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Introduction

ARS-CoV-2-associated infection known as CO-

VID-19 (novel coronavirus disease 2019) is a

disease appeared in China, in 2019 [1]. This

pandemic has affected the world’s population,

including children [2]. Clinical manifestations

of COVID-19in children range from asymptom-
atic infection to severe pneumonia and a multisystem
inflammatory system in children (MIS-C) [3, 4]. Early in-
fancy could be a risk factor for infectious disease due to
inadequately developed immune system during the first
months of life and more active innate immune respons-
es among children [5]. The clinical picture in neonates
and early infants with COVID-19 has been described in
some reports, suggesting that they can develop a more
severe form of the disease than older children [1, 6-13].
Newborn and young infants are usually asymptomatic
or present with mild symptoms like older children [8],
presumably because of their healthier respiratory tracts
and fewer underlying diseases [12].

According to previous reports on newborns and in-
fants [8, 14], fever was the most reported symptom in
infants under 3 months, followed by rhinorrhea and
cough. Unlike adults, infants are more likely to pres-
ent with gastrointestinal symptoms, such as diarrhea
and vomiting. Moderate to severe symptoms, such as
poor feeding, lethargy, and respiratory distress, have
been reported less frequently [13, 15]. In addition, MIS-
C diagnosis is increasing in neonates, a condition that
subsequently evolves as a post-infectious inflammatory
condition associated with abnormal immune function,
left ventricular cardiac dysfunction, coronary artery an-
eurysm, atrioventricular block, and clinical deterioration
with multi-organ involvement. MIS-C has increased the
importance of research in this age group [16-19].

During the initial waves of COVID-19, when the Alpha
and Delta variants were predominant, few cases of neo-
nates and young infants were reported in the United
States, where children younger than one year old rep-
resented less than 1% of all cases [20]. During the fifth
wave, when the Omicron variant was predominant, more
cases were reported in children 0-4 years old. The hos-
pitalization rate was five times higher than the previous
peak of Delta variant predominance [21]. Most hospital-
ized children (63%) were healthy with no underlying med-
ical conditions; infants under 6 months old accounted for
44% of hospitalizations [21, 12]. Over time, the diagnosis
and treatment of COVID-19 in different age groups have
improved, but our knowledge about the clinical manifes-
tations, disease course, and outcomes in neonates and
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early infants is still limited [12]. However, some research-
ers have shown a potentially higher risk of severe disease
[8, 22] and a higher rate of hospitalization [9] in neonates
and young infants compared to older children. Accurately
determining the number of neonates infected with CO-
VID-19 is impossible. COVID-19-positive infants had a
much higher hospitalization rate than other age groups
in an American study [9]. The lack of pediatric cases and
their unknown outcomes result in difficulty in making a
clinical diagnosis in neonates [23].

Most studies conducted in this field have only consid-
ered data related to hospitalized infants and have only
partially examined the full spectrum of the disease in
this age group [19]. Therefore, given the existing sci-
entific gaps and the absence of approved vaccines for
infants, understanding the characteristics associated
with hospitalization, severe illness due to COVID-19,
prognosis, and outcome in this age group will help in-
form clinical management and public health interven-
tions. Considering that no study has been conducted on
hospitalized children under three months of age in Iran,
this study aimed to determine the demographic data,
clinical manifestations, and laboratory characteristics of
hospitalized neonates and infants under three months
of age with COVID-19 to manage preventive measures
against COVID-19 in this age group.

Methods
Study design, participants, and settings

This retrospective study was performed at Bouali and
Imam Khomeini tertiary hospitals in Sari City, Mazanda-
ran Province, northern Iran, between March 2019 and
March 2022. Patients diagnosed with COVID-19 infection
were categorized into two groups based on age: younger
than 30 days, referred to as the “neonate” group, and
those 1-3 months old, referred to as the “infant” group.
Neonates with the clinical signs of COVID-19 were also
evaluated. Neonates born to mothers with positive real-
time reverse transcriptase-polymerase chain reaction
(RT-PCR) results were admitted following birth for obser-
vation. In infants, the diagnostic criteria were the diag-
nostic criteria for a positive RT-PCR result, clinical signs
of COVID-19, and a history of close contact with a known
COVID-19 case. The severity of COVID-19 was defined ac-
cording to World Health Organization (WHO) guidelines
[24] as follows: Mild with mild clinical symptoms with no
radiographic findings compatible with pneumonia, mod-
erate cases with fever, respiratory symptoms, and radio-
graphic findings compatible with pneumonia with <30%
pulmonary involvement, severe/MIS-C cases showing
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one of the following factors; respiratory distress (retrac-
tion, grunting, central cyanosis, etc.), tachypnea (respira-
tory rate >30/min), hypoxemia, requiring supplemental
oxygen and oxygen saturation (SpO,) <94% in the air
room, >50% pulmonary involvement.

Demographic data, such as age, sex, comorbidity, clini-
cal characteristics and symptoms, administered therapies,
and laboratory tests, including complete blood count
(CBC)-diff, blood and urine culture, cerebrospinal fluid
(CSF) analysis, and culture, were extracted from the pa-
tient’s medical records. In addition, the prognosis, dura-
tion of hospitalization, admission to the intensive care unit
(neonate or pediatric), need for mechanical ventilation,
and mortality were recorded. The clinical signs or symp-
toms of COVID-19 include fever, cough, poor feeding, dys-
pnea or respiratory distress, lethargy, diarrhea, inconsola-
bility, rhinorrhea or nasal congestion, vomiting, sneezing,
and hypotonia. Physical examination findings were record-
ed, such as tachypnea, retraction, fine crackles, wheezes,
tachycardia, conjunctivitis, rash, and hypotension.

Statistical analysis

The results are presented as MeanSD or median with
interquartile range (IQR) for continuous variables and
frequency with percentage for categorical variables in
each group. According to the Kolmogorov-Smirnov test,
the distribution of quantitative variables was not normal.
Therefore, the Kruskal-Wallis test was used for inter-
group comparisons. Univariate and multivariate logistic
regression Cox proportional hazard models were used
to determine the factors affecting disease severity dur-
ing the hospitalization for COVID-19 inpatients. Statistical
analysis was performed using SPSS software, version 22.
P<0.05 were considered to be statistically significant.

Results

This study evaluated 206 children, including 88 neo-
nates (42.71%) and 118 infants (57.28%). Sixty neonates
were born to COVID-19-positive mothers and admit-
ted following birth for observation. Three (5%) had a
positive RT-PCR test result and respiratory distress syn-
drome, which required ICU admission and antibiotic
therapy. All of them were born by cesarean section and
did not present with fever or cough during hospitaliza-
tion. Other 54 RT-PCR-negative neonates were exclud-
ed, and finally, 34 neonates (22.4%) and 118 infants
(77.6%) with a median age of 49.5 [IQR: 33-66] days
were included in the final analysis.
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The frequencies of mild, moderate, and severe/MIS-
C cases were 96(63.2%), 29(19.1%), and 27(17.8%), re-
spectively (P=0.879), and 3 infants in the severe group
had MIS-C. Overall, 90 patients (59.2%) were boys, and
62(40.8%) were girls, and there was no difference be-
tween the two groups (P=0.695). One hundred and thir-
teen children (74.3%) lived in urban areas.

The median gestational age was 38 [IQR: 36.5-39]
weeks and did not differ between the groups (P=0.108).
In addition, 111 patients (73%) were term (gesta-
tional age >37 weeks) and 33(21.7%) were preterm
(gestational age <37 weeks) (P=1). The mode of deliv-
ery in 107(70.4%) children was cesarean section, and
36(23.7%) had a natural vaginal delivery that did not dif-
fer between the groups (P=0.488). Eighty-one children
(53.3%) were breastfeeding, 19(12.5%) used formula
feeding, and 52(34.2%) used both methods and did not
differ between the groups (P=0.733).

COVID-19 RT-PCR test was performed in 125 children, and
65(42.8%) were detected positive for the virus, and infants
were more likely to be RT-PCR positive (P=0.022). Ninety-six
children (63.2%) had a history of COVID-19 in their families,
significantly higher among infants (53.8% vs 20%, P=0.031).
In total, 3 children (2%) expired, all infants (Table 1).

Fifty-five children (26.21%) had a history of hospitalization
without a significant difference between the two groups
(P=0.105). Overall, 27 children (17.8%) had comorbid diseas-
es including G6PDd (14, 9.2%), congenital heart disease (9,
5.9%), seizures (3, 2%), congenital anomalies (2, 1.3%), and
thyroid or renal diseases (2, 1.3%) which were not statistically
different between the groups (P=0.8).

In terms of symptoms in children, fever was the most
common symptom (75%), followed by cough (56.6%),
poor feeding (46.1%), dyspnea/respiratory distress
(32.9%), and lethargy (32.2%). The most common find-
ing on physical examination was tachypnea (30.9%),
followed by retraction (27%), fine crackles (24.3%), and
wheezing (22.4%) (Table 2).

An oxygen saturation level <94% was observed in
39 patients (28.5%), and 87 children (57.2%) required
oxygen therapy (P=0.043 and P=0.017, respectively).
In addition, the duration of ICU stay was significantly
higher in neonates (16 [IQR: 12.5-26.75] vs 4 [IQR: 3-7],
P<0.001), 29 patients (19.1%) required ICU admission,
and 6 patients (3.9%) underwent mechanical ventilation
(P=0.463 and P=0.126, respectively) (Table 3).
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Table 1. Demographic and clinical characteristics of the infants and neonates with COVID-19

No. (%)
Variables P
Total Neonate (n=34) Infant (n=118)
Mild 96(63.2) 21(13.8) 75(49.3)
Severity of COVID-19 Moderate 29(19.1) 6(3.9) 23(15.1) 0.879
Severe or MIS-C 27(17.8) 7(4.6) 20(13.2)
Boy 90(59.2) 19(12.5) 71(46.7)
Gender 0.695
Girl 62(40.8) 15(9.9) 47(30.9)
Urban 113(74.3) 28(18.4) 85(55.9)
Living place 0.27
Rural 39(25.7) 6(3.9) 33(21.7)
Term 111(73) 25(17.4) 86(59.4)
Gestational age 1
Preterm 33(21.7) 8(7) 25(18.2)
Cesarean 107(70.4) 22(15.4) 85(79.4)
Mode of delivery 0.488
Natural vaginal delivery 36(23.7) 10(27.8) 26(72.2)
Breastfeeding 81(53.3) 18(11.8) 63(41.4)
Feeding type Formula 19(12.5) 3(2) 16(10.5) 0.733
Both 52(34.2) 13(8.6) 39(25.7)
Comorbidity 27(17.8) 7(4.6) 20(13.2) 0.8
Negative 60(39.5) 9(7.2) 51(40.8)
RT-PCR result (n=125) 0.022°
Positive 65(42.8) 22(17.6) 43(34.4)
COVID-19 in the family 96(63.2) 26(20) 70(53.8) 0.031"
Clinical symptom/lung CT scan 76(80.9) 15(15.95) 61(64.89)
COVID-19 diagnosis in the family <0.001"
RT-PCR 18(19.1) 11(11.7) 7(7.44)

*P<0.05.

The median duration of hospital stay was 5 days [IQR: 4-7
days], which was significantly longer in neonates (7 [IQR:
5-13.25] vs 5 [IQR: 3-7] days, P<0.001). The median fever du-
ration was 4 [IQR: 0-5] days which was significantly longer in
infants (4 [IQR: 5-5.25] vs 3 [IQR: 0-4] days, P=0.006).

Approximately 137 patients (90.1%) received antibi-
otics, and 22(14.5%) received corticosteroids, both of
which were insignificantly higher in infants (P>0.05).
The median duration of antibiotic therapy did not differ
between the groups (P=0.786). Eight children (5.3%)
received antibiotics (P=0.685), and aspirin was adminis-
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tered to 5 infants (P=0.351). The other medications are
shown in Table 4.

Neonates had significantly higher median red blood
cell (RBC), neutrophil, and hemoglobin levels, and in-
fants had significantly higher median lymphocyte and
platelet levels (P<0.05). Leukocytosis (WBC >15.000)
presented in 17(11.03%) and leukopenia (WBC <4.000)
in 9 children (5.84%), and both were insignificantly
higher in infants (P=0.765 and P=0.457, respectively). In
addition, 39.61% had C-reactive protein (CRP) >5 mg/L,
24.02% had CRP>10 mg/L, and erythrocyte sedimen-
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Table 2. Symptoms and physical examination of the children in both groups

No. (%)
Variables -
Total Neonates (n=34) Infants (n=118)

Fever 114(75) 24(15.8) 90(59.2) 0.654

Cough 86(56.6) 12(7.9) 74(48.7) 0.006"

Poor feeding 70(46.1) 14(9.2) 56(36.8) 0.562

Dyspnea/respiratory distress 50(32.9) 13(8.6) 37(24.3) 0.535

" Lethargy 49(32.2) 10(6.6) 39(25.7) 0.836
£

‘é Diarrhea 48(31.6) 2(1.3) 46(30.3) <0.001"

g Inconsolability 48(31.6) 3(2) 45(29.6) <0.001"

Rhinorrhea/nasal congestion 46(30.3) 7(4.6) 39(25.7) 0.206

Vomiting 34(22.4) 4(2.6) 30(19.7) 0.106

Sneeze 18(11.8) 3(2) 15(9.9) 0.576

Hypotonia 3(2) 0(0) 3(2) 0.591

Tachypnea 47(30.9) 8(5.3) 39(25.7) 0.305

Retraction 41(27) 11(7.2) 30(19.7) 0.511

é Fine crackle 37(24.3) 4(2.6) 33(21.7) 0.069

'g; Wheeze 34(22.4) 3(2) 31(20.4) 0.036"

g Tachycardia 14(9.2) 4(2.6) 10(6.6) 0.737

5 Conjunctivitis 12(7.9) 5(3.3) 7(4.6) 0.141

Rash 7(4.6) 3(2) 4(2.6) 0.35

Hypotension 2(1.3) 1(0.7) 1(0.7) 0.398

*P<0.05. Journal of Pediatrics Review
tation rate (ESR)>30 mm/h presented in 32 patients Discussion

(20.77%), and all of them were not different between
the groups (P>0.05). Seventy-five children (48.7%) had
hemoglobin levels of <10 mg/dL (P<0.001). Table 5
shows other laboratory test results.

Sepsis workup was performed in 82.9% of the patients,
and lumbar puncture (LP) was performedin 42(27.63%),
none of whom had a positive CSF culture. The analysis
of symptoms and all variables based on gender was not
statistically significant (P>0.05). Table 6 compares the
critical parameters in both groups.

The present study reports our experience with infants
less than 3 months of age with COVID-19, and we found
a 5% vertical transmission rate during delivery. The ver-
tical transmission of COVID-19 in the third trimester is
approximately 3.2%-4% [14, 25]. In a study by Hu et al.
from seven infected pregnant mothers, one neonate
was RT-PCR positive after birth [26], but no positive RT-
PCR results were reported by Yang et al. on seven preg-
nant mothers [27]. Vertical transmission of COVID-19 is
possible and seems to occur in a minority of cases of
maternal infection in the third trimester [25]. Nonethe-
less, it remains unclear as none of these studies could
persuasively claim mother-to-neonate transmission.
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Table 3. Comparing the clinical course in two groups
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No. (%)
Variables P
Total Neonates (n=34) Infants (n=118)

Death 3(1.54) 0(0) 3(1.54) -
ICU admission 29(19.1) 8(5.3) 21(13.8) 0.463
Needing Ventilator 6(3.9) 3(2) 3(2) 0.126
Needing oxygen 87(57.2) 13(8.6) 74(48.7) 0.017"
LP 42(27.63) 17(11.18) 25(16.44) 0.002
Sp0,<94% 39(28.5) 14(10.2) 25(18.2) 0.043"
Sepsis workup 126(82.9) 31(20.4) 95(62.5) 0.198
Positive urine culture (n=110) 13(11.8) 2(1.8) 11(10) 0.733
Positive blood culture (n=114) 3(2.6) 0(0) 3(2.6) 0.569

Positive cerebrospinal fluid culture (n=41) 0(0) 0(0) 0(0) -

*P<0.05.

In this study, 42.8% had positive COVID-19 RT-PCR re-
sults, significantly higher in infants. In Spoulou et al’s
study, only 5.5% [20], and in the study by Lu et al., 12.3%
were RT-PCR positive [28]. In a study in northern Iran,
during the first three waves of the COVID-19 pandemic,
33.3% of neonates born to mothers with confirmed or
probable COVID-19 infection had positive RT-PCR results
[29]. Paret et al. reported a 15% SARS-CoV-2 infection
rate in their study [30]. Most studies evaluated infants
with laboratory-confirmed SARS-CoV-2 infection [8, 13].
Differences in results may be due to the availability of
RT-PCR tests at different times, especially during the
first months of the SARS-CoV-2 epidemic, when RT-PCR
was not performed for all patients.

Sepsis workup and LP were performed in 82.9% and
27.63% of patients, respectively, and none had a posi-
tive CSF culture result. In addition, urine and blood
cultures were positive in 11.8% and 2.6% of the pa-
tients, respectively. In a study by Paret et al., 3% of
CSF cultures, 18% of urine cultures, and 15% of blood
cultures were positive [30]. In Hassan et al.'s study, 3%
of patients had a positive CSF culture, and no patient
had a positive blood or urine culture [31]. Aronson et al.
proposed eliminating the routine use of LP in managing
fever in young infants who do not appear ill [32]. Based
on our results, in case of a history of irritability, inconso-
lability, poor feeding, grunting breathing, seizure, poor
urine output, and color changes such as pallor, mottling,
or cyanosis in addition to hypothermia, performing LP is
recommended in infants.

Journal of Pediatrics Review

In this study, 63.2% had mild symptoms, 19.1% had
moderate symptoms, and 17.8% had severe forms of
the disease or MIS-C, and the severity of COVID-19 was
not different between age groups. Similarly, in a study
by Leibowitz et al., most COVID-19 infants had a mild
course of infection [33]. In a study by Dong et al., most
infections were mild (50.9%) or moderate (38.8%) [34].
In addition, severe/critical disease was present in 4.2%
of Kanburoglu et al. [11] and 29.6% of Gale et al.’s study
population [22]. In Dona, et al’s study on infants <3
months, newborns were not at a higher risk of severe
and critical infection compared with infants [8]. In a
study by Parot et al., overall iliness was mild to moderate
[30]. All patients had mild illness with good outcomes
and no mortality in the study by Hassan et al. [31].

According to our results, 63.2% of the children in their
families had a history of COVID-19, which was signifi-
cantly higher in infants. Dona et al. and Sobolewska-Pi-
larczyk et al. reported a 59% familial history of positive
contact with COVID-19 [8, 13]. Among children aged
<18 years with known exposure information, 91% were
exposed to a COVID-19 patient in a house or community
[6]. In Bellini et al.’s study, 92% had at least one parent
who tested positive [1]. Therefore, household transmis-
sion of COVID-19 to children is a concern at the time of
infection among family members [35].

We found fever and cough to be the most common
symptoms, followed by poor feeding, respiratory dis-
tress, lethargy, diarrhea, inconsolability, and rhinor-
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Table 4. Frequency of medications received by the patients
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No. (%)
Variables 2
Total Neonates (n=34) Infants (n=118)
Antiviral drugs 7(4.54) 0(0) 7(4.54) 0.208
Kaletra 4(2.6) 0(0) 4(2.6) 0.575
Remdesivir 3(2) 0(0) 3(2) 0.591
Antibiotic 137(90.1) 32(21.1) 105(69.1) 0.523
Vancomycin 53(34.9) 7(4.6) 46(30.26) 0.065
Meropenem 10(6.6) 4(2.63) 6(3.94) 0.232
Clindamycin 10(6.6) 2(1.4) 8(5.26) 1
Gentamicin 5(3.3) 4(2.63) 1(0.65) 0.009"
Amikacin 15(9.9) 11(7.23) 4(2.63) <0.001"
Azithromycin 27(17.8) 6(3.94) 21(13.81) 1
Ampicillin 69(45.4) 48(31.57) 41(26.97) <0.001"
Cefotaxime 77(50.7) 17(11.18) 60(39.47) 1
Ceftriaxone 59(38.8) 3(1.97) 56(36.84) <0.001"
Vasopressor 9(5.9) 2(1.3) 7(4.6) 1
Epinephrine 9(5.9) 2(1.4) 7(4.6) 1
Dobutamine 2(1.4) 0(0) 2(1.4) 1
Norepinephrine 1(0.7) 0(0) 1(0.7) 1
Milrinone 1(0.7) 0(0) 1(0.7) 1
Corticosteroid 22(14.5) 3(2) 19(12.5) 0.409
Dexamethasone 11(7.2) 2(1.4) 9(5.92) 1
Hydrocortisone 10(6.6) 1(0.7) 9(5.92) 0.459
Methylprednisolone 7(4.6) 0(0) 7(4.6) 0.208
Intravenous immunoglobulin 8(5.3) 1(0.7) 7(4.6) 0.685
Aspirin 5(3.3) 0(0) 5(3.3) 0.351

*P<0.05.

rhea, in which cough, diarrhea, and inconsolability were
significantly higher in infants. Respiratory distress and
wheezing occurred in 32.9% and 22.4% of the patients,
respectively, and both were significantly higher in infants.
Although other physical examination findings were more
prevalent in infants, they were not statistically significant.
In the Dona et al. study, the most common symptom
was fever, followed by coryza, poor feeding, cough, and
gastrointestinal manifestations; lethargy and respiratory

Journal of Pediatrics Review

distress were less frequently reported (3%-4%) [8]. Other
studies have reported similar results [13, 28, 34, 36, 37].
Gastrointestinal symptoms were observed in 27% of the
patients in the study by Sobolewska-Pilarczyk et al. [13].

In this study, approximately 90% of the patients re-
ceived antibiotics for 4 [2-6] days. In infants, the use of
ceftriaxone was significantly higher, whereas the use of
gentamicin, amikacin, and ampicillin was more common
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Table 5. Laboratory test results of the children at the time of admission
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Median
Variables P
Total Neonates (n=34) Infants (n=118)

WBC (x10° cells/puL) 8.9[6.11-11.27] 8.4 [6.62-10.9] 8.9[6.07-11.5] 0.844
RBC (x10%/L) 3.46 [3.11-3.84] 4.07 [3.76-4.54] 3.36 [3.04-3.64] <0.001"
Neutr (%) 33.9[24.92-49.52] 43.85 [27.87-60] 32.9[23.37-47.4] <0.001"
Lymph (%) 49.7 [38.5-63.5] 42.3 [29.8-55.85] 56.2 [42-65] 0.002°

Eo (%) 2[1-3] 2.8 [1.5-3.5] 2[1-3] 0.089

Mono (%) 6 [5-14.17] 6.5[3.75-17.1] 6 [5-12.55] 0.842
Hemoglobin (mg/dL) 9.9 [8.85-12] 13.5[12.65-15.55] 9.55 [8.7-10.67] <0.001"
Platelet (mcL) 391500 [287500-489000] 312000 [258000-341750] 420000 [313500-527000] <0.001"
ALT (1U/L) 22 [14.75-28] 19.5 [6-33] 22[15.25-27.75] 0.549

AST (IU/L) 35 [25-45] 32[21-59] 36 [25.5-44.5] 0.751
BUN (mg/dL) 8.5[6-11] 7.5[6-9.62] 8.5 [6-11] 0.312
Creatinine (mg/dL) 0.5 [0.4-0.6] 0.5 [0.4-0.6] 0.5 [0.4-0.6] 0.118
LDH (U/L) 514 [467-712] 552 [475-842.5] 511.5 [464-713.5] 0.708

Albumin (mg/dL) 4[3.65-4.25] 3.7 [3.42-4.42] 4[3.7-4] 0.35
Blood sugar (mg/dL) 91.5[81-104] 83 [72-94] 96 [84.5-106.5] 0.001"
Ca (mg/dL) 9.8[9.4-10.1] 9.5[8.8-10.1] 9.85[9.5-10.2] 0.025°

K (mg/dL) 4.9 [4.52-5.3] 4.65 [4.17-5] 4.9[4.67-5.3] 0.004°

Na (mg/dL) 137 [135-139] 137 [135-138.5] 137 [135-139] 0.803
ESR (mm/h) 15 [10-32] 9.5[8.25-12.25] 15 [10-33] 0.084
CRP (mg/L) 4[2-13.5] 4[2-7] 4[2-18] 0.582
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Abbreviations: CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; LDH: Lactate dehydrogenase; BUN: Blood urea nitrogen; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; Mono: Monocyte; Eo: Eosinophil; Lymph: Lymphocyte; Neutr: Neutrophil.

*P<0.05.

in neonates. In Dona et al’s study, among 15.27% of the
children who needed medications, 84.84% received an-
tibiotics [8]. Bhuiyan et al. reported that 71% of children
were treated with antibiotics [14]. In a previous study,
42.8% of the infants received antibiotics [20]. In a study
by Bellini et al., 15% of patients received antibiotic ther-
apy [1]. In Hassan et al.s study, 93.82% of the patients
required antibiotics, cefotaxime and ampicillin were
used empirically, and the duration of treatment was
significantly shorter in the SARS-CoV-2-positive group
(3.7 vs 7.5 days) [31]. While prophylactic treatment with
antibiotics in infants with unknown sources of infection

is routine in preventing bacteremia, urinary tract infec-
tion, or pneumonia, it still has limitations in populations
with increased antimicrobial resistance [14].

In this study, 28.5% had SpO, <94%, more than half
of the patients needed oxygen therapy, and both were
significantly higher in infants. In addition, 19.1% of the
patients were admitted to the ICU, 3.9% underwent me-
chanical ventilation, and 1.54% expired. In the study by
Dona et al., 4.6% required respiratory support, one pre-
term newborn needed ventilator support, 2.3% were
admitted to the ICU, and they did not report any death
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Table 6. Comparing critical parameters in both groups
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Median
Variables P
Total Neonates (n=34) Infants (n=118)

Hospital stay (d) 5[4-7] 7 [5-13.25] 5[3-7] <0.001"

Fever duration (d) 4[0-5] 3 [0-4] 4 [5-5.25] 0.006"
Duration of ICU stay (d) 7 [3-14] 16 [12.5-26.75] 4(3-7] <0.001"
Duration of antibiotic therapy (d) 4[2-6] 4[1.75-6] 4[2-6] 0.786
Respiratory rate (breaths/m) 42 [30-54] 44 [40-54.25] 40 [29-53.5] 0.041
Pulse rate (ppm) 125 [110-140] 137 [125.5-148] 120 [110-136] <0.001"

pH 7.39[7.32-7.43] 7.4[7.34-7.46] 7.39[7.29-7.42] 0.393

PCO, (mm Hg) 35.2 [30.4-45.6] 36.45 [28.65-46.5] 35.1[30.5-42.35] 0.948

PO, (kPa) 66.5[39.2-91.12] 70.45 [46.6-93.25] 63.3 [37.12-88.35] 0.447

HCO, (mEaq/L) 21.9[19.4-21.5] 22.6 [20.2-26] 21.7 [19-23.85] 0.261

0, saturation (%) 96 [94-97] 95 [92.25-97] 96 [95-97] 0.275

*P<0.05.

[8]. In the study by Bhuiyan et al., 4.6% required respira-
tory support [14]. Only two out of 20 children required
supplemental oxygen in the study by Leibowitz et al.
[33]. Lu et al. reported 1.75% invasive mechanical ven-
tilation and one death (0.58%) [28]. In a study by Bialek
et al., 8.47% of patients were admitted to the ICU [6].
Sobolewska-Pilarczyk et al. reported one ICU admission
without mechanical ventilation, and oxygen therapy
was used in 2% of the cases [13]. The researchers did
not include patients with severe COVID-19 in their study.
Bialek et al. reported three deaths (0.002%) [6]. In the
study by Paret et al., 22% needed respiratory support,
18% needed oxygen, 3% underwent mechanical ven-
tilation, 33% were admitted to the ICU, and one child
expired (1%) [30]. In Bellini et al’s study on 39 infants
under 6 months, only one child required ICU admission
and underwent mechanical ventilation [1]. None of the
patients in the study by Hassan et al. had SpO, <94%,
and 8.6% required ICU admission [31].

Our results showed abnormal leukocyte counts (leuko-
cytosis and leukopenia) in 16.87% of the patients, and
24.02% had CRP levels >10 mg/L. Henry et al. reported
30.8% abnormal leukocyte counts and 13.6% elevated
CRP [38]. Sobolewska-Pilarczyk et al. found elevated
CRP levels in 18% of the patients [13]. Dhir et al. re-
ported leukocytosis, lymphopenia, thrombocytopenia,
and elevated inflammatory markers as the main labo-
ratory evidence of COVID-19 infection in infants [7]. In
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the study by Hassan et al., 18.09% of the patients had
CRP levels >5 mg/L [31]. Dona’ et al. reported 9.7% leu-
kocytosis, 4.6% lymphopenia, and 15.7% elevated CRP
[8]. Lymphopenia was present in 3.5% of the patients in
Lu et al’s study [28]. Dhir et al. reported leukocytosis,
lymphopenia, thrombocytopenia, and elevated inflam-
matory markers as the main laboratory evidence of CO-
VID-19 infection in infants [7]. The limited number of se-
vere clinical COVID-19 cases may partly explain the low
number of lymphopenia cases in our children.

Conclusion

Although this study showed a 5% vertical transmis-
sion rate, only delivery from a mother with COVID-19 or
having a positive COVID-19 RT-PCR test result without
symptoms is not a reason for a sepsis workup. More-
over, in infants under 3 months who are hospitalized
due to confirmed COVID-19 and do not have sepsis
symptoms, there is no indication for LP procedure.

Limitations

This study had several limitations; its retrospective de-
sign could introduce bias. First, the limited number of
severe COVID-19 cases may have influenced the statisti-
cal power of our study. Our results highlight the need for
a unique scoring system for COVID-19 in the pediatric
population, especially for less than 3-month-old infants.
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Statistical comparisons could not be performed because
of the high percentage of missing laboratory and imag-
ing data. We could not evaluate any possible long-term
sequelae in our study population. Therefore, further
studies with long-term evaluation are needed to deter-
mine the complications of COVID-19.
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