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Characterization of neonates born to mothers with SARS-CoV-2 infection has been partially car-
ried out. There has been no systematic review providing a holistic neonatal presentation
including possible vertical transmission. A systematic literature search was performed using
PubMed, Google Scholar and Web of Science up to June, 6 2020. Studies on neonates born
to mothers with SARS-CoV-2 infection were included. A binary random effect model was used
for prevalence and 95% confidence interval. 32 studies involving 261 neonates were included in
meta-analysis. Most neonates born to infected mothers did not show any clinical abnormalities
(80.4%). Clinical features were dyspnea in 11 (42.3%) and fever in 9 newborns (19.1%). Of 261
neonates, 120 neonates were tested for infection, of whom 12 (10.0%) tested positive. Swabs
from placenta, cord blood and vaginal secretion were negative. Neonates are mostly non
affected by the mother’s SARS-CoV-2 infection. The risk of vertical transmission is low.
Copyright ª 2020, Taiwan Pediatric Association. 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/).
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1. Introduction

In December 2019, an outbreak of coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2) occurred in Wuhan, China.1

Causing a worldwide pandemic, SARS-CoV-2 was declared
a public health emergency by the World Health Organiza-
tion (WHO).2 On June 28, 2020 Johns Hopkins University
reported more than 10 million infections worldwide.3 The
clinical spectrum of infection ranges from asymptomatic
cases to critically ill patients.4 However, symptoms in
children are mostly mild and they seem to be less affected
than adults.5,6 In the meantime a new syndrome in children
was described, Pediatric Multisystem Inflammatory Syn-
drome (PMIS) or Multisystem Inflammatory Syndrome in
Children (MIS-C). It is a systemic disease resembling Ka-
wasaki disease including toxic shock and macrophage acti-
vation syndromes.7,8 Neonatal SARS-CoV-2 infections are
rare9 and there is evidence of intrauterine infection caused
by vertical transmission.10 Vivanti et al. were able to
demonstrate a transplacental transmission of SARS-CoV-2 in
a neonate born to a mother infected in the last trimester.10

However, infected newborns are mostly asymptomatic or
present with mild clinical symptoms.11e13 In a report of 10
neonates with SARS-CoV-2 infection, clinical features were
shortness of breath, fever or gastrointestinal symptoms.13

In addition, neonates born to mothers with SARS-CoV-2
infection may also show no clinical abnormalities,14

emphasizing the clinical variety of infection.15 Interest-
ingly, in most case reports swabs from amniotic fluid,
vaginal secretion, cord blood, breast milk and neonatal
throat swabs were all SARS-CoV-2 negative by real-time
reverse transcriptase polymerase chain reaction (rRT-
PCR).11,14,16 To date, large data on clinical characteristics
of neonates born to mothers with SARS-CoV-2 infection and
possible vertical transmission are limited. Due to low
sample sizes, most reports are incomplete and not all
pregnant women underwent rRT-PCR testing for SARS-CoV-
2. Therefore, we conducted a meta-analysis to charac-
terize a large number of neonates delivered by rRT-PCR
confirmed SARS-CoV-2 positive mothers. We provide
comprehensive information on birth related data, clinical
features, treatment options and rRT-PCR results from SARS-
CoV-2 tests in different samples from neonates and their
mothers.

2. Material and methods

2.1. Protocol and registration

The present study has been registered at PROSPERO register
(www.crd.york.ac.uk/PROSPERO, registration number:
CRD42020182444). The meta-analysis was performed in line
with recommendations fromthePreferredReporting Items for
Systemic reviews and Meta-Analyses (PRISMA statement).17

2.2. Information sources and search strategy

A systematic literature search was performed to identify
published reports, which investigated newborns born to
SARS-CoV-2 positive mothers. Medline electronic database
(PubMed), Google Scholar, and Web of Science were
searched using the following search terms ((COVID-19 OR
“Novel coronavirus” OR “N. coronavirus 2019” OR “2019
nCoV” OR “Wuhan coronavirus” OR “Wuhan pneumonia” OR
“SARS-CoV-2”) AND (demographics OR clinical OR epide-
miological OR characteristics OR APGAR) AND (pregnancy
OR fetus OR neonate OR neonatal OR infant OR newborn OR
delivery OR caesarean section OR vaginal birth)). For initial
search, there was no limitation on publication date, lan-
guage or study design to include as much data as possible.
Data base search was conducted until June 6, 2020.

2.3. Eligibility criteria

Potentially eligible studies had to be peer-reviewed articles
with neonates born to rRT-PCR confirmed SARS-CoV-2 pos-
itive mothers of any age or mode of delivery. According to
the WHO definition of newborns, only children �28 days of
age were included. To be eligible for inclusion, studies had
to provide data on demographics, clinical symptoms, lab-
oratory or treatment information of the newborns. Eligible
study designs were multi-, and single-center studies,
observational-, case-control-, and cohort studies, case se-
ries, case reports and short communication reports. For
final inclusion, only English language articles were eligible.
There was no restriction on publication date. Opinion ar-
ticles, letters and correspondence articles and studies with
missing data were excluded.

2.4. Study selection

Two independent investigators (V.N., F.R.) screened title
and abstract of identified studies for eligibility. Any dis-
crepancies between the two reviewers were resolved by
consensus through discussion with a third reviewer (H.B.).
Full text of eligible studies was analyzed for inclusion in
systematic review and meta-analysis. Identified duplicates
were removed. Reference lists of identified studies were
hand-searched for further relevant studies.

2.5. Data collection

The two investigators (V.N., F.R.) independently extracted
data from the included studies to a standardized table in
Microsoft Excel (Excel 365; Microsoft Corp., Redmond,
Washington, USA). The following information was used for
data extraction: first author, date and country of publica-
tion, study design (multi-, or single-center study, case se-
ries, case report) sample size of mothers and newborns, age
of mothers, demographic data of neonates (e.g., gesta-
tional age, sex, birthweight, Apgar score, rRT-PCR test for
SARS-CoV-2 infection), clinical features (e.g., fever,
cough), fetal complications (preterm delivery, intrauterine
growth restriction, still birth, low birth weight (<2,500 g)),
radiological and laboratory results, and treatment infor-
mation (e.g., antiviral medication, antibiotics) in neonates.
Laboratory data were presented as abnormally high or low
according to the reference value reported by the paper or
when laboratory-specific ranges were given. Similarly,
radiological findings were categorized according to the
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available description. Authors were contacted via E-mail if
full text was not accessible or additional information was
required. Extracted data were double checked by the two
reviewers (V.N., F.R.). Any discrepancies were solved by
consensus through discussion with a third reviewer (H.B.).

2.6. Risk of bias assessment

To determine the quality of the included studies the
Methodological Index for Non-Randomized Studies (MINORS)
was used for multi- and single-center studies.18 Each of the
eight items were scored as: 0 (not reported), 1 (reported
but inadequate) and 2 (reported and adequate). The
maximum ideal score was 16. Scoring more than 70% of a
maximum score of 16 (score � 11) conferred a risk of bias
that was seen as low with a high quality in included studies.
For scores below 11, risk of bias was seen as high. For case
series and case reports the Methodological Quality and
Synthesis of Case Series and Case Reports Protocol by Murad
et al. was used for risk of bias assessment.19 All eight items
were scored as: NA (not applicable), 1 (No) and 2 (Yes).
Questions 5 and 6 were not applicable for the included
study reports. The maximum ideal score was 12. Scoring
more than 70% of a maximum score of 12 (score � 8)
conferred a risk of bias that was seen as low with a high
quality in included studies. For scores below 8, risk of bias
was seen as high. Risk of bias was assessed by the two in-
vestigators (V.N., F.R.) independently. Discrepancies were
solved by consensus through discussion with a third
reviewer (H.B.).

2.7. Ethical review

We solely used already published statistical data and
therefore ethical approval was not applicable in the current
meta-analysis.

2.8. Statistical analysis

Distribution of categorical and continuous variable are
described as count (percentage), mean � standard deviation
(SD) or median (Range or IQR: 25%, 75%), respectively. The
description of data was in accordance with the original arti-
cles. Data in Tables are presented as following: number of
studies reporting the characteristic (n) in relation to all
(n Z 32) included studies (%), number of children with re-
ported characteristic (n) in relation to all children in reporting
studies (%), number of children with no report on character-
istic (n) in relation to all children in all studies reporting this
item (%), and number of children with no information on re-
ported item (n) in relation to all children (n Z 261; %). All
analyses and graphic illustrations were conducted with
Microsoft Excel or GraphPad Prism 7 (GraphPad Software, San
Diego, CA, USA). For comparison of abnormally distributed
data the Mann-Whitney-U-test was used. The meta-analysis
was performed using the software OpenMeta [Analyst] (B.
Wallace, Boston, MA, USA) for single arm studies. A binary
random effect model was used to calculate the prevalence of
all variables and their 95% confidence interval (95% CI). For
measurement of statistical heterogeneity, I2 statistic was
used. In addition, Cochran’s Q statistic and the tau-squared
test were reported. For all analyses a p-value <0.05 was
considered to be statistically significant.

3. Results

3.1. Study selection

A total of 688 studies were identified through database
search of PubMed, Google Scholar and Web of Science. With
hand search of reference lists an additional 72 studies were
identified. After exclusion of duplicates (n Z 24), in total
736 studies were assessed for screening of title and ab-
stract. Records were primarily excluded due to missing in-
clusion criteria (n Z 578) and dealing with a different virus
than SARS-CoV-2 (n Z 12). Overall, 146 records were
eligible for full-text review. Therefore, 78 studies were
excluded during in-text search due to missing inclusion
criteria (n Z 75) and other reasons (n Z 3). A total of 68
studies were included in qualitative synthesis. Due to
ineligible endpoints (n Z 36) 32 studies were included in
quantitative synthesis. For additional information 3 authors
were contacted via E-Mail. However, we received no an-
swers prior to publication (Supplemental Fig. aa).

3.2. Study characteristics

In meta-analysis 32 peer-reviewed studies were included.
Studies predominantly originated from China (n Z 19);
other countries of publication were USA (n Z 4), Korea
(n Z 2), Italy (n Z 2), Iran (n Z 1), France (n Z 1), Canada
(n Z 1), Iraq (n Z 1) and Turkey (n Z 1). Study designs of
the included publications were multicenter studies (n Z 4),
single-center studies (n Z 4), case series (n Z 8), and case
reports (n Z 16) (Supplemental Table 3).

3.3. Birth-related characteristics

Overall, 261 neonates born to 258 mothers were included in
meta-analysis. In all mothers SARS-CoV-2 infection was
confirmed by rRT-PCR. Age of mothers, gestational age and
neonatal birthweight were presented inhomogenously in
included studies and are therefore displayed in
supplemental Table (supplemental material). In 18 out of
32 (56.3%) studies reporting, there were 41 out of 60
(68.3%) males (95% CI 0.584 to 0.783). Female gender was
reported in 19 out of 32 (59.4%) studies; therefore, 19 out
of 60 (31.7%) were females (95% CI 0.221 to 0.418). In 201
(77.0%) children gender was not reported. In 30 out of 32
studies (93.8%) mode of delivery was reported including 217
neonates. 187 out of 217 (86.2%) neonates were delivered
by caesarean section (95% CI 0.679 to 0.866), and 30 out of
217 (13.8%) neonates were born by spontaneous vaginal
delivery (95% CI 0.065 to 0.160). In 44 out of 261 (16.9%)
mode of delivery was not reported. In 11 out of 32 (34.3%)
studies reporting, in 33 out of 38 (86.8%) neonates formula
feeding was conducted (95% CI 0.862 to 1.008). In 5 out of
32 (15.6%) of the studies reporting, 5 out of 38 (13.2%)
neonates were breast fed (95% CI 0.059 to 0.304). In 223 out
of 261 (85.4%) neonates feeding was not reported. In all
studies reporting Apgar scores, 1-min Apgar score in
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children discharged from hospital was 7e10 and 5-min
Apgar score was 8e10 (Table 1þ3, Supplemental Table 3,
Supplemental Figs. aed, feg).

3.4. Neonatal outcomes

In 19 out of 32 studies (59.4%) including 160 neonates hos-
pital discharge was reported. Overall 132 out of 160 (82.5%)
neonates were discharged from hospital (95% CI 0.729 to
0.508). In 101 out of 261 (38.7%) hospital discharge was not
reported. In 22 out of 32 (68.8%) studies including 180 ne-
onates, death was mentioned as an outcome parameter.
Only 3 out of 180 (1.7%) newborns died after birth (95% CI
0.012 to 0.062). In 83 out of 261 (31.8%) death was not
mentioned as an outcome parameter. Reasons for neonatal
death in the 3 newborns were stillbirth at 38 þ 7 weeks,20

severe neonatal asphyxia21 and multiple organ failure with
refractory shock after delivery.13 In the first neonate reason
Table 1 Summary of included studies reporting characteristics

Characteristic No. of studies
reporting this item
compared to all
studies (n Z 32)
n (%)

No. of n
mothers
reporte
compar
neonate
studies

Sex

Female 19 (59.4) 19 (31.7
Male 18 (56.3) 41 (68.3
Birth related characteristics

Caesarean section 30 (93.8) 187 (86
Vaginal delivery 30 (93.8) 30 (13.8
Preterm birtha 15 (46.9) 46 (28.2
Formula feeding 11 (34.4) 33 (86.8
Breast feeding 5 (15.6) 5 (13.2)
Clinical symptoms

No clinical abnormalitiesa 9 (28.1) 37 (80.4
Intrauterine distress 5 (15.6) 12 (13.2
Dyspnea 6 (18.8) 11 (42.3
Fever 9 (28.1) 9 (19.1)
SGAa 4 (12.5) 7 (8.1)
Vomiting 5 (15.6) 6 (26.1)
Moaning 2 (6.3) 3 (37.5)
Cough 4 (12.5) 2 (15.4)
Initial radiological abnormalities 12 (37.5) 19 (32.2
Therapy

NICU admission 16 (50.0) 60 (46.2
Antibiotics 6 (18.8) 9 (69.2)
Oxygen therapy 4 (12.5) 7 (53.8)
NIV 3 (9.4) 4 (33.3)
Invasive ventilation 2 (6.3) 1 (2.2)
Hospital discharge 19 (59.4) 132 (81
Death 22 (68.8) 3 (1.7)
SARS-CoV-2 rRT-PCR test in neonates

Tested for SARS-CoV-2 27 (84.4) 120 (46
SARS-CoV-2 status 27 (84.4) 12 (10.0

NIV Z non-invasive ventilation; NICU Z neonatal intensive care uni
respiratory syndrome-Coronavirus-2; NA Z not applicable.

a As stated in each individual publication.
for stillbirth was unknown. Postmortem examination of the
placenta revealed severe chronic villitis but no viral in-
clusions. PCR testing of placenta and fetal tissues was
negative for SARS-CoV-2.20 The second male neonate was
delivered at 35 þ 2 weeks’ gestation by cesarean delivery.
The mother experienced severe pneumonia with admission
to the intensive care unit and invasive ventilation. The
neonate had 1-min and 5-min Apgar scores of 1 and 1,
respectively. He was also treated with invasive ventilation
due to severe asphyxia and died within 2 h. According to
publication, no tests for SARS-CoV-2 were performed.21 The
third male neonate was delivered at 34 þ 5 weeks’ gesta-
tion by cesarean section and died on day 9 due to multiple
organ failure, disseminated intravascular coagulation and
refractory shock. His 1-min and 5-min Apgar scores were 8
and 8, respectively. According to publication, the neonate’s
SARS-CoV-2 throat swab on day 9 showed negative results.
He first presented with an increased heart rate. According
of neonates.

eonates/
with positive

d item
ed to all
s in reporting
n (%)

No. of neonates/
mothers with
negative reported
item compared to all
neonates in reporting
studies n (%)

No. of neonates/
mothers with no
reported item
compared to all
neonates (n Z 261)
n (%)

) NA 201 (77.0)
) NA

.2) NA 44 (16.9)
) NA
) 117 (71.8) 100 (38.3)
) NA 223 (85.4)

NA

) 9 (19.6) 215 (82.4)
) 79 (86.8) 171 (65.5)
) 15 (57.7) 235 (90.0)

38 (80.9) 216 (82.8)
79 (91.9) 177 (67.8)
17 (73.9) 239 (91.6)
5 (62.5) 253 (96.9)
11 (84.6) 248 (95.0)

) 40 (67.8) 203 (77.8)

) 70 (53.8) 132 (50.6)
4 (30.8) 248 (95.0)
6 (46.2) 248 (95.0)
8 (66.7) 249 (95.4)
45 (97.8) 215 (82.4)

.5) 30 (18.5) 101 (38.7)
177 (98.3) 83 (31.8)

.0) NA 141 (54.0)
) 108 (90.0) 141 (54.0)

t; SGA Z small for gestational age; SARS-CoV-2 Z Severe acute



Table 2 SARS-CoV-2 testing in different samples.

Sample No. of studies
reporting this
item compared
to all studies
(n Z 32)n (%)

No. of neonates
with positive
result compared
to all neonates
in reporting studies n (%)

No. of neonates with
negative result compared
to all neonates in reporting
studies n (%)

No. of children
evaluated
for this item n (%)

Nasopharyngeal/Throat swab 25 (59.5) 6 (5.9) 95 (94.1) 101 (38.7)
Rectal/Anal swab 4 (9.5) 3 (37.5) 5 (62.5) 8 (3.1)
Blood test newborn 2 (4.8) 1 (50.0) 1 (50.0) 2 (0.1)
Placenta 6 (14.3) 0 (0.0) 7 (100.0) 7 (2.7)
Cord blood 10 (23.8) 0 (0.0) 28 (100.0) 28 (10.7)
Amniotic fluid 10 (23.8) 1 (2.5) 33 (97.5) 34 (13.0)
Breast milk mother 8 (19.0) 1 (4.0) 24 (96.0) 25 (9.6)
Vaginal swab mother 4 (9.5) 0 (0.0) 9 (100.0) 9 (3.4)

SARS-CoV-2Z Severe acute respiratory syndrome-Coronavirus-2.

Table 3 Outcome of meta-analysis (random effect model).

Characteristic Neonates

95% CI n Q I2 t2 p-value

Sex

Female 0.320 (0.221e0.418) 19 12.936 0.000 0.000 <0.001
Male 0.684 (0.584e0.783) 41 12.671 0.000 0.000 <0.001
Birth related characteristics

Caesarean section 0.773 (0.679e0.866) 187 127.535 77.261 0.038 <0.001
Vaginal delivery 0.113 (0.065e0.160) 30 47.494 38.940 0.004 <0.001
Preterm birtha 0.271 (0.163e0.378) 46 44.112 68.262 0.025 0.011
Formula feeding 0.657 (0.415e0.899) 33 65.555 84.746 0.121 <0.001
Breast feeding 0.181 (0.059e0.304) 13 23.299 48.496 0.016 0.004
Clinical symptoms

No clinical abnormalitiesa 0.804 (0.671e0.937) 37 15.843 49.504 0.017 <0.001
Intrauterine distress 0.117 (0.052e0.181) 12 2.309 0.000 0.000 0.002
Dyspnea 0.401 (0.183e0.619) 11 8.847 43.487 0.031 <0.001
Fever 0.268 (0.106e0.431) 9 23.367 65.763 0.032 0.001
SGAa 0.166 (0.005e0.327) 7 13.243 69.795 0.020 0.043
Vomiting 0.381 (0.138e0.612) 6 10.542 52.571 0.044 0.002
Moaning 0.510 (0.175e0.845) 3 2.835 29.459 0.027 0.003
Cough 0.332 (0.041e0.624) 2 8.959 55.351 0.057 0.025
Initial radiological abnormalities 0.370 (0.202e0.538) 19 38.732 69.018 0.053 <0.001
Therapy

NICU admission 0.577 (0.291e0.863) 60 723.241 97.926 0.295 <0.001
Antibiotics 0.657 (0.454e0.860) 9 2.925 0.000 0.000 <0.001
Oxygen therapy 0.454 (0.222e0.686) 7 2.660 0.000 0.000 <0.001
NIV 0.419 (0.171e0.668) 4 3.540 15.249 0.010 <0.001
Invasive ventilation 0.145 (�0.105 e 0.395) 1 5.871 0.030 65.934 0.256
Hospital discharge 0.818 (0.729e0.908) 132 67.296 71.766 0.019 <0.001
Death 0.037 (0.012e0.062) 3 12.229 0.903 0.000 0.004
SARS-CoV-2 rRT-PCR test in neonates

Tested for SARS-CoV-2 0.762 (0.643e0.881) 120 173.711 85.003 0.063 <0.001
SARS-CoV-2 negative 0.670 (0.527e0.813) 108 265.268 90.199 0.103 <0.001
SARS-CoV-2 positive 0.128 (0.066e0.190) 12 61.247 57.549 0.010 <0.001

95% CI Z 95% confidence interval; Q Z Cochrane’s Q statistic for heterogeneity; I2 Z Index for the degree of heterogeneity.
t2 Z Tau-squared measure of heterogeneity; NIV Z non-invasive ventilation; NICU Z neonatal intensive care unit; SGA Z small for
gestational age; SARS-CoV-2 = Severe acute respiratory syndrome-Coronavirus-2.

a As stated in each individual publication.
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to the reported case, the reason for organ failure remains
unclear. The mother presented with fever 3 days after
delivery, vaginal bleeding occurred in the third trimester
(Supplemental Figs. vew).13

3.5. Clinical features

In 9 out of 32 (28.1%) studies, 37 out of 46 (80.4%) neonates
did not show any clinical abnormalities (95% CI 0.671 to
0.937). In 215 out of 261 (82.4%) this characteristic was not
reported. The most commonly described clinical features
were dyspnea in 11 out of 26 newborns (42.3%, 95%CI 0.183 to
0.619), fever in 9 out of 47 neonates (19.1%, 95% CI 0.106 to
0.431),moaning in 3 out of 8 neonates (37.5%, 95% CI 0.175 to
0.845) and cough in 2 out of 13 neonates (15.4%, 95% CI 0.041
to 0.624). Other clinical signs were mainly gastrointestinal
symptoms, namely vomiting in 6 out of 23 newborns (26.1%,
95% CI 0.138 to 0.612). In total, 7 out of 86 (8.1%) neonates
presented with small gestational age (SGA) (95% CI 0.005 to
0.327), and 12 out of 90 (13.2%) newborns suffered from in-
trauterine distress (95% CI 0.052 to 0.181). Regarding fetal
complications, 15 out of 32 studies (46.9%) reported preterm
birth including 163 neonates. Prematurity was documented
in 46 of 163 (28.2%) of the neonates (95% CI 0.163 to 0.378). In
9 out of 15 studies (60.0%), reason for preterm birth was not
mentioned.13,22e29 In 3 out of 15 studies (20.0%), the authors
stated that prematurity was not associatedwith SARS-CoV-2.
Prematurity occurred to due pre-eclampsia, history of still
births, irregular contractions, premature rupture of the
membrane11,21 and pulmonary state of the mother with
obesity.20 Possible association with SARS-CoV-2 was stated in
3 out of 15 studies (20.0%).30e32 Overall, in 100 out of 261
(38.3%) neonates, preterm birth was not reported. In 5 out of
32 studies (15.6%) low birth weight was reported involving 12
neonates (10 singletons and 1 pair of twins). All of the new-
borns were delivered by caesarean section,11,13,29,31,32 1
newborn died due to multiple organ failure after delivery.13

Birth weight ranged from a minimum of 1527 g13 to a
maximum of 2460 g.11 No intrauterine growth restriction was
mentioned in the included studies (Table 1þ3, Supplemental
Fig. e, heo, Supplemental Table 2).

3.6. Treatment

Of the studies reporting, 60 out of 130 (46.2%) neonates were
admitted to the neonatal intensive care unit (NICU) for im-
mediate isolation or intensive care treatment (95% CI 0.291 to
0.863). Antibiotics were given to 9 out of 13 (69.2%) neonates
(95% CI 0.454 to 0.860), and 7 out of 13 (53.8%) newborns
requiredoxygen therapy (95%CI 0.222 to 0.686). Non-invasive
ventilation (NIV) was necessary in 4 out of 12 (33.3%) neo-
nates (95% CI 0.171 to 0.668), while invasive ventilation was
reported in only 1 out of 46 (2.2%) newborn (95% CI -0.105 to
0.395) (Table 1þ3, Supplemental Fig. peu).

3.7. SARS-CoV-2 testing in different samples

Overall, 120 (46.0%) neonates were tested for SARS-CoV-2
(95% CI 0.643 to 0.881). Different samples for neonates
were taken from different locations (nasopharyngeal/
throat swabs, rectal/anal swabs, blood tests, placenta,
cord blood and amniotic fluid). In mothers 34 tests were
performed from breast milk and vaginal secretion. Of all
neonates tested, 12 out of 120 (10%) neonates showed
positive test results (95% CI 0.066 to 0.190) and 108 out of
120 (90%) neonates tested negative (95% CI 0.527 to 0.813).
Nasopharyngeal or throat swabs were positive in 6 (5.9%)
neonates and negative in 95 (94.1%). Rectal or anal swabs
were positive in 3 (37.5%) and negative in 5 (62.5%), blood
test was positive in 1 (50.0%) and negative in 1 (50.0%),
placenta positive in 0 (0.0%) and negative in 7 (100.0%),
cord blood positive in 0 (0.0%) and negative in 28 (100.0%)
and amniotic fluid was positive in 1 (2.5%) and negative in
33 (97.5%) of the cases. Test of breast milk was positive in 1
(4.0%) case and negative in 24 (96.0%). Vaginal swabs were
positive in 0 (0.0%) and negative in 9 (100.0%) mothers
(Table 1þ2þ3, Fig. 1, Supplemental Figs. xez).

3.8. Characterization of 12 SARS-CoV-2 positive
neonates

Overall, 12 newborns from infected mothers tested positive
for SARS-CoV-2. In total, 3 out of 12 (25.0%) neonates were
born by vaginal delivery (No. 1, 5e6), and all other new-
borns (9 out of 12 (75.0%)) were delivered by caesarean
section (No. 2e4, 7e12). Of these, 2 out of 12 (16.7%) cases
were reported to be asymptomatic (No. 3, 10), 5 out of 12
(41.7%) cases presented with respiratory symptoms (No. 1,
6e7, 9, 11), 3 out of 12 (25.0%) cases with gastrointestinal
symptoms (No. 2, 6, 11) and 3 out of 12 (25.0%) cases with
fever (No. 8, 11e12). In 2 out of 12 (16.7%) neonates clinical
features were not reported (No. 4e5). In 9 out of 12 (75.0%)
cases laboratory results were not reported (No. 4e12), in 2
out of 12 neonates (16.7%) laboratory results were stated as
normal (No. 1, 3), and 1 other neonate (8.3%) presented
with low lymphocytes, alanine-aminotransferase and cre-
atine kinase (No. 2). Seven out of 12 (58.3%) neonates were
immediately isolated after birth (No. 2, 3, 6e10). Naso-
pharyngeal or throat swabs were positive the earliest 24 h
after birth (No. 8), 1 day after delivery (No. 4e5, 8) and 4
days after delivery (No. 6). In the 12 children who tested
positive, swabs from vaginal secretion, breast milk, cord
blood and placenta were negative. Amniotic fluid was
positive in 1 out of 12 (8.3%) (No.8). Supportive treatment
was conducted in 6 out of 12 (50.0%) neonates (No. 1, 7,
9e12), 2 out of 12 (16.7%) cases received antibiotics (No. 2,
8) and 1 out of 12 (8.3%) neonates required invasive
ventilation (No. 6) (Fig. 2).

3.9. Risk of bias

From the included multi- and single-center studies only 2
studies had a risk of bias score below 70%. In total, 6 studies
scored 11 or higher, making these reports less susceptible
to bias. For case series and case reports, 1 report had a risk
of bias score below 70%. Overall, 23 studies scored eight or
higher (Supplemental Table 1).

4. Discussion

Since SARS-CoV-2 has become a worldwide pandemic,
questions concerning possible vertical transmission and



Figure 1 Overview of rRT-PCR tests for SARS-CoV-2 from
different samples. Fig. 2 summarizes the performed SARS-CoV-
2 rRT-PCR tests in different samples. X axis represents the
different sample swabs, Y axis represents ratio (%) of positive
or negative tested neonates compared to all neonates with
performed tests. P-values were determined by Mann-Whitney-
U-test. þ Z positive test result by rRT-PCR; - Z negative test
result by rRT-PCR; SARS-CoV-2 Z Severe acute respiratory
syndrome-Coronavirus-2.
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outcome of neonates born to infected mothers are
raised. To assess this topic, this meta-analysis was
conducted. The present meta-analysis includes 32
Figure 2 Characteristics of SA
studies with 261 neonates born to mothers with
infection.

Our analysis revealed that most of the neonates born to
infected mothers did not show any clinical abnormalities
(80.4%). Symptoms in infected newborns were mostly mild.
In total, 13.3% of the neonates suffered from intrauterine
distress. Neonatal death was reported in 3 cases.13,20,21 One
neonate was still born at 38 þ 7 weeks due to severe
chronic villitis. PCR testing showed no viral inclusions.
However, the authors state that there was a delay between
fetal demise and RNA preservation for PCR analysis, so that
results may be inaccurate.20 The second neonate died due
to severe asphyxia. Before delivery the mother was put
under mechanical ventilation. However, the authors did not
state whether the neonate‘s death was associated with
SARS-CoV-2 infection.21 The third neonate died due to
multiple organ failure. PCR test for SARS-CoV-2 was per-
formed in this neonate with negative results.13 Therefore,
with limited data on neonatal infection, it remains unclear
whether neonatal death was associated with SARS-CoV-2
infection or not. Case reports have demonstrated a wide
range of symptoms in neonates; for example, Zhu et al.
analyzed 10 neonates, of whom 9 presented with symptoms
after birth. Respiratory symptoms were present in 6, fever
in 2 and tachycardia in 1 case.13 In our meta-analysis out of
120 neonates tested, 12 tested positive for infection. Eight
out of 12 (66.7%) neonates presented with symptoms. When
children were still in hospital, the onset of clinical symp-
toms ranged from 30 min to 3 days after delivery. Our re-
sults suggest that symptoms start early after delivery in
case of infection. The onset of symptoms at home may be
due to secondary infection from other family members. For
example in the report by Han et al. mother and grandpar-
ents were confirmed with infection.33 Our analysis revealed
RS-CoV-2 positive neonates.
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that most infected neonates were discharged from hospital
(82.5%), supporting the mild course of infection.34 Pregnant
women with SARS-CoV-2 are prone to adverse neonatal
complications including still birth, preterm birth and in-
trauterine growth restriction. In our study, premature birth
occurred in 28.6% of the neonates. In the majority of
included studies, reason for preterm birth was not
mentioned13,22e29 or authors did not detect an association
with SARS-CoV-2.11,20,21 Possible association of prematurity
and SARS-CoV-2 infection was only stated in 3 studies,
namely pre-eclampsia, history of still births, irregular
contractions, premature rupture of the membrane and
pulmonary state of the mother.30e32 In another study, up to
half of the infected mothers delivered preterm infants.
However, they stated that fetal growth during third
trimester did not seem to be affected35 and therefore
reasons for prematurity were still unclear.11-13 Some au-
thors hypothesized that morbidity in newborns could be
related to possible hypoxemia in the infected mother,
which increases the risk of perinatal adverse events.34

Literature reveals that vertical transmission of SARS-
CoV-2 infection is possible10 and therefore it is still an ob-
ject of current research for clinicians worldwide with
respect to frequency and clinical relevance.36 Vivantis and
colleagues were able to demonstrate a transplacental
transmission of SARS-CoV-2 in a neonate born to a mother
infected in the third trimester by comprehensive virological
and pathological investigations.10 Regarding the risk of
possible intrapartum transmission, data reveal that
caesarean section is the preferred mode of delivery.36 The
same results were demonstrated in our study, in which the
majority of patients underwent caesarean section. In
addition, another study revealed possible viral transmission
through maternal breast milk.37 Here, RNA from SARS-CoV-2
was found in the breast milk from two mothers. Their ne-
onates also showed SARS-CoV-2 rRT-PCR positive results in
swabs; however, it remains unclear whether the neonates
were infected by breastfeeding or other modes of trans-
mission.37 Breast milk has many benefits including the
passive transmission of antibodies.38 Our analysis shows
that in studies reporting breast feeding was only conducted
in 5 out of 38 (13.1%) neonates. In total, 24 out of 25 tests
of breast milk for PCR of SARS-CoV-2 were negative. Most
international associations recommend breastfeeding from
mothers with confirmed SAR-CoV-2 under strict measures of
infection control.39,40 The American Academy of Paediat-
rics (AAP) recommends separating the newborns from
mothers with confirmed or suspected SARS-CoV-2 infection
into separate isolation rooms.41 On April 4, 2020 the Cen-
ters for Disease Control (CDC) stated that the decision to
separate newborns should be made on an individual basis.42

In our study, the separation of the mother and her newborn
directly after birth did not prevent the SARS-CoV-2 infec-
tion in the majority of the infected newborns. It rather had
a negative impact on the mother-child-bond.43 Therefore,
this drastic sanction is questionable. In our analysis, swabs
from vaginal secretion, cord blood and placenta were all
negative. Amniotic fluid was positive in 1 case. In this case,
the first neonatal throat swab immediately after birth was
negative. Further throat swabs in the same neonate 24 h
and 7 days after delivery showed positive results. The
authors stated that the neonate was isolated directly after
birth. Since the SRAS-CoV-2 rRT-PCR test was positive for
amniotic fluid and neonatal throat swab, the route of
infection may have been intrauterine. However, the first
throat swab was negative and then a subsequent swab was
positive 24 h after birth. Thus, secondary infection cannot
be excluded.32 In other studies, tests performed from
vaginal secretion, cord blood and placenta were also re-
ported to be negative.11,16 The first proven transplacental
transmission of SARS-CoV-2 and our findings reveal that
vertical transmission of SARS-CoV-2 is a possible rare event.
Further studies on perinatal SARS-CoV-2-infections with
detailed analysis on both maternal and neonatal parame-
ters are necessary to create a solid basis on potential ef-
fects of this infection on mother and newborn.

4.1. Limitations

This meta-analysis has several limitations. First of all, most
information on neonates was retrieved from case reports.
Additionally, many of the analyzed parameters of our meta-
analysis were only reported in a minority of the cited pub-
lications. The lack of higher quality studies is mostly due to
the novelty of the virus. Given the lack of high quality evi-
dence, this type of meta-analysis may be helpful for a
better understanding of clinical characteristics of neonates
and its possible vertical transmission and underlines the
urgent need of detailed, high-quality studies in this field.
Furthermore, the number of studies on neonates from
infected mothers are limited. However, we included 261
neonates, which represents the largest number of included
cases so far. Another main limitation is the difficulty to
retrieve the full text of some Chinese studies. Thus, we had
to rely on English articles only. This strategy might lead to
possible selection bias. In addition, most studies are from
China, representing just one country of the major infection
outbreak. This could be a bias, either for genetic or cultural
reasons. An equal number of studies from other countries
are needed for better understanding. Also, laboratory re-
sults of interest were not consistently reported and refer-
ence ranges not always clearly defined. In future reports on
neonates born to SARS-CoV-2 positive mothers, cases with
fetal complications like intrauterine growth restriction, low
birth weight and preterm delivery should be reported in
more detail, as these represent common fetal complications
developed by infected pregnant women.

5. Conclusion

Of 261 neonates born to SARS-CoV-2 infected mothers only
120 neonates have been tested for SARS-CoV-2 infection.
Out of these 120 neonates, 12 (10.0%) tested positive. Most
neonates did not show any clinical abnormalities (80.4%),
and symptoms in infected newborns were mostly mild. Most
neonates with SARS-CoV-2 infection were discharged from
hospital. The risk for vertical transmission is low. Nucleic
acid test from vaginal secretions, cord blood and placenta
were all negative. Tests from breast milk and amniotic fluid
were positive in 1 case. To separate the mother from her
newborn directly after birth did not prevent the SARS-CoV-2
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infection in the majority of the infected newborns in our
analysis. Larger epidemiological and more detailed studies
are urgently needed to create a valid scientific data-basis
for risk-adapted clinical decisions in the highly problematic
field of perinatal SARS-CoV-2 transmission.
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