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Abstract

A surge in pediatric COVID-19 cases was observed during the fifth wave (Omicron) of the COVID-19 pandemic. Little is
known about the clinical features and disease course in neonates and young infants. To describe the clinical and laboratory
features, disease course and complications of COVID-19 in neonates and infants younger than 6 months. A retrospective
descriptive study in which data were collected from the electronic medical records of infants younger than 6 months, with
positive nasal swab tests for COVID-19. Fifty-two infants younger than 6 months who tested positive for COVID-19 were
admitted to our pediatric ER/department during the omicron wave of the COVID-19 pandemic, between December 2021
and December 2022. Twenty-one percent were discharged from the ER, while the others were hospitalized predominantly
for observation or supportive treatment, with an average duration of hospitalization of 1.3 +0.7 days. No major complica-
tions were observed.

Conclusion: COVID-19 is a mild viral illness in young healthy infants with no major complications.

What is Known:

® Pediatric patients generally have a milder clinical presentation of COVID-19 but can also experience more severe symptoms and post-
COVID phenomena.

o Our knowledge of COVID-19 in neonates and young infants is limited, and guidelines for their diagnosis and management are lacking.

What is New:

o [n neonates and young infants, COVID-19 infection is typically a mild viral illness with no major complications observed in the majority of cases.

e Hospitalization may not be necessary for well-appearing infants with COVID-19, as long as their clinical and laboratory evaluations do not
raise any concerns.
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pediatric patients, we generally observed a milder clinical pres-
entations involving upper respiratory tract infection, gastroin-
testinal manifestations, changes in taste and smell. However,
there were also more severe presentations including lower tract
respiratory infections, myocarditis, and post-CORONA phe-
nomena such as long-COVID and Multi-System Inflammatory
Syndrome in children & adolescents (MIS-C) [2].

As time passed we gained more experience in the diag-
nosis and treatment of SARS-COV-2 in adult patients but
our knowledge regarding the clinical presentation, disease
course and outcome in neonates and young infants infected
with the virus, remains limited [3]. There is a knowledge
gap regarding the clinical course and management of neo-
nates and young infants with COVID-19. We extrapolate our
knowledge regarding these young patients from older pedi-
atric patients, and from a limited number of research articles
[4] and case reports [5, 6] published during the pandemic.
However, we continue to gain more experience with the
young ages in order to create clear and uniformed guidelines
especially for the treatment of young infants and neonates.

During previous waves of COVID-19 when the Alpha
and Delta variants were dominant, there were a limited num-
ber of cases in neonates and young infants as reported in
the United States where children younger than one year old
represented less than 1% of all cases [7]. On the other hand,
during the fifth wave when the omicron variant (B.1.1.529)
was dominant there were more reported cases in children
younger than 4 years. The rate of hospitalization was five
times greater than the rate during previous waves (DELTA).
Most of the hospitalized children (63%) were healthy with
no underlying medical conditions, infants less than 6 months
old accounted for 44% of hospitalizations. No differences
in severity of the disease was noticed among various ages
according to the Morbidity and Mortality Weekly Report
(MMWR) published in March 2022 [8].

As previously mentioned, during the fifth wave of
COVID-19, while dealing with massive infections by the
fast-spreading variant of SARS-COV-2; Omicron [9], we
encountered more cases of COVID-19 infections in young
infants and neonates. Since guidelines are lacking, our
general routine was to hospitalize most positive infants for
observation. Our hospital's routine during the 5" wave was
to test each febrile or hospitalized infant for SARS-COV-2.
We evaluated patients who exhibited a wide range of clini-
cal presentations including asymptomatic patients, those
with mild symptoms, and others with more severe presen-
tations including bronchiolitis, pneumonia, and myocardi-
tis. In addition, we recognized a unique group of patients;
neonates, brought to the emergency room (ER) with fever
and diagnosed with SARS-COV-2 infection. These patients
elicited the question whether they needed to go through a
full sepsis work up because they were diagnosed with this
viral infection.
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In this study we aimed to examine and summarize our
knowledge and experience regarding the clinical presenta-
tion, disease course, outcome and complications of neonates
and infants younger than 6 months admitted to the pediatric
ER with positive Polymerase Chain Reaction (PCR) nasal
swabs for COVID-19, and based on these data, recommend
management for these youngsters.

We present the clinical characteristics of 52 infants
younger than 6 months, who presented to the pediatric ER
at Carmel hospital during the 5® wave (Omicron) of SARS-
COV-2, and were diagnosed with SARS-COV-2 infection.
In addition, after reviewing all the neonatal cases we suggest
management for such infants.

Methods

A retrospective descriptive single center study of infants
younger than 6 months admitted to the pediatric ER in Car-
mel Medical Center, Haifa, Israel, with a positive PCR test
from nasal swab for COVID-19 between December 2021
and December 2022.

All neonates and infants 6 months old and younger who
presented to the pediatric ER with compatible viral symp-
toms and/or a history of exposure to a confirmed case of
COVID-19, with positive PCR test during the 5" wave of
the pandemic, were included in the study. Infants diagnosed
with other viral infections from nasal swabs, or with severe
congenital malformations were excluded from the study.

For those infants included in our study the following data
were collected: demographic, clinical data (days of fever,
symptoms and signs, pulse, O2 saturation etc.) and labora-
tory data. The primary outcomes were the clinical features
and outcomes of neonates and young infants with COVID-19.

Continuous variables were presented as means and stand-
ard deviation (SD) or medians and interquartile ranges (IQR)
values as appropriate. Categorical variables were expressed
as the counts and percentages in each category.

Results

During the study period 52 infants younger than 6 months
were admitted to our pediatric ER. Ten patients were
younger than one month, 33 patients where 2—3 months old
and 9 patients where 3—6 months old. The mean age of the
infants was 8.6 weeks (range 2-20 weeks), 27/52 (51.9%)
were boys and 48.1% were girls. Table 1 summarizes the
epidemiological, clinical and laboratory characteristics of
the patients in the study.

The most common reason for ER referral was fever
86.5% (45/52 infants). Other common symptoms are noted
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Table 1 Epidemiological, clinical and laboratory characteristics of the patients

All Patients (n=52) Under 1 month (n=10) 2-3 months 3-6 months
(n=33) (n=9)
Age, wks., mean+SD 8.6+4.7 34+0.6 7.8+£2.3 17.1£2.1
Male sex, n (%) 27 (51.9%) 4 (50%) 19 (57.5%) 3(33.3%)
Fever*, n (%) 45 (86.5%) 9 (90%) 29 (87.8%) 7 (77.7%)
Cough, n (%) 18 (34.6%) 3 (30%) 13 (39.3%) 2 (22.2%)
Rhinorrhea, n (%) 27 (51.9%) 7 (70%) 17 (51.5%) 3(33.3%)
Dyspnea, n (%) 1(1.9%) 1 (10%) 0(0%) 0 (0%)
Restlessness, n (%) 14 (26.9%) 0(0%) 10 (30.3%) 4 (44.4%)
Low Intake, n (%) 11 (21.1%) 1 (10%) 8 (24.2%) 2 (22.2%)
Temperature**, mean+ SD, (Celsius) 37.7+0.6 37.8+0.4 37.7+0.6 37.6+0.8
Saturation, %, median (IQR) 98 (98-99) 98 (96-98) 98 (98-99) 99 (98-99)

Heart Rate, bpm, median (IQR)
Respiratory Rate, per minute, median (IQR)
WBC count, k/uL, mean +SD

163 (143-172)
40 (36-44) (n=8)
6.7+2.4

Neutrophile Count, k/uL, mean+ SD 25+1.1
Lymphocyte Count, k/uL., mean +SD 27+1.6

CRP, mg/dL, mean +SD 0.4+0.7
Positive Urine Leukocyte Esterase, n (%) 12.2%)

LP mean WBC, cells/uL, median (IQR) 6 (2-12) (n=10)
Rate of admission, n (%) 41 (78.8%)
Duration of hospitalization, d, mean + SD 1.3+0.7
Antibiotic treatment, n (%) 4(7.6%)

Fluids IV, n (%) 4 (7.6%)

170 (160-175)
40 (38-39) (n=3)
6.8+1.5

164 (141-172)
46 (38-52) (n=4)
6.2+2.5

144 (126-158)
36 (36-36) (n=1)
8.8+1.8

24+1 22+1 3.8+0.7
27+1.1 26+1.6 34+19
0.24+0.28 0.27+0.28 1.37+1.5

0 (0%) 1 (3.4%) 0 (0%)

6 (4-6) (n=3) 13 (8-13) (n=3) 6 (2-12) (n=4)
9 (90%) 25 (75.7%) 7 (77.7%)
1.7+1 1.2+0.6 1.2+0.6

2 (20%) 2 (6%) 0 (0%)

1 (10%) 1 (3%) 2 (2.22%)

Bpm beats per minute, /QR interquartile range, LP lumbar puncture, SD Standard deviation

*Temperture > 38 described by the parents
**Measured in the ER

in (Table 1). However, only 21 patients had a measured tem-
perature of 38 °C or above at the ER or in the pediatric ward.
Twenty-three patients (44.2%) had normal physical exam-
inations, 13 patients (25%) had maculopapular rashes and
another 7 (13.4%) infants had mild rales on lung osculation.
Laboratory test revealed that 2 (3.7%) infants experienced
neutropenia (< 1000 absolute neutrophil counts). The mean
C-Reactive Protein (CRP) level was 0.42+0.77 mg/dl. All
but one infant had normal urinalysis and urine culture, and all
Cerebrospinal Fluid (CSF) cultures withdrawn for 11 infants
who underwent Lumbar Puncture (LP) were also negative.
Eleven patients (21.1%) were discharged following exami-
nation in the ER. Mean duration of hospitalization for those
who were admitted to the pediatric ward was 1.3 +0.7 days.
Regarding the reason for admission; 37 (90.2%) patients
were hospitalized mainly for observation due to their young
age, 3 (7.3%) patients were treated with antibiotics which
was stopped following the negative results of cultures, and
1 (2.4%) patient was admitted for treatment of epilepsy.
Three infants were treated with antibiotics following lumbar
puncture examinations. The indications for treatment were;
fever in a 3-week-old neonate, bloody diarrhea and abnormal

urinalysis. For these patients the antibiotic treatment was dis-
continued following two days of treatment owing to negative
stool, blood and CSF cultures. One patient’s urine culture was
positive with 10 K Colony Forming Unit (CFU) of two bac-
teria, which is most likely due to contamination. Four infants
(7.6%) received intravenous (IV) fluids due to low intake.

The median O2 saturation was 98% (IQR: 98-99), none
of the infants needed O2 supplementation during hospitali-
zation. It should be noted that none of the infants underwent
chest X-ray. Aside from mild upper respiratory tract symp-
toms including one infant with stridor, no other respiratory
complaints were noted.

During hospitalization, two infants experienced tachy-
cardia with pulse rates >200/min. Both had mild increase
in Creatine Phosphokinase (CPK) and troponin levels (one
infant had CPK levels of 83 U/L and troponin of 37 ng/L
and the other one had CPK levels of 78 U/L and troponin
of 57 ng/L), which normalized after 24 h, both underwent
electrocardiogram (ECG), echocardiogram and a cardiologic
evaluation which were normal. During their hospital stay the
pulse rates normalized.
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In total, 11 infants underwent lumbar puncture; Of these,
three infants due to full fontanelle on physical examination
(two were normal and the latter revealed mild pleocytosis
with negative PCR test for Enterovirus and COVID-19).
Three infants had LP due to their young age (3 weeks) per
neonatal fever protocol (normal CSF). One infant, less than
3 months old, had LP due to dysentery (the CSF was bloody
and could not be interpreted, though the CSF culture was
negative). Another infant less than 3 months old had a LP
due to abnormal urinalysis (urine culture was positive for 2
bacteria- most likely contamination). One patient underwent
LP due to restlessness and another due to restlessness and
neutropenia (mild pleocytosis in the CSF and normal cul-
tures). One infant had a LP due to seizures (mild pleocytosis
in the CSF with negative CSF culture and negative PCR for
Herpes Simplex Virus (HSV) & Enterovirus).

Of note, none of the participants returned to the hospital
within a month after discharge. We are unaware of any long
COVID phenomena, Pediatric Inflammatory Multisystem
Syndrome (PIMS) or Kawasaki in the participants of the
current study.

Discussion

Little is known about the clinical course of COVID-19
infection in neonates and young infants. Recent studies esti-
mated that children accounted for 1-5% of all COVID-19
cases. Children are less susceptible to COVID-19 and seem
to be affected less frequently than adults. Suggested rea-
sons include more active innate immune responses among
children, healthier respiratory tracts and fewer underlying
disorders [8]. Though there are several reports of children
with COVID-19 infections, very few reported the disease in
neonates and young infants.

During the fifth wave of the pandemic, with the Omicron
variant which was more transmissible, a higher percentage
of children contracted the illness. We noticed more cases in
neonates and young infants, which presented us with the ques-
tion of how to evaluate these infants especially neonates under
28 days old; whether they should undergo a full sepsis workup
and be treated with antibiotics or perhaps to hospitalize them
for observation only. Since no clear answers are provided in
the literature, we completed this small series about neonates
and infants younger than 6 months diagnosed with COVID-
19 during the Omicron wave. According to our results, the
disease is mild with no major respiratory complaints or com-
plications in this group of patients. Most were hospitalized for
observation only due to their young age. None needed oxygen
supplementation or more invasive mechanical ventilation. No
secondary bacterial infections were noted and all of the infants
had laboratory test results within normal ranges. There were
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with no cases of bacteremia or urinary tract infections (UTT)
identified that required antibiotic treatments. Similar results
were noted in one study which was conducted during the first
year of the pandemic [9] which also concluded that COVID-
19 in young infants is a mild viral illness. Therefore, given
the high frequency of hospitalization among infants with
COVID-19, it may be reasonable to discharge well appear-
ing young infants with COVID-19, rather than keeping them
under observation, as long as their clinical and laboratory
evaluations do not raise any concerns.

COVID-19 can cause mild myocarditis in young infants;
therefore, it is crucial to measure the heart rate in all neo-
nates with COVID-19, and if tachycardia or arrhythmia is
observed, a full workout for myocarditis should be con-
ducted including electrocardiography and echocardiography.

Regarding whether neonates with fever and a positive
COVID-19 test require a full sepsis workup like any other
neonate with fever, our study suggests that a well-appearing
neonate with a positive COVID-19 test may not need a full
sepsis workup. However, our study is limited in its ability to
make a definitive conclusion on this matter, as we had only a
small cohort of 7 infants under 3 months old who underwent
LP, consisting of 3 neonates less than 1 month old with fever
and 4 patients younger than 3 months with a high risk for
meningitis based on the Rochester criteria. Nevertheless, no
cases of serious bacterial infections were identified in our
cohort. Similar results were found in a previous study[9],
which raises concerns about the potential negative impact
of the virus on antibiotic stewardship. To make more defini-
tive conclusions, further studies of patients younger than
3 months with COVID-19 are required.

Study limitations: A retrospective and descriptive single
center study on a small number of infants under 6 months
old, a very small number of neonates (<28 days old) with
neonatal fever and positive COVID-19 test for whom a full
sepsis workup was done.

No long-term follow-up for these infants was conducted
beyond the observation that there were no re-admissions
during the 30 days post COVID-19 diagnosis so we cannot
conclude regarding long COVID complications.

In conclusion, our study sheds light on the clinical course
of COVID-19 infection in neonates and young infants, par-
ticularly during the fifth wave of the pandemic with the Omi-
cron variant. Our findings suggest that COVID-19 in this age
group is a mild viral illness with no major respiratory or
other complications identified, and hospitalization may not
be necessary for well-appearing infants with COVID-19, as
long as their clinical and laboratory evaluations do not raise
concerns. However, further studies are needed to make more
definitive conclusions especially regarding the need for full
sepsis workups and antibiotic treatments in neonates less
than 28 days old.
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