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KEYWORDS Abstract Background: Despite the increasingly recognized impact of novel coronavirus dis-
Novel coronavirus; ease (COVID-19), caused by severe acute respiratory syndrome (SARS) coronavirus 2 (SARS-
COVID-19; CoV-2), on many aspects of health in adults and children, its effects on neonates born to in-
SARS-CoV-2; fected mothers remain unclear. We conducted this study to investigate the outcomes of neo-
Vertical transmission; nates born to mothers with COVID-19.
Intrauterine Methods: We searched the medical databases from inception to March 31, 2020 to perform a
infection; systematic review of outcomes in neonates born to mothers with COVID-19. Data were pooled
Neonate using a random effects regression model. Primary and secondary outcomes were neonatal clin-

ical outcomes and infectious status, respectively.

Results: Fourteen studies involving 105 neonates fulfilling the study criteria were identified.
The rates of preterm neonates and those small for gestational age (SGA) were 25 (23.8%)
and 10 (11.2%), respectively. Among 91 neonates who were tested, 8 (8.8%) were positive
for nucleic acids or antibodies for SARS-CoV-2. Additionally, 28 (26.7%) of the neonates were
symptomatic and two test-negative neonates died, including one stillbirth. Between test-
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positive and test-negative groups, the rates of SGA, preterm delivery, duration between
maternal symptom onset and delivery, and perinatal complication were not significantly
different; but the rate of symptomatic after birth reached significant difference (62.5% vs

20.5%, p = 0.008).

Conclusions: Most neonates born to infected mothers had favorable outcomes. Although direct
evidences of intrauterine infection were scarce, the risk of intrauterine infection should be
considered based on a positive test in 8.8% of the neonates. Symptomatic neonates born to in-
fected mothers should receive tests for SARS-CoV-2 to initiate appropriate treatment and quar-
antine. Further studies are warranted to assess the outcomes of COVID-19 in neonates.

Copyright © 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Coronavirus disease-2019 (COVID-19) caused by severe
acute respiratory syndrome (SARS) coronavirus 2 (SARS-
CoV-2) is an emerging disease with a massive disease bur-
den.” The main manifestations of COVID-19 include fever
and respiratory symptoms; however, the clinical pre-
sentations are protean. Infected patients might have
gastrointestinal symptoms, anosmia, hyposmia, or dysgeu-
sia>® or may otherwise be asymptomatic; thus, controlling
the disease spread is difficult. Approximately 20% of
infected patients have severe disease, and the approximate
case-fatality rate is 5%—6%.°"% Older individuals and those
with underlying diseases are at a higher risk for poor out-
comes. Conversely, the effect of COVID-19 on pregnancy
remains largely unclear although pregnant women are sus-
ceptible to various viral infections such as influenza virus
and SARS.

In a retrospective study of 38 SARS-CoV-2-infected
mothers, Schwartz et al. reported that the clinical mani-
festations of infected mothers were similar to those who
were not pregnant.® No additional pregnancy risk was
found in patients with COVID-19, and there was no evi-
dence of intrauterine infection.” However, in a study of 33
neonates, Zeng et al. reported that three neonates had a
positive nucleic acid test for SARS-CoV-2."° The complete
features of SARS-CoV-2-infected pregnant women and
neonates born to infected mothers remain largely unclear.
Therefore, we conducted a systematic review to investi-
gate the clinical features of neonates born to mothers
with COVID-19.

Methods

Study design and study selection

Our study was approved by the Institutional Review Board
of the MacKay Memorial Hospital, Taipei, Taiwan (approval
number: 20MMHIS140e). We performed the present sys-
tematic review and meta-analysis in accordance with the
PRISMA guidelines (Fig. 1, Supplementary Table 1)."

In the present systematic review, we used compre-
hensive keywords with Boolean operators and MeSH terms
to perform electronic search of the following medical

databases from inception to March 31, 2020, supple-
mented with hand searching: PubMed/Medline, EMBASE,
Cumulative Index to Nursing and Allied Health Literature,
National Digital Library of Theses and Dissertations in
Taiwan database, Art Image Indexing Service on the
Internet Database (Chinese database), and the Cochrane
database. The search was performed independently by
two authors, and disagreements were resolved through
discussion with the third author. Briefly, the electronic
search included the keywords “COVID-19,” “severe acute
respiratory syndrome coronavirus 2,” *2019-nCoV,”
*SARS-CoV-2,” and “Wuhan.” No constraints were placed
on language, year of publication, and participant char-
acteristics to ensure a comprehensive search and identify
the maximum number of potential articles. Authors of
specific articles were contacted to obtain additional in-
formation if necessary.

Data extraction, quality assessment, and data
synthesis and analysis

” ee

Studies investigating “pregnancy,” “pregnant,” “mother,”
“neonates,” "infant,” or “children” were analyzed. Exclu-
sion criteria were duplicate publications, irrelevant arti-
cles, studies where the status of children was not clearly
defined, studies that did not evaluate clinical outcomes,
and review articles. Primary and secondary outcomes were
neonatal clinical outcomes and infectious status,
respectively.

Furthermore, two authors independently appraised the
selected articles and extracted the following data: name of
the first author, study country, participant population,
gestational age, perinatal complications, mode of delivery,
neonatal outcomes, site of sampling, and COVID-19 test
results. Preterm delivery was defined as gestational age
less than 37 complete weeks. Poor outcomes of mothers or
neonates were defined as requiring intensive care, me-
chanical ventilator or inotropic agents use, multiple organ
failure, extracorporeal membrane oxygenation use, or
mortality. In case of a disagreement between two authors,
consensus was reached through discussion with the third
author. The quality assessment was conducted indepen-
dently by two authors based on the domains of selection,
ascertainment, causality and reporting.'?
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Figure 1. Schematic illustration of the literature search and the study-selection criteria; assessed on 01Apr2020. Abbreviations:

Airiti database: Art Image Indexing Service on the Internet Database (Chinese database); CINAHL database: the cumulative index to
nursing and allied health literature; NDLTD database: National Digital Library of Theses and Dissertations in Taiwan.

Websites; Airiti: https://www.airitilibrary.com/.

NDLTD: https://etds.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd =oLFRX3/webmge?switchlang=en.

Statistical analyses

If continuous outcomes were assessed, data were
analyzed using odds ratios with 95% confidence intervals.
For categorized variables, comparison was performed
using Student’s t test and the chi-square test. If meta-
analysis was performed, we used a random-effects
regression model assuming that the true effect size was
not the same.'® Heterogeneity was further quantified
using the Cochran Q test and /* statistics.'* A p value less
than 0.05 was regarded as statistically significant. Review
Manager v5.3.5 (Cochrane Community, London, UK) and
SPSS version 23.0 (SPSS, Chicago, IL, USA) were used for
statistical analyses.

Results
Description of studies and quality assessment

The search process is illustrated in Fig. 1. As of March 31,
2020, 2060 articles were identified by the medical database
search. The titles and abstracts of all articles were
screened and 71 full-text articles were carefully reviewed.

Finally, 14 studies fulfilling the inclusion and exclusion
criteria were included in the final systematic review. %527

Clinical features and neonatal outcomes

The clinical features of the included studies are summa-
rized in Table 1. Most studies had good quality. All studies
were conducted in China, and 107 mothers with confirmed
COVID-19 were identified. Three mothers had not delivered
at the publication time of the original study, and there
were a total of 105 neonates including one set of twins. The
mothers were aged between 22 and 40 years, and 43
mothers developed perinatal complications including pre-
eclampsia, placenta previa, placenta abruptio, fetal
distress, premature rupture of membranes, and uterine
scarring. Most mothers had uneventful recovery except for
one mother who developed acute respiratory distress syn-
drome and multiple organ failure requiring extra-corporeal
membrane oxygen.?’ Majority of the mothers (87.6%) un-
derwent cesarean section (CS), and 25 (23.8%) neonates
were delivered prematurely. 76 (83.5%) mothers had fever
or respiratory symptoms. Among mothers with clear records
of onsets, 8 (22.2%) mothers developed symptoms after
delivery. After birth, 28 (26.7%) neonates exhibited


https://www.airitilibrary.com/
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Table 1  Clinical characteristics of the included studies.
Study = Maternal Neonatal Maternal Preterm Perinatal CS SGA Maternal Maternal Maternal symptoms Neonatal Intensive Neonatal Maternal
population population age delivery complications® (N) (N) symptoms? symptoms onset to delivery  symptoms® care poor poor
(N) (N) (years) (N) (N) (N) onset to (test-positive) (N) (N) outcomes outcomes
delivery (N) (N)
(days)”
Chenetal.” 9 9 26—40 4 5 9 2 9 1,1,2,2, 3, 0 0 0 0
4,4 6,7
Chenetal.”® 3 3 23-34 1 3 3 1 3 (2after NR 1 0 0 0
delivery)
Chenetal.”’ 5 5 25-31 0 3 2 0 5(3after —1, -1, -1, 0 0 0 0
delivery) 1,10
Dong et al."”” 1 1 29 0 0 1 0 1 25 25 0 0 0 0
Fanetal.® 2 2 29,34 1 0 2 0 2 7, 11 2 0 0 0
Li et al." 1 1 30 1 1 1 0 1 4 0 0 0 0
Liu et al.?® 13 10 22-36 6 5 10 NR 9 NR 0 0 1 1
Wang et al.?" 1 1 34 0 0 1 0 1 0.5 0.5 1 (vomiting) O 0 0
Wang et al.?? 1 1 28 1 1 1 1 1 6 0 0 0 0
Yuetal®”® 7 7 29-34 0 3 7 0 7 NR NR 1 0 0 0
Zeng et al.>* 6 6 NR 0 NR 6 NR 6 NR NR 0 0 0 0
Zengetal."0 33 33 NR 4 3 26 3 22 1,2, 4 1,2, 4 4 1 0 0
Zhang et al.?®> 16 16 24-34 1 12 16 1 NR NR 6 0 0 0
Zhuetal.”® 9 10 25-35 6 7 7 2 9(3after -3, -2, -1, 9 1 1 0
delivery) 0,0, 1, 3, 3,
4, 6
Study f Neonatal Neonates Positive Positive Sites of PCR sampling Suggestive vertical transmission?
population (N') tested (N) Ab (N) PCR (N)
Chen et al." 9 6 0 Amniotic fluid, cord blood, throat swab, No
breastmilk
Chen et al."® 3 3 0 Pharyngeal swab, placenta No
Chen et al.?” 5 5 0 Pharyngeal swab No
Dong et al."” 1 1 1 0 Negative PCR: swab; positive 1gG/IgM Yes
Fan et al."® 2 2 0 Newborn’s nasopharyngeal swab, maternal serum, No
placenta, cord blood, amniotic fluid, vaginal
swabs, and breast milk
Li et al.” 1 1 0 Amniotic fluid, cord blood, breastmilk, pharyngeal No
swab, blood, feces, and urine samples
Liu et al.?® 10 10 0 No clinical or serologic evidence suggestive of No
vertical transmission of SARS-Co-V2
Wang et al.?’ 1 1 1 Pharyngeal swab at 36 h; negative cord blood, Possible
placenta, breastmilk
Wang et al.?? 1 1 0 Amniotic fluid, placenta, cord blood, gastric juice, No

throat swab, and stool sample

[/

ey 'H



Clinical features of neonates born to mothers 73

symptoms including fever, tachypnea, shortness of breath,
and vomiting. There was one stillbirth, and one neonate
died following gastric bleeding and multiple organ
failure.”®%¢

Risk of vertical transmission and tests for SARS-

CoV-2

Considering the risk of vertical transmission, 91 (86.7%)
< neonates were tested for SARS-CoV-2 by a nucleic acid or
@ P S antibody test. Five neonates were positive by the nucleic
€ 222 acid test, and three neonates were positive for SARS-CoV-2

antibodies. The authors of three enrolled studies thought
the risk of vertical transmission existed'®'7?*: two studies
found positive nucleic acid at 36 h that postnatal infections
were unable to be completely excluded.?"?* No evidence of
vertical transmission was found in the rest of the studies.

Of the 105 neonates, 91 neonates were tested for SARS-
CoV-2 and 8 (8.8%) neonates had a positive nucleic acid or
antibody test result. Further comparison of the clinical
manifestations between the test-positive and test-negative
neonates (Table 2) revealed that the rates of neonates who
were small for gestational age (SGA) and those exhibiting
symptoms after birth were higher among those with a
positive test. However, the rates of preterm delivery and
perinatal complications were lower among the test-positive
neonates. Between both groups, the rates of SGA, preterm
delivery, duration between maternal symptom onset and
delivery, and perinatal complication were not significantly
different but the rate of symptomatic after birth reached
significant difference.

Nasopharyngeal and anal swabs on days 2 and 4

Throat swab at 36 h; negative cord blood and
Pharyngeal swab

placenta
Negative PCR: throat, serum; positive IgG/IgM

Pharyngeal swab

Discussion

The present systematic review evaluating the currently
unknown impact of SARS-CoV-2 on neonates born to
mothers with COVID-19 revealed that most neonates had a
favorable outcome. Importantly, 8.8% of the tested neo-
nates were positive for SARS-CoV-2, indicating that the risk
of vertical transmission should be considered. Compared
with the test-negative neonates, the rates of SGA, preterm
delivery, duration between maternal symptom onset and
delivery, and perinatal complication were not significantly
different but the rate of symptomatic after birth reached
significant difference between both groups. Therefore,
further studies are warranted to elucidate the impact of
COVID-19 on pregnancy and neonates.

Pregnant women have unique physiologic changes and
are susceptible to several viral infections such as influenza
and SARS.?®?° The present systemic review to address the
concerns regarding COVID-19 infection in pregnant women
revealed that the clinical manifestations of COVID-19 were
similar between mothers and non-pregnant individuals. All
but one mother had relatively favorable outcomes.?
Pregnant women had similar clinical presentations and
risk of severe complications compared with non-pregnhant
individuals of the same age group.”® The low risk of se-
vere COVID-19 in pregnant women might be due to the
relatively younger patient age and the absence of under-
lying diseases. However, the expression of angiotensin-
converting enzyme 2, a predicted SARS-CoV-2 receptor,

~ o m O O

16
10
@ Perinatal complications included preeclampsia, placenta previa, placenta abruptio, fetal distress, premature rupture of membrane, and uterine scarring. Poor outcomes of mothers or

neonates were defined as requiring intensive care, morbidity mechanical ventilator or inotropic agents use, multiple organ failure, extracorporeal membrane oxygenation use, or

mortality.

7
6
33
b Days referred to duration between maternal symptom onset and delivery; a negative day meant symptom onset after delivery.

¢ Neonatal symptoms included fever, tachypnea, shortness of breath, and vomiting.
Abbreviations: Ab, antibody; CS, cesarean section; NR, not reported; PCR, polymerase chain reaction; SGA, small for gestational age.

Zhang et al.?
Zhu et al.?®

Zeng et al.?*
Zeng et al.™®

Yu et al.??
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was reported to be increased during pregnancy.3®>' More-
over, the increased expression of angiotensin-converting
enzyme 2 was observed in adolescents with preterm de-
livery in previous report and preterm neonates might have
higher risk of COVID-19.%? We found a lower rate of preterm
delivery in test-positive neonates but the difference was
not statistically significant. Despite the increasing number
of studies investigating COVID-19, the exact underlying
pathophysiology has not been elucidated and further
studies are warranted to clarify the relationship between
SARS-CoV-2 and pregnancy.

When taking care of expectant mothers with COVID-19,
the risk of intrauterine infection and vertical transmission
was an important concern. Eight of the studies included in
the systematic review found no evidence of vertical
transmission and could not detect the virus in amniotic
fluid, cord blood, breast milk, serum, feces, placenta,
nasopharyngeal, rectal, or vaginal swabs. > 16¢:18720,22,25,26
However, two of the included studies found elevated
levels of SARS-CoV-2 immunoglobulin (Ig) G and IgM anti-
bodies in three neonates; however, the nucleic acid tests
were negative, and the evidence was not convincing.'”-**
IgM is a larger molecule that does not usually transfer
from mother to fetus and does not appear until 3—7 days
after infection. The presence of neonatal SARS-CoV-2 IgM
raises the possibility of intrauterine infection. However,
there are several kinds of antibody tests against SARS-
CoV-2 and the concerns regarding the sensitivity and
specificity of present available antibody tests exist.
Maternal IgM may reach fetal circulation in case of
placental inflammation. These studies with positive
neonatal IgM provide evidence for additional investiga-
tion. Furthermore, SARS-CoV-2 nucleic acids were detec-
ted in five neonates.'®2""23 However, the strength of this
direct evidence might be challenged by the sampling time
of 24—36 h after birth thus postnatal infection cannot be
completely excluded. Naturally the fetal circulation
bypass lungs and virus might be not lodged in the airway
mucosa before delivery. However, the authors claimed
strict infectious control measurements had been imple-
mented for neonates after birth thus the risk of postnatal
infection was minimal.'®?"23 Further nucleic acid tests
performed right after delivery were valuable to elucidate
the origin of infection and the route of infection remained
largely unclear based on present evidences. Additionally,
our analyses determined that the rate of neonates
exhibiting symptoms after birth was higher among the
test-positive neonates than in the test-negative neonates

(Table 2, 62.5% vs 20.5%, p = 0.008), which might reflect
the possible role of congenital infections. We also
observed a longer duration between maternal symptom
onset and delivery in test-positive neonates (Table 2, 6.5
vs 2.75 days, p = 0.469). Patients with COVID-19 might
have deteriorated clinical conditions in approximate 7
days after symptom onset.>* The coincidence of 6.5 and 7
days caught our attention but we failed to identify the
significant predictive factors of neonatal infection,
including maternal fever, respiratory symptoms, labora-
tory findings, or perinatal conditions. Despite the con-
troversies, the present systematic review demonstrated
that 8.8% of the neonates had a positive nucleic acid or
antibody test and that the risk of vertical transmission
should be considered. Further studies utilizing both
nucleic acid and antibody tests will be valuable to provide
further evidence for correlations between clinical symp-
toms and viral tests. Further direct evidences from am-
niotic fluid, placenta, umbilical cord and neonates are
valuable to draw a definite conclusion.

We found that 26.7% of the neonates born to mothers
with COVID-19 were symptomatic after birth and that most
of the symptoms were mild. Additionally, 25 neonates were
delivered preterm and cesarean section was performed in
87.6% of the cases. Reasons of CS included uncertainty
about the risk of intrapartum mother-to-child transmission
by vaginal delivery, severe pre-eclampsia, fetal distress,
and previous CS. Neonates with preterm delivery and CS are
at a higher risk of transient tachypnea of newborn, and
determining whether the observed symptoms were due to
SARS-CoV-2 infection is difficult. Although the rate of
symptomatic neonates was higher among those with a
positive test, the casual relationship could not be clarified.
Moreover, cesarean section was performed in the majority
of mothers to control perinatal complications and in-
fections, and 13 neonates who were delivered via normal
spontaneous labor were negative for SARS-CoV-2. Further
studies are warranted to investigate the need for cesarean
section to reduce the rate of perinatal infections including
SARS-CoV-2.

The present study has several limitations that should be
acknowledged. First, the results of laboratory tests, in-
flammatory markers, and imaging studies were not avail-
able in some studies. Although most neonates had favorable
outcomes, details of infectious survey are necessary for a
better evaluation of the COVID-19 infection status and to
obtain a more complete picture of neonatal COVID-19.
Second, the situation of COVID-19 pandemic changed

Table 2 Comparison of clinical characteristics between test-positive and test-negative neonates.

Clinical variables® Preterm Perinatal Maternal symptom CS SGA Symptomatic Positive PCR or Ab
delivery complications onset to delivery neonates
(days)
All neonates (105) 25 (23.8) 43 (42.6) 3.32 92 (87.6) 10 (11.2) 28 (26.7) 8 (8.8)
Test-negative (83) 22 (26.5) 34/79 (43) 2.75 + 3.5 73 (88) 7/69 (10.1) 17 (20.5)
Test-positive (8) 1(12.5) 1/6 (16.7) 6.5 + 10.4 8 (100) 1/6 (16.7) 5 (62.5)
p 0.384 0.189 0.469 0.383 0.6 0.008

2 Presented as numbers (%).

Ab, antibody; CS, cesarean section; PCR, polymerase chain reaction; SGA, small for gestational age.
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rapidly and bigger cohorts will be helpful for a better
assessment of COVID-19’s impact on neonates, including
the risk of vertical transmission and breastfeeding, differ-
ences based on gestational age, and impact of the duration
between exposure and delivery. Third, although the quality
of most studies were good, case series didn’t provide high-
ranked evidences. Randomized controlled studies were
appreciated but it’s ethically impossible to conduct a ran-
domized control study. Finally, all enrolled studies were
conducted in China, the neonatal outcomes may differ
across races, geographic regions, healthcare resources, and
time. Further studies are necessary to address these
important questions.

Conclusions

In conclusion, the present systematic review of 14 studies
comprising 105 neonates born to mothers with COVID-19
revealed that the outcome was favorable in most neonates.
However, 8.8% neonates had a positive nucleic acid or
antibody test. Although direct evidences of vertical trans-
mission remained scarce, the risk of vertical transmission
should be considered. Neonates with a positive test had a
higher rate of symptoms after birth, a finding warranting
further investigation. Symptomatic neonates born to
mothers with COVID-19 should receive testing for SARS-CoV-
2 to initiate appropriate quarantine and treatment.
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