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ABSTRACT

The COVID-19 (SARS-Cov-2) pandemic has put a strain on healthcare systems around the world from December 2019 in China, and then rapidly spreading
worldwide. The impact of the virus on the entire population and its differential effect on various age groups was unknown at the outset, specifically its severity in
elders, children or those living with other comorbidities, thus defining the syndemic, rather than pandemic, character of the infection. The effort of clinicians was
initially to organize differential paths to isolate cases or contacts. This impacted the maternal-neonatal care adding an additional burden to this dyad and raising
several questions. Can SARS-Cov-2 infection in the first days of life put the health of the newborn at risk? Could the separation of a healthy newborn from an infected
mother create further physical and psychological health problems in the dyad? The rapid and massive research effort in these three years of the pandemic has
provided wide answers to these initial questions. In this review, we report epidemiological data, clinical features, complications, and management of the neonates

affected by SARS-Cov-2 infection.

1. Background

In December 2019 in Wuhan, China an outbreak of pneumonia of an
unknown cause was reported. Using an unbiased next generation
sequencing, an unknown beta coronavirus was discovered in the lower
airways of these patients [1]. The virus was initially called 2019-novel
Coronavirus (2019-nCov), then SARS-Cov 2 (from the English
acronym severe Acute Respiratory Syndrome COronaVirus 2). The trans-
mission of this coronavirus was thought to be by direct contact with
infected people (respiratory droplets) and indirect contact with fomites.

The World Health Organization (WHO) named the resultant disease
as COVID-19 [2] and on March 2020, WHO declared COVID-19 a
pandemic, since the disease spread rapidly across the globe, becoming a
public health emergency of international concern. In fact, after China,
many other Asian countries were involved (e.g., Thailand, India etc.). In
February 2020, the SARS-CoV-2 was discovered in Italy and then in all
over Europe, with high mortality rate in many countries [3,4].

During 2021 and 2022, we experienced five waves of the disease
from different viral genetic variants and wave-specific features
including different morbidities resulting in mortality for millions of
infected people. The syndemic nature of the infection, with higher
mortality among individuals with comorbidities (such as diabetes and
obesity) [5], shaped the geographical distribution of disease’s severity.

The predominant clinical presentation was different during the five

waves: first, respiratory failure was prominent, then at the second wave,
gastrointestinal symptoms prevailed on the third wave, this was
replaced by neurological manifestations with peripheral involvement,
and on the last 2 waves, central nervous system manifestations domi-
nated the affected. As the waves developed, there appeared to be a
significant reduction in the mean age of the patients as well as a tran-
sition from predominantly males then to females [6]. Further, the delay
in developing a vaccine specific to the pediatric population resulted in
an increase infection in younger groups as the unintended consequence
of the vaccination campaign. Despite the delay, the implementation of
infection control policies and the availability of RNA-based vaccines
slowed the further spread and severity of the pandemic [7].

1.1. COVID-19 and pediatric population

The pediatric population seems to be less affected by severe acute
respiratory syndrome due to SARS- CoV-2 than adults [8-10]. The
neonatal population is susceptible to vertical, in utero transmission of
SARS-CoV-2 but such transmission is rare [11]. More frequently, an
early postnatal (horizontal) transmission from infected mothers has
been detected [12,13]. Updated recommendations support skin-to-skin
practice, rooming-in and breast feeding with asymptomatic or mildly
symptomatic mothers [14,15] in order to encourage physiological
bonding. But out of concern for infection, it is irrefutable that
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Fig. 1. Patterns of transmission and manifestations of neonatal COVID-19 infection. Some features such as cardiac dysfunction and hypoperfusion are more common
with early-onset and fever is more common with late-onset infections. Modified from Sankaran et al. Neoreviews (2021) 22 (5): e284-e295 [35] Copyright Satyan

Lakshminrusimha.

coronavirus-related restrictions in the delivery room and nursery (e.g.
fathers kept out of the delivery room, prolonged isolation of suspected or
infected mothers with their babies, etc.) had a psychological impact on
parents [16].

Neonatal SARS-CoV-2 infection is uncommon in babies admitted to
hospital [17]. However, infants less than 1 year old seem to be more
vulnerable to SARS-CoV-2 infection with a greater severity of illness
compared with other pediatric age groups [18-20]. As the pandemic
evolved, reports of neonatal acute respiratory distress syndrome, asso-
ciated with SARS-CoV-2 infection, have been increasingly published
[14,21,22]. Symptomatic neonates with suspected COVID-19 should be
isolated in a designated area to reduce risk of virus dissemination. In
some countries, a higher proportion of symptomatic neonates has been
observed in certain ethnic groups such as African-American, Asian, and
Hispanic suggesting a role for ethnicity as a primary driver in the
development of symptomatic disease [23] or as a shared risk factor for
other comorbidities whose effect on the disease severity has been well
described.

1.2. Clinical features of neonatal SARS-CoV-2 infections

The heterogeneity of clinical presentation of neonatal SARS-CoV-2

infection and its impact on perinatal care is still a major challenge.
Available evidence derived from isolated case reports or series collected
in different healthcare contexts are susceptible to diagnostic biases and
focused on local practices. The patterns of disease transmission, timing
of diagnosis, the frequency of clinical symptoms, and complications will
be described in this section.

Disease_transmission: Neonates can be infected by SARS-CoV-2 by
vertical (via placenta or genital tract) or horizontal (through respiratory
droplets) transmission [24,25]. The definition and the categorization of
the timing of mother-to-child transmission of the infection has been
proposed by a multidisciplinary, international panel of experts on behalf
of the WHO [12]. Vertical transmission remains infrequent and mostly
asymptomatic, with most of the reported cases due to postnatal
infection.

Timing of presentation: Mirroring the classification adopted for
neonatal sepsis, SARS-CoV-2 infections can be classified as early
(<48-72 h of birth) or late-onset (>72 h) according to the time of
diagnosis [12]. Such an approach can identify two groups that differ for
the infection’s transmission and the clinical course. Indeed, early-onset
SARS-CoV-2 is mostly due to vertical transmission (either in-utero or
intrapartum), while late-onset disease is generally due to horizontal
transmission from caregivers including the parents [12].
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Early neonatal SARS CoV-2 can result from in utero, intrapartum or
postnatal infection. In utero transmission has been described in fetuses of
mothers with severe disease [26,27], as a consequence of viral placental
infection through the placental expression of the viral receptors
[angiotensin-converting enzyme 2 (ACE-2) and transmembrane prote-
ase serine 2 (TMPRSS2)] or from the vascular damage associated with
the virus [28-30]. Intrapartum transmission is relatively unlikely as
SARS CoV-2 is rarely detected in vaginal swabs. However, distinguishing
intrapartum infection from contamination during the immediate post-
partum period remains difficult. Late neonatal infection, due to post-
natal exposure, remains the common source of neonatal SARS-CoV2
infection [12].

The actual prevalence of SARS-CoV-2 infection remains controver-
sial, as case series are largely biased by the screening protocol adopted
by each institution as well as by the diagnostic methodology adopted.
The increased prevalence of vaccination among mothers is expected to
decrease neonatal infections.

Lastly, a neonatal multisystem inflammatory syndrome (MIS-N)
has been described as the result of neonatal hyperresponsiveness to the
SARS-CoV-2 specific maternal IgG antibodies [31-33] in both early and
late-onset MIS-N. The diagnosis of MIS-N secondary to maternal in-
fections remains debatable. For children with multisystem inflammatory
syndrome (MIS-C), the definitions are slightly different between various
organizations [WHO, CDC (Centers for Disease Control and Prevention),
CHKD (Children’s Hospital of The King’s Daughters) and IDSA (Infec-
tious Disease Society of America), American Academy of Pediatrics
(AAP), American College of Rheumatology (ACR) and Helen DeVos
Children’s Hospital Foundation (HDVCH) [21]. The frequency of
accompanying symptoms varies by age [8,23]. Among neonates, cardiac
and hematological manifestations are more frequently observed in ne-
onates with fever, skin rashes and pulmonary hypertension are observed
after the first week of life. Acute kidney injury is rarely observed in
neonates in the most recent metanalyses, while fever still is present in
half of the affected neonates, thus suggesting that this may not be a
major criterion for the suspicion of MIS-N [34].

1.3. Clinical presentation (Fig. 1)

More than 40% of neonates remain asymptomatic or may develop
mild symptoms (cough, rhinorrhea, low-grade fever, vomiting) [13,36]
with less than 15% of the neonates developing moderate to severe
symptoms like respiratory distress, lethargy, poor feeding, vomiting,
diarrhea, and hemodynamic instability [37]. Early infection is more
likely than late infection to remain asymptomatic or mildly symptom-
atic. Most symptomatic neonates present with hyperthermia, respiratory
(tachypnea, distress), apnea, poor perfusion, and gastrointestinal
(diarrhea, vomiting) symptoms, while neurological manifestations
(seizures) are rare [23,38,39].

Laboratory. Laboratory findings include leukocytosis or lymphope-
nia, thrombocytopenia, and elevated inflammatory markers (CRP, pro-
calcitonin, IL-6, ferritin), however these findings are oftentimes present
during the first days of life and their specificity is very low.

In presence of a suspected MIS-N, besides an increase of inflamma-
tory markers (CRP, procalcitonin, ferritin, D-dimer, LDH), elevated NT-
pro-BNP and troponin can be observed, and detectable SARS CoV2 IgG
(in the absence of maternal immunization) is highly specific.

Imaging. X-ray findings are generally present in more than 60% of
infected neonates with respiratory distress and consist of an interstitial-
alveolar pattern at lung ultrasound or ground-glass opacities at CT-scan
[13,36].

2. Complications
Prematurity is still a debated complication of maternal infection, with

more severe clinical presentations described in preterm infants. How-
ever, the capacity of maternal infection to induce preterm delivery has
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not been established [40].

A neonatal multisystem inflammatory syndrome (MIS-N) has been
described in neonates as the result of neonatal hyper-responsiveness to
the SARS-CoV-2 specific maternal IgG antibodies [31-34]. Even though
the detection of maternal SARS-CoV-2 IgG antibodies in neonates with
suspected MIS-N is frequent, other mechanisms have been accounted to
sustain the multiorgan inflammatory reactions including a
hyper-responsiveness to a perinatal or early post-natal infection [41,42].

The multiorgan involvement, the presence of signs of inflammation,
and IgG SARS-CoV-2 antibodies are the hallmarks of MIS-N presentation
even though specific criteria for neonatal MIS-C have not been defined.
Cardiac involvement in MIS-N may include myocarditis, pericarditis, or
coronary aneurysm, thus echocardiogram is always advised in case of
suspected MIS-N. Respiratory, renal and neurological symptoms overlap
those described for the primary infection from SARS CoV-2, while
gastrointestinal involvement may present with necrotizing enterocolitis-
like symptoms.

The diagnosis of MIS-N remains a challenge as most the neonates
remain asymptomatic during the primary infection. MIS-N occurs in the
absence of a well-defined medical history of SARS CoV-2 (50) The
widespread vaccination limits the use of anti-S IgG (antibody to spike
protein) in neonates. (27) Anti-nucleoprotein antibodies have been
proposed as a potential alternative, though the evidence is still limited
(27). Inflammatory markers including D-dimer have been found to be
consistently elevated in the majority of patients (86%) (37, 40, 41),
however, the specificity of D-dimer remains very low during the
neonatal period. Considerations can be applied to other inflammatory
markers such as ferritin, LDH, CRP and procalcitonin (34, 40) whose
increase should be interpreted cautiously as these are similarly affected
by other more frequent neonatal conditions.

There are no specific recommendation for treatment of MIS-N and
the available evidence is derived from pediatric studies. (34, 40, 41) The
use of IVIG (1-2 gm/kg) and IV methylprednisolone (1-2 mg/kg/day)
are considered as a first-line treatment for moderate to severely ill
children and could be considered for the treatment of MIS-N. The de-
cision has to weigh the negative effect of neonatal steroids on neuro-
development. Differential diagnoses should be considered in the
presence of a low degree of clinical evidence for an ongoing MIS-N.
Echocardiography should accompany the MIS-N follow-up during and
after the treatment. Pediatric patients rapidly respond to this treatment
(24-48 h). In the absence of a prompt recovery, a step-up increase of
methylprednisolone (10-20 mg/kg/day) or the use of other immuno-
modulators such as IL-1 receptor antagonists (anakinra) or TNF-a in-
hibitors (infliximab) can be evaluated, despite the lack of evidence for
their effectiveness in MIS-N.

2.1. Mother-neonate management

As transmission through maternal milk remains debated and the
benefits of breastfeeding largely outweigh the risk of infection, WHO
and American Academy of Pediatrics (AAP) recommend breastfeeding
for mothers with suspected or confirmed COVID-19 infection. Similarly,
mother-neonate separation is discouraged even in presence of confirmed
SARS CoV-2 infection [12], though the use of face-mask for infected
mothers continues to be recommended during neonatal care *2,

The implementation of vaccination has largely reduced the number
of infected neonates, because of increased maternal immunity and
reduced prevalence of infection among healthcare personnel. Despite
vaccination, the frequency and characteristics of the infection have not
changed over time for neonatal and pediatric patients [43].

The maternal diagnosis of COVID-19 challenges the prenatal man-
agement, delivery room approach as well as the care for the mother-
child dyad after birth. While the early recommendation of the AAP
was in favor of separating mothers with SARS CoV-2 infection from their
newborns, the current recommendation promotes maternal breastfeed-
ing and the preservation of the mother-child dyad regardless of the
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Fig. 2. Incidence of various clinical manifestations and laboratory findings in neonates with COVID-19.

infective status as long as this is compatible with the maternal health
[44]. Maternal vaccination during pregnancy or after delivery is rec-
ommended [44]. The immunization in early pregnancy has been proven
to be more protective for the baby than in late pregnancy or in the
postpartum period [44]. Longitudinal observations show that SARS
CoV-2 is rarely detectable in maternal milk and, even in the presence of
SARS CoV-2 RNA, a milk-transmitted infection is unlikely [45] as breast
milk contains secretory IgA antibodies against SARS CoV-2.

At discharge, if the infant has a positive SARS-CoV-2 test in the
absence of clinical signs of the disease, the infant can be discharged with
close follow-up for 14 days' [46].

3. Conclusions (Fig. 2)

The majority of cases of neonatal COVID-19 are asymptomatic or
mildly symptomatic and do not require any specific treatment.

There is no evidence in favor of separating mothers from their
newborns regardless their SARS CoV-2 infective status (unless maternal
infection is severe) as the benefits of rooming-in and breastfeeding
outweigh the risks of a neonatal infection.

There is no evidence to support SARS CoV-2 -specific treatments
other than supportive care according to the individual characteristics of
the case.

MIS-N is a rare but a severe complication of maternal or neonatal
SARS CoV-2 infection, however we lack reliable markers to identify
those at risk for MIS-N or to confirm the diagnosis. With anticipated
emergence of newer strains of SARS CoV-2, the disease pattern in neo-
nates is likely to change and yearly boosters of vaccination (similar to
influenza) may be needed.
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