Jan 20 – Feb 10, 2020	   5	   5 (100)	   5	 0/5 (0)	 [25]
Li et al26	 30-Mar-20	 China	 Wuhan, China	 Jan 24 – Feb 29, 2020	 16	 16 (100)	 17	 0/3 (0)	 [26]
Khan et al27	   8-Apr-20.	 China	 Wuhan, China	 Jan 25 – Feb 15, 2020	 17	 17 (100)	 17	 0/17 (0)	  [27]
Yang et al28	 10-Apr-20	 China	 Wuhan, China	 Jan 20 – Jan 29, 2020	   7	   7 (100)	   7	 0/7 (0)	 [28]
Liu et al29	 13-Apr-20	 China	 Wuhan, China	 Jan 31 – Feb 29, 2020	 10§	 10 (100)	 10	 0/10 (0)‡	 [29]
Case reports	 28-Feb-20	  China (9), Honduras (1), Iran (1), 	 Jan 10 – Mar 19, 2020	 20	 20 (100)	 19	 0/19 (0)	 [30-41]
  (N=12)	 to 11-Apr-20	 South Korea (1)						    
Total	 10-Feb-20 – 	   China (24), Honduras (1), Iran (1),	 Dec 8, 2019 –	 223	 201 (90)	 201	 4/167 (2.4)	 [14-41]
	 13-Apr-20	 South Korea (1), U.S.A (1)	 Mar 25, 2020				  

NA: not available *All confirmed cases in this table were laboratory diagnosed, except one pregnant woman clinically diagnosed and integrated in a case series. †Only included 
laboratory-confirmed cases. ‡One case had positive SARS-CoV-2 RT-PCR in throat swab, but repeated check on the same sample showed that the result was negative (false 
positive). §Only included laboratory-confirmed cases.
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Table II. Clinical characteristics and outcomes of infants born to mothers with COVID-19.

Cases were described as number or number/ (total available case numbers except missing values) in the study. NA: not available. RT: respiratory tract specimen; SGA, small for gestational age; LBW, low birth weight; NP, nasopharynx; PCR, polymerase chain reaction; 
GI, Gastrointestinal. *Data unavailable in six neonates. †Three newborns were diagnosed with bacterial pneumonia. ‡Three of 17 neonates (including neonates born to clinically confirmed mothers, whom were not included in this review) had weight lower than 2700 
g. §The range of Apgar score was not described in the study. ¶There was no clinical evidence of COVID-19 in the infants. ††The study included total of 18 pregnant women (9 clinically and 10 laboratory-confirmed). Among them, eighteen pregnant women delivered by 
cesarean section and one by vaginal delivery. However, the exact number of delivery mode in laboratory confirmed women was not described. **Mean, 38 week ± 0.2 day. &None of the neonates needed special treatment.
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showed negative RT-PCR results before the end 
of the studies, mostly within 1 week after birth 
(75%). Maternal samples were collected for eval-
uating vertical transmission (cord blood and 
breast milk for all neonates, amniotic fluid for 3 
neonates, placenta specimen for one neonate), all 
samples had negative RT-PCR results for SARS-
CoV-2 (Table III).

Maternal Clinical and 
Laboratory Characteristics 
With Pregnancy Outcomes

The maternal age at admission ranged from 
22 to 41 years and the gestational age ranged 
from 12 to 41 weeks plus 2 days at presentation. 
Seventy-nine of 98 cases (80.6%) had an epidemi-
ological/exposure history (Table IV). 

Regarding clinical manifestations, mothers 
with COVID-19 usually appeared with: fever, 
85 of 201 cases (42.3%); cough, 64 of 201 cases 
(31.8%); myalgia, 12 of 56 cases (21.4%); and 
dyspnea/short of breath, 16 of 142 cases (11.3%). 
92.5% (185 of 200 cases) of confirmed women 
had pneumonia on CT scan. Leukocytosis was 
reported in 28 of 89 cases (31.5%) and lymphocy-
topenia was in 52 of 120 cases (43.3%). C-reactive 
protein concentration (CRP) was elevated in 65 of 
103 cases (63.1%). 

Regarding pregnancy outcome, premature rup-
ture of membrane was reported in 16 of 126 cases 
(12.7%) and preterm labor was reported in 22 of 
97 cases (22.7%). Fetal distress was reported in 
15 of 141 cases (10.6%). There were two still-
births15,39. Post-partum fever was reported in 34 
of 99 cases (34.3%). 

Five cases received mechanical ventilation and 
intensive care unit (ICU) care15,24,31,39. Among 
them, two cases developed acute respiratory dis-
tress syndrome (ARDS)15,39 and they delivered 
stillbirths. One of them was still on the extracor-
poreal membrane oxygenation (ECMO) when the 
case was reported15, and one of them expired39. 
Other cases recovered well. 

Discussion

The evidence from our systematic review of 
these studies suggests that the effect of COVID-19 
during pregnancy on the fetal and neonatal mor-
tality is low, but can be associated with adverse 
neonatal outcomes. Although four newborns born 
to mothers affected COVID-19 were reported as 
having laboratory-confirmed early onset SARS-

CoV-2 infection, vertical transmission has not 
been observed in the majority of neonates born 
to mothers with COVID-19. 

For SARS-CoV-1 and MERS-CoV, intrauter-
ine-vertical transmission has not been report-
ed42,43. In this review, all the positive results of 
RT-PCR for SARS-CoV-2 were from the samples 
obtained within 48 hours after birth (one at 36 
hours and three at 2 days after birth) with the 
quarantine of their mothers. However, it does not 
confirm whether the newborns had the infection 
in the mother’s womb or were infected during de-
livery, particularly because no RT-PCR tests for 
the newborns were done immediately after birth. 
Furthermore, false-positive results of RT-PCR on 
neonatal throat swab were also reported29.

Zeng et al23 and Dong et al34 showed that 
three neonates had elevated SARS-CoV-2 IgM 
(≥10 AU/mL) in their serum, which are al-
so suggestive of neonatal infection, because 
IgM is not generally passed from maternal to 
neonate23. However, all their nasopharyngeal 
samples showed negative RT-PCR results. The 
sensitivity and specificity of IgM tests vary 
according to diseases and these tests are usu-
ally are less reliable than molecular diagnostic 
tests based on nucleic acid amplification and 
detection44. Particularly, the results for RT-PCR 
of the breast milk, placenta, amniotic fluids, 
and cord blood and maternal vaginal secretions 
were all negative for SARS-CoV-2 among the 
included studies. These suggest that mater-
nal-infant vertical transmission does not appear 
to be common in SARS-CoV-2. We recommend 
that further serologic studies with validation 
should be done, with repeated data on RT-PCR 
test results immediately after birth, to reduce 
the false-positive results and obtain clear evi-
dence of vertical transmission of SARS-CoV-2 
from an infected mother to her newborn. In 
addition, follow-up of neonates is needed to 
determine whether the disease occurs in the 
newborn.

Among the neonates who were confirmed to 
have the SARS-CoV-2 infection by RT-PCR, 
typical features of pneumonia, such as fever and 
shortness of breath were shown in half (50%), 
but the most frequent reported clinical mani-
festation was vomiting (75%). The most severe 
confirmed neonatal case was of a newborn who 
was delivered prematurely (31 weeks plus 2 days) 
due to fetal distress and suffered RDS along with 
suspected bacterial sepsis22. Clinical symptoms 
and chest imaging of all infected neonates recov-
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Table III. Clinical characteristics and outcomes of infants confirmed SARS-CoV-2 infections.

	 Authors	 Yu N et al.	 Zeng L et al.	 Zeng L et al.	 Zeng L et al.

Gender	 Male	 Male	 Male	 Male
Birth weight (g)	 3,250	 3,250	 3,360	 1,580
Gestational weeks at delivery	 39 weeks plus 2 days	 40 weeks	 40 weeks plus 4days	 31weeks plus 2 days
Delivery mode	 Caesarean delivery	 Cesarean delivery	 Cesarean delivery	 Cesarean delivery
Reason for Cesarean section	 Confirmed maternal	 Meconium-stained amniotic fluid	 Confirmed maternal	 Fetal distress and
	 COVID-19 pneumonia	 and confirmed maternal	 COVID-19 pneumonia	 confirmed maternal
		  COVID-19 pneumonia		  COVID-19 pneumonia
Apgar scores at 1 min, 5 min	 8, 9	 NA	 NA	 3, 4
Fetal distress	 NA	 NA	 NA	 Yes
Birth asphyxia	 No	 No	 No	 Yes
Sample	 Throat swab	 Nasopharyngeal and anal swab	 Nasopharyngeal and anal swab	 Nasopharyngeal and anal swab
Diagnostic method	 PCR	 PCR	 PCR	 PCR
Confirmed time after birth	 36 h after birth	 2 days after birth	 2 days after birth	 2 days after birth
Day of negative PCR	 Negative twice within 2 weeks 	 Negative on day 6	 Negative on day 6	 Negative on day 7
	 after admission*	
Mother’s sample	 Placental specimen, cord blood, 	 Amniotic fluid, cord blood, and	 Amniotic fluid, cord blood, and	 Amniotic fluid, cord blood, and
	 and breast milk	 breast milk	 breast milk	 breast milk
Fever	 No	 Yes	 Yes	 No
Lethargy	 No	 Yes	 Yes	 No
Cyanosis	 No	 No	 No	 Yes
Cough	 No	 No	 No	 No
Shortness of breath	 Yes	 No	 No	 Yes
Respiratory distress syndrome	 No	 No	 No	 Yes
Vomiting	 Yes	 No	 Yes	 Yes
Asymptomatic	 No	 No	 No	 No
Radiology-confirmed pneumonia	 Yes	 Yes	 Yes	 Yes
Chest CT performed	 Yes	 No	 No	 Yes
Lymphocytopenia (< 3,000 cells/μL)	 NA	 No	 Yes	 Yes
Leukocytosis (> 15,000 cells/μL)	 NA	 No	 Yes	 Yes
Thrombocytopenia (< 150,000 cells/μL)	 NA	 No	 No	 No
Mechanical ventilation	 No	 No	 No	 Yes
Antibiotics	 Yes	 No	 No	 Yes
Antiviral agent	 NA	 No	 No	 No
Mortality	 No	 No	 No	 No
References	 [21]	 [22]	 [22]	 [22]

NA: not available; COVID-19, coronavirus disease 2019; CT, computed tomography; LBW, low birth weight; PCR, polymerase chain reaction. *The neonate was admitted to 
Wuhan Children’s Hospital after the nucleic acid test result was positive at 36 h after birth.
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Table IV. Maternal characteristics and pregnancy outcomes.

Cases were described as number or number/ (total available case numbers except missing value) in the study. *All confirmed cases in this study were laboratory diagnosed, except one clinically case integrated in a 
case series. †Only included laboratory confirmed cases. ‡Epidural anesthesia group (n=14), 29.5 years; general anesthesia group (n=3), 28.7 years. §All confirmed cases in this study were laboratory diagnosed, but the 
authors did not describe which specific laboratory test were performed. ¶Some confirmed pregnant women presented with symptoms such as cough, chest tightness, shortness of breath, and diarrhea, but the frequency 
of each symptom was not specifically described in the study. **No cases presented respiratory symptoms on admission or during hospital stay. IIAll cases showed mild clinical manifestations. #One case presented 
with abdominal pain. ††There was no complication among the included pregnant women. §§One pregnant woman in the case reports was reported to receive respiratory support, but no specific method was described. 
We did not count the case as mechanical ventilation case in this review. ***Some of the enrolled pregnant women had premature rupture of membrane, but the number of cases was not described in the study.
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ered well without antiviral agents. One neonate 
was discharged21 and the others showed stable 
vital signs at the time of publication22. A recent 
systematic literature review45 on COVID-19 in 
children showed that children often have milder 
disease than adults, and deaths have been ex-
tremely rare. In our review, although the number 
of confirmed COVID-19 cases in newborns was 
small, the prognosis for newborns infected with 
COVID-19 was good.

Regarding morbidity and mortality of neonates 
born to mothers with COVID-19, fetal distress 
was reported in 10.6% of cases with available 
data and one of four (25.9%) infants was born 
prematurely, mainly due to fetal distress and/
or maternal COVID-19 pneumonia. The most 
frequently reported morbidity was pneumonia 
(26.5%), followed by LBW (15.6%), SGA (8.3%), 
RDS (6.4%), and birth asphyxia (1.8%). However, 
all reported cases were discharged healthy or 
were still hospitalized in stable condition, except 
one neonatal death14. This newborn was born 
prematurely (at 34 gestational weeks plus 5 days) 
and presented with shortness of breath, which de-
veloped 30 minutes after delivery. He developed 
multiple organ failure with DIC at eight days of 
life and died on 9th day of life. His nucleic acid 
testing on throat swab taken from 9th day was 
negative for SARS-CoV-214. Because of relatively 
higher premature birth rates in pregnant women 
with COVID-19 than the worldwide average46, 
neonatal morbidity and mortality are suspected 
to be due to prematurity rather than SARS-CoV-2 
infection of newborns. However, SARS-CoV-2 
infection during pregnancy might lead to hypox-
emia or respiratory failure, which causes fetal 
distress, stillbirth, and preterm labor, and need of 
a premature delivery by cesarean section for ma-
ternal ventilation47. The incidence of spontaneous 
miscarriage in the first trimester was reported to 
be 57% in SARS-CoV-1 affected women4 and the 
incidence of fetal death was reported to be 27% in 
MERS-CoV infection5, but only two fetal deaths 
have been reported in SARS-CoV-2 infection so 
far15,39. Still, a long-term investigation into the im-
pact of COVID-19 on the fetus during early and 
mid-term pregnancy is warranted.

The SARS-CoV-1 and MERS-CoV infec-
tions were associated with high maternal mor-
tality rates of 25%4 and 35%5, respectively. It 
is found that the genome sequence of SARS-
CoV-2 is similar to that of SARS-CoV-1 (about 
79%) and MERS-CoV (about 50%)48, however, 
only five cases received ICU and ventilator care 

among the 103 pregnant women with confirmed 
COVID-19 (4.9%) and one maternal death was 
reported so far39. Among five cases who re-
ceived ICU care with confirmed COVID-19, 
Liu et al15 reported a patient with ARDS and 
multiple organ dysfunction syndrome (MODS) 
who was still supported with ECMO at the 
time of report of the case. Wang et al31 reported 
a previously healthy young pregnant woman 
without special medical history who was ad-
mitted to ICU after diagnosis of COVID-19 
and underwent emergency cesarean section due 
to fetal distress at 30 weeks plus 6 days. The 
maternal outcomes were not reported. Karami 
et al39 reported a 27-year old woman who was 
previously healthy and presented with fever, 
cough, and myalgia at 30 weeks plus 7 days 
of gestation. Her initial chest radiography and 
CT scan did not show typical viral pneumonia. 
Her condition deteriorated and she eventually 
required mechanical ventilation; she died due 
to multiorgan failure and ARDS. Autopsy re-
vealed positive RT-PCR result for SARS-CoV-2 
in the lungs. This is the first maternal death of 
a patient with confirmed COVID-19. 

Breslin et al24 reported two ICU admission 
cases, one for uncontrolled bleeding (uterine at-
ony) and the other for respiratory distress after 
delivery. The first patient was discharged home 
but the second remained hospitalized with on-go-
ing oxygen therapy. It is noteworthy that these 
two patients and their husbands did not complain 
of typical symptoms of viral pneumonia, such 
as cough, fever, or sore throat, before admis-
sion. Recently, Sutton et al49 reported results of 
universal screening for SARS-CoV-2 for asymp-
tomatic pregnant women who were admitted for 
delivery; 210 of the 211 asymptomatic pregnant 
women (99.5%) were tested via nasopharyngeal 
swabs, and 29 (13.7%) of them were positive for 
SARS-CoV-2 (we did not include this letter in our 
analysis, because there were no neonatal data). 
In our review, among the COVID-19-confirmed 
mothers, 16 of 97 cases (16.5%) presented with 
no symptoms. Therefore, even in asymptomatic 
mothers in the COVID-19 epidemic area, active 
COVID-19 screening should be used to manage 
the mothers and their newborn.

The limitation of our review is that case re-
ports or case series of small numbers of cases 
and low quality were included; there are miss-
ing data, such as demographic, laboratory and 
outcome data, which might have caused publi-
cation bias and consequently outcomes might 
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have been overestimated. However, we tried to 
include as many available cases in the review 
as possible and to present information focusing 
on infants born to mothers with verified SARS-
CoV-2 (except for one case in a case series, 
they are all laboratory-confirmed SARS-CoV-2 
affected mothers). It is necessary to further per-
form epidemiological studies with larger sample 
sizes, appropriate comparison groups, and con-
trol of confounders.

Conclusions

The majority of reported infants born to 
COVID-19 confirmed mothers showed no clinical 
abnormalities. SARS-CoV-2 virus was not detect-
ed in most of the neonates born to COVID-19-af-
fected mothers, although four neonates showed 
a positive RT-PCR result within 48 hours after 
birth. Current evidence suggests that maternal 
and fetal mortality is lower with COVID-19 than 
with SARS-CoV-1 and MERS-CoV infection. 
However, COVID-19 during pregnancy might 
cause severe neonatal and maternal morbidity, 
even death. Therefore, careful monitoring of 
mothers with COVID-19 and their neonates for 
possible complications and quarantine of infected 
mothers to prevent neonatal infection, are war-
ranted. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

Availability of Data and Materials
The data used in the present study are appropriately cited.

Authors’ Contribution
SHY and JGA were responsible for the study’s conception/
design, investigation and data analysis as well as the draft-
ing of the manuscript. JMK also performed data analysis 
and interpretation. The authors read and approved the fi-
nal manuscript.

References

  1)	 Singhal T. A review of coronavirus disease-2019 
(COVID-19). Indian J Pediatr 2020; 87: 281-286.

  2)	 Favre G, Pomar L, Musso D, Baud D. 2019-nCoV 
epidemic: what about pregnancies? Lancet 2020; 
395: e40.

  3)	 Schwartz DA, Graham AL. Potential maternal 
and infant outcomes from (Wuhan) Coronavirus 
2019-nCoV infecting pregnant women: lessons 
from SARS, MERS, and other human Coronavi-
rus infections. Viruses 2020; 12: 194.

  4)	 Wong SF, Chow KM, Leung TN, Ng WF, Ng TK, 
Shek CC, Ng PC, Lam PW, Ho LC, To WW, Lai ST, 
Yan WW, Tan PY. Pregnancy and perinatal out-
comes of women with severe acute respiratory 
syndrome. Am J Obstet Gynecol 2004; 191: 292-
297.

  5)	 Alfaraj SH, Al-Tawfiq JA, Memish ZA. Middle East 
Respiratory Syndrome Coronavirus (MERS-CoV) 
infection during pregnancy: report of two cases & 
review of the literature. J Microbiol Immunol Infect 
2019; 52: 501-503.

  6)	 Goodnight WH, Soper DE. Pneumonia in pregnan-
cy. Crit Care Med 2005; 33: S390-397.

  7)	 O’Day MP. Cardio-respiratory physiological ad-
aptation of pregnancy. Semin Perinatol 1997; 21: 
268-275.

  8)	 van Well GTJ, Daalderop LA, Wolfs T, Kramer BW. 
Human perinatal immunity in physiological condi-
tions and during infection. Mol Cell Pediatr 2017; 
4: 4.

  9)	 Chan GJ, Lee AC, Baqui AH, Tan J, Black RE. Risk 
of early-onset neonatal infection with maternal 
infection or colonization: a global systematic re-
view and meta-analysis. PLoS Med 2013; 10: 
e1001502.

10)	 Moher D, Liberati A, Tetzlaff J, Altman DG, The 
PG. Preferred reporting items for systematic re-
views and meta-analyses: the PRISMA state-
ment. PLoS Med 2009; 6: e1000097.

11)	 Dzakpasu S, Joseph KS, Huang L, Allen A, Sauve R, 
Young D. Decreasing diagnoses of birth asphyxia 
in Canada: fact or artifact. Pediatrics 2009; 123: 
e668-e672.

12)	 Blencowe H, Krasevec J, de Onis M, Black RE, An 
X, Stevens GA, Borghi E, Hayashi C, Estevez D, Ce-
golon L, Shiekh S, Ponce Hardy V, Lawn JE, Cousens 
S. National, regional, and worldwide estimates of 
low birthweight in 2015, with trends from 2000: a 
systematic analysis. Lancet Glob Health 2019; 7: 
e849-e860.

13)	 Barfield WD. Standard terminology for fetal, in-
fant, and perinatal deaths. Pediatrics 2016; 137: 
e20160551.

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

15)	 Liu Y, Chen H, Tang K, Guo Y. Clinical manifes-
tations and outcome of SARS-CoV-2 infection 
during pregnancy. J Infect 2020. Doi: 10.1016/j.
jinf.2020.02.028. [Epub ahead of print].

16)	 Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, Li 
J, Zhao D, Xu D, Gong Q, Liao J, Yang H, Hou W, 
Zhang Y. Clinical characteristics and intrauterine 
vertical transmission potential of COVID-19 infec-
tion in nine pregnant women: a retrospective re-



S.H. Yoon, J.-M. Kang, J.G. Ahn

7814

view of medical records. Lancet 2020; 395: 809-
815.

17)	 Zhang L, Jiang Y, Wei M, Cheng BH, Zhou XC, Li J, 
Tian JH, Dong L, Hu RH. [Analysis of the pregnan-
cy outcomes in pregnant women with COVID-19 
in Hubei Province]. Zhonghua Fu Chan Ke Za Zhi 
2020; 55: E009.

18)	 Chen R, Zhang Y, Huang L, Cheng BH, Xia ZY, Meng 
QT. Safety and efficacy of different anesthetic 
regimens for parturients with COVID-19 under-
going Cesarean delivery: a case series of 17 pa-
tients. Can J Anaesth 2020; 67: 655-663.

19)	 Liu D, Li L, Wu X, Zheng D, Wang J, Yang L, Zheng 
C. Pregnancy and perinatal outcomes of women 
with Coronavirus Disease (COVID-19) pneumo-
nia: a preliminary analysis. AJR Am J Roentgenol 
2020: 215: 1-6.

20)	 Liu H, Liu F, Li J, Zhang T, Wang D, Lan W. Clinical 
and CT imaging features of the COVID-19 pneu-
monia: Focus on pregnant women and children. J 
Infect 2020; 80: e7-e13.

21)	 Yu N, Li W, Kang Q, Xiong Z, Wang S, Lin X, Liu Y, 
Xiao J, Liu H, Deng D, Chen S, Zeng W, Feng L, Wu 
J. Clinical features and obstetric and neonatal 
outcomes of pregnant patients with COVID-19 
in Wuhan, China: a retrospective, single-cen-
tre, descriptive study. Lancet Infect Dis 2020; 
20: 559-564.

22)	 Zeng L, Xia S, Yuan W, Yan K, Xiao F, Shao J, Zhou W. 
Neonatal early-onset infection with SARS-CoV-2 
in 33 neonates born to mothers with COVID-19 
in Wuhan, China. JAMA Pediatr 2020; e200878. 
Doi: 10.1001/jamapediatrics.2020.0878. Online 
ahead of print.

23)	 Zeng H, Xu C, Fan J, Tang Y, Deng Q, Zhang W, 
Long X. Antibodies in infants born to mothers with 
COVID-19 pneumonia. JAMA 2020; 323: 1848-
1849.

24)	 Breslin N, Baptiste C, Miller R, Fuchs K, Goffman D, 
Gyamfi-Bannerman C, D’Alton M. Coronavirus dis-
ease 2019 in pregnancy: early lessons. Am J Ob-
stet Gynecol MFM 2020; 2: 100111.

25)	 Chen S, Liao E, Cao D, Gao Y, Sun G, Shao Y. Clin-
ical analysis of pregnant women with 2019 nov-
el coronavirus pneumonia. J Med Virol 2020; 
doi:10.1002/jmv.25789.

26)	 Li N, Han L, Peng M, Lv Y, Ouyang Y, Liu K, Yue L, 
Li Q, Sun G, Chen L, Yang L. Maternal and neona-
tal outcomes of pregnant women with COVID-19 
pneumonia: a case-control study. Clin Infect Dis 
2020; ciaa352. doi: 10.1093/cid/ciaa352. Online 
ahead of print. 

27)	 Khan S, Jun L, Nawsherwan, Siddique R, Li Y, Han G, 
Xue M, Nabi G, Liu J. Association of COVID-19 with 
pregnancy outcomes in health-care workers and 
general women. Clin Microbiol Infect 2020; 26: 
788-790.

28)	 Yang P, Wang X, Liu P, Wei C, He B, Zheng J, Zhao 
D. Clinical characteristics and risk assessment of 
newborns born to mothers with COVID-19. J Clin 
Virol 2020; 127: 104356.

29)	 Liu W, Wang J, Li W, Zhou Z, Liu S, Rong Z. Clini-
cal characteristics of 19 neonates born to moth-
ers with COVID-19. Front Med 2020; 14: 193-198.

30)	 Chen S, Huang B, Luo DJ, Li X, Yang F, Zhao Y, 
Nie X, Huang BX. [Pregnant women with new 
coronavirus infection: a clinical characteristics 
and placental pathological analysis of three 
cases]. Zhonghua Bing Li Xue Za Zhi 2020; 49: 
E005.

31)	 Wang X, Zhou Z, Zhang J, Zhu F, Tang Y, Shen X. 
A case of 2019 Novel Coronavirus in a preg-
nant woman with preterm delivery. Clin Infect Dis 
2020; doi:10.1093/cid/ciaa200.

32)	 Li Y, Zhao R, Zheng S, Chen X, Wang J, Sheng X, 
Zhou J, Cai H, Fang Q, Yu F, Fan J, Xu K, Chen Y, 
Sheng J. Lack of vertical transmission of severe 
acute respiratory syndrome coronavirus 2, China. 
Emerg Infect Dis 2020; 26: 1335-1336.

33)	 Fan C, Lei D, Fang C, Li C, Wang M, Liu Y, Bao Y, Sun 
Y, Huang J, Guo Y, Yu Y, Wang S. Perinatal trans-
mission of COVID-19 associated SARS-CoV-2: 
should we worry? Clin Infect Dis 2020; ciaa226. 
doi: 10.1093/cid/ciaa226. Online ahead of print. 

34)	 Dong L, Tian J, He S, Zhu C, Wang J, Liu C, Yang 
J. Possible vertical transmission of SARS-CoV-2 
from an infected mother to her newborn. JAMA 
2020; 323: 1846-1848.

35)	 Zambrano LI, Fuentes-Barahona IC, Bejarano-Torres DA, 
Bustillo C, Gonzales G, Vallecillo-Chinchilla G, San-
chez-Martínez FE, Valle-Reconco JA, Sierra M, Bonil-
la-Aldana DK, Cardona-Ospina JA, Rodríguez-Morales 
AJ. A pregnant woman with COVID-19 in Central 
America. Travel Med Infect Dis 2020; 101639. doi: 
10.1016/j.tmaid.2020.101639. Online ahead of print.

36)	 Lee DH, Lee J, Kim E, Woo K, Park HY, An J. Emer-
gency cesarean section on severe acute respira-
tory syndrome coronavirus 2 (SARS- CoV-2) con-
firmed patient. Korean J Anesthesiol 2020. doi: 
10.4097/kja.20116. Online ahead of print. 

37)	 Chen Y, Peng H, Wang L, Zhao Y, Zeng L, Gao H, Liu 
Y. Infants born to mothers with a new Coronavirus 
(COVID-19). Front Pediatr 2020; 8: 104.

38)	 Xiong X, Wei H, Zhang Z, Chang J, Ma X, Gao 
X, Chen Q, Pang Q. Vaginal delivery report of a 
healthy neonate born to a convalescent moth-
er with COVID-19. J Med Virol 2020; 10.1002/
jmv.25857. doi: 10.1002/jmv.25857. Online ahead 
of print.

39)	 Karami P, Naghavi M, Feyzi A, Aghamohammadi M, 
Novin MS, Mobaien A, Qorbanisani M, Karami A, 
Norooznezhad AH. Mortality of a pregnant pa-
tient diagnosed with COVID-19: a case report 
with clinical, radiological, and histopathological 
findings. Travel Med Infect Dis 2020; 101665. 
Doi: 10.1016/j.tmaid.2020.101665. Online ahead 
of print.

40)	 Khan S, Peng L, Siddique R, Nabi G, Nawsherwan, 
Xue M, Liu J, Han G. Impact of COVID-19 in-
fection on pregnancy outcomes and the risk of 
maternal-to-neonatal intrapartum transmission 
of COVID-19 during natural birth. Infect Control 
Hosp Epidemiol 2020; 41: 748-750.



Clinical outcomes of 201 neonates born to mothers with COVID-19: a systematic review

7815

41)	 Peng Z, Wang J, Mo Y, Duan W, Xiang G, Yi M, Bao 
L, Shi Y. Unlikely SARS-CoV-2 vertical transmis-
sion from mother to child: a case report. J Infect 
Public Health 2020; 13: 818-820.

42)	 Principi N, Bosis S, Esposito S. Effects of coronavi-
rus infections in children. Emerg Infect Dis 2010; 
16: 183-188.

43)	 Zumla A, Hui DS, Perlman S. Middle East respirato-
ry syndrome. Lancet 2015; 386: 995-1007.

44)	 Kimberlin DW, Stagno S. Can SARS-CoV-2 in-
fection be acquired in utero?: more definitive 
evidence is needed. JAMA 2020; 323: 1788-
1789.

45)	 Ludvigsson JF. Systematic review of COVID-19 in 
children shows milder cases and a better prog-
nosis than adults. Acta Paediatr 2020; 109: 1088-
1095.

46)	 Blencowe H, Cousens S, Oestergaard MZ, Chou 
D, Moller AB, Narwal R, Adler A, Vera Garcia C, 
Rohde S, Say L, Lawn JE. National, regional, and 

worldwide estimates of preterm birth rates in the 
year 2010 with time trends since 1990 for select-
ed countries: a systematic analysis and implica-
tions. Lancet 2012; 379: 2162-2172.

47)	 Hutter D, Kingdom J, Jaeggi E. Causes and mech-
anisms of intrauterine hypoxia and its impact on 
the fetal cardiovascular system: a review. Int J 
Pediatr 2010; 2010: 401323-401323.

48)	 Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, 
Song H, Huang B, Zhu N, Bi Y, Ma X, Zhan F, Wang 
L, Hu T, Zhou H, Hu Z, Zhou W, Zhao L, Chen J, 
Meng Y, Wang J, Lin Y, Yuan J, Xie Z, Ma J, Liu WJ, 
Wang D, Xu W, Holmes EC, Gao GF, Wu G, Chen 
W, Shi W, Tan W. Genomic characterisation and 
epidemiology of 2019 novel coronavirus: implica-
tions for virus origins and receptor binding. Lan-
cet 2020; 395: 565-574.

49)	 Sutton D, Fuchs K, D’Alton M, Goffman D. Univer-
sal screening for SARS-CoV-2 in women admitted 
for Delivery. N Engl J Med 2020; 382: 2163-2164.


