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Abstract
The long-term outcomes of newborns exposed to SARS-CoV-2 infection in utero or during the first hours of life are still 
unknown. We performed a single-center, prospective, observational study of newborns born from mothers with microbiologi-
cally confirmed SARS-CoV-2 infection in pregnancy or at time of delivery. Infants were offered a multidisciplinary follow-up 
consisting of nasopharyngeal Polymerase Chain Reaction test at birth and at 48–72 h of life, auxological growth and neurological 
development, serologic testing, and audiological and ophthalmological assessments. One-hundred ninety-eight mothers and 
199 newborns were enrolled. Of the 199 newborns, 171 underwent nasopharyngeal swab, four (2.3%) and two (1.15%) children 
tested positive at birth and 48–72 h of life, respectively. None had SARS-CoV-2 related symptoms. Auxologic and neurologic 
development were normal in all children during follow-up. Nine out of 59 infants had SARS-CoV-2 IgG at 3 months of life, 
which was associated with a positive nasopharyngeal swab at birth (P = 0.04). Twenty seven out of 143 (18.8%) newborns had 
pathologic transitory evoked otoacoustic emissions at birth, although 14/27 repeated after 1 month were normal. Audiological 
evaluation was completed with Auditory Brainstem Response between the third and sixth month of life in 34 children, show-
ing in all normal hearing threshold. The ophthalmological evaluation found retinal vascular anomalies in 3/20 (15%) children, 
immature visual acuity in 5/20 (25%) children, and reduced distance attention in 6/20 cases (30%).
Conclusions: Our study showed that the neonatal and mid-term multidisciplinary outcomes of newborns exposed to SARS-
CoV-2 infection in utero or during the first hours of life are mostly positive, with the exception of ophthalmologic findings 
which, in a preliminary cohort, were abnormal in about 15% of cases. Further prospective, longitudinal studies are needed 
to better understand the clinical outcomes of children exposed to SARS-CoV-2 in utero and in the early postnatal life. 

What is Known:

• In utero mother-to-child transmission of SARS-CoV-2 has been documented by several independent studies.
• Neonatal COVID-19 is a systemic disease that can be severe, although rarely.
What is New:
• Newborns exposed in utero to SARS-CoV-2 have mostly a normal auxological, audiological, and neurological development during the first 

months of life.
• Fundus fluorescein angiography revealed that up to 5% of newborns exposed in utero to SARS-CoV2 can show retinal and choroidal abnor-

malities, including peripheral hypofluorescence of the choroid and increased vascular tortuosity.
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Introduction

Since the beginning of the pandemic, the management of 
pregnant women with COVID-19 and how an infection dur-
ing pregnancy may affect the fetus and newborns have been 
challenging the international medical community. Several 
studies [1–3] and systematic metanalyses [4] showed that the 
vertical transmission is rare, although possible, and that most 
perinatal infection are asymptomatic or paucisymptomatic.

While available data raise knowledge to neonatal out-
comes of newborns born to positive mothers [5, 6], and 
allowed the scientific community to better manage the 
mother-newborn couple (allowing rooming-in and breast-
feeding in most cases), they also highlight the current 
knowledge gap about possible mid- to long-term effects of 
transplacental or perinatal SARS-CoV-2 neonatal infection. 
In this state of uncertainty, we can look at other relevant 
congenital infections to hypothesize how to best follow-up 
babies born from SARS-CoV-2-infected mothers [7].

During the last decade, we learnt that congenital cyto-
megalovirus infection, even when newborns are completely 
asymptomatic, is associated with a significant degree of 
sensorineural hearing loss and neuropsychiatric involve-
ment [8]. Recent data from a long-term follow-up of children 
exposed in utero to a newly identified virus, the Zika virus, 
showed clinical sequelae, even in those children that were 
not vertically infected [9], further highlighting the impor-
tance of establishing a comprehensive follow-up of children 
exposed to viruses in utero.

SARS-CoV-2 has now a well-established neurotropism 
that may inflict a wide spectrum of neuropathic effects, 
potentially including effects on hearing [10]. Neurologic 
invasion through blood or retrograde neuronal route has 
been confirmed in the infection of other coronaviruses and 
the identified receptor for SARS-CoV-2 is present in the 
nervous system [11]. Focusing on the hearing, a study on 
20 asymptomatic adult patients demonstrated that COVID-
19 infection could have deleterious effects on cochlear hair 
cell function [12]. A study conducted in Turkey concluded 
that non-specific symptoms such as sudden sensorineural 
hearing loss could be the only sign to recognize a COVID-
19 case [13].

These findings suggest that SARS-CoV-2 may inflict neu-
rosensory damage in exposed fetuses and newborns. Moreo-
ver, Lu-Culligan et al. found that the maternal–fetal interface 
of SARS-CoV-2-infected women exhibited robust immune 
responses, including increased activation of natural killer 
(NK) and T cells and increased expression of interferon-related 
genes [14]. This inflamed placental environment can potentially 
expose the fetus to a pro-inflammatory background which, in 
turn, can lead to pathological sequelae, particularly in those 
organs susceptible to microvascular damages, including the eye.

For these reasons, we hypothesized that both direct 
viral infection and inflammatory responses during SARS-
CoV-2 infection in pregnancy may lead to the development 
of mid- to long-term sequelae in newborns exposed to the 
SARS-CoV-2 infection. Therefore, we planned a prospec-
tive, longitudinal assessment of newborns born from moth-
ers with SARS-CoV-2 infection in pregnancy or at the time 
of delivery, in order to better define the long-term sequelae 
of these newborns.

Materials and methods

Study cohort and data sources

This is a prospective, observational cohort study of all 
newborns delivered by women with a confirmed diagno-
sis of SARS-CoV-2 infection by a molecular Polymerase 
Chain Reaction (PCR) test performed on nasopharyngeal 
swab during pregnancy or at the time of delivery, assessed 
at Fondazione Policlinico Universitario A. Gemelli IRCCS 
of Rome from March 1, 2020 to April 30, 2021. Our hospi-
tal is a Regional Referral Center for pregnant women with 
proven or suspected SARS-CoV-2 infection. The study 
was approved by the Ethics Committee of the Fondazione 
Policlinico Universitario A. Gemelli IRCCS, Rome, Italy 
(ID 3104). All patients’ caregivers provided consent to 
participate to the study (MOD.PRO.122.001, version 1.1 
FPG).

Inclusion criteria

For this study, we included all newborns or fetuses:

– That were delivered from pregnant women with a docu-
mented SARS-CoV-2 infection during any period of 
pregnancy, including time of delivery;

– Whose parents agreed to enroll a multidisciplinary fol-
low-up detailed below; and

– Had written informed consent to participate from a legal 
guardian.

Exclusion criteria

– Newborns delivered from mothers with a suspected but 
undocumented SARS-CoV-2 infection,

– Newborns whose mothers developed symptoms and were 
diagnosed with SARS-CoV-2 infection after delivery, 
and

– Newborns whose parents did not provide written 
informed consent to participate from a legal guard-
ian.
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Interventions

Newborns fulfilling inclusion criteria were entered a short- 
and mid-term follow-up which included:

– Neonatal follow-up

– In order to define if newborns were vertically infected 
with SARS-CoV-2, newborns underwent SARS-CoV-2 
real-time polymerase chain reaction on nasopharyngeal 
swab at birth and between 48 and 72 h of life.

– General pediatric and auxologic follow-up

– Assessment of weight gain, growth, and head cir-
cumference at 3–6-9–12 months of life, using the 
WHO growth charts.

– Pediatric neurological examination was performed at 
birth and at 3–6-9–12 months of life. We identified 
four transition periods (3, 6, 9–10, 12–14 months of 
life) to assess postural development. If these stages 
were normally achieved, the neurological examina-
tion was considered normal. Details on the definition 
of normal or abnormal neurological outcomes are 
provided in the supplementary material.

– Infectious disease follow-up

– Following gained experience from other infectious 
diseases with potential of mother-to-child trans-
mission (e.g., syphilis and toxoplasmosis), in the 
assumption that we do not know yet the perfect 
method of confirmation/exclusion of the infection 
in the newborn/infant, we enrolled newborns from 
mother with proven SARS-CoV-2 infection to a 
serologic assessment of SARS-CoV-2 specific IgG 
and IgM/IgA on peripheral blood samples at the age 
of 3 months. In case of presence of IgG, families 
were invited to repeat IgG dosage every 3 months 
until 12 months of age to assess if there was clear-
ance of antibodies (meaning maternal IgG rather 
than self-production). The CE certified version of 
the Vircell COVID-19 ELISA antibody kit (Vircell 
Spain S.L.U., Granada, Spain) was used according 
to manufacturer’s recommendation (https:// en. virce 
ll. com/ produ cts/ covid- 19- elisa/), with a cut-off of > 1 
UI/l for positivity. The kit has a sensitivity of 85% 
and specificity of 98% for antibody detection.

– Audiological follow-up

– The audiological protocol includes the performance 
of transient evoked otoacoustic emissions (TEOAEs), 

sounds generated by the outer hair cells within the 
cochlea in response to auditory stimuli. This test is 
offered at birth, unless for logistic problems related 
to the pandemic some could not perform it at birth 
and were scheduled a follow-up appointment after dis-
charge. Also, regardless the result of neonatal TEO-
AEs, families were offered to perform the Auditory 
Brainstem Response (ABR) from the age of 3 months, 
according to local availability of human and equipment 
resources during the pandemic. We decided to offer 
this opportunity to be sure to detect late onset sensori-
neural hearing loss as documented for CMV infection. 
Both tests are interpreted according to international 
guidelines [15, 16], and further details are provided in 
the Supplementary Material. The ABR checks on the 
function of central nervous system auditory pathways. 
The following auditory thresholds were considered: 
normal if ≤ 20 dB and hypoacusia (unilateral or bilat-
eral) if ≥ 20 dB (mild 21–40 dB, average 41–70 dB, 
severe 71–90 dB, deep > 90 dB). In case of hypoacusia 
the child was invited to perform a new ABR test at 
6 months of life, in order to confirm or exclude the 
diagnosis of sensorineural hearing loss.

– Ophthalmologic follow-up

– The ophthalmological assessment of all infants 
included in the study was conducted in the Pediat-
ric Retina Department of the Catholic University of 
the Sacred Heart, Rome. All infants born to COVID-
19-positive mothers were offered further examination. 
Only infants whose parents gave informed consent 
for the examination, and were cooperative enough to 
obtain good quality images/functional results, were 
included in the final analysis. All enrolled infants 
were imaged between 3 and 7 months of age. Par-
ents were educated about the use of oral fluorescein 
and informed consent was obtained before the pro-
cedure. All infants were dilated using tropicamide 
1% drops instilled at 10-min intervals approximately 
30 min before the imaging session. A 20% fluores-
cein sodium solution dosage was calculated accord-
ing to recommendations (7.5 mg/kg under 18 years 
old) [17], mixed with infant formula milk, and given 
to the patient 10 to 20 min before the imaging pro-
cedure. Non-contact high-resolution ultra-widefield 
scanning laser ophthalmoscope (Optos California, 
Optos PLC, Dunfermline) was used to obtain fast 
retinal angiographic images, following application of 
topical anesthetic drops (oxybuprocaine chlorhydrate 
0.4%). The infant was held up to the imaging lens in 
the “flying baby” position by the examiner support-
ing the head of the baby with one hand and the other 
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supporting the rest of the body. No lid speculum nor 
sedation was necessary during the procedure. Medi-
cal personnel was at all times present to monitor the 
vital signs of the infant. All infants also underwent 
imaging using the Envisu 2300 portable hand-held 
SD-OCT (Bioptigen Incorporated, Durham, NC). 
Scans were obtained following parameters provided 
by Maldonado et al. [18]. The scan size was 8 × 8 mm 
and scan density was 1000 A scans/100 B scans. 
Images were included only if the entire foveal region 
was visible and image quality was adequate to seg-
ment inner (IRL) and outer (ORL) retinal layers.

– Behavioral assessment of visual function

– This included an assessment of various aspects of 
visual function such as ability to fix and follow, sac-
cades, acuity, visual fields, attention at distance, and 
contrast sensitivity [19–22]. Ocular motility was also 
observed. More specifically presence of nystagmus, 
presence of horizontal and/or vertical deviations of 
the eyes, and anomalous head posture or abnormal 
ocular movements were recorded. Particularly, we 
assessed the following functions, which are detailed 
in the Supplementary Material: Ability to fix, Ability 
to track, Saccades, Visual Acuity, Attention at dis-
tance, Binocular visual fields, and Contrast sensitiv-
ity. A total score was calculated by adding the score 
recorded for every single item: score of 0 was given 
for normal results and a score of 1 for abnormal find-
ings. A total score ≥ 2 was considered abnormal.

Primary objective

The objective was to assess short- (neonatal period) and 
mid-term (first year of life) multidisciplinary outcomes 
(auxological, neurological, serological, audiological, and 
ophthalmological) of infants born to a mother with SARS-
CoV-2 infection during pregnancy or at time of delivery.

Since the main objective was to assess the outcomes of 
every newborn exposed to the virus during pregnancy, also 
newborns that were not tested before were included at birth.

Secondary objective

– Second objective was to assess if maternal symptoms during 
COVID-19, degree of inflammatory markers, and trimester 
of maternal infection correlated with neonatal outcomes.

Statistical analysis

Data were analyzed by creating descriptive tables. Numeri-
cal continuous variables, such as mother’s age at the time of 

delivery and Z-score for neonatal weight, height, and head 
circumference, were expressed as median and inter-quartile 
range (IQR). Categorical variables (such as pregnancy tri-
mester in which the mother got infected, symptoms, thera-
pies, PCR levels on maternal blood samples, D-dimer and 
lymphocytes, type of birth, neonatal sex, result of neonatal 
nasopharyngeal swab and antibody research, results of audi-
ological and ophthalmological evaluations) were expressed 
through absolute frequency and percentages.

The possible association between maternal age at the time 
of the delivery (that was divided in 4 categories < 20 years old, 
20–30 years old, 30–40 years old, > 40 years old), trimester in 
which the mother got infected, symptoms, PCR levels (< 5 mg/dl, 
5–49.9 mg/dl, > 50 mg/dl), D-dimer (< 500 mg/dl, 500–1499 mg/
dl, ≥ 1500 mg/dl), lymphocytes (< 1.5 U/ml, 1.5–3 U/ml, > 3 U/
ml), medical treatment used for COVID-19, gestational age 
(< 37 weeks, ≥ 37 weeks), type of birth (vaginal delivery or cesar-
ean section), and the results of TEOAES was analyzed through 
univariate analysis by using chi-squared test. If expected frequen-
cies were inferior to 5, Fisher exact test was used. A possible 
association between those variables and Z-score for auxological 
data was explored through the Mann–Whitney rank test.

To assess the Z-score for auxological data trend both univar-
iate and multivariate analyses were used, through Generalized 
Estimating Equation that takes into account the longitudinal 
nature of the data. Beta coefficients express the Z-score vari-
ation for each follow-up compared to T0. Together with beta 
coefficients, confidence interval (CI) at 95% was estimated.

If CI 95% includes “1,” auxological data trends are not 
statistically significant. Clinical significance was considered, 
together with statistical significance.

Data trends were depicted by the construction of boxplots 
for 5 different times of follow-up. A boxplot is constructed 
of two parts, a box and a set of whiskers. The lowest point 
is the minimum of the data set and the highest point is the 
maximum of the data set. The box is drawn from first quar-
tile to third quartile with a horizontal line drawn in the mid-
dle to denote the median. Any data not included between the 
whiskers are plotted as an outlier with a dot.

Given that some epidemiological aspects of this health 
emergency are little known or unknown, we refer to the posi-
tivity to SARS-Cov-2 of the 3 infants out of 33 (equal to 
9%), reported by Zeng et al. [23] for the calculation of the 
sample size. Based on this assumption, to detect the long-
term effects of women with Sars-Cov-2 infection in preg-
nancy, a sample of 119 pregnant women is needed, with 
a margin of error of 5% and a confidence interval of 95%. 
However, this sample size is defined to detect the vertical 
transmission of the virus. Considering that there are no data 
about the longer-term outcomes, we could not define a sam-
ple and we decided to enroll all patients assessed so far, 
in order to provide preliminary data that will be useful for 
defining future study samples.
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Results

Study population

From March 2020 to April 2021, 198 mothers and 199 new-
borns were enrolled (one woman had a twin pregnancy). 
The majority of women delivered from September 2020 
to April 30 (Fig. 1), corresponding to the second and third 
Italian waves, since during the first wave Rome was not as 
severely affected as Northern Italy. The enrolled mothers 
had an average age of 33 years (IQR 28–37 years) at the 
time of delivery. Ninety-three percent contracted SARS-
CoV-2 infection in the third trimester of pregnancy (112 
of them having active infection at the time of delivery), six 
women (3.5%) contracted the infection in the first trimester 
and 6 (3.5%) in the second trimester. Of the mothers, 34.4% 
had symptomatic disease. Further clinical and laboratory 
details about maternal SARS-CoV-2 infection are described 
in Table 1. The effect of trimester of infection, inflammatory 
markers (including D-dimers), and treatments received on 
gestational age at delivery and type of delivery are reported 
in the Supplementary Tables S1 and S2, respectively. In gen-
eral, none of the mentioned factors affected gestational age 
and type of delivery, except for anticoagulants used during 
pregnancy, which were significantly associated with a higher 
probability of cesarean section (P < 0.0001).

Neonatal outcomes

One-hundred ninety-nine newborns were delivered (Fig. 1), 
129 (64.8%) by vaginal delivery and 58 (29.2%) by caesar-
ean section (Table 2). Of the vaginal deliveries, four required 
the use of a suction cup, while among the caesarean sections, 
six were performed urgently. Among them, 1 due to maternal 
eclampsia.

The median birth weight of the children was 3242.5 g 
(IQR 2950–3550), Z-score + 0.08; the median length at birth 
was 50 cm (IQR 49–50), Z-score + 0.49; and the median 
head circumference was 34 (IQR 34–35), Z-score + 0.55. 
Auxological parameters at birth were not affected by trimes-
ter of infection, type of SARS-CoV-2 infection (symptomatic 
vs asymptomatic), inflammatory markers, and D-dimers and 
treatment received by the mother (Supplementary table S3).

At birth, 171 of the 199 newborns considered were sub-
jected to nasopharyngeal swab at birth and at 48–72 h of 
life. One-hundred sixty seven (97.7%) were negative at birth. 
Four children tested positive (2.3%) at the first swab per-
formed < 24 h after birth. At 48 h of age, 2 of the 4 babies 
who tested positive at birth were negative (indeterminate 
infection), while the other two cases had a confirmed posi-
tive nasopharyngeal test (possible infection, since it was 
from a non-sterile sample, according to the WHO defini-
tion available at https:// www. who. int/ publi catio ns/i/ item/ 

Fig. 1  Distribution of births during the study period
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WHO- 2019- nCoV- mother- to- child- trans missi on- 2021.1). 
In 28 newborns from mothers with SARS-CoV-2 infection 
during the first or second trimester, parents did not provide 
consent for neonatal swab, but accepted to enroll the new-
borns in the dedicated follow-up.

All children who tested positive for nasopharyngeal swab 
were asymptomatic for signs or symptoms related to SARS-
CoV-2 infection.

We found no cases of malformations or syndromes in the 
cohort of neonates.

Serological outcomes

So far, the antibody search against SARS-CoV-2 was per-
formed on the serum of 59 patients at 3 months of age 
(Table 3). Nine patients had positive IgG levels. Neither 
the trimester of infection nor the type of maternal infection 
affected the probability of a positive IgG response (P < 0.05), 
while a positive nasopharyngeal swab at birth was more fre-
quently associated with a positive result (P = 0.04).

So far, none of the enrolled children developed signs or 
symptoms suggestive of a postnatal SARS-CoV-2 infection.

General pediatric and neurologic outcome

At the time of writing of this preliminary study (still ongo-
ing), data on the auxological growth and neurological 
development were available for 120 children at 1 month 
of life (T1), 82 at 3 months of life (T2), 40 at 6 months of 
life (T3), and 20 at 9 months of life (T4). Figure 2 shows 
boxplots with the trend of the Z-scores of weight, height, 
and head circumference during the different timepoints. 
Z-scores were always within the normal values for age, 
between values of + 1.88 and − 1.88. Growth was not 
affected by trimester of infection, type of disease, and 

Table.1  Characteristics of pregnant women enrolled

Characteristics of enrolled pregnant 
women

All mothers 
(N = 198)

Age (median, IQR) 33 (28–37)
Period of COVID-19 diagnosis (n, %)
First trimester
Second
Third

6 (3.4)
6 (3.4)
167 (93.2)

Type of infection
Symptomatic
Asymptomatic

68 (34.4)
115 (57.6)

Symptoms
Fever
Rhinitis
Cough
Pharyngodynia
Dyspnea
Gastrointestinal symptoms
Ageusia
Anosmia

36 (18.1)
14 (7.0)
21 (10.6)
6 (3.0)
10 (5.0)
2 (1.0)
24 (12.1)
25 (12.6)

Therapies
Any non-invasive respiratory support
Intensive care
Mechanical ventilation
Steroids
Lopinovir-ritonavir
Azythromicine
Remdesivir
Clexane
Idrossiclorochina
FANS
Antibiotics

11 (5.53)
0
0
0
2 (1.0)
8 (4.0)
0
110 (55.3)
3 (1.5)
58 (29.2)
48 (24.1)

Radiologically documented pneumonia
Yes
No

31 (15.6)
168 (84.4)

PCR
 < 5 ng/ml
5–50 ng/ml
 > 50 ng/ml

1 (0.5)
34 (17.09)
138 (69.35)

Lymphocytes
 < 1500 cells/mmc
1500–3000 cells/mmc
 > 3000 cells/mmc

50 (25.13)
79 (39.70)
12 (6.03)

D-dimers
 < 500 mg/dl
500–1500 mg/dl
 > 1500 mg/dl

1 (0.5)
20 (10.05)
64 (32.16)

Table.2  Neonatal outcomes

Characteristics of neonates Newborns (N = 199)

Type of delivery
Vaginal delivery
Cesarean section

129 (64.82)
58 (29.15)

Type of delivery — specific
Vaginal delivery
Cesarean section
Operative vaginal delivery
Urgent cesarean section

125 (62.81)
52 (26.13)
4 (2.01)
6 (3.02)

Weight (median, IQR)
Z-score

3242.5 (2950–3550)
 + 0.08 (− 0.53– + 0.82)

Length (median, IQR)
Z-score

50 (49–50)
 + 0.49 (− 0.05– + 0.96)

Head circumference (median, IQR)
Z-score

34 (34–35)
 + 0.55 (− 0.07– + 1.19)

First neonatal swab
Positive
Negative

4 (2.0)
167 (83.9)

Second neonatal swab
Positive
Negative

2 (1.0)
167 (97.7)

Type of neonatal infection
Symptomatic
Asymptomatic

0
4 (100)
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values of maternal inflammatory markers and D-dimers. 
Importantly, none of the infants evaluated at each timepoint 
showed abnormal findings at the neurological assessment.

Audiological outcomes

One-hundred forty-three newborns underwent TEOAEs at 
birth, of which 27 were found to be pathological (refer). 

Among patients who had normal TEOAEs at birth, six 
(5.8%) were born to mothers who had contracted the infec-
tion in the first trimester of pregnancy, five (3.9%) in the 
second, and 94 (90.3%) in the third trimester. However, none 
of the investigated maternal factors affected the result of 
TEOAEs at birth (Table 3).

Of the 26 children who had pathological TEOAEs at 
birth, 14 repeated the examination after 1 month and all were 
normal. Audiological evaluation was completed with ABR 
between the third and sixth month of life in 34 children. All 
children showed a normal hearing threshold (20 dB).

Ophthalmologic follow‑up

The ophthalmological evaluation included three parts: spec-
tral domain-optical coherence tomography (SD-OCT), ultra-
widefield fluorescein angiography (FFA), and behavioral 
assessment of visual functions. All the 20 enrolled infants 
were imaged between 3 and 7 months of age. Two were 
excluded due to poor quality images.

SD-OCT was performed for all 20 infants: no attenu-
ation of ganglion cell layer (GCL), paracentral acute 
middle maculopathy (PAMM), subretinal fluid, cystoid 
macular edema (CME), or subfoveal thickening were 
highlighted. All children presented age-appropriate reti-
nal development.

Twenty children underwent oral FFA (Fig. 2). Good qual-
ity images were obtained for all 20 infants (Table 4). Bilat-
eral choroidal perfusion anomalies were highlighted in 3 
infants (15%), showing peripheral hypofluorescence of the 
choroid. A slight obliteration of the capillary bed was also 
observed. One of the 20 children presented bilateral vascular 
tortuosity. This patient also tested negative for nasopharyn-
geal swab at birth and at 48 h of life and for serology at the 
third month of life.

Twenty neurovisual tests were performed on 20 chil-
dren. The age range was between 2 and 7 months (mean 
4.7 months). All children exhibited normal fixation skills 
and complete tracking skills. Saccadic movements were pre-
sent in all infants over 3 months of age.

Table.3  Audiologic assessment

TEOAEs P-value

normal pathologic

Trimester of maternal infection
I
II
III

6 (5.8)
4 (3.9)
94 (90.3)

0
2 (8.00)
23 (92.00)

0.426

Symptomatic mother
Yes
No

43 (39.09)
67 (60.91)

8 (34.78)
15 (65.22)

0.815

Maternal D-dimers
 < 500 mg/dl
 > 500 mg/dl

14 (26.42)
39 (73.58)

2 (18.18)
9 (81.82)

0.716

Maternal C-reactive protein
 ≤ 5 mg/dl
 > 5 mg/dl

24 (60.00)
16 (40.00)

4 (50.00)
4 (50.00)

0.703

Mothers received steroids
Yes
No

8 (6.90)
108 (93.10)

2 (7.69)
24 (92.31)

> 0.999

Mothers received enoxaparine
Yes
No

65 (56.03)
51 (43.97)

12 (46.15)
14 (53.85)

0.390

Maternal age
 < 20 years
20–30 years
30–40 years
 > 40 years

1 (0.92)
30 (27.52)
64 (58.72)
14 (12.84)

0
6 (25.00)
18 (75.00)
0

0.203

Maternal lymphocyte count
 < 1.5 cells/mm3

1.5–3 cells/mm3

 > 3 cells/mm3

30 (35.71)
52 (61.90)
2 (2.38)

4 (22.22)
12 (66.67)
2 (11.11)

0.132

Fig. 2  Auxological growth during different timepoints
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Visual acuity was normal in 15 tests out of 20 (75%) and 
immature in the remaining 5 patients (25%). Attention at 
distance was normal in 14 children (70%) and reduced in 
the remaining 6 cases (30%). The visual field was within 
normal limits in all children. Seventeen of the 20 evaluations 
performed reported normal contrast sensitivity, while it was 
reduced in 3 (15%) infants.

The total score was lower than 2 (normal) in 17 of the 20 
evaluations, equal to 2 (abnormal) in two evaluations and 
equal to 3 (abnormal) in the remaining case.

Discussion

In this study, we prospectively assessed the neonatal and 
postnatal multidisciplinary cohort of newborns exposed 
to SARS-CoV-2 during pregnancy or at time of delivery. 
Assessing a large proportion of pregnant women with 
documented SARS-CoV-2 infection, we found that only 
4/171 newborns tested positive for SARS-CoV-2 at birth 
and there were no unfavorable neonatal outcomes in the 
neonatal period. Interestingly, all children enrolled so far 
at follow-up showed a normal general, auxological, neuro-
logical, and audiological follow-up, independently from the 
timing of maternal infection and the severity of COVID-19. 
Conversely, ophthalmologic outcomes, although preliminary 
since performed on only 21 children, showed abnormal find-
ings in up to 15% of children.

The management of pregnant women and their newborns 
have been particularly challenging since the beginning of the 
pandemic. Although a first case series from China assessing 
nine pregnant women provided reassuring findings, show-
ing that the clinical characteristics of COVID-19 pneumonia 
in pregnant women were similar to those reported for non-
pregnant adult patients who developed COVID-19 pneumo-
nia, and there was no vertical transmission of SARS-CoV-2 
[24], the weak evidence led several clinicians to adopt a 
more conservative approach. In fact, Guillaume Favre and 
colleagues [25] soon suggested in their initial recommenda-
tions that “newborns of mothers positive for SARS-CoV-2 
should be isolated for at least 14 days or until viral shed-
ding clears, during which time direct breastfeeding is not 
recommended.” Although these recommendations were not 
favorably universally welcomed since did not consider pos-
sible risks related to the mother-to-child separation and lack 
of breastfeeding [26], the previous experience with a new 
virus (Zika) suggested that when a new pathogen emerges, 
the healthcare community should be prepared for the worst-
case scenario [27]. Consequently, given the uncertainties, 
most centers initially adopted a cautionary approach, as we 
also did in our center during the first wave of the pandemic. 
Later on, although the possibility of the vertical transmis-
sion have been demonstrated by De Luca and colleagues O
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[3], further studies showed that this risk was low [5, 6], that 
breastfeeding did not increase the risk of an early postna-
tal infection, and that [4], overall, a conservative approach 
based on total mother-to-child separation and formula feed-
ing was not justified.

In our center, since September 2021 all women with 
SARS-CoV-2 infection at delivery were allowed rooming-
in and breastfeed, with appropriate hand washing and mask-
ing. According to the recently established World Health 
Organization (WHO) guidelines [28], two children could be 
defined as having possible in utero SARS-CoV-2 transmis-
sion, while for the other two cases the in utero SARS-CoV-2 
transmission was “indeterminate” since the second swabs 
were negative. In our routine practice we do not perform 
all possible procedures suggested by this guidance and we 
cannot exclude that some cases may have been missed. Also, 
we did not perform follow-up swabs and we cannot exclude 
horizontal postnatal asymptomatic infections in our sam-
ples, although none of these children developed signs or 
symptoms of infection. Anyway, our results are in line with 
previously published studies, which report a rate of vertical 
transmission ranging from 1 to 6% of deliveries [29–31]. 
However, Dumitri and colleagues found no evidence of ver-
tical transmission in a 101 newborns tested in the USA [32].

While the neonatal outcomes are currently reassuring, the 
long-term effects on newborns exposed in utero or early in 
the postnatal life is still unknown and poorly addressed. The 
natural history of congenital infections taught us that even 
asymptomatic newborns can develop significant long-term 
effects in terms of audiologic, visual, and neuropsychiat-
ric problems [8, 33, 34]. The recent evidence that maternal 
SARS-CoV-2 infection induces a robust placental inflam-
mation [14] further reinforces this hypothesis, and for these 
reasons we decided, in our center, to offer a long-term mul-
tidisciplinary follow-up to all infants exposed in utero or 
within the first hours of life.

Importantly, we found that the auxological growth and 
neurological development was appropriate for all infants, 
independently by the severity of maternal disease. In par-
ticular, we purposely assessed if also the degree of inflam-
matory markers affected these parameters, and we did not 
find any significant relationships. This is a promising finding 
if we consider that, recently, infants exposed to Zika virus 
in utero could develop microcefalia and neuropsychiatric 
symptoms during follow-up [9].

During follow-up, we found that most infants did not pre-
sent SARS-CoV-2 IgGs. This can be explained by several 
reasons. Most infections happened shortly before delivery, 
and therefore, there was not enough time to produce IgG and 
transfer them through the placenta; SARS-CoV-2 IgG less 
frequently cross the placenta, although a review found that 
about 90% of newborns born to positive mothers had IgG 
[35], false negative results, or rapid clearance of maternal 

IgG when the child is not infected itself. The fact that a con-
firmed neonatal infection was significantly associated with 
positive IgG detected at 3 months of life can support the last 
hypothesis. However, a single IgG positivity at 3 months 
of age does not confirm vertical infection and we will need 
to continue follow-up to see if IgG levels will decrease or 
not. These hypotheses are also supported by Wang et al., 
which analyzed the seroconversion of 27 newborns born 
to 26 pregnant women infected with SARS-CoV-2. IgG 
transfer rates were 18.8% and 81.8% in those infants whose 
mother infected less and more than 2 weeks before delivery. 
In the first 2 months of life, the IgG level of infants dropped 
sharply to one tenth of that at birth [36]. These results and 
ours suggest that maternal SARS-CoV-2 IgG provides lim-
ited protection for infants due to rapid clearance.

Another important finding was that virtually all chil-
dren had normal audiological outcomes, both at birth when 
screened with TEOAs and later when tested with ABR. 
However, our findings differed from those described by 
Celik et al., which reported, in a cohort of 37 infants exposed 
in utero at 36 healthy controls, an insufficiency in medial 
olivocochlear efferent system in infants exposed to SARS-
CoV-2 intrauterine [37]. Since in adults there are conflicting 
results concerning audiological outcomes of patients that 
recovered from SARS-CoV-2 infection [38], it is worth it to 
further address this issue in exposed infants as well.

Last, we assessed ophthalmological follow-up of a 
cohort of these children. Although results are still pre-
liminary since only 20 children were assessed so far, oph-
thalmologic findings (Fig. 3) were less reassuring. About 
15% of children had retinal abnormalities, such as bilateral 
choroidal perfusion anomalies, capillary obliteration, and 
bilateral vascular tortuosity. Conversely, behavioral assess-
ment of visual function was mostly normal, except for the 
finding of reduced attention at distance in six cases (30%) 
and reduced contrast sensitivity in three (15%). So far, we 
found only one study assessing ophthalmology follow-up 
in 165 newborns exposed in utero [39]. Although SARS-
CoV-2 infected newborns did not present abnormalities, 
those exposed but not infected reported findings similar 
to ours, such as venous engorgement and vascular tortuos-
ity and intraretinal hemorrhages. These data deserve fur-
ther investigation, since the eye and its peculiar vascular 
structure may potentially represent a main target of indirect 
damage driven by placental inflammation related to SARS-
CoV-2 infection in pregnancy. However, since we did not 
include a control group or not-exposed children, we cannot 
provide firm conclusions on the meaning of these findings. 
Nevertheless, they deserve attention and further investi-
gations since tests are already used in pediatric practice 
and also have a known prognostic role. In particular, in 
preterm infants with and without brain lesion, a normal 
visual assessment at term age is a good predictor of normal 
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visual and neurodevelopmental outcome at 12 months [40]. 
The SD-OCT and FFA have already been performed for 
years on infants under 6 months of age with known reti-
nal pathologies (retinopathy of prematurity, Coats disease, 
etc.). Several studies have highlighted the importance of 
SD-OCT imaging in detecting macular anomalies (macular 
edema, subretinal fluid, etc.) that are not visible on regu-
lar fundoscopic examination especially in neurovascular 
diseases like ROP [41]. Oral FFA has been proposed as an 
alternative to IV infusion of fluorescein that needs general 
anesthesia or sedation of the infants [42]. It has shown a 
valid method for follow-up imaging or detection of vascu-
lar anomalies.

Our study has limitations to address. The most important 
one is that the follow-up is still incomplete and that only 
a limited number of children completed the audiologic and 
ophthalmologic assessments. This is mainly because the large 
majority of infections in pregnant women happened during 
the second and third Italian waves (October–November and 
March–April). As a consequence, some children are still too 
young to enter some time points and, on the other hand, the 
high number of newborns born in a relatively short time, 
along with the massive pressure on our referral center and 

the need of strict precautions, only allowed us to perform a 
limited number of assessments per week. In addition, the lack 
of a control group requires taking with caution the results 
of the visual follow-up, which will need confirmation on 
larger samples. Last, the findings of our study mostly refer 
to neonates born from mothers affected by COVID-19 in the 
third trimester, since they represented the 93% of the study 
population. Therefore, our observations cannot be translated 
to those born from mothers infected on one earlier periods 
of pregnancy, which are those theoretically at higher risk for 
malformations.

However, due to the scarcity of data in this field, we felt 
that these preliminary data were still necessary to better 
inform other centers about the need of more data on long-
term outcomes of these infants. Secondly, our findings are 
related to specific geographical area; therefore, ethnic differ-
ences that may affect inflammatory responses and, therefore, 
pathological changes could not be assessed.

In conclusion, our study showed that the neonatal and 
mid-term multidisciplinary outcomes of newborns exposed 
to SARS-CoV-2 infection in utero or during the first hours 
of life are mostly positive, except for ophthalmologic find-
ings which, in a preliminary cohort, were abnormal in about 

Fig. 3  Opthalmologic find-
ings in newborns assessed by 
ultrawide-field fluorescein 
angiography (FFA). A and 
B Ultrawide-field FFA from 
patients 8 and 19 (see Table 4) 
showing mid-peripheral mild 
capillary obliteration and irreg-
ular vascular branching. C and 
D UW-FFA from patient 10 (see 
Table 4) showing mild bilateral 
arterial vascular tortuosity
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15% of cases. However, since our findings are preliminary, 
further prospective, longitudinal studies of cohorts followed-
up for years as happening with other infections acquired in 
pregnancy are necessary to better understand the clinical 
outcomes of children exposed to SARS-CoV-2 in utero and 
in the early postnatal life.
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