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[poxtikéc Onlaouod untépwv voosovviwy aro Covid-19.

2votnuotiky Avaokornon koir Metovaivon the mpoopatne Piflioypapios

HNEPIAHYH

Ewcayoyn: Kabng n mavonuio cuveyiletatl, OA0 Kot TEPIOCOTEPES YUVOIKEG YEVVOUV EVA divovv
puéym He Tov Kopovoio.

2komog: O 61dY0C AVTNG TNES GUGTNUATIKNG AVOCKOTNONG €ivan 1 diepehivnon Tov Kvduvov
UETAO0GMG TOV KOPOVOIOL 0md UNTEPO TOV VOGEL, GTO VEOYVO TNG KATA T1) OBPKELN TOV
ONAacpov, TG ema@ng dépua pe dEPLLOL KOL TG GLV dLapovig untépag veoyvov (Rooming-in).

MéBodoc- Yauo: [paypatoromOnke cvotnuotikn avoaltnon g BipAoypaeiag oe d1dpopeg
Baoceic dedopévmv kot ovykekpipéva oty Cochrane Library, oto PubMed Central kot oto
Scopus. Eriong mpaypatomombnke Hetaavaiuon e EKTIUNoNg TG HOALVONG TOV VEOYVAV altd
untépeg pe SARS-CoV-2 mov OnAalav, Epyoviav oe emae] SEPLO e OEPLLA KOL EKAVAY
Rooming-in.

Amotedécpata: ZounepleAnedncav cuvolikd 18 perétec oty avackdénnon. To Tococtd TV
veoyvav mov NTav BeTikd yuo Tov 10 Nrav 2,8%. Ot TpakTikKég Tov YPNCLULOTOOVVTAY GTIG
peAETEC 01E@epaV amd TNV amevHeing amoYWPIoUO TOV UNTEPMV UEXPL TNV ALECT] ETOPT) SEPLLOL LLE
dépua, T cvvdlapovn (rooming in) kot Tov amokAelotiko Onlaoud. Movo pio pedétn eEétace
TOVG TOPAyovteg Tov oyetilovtot pe To BETIKA TEGT TV VEOoyVaV. Avti 1 neAétn £€0€1Ee 0Tl o
uovog mopdyovtog mwov oyetileTon e BeTiKd sars-CoOV-2 NTav 0 UNTPIKOG OEIKTNG KOWVOVIKNAG
eumdBe10c>90. O TOmOg ToKETOV, T0 ROOming-in, kot 10 av 1 untépa £ivor GLUTOUATIKN 1 O
dgv cvoyeTioTKaY e BETIKG AmOTEAEGILOTO GTO VEOY VAL

Yvunepdopata: To mocootd mepryyevntikng Aoipnméng stvor younid. O Oniaouds, n emoen
dépua e déppa Ko To Rooming-in cuviotoTol TNP®VTIS TPOGTUTEVTIKG LETPA OTIMG 1] AVOTNPY
VYIEWVH TOV XEPLDV, N YPNOTN LAGKAS Kot 0 KaBaplopdg Tov othfouvg 6tav ypetdletor Kot Oyl LETA
amo Kafe Onracpo.

AéEeic Khedra: covid-19, SARS-CoV-2, kopovoidc, ONAAGLOG, TPOKTIKES, SEPUA LLE OEPLLOL
EMOLPT], GLVOLOLLLOVN.



Abstract:

Introduction: As the COVID-19 pandemic continues, more and more women are giving birth
while battling SARS-CoV-2.

Aim: The aim of this review is to investigate the risk of transmission of the coronavirus from
mother to infant during breastfeeding, skin-to-skin contact, and Rooming-in and to explore ways
of managing covid-19 positive maternal-infant dyads. Maternity care practices such as skin-to-
skin care, rooming-in, and direct breastfeeding are recommended, but it is unclear if these
practices increase the risk of clinically significant COVID-19 in newborns, and if disruption of
these practices adversely affects breastfeeding.

Methods: searches were accomplished in various databases and specifically in Cochrane Library,
PubMed Central and Scopus up to 30th November 2021, using the Matrix Method and guided by
the PRISMA, to identify studies involving mothers infected with COVID-19 and their infants in
the early postpartum period. Criteria included English Language, broad search terms, full-text
reviews and articles published from December of 2019 as well as the first case that appeared
then. A meta-analysis was also performed to estimate the infection of infants from infected
mothers who breastfed, had Skin to skin contact and did Rooming-in.

Findings: A total of 18 studies were included in this review. The rate of infected infants was
2,8%. The maternal practices were used in these studies varied from the direct separation of the
dyad to direct skin-to-skin contact, Rooming-in and exclusive breastfeeding. One study
examined the factors associated with positive tests in newborns. This study showed that the only
factor was the maternal social vulnerability index>90. The type of delivery, Rooming-in, and if
the mother had symptoms or not were associated with positive neonatal outcomes.

Conclusion: The rate of perinatal infection is low. Breastfeeding, skin-to-skin contact, and
Rooming-in are recommended to follow all protective measures such as strict hand hygiene, the
use of masks and breast cleaning when it is necessary and not after each breastfeeding.

Keywords: covid-19, coronavirus, SARS-CoV-2, breastfeeding, maternal practices, skin-to-skin
contact, rooming in.
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FIGURES

Figure 1: Flowchart of the literature search according to the Preferred Reporting ltems for
Systematic Reviews and Meta- Analysis.

Figure 2: Proportion metanalysis of the overall estimate of SARS-CoV-2 infection among infants

born to infected mothers.

Figure 3: Proportion of the estimate of SARS-CoV-2 infection among infants born to infected
mothers in subgroups analyses from studies with and without rooming-in.

Figure 4: Proportion of the estimate of SARS-CoV-2 infection among infants born to infected
mothers in subgroups analyses from studies with and without skin-to-skin.

Figure 5: Proportion of the estimate of SARS-CoV-2 infection among infants born to infected
mothers in subgroups analyses from studies with and without exclusive breastfeeding.




TABLES

Table 1: Main characteristics of the studies included in this systematic review.

Table 2: Rate of infected infants and the practices who used by mothers.




KATAAOTI'OX ZYNTOMOI'PA®PIQN
Cl:  Confidence Interval
NR: No Reply
OR: Odds Ratio
PICOST: Population Intervention Comparison Outcome Study Timely
PRISMA: Preferred Re-porting Items for Systematic Reviews and Meta-analysis
SARS-Cov2: Severe Acute Respiratory Syndrome Coronavirus 2
RCOG: Royal College of Obstetricians and Gynecologists

WHO: World Health Organization
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EYXAPIXTIEX

H ouyypagrl TG SITTAWMATIKAG POU €pyaciag TTapoAn Tn OUOKOAIQ TTou €ixe ATav

emMTUXNG Adyw TNG dlapkoug KaBodrlynong TTou €ixa atrd Toug KaBnynTtég You.

ApXIKd, Ba nBeAa va euxapioTAcwW TNV EMRAETTOUCA PHOU AVATTIANPWTPIA KABNYTPIO TOU
TuAparog MaieuTikng Tou MavemmoTtnuiou AuTiking ATTIKAG, KA AvTiyovn ZapavTakn, yia Tnv
TTOAUTIMN BonBeia TG Kal Tn ouvexn KaBodriynon tng Katd Tn SIAPKEIQ TNG CUYYPAPAS TNG
TTapoucag JITMAWMATIKNAG epyaciag. Méow Tng dlapkoug OTAPIENG, TNG TTOAANG UTTOMOVAG,
evBdppuvong Kai ToTng o€ Eueva OAa auTd Ta xpovia ETTaipva dUvaun yia va CUVEXIowW Kal va
KATAPEPW VA OAOKANPWOW TIG METATITUXIOKEG MOU OTTOUOEG TTAPA TIG TTOAAEG OUOKOAIEG TTOU

uttipgav. Av dev ATav ekeivn dev Ba T KATAPEPVA YIA AUTO TO EUXAPIOTW €ival TTOAU Aiyo.

Oa ABeha va ekPPAOW EINIKPIVEIG €UXOPIOTIEG €TTiONG, OTA MEAN TNG TPIMEAOUG
e€etaoTikng emTpotmg, TNV Kalnyntpia & [poedpo Tou Tpnuarog MalguTikAg Tou
MavemoTtnuiou AuTikrg ATTIKAG, Ka AikaTepivn Aukepidou, kal TNV AvaTtAnpwTpia KabnynTpia
Tou TuAuatog MaieuTikng Tou MNaAA, ka AdyAa Mapia yia Tnv ouCIAoTIKI) CUUPETOXT TOUG OTNV

OAOKAApwWON Kal eTTITUXR SIEKTTEPAIWON QUTAG TNG TTPOCTIABEING.

TéNoG, Ba ABeAa va EuXaPIOTAOW TOV OUVTPOPO YOU KAl TNV OIKOYEVEIA JOU Kal 181aiTEPA
TNV adeAQR pJou, TTou 6A0 auTd To XPOVIKO dIAoTNUA OTABNKAV OTO TTAEUPO UOU PE aydaTrn Kal
TTOAU KaTtavénon. H uttootApIEn TNG adeA@nig pou ATav AKpwE atrapaitntn yia va QEPw EIG

TTEPAG TNV TTAPOUCA JITTAWUATIKA Epyaacia.
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1.INTRODUCTION
Coronavirus disease 2019 (COVID-19) is caused by SARS-Cov2 and first appeared in December 2019

in China, specifically in Wuhan. This disease can occur from without symptoms or very mild to a life-
threatening respiratory infection or a severe cardiac disorder [1]. The infection can appear at any age and
anyone may become severe ill or die from this disease [2]. The virus can be transmitted from person to
person when an infected person speaks, sneezes or coughs and a healthy person may inhale these
droplets. Furthermore, if anyone comes in contact with surfaces or things of an infected person and then

touches his eyes, nose or mouth can be infected with COVID-19 [3].

Pregnant women and young children are susceptible to COVID-19 [4]. The newborns are more
vulnerable to SARS-CoV-2 infection due to do not have antibodies against coronaviruses [5]. The mode
of transmission and potential effects of COVID-19 on pregnant mothers and their newborns are
uncertainty. Data is still insufficient regarding if women with COVID-19 can transmit the virus to her
newborn during labour or through breast-feeding [6]. The guidelines for taking care of maternal-newborn

dyads have changed significantly during the pandemic [7].

The concern of possible transmission of the virus from an infected mother to her infant led to the
disruption of some practices recognized as crucial for maternal bonding and breastfeeding initiation,
such as skin-to-skin and rooming-in [8]. Breastmilk is rich in nutrients, bioactive molecules, antibodies,
and microorganisms, which contribute to infants for their growth and development, maturation of
immune, development of organs, and microbial colonization [9]. The active and passive immunity
provided by breastmilk plays an important role in strengthening the infant’s response to infectious
diseases [10]. More-over, breastfed babies are less likely to be overweight as children or teenagers and
have better tests 1Q [11]. Breastfeeding has many positives for mothers. In particular, a me-ta-analysis
showed that women who breastfeed for more than twelve months have a reduced risk of breast and
ovarian cancer. Furthermore, breastfeeding was related with low-er risk of type 2 diabetes. In contrast,
less breastfeeding time was related with a higher danger of postpartum depression [12]. Also, Skin to

skin contact and Rooming in have multiple benefits for the dyad mother-infant. Skin to skin contact
12



helps the initiate of breastfeeding, stabilizes the levels of infant glucose and maintains newborn

temperature [13].

RNA of virus has found in breastmilk, but this does not mean to infectivity from viable virus. Breast
milk contains antibodies with a neutralizing capacity in the case of a mother infected with the virus [14].
Due to the heterogeneity of studies concerning the possibility of mother-to-child transmission, many
scientific societies have recommended that SARS-CoV-2 positive mothers adopt practices of distancing
themselves from their babies and use personal protective equipment, such as masks and gloves during
rooming-in or breastfeeding [15]. So, it is urgent to examine all possible effects which can be caused in
the newborn not only by breastfeeding but also by other practices related to the care of newborn as well

as the contact and development of the mother’s bond with the infant such as skin to skin contact.

2. MATERIAL AND METHODS
2.1 Aim
We aimed to examine the risk of transmission of SARS-CoV-2 from infected mother to neonate during

the breastfeeding, the skin-to-skin contact, and the rooming-in.

2.2 Design
The systematic review and meta-analysis were conducted following Preferred Re-porting Items for

Systematic Reviews and Meta-analysis (PRISMA) 2020 standards [16].

2.3 Search Strategies
PubMed, Scopus, and Cochrane Library were searched on 30th November 2021, and we removed

duplicates. We used the following keywords: “COVID-19"’, “SARS-CoV-2"’, “Breastfeeding’’, “skin
to skin contact’’, “rooming in’’, “transmission”. These were used both separately and in combination

with the help of the Boolean administrators (OR, AND, NOT). Since Covid-19 is a contemporary issue,

records published since 2019 were identified in the primary search stage.

2.4 Inclusion and exclusion criteria of studies
We used the acronym PICOST to determine the eligibility criteria of the articles. More specifically:

13



1. Population: We included studies which the sample consisted of mothers infected from SARS-
CoV-2, as well as, and their newborns. SARS-CoV-2 infection had to be ascertained by a nasopharyngeal

swab through a molecular test. We excluded studies which including < 20 infected mothers.

2. Intervention: We included studies that applied maternal practices such as breastfeeding, or skin
to skin contact, or rooming in. Rooming-in was defined as allowing the mother and infant to remain
together 24 hours per day during the birth hospitalization. We defined the skin-to-skin care as the practice
of placing the infant directly on the mother to maximize surface-to-surface contact. Exclusive

breastfeeding was defined as giving no other food or drink — not even water — except breast milk.

3. Comparison: The studies assessed mother-to-infant transmission of the SARS-CoV-2 during

maternal practices.

4. Outcome: The prevalence of SARS-CoV-2 infection in infants, which had to be ascertained by a

nasopharyngeal swab through a molecular test during the first 30 days after birth.

5. Study: We included only primary quantitative studies, such as prospective observational studies,
retrospective observational studies, intervention studies, and descriptive studies. We excluded secondary
studies (systematic review, meta-analysis), qualitative studies, letter — to — editor, editorial, protocols,

and opinion articles. We excluded studies where the full text was not available.

6. Timely: We included studies that had been published up to 30th November 2021. The studies
were published in the English language. We excluded studies where they were not written in the English

language, or where the full text was not available.

2.5 Search outcomes and data extraction
Two independent researchers separately identified and screened the titles and abstracts of the retrieved

articles. Next, individual papers were subjected to full-text review. Conflicts in opinion between the two

authors were resolved by the third.

14



Data on the following variables were extracted from the eligible studies: authors, publication year,
country, number of mothers with SARS-CoV-2 infection, mother age, type of delivery, gestational age,
number of infants with and without SARS-COV-2 infection, and frequency of maternal practices
(breastfeeding, rooming in, skin-to-skin). Also, we recorded the measures that hospitals were taking to

limit the spread of the virus from mothers to children.

2.6 Data synthesis and analysis
The main outcome measure was the estimate of infected infants born to mothers with SARS-CoV-2

infection. Random-effects models were used. Pooled data were given with 95% confidence interval
values (95% CI) and showed by forest plots. We used I12-index to assess between-studies heterogeneity
and values > 50% were considered as significant. We used a funnel plot and the Egger's test to assess
the publication bias with a p-value <0.05 indicating publication bias. We performed subgroup meta-
analyses for rooming-in, breastfeeding, and skin-to-skin contact as the independent variable. Statistical

analysis was performed with STATA.

3. RESULTS

Results

After the search in three databases a total of 10.085 records was identified, specifi-cally 9.746 in
PubMed Central, 154 In Scopus and 185 In Cochrane Library. 65 records were removed because they
were duplicates. Thus, 10.020 records were examined about their eligibility for inclusion. Finally, it was
proved that 9.717 records were excluded be-cause after reading their titles and abstracts were not
relevant. Both authors read the full text of 303 records and only 18 met the criteria and were comprised

in this study (Figure 1: Flow Diagram).
15



Figure 1: Flowchart of the literature search according to the Preferred Reporting Items for Systematic

Reviews and Meta- Analysis.

sV PRISMA 2009 Flow Diagram
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal_pmed 1000097

For more information, visit www.prisma-statement.org.

From 18 studies, 6 studies were conducted in Spain [17-22], 4 in USA [23-26], 4 in It-aly [27-30], and
form 1 study in France [31], India [32], Israel [33], Portugal [34]. Four studies were retrospective

[25,29,31,34]. Table 1 represents the main characteristics of included studies.
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Table 1: Main characteristics of the studies included in this systematic review.

First Type design Study Country | Number Age of Asymptomatic | Gestational Route Number
Author period of mothers COVID-19 age delivery, of
(publication mothers (years) illness, N (%) (weeks) N (%) infants
year) with Mean Mean
SARS- (=SD) (=SD)
CoV-2
infection
. . March 1
Angelidou Multicenter ; 304 o 113
etal (2021) | cohort study to .121613103 1, USA 250 (6.3) 170 (68,0%) 37.9 (£2.6) (45.2%) 255
Congdon et Case-series March to 39.0 (36.3- o
al (2021) study May, 2020 USA 70 NR NR 41.6)** 25 35,7%) 70
April 1,
Contietal | Observational | 2020, to 31 (17 - o " o
2021) study March 18, Italy 37 45)* 10 (27,0%) 39 (32-42) 18 (48.5%) 37
2021
. . March 13
Dumitriu et | Retrospective . 28.5(24.0 39.0 (37.0 - o
al (2021) cohort study to April USA 100 _34.0y%* NR 40.0)%* 46 (45.5%) 101
24,2020
Donati et al Prospective February 31.8 177
N 0,
(2021) cohort study 25, to July Italy 525 (£5.69) 235 (44,8%) NR (33.7%) 538
31,2020
. . March 1 to
Ferazzi et al | Retrospective 329 (21- o
(2020) study March 20, Italy 42 e NR NR 18 (42.8%) 42
2020
Jiménez ot Prospective | March 1 to 136
al (2020) observational May 31, Spain 403 NR 291 (72,2%) NR (26.0%) 403
study 2020 e
Marin . March 13
Gabriel et al Dezflrl‘f“ve toMay31, | Spain 242 (ié';) 98 (40,5%) 3490§1§' 63 (26.0%) | 248
(2020) Y 2020 :
Marin Descriptive March 13 33.6
Gabriel et al s tué’ to May 31, Spain 42 & 4' 9) NR 38 (£3.1) 20 (47.6%) 42
(2020) y 2021 :
. March 15
Martenot et | Retrospective . 30.6
to April France 26 NR 39 (2) 10 (38.6%) 26
al (2021) study 24,2020 (£7.9)
Prospective May 1 to
Na(};(l)kz T; al observational October India 162 3%‘%2 i NR 37'21%5 ) ( 6;0630 %) 165
study 20, 2020 D70
. Retrospective | March 14,
P erél(r); Oe)t al |~ case series to April | Portugal 22 3 ig;i - 11(50.0%) | 38 (31-41)* | 4(182%) 22
study 14,2020
. . March 19
Ronchietal | Prospective, 32 (28 - o 39 (35- o
(2020) cohort study to ;\:[)%2, Italy 61 36+ 34 (55.7%) 41yr* 15 (24.6%) 62
. March 22
Salvatore et | Observational o " o
al (2020) cohort study to May 17, USA 78 NR 20 (25.6%) 38 (27-41) 36 (43.9%) 82
2020
Sénchez Prospective .
Garciaetal | case-control hﬁp“zl(;go Spain 37 (113;}91) 16 (43.2%) | 39.1 (£1.8) | 10(27.0%) 37
(2021) study ¥ :
Sanchez- Prospective March 8 to 164
Luna et al May 26, Spain 497 33 245 (49.3%) 49 (£3.7) o 503
(2021) cohort study 2020 (33.0%)
. . March 5 to
Shlomai et | Observational 29.7 o o
al (2021) cohort study Mzag;)O, Israel 53 *7.3) 40 (75,5%) 39 (£1.0) 10 (18.9%) 55
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Solis-Garcia
et al (2021)

Prospective
cohort study

March 15
to August
17,2020

Spain

73

34 (27-
37)**

32 (43,8%)

38 (37-
40y

26 (35.6%) 75

*Median (Min — Max); **Median (IQR)

NR: Not reported

A total of 2763 neonates, 79 (2,8%) had positive COVID-19 test. According to the ma-ternal practices,

54,7% of neonates (440/804) separated early from mothers [18,24,27,28,30,33], 56,0% (564/1007)

neonates was dried and laid directly on the mother's bare chest after birth (skin-to-skin) [19,20,21,24,31],

66,69% (1199/1798) neonates stay with mothers the same room for 24 hours a day from the time they

arrive in mothers room after delivery (rooming in), and 51,5% (971/1886) breastfed exclusively

[17,18,22,23,24,25,27,29,30,31,35] .(Table 2)

Table 2: Rate of infected infants and the practices who used by mothers.

First Number | Skin- Early Rooming Exclusive Breastfeeding
Author (%) of | to-skin, | separation, | in with | breastfeeding, (exclusive or
(publication | infected | N(%) N(%) mother, N(%) complementary),
year) infants N(%) N (%)
Angelidou et o 167 0 o
al (2021) 6 (2,7%) NR NR (66.8%) 152 (66,8%) 230 (90,2%)
Congdon et o 0 33 0 0
al (2021) 0 (0,0%) NR 33 (47,1%) (47.1%) 21 (30,0%) 33 (47,1%)
Conti et al o 37 0 0
(2021) 1 (2,7%) NR (100,0%) NR 1(2,7%) 10 (27,0%)
Dumitriu et 0 82 o 0
al (2021) 0 (0,0%) NR NR (81.2%) 41 (40,6%) 91 (90,1%)
Donati et al 18 279 379 o
»T /0 ,7 /0 ,270
(2021) 34%) | MR 51000 | (72.2% NR 428 (79,6%)
Ferézozzl(f)t a1 371%) | NR NR NR 11(26,2%) NR
Jiménez et al o 251 0
(2020) 6 (1,5%) (62.3%) NR NR 249 (61,8%) NR
Marin 13
Gabriel et al (5.2%) NR NR NR 103 (41,5%) 179 (72,2%)
(2020) ’
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Marin
Gabriel etal | 0(0,0%) NR 37 (88,1%) NR 6 (14,3%) 19 (45,3%)
(2020)
Martenot et o 10 . .
al (2021) 1(3,9%) (38.5%) NR NR 11 (42,0%) 23 (88,5%)
Naé%sz; Ulossw | Nk NR (831 342?% ) NR 125 (75,8%)
Pereira et al o 13 . .
2020 | 0(©:0%) | NR NR (59.1%) | 11(500%) 17 (77,3%)
Ronchi et al o . 55 ] .
(2020) 3(4,8%) | NR 7(11,3%) (87.1%) 45 (72,6%) 59 (95,2%)
Salvatore et o 68 .
al 20200 | 0007 | MR NR | o 4o NR 64 (78.0%)
Sanchez
Garciaetal | 0(0,0%) NR NR NR NR NR
(2021)
Sanchez-
18 252 264 . .
L‘(lggzelt)al (3.6%) | (50.0%) NR (5230 | 272 G41%) 393 (78,1%)
Shl?;?g‘l‘jt o (0,0%) | NR | 47 (85,5%) NR NR 41 (74,5%)
Solis-Garcia o 51 0 o
etal 2021) | 1037 | 6g006)| R NR 48 (64,0%) 55 (73,3%)

Only one study examined the factors associated with positive sars-cov-2 results among neonates [23].
This study showed that the only factor associated with positive sars-cov-2 was maternal SVI >90th
percentile vs other (OR=4.95; 95% CI: 1.53 - 16.01; p=0.008). The type of delivery (vaginal vs cesarean
delivery: OR=0.47; 95% CI: 0.16 - 1.40; p=0.18), rooming-in (any vs no: OR=0.29; 95% CI: 0.04 - 2.29;
p=0.24) and maternal symptoms (symptomatic vs asymptomatic: OR=0.71; 95% CI: 0.49 - 1.02; p=0.07)

were not associated with positive sars-cov-2 results among neonates [23].

For the spread of the disease the hospitals had taken measures such as the infected mothers were
separated from their newborns immediately after birth and during the entire hospitalization [27,33,34],
mothers wear surgical face masks [21,26,28,30,31,32], disinfect their hands [26,30,31], and wash their
nipples with odorless soap during breastfeeding [26,31], and newborns placed at least 2m away from

mothers bed during sleeping [30,31,32], use personal protective equipment [25].
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4. Meta-analysis
The pooled proportion of SARS-CoV-2 infection among infants born to infected mothers of 1.0% (95%

CI: 0.0 — 1.0%) (Fig. 2).

Figure 2: Proportion metanalysis of the overall estimate of SARS-CoV-2 infection among infants

born to infected mothers

%

Study ES (95% Cl) Weight
Angelidou (2021) I P—— 0.02 (0.01, 0.05) 2.57
Congdon (2021) — 0.00 (0.00, 0.05) 11.31
Conti (2021) 2 0.03 (0.00, 0.14) 0.40
Dumitriu (2021) e — 0.00 (0.00, 0.04) 11.80
Donati (2021) ‘- —_— 0.03 (0.02, 0.05) 3.49
Ferazzi (2020) 0.00 (0.00, 0.08) 9.92
Jimenez (2020) :—‘!— 0.01 (0.01, 0.03) 4.86
Marin Gabriel (2020) | ! —_— 0.05 (0.03, 0.09) 1.31
Marin Gabriel (2020) 0.00 (0.00, 0.08) 9.92
Martenot (2021) ' 0.04 (0.01, 0.19) 0.20
Nayak (2021) | ! —_— 0.05 (0.03, 0.10) 0.87
Pereira (2020) 0.00 (0.00, 0.15) 6.58
Ronchi (2020) 11 0.05 (0.02, 0.13) 0.38
Salvatore (2020) — 0.00 (0.00, 0.04) 11.56
Sanchez Garcia (2021) 0.00 (0.00, 0.09) 9.40
Sanchez-Luna (2021) (s B —— 0.04 (0.02, 0.06) 3.17
Shlomai (2021) — 0.00 (0.00, 0.07) 10.79
Solis-Garcia (2021) I—“— 0.01 (0.00, 0.07) 1.47
Overall (I"2=77.77%, p = 0.00) 0 0.01 (0.00, 0.01) 100.00
1
I
f T T T 1
-1 0 AL 2 &

The 12-test was 77.77%, demonstrating a high heterogeneity. The sub-analysis showed that the
proportion of infected neonates was similar between the studies with (1%, 95% CI. 0.0%-1%, 12-test
36.94%) and without (0.0%, 95% CI: 0.0%-1.0%, 12-test 74.61%) (Fig. 3) data for rooming-in, with
(1%, 95% CI: 0.0%-1%, 12-test 85.36%) and without (0.0%, 95% CI: 0.0%-1.0%, 12-test 63.23%) (Fig.
4) for skin-to-skin, and with (1%, 95% CI: 0.0%-1%, 12-test 75.52%) and without (1.0 %, 95% CI: 0.0%-

1.0%, 12-test 85.43%) for exclusive breastfeeding (Fig.5).
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Figure 3: Proportion of the estimate of SARS-CoV-2 infection among infants born to infected

mothers in subgroups analyses from studies with and without rooming-in.

%

Study ES (95% Cl) Weight
no | '
Angelidou (2021) —— 0.02 (0.01,0.05) 2.57
Congdon (2021) ———— 0.00 (0.00, 0.05) 11.31
Conti (2021) 0.03 (0.00,0.14) 0.40
Dumitriu (2021) — 0.00 (0.00, 0.04) 11.80
Donati (2021) —_—— 0.03 (0.02,0.05) 3.49
Ferazzi (2020) 0.00 (0.00, 0.08) 9.92
Marin Gabriel (2020) —_— 0.05 (0.03,0.09) 1.31
Marin Gabriel (2020) 0.00 (0.00, 0.08) 9.92
Nayak (2021) —_— 0.05 (0.03,0.10) 0.87
Pereira (2020) * 0.00 (0.00, 0.15) 6.58
Ronchi (2020) 0.05(0.02,0.13) 0.38
Salvatore (2020) — 0.00 (0.00, 0.04) 11.56
Sanchez Garcia (2021) 0.00 (0.00, 0.09) 9.40
Shlomai (2021) — 0.00 (0.00, 0.07) 10.79
Subtotal ("2 = 74.61%, p = 0.00) ()I 0.00 (-0.00, 0.01) 90.30

1

1
yes 1
Jimenez (2020) —— 0.01(0.01,0.03) 4.86
Martenot (2021) , 0.04(0.01,0.19) 0.20
Sanchez-Luna (2021) : 0.04 (0.02,0.06) 3.17
Solis-Garcia (2021) e 0.01(0.00,0.07) 1.47
Subtotal (1"2 =36.94%, p = 0.19)f ! <> 0.02(0.01,0.04) 9.70

1
Heterogeneity between groups: p :'D.OOS
Overall ("2 =77.77%, p = 0.00); | & 0.01 (0.00, 0.01) 100.00

'

f

I T
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Figure 4: Proportion of the estimate of SARS-CoV-2 infection among infants born to infected

mothers in subgroups analyses from studies with and without skin-to-skin.
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Figure 5: Proportion of the estimate of SARS-CoV-2 infection among infants born to infected

mothers in subgroups analyses from studies with and without exclusive breastfeeding.
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5. DISCUSSION

The objective of this systematic review and meta-analysis was to examine the risk of transmission of
SARS-CoV-2 from infected mother to neonate during the breastfeeding, the skin-to-skin contact, and
the rooming-in. We found that the SARS-CoV-2 infection among neonates born to infected mothers was

found to be 1.0%. This indicate that mother-to-child transmission in the neonatal period is low.

Concerning breastfeeding, it is well known that covid-19 is transmitted mainly through horizontal
transmission and specifically through aerosols. In our review, the most articles referred that the vertical
transmission through breastmilk cannot be excluded/or limited as well as there are searches which the
virus was detected in breastmilk and the infants were diagnosed with covid-19 but it was unclear, the
exact way of transmission. However, the benefits of breastfeeding outweigh the potential transmission.
Because of this, the major organizations such as WHO and RCOG support the direct breastfeeding

following protective measures such as strict hand hygiene and wearing mask [36]. In addition, it is
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important that anti-SARS-CoV-2 antibodies have found in breastmilk and these might offer protection

in infants [37].

Since the beginning of COVID-19 until the moment of the writing of this review have adopted various
recommendations for breastfeeding. Most researches and international organizations such as WHO,
RCOG (Royal College of Obstetricians and Gynecologists) and the American Academy of Pediatrics
support direct breastfeeding following individual protective measures such as strict hand hygiene,
wearing mask and breast cleaning when it is necessary such as when mother coughs or sneezes on breast
[36]. For mothers who are not in condition to breastfeed immediately or it is not their desire, it is
recommended the expression of milk following not only protection measures but also the thorough pump
cleaning and feeding of breastmilk to the infant by a caregiver without boiling or pasteurizing breastmilk
[38]. In case, breastmilk is not available or sufficient, it is suggested the use of pasteurized human milk
from bank milk against using formula [39]. The study by Salvatore et al. reports on a cohort of neonates
born to SARS-CoV-2 positive mothers and follows the outcomes of staying and breastfeeding up to one
month after birth. All newborns tested negative for SARS-CoV-2, either immediately after birth or four-
teen days later. This shows that staying and breastfeeding can be safe when the necessary precautions

are taken, including hand hygiene and the use of surgical masks [26].

The early separation of the dyad adopted in our management negatively affected the percentage of
women who were able to breastfeed, with only a mild recovery in total breastfeeding rate being observed
after the mother-infant reunification probably due to the decrease in breastfeeding support that occurred
during the pandemic [40]. The WHO recommends breastfeeding of infants and young children also in
case of suspected or con-firmed maternal SARS-CoV-2 infection. The beneficial properties of
breastfeeding including the practice of skin-to-skin care and the transfer of protective maternal
antibodies via breast milk (especially secretory IgA (sIgA) and, to a lesser extent, IgM and IgG isotype
immunoglobulins) are well established [41]. Recent evidence indicates that breastfeeding does not seem

to be associated with neonatal SARS-CoV-2 infection because viral trans-mission through the milk, if
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any, should be rare and because a robust slgA-dominant SARS-CoV-2 antibody response is detectable

in human milk soon after infection in a significant majority of individuals [42].

There are some limitations to this review. As the pandemic continues the data is rapidly changing. As
our search for this review ended on November 30,2021, it is potent that some of these suggestions may
be outdated by the moment this review is published. However, the summary of all suggestions is
important as we can understand ways of managing covid-19 from the beginning of pandemic until the
moment of writing this re-view as well as how the suggestions could be modified in the future.
Furthermore, the study period ended few months after the appearance first vaccine. Therefore, further
re-search is needed for women who are with covid-19 in early post-partum period and were previously

vaccinated during or before pregnancy.

6. Conclusion

The results of this study show a low rate of perinatal infection, support the rooming-in and skin-to-skin
confirm the effectiveness of preventive measures in reducing the risk of mother-to-child viral
transmission. We suggest the encouragement of direct breast-feeding as well as breastmilk may provide
specific antibodies to infants, the immediate skin-to-skin and rooming in when the condition of mother
and newborn permits it and following all protective measures and specifically strict hand hygiene,
wearing a mask and breast cleaning when need it and not before every breastfeeding. The literature
indicates that while vertical transmission cannot be excluded however, if it exists, it might be rare and
we should focus on horizontal transmission. For this reason, it is utmost im-portance that women strictly
observe personal protection measures. In addition, in case if these practices are avoided, breastfeeding
is adversely affected. With these practices and following mothers all protection measures the potential
of transmission of covid-19 in infant is almost impossible. However, even if newborns have covid, they
have no or mild symptoms and recover well. We hope that the findings of this review could help medical

staff and government officials making protocols for patient care. Authors should discuss the results and
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how they can be interpreted from the perspective of previous studies and of the working hypotheses. The
findings and their implications should be discussed in the broadest context possible. Future research

directions may also be highlighted.
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