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Abstract
We report the clinical characteristics and management of fourteen neonates and very young infants with COVID-19. Although all
presented with mild symptoms and did not require specific treatment, most of them had abnormal laboratory and radiological
findings. Ten infants presented with neutropenia and/or monocytosis but none with lymphopenia. Transient hypertriglyceridemia
and/or prolonged viral shedding were detected in 9 patients.

Conclusion: Based to our experience, COVID-19 is mild in very young infants and might have distinct laboratory findings.

What is Known:

* SARS-CoV-2 in infants is a mild disease.

* The period of transmission is approximately 2 weeks.
What is New:

* Very young age is not a risk factor for severe COVID-19 but could be associated with prolonged viral shedding.
* Neutropenia and monocytosis are distinct characteristics of COVID-19 in very young infants.
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Abbreviations

BPD Bronchopulmonary dysplasia

RT-PCR Real-time reverse transcriptase polymerase
chain reaction
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Introduction

Since December 2019, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) first appeared in China, has
spread rapidly across the world affecting all ages. Even though
the fact that the heaviest death toll has been paid by the elder-
ly, pediatric populations have also been affected. However,
the number of affected children worldwide is relatively small.
A review of 72,314 cases by the Chinese Center for Disease
Control and Prevention showed that children younger than 10
years of age represented less than 1% of all cases [1]. The
numbers are even smaller for neonates and infants as shown
in a report from the USA where children <1 year represented
the 0.27% of patients of all ages [2]. Moreover, the clinical
presentation of pediatric COVID-19, the disease caused by
SARS-CoV-2, is significantly different than in the elderly
and all reports highlight that the majority of infants and
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children present with mild symptoms and very low mortality
[3, 4]. However, there is still uncertainty regarding risk factors
associated with more severe disease in pediatric populations.
Very young age could be a potential risk factor for
community-acquired COVID-19, due to the immaturity of
immune system in early life, which is associated with in-
creased severity to many viral infections [5].

Since the literature of the disease presentation and outcome
in early life is sparse, there is a clear knowledge gap for the
clinical management of neonates and very young infants with
community acquired SARS-CoV-2. In this report, we present
the clinical management of 14 neonates and very young in-
fants under 3 months of age that have been admitted to the
COVID-19 Unit of “Aghia Sophia” Children’s which is the
largest tertiary Children’s Hospital in Greece during the first 7
months of the pandemic.

Methods

All neonates and young infants of our study were outpatients
who were found positive for SARS-CoV-2 in the emergency
department and were admitted to the dedicated COVID-19
Unit of our hospital. Confirmed cases were defined through
nasal and/or pharyngeal swabs positive for the presence of
SARS-CoV-2 viral RNA using an in-house Tagman rt-real-
time PCR assay targeting E and RARP genes. Assay validation
was performed in line with ISO 15189: 2012 requirements.
The quality of COVID-19 diagnostic testing was supported
and ensured by proficiency testing panels, i.e., external quality
assessment (EQA) schemes provided by ECDC and WHO.

Results

Between February and September 2020, 253 neonates and
young infants under 3 months of age were tested for SARS-
CoV-2 and 14 (5.5%) were found positive with cycle thresh-
old values between 15.1 and 37.4 Eleven infants were male
(79%). The youngest was aged 11 days and the oldest 87days
(Table 1). Eleven infants (78.5%) had at least one parent tested
positive for SARS-CoV-2 and in 9 cases, the source of infec-
tion was the mother. One infant had travel history before the
onset of infection while both parents tested negative for
SARS-CoV-2. The source of infection in the rest two infants
was a family member other than the parents. In all cases, the
maternal history during delivery was negative for COVID-19
and all infants have been infected after delivery.

Upon admission, 11 (79%) infants had fever up to 39 °C.
Other symptoms included rhinorrhea (n=9; 64%), cough (n=3;
21%), diarrhea (n=4; 28.5%), drowsiness (n=3; 21%), feeding
difficulties (n=3; 21%), and tachypnea (n=2; 14%). One infant
was totally asymptomatic.
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Chest X-rays were performed in 13 (92.8%) infants and
diffuse interstitial infiltration was detected in 7 of them
(54%). One infant had extra right upper lobe consolidation.
Chest computed tomography (CT) was not considered neces-
sary due to the lack of severe respiratory distress of all
patients.

Complete blood count, urine analyses, blood biochemistry,
and infection biomarkers were tested upon admission.
Laboratory tests revealed neutropenia (n=7; 50%),
monocytosis (#=6), or both (n=3; 21%) but not lymphopenia.
Viral testing for influenza-A and B virus and respiratory syn-
cytial virus with rapid test was negative in all cases.

On admission, 6 (42.8%) infants received iv antibiotics
which were discontinued when cultures returned negative
for bacterial co-infection. Three infants required intravenous
fluids. Only patient 2 presented with mild respiratory distress
and required 0.5 to 2 L/min oxygen through head box as well
as salbutamol and budesonide through a spacer for 72 h.
According to his past medical history, he was a preterm neo-
nate, born at 30 weeks of gestation, with mild
bronchopulmonary dysplasia (BPD). This was the only infant
whose clinical condition worsened on the 7th day of hospital-
ization and received again oxygen through head box for 48 h.
Six patients presented with hypertriglyceridemia. Among
them, a male infant 69 days of age developed severe hypertri-
glyceridemia and excessive lipemic serum 6 days after the
onset of symptoms. Feeding was stopped and patient received
intravenous fluids for 24 h. Patient was monitored closely and
hypertriglyceridemia decreased steadily, with no other ad-
verse events. No infant received any antiviral therapy or spe-
cific therapy for SARS-CoV-2. During hospitalization,
mothers stayed at the same room with their infants to enhance
mother-infant bonding and continued breastfeeding.

All patients were discharged 2 to 12 days after admission in
excellent condition but still positive for SARS-CoV-2. In
follow-up appointments, all patients with positive PCR for
more than 20 days had cycle-threshold (Ct) values higher than
30. Seven infants kept shedding the virus for up to 35 days
from the initial diagnosis (Table 1).

Discussion

In the present report, we describe our experience from the
largest pediatric tertiary hospital of Greece during the first 7
months of the SARS-CoV-2 epidemic. Among 253 hospital-
ized neonates and young infants up to 3 months of age, with
symptoms compatible with COVID-19, only 14 (5.5%) were
detected positive for the virus.

The most common source of infection was an asymptom-
atic or mildly symptomatic family member suggesting that
close contact within the family increases significantly the risk
of transmission [6, 7].
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All infants presented with mild symptoms but were hospital-
ized due to their very young age. Interestingly, even the infant
with BPD which is a risk factor for severe respiratory disease
caused by other respiratory viruses, €.g., RSV and influenza did
not develop severe respiratory symptoms. This is in accordance
with previous reports where the majority of neonates and infants
with COVID-19 had atypical or mild clinical presentation [8].

Neutropenia and/or monocytosis was detected in 10 infants
(71.4%) while none of them experienced lymphopenia which
has consistently been reported in adults and has been associated
with increased disease severity [9]. The lack of lymphopenia, pos-
sibly attributed to the high thymic output in early life, in associa-
tion with the relative immaturity of monocytes which results in
diminished cytokine responses, could be a smart way of the neo-
natal immune system to response to SARS-CoV-2 without exces-
sive inflammation associated with severe lung disease [10].

It appears that there is a pattern of dyslipidemia that may be
characteristic of patients with COVID-19. Also, severe triglycer-
ide abnormalities attributed to SARS-CoV-2-induced inflamma-
tion have been associated with pancreatitis in adults [11]. This
was not the case in our patient who developed severe hypertri-
glyceridemia but with no other sequelae. Both his parents were
tested negative for familiar hypertriglyceridemia.

Accumulating evidence with regard to treatment of COVID-
19 in early life indicates that very few neonates require additional
treatment, with antiviral agents, azithromycin, or a-interferon
which reflects the current uncertainties regarding specific treat-
ment options [3, 9, 12]. All our patients were, rapidly improved
without any specific treatment, providing further evidence that
additional treatment is not necessary for a favor outcome of
community-acquired COVID-19 in neonates and very young
infants. However, the substantial number of infants who received
iv antibiotics until the exclusion of bacterial co-infection justifies
the increasing concern of a possible negative impact of the virus
on antibiotic stewardship.

Interestingly, in contrast to what has been reported for older
children with COVID-19 [13], 5 infants had positive PCR for
more than 3 weeks although with high Ct values which was
suggestive that the virus was not transmissible [14].

The radiological findings in most infants were non-specific
and similarly to what has been previously reported in pediatric
populations, there was no need for routinely performing chest
CT [15]. Since SARS-CoV-2 continues to spread, it is impor-
tant to identify risk factors for severe COVID-19 among pe-
diatric populations. According to our experience, COVID-19
in very young age presents with distinct laboratory findings
and has a favorable outcome without specific treatments.

Availability of data and material All data are available.
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