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Objectives: COVID-19 is a viral transmissible disease and there is limited evidence on vertical transmis-
sion and prevalence of SARS-CoV-2 during pregnancy, birth, and the postnatal period. This descriptive
cross-sectional study aimed to evaluate the possible perinatal transmission of SARS-CoV-2 in mothers
and neonates in a Mexican population.

Methods: A total of 133 nasopharyngeal swab samples from mothers, 131 swab samples from neonates,

Keywords: and 140 colostrum samples were obtained, and the presence of SARS-CoV-2 was determined by qPCR.
Perinatal transmission Results: One in eight asymptomatic 38-39 weeks’ pregnant women were positive for the presence of
CovVID-19 SARS-CoV-2 in nasopharyngeal swabs taken just before delivery; and one in 12 nasopharyngeal swabs
Human milk collected from neonates immediately after delivery without breast feeding were also positive. It was also
SARS-CoV-2 . . . L ..

RT-qPCR determined that one in 47 colostrum/milk samples were positive for the test. In addition, there was no
RT-ddPCR association between positive results and any collected metadata of mothers or newborns.

Conclusions: Asymptomatic women carried the SARS-CoV-2 virus during delivery, with perinatal trans-

mission of SARS-CoV-2 to newborns. Since neonates were sampled immediately after birth, the detection
of positive cases might be due to infection by the virus in utero.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

COVID-19, a novel coronavirus, was reported in China in De-
cember 2019 and spread around the world in a short period of
time, reaching the Americas by the beginning of 2020. The severe
outbreak was declared a “public-health emergency of international
concern” by the World Health Organization (WHO) by 30 January
2020 (Wu et al., 2020). This situation led to healthcare centers fac-
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ing a critical infection inflicted by this novel coronavirus, which
was identified as the causative pathogen and named SARS-CoV-2
(Karimi-Zarchi et al., 2020).

The SARS-CoV-2 virus is transmitted by small liquid droplets
produced by an infected person during coughing, sneezing, speak-
ing, or breathing (CDC, 2021; Patel et al., 2020). A person affected
by COVID-19 commonly has fever, cough, and dyspnea, and occa-
sionally watery diarrhea, as symptoms. It is estimated that 20-
30% of the infected patients require mechanical ventilation, with
a 10% probability of dying (Paules et al., 2020). According to Mexi-
can health authorities, the Mexican population has a higher risk of
fatal outcomes in older people or persons with medical comorbidi-
ties like hypertension, diabetes, and being overweight (Secretaria
de Salud, 2020).
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The first reported COVID-19 case in Mexico was in January 2020
(Suérez et al., 2020) and, according to the Mexican Government,
there were 1,011,153 confirmed cases and 99,026 deaths by Novem-
ber 2020. Similar situations have caused the implementation of ex-
traordinary public health measures in several countries to reduce
further viral spreading (Wang et al., 2020). Nevertheless, despite
the health measures taken by authorities, COVID-19 cases have
continued an upward trend (WHO, 2021). There have now been
more than 2.5 million confirmed cases and more than 2.4 thousand
deaths in Mexico (CONACYT, 2021). According to official reports,
there is a higher risk of fatal outcome in older people or persons
with medical comorbidities like hypertension, diabetes, and being
overweight in the Mexican population (Secretaria de Salud, 2020).

At a population level, one vulnerable group of special interest is
pregnant women. Some studies have shown that pregnant women
are at greater risk of COVID-19 morbidity and mortality, which in-
crease adverse pregnancy outcomes; however, although the results
suggest that vertical transmission is infrequent, there is insufficient
information about the factors that influence it (Qiao, 2020; Pliidde-
mann et al,, 2021).

Despite reasonable doubts about the safety of breastfeeding in
COVID-19 pandemic times, the beneficial impact of human milk
(HM) has been widely investigated and demonstrated, especially
on cases of extremely low birth weight or newborns in neonatal
intensive care units (Mercado et al., 2019). In addition, HM rep-
resents the ideal nutrition source, and exclusive breastfeeding is
recommended by the WHO at least during the first 6 months af-
ter birth (WHO, 2003). HM has been related to positive effects in
the successive phases of life, as it provides protection against the
development of obesity, diabetes, and cardiovascular disease, im-
proving neurological development in newborns (Bardanzellu et al.,
2019). HM also promotes immune system development, by provi-
sion of passive immunity via immunoglobulins and other bioactive
factors produced in response to viral infections. In women previ-
ously affected by COVID-19, it has been reported that HM con-
tains IgA immunoglobulins, reactive to the receptor binding do-
main (RBD) of SARS-CoV-2 spike protein, conferring protection to
the neonate against the virus (Pace et al, 2021). A recent re-
view of 13 studies testing HM for the presence of SARS-CoV-2
(Lackey et al., 2020) reported the presence of virus in one milk
sample, and SARS-CoV-2-specific IgG in the milk of another study.
In China, HM was analyzed at delivery time in mothers with a
SARS-CoV-2-positive diagnosis, finding that all milk samples were
negative for the virus (Yang and Liu, 2020). In fact, in 2020, the
WHO determined that no evidence of SARS-CoV-2 transmission
was detected in mother’s milk with suspected or confirmed COVID-
19; therefore, it is highly recommended to continue breastfeeding
because of the abundant health benefits HM provides to newborn
and which are maintained throughout life (Centeno-Tablante et al.,
2021).

Additional reports have described newborns with positive na-
sopharyngeal swabs after birth, which could be the consequence
of horizontal transmission by contact with the infected mother or
with positive asymptomatic healthcare personnel at the time of
delivery (Auriti et al., 2020). Another study found no evidence of
virus transmission through milk, and it was shown that transmis-
sion might have occurred via respiratory droplets from the mother
during breastfeeding (Salvatori et al., 2020).

However, there is limited evidence on vertical transmission,
prevalence, and clinical features of COVID-19 during pregnancy,
birth, and the postnatal period in the Mexican population; hence,
there is a need for evidence of SARS-CoV-2 vertical transmis-
sion from mothers to infants. However, continuing with breast-
feeding is highly recommended, as there is evidence that the
HM of infected mothers carries antibodies against SARS-CoV-2
(Mardani and Pourkaveh, 2020).
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There is no conclusive evidence of intrauterine vertical trans-
mission of COVID-19 from infected pregnant mothers to their fe-
tuses (Deniz et al., 2020). Infected mothers are at high risk of se-
vere respiratory complications (Karimi et al., 2020). Nine neonates
born to infected mothers were found to be negative for SARS-CoV2
infection in China, suggesting that there is not intrauterine infec-
tion (Cao et al., 2020). In another case report, detailed studies con-
ducted to test viral vertical transmission found no vertical trans-
mission caused by intrauterine infection in asymptomatic COVID-
19 pregnant women (Lu et al., 2020). However, in the first re-
ported case of a SARS-CoV-2-positive nasopharyngeal swab from
a neonate delivered vaginally, both stool and rectal swabs from the
mother were positive for the virus, suggesting neonate infection
due to fecal contamination during vaginal delivery (Carosso et al.,
2020). In the same sense, there is a report of SARS-CoV-2 RNA de-
tection in one umbilical cord blood and in two at-term placentas
(Fenizia et al., 2020).

SARS CoV-2 infection has been associated with negative perina-
tal outcomes like fetal distress, premature labor, respiratory dis-
tress, thrombocytopenia, abnormal liver function tests, and even
death (Zhu et al,, 2020; Hosier et al., 2020; Zheng et al., 2020).
In a study in COVID-19 mothers, where the placenta tested posi-
tive for SARS CoV-2 and all nasopharyngeal newborn swabs tested
negative for the virus, fetal vascular malperfusion was detected in
only one of the cases, but the infection was associated with throm-
bosis in fetal circulation (Baergen and Heller, 2020). Attention has
been drawn to the maternal immune response against the COVID-
19 virus, which may also negatively affect fetal development due
to the symptoms derived from the infection, like high fever, which
may damage the fetal neurons, leading to negative neurodegenera-
tive outcomes (Deniz and Tezer, 2020; Forestieri et al., 2020).

There are high numbers of COVID-19 infections in the Mexican
population and there is therefore constant concern about whether
childbirth is safe, due to the potential risk of vertical transmis-
sion or not; therefore, it is a priority to quickly establish preventive
measures by healthcare systems. The purpose of this study was to
explore the possible vertical transmission of the SARS-CoV-2 virus
from an asymptomatic mother with presence of SARS-CoV-2 RNA
to her newborn at the time of delivery.

2. Methods
2.1. Study type

This was a transversal, descriptive, cross-sectional study per-
formed in the “Dr. Gustavo Baz Prada” General Hospital lo-
cated in the municipality of Ciudad Netzahualcoyotl (19°25'19”’N
99°00'53”"W) (Figure 1a). The study was approved by the hos-
pital’s Bioethics Committee in Research, with registry number
208C0101110500T-3157_2020-08. All participants consented to the
collection of data and signed informed consent in accordance with
the Declaration of Helsinki.

2.2. Sample

For this study, 150 samples were collected from 17 July to 13
October 2020, during the first epidemiological wave (Figure 1b). In-
clusion criteria were apparently healthy, pregnant Mexican women
in the third trimester of pregnancy, with no COVID-19 clinical
symptoms, no hormonal treatment, and no antibiotic treatment.
The exclusion criterion was pregnant women with COVID-19 clin-
ical symptoms. Entries with incomplete or inadequate data were
excluded. Sampling was made according to the Standard Guide-
lines for Epidemiological Surveillance and SARS-CoV-2 Disease
Laboratory manual from the Mexican Government Health Ministry
(Secretaria de Salud, Gobierno de México, 2020). The SARS-CoV-2
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Figure 1. Location of the study in place and time during the COVID-19 pandemic. A: The figure shows the location of the Mexican republic in the American continent,
the sampling site General Hospital “Dr. Gustavo Baz Prada”, Municipality of Ciudad Netzahualcoyotl (19°25'19”’N 99°00'53”’W), and the analysis site State of Mexico Public
Health Laboratory (Instituto de Salud del Estado México, ISEM) (19°16'19°N 99°39'27"'W). The hospital and laboratory are at 2235 m (7333 ft), and 2681 m (8796 ft) above
average sea level, respectively. The source of the globe is https://es.wikipedia.org/wiki/M%C3%A9xico#/media/Archivo:MEX_orthographic.svg, and the source for the map is
https://commons.wikimedia.org/wiki/File:Mexico_Map.svg B: The graph shows the sampling period during the COVID-19 pandemic in the Mexican Republic. Samples were
taken from July 17th to October 13th, 2020 (vertical shaded area), equivalent to the reported week commencing 21 to 34 (x-axis). The estimated cases are plotted using
solid cherry color line (left y-axis), and the confirmed deaths are shown with the dashed black line (right y-axis). Data were retrieved from https://www.gob.mx/salud/
documentos/coronavirus-covid-19-comunicado-tecnico-diario-238449 on June 10th, 2021.

matrix was obtained from pharyngeal and nasopharyngeal swabs
following Laboratory testing of 2019 novel coronavirus (2019-nCoV)
in suspected human cases: interim guidance, 17 January 2020
(LVIR-P-05 procedure) https://www.who.int/publications-detail/

obtained, after applying the exclusion and inclusion criteria, a total
of 133 nasopharyngeal swab samples from mothers, 131 swab
samples from neonates, and 140 colostrum samples were taken.
Instructions from the Laboratory testing of 2019 novel coronavirus

laboratory-testing-for-2019-novel-coronavirus-in-suspected-human-cas2029HoMY) .in suspected human cases: interim guidance, 17 Jan-

Mother and infant nasopharyngeal exudate swab samples, in the
gynecological area of the hospital, were taken using sterile
polyester swabs, and each swab was placed in viral culture
medium. For mothers, samples were taken immediately after
vaginal delivery or cesarean section; for neonates, before cleaning
the upper airways. Human colostrum/milk was collected in the
recovery area or gynecological room by specialized medical staff
within the 48-hour postpartum recovery period. The nipple area
was cleaned using a sterile swab and water, and approximately
500 uL of colostrum was extracted in a sterile tube. Of all samples
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uary 2020 (REMU-MA-01 manual guidelines) were followed for
shipment delivery to the Molecular Biology laboratory, Labora-
torio Estatal de Salud Puablica del Estado de México (19°16'19”’N
99°39/27”"W) (ISEM Secretaria e Instituto de Salud del Estado de
México), where they were analyzed (Figure 1a).

2.3. RNA extraction

RNA extraction was made from 140 uL of viral sample in trans-
port medium (VTM), using the MagNA Pure LC RNA Isolation Kit


https://es.wikipedia.org/wiki/M%C3%A9xico#/media/Archivo:MEX_orthographic.svg
https://commons.wikimedia.org/wiki/File:Mexico_Map.svg
https://www.gob.mx/salud/documentos/coronavirus-covid-19-comunicado-tecnico-diario-238449
https://www.who.int/publications-detail/laboratory-testing-for-2019-novel-coronavirus-in-suspected-human-cases-20200117

A. Ramirez-Rosas, T. Benitez-Guerrero, K. Corona-Cervantes et al.

- High Performance (Cat 03542394001, Roche). A total of 260 uL
of the lysis buffer was added to the sample and the mixture was
placed in a cartridge along with other kit reagents in the MagNA
Pure 96 Instrument equipment (Roche, Germany). The HP RNA pro-
gram Blood_external_lysis’ DNA and Viral NA Small Volume purifi-
cation protocols were followed.

2.4. qRT-PCR methodology

SARS-CoV-2 virus detection in samples was made by real-
time RT-PCR, using the One-Step Real-Time RT-PCR kit (Cat. MAD-
003941M, Thermo Fisher Scientific, USA), in which the primers and
probes are designed for detecting the SARS-CoV-2 N gene and the
E gene, as described by the CDC. The RT-PCR reaction mixture was
in a final volume of 20 wL, with 12 uL of SARS CoV-2 MMix and 8
uL of total extracted RNA. The RT-PCR cycling protocol was: 25°C
for 5 min, 50°C for 20 min for reverse transcription, 95°C for 5 min
enzyme deactivation, and 45 cycles of (95°C for 30 s denaturation,
60°C for 1 min alignment and extension) in the CFX96 Touch Sys-
tem (BIO-RAD). A negative control, reaction control, and positive
control of non-infectious synthetic DNA contained in the kit (PC
SARS CoV2) were used (Corman et al., 2020).

2.5. Digital droplet PCR (ddPCR) methodology

The viral load of the SARS-CoV-2 virus was measured in the
samples by RT-ddPCR, using the One-Step RT-ddPCR kit (Cat.
1864021 BIO-RAD, USA). The 20 uL reaction mixture was set up
with: 5 uL of 4X of Supermix; 2 L of 25 U/uL reverse transcrip-
tase enzyme; 1 uL of 300 mM DTT; 0.5 uL of 100 nM primers
and probes targeting the N gene of SARS-CoV-2 described by the
CDC; 3 uL of total RNA; and 8.5 uL of H,0. Once mixed, the reac-
tions were transferred to the GCR96 cartridge (Cat. 12006858) and
sealed using PX1 PCR plate sealer (Cat. 1814000). The RT-ddPCR
cycling protocol was: 50°C for 20 min for reverse transcription, fol-
lowed of enzyme deactivation at 95°C for 5 min, and 45 cycles of
(95°C for 30 s denaturation, 60°C for 1 min for alignment and ex-
tension) in the QX ONE Droplet Digital PCR (ddPCR) System (BIO-
RAD) (Corman et al., 2020).

2.6. Data analysis

Data corresponding to samples were filtered and compiled. To
assess whether there were significant differences between the pos-
itive and negative groups for SARS-CoV-2 RNA content, the Mann-
Whitney U test was used, and p<0.05 was considered statistically
significant. Epidemiological and clinical data were represented as
percentages and reported as mean+standard deviation (SD). Sta-
tistical analysis and graphics were evaluated in RStudio v.1.3.1093
program.

3. Results
3.1. Sample collection and processing

The samples were collected in a public hospital (Figure 1a)
from asymptomatic mothers during a 14-week period encompass-
ing the first of the two peaks of the COVID-19 pandemic in Mexico
(Figure 1b). The nasopharyngeal swabs and human colostrum/milk
samples were collected from 150 mother-neonate pairs; however,
there was a reduction in the number of samples in each cate-
gory due to low sample quality or incomplete data. As a result,
the study was finally made with 133 nasopharyngeal swab sam-
ples from mothers, 131 swab samples from neonates, and 140
colostrum/milk samples.
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3.2. Asymptomatic women carried the SARS-CoV-2 virus during
delivery

Although the participating women were clinically asymptomatic
for COVID-19 on admission to the delivery room, the qPCR results
for SARS-CoV-2 RNA virus detection revealed that 16 of the 133
women or approximately 12% of them were positive for the test
(Table 1). According to Mann-Whitney U test, no association was
observed between gestational age, the number of parities or the
anthropometry, which included assessment of being overweight
and obesity, with the positive results for SARS-CoV-2. Similar re-
sults were observed for the blood tests, including total white cells
and platelet counts and fasting glucose. Additional data evaluating
risk factors, educational level, marital status, and main activity of
the mothers did not appear to be associated with the detection of
coronaviral RNA (Table 1).

3.3. There was perinatal vertical transmission of the SARS-CoV-2
virus to newborns and colostrum/milk samples

For the case of the neonates, nasopharyngeal swabs were im-
mediately taken after birth and before cleaning the upper airways.
Neonates were not breastfed and did not have contact with their
mothers prior to sampling. For these samples, 11 of 131 (~8.40%)
were positive for the presence of SARS-CoV-2 RNA, according to
the qPCR test (Table 2, Figure 1, Table S1). On the other hand,
there was no association between newborn sex, qualification sta-
tus, somatometry, or complications during delivery and the posi-
tive results for SARS-CoV-2 (Table 2). Exploration of the presence
of SARS-Cov-2 in 140 human colostrum/milk samples collected
from the asymptomatic mothers within the 48 hours immediately
after delivery showed three positive samples, giving a percentage
of 2.14% (Figure 2A, Table S1).

3.4. The use of ddPCR revealed a higher percentage of SARS-CoV-2
RNA presence

The qPCR test showed the presence of SARS-CoV-2 RNA in 16
of the 133 samples of the mothers’ nasopharyngeal swabs (12.03%)
(Figure 2A, Table S1). Further exploration of the presence of viral
RNA by digital droplet PCR (ddPCR) confirmed the positive qPCR
results and revealed the existence of 25 more samples, giving a to-
tal of 41 (30.83%) (Figure 2B, Table S2). For the case of SARS-CoV-
2 RNA presence in the neonate nasopharyngeal swabs determined
by qPCR, the percentage was 8.40% (11 samples of 131) (Figure 2A,
Table S1). Further retesting of these samples using ddPCR analy-
sis confirmed the 11 positive qPCR results, and revealed the ex-
istence of 13 more positive samples, giving a total of 24 positive
among the 131 collected neonate nasopharyngeal swabs; this indi-
cated a vertical transmission of approximately 18.32% (Figure 2B,
Table S2). A similar situation occurred for positivity in the 140 hu-
man colostrum/milk samples collected from asymptomatic moth-
ers within the 48 hours immediately after delivery and before
feeding the newborns, where it increased from 2.14% by qPCR (3
of 140) (Figure 2A, Table S1) to 14.29% (20 of 140) by ddPCR
(Figure 2B, Table S2).

4. Discussion

The persistence of the global COVID-19 pandemic is demand-
ing continuous study of the nature of this disease from all scien-
tific areas of expertise. One important aspect of this virus is the
mode and frequency of transmission, mostly in vulnerable mem-
bers of the population like pregnant women. The mother-neonate
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Table 1
Data for the 133 mothers with SARS-CoV-2 diagnosis in the study.
Variable Positive Negative p-value*
Number of subjects 16 117 -
Age (years) 23.00 (+4.93) 2411 (£6.37) ¥ 0.621
Gestational age (weeks) 38.76 (£1.89) 39.07 (£1.54) ¥ 0.469
Anthropometry Height (m) 1.56 (+0.06) 1.56 (+0.06) ° 0.796
Weight (kg) 70.31 (+£14.20) 73.03 (£12.29) ¢ 0.309
BMI 29.00 (£5.47) 29.96 (+4.48) ° 0.338
Normal (BMI 18.5-24.9) 4 (25.00%) 18 (16.22%) ° -
Overweight (BMI 25.0-29.9) 6 (37.50%) 8 (34.23%) ¢ -
Obesity (BMI >30.0) 6 (46.15%) 5 (47.00%) ° -
Grade I (BMI 30.0-34.9) 4 (25.00%) (34 23%) 0 -
Grade II (BMI 35.0-39.9) 1 (6.25%) (14.41%) ° -
Grade III (BMI >40.0) 1 (6.25%) ] (0.91/) -
Blood test Reference range
Leukocytes (x10°/L) 4.5-10 9.51 (+2.65) # 10.39 (£7.52) ¢ 0.747
Neutrophils (x10°/L) 1.8-8.0 6.79 (£2.54) # 7.17 (£2.88) ¢ 0.961
Neutrophils (%) 43.0-65.0 74 (+8.18) 72.53 (£10.19) ¢ 0.840
Lymphocytes (x10°/L) 1.1-3.2 1.69 (+0.80) # 1.76 (+£0.62) ¢ 0.596
Lymphocytes (%) 21-48 18.35 (£8.31) # 19.15 (£7.59) ¢ 0.846
Platelet count (x10°/L) 150-450 22733 (+47.64) F 227.70 (£66.63) ° 0.866
Fasting glucose (mg/dL) 74-106 85.27 (+9.51) # 87.56 (+32.42) ¢ 0.283
Creatinine (mg/dL) 0.5-0.9 0.68 (+0.13) # 0.68 (+£0.13) 7 0.752
Risk factors Alcoholism 1 (6.25%) 4 (3.54%) « -
Smoking 2 (12.50%) 5 (4.42%) © -
Drug addiction 0 (0.00%) 0 (0.00%) © -
Parity Total parities 29 271
Average 1.81 (+0.98) 2.42 (£1.34) 0.083
Uniparous 8 (50%) 35 (31.25%)
Multiparous 8 (50%) 7 (68.75%) -
Total previous parities * 12 127
Average 0.75 (£1.00) 1.13 (£1.16) 0.191
Total vaginal (previous) 8 (66.66%) 89 (70.08%) -
Total cesarean (previous) 4 (33.33%) 38 (29.92%) -
Abortions 1 32 -
Socioeconomic data
Educational level Primary school (6 years) 2 (12.5%) (18.75%) v -
Secondary school (3 years) 7 (43.75%) 3 (56.25%) 7 -
High school (3 years) 7 (43.75%) 1(18.75%) ¥ -
University (4-5 years) 0 (0.00%) 7 (6.25%) ¥ -
Marital status Free union 13 (81.25%) 74 (66.07%) V -
Married 1 (6.25%) 14 (12.50%) ¥ -
Single 2 (12.50%) 23 (20.54%) v -
Widow 0 (0.00%) 1(0.89%) 7
Main activity Housewife 15 (93.75%) 87 (77.68%) 7 -
General employee 1 (6.25%) 18 (16.07%) ¥ -
Student 0 (0.00%) 7 (6.25%) 7 -

*Mann-Whitney U test, significant p-value <0.05.
Standard deviation is shown as + values between parentheses
-, no value was calculated for categorical data

£ =15 subjects
112 subjects
= 111 subjects
= 106 subjects
= 103 subjects
=107 subjects
= 113 subjects

T RS N o

pair represents an excellent opportunity to assess the frequency of
the SARS-CoV-2 virus vertical transmission, since the binomial link
usually involves intimate contact and the baby feeding with HM.
The current results from the 133 mothers in this study sug-
gest that one in eight asymptomatic pregnant Mexican women
(12.03%), aged 23-24 years, with 38-39 weeks’ gestational age,
were positive for the presence of the SARS-CoV-2 genome in the
nasopharyngeal swabs taken just before delivery. The frequency
shown in this population seems to be greater compared with other
countries sampled at the same period in the first COVID-19 wave.

229

= data for the current pregnancy were unavailable, and only the previous pregnancies reported

The results obtained in a UK cohort estimated the incidence of
positivity for SARS-CoV-2 in asymptomatic pregnant women to
be 1.2/1000 maternities (~0.12%) from March to September 2020
(Vousden et al., 2021). One study during April 2020, by the Mass
General Brigham Health system in Boston, found that nine of 618
(1.5%) asymptomatic mothers tested positive (Goldfarb et al., 2020).
However, the current results are comparable with another study
from 4-15 April 2020, in the Mount Sinai Health system in New
York City, where 24 of 155 (15.5%) COVID-19 asymptomatic moth-
ers tested positive for SARS-CoV-2 RNA (Bianco et al., 2020).
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Table 2
Data for 131 neonates with a SARS-CoV-2 diagnosis in the study.

Variable Positive Negative p-value*
Number of subjects 11 120 -
Sex Male 6 (54.55%) 55 (47.83%) -

Female 5 (45.45%) 60 (52.17%) £ -
Qualification status
Apgar (1 to 10) 6/8 0 (0.00%) 1 (0.95%) @ -

6/9 0 (0.00%) 1 (0.95%) © -

7/8 1 (9.09%) 5 (4.50%) ° -

7/9 0 (0.00%) 15 (13.25%) @ -

8/8 0 (0.00%) 1 (0.95%) © -

8/9 9 (81.82%) 80 (69.72%) @ -

9/9 1 (9.09%) 11 (9.68%) @ -
Silverman Andersen * 0 7 (63.64%) 80 (69.72%) -

1 0 (0.0%) 2(1.8%) ° -

0/1 3 (27.27%) 30 (26.58%) 7 -

0/3 1 (9.09%) 0 (0.00%) @ -

3 0 (0.0%) 1 (0.95%) @ -

9 0 (0.0%) 1 (0.95%) © -
Capurro * (weeks) 39.55 (+0.82) 38.96 (+£1.38) * 0.259
Somatometry Reference range
Macrosomia (g) >4000 0 (0.0%) 2 (1.8%) -
Proper weight (g) 2500 <4000 11 (100%) 103 (87.83%) -
Low weight (g) <2500 0 (0.0%) 10 (7.83%) -
IUGR 0 (0.0%) 1 (0.95%) -
Weight (kg) 3.19 (+£0.33) 2.98 (£0.41) 7 0.086
Size (cm) 50.82 (£2.27) 49.59 (£2.03) * 0.129
Cephalic perimeter (cm) 34.23 (£1.29) 33.65 (£1.45) © 0.178
Abdominal perimeter (cm) 31.64 (£1.96) 30.17 (£2.57) ¢ 0.055
Perinatal asphyxiation 0 (0.0%) 2 (1.80%) -
Breathing difficulty 0 (0.0%) 1 (0.95%) -
Infection 0 (0.0%) 1 (0.95%) -
Sepsis 0 (0.0%) 0 (0.0%) -
Death 0 (0.0%) 0 (0.0%) -

IUGR, intrauterine growth restriction

*Mann-Whitney U test, significant p-value <0.05

Standard deviation is shown as + values between parentheses
-, no value was calculated for categorical data

= estimated gestational age in weeks (Engle WA, 2004)
= respiratory severity score (Hedstrom et al., 2018)

= of 115 subjects

of 115 subjects

of 114 subjects

of 114 subjects

¢ = of 113 subjects

A
K
B
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"=

The same test performed in the nasopharyngeal swabs collected
from the 131 neonates immediately after delivery showed that ap-
proximately one in ~12 (~8.40%) were positive for the presence of
the SARS-CoV-2 genome. Likewise, in a study in an Indian popu-
lation, 12 of 155 neonates (7.74%) tested positive for SARS CoV-2
infection (Kalamdani et al., 2020). It is important to note in the
current study that none of the neonates had been breastfed by
their mothers before the samples were taken. This supports the
idea that the possibility of vertical transfer of the virus through
breast feeding or a mother’s handling is not possible. However, as
mentioned above, a frequency of 11 of 131 (~8.40%) positive na-
sopharyngeal swabs was observed.

The source of SARS-Cov-2 RNA in neonates might be transmis-
sion from the placenta. There is some published evidence regard-
ing this: a report that the SARS-CoV-2 virus spread in the body of
an Italian pregnant woman through the bloodstream, reaching the
placenta and finally infecting the fetus (Fenizia et al., 2020); the
birth of Chinese neonates of mothers with COVID-19 pneumonia
(Zhu et al., 2020); evidence of vertical transition of SARS-CoV-2 to
one neonate in an Iranian mother (Zamaniyan et al., 2020); and the
report of SARS-CoV-2 RNA presence in the placenta of two Italian
mothers and neonates at birth (Patané et al., 2020). In addition,
the current study provides evidence of SARS-CoV-2 virus vertical
transmission from mothers to neonates, which might help to an-
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swer valid questioning about the absence of evidence (Auriti et al.,
2020).

Contrary to the results in other reports, there was no associa-
tion between the neonate’s data collected at birth by the pedia-
trician (somatometry, sex and newborn qualification status) and a
positive result by qPCR, and any collected metadata of the moth-
ers, as reported in other populations like British healthy preg-
nant women, where positivity of SARS-CoV-2 was associated to
preterm neonates and cesarean section delivery (Vousden et al.,
2021), or Turkish healthy pregnant women where positivity was
associated with cesarean section, prematurity and low birth weight
(Oncel et al., 2021).

All of the 140 studied mothers expressed a sample of colostrum
or milk to be studied. It was observed that most samples were
negative for the presence of the SARS-CoV-2 genome by qPCR test
(one positive of 47 samples or 2.14%). These findings are com-
parable with other work: for example, in a recent evaluation of
37 peer-reviewed studies where the presence of SARS-CoV-2 RNA
in human milk was assessed, nine of 68 samples in all the re-
ported studies had detectable levels of SARS-CoV-2 RNA (Centeno-
Tablante et al., 2021). In addition, another mini-review summariz-
ing 19 case-report studies in different populations tested the pres-
ence of SARS-CoV-2 in HM. These studies were sub-grouped into
four categories, according to the infected member in the binomials,
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C 97.86%
N 91.60%
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Figure 2. Graphic representation of RNA SARS-CoV-2 detection. A: Quantitative PCR
detection, positive results for M are 12.03%; C, 2.14%, and N, 8.40%. B: Digital PCR
detection, positive results for M are 30.83%; C, 14.29%, and N, 18.32%.

Horizontal bars represent the relative percentage for M, mother nasopharyngeal
swab (n=133); C, colostrum/human milk samples (n=140), and N, neonate nasopha-
ryngeal swab (n=131). For N, results contain data for three additional samples with
incomplete data for qualification status, somatometry, and complications during de-
livery. Numbers in the x-axis show the percentage scale. Dark grey color indicates
positive results, light grey color indicates negative results.

finding that in SARS-CoV-2-positive lactating mother with a neg-
ative neonate, two (5.2%) of 38 samples were positive for SARS-
CoV-2 (Vassilopoulou et al., 2021). The low frequency of virus in
HM samples in the current work agrees with these findings, sup-
porting the idea of low risk of vertical transmission and highlight-
ing the protective role of passive antibodies provided by HM to the
neonate (Bardanzellu et al., 2021). For these reasons, breastfeeding
is encouraged following appropriate sanitary procedures, like using
a facemask, during the pandemic.

The results obtained in this study strongly suggest that asymp-
tomatic Mexican women carried the SARS-CoV-2 virus during de-
livery, with perinatal transmission of SARS-CoV-2 virus to the
newborns. However, since the presence of SARS-CoV-2 RNA in
colostrum/milk was comparatively small and sampling was imme-
diately after birth, the detection of positive neonates might have
been due to infection by the virus in utero.

This study re-assayed most of the nasopharyngeal swabs and
colostrum/milk samples by droplet digital PCR. It was found that
this more sensitive technique increased the percentage of posi-
tive samples by approximately 2.6-fold for nasopharyngeal swabs
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of mothers, 6.7-fold for colostrum/milk, and 2.2-fold for nasopha-
ryngeal neonate swabs (Figures 2A, 2B, Tables S1, S2).

In terms of the scope of this work, there were limitations like
the sample size and the need to expand the studies, sampling
not only nasopharyngeal swabs in mothers-neonates as well as
colostrum/human milk, but also collecting other important sam-
ples like amniotic fluid, umbilical cord blood, and peripheral blood
from the binomials, which are informative in evaluating the pres-
ence of the SARS-CoV-2 genome during delivery. In addition, the
conclusions may not be generalized to other populations.
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