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ABSTRACT Introduction: To understand SARS-CoV-2 infection in neonates, our department implemented an ambula-
tory follow-up program for neonates born to SARS-CoV-2 mothers. Our study aimed to characterize this population
of neonates born to SARS-CoV-2 mothers, analyze SARS-CoV-2 antibodies evolution and evaluate these neonates after
hospital discharge. Material and Methods: Single-center prospective cohort study enrolling all neonates born to mothers
with active perinatal SARS-CoV-2 infection in a tertiary hospital in Portugal from April 2020 to October 2021. Results:
There were 3138 deliveries, and 73 neonates (2.3%) were born from mothers with perinatal SARS-CoV-2 infection. Three
neonates (4%) had perinatal SARS-CoV-2 infection. Post-discharge follow-up was achieved in 93% (n=68) of neonates.
The first call by a physician was performed at a median of 6 days after discharge. During the first appointment, 46%
(n=68) of exclusive breastfeeding was found in mothers.

We performed cerebral ultrasound (CUS) in 93% (n=68) of the newborns during the first month of life, and 35% (n=24)
of the newborns had nonspecific abnormal cerebral findings. Regarding serology, 55.1% (n=38) of infants had positive
anti-nucleocapsid antibodies at the first 24 hours of life. 52.6% (n=20) of these neonates maintained positive antibodies at
one to three months of life. There was a significant decrease in anti-nucleocapsid antibodies titer since birth (p<0.001,
Wilcoxon signed-ranks test), except in four neonates, three of them with perinatal SARS-CoV-2 infection.

Conclusion: We describe our experience following neonates born to mothers with SARS-CoV-2 infection after discharge,
considering our hospital COVID-19 policies. The findings of this study suggest a limited impact of maternal, perinatal
SARS-CoV-2 infection on early neonatal outcomes. Rooming-in mothers and newborns can be safe, as transmission rates
of SARS-CoV-2 seem to be low. This article may contribute to a better understanding of SARS-CoV-2 infection in the
neonatal period and its short-time consequences.
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Introduction

Neonatal SARS-CoV-2 infection is rare and can occur by
one of three mechanisms: intrauterine infection (transplacen-
tal or ascending), intrapartum infection (transmission during
birth/labour) and postpartum infection (through nasal secre-
tions, environmental exposure).[1,2]

There is still a paucity of epidemiological data on neonatal
COVID-19. The current evidence also indicates that the average
pooled incidence rate of vertical transmission is low, ranging
from 5.6 per 10,000 live births [3], an incidence of 0.03% [4],
and an incidence of 16 per 1000 newborns born to mothers with
SARS-CoV-2 infection) [5]. Another study demonstrated that
30% of cases of neonatal SARS-CoV-2 infections were likely due
to vertical transmission, either intrapartum or congenitally and
9% of these cases were confirmed vertical infections (3.3% for
intrapartum and 5.7% for congenitally transmitted infections,
respectively). [6]

The data also suggests that the rate of premature delivery has
increased, and the SARS-CoV-2 infection rate is proportionately
higher in premature neonates, which appears to be related to
premature delivery for maternal reasons rather than an increase
in spontaneous preterm labour [3,7,8]. Just like the influenza
A/PR/8/34 (HIN1) outbreak of 1918 (Spanish influenza), stud-
ies in past pandemics suggest that these children face the poten-
tial risk of long-term health outcomes and should be followed
up [9].

Also, recent studies propose that neonates with SARS-CoV-2
infection require follow-up since it is not yet known whether this
virus can cause long-term sequelae such as heart disease, hyper-
tension, diabetes, kidney disease and gastric disease and peri-
natal complications such as prematurity and low birth weight
[9-11]. In order to understand the impact of SARS-CoV-2 virus
infection on the neonate, our department implemented an ambu-
latory follow-up program to support families and neonates born
to SARS-CoV-2 mothers. Our study aimed to characterize this
population of neonates born to SARS-CoV-2 mothers, analyze
SARS-CoV-2 antibodies evolution and evaluate these neonates
after hospital discharge.

Materials and Methods

We performed a single-centre observational prospective study
enrolling all neonates born to mothers with active perinatal
SARS-CoV-2 infection in the neonatal intensive care unit (NICU)
and Nursery at a tertiary hospital in Lisbon, Portugal, between
April 2020 and October 2021. Our study was exploratory to
evaluate the neonatal period of newborns from mothers with
perinatal SARS-CoV-2 infection after hospital discharge.

All data was obtained from patient records and a coded num-
ber was attributed to each participant to secure confidentiality.
During our study period, as part of the Portuguese protocol, all
pregnant women admitted to the delivery room were tested with
real-time polymerase chain reaction (RT-PCR) for SARS-CoV-2
from both nasopharyngeal and oropharyngeal (NP/OP) swabs.
Active perinatal SARS-CoV-2 infection was defined as mothers
with a positive NP swab RT-PCR for SARS-CoV-2 virus between
14 days prior to and up to 48 hours after delivery. In addi-
tion, we used the classification system for perinatal SARS-CoV-2
transmission of the Scandinavian workgroup [2]: 1) congenital
infection in a live neonate born to a mother with SARS-CoV-2
infection, defined by the detection of the virus with RT-PCR in
umbilical cord blood or neonatal blood collected within the first

12 hours of birth and 2) intrapartum acquired neonatal infection
defined by the detection of the virus with RT-PCR in NP swab
at birth (collected after cleaning the baby) and at 24-48 hours of
age in neonates born to mothers with SARS-CoV-2 infection.

The delivery room was divided into two circuits: one for pos-
itive SARS-CoV-2 women and another for non-infected women.
In addition, our hospital isolation practices were updated accord-
ing to national and international recommendations. From April
2020 to December 2020 (period A), all neonates from positive
mothers were separated and isolated in the NICU in a negative
pressure room until discharge. Since January 2021 (period B),
rooming-in was allowed (in an individual room of the obstetric
COVID-19 area, keeping the newborn in the crib two meters
away from the mother’s bed) if the mother was asymptomatic
or mildly symptomatic and able to accomplish safety measures
(hand and breast hygiene, and use of face mask). Instructions
for contact, respiratory and breastfeeding precautions were ex-
plained to the mothers.

Maternal sociodemographic data, pregnancy complications,
and the presence of symptoms were collected. The clinical spec-
trum of SARS-CoV-2 infection in mothers was classified, fol-
lowing Centers for Disease Control and Prevention (CDC) [12]
guidelines, as a mild disease (fever, cough, sore throat, malaise,
headache, myalgia, anosmia, dysgeusia or gastrointestinal symp-
toms, without shortness of breath, dyspnea or abnormal chest
imaging); moderate disease (evidence of lower respiratory dis-
ease during clinical assessment or imaging and oxygen satu-
ration (SatO2) > 94% on room air at sea level); severe disease
(SatO2 < 94% on room air at sea level, a ratio of arterial partial
pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2)
<300 mmHg, respiratory rate > 30 breaths/min or lung infil-
trates > 50%) and critical disease (respiratory failure, septic shock
and/or multiple organ dysfunction). Mothers with symptomatic
disease were encouraged to pump and bottle-feed breast milk
rather than directly breastfeed. Mothers with asymptomatic or
mildly symptomatic infection were encouraged to breastfeed
with a mask and practice hand hygiene directly.

Other studied variables included mode of delivery, gesta-
tional age, Apgar score, resuscitation at birth, birth weight and
head circumference, neonatal symptoms, type of feeding, isola-
tion practices, length of stay, laboratory data, and follow-up. All
neonates underwent SARS-CoV-2 real-time polymerase chain
reaction (RT-PCR) with NP/OP swabs in the first 24 hours (h),
and at 48 h of life, SARS-CoV-2 RT-PCR in umbilical cord blood
or neonatal serum in the first 12h of life and SARS-CoV-2 anti-
nucleocapsid antibodies in umbilical cord blood or neonatal
serum in the first 24 h of life, repeated between one and three
months of age. If asymptomatic, newborns were discharged
between 36-48 h after vaginal deliveries and 48-72 h after ce-
sarean deliveries. In addition, instructions to reduce the risk of
perinatal infection transmission were reinforced.

Follow-up data variables after discharge included post-
discharge family member (mother or other), presence of signs
and symptoms of SARS-CoV-2 infection in the neonate, time of
the first appointment, time of the second appointment, symp-
toms in mothers after discharge, type of feeding at the first
appointment, type of feeding at the second appointment, time
of first appointment with the Family Doctor/Pediatrician, provi-
sion of medical and/or emergency services care to the neonate,
diagnosis at the emergency room, RT-PCR SARS-CoV-2 test-
ing for other reasons after discharge, need of hospitalization,
cerebral ultrasound outcomes, SARS-CoV-2 anti-nucleocapsid
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antibodies collected between one to three months. We also eval-
uated medical care support related to breastfeeding or another
type of feeding, baby weight gain, umbilical stump care and
use of personal protective equipment (PPE) when handling the
newborn.

Clinical specimens were obtained following CDC guidelines
[12]. NP and OP swabs were inserted into a sterile viral transport
medium tube. The serum was collected in a serum separator
tube and centrifuged in accordance with CDC guidelines. All
specimens were kept refrigerated at +4°C. Viral RNA was ex-
tracted by bioMérieux NucliSENS easyMag automated system
from 200 uL clinical samples and eluted in 50 uL. The Shanghai
Fosun Long March Medical Science Co., Ltd. 2019-Novel Coron-
avirus (2019-nCoV) RT-PCR detection Kit targeting the Orflab
gene (specific for SARS-CoV-2) and E and N genes (targeting
lineage B-betacoronavirus) was used following the manufac-
turer’s recommendations. The assay included a heterologous
amplification system (internal positive control) to identify pos-
sible RT-PCR inhibition and to confirm the integrity of the kit’s
reagents. Blood samples were analyzed using Elecsys® Anti-
SARS-CoV-2 (Roche Diagnostics), an electrochemiluminescence
immunoassay for the qualitative detection of antibodies (includ-
ing IgG) against SARS-CoV-2 in human serum and plasma, using
a recombinant protein representing the nucleocapsid (N) anti-
gen in a dual antigen sandwich assay format, which favours the
detection of high-affinity antibodies against SARS-CoV-2. All
laboratory tests were performed in the same laboratory. Accord-
ing to their presence or absence, SARS-CoV-2 anti-nucleocapsid
antibodies were described as positive or negative. Antibody titer
was also evaluated.

A follow-up program was established as part of routine
clinical care for all newborns from mothers with active peri-
natal SARS-CoV-2 infection, including medical evaluation (first
contact through a phone call after discharge and subsequent
medical attendance), laboratory evaluation (SARS-CoV-2 anti-
nucleocapsid antibodies collected between one to three months
of age) and cerebral ultrasound to all these newborns.

Descriptive and bivariate statistical analysis was performed
using SPSS 25®, and differences were considered significant at p
< 0.05. Continuous variables did not show a normal distribution
using skewness and kurtosis tests. Therefore, results are pre-
sented in the median and interquartile range. Non-parametric
Mann-Whitney test and Wilcoxon signed-ranks test were used
to compare medians, and the Chi-square test was used to verify
the association between two categorical variables.

All mothers gave informed consent for inclusion before par-
ticipating in the study. The study was conducted in accordance
with the Declaration of Helsinki. The ethics committee of the
institution approved the study.

Results

Characterization of mothers with SARS-CoV-2 and new-
borns

During the study period, there were 3138 deliveries, and 73
neonates (2.3%) were born from mothers with SARS-CoV-2 in-
fection. Table 1 characterizes SARS-CoV-2-positive mothers
and their neonates. We had three cases of perinatal transmis-
sion. Case 1 was a 34-week premature newborn from a positive
mother with severe COVID-19 disease. The newborn developed
severe COVID-19 and tested positive for SARS-CoV-2 RT-PCR
in NP/OP swabs and neonatal blood collected within the first

12 hours of birth - classified as congenital infection [13]. Case 2
was a 36-week preterm. The mother had mild COVID-19. The
newborn was asymptomatic and tested positive for SARS-CoV-2
RT-PCR in NF/OP swabs, and neonatal blood collected within
the first 12 hours of birth— was classified as congenital infec-
tion. Case 3 was a 38-week newborn from a positive mother
with moderate COVID-19. This newborn was asymptomatic
and tested positive for SARS-CoV-2 RT-PCR in NP/OP swabs in
the first 24h and 48h of life, with a negative RT-PCR SARS-CoV-
2 in cord blood and blood- classified as intrapartum acquired
neonatal infection.

Table 1. Characteristics and clinical care of mothers with SARS-CoV-2 and newborns.
Maternal and Delivery Characteristics (n=73)

Maternal symptoms

Asymptomatic n (30} 60(822)
Mild symptoms n (%) 11(15.1)
Moderate symptoms n (¥} 1014
Severe symptoms n (35) 1.4
Mode of delivery
Vaginal n (%3) 44(60.3)
Cesarean section' n (3%) 29(39.7)
Newborn Characteristics (n=73)
Gestational age (weeks)
Median (IQR) 32
Minimum-Maximum 28-42
Sex
Male n (%) 3821
Fermale n (%) 35(47.9)
Birth weight (gram)
Median (IQR) 3240 (752)
Minirmum- b aximm 720-4370
Birth weight classification
Appropriate for gestational age n (¥2) 61 (83.6)
Small for gestational age n (&) Ty
Symmetric/ Asymmetric n (¥3) 4444/ 5(36.6)
Large for gestational age n (%) EXCR]
Birth head circumference
Median (IQR) cm. 34
Minimum -} aximum cm 24363
Apgar score 1”
Median (IQR) ey
Minimum-Maximm 3-10
Apgar score 5°
Median (IQR) 1001
Minimum- M sximum 7-10
Apgar score 107
Median (IQR) 10(0
Minimum-Maximum 8-10
Complications in neonatal period
Yesn (%o 16(21.9)
Respiratory distresst n (%) 9(123)
Transient tachypnea of the newbom n (35} 3(4.1)
Hyaline membrane dizease n (%) 2027
Bronchopulmenary dysplazia n (%) 4(3.53)
Jeonatal indirect hyperbilirubinemia n (%) 6(8.2)
Sepsis n (%2) 3(6.8)
Anemia n (%) 5(6.8)
Periventricular-intraventricular hemorthage n (%) 2027
Non (%) 370781
Newhorn SARS-CoV-2 infection
Perinatal transmission n (%) il
Congenital infection n (%) 2(3)

Intrapartum acquired neonatal infection n (¥2) 1{1
Room-in total

Hospitalization Characteristics (n=73)
Yesn (%0 33(45.2)

Hospital stay

The median gestational age in asymptomatic mothers was 39
weeks, and 38 weeks in symptomatic mothers (p=0.159, Mann-
Whitney test). The prematurity rate in infected mothers was
higher (12%, n=8 of 73 neonates) than in non-infected mothers
(6%, n=184 of 3065 neonates) (p=0.017, Chi-square test). The
most frequent complication in neonates was respiratory dis-
tress, and 12% (n=9) of these neonates required supplemental
oxygen [4% (n=3) invasive mechanical ventilation, 4% (n=3)
non-invasive mechanical ventilation, 1% (n=1) high flow nasal
cannula].

Thirteen percent (n=5) of the mother-newborn dyads were
roomed-in in period A and 80% (n=20) in period B. In period
A, 18% (n=7) of mother-newborn dyad separations were due
to the newborn’s clinical condition, and the remaining cases
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Noa (%) 40 (34.8)
Room-in Period A

Yes n (%) 3(13)
Non (%) 33 (87)
Room-in Period B

Tes n (%) 28 (30)
No n (%) 7 (20)
Breast milk

Yes n (%) 49 (67.1)
Noa (%) 24(32.9)
Breast milk period A

Yes n (%) 14 (37)
Non (%) 24 (63)
Breast milk period B

Tes n (%) 35 (100)
Non (%) 0
Length of stay

Median (IQR) days 33
Minimum-Maximum days 1-83

Neonate’s laboratory results
SARS-CoV-2 by upper respiratory swah (RT-

PCR) in the first 24 hours of life 68
Positive n (%0) 344
Negative n (%) 64 (94 1)
Inconclusive n (%6) 1(1.5)
SARS-CoV-2 by upper respiratory swab (RT-

PCR) at 48 hours 68
Positive n (1) 2029
Negative n (%) 66 (97.1)
SARS-CoV-2 by RT-PCR in blood in the first 12

hours of life 63
Positive n (*0) 3(4.6)
Negative n (%) 32 (30)
Missing n (%) 10 (15.4)

Legend: IQR — Interquartile range.

TOf the 29 cesarean sections performed, six mothers had symptoms (one mother with severe symptoms, one
mother with moderate symptoms and five mothers with mild symptoms). Only two mothers had COVID-19
preumonia, which was why delivery was performed by caesarean section. All other cesarean sections were
Jor other reasons.

2 Only one 34-weeks premature neonate with congenital SARS-CoV-2 infection presenfed respiratory
distress. OFf the remaining eight newborns with respiratory distress and without SARS-Col-2 perinatal

g and one was full-lerm) and the

disease, six alse { sepsis (five were prei
2 P

FEMAINING tWo Were ferm neonales.

were due to hospital logistics. In period B, 20% (n=7) of mother-
newborn dyads were separated due to a maternal or newborn
clinical condition unrelated to neonatal SARS-CoV-2 infection.
The neonate with intrapartum-acquired neonatal infection was
born in period B, and the two neonates with congenital infection
were born in period A.

Due to logistics and hospital policies, all newborns received
breast milk in period B, but only 37% (n=14) of newborns were
breastfed during period A.

The median length of stay was 3 days. A maximum stay of
83 days was verified in a preterm neonate of 28 weeks with no
evidence of SARS-CoV-2 perinatal transmission.

In our cohort, we did not find differences between neonates
breastfed or fed by formula regarding the severity of maternal
symptoms (p=0.261, Chi-square test), length of stay (p=0.160,
Chi-square test) and birth weight (p=0.161, Chi-square test).

Clinical follow-up after discharge

Post-discharge follow-up is described in table 2. Follow-up was
achieved in 93% (n=68) of neonates, and none developed disease
or clinical symptoms compatible with SARS-CoV-2 infection in
the neonatal period.

All neonates were discharged with a first appointment sched-
uled. Forty-two (62%) neonates were evaluated in the first week
after discharge and 54 (79%) were observed during the first 14
days after discharge. The three neonates with SARS-CoV-2 peri-
natal infection were observed at a median of 7 days after hospital
discharge (minimum 4 days, maximum 12 days). The hospital
appointment was the first medical evaluation in 80% (n=50) of
the cases. One infant was observed in the hospital appointment
at 90 days because he missed the first appointment scheduled
for the first week of life. All mothers were in self-isolation and
remained asymptomatic or with mild symptoms. However, they

Table 2. Follow-up after discharge characteristics

Post discharge follow-up — first appointment

Yes n (%) 68 (93%)
Noa (%) 3 (T%)
Post discharge follow-up — second appointment

Yes n (%) 61 (84%)
Non (%) 12 (16%)
First appointment (number of days after discharge)

Median (minimum — maximum) 6 {2-80)
Second medical appointment (number of days after first
appointment) 30(7-67)

Median (minimum — maximum)

Breastmilk at first appointment

Yes n (%) 46 (68)
Noa (%) 2230
Breastmilk at the second appointment

Yes n (%) 3761
Noa (%) 24 (3%
Recurrence to Emergency department

Yes n (%) 11(16)
Non (%) 37 (84)
Diagnosis at the Emergency department

Acute nasopharyngitis n (%) 5(7.5)
Poor feeding/failure to thrive n (%5) KXEY)
Delayed umbilical stump drop n (%) 1¢{1.5)
Newborn colic n (%5) 1(1.5)
Toxic erythema n (%0) 1({1.5)
Hospitalization

Yesn (%) 0

No n (%) 68 (100}

Table 3. SARS-CoV-2 antibody titers

Laboratery Results

N tested for anti leocapsid antibodies at first 24h of life (n) 69

Neonates with positive antibodies n (%) 38(351)
Antibodies median titer (IQR) 9.7(18.3)
Antibodies minimum titer - maximum titer 11-126.1

Neonates with necative antibodies n (%) 310449

N tes tested for anti leocapsid antibodies at 1 to 3 months of life (n) | 38

Neonates with positive antibodies n (%) 23(39.7)
Antibodies median titer (IQR) 5.1(12.6)
Antibodies minimum titer - maximum titer 1.3-107.6

Neonates with negative antibodies n (%) 35 (60.3)

Neonates with positive anti-nucleocapside antibodies at both 24h of life

and 1 to 3 months of life (n) 20

N with positive anti | psid tibodies at 24h of life and

negative anti-nucl id ibodies at 1 to 3 monihs of life (n) 10

Legend: IQR — Interquartile range

were encouraged to use a face mask and to perform hand hy-
giene during newborn handling.

From hospital discharge until the first appointment, there was
no significant reduction in the number of breastfed newborns
(p=0.9471, Chi-Square test), as well during the time between the
first and second appointments (p=0.4079, Chi-Square test). In
addition, seven (20%) mothers reported concerns about feeding
difficulties and the baby’s weight gain.

Eleven neonates went to the Emergency Room (ER), and five
presented with acute nasopharyngitis. These five neonates had a
median of 14 days of life, and three underwent SARS-CoV-2 RT-
PCR in NF/OF swabs, all with negative results. One of these was
neonate case 3 (SARS-CoV-2 asymptomatic perinatal infection).
In addition, three neonates were observed with poor feeding and
failure to thrive, all were exclusively breastfed, and two started
infant formula supplementation after medical evaluation.

Laboratory results - SARS-CoV-2 antibodies kinetics

SARS-CoV-2 antibodies kinetics are described in Table 3. Anti-
nucleocapsid SARS-CoV-2 total antibodies were evaluated in the
first 24 hours of life and reevaluated at the second appointment
(between one and three months). We found a significant de-
crease in anti-nucleocapsid antibodies titer since birth (p<0.001,
Wilcoxon signed-ranks test). Exceptionally, we found an increase
of anti-nucleocapsid antibodies titer in four neonates. Three of
these neonates had perinatal SARS-CoV-2 infection with no de-
tectable antibodies at 24h of life. One became positive on day
5 (index 31.6), another on day 4 (index 20.3) and the other on
day 41 (index 9.4). The fourth neonate did not have neonatal
SARS-CoV-2 infection and was always asymptomatic. He re-
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Table 4. Comparison between groups with positive and negative antibodies at the first
24 hours of life.

Anti-nucleocapsid antibodies at the

first 24 hours of life (n=69) Statistical test

Group 1 Group 2
Positive (n=38) Negative (n=31)

Maternal symptoms
Asymptomatic n (%) 34(89.3) 23(74.2) p=0.096
Symptoms n (%) 4(10.3 £(23.8) Chi-square
Time between maternal positive test and
delivery (days)
Median (IQR) 1) 14 p=0.763
M Maximum 0-14 2-12 Mann-Whitney
Gestational age (weeks)
Median (IQR) 39(2) 39(2) p=0.926
Minimum-Maximum 2841 2842 Mann-Whitney
Perinatal SARS-CoV-2 infection
Yes (3) n (%) 00 3097 NA
No (66) n (%) 38100y 28 (90.3)
Newborn complications
Yes (13) 0 (%) g(21.6) 7(23.3) P=0.867
No (32) n (%) 29 (78.4) 23 (76.7) Chi-square
Length of stay (days) p=0.104
Median (IQR) 3(3 EXC)) Mann-Whitney
Mini -Maximum 1-83 1-45

Legend: NA - Non applicable

Table 5 — Mother and newborn characteristics (CUS)
Abnormal CUS Normal CUS Statistical test

Maternal symptoms
Asymptomatic n (%) 19(79.1) 36 (81.8)

Mild symptoms n (%) 4(16.7) 6(13.6) p=0.790, Chi Scuare test
Moderate symptoms n (%) 0 1(23)
Severe symptoms n (%) 1{4.2) 1(2.3)
Neonate Gestational Age (weeks)
Median (IQR) 38(5) 39(2) p=0.008, Mana Whitney
Minimum-Maximum 28-41 34-42 Test

Neonate Birth weight (gram)

Median (IQR) 2812.5 (997) 3327.3 (678) p=0.005, Mann-Whitney

Maximum 720-4222 2363-4370 Test
Premature neonates NA
# (%) 9(13.2)* 344
Term neonates NA

n (%) 15 (22 13** 41 (60.3)
Legend: IQR - Interquartile range; NA - Non applicable

* Adbnormal findings in the 9 premature neonates: diffuse white maifer injury (n=4), grade I

ar n=2), i fate v pathy (w=2), subependy cysts (n=2). Case

1, table I (34 wasks gestational age) presented lenticulostriate vasculopathy and subependymal cysts. Case

2, tabie 1 (36 weeks ional age) presented lenticulostriate vasculopathy.

*% dbnormal findings in the 13 ferm neonates: grade | intraventricular hemorrhage (n=2), diffuse white

matter injury (n=1}, lenticul

Ry (=T}, thalamostriats vasculopathy (n=6) subependymal

eysts (n=3), choroid plexus cyst (n=1).

vealed positive antibodies at birth (index 23.2) and at day 14
(index 24.5), with an increase in anti-nucleocapsid antibodies
titer.

Neonates with negative antibodies at one to three months
had significantly lower antibodies at 24h of life compared with
neonates with positive antibodies at one to three months, which
reported higher antibodies at 24 hours of life (p<0.001, Wilcoxon
signed-ranks test).

Comparison between groups with positive and negative
antibodies at the first 24h of life

Table 4 compares groups with positive (group 1) and negative
(group 2) antibodies at the first 24 hours of life. The antibod-
ies titer was not associated with maternal symptoms, the time
between a maternal positive test and delivery, length of stay or
newborn complications.

Cerebral ultrasound evaluation

As part of our protocol follow-up, sixty-eight newborns (93%)
underwent cerebral ultrasound (CUS) evaluation in the first
month of life (table 5). There were no statistically significant
differences in CUS results of neonates born to symptomatic
and asymptomatic mothers (p=0.790, Chi-Square test). Twelve
neonates (17.6%) were premature, and 82.4% (n=56) were term.
Most premature neonates had abnormal CUS, and most term
neonates had normal CUS (p= 0.003, Fisher’s Exact Test).

Follow-up after discharge

We described our experience following neonates born to moth-
ers with SARS-CoV-2 infection after discharge, considering our
hospital COVID-19 policies and measures.

During the study period, there were 3138 deliveries, and 2.3%
(n=73) of neonates were from SARS-CoV-2 positive mothers.
This incidence rate was similar to that of other Portuguese stud-
ies that reported an incidence rate of 1.6% (23 in 1438 deliveries)
and 4.6% (81 in 1755 deliveries) of incidence of neonates born to
SARS-CoV-2 positive mothers [14,15].

Hospitalization and maternal and neonate characteristics
Most mothers (82%, n=60) were asymptomatic and diagnosed
at admission. Twelve percent (n=9 of 73) of neonates were born
preterm, which is twice the rate of the one found in non-infected
mothers (6%, n=184 of 3065), statistically significant (p=0.017).
These findings are described in the literature and suggest that
although pregnant women do not seem to suffer from a more se-
vere disease than the general population, SARS-CoV-2 infection
in pregnancy might be related to an increased risk of preterm
birth, mainly due to a maternal condition [14-19].

In our cohort, a C-section was performed in 40% (n=29 of
73) of the deliveries, which was higher than in the non-infected
women group (29%, n=889 of 3065), p=0.06. Separation of moth-
ers and infants during the postpartum period negatively af-
fects maternal-infant bonding and breastfeeding [20]. However,
based on the evidence, rooming-in and skin-to-skin contact ap-
pear safe with droplet and hygiene precautions [21,22]. Un-
fortunately, for logistical reasons, we could not accommodate
mothers and newborns until January 2021. Furthermore, since
we achieved conditions to room-in (period B), we have seen the
benefits for the mother-newborn dyad, including on breastfeed-
ing rate (100%, n=35). In any case, we reinforce that the room-in
and room-out variables present differences in incidence, which
may interfere with these results.

We also know that the approach to SARS-CoV-2-positive preg-
nant women in our country was different from centre to centre at
the beginning of the pandemic. A Portuguese study that evalu-
ated 24 different hospitals between April and May 2020 reported
that 61% of neonates were separated from their mothers, and
70% were not breastfed.[23] There are also literature reports that
describe breastfeeding rates that go as low as 17% and as high
as 86% [16,19,24]. In our sample, breast milk was given to 67%
(n=49) of the neonates. Although we considered that some mea-
sures applied throughout the pandemic in our hospital, such as
not allowing skin-to-skin contact at birth and mother-newborn
separation, may have harmed the outcomes such as breastfeed-
ing, we also considered that encouraging mothers to extract
breast milk through a milk pump might have had a positive
impact on breastfeeding.

Maternal self-report by phone also allowed us to have a good
follow-up and avoid unnecessary in-person visits that would
place patients and healthcare professionals at risk of SARS-CoV-
2 exposure. Therefore, telemedicine was seen as a pragmatic
solution. The first phone call by a physician was performed
at a median of 6 days after hospital discharge. This median
agrees with the follow-up recommendations for a neonate from
a positive SARS-CoV-2 mother [25,26].

After discharge, we followed 93% of neonates (n=68), and
none was hospitalized or had SARS-CoV-2 documented infec-
tion. Most mothers (67.1%, n=49 of 73) were exclusively breast-
feeding during hospitalization. After discharge, exclusive breast-
feeding was found in 68% (n=46 of 68) of the mothers during
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the first appointment and 61% (n=37 of 61) during the second
appointment. Our protocol follow-up was important to promote
and support breastfeeding mothers.

According to Latorre G. et al. [27], lockdown and home con-
finement decreased exclusive breastfeeding. Pacheco F. et al.
[28] also reported that COVID-19-positive mothers may face
clinical impediments to breastfeeding. On the one hand, there is
limited professional support during the first days after birth to
help parents deal with negative experiences. In addition, social
distancing measures impair the familial and social environment
that supports the parents’ journey. On the other hand, mothers
previously not planning to breastfeed may have changed their
plans because the pandemic increased their time at home and
their awareness of the role of breastfeeding as a protective mea-
sure. Studies also suggest that telemedicine consultation during
outbreaks, considering the risks of SARS-CoV-2 transmission,
allowed healthcare workers to decrease the concern of families
and reduce indiscriminate ER access. As described in the previ-
ous articles [27,28], telemedicine consultation made it possible to
support most mothers. However, unfortunately, in 16% of cases,
we could not prevent infants from going to the ER because we
could not perform a physical examination during a telephone
appointment. One of our study limitations was that we carried
out medical appointments by phone and not by video call due to
technical issues. Although all neonates remained asymptomatic
on follow-up, as we did not perform repeated SARS-CoV-2 RT-
PCR tests during the isolation period, we cannot ensure that
perinatal transmission was not higher.

Laboratory results

To date, few articles in the literature explore antibody kinetics in
the neonatal period. Studies suggest that SARS-CoV-2 antibod-
ies are transferred from an infected mother to her neonate during
the third trimester through the placenta [29-32]. In our sample,
most infants (55.1%, n=38) had positive anti-nucleocapsid anti-
bodies in the first 24 hours of life. Although most infants main-
tained positive antibodies for at least three months, we found a
decrease in the anti-nucleocapsid antibodies” median titer from
birth to 1-3 months of age (p=0.000, Wilcoxon signed-ranks test).
Antibody titer tended to decrease over time, but as expected,
it did not happen in the three neonates that presented perina-
tal SARS-CoV-2 infection, probably related to their antibody
production in response to SARS-CoV-2 infection and not just
transplacentally passive transference of maternal antibodies.
Further studies are needed to determine whether the
mother’s infection severity or time of infection influences the
infant’s antibody titer. A study by Mo H. et al. [28] revealed that
neonates infected with SARS-CoV-2 during the second trimester
of pregnancy had a longer duration of detectable IgG than
neonates born to women infected during the third trimester.
We also point out that laboratory techniques for determin-
ing antibodies (index determination, in our center) are different
between centres; therefore, it is difficult to compare different
studies. We emphasize the importance of standardizing method-
ologies to facilitate the interpretation of results in the future.

Cerebral ultrasound

We found that most neonates with abnormal CUS had lower
birthweight and lower gestational age, and prematurity can
explain cerebral abnormal findings. On the other hand, in 22.1%
(n=15) term neonates, abnormal cerebral findings were found,

and we could not justify these findings with complications, low
birth weight or maternal symptoms. Furthermore, we found
no relation between mother symptoms and severity and CUS
alterations.

We also reinforce that we found abnormal CUS in the two
neonates with SARS-CoV-2 congenital infection. However, as we
do not yet know the long-term impact of these cerebral abnormal
findings, we believe that these infants should be followed up
with long-term neurodevelopmental assessment.

To date, we did not find in the literature any study on ul-
trasound cerebral findings in neonates born to mothers with
SARS-CoV-2 infection. Unfortunately, there are also few publica-
tions about the neurological effects of SARS-CoV-2 in neonates,
and studies have small sample sizes. Yan K. et al. [33] de-
scribe cranial MRI changes, namely white matter changes, in
four neonates with COVID-19. Engert V et al. [34] describe
a case of a premature neonate with intracranial bleeding and
periventricular leukomalacia as a potential consequence of post-
COVID-19 hyperinflammation during pregnancy. Larger and
longer-term multicentric studies are urgently needed to clar-
ify the impact of SARS-CoV-2 virus infection on the CNS and
neurodevelopment.

Limitations of our study include the small sample size, the
fact that we did not discriminate IgM and IgG SARS-CoV-2 anti-
bodies in all newborns and also the fact that we only included
mothers with active perinatal SARS-CoV-2 infection (between
14 days prior to and up to 48 hours after delivery). Also, other
possible implications could have been studied, such as the im-
pact on cardiac function/structure, kidney or gastrointestinal
affection. Long follow-up of these children is also needed. In
the future, we would like to conduct a similar study to focus on
the structural or functional role of SARS-CoV-2 in the CNS and
its impact on an infant’s neurodevelopment.

Conclusion

Although one of the risks of perinatal SARS-CoV-2 infection is
prematurity due to maternal illness, the findings of this study
suggest a limited impact of maternal, perinatal SARS-CoV-2 in-
fection on early neonatal outcomes. We also found that rooming-
in mothers and newborns can be safe, as transmission rates of
SARS-CoV-2 seem to be low.

We reinforce the importance of following these infants after
discharge. We believe this article may contribute to a better
understanding SARS-CoV-2 infection in the neonatal period
and its short-time consequences. Given the reduced number of
neonates with perinatal SARS-CoV-2 infection, we also stress
the importance of multicentric studies. More clinical and epi-
demiological studies with larger cohorts are needed in order to
develop evidence-based clinical guidelines.
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