Received: 17 September 2020

Revised: 16 October 2020

'-) Check for updates

Accepted: 20 October 2020

DOI: 10.1002/jmv.26622

REVIEW

MEDICAL ViRoLOGY WILEY

Possible vertical transmission and antibodies against
SARS-CoV-2 among infants born to mothers with
COVID-19: A living systematic review

George M. Bwire! |
Deodatus Sabas* |

1School of Pharmacy, Muhimbili University of
Health and Allied Sciences, Dar es Salaam,
Tanzania

2School of Medicine, Muhimbili University of
Health and Allied Sciences, Dar es Salaam,
Tanzania

3School of Nursing, Muhimbili University of
Health and Allied Sciences, Dar es Salaam,
Tanzania

“Directorate of Library Services, Muhimbili
University of Health and Allied Sciences,
Dar es Salaam, Tanzania

5School of Public Health and Social Sciences,
Muhimbili University of Health and Allied
Sciences, Dar es Salaam, Tanzania

Correspondence

George M. Bwire, School of Pharmacy,
Muhimbili University of Health and Allied
Sciences, P.O. Box 65001, Dar es Salaam,
Tanzania.

Email: georgebwire@gmail.com

Belinda J. Njiro? |
Bruno F. Sunguya®

Dorkasi L. Mwakawanga® |

Abstract

Current evidence suggests that coronavirus disease 2019 (COVID-19), caused
by severe respiratory syndrome coronavirus 2 (SARS-CoV-2), is predominantly
transmitted from human-to-human. However, evidence on vertical transmission
and natural passive immunity among the newborns exposed to COVID-19 is
scanty and varies. This poses a challenge on preventive interventions for the
newborns. We conducted a systematic review to first, determine the likelihood
of vertical transmission among COVID-19 exposed infants and second, de-
termine whether antibodies against SARS-CoV-2 were generated among
COVID-19 vertically exposed but negative infants. This review registered in
PROSPERO searched evidence from PubMed/MEDLINE and Google Scholar,
among others. About 517 studies were pooled, where 33 articles (5.8%) met the
inclusion criteria such as infection prevention and control measures at birth. A
total of 205 infants born to COVID-19 positive mothers were studied. Overall,
6.3% (13/205; 95% Cl: 3.0%-9.7%) of the infants tested positive for COVID-19
virus at birth. Of 33 eligible studies, six studies (18.8%) reported about im-
munoglobulin G/M (IgG/IgM) against SARS-CoV-2. 1gG/IgM were detected in
90% infants (10/11; 95% Cl: 73.9%-107.9%) who tested negative for COVID-
19 virus. The median antibody levels detected were 75.49 AU/ml (range,
7.25-140.32 AU/ml) and 3.79 AU/ml (range, 0.16-45.83 AU/ml), p =.0041 for
IgG and IgM, respectively. In conclusion, the current evidence revealed a low
possibility of vertical transmission of COVID-19 and antibodies against SARS-
CoV-2 were detected among vertically exposed but negative infants. Further
studies on transplacental transmission and the magnitude of natural passive

immunity in infants born to mothers with COVID-19 are warranted.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2)/COVID-19 virus
and spread from person-to-person® was first reported from Wuhan,
China in late December 2019.? Since then, there has been a rapid
increase in the number of new cases and deaths from the disease,
and overall changing in the disease landscape.® Like other viral in-
fectious diseases,*° pregnant women continue to be vulnerable to
COVID-19.°"% The literature has reported the possible potential
implications of COVID-19 in pregnancy but the debate on a possible
vertical transmission is still ongoing.”'° Few studies have associated
the potential influence of COVID-19 infection from an infected
pregnant woman to her fetus or newborn, these include the possi-
bility of miscarriages, preterm delivery, and neonatal infections.***?
The previous epidemic from severe acute respiratory syndrome
coronavirus 1 (SARS-CoV) reported no prenatal transmission of
SARS. This was confirmed through testing of amniotic fluid and
umbilical cord blood obtained during cesarean section together with
throat swab of the newborn.****

Evidence has started to show the likelihood of mother to child
transmission of COVID-19 infection among the confirmed neonatal
infections.’®"*” On the other hand, the detection of immunoglobulin
(IgM/IgG) against SARS-CoV-2 IgG and IgM among infants born
COVID-19 confirmed mothers but themselves tested COVID-19
negative have been reported.’®*"2° This serological evidence raises
more concern about the possible mother to child transmission of
antibodies against SARS-CoV-2.>* However, evidence seems to be
scant and varying with regard to both vertical transmission and an-
tibodies against COVID-19 virus among the exposed newborns. To
address this scientific gap of clinical and policy implication, we con-
ducted this systematic review to first, pull evidence to examine the
likelihood of vertical transmission and antibodies against SARS-CoV-

2 among newborns exposed to COVID-19.

2 | MATERIALS AND METHODS

2.1 | Design

This systematic review was conducted to address the following
question, “Is there a vertical transmission and antibody responses against
SARS-CoV-2 in infants born to mothers with COVID-19?" A systematic
review protocol was developed following Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P)
guidelines®* and registered in the International Prospective Register
of Systematic Reviews (https://www.crd.york.ac.uk/prospero/:
PROSPERO database registration number: CRD42020185362).

To ensure that current evidence and updated information are
available to the research communities and final users, a living sys-
tematic review will be conducted using rapidly emerging and new re-
search evidence generated through a continual literature search

approach as previously described elsewhere.”” Standard method of

reporting living systematic reviews?® were used and will be used every

time when the new COVID-19 research evidence become available.

2.2 | Search strategy

Articles were retrieved using online search engines and library sources,
including PubMed/MEDLINE and Google Scholar. In addition, websites
of key healthcare organizations such as World Health Organization
(WHO), Centre for Disease Prevention and Control (CDC), standard
alone journals/publishers such as JAMA, NEJM, Wiley online library,
Springer Nature, Elsevier, BMJ, Lancet, Cells, Nature, Science, and BMJ
were searched with the help of Google. We also searched articles from
pre-print servers, that is, Research Square and medRxiv. Data from
December 1, 2019 to May 18, 2020 conducted in human beings, and
published in the English language were included. The strategy was
developed for PubMed/MEDLINE (Additional file 1) using keywords
and MeSH (MEDLINE) then adapted to other databases. To be as in-
clusive as possible, the search strategy included the terms covering the

concept of immunity and infection among infants born to mothers with

» o« » o

COVID-19. Keywords such as “vertical transmission,” “antibody,” “im-

» o« » o«

munoglobulin,” “pregnant mother,” “pregnancy,” “child,” “infant,” “new-
born,” “SARS-CoV-2,” and “COVID-19” were used.

2.3 | Eligibility criteria and study selection

To exclude irrelevant studies, two reviewers (GMB and BJN) in-
dependently screened the titles and abstracts, and a full-text articles
were assessed for further consideration for inclusion. Disagreements
on study eligibility were resolved by consensus, and/or a third re-
viewer was consulted if necessary. If the information on eligibility
was unavailable and/or unclear, study authors were contacted to
clarify. The selected studies were included based on laboratory-
confirmed COVID-19 infection using quantitative real-time reverse
transcription polymerase chain reaction (QRT-PCR) or dual fluores-
cence PCR and immunoassay such as enzyme-linked immunosorbent
assay, patient pregnant on admission, infant's COVID-19 status soon
after birth and infection control and prevention (IPC) measures
during and after delivery, that is, mother wore N-95 during delivery,
personnel protective equipment wore by healthcare workers, infants
immediately separated with her mother to a negative pressure room
and infants did not breastfeed before samples were taken. This re-
view included, letter to the editor, correspondence, editorial, re-
search article (case report, case series, cross-sectional, clinical trial,
cohort, and case-control study) and so forth, however, articles that

reported on the secondary data and reviews were excluded.

2.4 | Data management

All article citations retrieved from database searches were exported
into EndNote software version X7 (Thomson Reuters, 2015) where


https://www.crd.york.ac.uk/prospero/

BWIRE T AL. 1363
MEDICAL VIROLOGY — WILEY
o\
Records identified through Other sources, i.e., pre-prints

s PubMED/MEDLINE & Google (n=07)

.g Scholar (n =510)

=

=

c

a

°

m— y
—_J Records after duplicates removed

(n=497)

)

o

£

c

a

g Abstract and title screening Records excluded

lx (n = 497) (n = 425)
—

y
Full-text articles excluded,
Full-text articl.es? .assessed | with reasons
for eligibility > (n= 38)

z (n=71) 23: Wrong outcome

E 15: Wrong patient

2 X population

o

Studies included in
qualitative synthesis
(n=33)
o1
Y

‘ . . ' . .

% Studies included in quantitative analysis

3 (Transmission = 33, Antibodies = 06)

-
—

FIGURE 1 PRISMA diagram showing flow of article search and screening

duplicates were identified and removed. |dentified publication(s)
were analyzed using criteria based on vertical transmission and/or
1gG/1gM against SARS-CoV-2 and maximum correspondence with

inclusion criteria (Figure 1).

2.5 | Data extraction and quality assessment

The reviewers independently extracted the variables of interest from
the selected studies using data extraction. Data extraction form was
developed in Excel spreadsheet 2010 (Microsoft Corporation), pre-
tested on three eligible articles and adjusted accordingly (Table 1).
The primary endpoints were COVID-19 infection and IgG/M against
SARS-CoV-2 from the samples taken at birth. PRISMA-P guideline®”
recommends a quality assessment of the included literature, but gi-
ven the time from the first report of COVID-19 (December 31,
2019), most of the extracted studies were case reports with a very
small number of participants (mostly one participant) per study. In

this regard, the authors decided not to perform the risk assess-

ment,?” publication bias, heterogeneity, and meta-analysis.

2.6 | Summary measures and synthesis of results

A summary estimate of proportions for COVID-19 virus positive and
IgG/IgM against SARS-CoV-2 among infants born to mothers with
COVID-19 were determined using Open Meta Analyst software.”> The
statistical measures included along with 95% confidence interval (95%
Cl) for continuous variables. We performed a two-tailed nonparametric
Mann-Whitney test to determine and compare the median antibody
levels using Prism 7 (GraphPad Software). The narrative was written by
the lead reviewer (GMB) and then checked independently by two re-
viewers (BJN and DLM). The variables that were missing from included
articles were recorded as not reported (NR). No statistical test was ap-
plied in handling missing data. However, available information was used
in recalculating some variables using the Open Meta Analyst calculator.
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TABLE 1 Characteristics of the included studies

Author
Al-kuraishy et al.?®
Alzamora et al.*®
Baud et al.*’

Buonsenso et al.*?

Chen et al.*°
De Socio et al.?°
Diaz et al.**

Fan et al.*?

Lee et al.?®
Li al.>®
Liu et al.**

Ferrazzi et al.>®

Lowe et al.*¢
Lu al.®”
Lyra et al.*®

Zhu et al.*’

Zeng et al.”’

Zeng et al.?*

Zamaniyan et al.*®

Yu et al.**

Yin et al.*?

Yang et al.*

Yan et al.*®

Xiong et al.??

Wang et al.**

Country
Iraq
Peru
Switzerland
Italy
Italy
China
Italy
Spain
China
China
Korea
China
China
Italy
Italy
Australia
China
Portugal
China
China
China
China
China

Iran

China
China
China
China
China
China
China
China
China

Design
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
RT
RT
RT
CR
CR
CR
RT
RT
PR
PR
RT

CR
RT
RT
RT
PR
PR
RT
RT
CR
CR

Mode of
delivery

Vaginal
Cesarean
Vaginal
Cesarean
Cesarean
Cesarean
Vaginal
Cesarean
Cesarean
Cesarean
Cesarean
Cesarean
NA
Vaginal
Cesarean
Vaginal
Cesarean
Cesarean
NA

NA

NA

NA

Cesarean

Cesarean
Cesarean
NA

NA
Cesarean
Cesarean
Cesarean
Cesarean
Vaginal

Cesarean

Gestation
period

Preterm
Preterm
Preterm
Full term
Preterm
Full term
Full term
Full term
Full term
Preterm
Full term
Preterm
Full term
NA

NA

Full term
Full term
Full term
Full term,
Preterm
Full term
Preterm

Full term

Preterm
Full term
Full term
Preterm
Full term
Preterm
Full term
Preterm
Full term

Preterm

COVID-19
(positive cases/
total)

0/1.0
1.0/1.0
1.0/1.0
0/1.0
0/1.0
0/3.0
0/1.0
0/1.0
0/1.0
0/1.0
0/1.0
0/1/0
0/10
2.0/24
0/18
0/1.0
0/1.0
0/1/0
0/4
0/6
2.0/29
1/4.0
0/6

1/1.0
1/3.0
0/12
0/5
0/3
0/4
0/4
0/1
0/1
0/1

1gM/1gG against

1gM/1gG levels against SARS-CoV-2

SARS-CoV-2 in newborns
(detected/total)  IgG (AU/ml)
NR NR
0/1.0 ND
NR NR
1.0/1.0 Weakly positive
NR NR
NR NR
1.0/1.0 Strongly positive
NR NR
6.0/6.0 125.5
113.91
75.49
73.19
51.38
7.25
NR NR
0/1 ND
NR NR

1gM (AU/ml)

NR

ND

NR

ND

NR

NR

Weakly detected

NR

39.6
16.25
3.79
1.9
0.96
0.16
NR

ND
NR
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TABLE 1 (Continued)
COVID-19 IgM/IgG against 1gM/1gG levels against SARS-CoV-2
Mode of Gestation (positive cases/ SARS-CoV-2 in newborns

Author Country Design delivery period total) (detected/total)  IgG (AU/ml) IgM (AU/ml)
Wang et al.*® China CR Cesarean Preterm 1/1.0
Sun et al.*® China CR Cesarean Full term 1/1.0

china CR Cesarean Preterm 1/2.0
Sun et al.”’ China RT NR Full term  0/13
Qiancheng et al.**  China RT NR Full term  0/22

China RT NR Preterm 0/1.0
Peng et al.*? China CR Cesarean preterm 0/1
Chen et al.>® China RT Cesarean Full term 0/5

China RT Cesarean Preterm 0/4
Dong et al.’” China CR Cesarean Preterm 0/1 1/1 140.32 45.83
Vivant et al.”* France CR Cesarean Preterm 1/1 NR NR NR

Note: Babies born before 37 weeks were termed as “preterm.”

Abbbreviations: COVID-19, coronavirus disease 2019; CR, case report; NA, not applicable; ND, not detected; NR, not reported; PR, prospective study;
RT, retrospective study; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

3 | RESULTS

3.1 | Characteristics of the studies included

A total of 517 studies were pooled from a systematic search, where
only 33 articles (5.8%) were eligible for final analysis. Of 33 included
studies, 21 were case reports (65.6%), 10 retrospective studies
(28.1%), and two (6.3%) prospective studies. From 33 articles, a total
of 205 infants were born to COVID-19 virus-positive mothers. All
articles reported on COVID-19 transmission, but only six studies
(18.8%) reported about 1gG/IgM against SARS-CoV-2 among infants
born to COVID-19 virus-positive mothers. Two articles had quanti-
fied (reported the metric values) 1gG/IgM levels”?* whereas two
articles reported unquantified detection of IgG/IgM.*?° Some
pooled studies reported that no 1gG/IgM was detected from the
newborns' samples tested.'®?? Most of the studies, 19 (59.4%) were
conducted in China. Twenty-three studies (71.9%), reported that
mothers delivered through a cesarean route with preterm delivery in
the majority of the studies, 20 (62.5%). Except for retrospective
studies where not applicable (NA) status was assigned in this review
because of the limited information, all the remained studies im-

plemented IPC measures during and after delivery (Table 1).

3.2 | The proportions of possible vertical
transmission of SARS-CoV-2

Thirty-three studies were analyzed to determine the possible vertical
transmission of among infants born to COVID-19 virus-positive
mothers. A total of 205 infants were born to COVID-19 virus-
positive mothers, where only 6.3% (13/205; 95% Cl: 3.0%-9.7%) of

the infants tested positive for COVID-19 virus at birth. Of 33 in-
cluded studies, 21 were case reports (65.6%), 10 retrospective stu-
dies (28.1%), and 2 (6.3%) prospective studies. The proportions of the
infants who contracted COVID-19 vertically from their mother were
22.2% (6/27; 95% Cl: 6.5%-37.9%), 2.1% (3/141; 95% Cl: -0.3% to
4.5%), 7.5% (3/40; 95% Cl: -0.7% to 15.7%) for case reports, retro-
spective and prospective study, respectively.

A total of 19 studies (59.4%) were reported to be conducted in
China and the remained from the rest part of the world. China re-
ported 4.2% of infants vertically contracted COVID-19 from their
mothers (7/167; 95% Cl: 1.2%-7.2%) where those who were re-
ported outside China were 10.5% (6/57; 2.6%-18.5%). Twenty-three
studies (71.9%) reported about mothers who delivered through ce-
sarean while six (18.7%) studies were vaginal delivery route. The
remained studies did not report about the mode of delivery. Cesar-
ean mode of delivery found 10% positive infants (7/70: 95% ClI:
3.0%-17.0%) while for vaginal delivery route was 10.3% (3/29;
-0.7% to 21.4%).

Twenty-one studies (63.6%) reported IPC were in place,
other studies IPC were difficult to assess since they were ret-
rospective study with no clear mention of IPC in place, hence
assigned NA except two studies where IPC was NR. In the rest of
the studies, IPC was not clearly reported. For those with IPC
measures in place, 12.3% (9/73; 95% Cl: 4.8%-19.9%) of the in-
fants tested positive for COVID-19 at birth. A total of 20 studies
(62.5%) reported preterm delivery while 12 (37.5%) were full-
term delivery. Two studies gestation period was NR. In the group
of full term, 3.2% (4/124; 95%Cl: 0.1%-6.3%) infants tested
COVID-19 virus positive while for preterm, 18.4% (7/38; 95% Cl:
6.1%-30.7%) of infants born to COVID-19 virus-positive mothers

were positive.
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3.3 | 1gG/IgM against SARS-CoV-2 among infants
born to mothers with COVID-19

Of 33 included studies, only six studies (18.8%) reported about 1gG/
IgM against SARS-CoV-2 among infants born to COVID-19 virus-
positive mothers. Antibodies were quantified in 11 infants, where 10
out of 11 infants (90.9%; 95% Cl: 73.9%-107.9%) had 1gG/IgM
against SARS-CoV-2. Among 10 infants with detected antibodies
against SARS-CoV-2, only one infant (10%; -8.6% to 28.6%) tested
COVID-19 virus positive. Furthermore, one infant whose antibodies
against SARS-CoV-2 were not detected tested positive for COVID-
19. The median antibody levels detected in COVID-19 exposed
newborns who tested negative for the virus after delivery but were
born to mothers with COVID-19 were 75.49 AU/ml (range,
7.25-140.32 AU/ml) and 3.79 AU/ml (range, 0.16-45.83 AU/ml),
p =.0041 for anti-SARS-CoV-2 IgG and IgM, respectively.

4 | DISCUSSION

This review summarizes findings for 205 infants born to mothers
with COVID-19. The review aimed to determine the possible vertical
transmission of COVID-19 and determine whether antibodies re-
sponses against COVID-19 virus were generated among vertically
exposed but negative infants. It was found that 6.3% of infants born
to COVID-19 mothers were infected. This finding correlates to those
reported from the systematic review by Kotlyar et al.® In the current

review, the transmission was reported both in preterm®2?:20:40-51

30,46

and full-term born infants and even where the infection pre-

vention and control measures were in place.'®?7°1

Furthermore, the vertical transmission was reported regardless
of the mode of delivery, vaginal®**> or cesarean route 830404651
Based on negative samples from amniotic fluid, cord blood, vaginal
discharge, neonatal throat swabs, or breastmilk, WHO reported no
evidence on mother-to-child transmission when infection manifests
in the third trimester.”® However, the recent case report conducted
in France, reported the case of transplacental transmission of a male
neonate who was delivered through a cesarean section with a ge-
stational age of 35%> weeks. A baby was delivered under a well in-
fection prevention and control settings, amniotic fluid, blood and
nonbronchoscopic, nasopharyngeal, rectal swabs, and bronch-
oalveolar lavage fluid samples were collected for RT-PCR and all
were positive for the E and S genes of SARS-CoV-2.°*

Findings from the current review were contrary to those re-
ported by Gatta et al.,'? from their review which involved 51 preg-
nant women, where three pregnancies were ongoing, among
48 remained pregnancies, 46 gave birth by cesarean delivery, and
two gave birth vaginally, there was no evidence of vertical trans-
mission recorded in all reported births. In this study, all studies were
retrospective and conducted in the same country, China. In the
current study, about 40% of the reported cases were reported out-
side China. However, the study reported a high number of preterm
birth and cesarean delivery route similar to the findings of the

current review where 71.9% were delivered by the cesarean route
and 62.5% by preterm birth. Another rapid review conducted in 32
pregnant women affected with COVID-19 found no evidence of
vertical transmission, the study reported 27 cesarean section, two
vaginal delivery, and 47% delivered preterm.'* A small sample size
(n=32) used in this rapid review may have contributed to the dif-
ferences in detecting the number of infected infants compared with
the current review (n = 205).

On the other hand, this review has revealed evidence for anti-
bodies (IgG/1gM) against SARS-CoV-2 among infants tested negative
for COVID-19 but born to COVID-19 mothers. Antibodies were
quantified in 11 infants,*® 2% where 10 out of 11 infants (90.9%) had
1gG/1gM against SARS-CoV-2. One infant whose antibodies were not
detected tested positive for COVID-19.*® In this study,'® negative
serology was found both in mother and neonate on the day of birth,
and later seroconversion of the mother occurred. The delayed ser-
ological conversion curve can be explained in the studies conducted
elsewhere in which IgM seroconverts after Day 5 from symptom
onset.”* In the study by Zeng et al.,?* three infants were reported to
have elevated IgG levels but normal IgM levels. However, virus-
specific IgG/1gM was detected in all six neonatal blood sera samples.
The IgG concentrations were elevated in five infants. IgG elevation is
explained by the fact that IgG is passively transferred across the
placenta from mother to fetus at the beginning of 20th gestational
week and become more elevated at the time of birth.>> But, 1gM,

which was detected in two infants,>*

is unlikely to be transferred
from mother to fetus due to large molecular structure.”®

The presence of this specific antibody IgG/IgM for the infants
who tested negative, and were born to mothers with COVID-19 in-
dicated the possibility of transplacental immunity (natural passive
immunity) while the one who had COVID-19 developed antibodies
against SARS-CoV-2 following exposure to the virus (natural active
immunity). Using the reference range of less than 10 AU/ml,?* this
study found high levels of antibodies (75.49 AU/ml) for IgG and low
levels (3.79 AU/ml) of IgM against SARS-CoV-2 among the exposed
but negative newborns. Generally, IgM is highly expressed as the
first line antibodies during the time when the disease is active
whereas IgG detection usually indicates the long-time infection or
recovery from the past infection.”” Furthermore, I1gM is large in
molecular structure making them unlikely to cross the placenta.”®
However, there were studies,”?%?* which reported the detection of
SARS-CoV2-IgM among uninfected infants but born to COVID-19
positive mothers.

Immunological experience form other respiratory infections such
as influenza indicated that natural transplacental influenza anti-
bodies protect infants during the first few months of life.”® In addi-
tion, artificial maternal influenza antibodies significantly reduced the
rate of laboratory-confirmed influenza in infants.”” That experience
can be employed to further study the generated IgG/IgM against
SARS-CoV-2 and find out their protective effect to the newborns.

This study is limited by the small number of participants ob-
tained from the extracted studies, type of the study (low-quality
study designs, i.e. retrospective studies) included, and limited
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samples from amniotic fluid and cord blood. Nevertheless, this is the
first review with more than 200 infants born to mothers with
COVID-19 where IPC measures before samples were taken were
assessed before considering an article for final analysis. Findings
from this review are important for understanding the transmission
likelihood and immunological characteristics of infants whose mo-
thers were infected by SARS-CoV-2.

5 | CONCLUSION

Currently, there is low possibility of vertical transmission in infants
born to COVID-19 virus-positive mothers. In addition, antibodies
against SARS-CoV-2 were detected among infants who tested
COVID-19 negative. Further studies on transplacental transmission
and the magnitude of natural passive immunity in infants born to
mothers with COVID-19 are warranted.
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