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ABSTRACT

Objective: Analyze newborns diagnosed with SARS-CoV-2 performed with RT-PCR at birth or
during the first days of birth and to look for an association with the route of birth.

Methods: We conducted a comprehensive literature search for newborns diagnosed with
COVID-19 using PubMed, LILACS and Google scholar until May 15, 2020, looking for published
articles with pregnancy, vertical transmission, intrauterine transmission, neonates, delivery.
Results: There were found 10 articles with a total of 15 newborn infected with SARS-CoV-2
according to positive PCR at birth or in the first days of birth. Eleven newborn birth by cesarean
section and 4 vaginally. Of the 11 cases with cesarean section, two presented premature rupture
of the membranes. Seven newborns developed pneumonia, of which two had ruptured mem-
branes and one was born by vaginal delivery.

Conclusion: This review shows that there is perinatal or neonatal infection with SARS-CoV-2 by
finding a positive PCR in the first days of birth. In addition, that there is more possibility of neo-
natal infection if the birth is vaginal or if there is premature rupture of the membranes before
cesarean section. Vaginal delivery and premature rupture of membranes should be considered
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as risk factors for perinatal infection.

Introduction

Since December 2019, a viral respiratory disease has
been described in China and in less than three
months a pandemic [1] would be declared. This dis-
ease known today as COVID-19 is generated by the
SARS-CoV-2 virus [1,2].

The virus has been found in the respiratory tract,
feces, serum and in other specimens of the human
body [1-3] and the disease has been diagnosed in
newborns, adolescents, young adults, older adults,
women, men, and women pregnant [2,3].

The evolution in pregnant women is usually mild in
nine out of 10 pregnant women, the symptoms are
similar to the general population and maternal mortal-
ity less than 1% [4,5]. Transmission of the virus from
mother to newborn may be by direct contact, but the
possibility of transmission by breastfeeding, transpla-
cental and vaginal [3,5-8] has also been studied.
Recently, cases of possible vertical transmission have
been published, however, there is no conclusive

evidence of such transmission, nor through breast
milk [3-8].

Our objective is to analyze newborns diagnosed
with SARS-CoV-2 performed with RT-PCR during the
first 5days of birth and to look for an association with
the route of birth.

Materials and methods

This research is a systematic review with the following
inclusion criteria: case or case series from December 2019
to May 15, 2020 that included pregnant women infected
with SARS-CoV-2 and newborns with a positive RT-PCR
test at birth or performed in the first 4 days of birth.

We searched the online databases PubMed,
LILACS, and Google Scholar for studies that included
the established inclusion criteria. We used the
following search strategy: (“SARS-CoV-2" OR “COVID-
19" OR (“CORONAVIRUS”) AND “pregnancy” AND
“vertical transmission,” “maternal-fetal transmission,”
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Figure 1. Flow diagram - Summary of evidence search and analysis.

transmission”,

" ou

“intrauterine “vaginal  delivery,”
“cesarean section,” “neonates”) with the search limits
“human”. In addition, references from review articles,
and clinical guidelines were reviewed. There was no
language restriction. This research was extended to
the references of all the articles in special of review
and publications of associations.

The three researchers independently searched,
reviewed each article, analyzed each case and
exported the relevant data to a data sheet. Also,
doubts and discrepancies were resolved in a consen-
sual manner among all.

Results are presented as numbers and percentages.

Results

The initial research found 189 references. After the
review, 10 articles meet the inclusion criteria set out
in this review, Figure 1. The 10 articles [3,5-13] with
the main data for each newborn appear in Table 1.

In total, up to May 10, 2020, we found a total of 15
newborn infected with SARS-CoV-2 according to posi-
tive PCR at birth or in the first days of birth, Table 1.
Eleven newborn birth by cesarean section and 4 by
natural birth. Of the 11 cases with cesarean section,
two presented premature rupture of the membranes.
They are reported with a clinical finding of pneumonia
in 7 of the 15 neonates.

The PCR analysis for SARs-CoV-2 was performed in
three placenta (1 natural delivery, 2 cesarean section)
and one are reported as positive, the rest of the pla-
centa were not analyzed. In three cases analysis was
performed at the vaginal secretions (one vaginal deliv-
ery, two cesarean section) and one case was reported
positive; also, the case of vaginal delivery is positive at
the perianal area and in feces, Table 1. In only one
case of the 15 was amniotic fluid PCR analyzed and it
was reported positive, this patient ended by cesar-
ean section.

Of the 15 infants with PCR in this study, 4 were born
by vaginal delivery and two of the 11 who were born
by cesarean section had premature rupture of the mem-
branes; therefore, 6 newborns were exposed to possible
vaginal-perianal contamination. Seven newborns devel-
oped pneumonia, of which two had ruptured mem-
branes and one was born by vaginal delivery.

The frequencies of cesarean section with COVID-19
are around 80-90% according to the literature [3-11,
14] and this review reports 15 cases of perinatal SARS-
CoV-2 infection and 4 of them are born by natural
childbirth; If there is no association between the route
of birth and perinatal infection, there must be an
8-9:1 ratio between those infected born by cesarean
section and those born by natural childbirth. The ratio
found in this study is 4:1; is twice the risk of neonatal
SARS-CoV-2 infection at vaginal birth.
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Table 1. Articles with newborn positive PCR for SARS-CoV-2 with some maternal and neonatal data.

Cesarean Vaginal Neonatal PCR at
Author Journal Country Case Gestational age Section Delivery PROM  pneumonia other specimens
Zeng L [3] JAMA Pediatr China 1 40 Yes - Yes Yes NR
China 2 404 Yes - No Yes NR
China 3 31.2 Yes - Yes Yes NR
Zamaniyan Prenat Diagn Iran 1 30.2 Yes - No No Positive amniotic
M [5] fluid, Negative
umbilical cord
blood and
vaginal secretions.
Ferrazzi E [6] BJOG Italy 1 >37 Yes - NR Yes NR
Italy 2 >37 Yes NR No
Italy 3 >37 Yes NR No
Wang S [7] Clin Infect Dis China 1 40 Yes - No Yes Negative in placenta,
cord blood
and breastmilk
Zhang ZJ [8]  Eur Respir J China 1 40 Yes - No Yes NR
China 2 40 Yes - No Yes
Carosso Eur J Obstet Italy 1 37 - Yes No NO Negative in placenta,
A [9] Gynecol vagina and
Rep Biol breastmilk, positive
rectal and stool
HU X [10] Obstet Gynecol China 1 40 Yes - No No NR
Alzamora Am J perinatol Peru 1 33 Yes - No No NR
MC [11]
Panama The Prensa Panama 1 37 - Yes No No NR
Case [12]
Kirtsman CMA)J Canada 1 35 Yes No No Positive in placenta,
[13] vagina
and breastmilk.
Total 10 6 15 1Al 4 2 7
Discussion SARS-CoV-2 at the perianal area and at the vaginal

This review shows that there is perinatal or neonatal
infection with SARS-CoV-2 by finding a positive PCR
and clinical manifestations of the disease in the first
days of birth. In addition, this review shows that there
is a possible risk of neonatal infection if the birth is
vaginal or if exists premature rupture of the mem-
branes before cesarean section. We cannot rule out
vertical transmission according to the route of birth,
however, there seems to be less risk with a cesarean
section. More cases are necessary to conclude, how-
ever it is necessary to bear in mind the results of
this review.

The SARS-CoV-2 virus generates mainly pulmonary
complications and respiratory specimens are the place
where it is found most, however, the second place
where its presence has been demonstrated is the
gastrointestinal system registered by PCR of the virus
in feces [1,2,15]. Even, has been reported in feces
[1,16] for a longer time and even after the disappear-
ance of respiratory symptoms.

All this evidence leads to the possibility of finding
the virus on a perianal area. The proximity between
the anus and the vagina is even less than the proxim-
ity between the nose and the mouth. This is the rea-
son why it is necessary to know about the presence of

secretions. There are no studies in pregnant women
or women of reproductive age that have evaluated
this possibility, however, there are some case reports
[9,13,17] and case series [18] that have evaluated the
presence of the virus at the vaginal secretions and
one case (6.25%) was positive [13]. Interestingly, the
virus has been found in feces and rectal area [9,18] in
two of 10 published cases (20%). With these data,
there is a theoretical risk of neonatal infection during
natural childbirth due to the close passage of the
nose and mouth of the newborn with the anus of the
mother, and also that during birth, the professional
attending the delivery has contact with the perianal
area and the newborn, umbilical cord and placenta.
This would lead to more neonatal SARS-CoV-2 infec-
tion with vaginal delivery than by cesarean section,
however it takes some time for virus incubation and
diagnosis, this may explain why the cases are nega-
tive, since the sample is taken at birth.

Currently, for every 10 births of mother with
COVID-19, nine are by cesarean section, therefore, if
there is no transmission associated with the birth
route, the expected association between cesarean sec-
tion and natural delivery with infected newborn would
be 9:1 ratio (cesarean section: natural delivery) and
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this review shows a ratio of 4:1, being more than dou-
ble than expected. Therefore, it suggests a possible
relationship with the route of birth, however, we must
bear in mind that there are few cases cur-
rently published.

The herpes virus, human papilloma virus, AIDS and
bacteria such as group B streptococcus can be trans-
mitted to the newborn at the time of birth vaginally
[19-21], and its prevention has been largely demon-
strated with cesarean birth, with the exception that
there are already treatments that can be used to treat
those infections. This history of infectious diseases and
neonatal infection is another valid argument to sup-
port a greater possibility of neonatal infection with
SARS-CoV-2 at the time of delivery.

One of the cases well described in this review is
that of Carroso et al. [9], interestingly, in our hospital
there was a similar case. COVID-19 positive woman,
arrives in labor, delivery is attended without problems,
the newborn is full-term, with Apgar 9/9. The newborn
undergoes nasopharyngeal PCR at 24 h and is positive,
however, at 72 h it is negative, and its immunoglobu-
lins are negative. Both patients discharged healthy
[12]. That case was not published in a medical journal,
but it was made public and as it was in our hospital.
This case was a motivator for this review.

Another interesting finding of this review is the
presence of premature rupture of membranes in two
infants with SARS-CoV-2 confirmed by PCR and with
clinical manifestation of the disease, both were born
by cesarean section [3]. This is also a well-known risk
factor for perinatal infection in pregnant women with
genital herpes, HIV and streptococcus [19-21].
Another interesting point to analyze is the use of cor-
ticosteroids in those patients with premature rupture
of membranes. Currently, the analyzes suggest us to
use corticosteroids in patients with COVID-19 and pre-
mature rupture of membranes far from term [22].

Of course, with the cases found in this review we
cannot rule out contagion on contact with the
mother, despite the fact that were separated from
their mothers and breastfeeding was not allowed.
Failure to perform analysis at the perianal, vaginal,
umbilical cord, placental, amniotic fluid and possible
contact with the mother leaves doubts. However, a
single negative PCR test in these specimens and also
in all newborns of a COVID-19 positive mother also
raises questions. With regard to vaginal delivery, it is
possible, having the virus at the perianal area and
contamination occurs, that the test is negative in the
newborn if performed at birth; therefore, if the PCR is
negative after birth, we consider it appropriate that

this test be repeated between 2 and 5days after birth
[3], for the possible incubation period.

With a vaginal delivery in pregnant with positive
COVID-19, there are several moments in which the
newborn can become infected: Into the uterus via the
placenta, during the birth by direct contact with an
infected perianal area, by contact of the health profes-
sional who has had contact with the infected perianal
area, by aerosols existing in the area generated by the
mother since it is about 1 m away making effort with
the discomfort of the mask, by direct contacts with
the mother, for not giving adequate isolation of
mother/child and for breastfeeding.

This extensive review finds 15 cases of newborns
positive for SARS-CoV-2 according to the PCR examin-
ation carried out just at birth, hours after or in the first
days of birth; in seven there are clinical and radio-
logical findings of the disease and also these new-
borns did not have contact with the mother from
birth. The positive PCR finding in the 15 neonates and
no contact with their mother demonstrate the exist-
ence of the disease at birth or developed in the first
hours or days after birth, and the clinical manifestation
in 7 newborn confirms the neonatal infection acquired
through the mother before birth, during natural deliv-
ery or during cesarean section.

In summary, this review shows that exist perinatal
COVID-19 infection linked at birth and with greater
possibility if the birth is natural, so it would be appro-
priate to perform a perianal PCR before delivery.
Vaginal delivery and premature rupture of membranes
should be considered as risk factors for perinatal infec-
tion; however, studies are urgent to confirm or rule
out this association.

Contributions of authorship

Author’s contribution: PV-D conceived the study. PV-D,
REM and CL contributed to its design, PV-D, REM and
CL search, review and analyze the papers, PV-D, REM
and CL interpret results. PV-D, REM and CL revised the
manuscript. All authors approved the final manuscript
as submitted.

The corresponding author and who takes responsi-
bility for the integrity of the data and the accuracy of
the data analysis is Paulino Vigil-De Gracia.

References

[11 Zheng S, Fan J, Yu F, et al. Viral load dynamics and
disease severity in patients infected with SARS-CoV-2
in Zhejiang province, China, January-March 2020:
retrospective cohort study. BMJ. 2020;369:m1443.



(2]

B3l

(4]

(5]

(6]

[7]

(8l

)

[10]

Cheung KS, Hung IF, Chan PP, et al. Gastrointestinal
manifestations of SARS-CoV-2 infection and virus load
in fecal samples from the Hong Kong cohort and sys-
tematic review and meta-analysis. Gastroenterology.
2020. [published online ahead of print]. DOI:10.1053/j.
gastro.2020.03.065

Zeng L, Xia S, Yuan W, et al. Neonatal early-onset
infection with SARS-CoV-2 in 33 neonates born to
mothers with COVID-19 in Wuhan, China. JAMA
Pediatr. 2020:e200878. [published online ahead of
print]. DOI:10.1001/jamapediatrics.2020.0878

Chen L, Li Q, Zheng D, et al. Clinical characteristics of
pregnant women with Covid-19 in Wuhan, China. N
Engl J Med. 2020. [published online ahead of print].
DOI:10.1056/NEJMc2009226

Zamaniyan M, Ebadi A. Aghajanpoor Mir S, et al.
Preterm delivery in pregnant woman with critical
COVID-19 pneumonia and vertical transmission.
Prenat Diagn. 2020. [published online ahead of print].
DOI:10.1002/pd.5713

Ferrazzi E, Frigerio L, Savasi V, et al. Vaginal delivery
in SARS-CoV-2 infected pregnant women in Northern
Italy: a retrospective analysis. BJOG. 2020. [published
online ahead of print]. DOI:10.1111/1471-0528.16278
Wang S, Guo L, Chen L, et al. A case report of neo-
natal COVID-19 infection in China. Clin Infect Dis.
2020. [published online ahead of print]. DOI:10.1093/
cid/ciaa225

Zhang ZJ, Yu XJ, Fu T, et al. Novel coronavirus infec-
tion in newborn babies under 28 days in China. Eur
Respir J. 2020;55(6):2000697.

Carosso A, Cosma S, Borella F, et al. Pre-labor anorec-
tal swab for SARS-CoV-2 in COVID-19 pregnant
patients: is it time to think about it? Eur J Obstet
Gynecol Reprod Biol. 2020;249:98-99.

Hu X, Gao J, Luo X, et al. Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) Vertical trans-
mission in neonates born to mothers with
Coronavirus Disease 2019 (COVID-19) pneumonia.
Obstet Gynecol. 2020. [published online ahead of
print]. DOI:10.1097/A0G.0000000000003926

(11l

[12]

[13]

[14]

[15]

(16l

[17]

(18]

[19]

[20]

[21]

[22]

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE . 5

Alzamora MC, Paredes T, Caceres D, et al. Severe
COVID-19 during pregnancy and possible vertical
transmission. Am J Perinatol. 2020;37(8):861-865.
Panama case. [2020 April 15]. Available from: https://
www.prensa.com/sociedad/recien-nacido-resulta-nega-
tivo-en-segunda-prueba-de-coronavirus/.

Kirtsman M, Diambomba Y, Poutanen SM, et al.
Probable congenital SARS-CoV-2 infection in a neo-
nate born to a woman with active SARS-CoV-2 infec-
tion. CMAJ. 2020;192(24):E647-E650.

Zaigham M, Andersson O. Maternal and perinatal out-
comes with COVID-19: a systematic review of 108
pregnancies. Acta Obstet Gynecol Scand. 2020;99(7):
823-829.

Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2
in different types of clinical specimens. JAMA. 2020:
e€203786.

Sethuraman N, Jeremiah SS, Ryo A. Interpreting diag-
nostic Tests for SARS-CoV-2. JAMA. 2020. [published
online ahead of print]. DOI:10.1001/jama.2020.8259
Baud D, Greub G, Favre G, et al. Second-trimester mis-
carriage in a pregnant woman with SARS-CoV-2 infec-
tion. JAMA. 2020;323(21):e207233.

Wu Y, Liu C, Dong L, et al. Coronavirus disease 2019
among pregnant Chinese women: case series data on
the safety of vaginal birth and breastfeeding. BJOG.
2020. [published online ahead of print]. DOL:10.1111/
1471-0528.16276

Simon V, Ho DD, Abdool Karim Q. HIV/AIDS epidemi-
ology, pathogenesis, prevention, and treatment.
Lancet. 2006;368(9534):489-504.

James SH, Sheffield JS, Kimberlin DW. Mother-to-child
transmission of herpes simplex virus. J Pediatric Infect
Dis Soc. 2014;3(Suppl 1):S19-S23.

Committee Opinion No. 797: Prevention of group B
streptococcal early-onset disease in newborns: correc-
tion. Obstet Gynecol. 2020;135(4):978-979.

Zhou CG, Packer CH, Hersh AR, et al. Antenatal corti-
costeroids for pregnant women with COVID-19 infec-
tion and preterm prelabor rupture of membranes: a
decision analysis. J Matern Fetal Neonatal Med. 2020:
1-9. [published online ahead of print]. DOI:10.1080/
14767058.2020.1763951


https://doi.org/10.1053/j.gastro.2020.03.065
https://doi.org/10.1053/j.gastro.2020.03.065
https://doi.org/10.1001/jamapediatrics.2020.0878
https://doi.org/10.1056/NEJMc2009226
https://doi.org/10.1002/pd.5713
https://doi.org/10.1111/1471-0528.16278
https://doi.org/10.1093/cid/ciaa225
https://doi.org/10.1093/cid/ciaa225
https://doi.org/10.1097/AOG.0000000000003926
https://www.prensa.com/sociedad/recien-nacido-resulta-negativo-en-segunda-prueba-de-coronavirus/
https://www.prensa.com/sociedad/recien-nacido-resulta-negativo-en-segunda-prueba-de-coronavirus/
https://www.prensa.com/sociedad/recien-nacido-resulta-negativo-en-segunda-prueba-de-coronavirus/
https://doi.org/10.1001/jama.2020.8259
https://doi.org/10.1111/1471-0528.16276
https://doi.org/10.1111/1471-0528.16276
https://doi.org/10.1080/14767058.2020.1763951
https://doi.org/10.1080/14767058.2020.1763951

	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Contributions of authorship
	References


