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Objectives: To determine the demographic and
clinical characteristics, underlying comorbidities, and
outcomes of children with coronavirus disease 2019

(COVID-19) infection.

Methods: In this retrospective study, we reported
62 pediatric patients (age <14 years) with confirmed
COVID-19 between March 2 and July 1, 2020, at
King Abdulaziz University Hospital, Jeddah, Saudi
Arabia.

Results: Comorbid conditions, including cardiac,
neurological, respiratory, and malignant disorders,
were reported in 9 patients (14.5%). The most
prominent presenting complaints were fever (80.6%)
and cough (48.4%). Most of our patients (80.6%)
had mild disease, 11.3% had moderate disease, and
8.1% exhibited severe and critical illness. Twenty-one
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patients (33.9%) were hospitalized, with 4 patients
(6.5%) admitted to the pediatric intensive care unit,

and 3 (4.8%) patients died.

Conclusion: All pediatric age groups are susceptible to
COVID-19, with no gender difference. COVID-19
infection may result in critical illness and even
mortality in subsets of pediatric patients.
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Since December 2019, the world has been facing
an unprecedented health care challenge, namely,
coronavirus disease 2019 (COVID-19), which was
initially identified in Wuhan (China), and has since
quickly spread all over the world.! On March 2, 2020,
the Kingdom of Saudi Arabia reported the first case of
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2).* As of November 18, 2020, according to the
Saudi Ministry of Health, 354,208 confirmed cases of
COVID-19 have been reported in Saudi Arabia, with
5,710 (1.6%) deaths.?

Early reports of SARS-CoV-2 infection noted the
rarity of the disease in children.*’ Data from China and
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the United States demonstrated that only approximately
2% of all confirmed COVID-19 cases were under the
age of 15 years.®” In Italy, children represented 1.2% of
all COVID-19 patients.®”

So far, the majority of COVID-19 cases have
occurred in adults, and as a result, the disease has been
less well described in children.” The available data
demonstrated that children are less likely to have severe
symptoms of COVID-19 when compared to adults,
with around 95% of all cases being asymptomatic or
having mild to moderate manifestations of the disease.
Moreover, only 2% of pediatric patients were admitted
to the pediatric intensive care unit (PICU) or needed
mechanical ventilation.’

Several risk factors for the severity of the illness have
been determined in adult patients with COVID-19,
while this is yet to be identified in children,'""* as
previous reports showed that more than 80% of critically
ill children with COVID-19 have had significant
underlying medical conditions."

As the pandemic spreads, reports of its occurrence
in children are increasing, and the understanding of the
disease is improving. Although previous studies have
described the epidemiological and clinical features of
COVID-19 in children, there is a knowledge gap in this
field in different parts of the world.

One of the earliest studies from the Middle East
describing the clinical features of COVID-19 in children
in this region.' In this study, we aimed to present the
demographic and clinical characteristics, comorbidities,
severity, and outcomes of SARS-CoV-2 in children in
Saudi Arabia.

Methods. We conducted a retrospective review of
all pediatric patients (<14 years) who tested positive
for SARS-CoV-2 between March 2 and July 1, 2020,
at King Abdulaziz University Hospital, Jeddah, Saudi
Arabia. Real-time reverse transcription-polymerase
chain reaction (PCR) was used to confirm the diagnosis
by testing a nasopharyngeal swab specimen based on the
protocol established by the World Health Organization.?
COVID-19 positive patients with missing data were
excluded.

All pediatric patients who were tested either had
clinical suspicion of COVID-19 or a history of contact
with SARS-CoV-2 positive cases. The decision to
admit a child to the pediatric ward or PICU was at the
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discretion of the attending physicians. The study was
approved by our Institutional Review Board (Reference
No. 702-20) and conducted in accordance with the
tenets of the Declaration of Helsinki.

Demographic information, clinical symptoms, signs,
epidemiological history, underlying medical conditions,
laboratory results, radiological findings, management
plans, and outcomes were obtained from hospital
medical records. Laboratory and imaging investigations
were performed based on the evaluation of an attending
pediatrician and the clinical condition of the patient.
According to the classification described by Dong et
al,” the patients were categorized as asymptomatic,
mild, moderate, severe, and critical cases.

Statistical  analysis.  Data  were  collected
retrospectively, and statistical analysis was performed
using SPSS for Windows, version 26 (IBM Corp,
Armonk, NY, USA). Nominal variables were
presented as number (percentage). Numeric variables
were presented as medians and ranges (minimum-
maximum). Comparisons between nominal variables
were tested using %* and Fisher exact tests, and p<0.05
was considered statistically significant.

Results. We included 62 pediatric patients
who presented to the emergency department, and
COVID-19 infection was confirmed. The children
represented around 4.2% (62 out of 1490) of confirmed
COVID-19 cases in our institution during the study
period. The median age was 6 years (the youngest was
2.5 months and the oldest was 13 years). Most patients
had a Saudi Arabian nationality (59.7%). There was no
specific gender predominance as the numbers of males
and females were equal. Most patients had a history of
contact with COVID-19 patients (77.4%), particularly
family members (66.1%), while 22.6% of patients had
unknown exposure. Notably, 6.5% of the cases were
children of healthcare providers (Table 1).

Clinical features. Fever was reported in 80.6% of
patients but was documented in the hospital only in
27.4% of cases. The median duration of documented
fever for hospitalized patients was 2 days (range, 1-9
days). The most common respiratory manifestations
were cough (48.4%), rhinorrhea (27.4%), sore throat
(17.7%), and shortness of breath (12.9%) (Table 1 &
Figure 1). All patients with shortness of breath (8 cases,
12.9%) were hospitalized, and 4 of them were admitted
to the PICU with respiratory failure that required
mechanical ventilation.

Regarding gastrointestinal manifestations, diarrhea
occurred in 15 patients (24.2%), vomiting in 11 patients
(17.7%), and abdominal pain in 6 patients (9.7%). A
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Table 1 - Demographic variables, exposures, and clinical characteristics
of children with COVID-19 (N=62).

Demographics n (%)
Age, years 6(0.2-13)
Gender
Male 31(50)
Female 31 (50)
Nationality
Saudi 37 (59.7)
Yemeni 9 (14.5)
Indian 5(8.1)
Others 11 (17.7)
Exposures
History of contact with COVID-19 positive patient 48 (77.4)
COVID-19 positive family member 41 (66.1)
COVID-19 positive patient outside family 7 (11.3)
Unknown exposure 14 (22.6)
Parents are health care providers 4 (6.5)
Clinical manifestations
History of fever 50 (80.6)
Documented fever in hospital 17 (27.4)
Fever category (°C)
37.7-38 8 (12.90)
>38-39 8 (12.90)
>39 1(1.61)
Fever duration, days 2 (1-9)
Respiratory symptoms
Cough 30 (48.4)
Runny nose 17 (27.4)
Sore throat 11 (17.7)
Shortness of breath 8(12.9)
Anosmia 1(1.6)
General non-specific symptoms
Headache 69.7)
Body aches 3 (4.8)
Myalgia 5(8.1)
Gastrointestinal symptoms
Diarrhea 15 (24.2)
Vomiting 11 (17.7)
Abdominal pain 6(9.7)
Skin rash 1(1.6)
Seizures 3 (4.8)
Associated comorbidities 9 (14.5)
Congenital heart disease 3 (4.8)
Bronchial asthma/adenoid/bronchiolitis obliterans 3 (4.8)
Malignancy (rhabdomyosarcoma) 1(1.6)
Hydrocephalous (brain atrophy) 2(3.2)

Values are presented as numbers and percentages (%).

maculopapular rash was reported in one patient. Three
patients developed seizures; in 2 of them, this was
preceded by a fever. These 2 patients had underlying
hydrocephalus, brain atrophy, and seizure disorder.
Comorbidities, including congenital heart disease
(3 cases), brain atrophy secondary to hydrocephalus
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Figure 1 - The frequency of symptoms reported in children with
COVID-19.

(2 cases), rhabdomyosarcoma (one case), bronchial
asthma (one case), bronchiolitis obliterans (one case),
and adenoid hypertrophy causing significant upper
airway obstruction (one case), were reported in 9
patients (14.5%). The clinical characteristics of the
patients are summarized in Table 1 & Figure 1.

Among 22 patients who had a complete blood
count, one patient had leukopenia (white blood cells
<4 K/uL), 5 (22.7%) (lymphocytic count <1.5 K/pL)
had lymphopenia, and 4 (18.2%) (neutrophil count
<1.5 K/pL) had neutropenia. None of the patients had
anemia, and 2 had thrombocytopenia (platelets <150
K/pL). C-reactive protein level was recorded in 20 and
elevated in 8 (40%) patients, while D-dimer level was
recorded in 9 patients and elevated in 7 (77.8%). Lactate
dehydrogenase level showed significant elevation in
6 out of 7 (85.7%) patients, while ferritin levels were
elevated in one out of 7 patients (14.3%). Among the
21 patients who had undergone a kidney function test,
only one patient had an abnormally elevated serum
creatinine level. Cardiac enzymes were elevated in 2
patients, both categorized as critical illness.

Among the 20 patients that underwent chest
radiography in this cohort, 9 had a normal study, 7
showed bilateral consolidative opacities, 3 showed
peripheral ground-glass opacities, and one showed mild
pleural effusion. Table 2 summarizes the laboratory
results and chest radiography findings of the studied
patients. Echocardiography was performed for 3 out of
4 critical patients, showing cardiac dysfunction in one
and mild pericardial effusion in the other 2 patients. In
addition, it was performed in one patient with severe
illness and revealed impaired left ventricular function.

Four patients presented with low oxygen saturation
(<94%, measured by pulse oximetry) and required
oxygen supplementation. Most patients were managed
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Table 2 - Laboratory results and imaging studies in COVID-19 among children.

Parameter Number of Patients with Measured values Reference
patients abnormal results range
Laboratory data
Complete blood count 22
Hemoglobin, gm/dl 4 11.7 (6.50-14) 10.2-16
WBCs, K/pL 4 7.65 (2.3-26) 4.5-17.5
Platelets, K/pL 4 300 (104-520) 150-450
Neutrophils, K/pL 6 3.3 (0.5-21) 1-8.5
Lymphocytes, K/uL 16 2.6 (0.7-12.4) 4-10.5
CRP, mg/L 20 8 3 (3-268) 0-3
Liver enzymes 20
AST, U/L 11 39 (13-79) 15-37
ALT, U/L 0 30 (7-59) 12-78
Renal functions 21
Urea, mmol/L 3 3.8 (1.4-22) 2.5-6.4
Creatinine, pmol/L 1 32.5 (13-440) 53-115
Ferritin, ng/ml 7 1 246 (9-2264) 30-400
D-dimer 9 7 1.1 (0.2-40) 0-0.5
LDH, U/L 7 6 344 (200-1284) 100-240
Cardiac enzymes 2
Troponin-I, pg/L 2 1.29 (0.59-2) 0.02-0.04
Creatine kinase, [U/L 2 393 (388-398) 26-308
Bacterial blood culture 14 0 Negative
Radiological findings
Chest X-ray, n (%) 20 (100)
Normal 9 (45)
Peripheral ground-glass opacities 3(15)
Bilateral consolidative opacities 7 (35)
Pleural effusion 1(5)

WBC: white blood cell, CRP: C-reactive protein, AST: aspartate transaminase, ALT: alanine transaminase,
LDH: lactate dehydrogenasel, VSD: ventricular septal defect

either at home (66.1%) or in the isolation section of the
general pediatric ward (27.4%). Most of the patients
(91.9%) had mild to moderate disease, and only 4
patients (6.5%) had a critical illness that necessitated
PICU admission and mechanical ventilation. Only one,
with bronchiolitis obliterans, developed a severe illness
and required non-invasive ventilation in the pediatric
ward. Eventually, she improved and was discharged
home. Three (4.8%) out of the 4 critical patients died;
among them, 2 had developed multi-organ dysfunction,
and one developed acute respiratory distress syndrome
(ARDS).

Hospitalization was more frequent in infants
(<1 year) than in other age groups (p<0.021, Figure 2).
Most of the patients did not require any medications
(45.1%) or received only symptomatic treatment
(33.9%). Other administered treatment included
antibiotics (10 cases), intravenous immunoglobulin
(3 cases), hydroxychloroquine (2 cases), tocilizumab
(2 cases), and steroids (one case). Table 3 summarizes
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Figure 2 - The level of management of COVID-19 in different pediatric
age groups. PICU: pediatric intensive care unit
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Table 3 - Clinical outcomes and therapies administered to children with COVID-19.

Parameter n (%) Outcome
Severity
Mild 50 (80.6) Improved
Moderate 7 (11.3) Improved
Severe 1(1.6) Improved
Critical 4(6.5) 3 Deaths, 1 improved
Admission
PICU admission 4 (6.5) 3 Deaths, 1 improved
Ward admission 17 (27.4) Improved
Not hospitalized 41 (66.1) Improved
Duration of hospital admission, days 5(2-18)
Oxygen requirement
No oxygen needed 56 (90.3) Improved
Nasal cannula 1(1.6) Improved
Non-invasive ventilation 1(1.6) Improved
Mechanical ventilation 4 (6.5) 3 Deaths, 1 improved
Treatment
No treatment 28 (45.1) Improved
Symptomatic 21 (33.9) Improved
Antibiotics 10 (16.1) 1 died
Hydroxychloroquine, IVIG, tocilizumab 1 (1.6) Death
Hydroxychloroquine, IVIG, steroid 1 (1.6) Improved
Tocilizumab and IVIG 1(1.6) Death

Values are presented as numbers and percentage (%). PICU: pediatric intensive care unit,
IVIG: Intravenous immunoglobulin

the clinical outcomes and therapeutic modalities used
in this cohort.

Discussion. Knowledge of theclinical characteristics
of COVID-19 in children needs to be continuously
updated to help in mapping out the disease, identifying
risk factors, and guiding the management. Very few
reports have described COVID-19 among children
outside of China, Europe, and the United States. This
study adds to the previous knowledge on children
with COVID-19 by shedding light on the clinical
features and outcomes of a sample of pediatric patients
diagnosed with the disease in Saudi Arabia.

In our study, the predominant nationality among
the patients was Saudi Arabia (59.7%). There were 4
children with parents working at a health care facility
(6.5%), which is similar to the results of a study
describing the characteristics of the population infected
with SARS-CoV-2 in Saudi Arabia.?

Multiple studies have reported higher SARS-CoV-2
infection in males than in females.>'®"” However,
there were no gender differences in this study and
other previous reports.'® In this analysis, 66.1% of the
patients had contact with a family member infected
with COVID-19. Previous studies showed that most of

the infected children had a familial history of positive
contact (Table 4).%1920

A systematic review including 62 pediatric studies
demonstrated that the most commonly reported
symptoms in children were fever (51.6%), cough
(47.3%), and sore throat (17.9%). The most frequently
described extra respiratory symptoms were diarrhea
(9.7%) and vomiting (7.2%). Our results were consistent
with those of previous studies (Table 4, Figure 1).%'2
The degree of fever in our cases was generally less than
39°C, as described in previous reports.?>*

A significant proportion of the reported children
with COVID-19 were asymptomatic.” In contrast,
all our patients were symptomatic because they were
enrolled at the hospital level where children were only
tested if they had symptoms. Some of our patients had
unusual presentations, such as isolated gastrointestinal
manifestations (10%), seizures (4.8%), skin rash (1.6%),
and loss of smell (1.6%), which had been reported in
previous studies.””*** Non-specific symptoms, such as
headache, myalgia, and body aches, were not prominent
in this cohort, possibly because of the young age of
almost half of the included patients (30 patients were
<5 years old) who would not be able to verbalize these
symptoms properly.

heeps://smj.org.sa  Saudi Med ] 2021; Vol. 42 (4) 395


http://www.smj.org.sa/index.php/smj/index

Children with COVID-19 in Saudi Arabia ... Alnajjar et al

Table 4 - Summary of the main characteristics of children with COVID-19 included in large systematic reviews and meta-analysis.

Characteristics Present Cui Liu Ding Mantovani Meena Liguoro
study et al® etal” etal® etal' etal” etal’
Number of cases 62 5829 4300 371 2855 4857 7480
Age (mean, years) 6 - 7.04 5.5 6.9 6.4 7.6
Male (%) 50 55 53.6 58 50.3 57 52.1
History of contact (%) 77 4 72 81.5 86.4 - 91 85
Fever (%) 80.6 51 52.7 51.2 47 49 51.6
Cough (%) 48.4 41 41.9 37 37 45 47.3
Diarrhea (%) 24.2 8 4.2 7.4 4 9 9.7
Severe/critical cases (%) 8.1 12 0 0 4 4 2.7

The laboratory findings in children infected with
SARS-CoV-2 showed discrepancies, which could be
due to lack of consistency in the reference values among
the studies. In the current analysis, different laboratory
abnormalities were identified as lymphopenia (22.7%)
and elevated C-reactive protein (40%), which is
consistent with previous reports.”’*

Inconsistent with the available data in the literature,
the most frequent chest radiography findings among our
patients were peripheral ground-glass and consolidative
opacities. Although the sensitivity of chest radiography
in the diagnosis of COVID-19 is inferior to that of
CT scan, exposure to unnecessary radiation in children
should be avoided.’

The published epidemiological studies demonstrate
that children are less likely to develop severe or critical
illness when compared to adults.”'>'>*2*3 Liguoro et
al’ confirmed that most children with COVID-19 had
mild (42.5%) to moderate disease (39.6%). In addition,
children with severe illness represented 2% and critical
illness represented 0.7% of the reported cases. According
to the categories described by Dong et al,”” we found
that most (80.6%) of our symptomatic patients had
mild disease, 7 patients (11.3%) had moderate disease,
one patient (1.6%) had severe disease, and 4 patients
(6.5%) developed critical illness (and subsequent 3
mortalities from those 4 patients).

Few studies have identified risk factors for
developing severe illness in children, such as young
age and associated comorbidities.'*'>?”3*! This study
included 9 patients (14.5%) with pre-existing medical
conditions. Among them, one patient had a critical
illness and died. A study from Italy reported that 26.2%
of the enrolled children had comorbidities, which is
higher than expected within the pediatric population
in general,*
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The current study included 3 deaths (4.8%).
The first patient had multiple risk factors, including
congenital heart disease, pulmonary hypertension,
and malnutrition. The second mortality occurred in
a previously healthy, an African male, who was 11
years old. He had symptoms of fever, vomiting, and
diarrhea. He presented with renal impairment that
was complicated by multi-organ dysfunction and
required PICU admission and mechanical ventilation.
In addition, the levels of inflammatory markers were
elevated. The previous findings seem to corroborate
the multisystem inflammatory syndrome in children,
which was described recently among pediatric patients
with COVID-19.32% The third patient was a 4-year-old
girl who was not known to have any previous medical
illness. She had symptoms of fever, shortness of breath,
vomiting, and diarrhea. Chest radiography showed
bilateral ground-glass opacities, and the inflammatory
markers were elevated. She developed respiratory failure
that required mechanical ventilation. The condition
was complicated with ARDS, refractory septic shock,
and subsequent death.

The reported hospitalization rate among children
with SARS-CoV-2 infection was variable. In this study,
33.9% required hospitalization, including the 4 critical
patients who were admitted to the PICU. Interestingly,
infants younger than one year were hospitalized more
frequently than other age groups (p=0.02). Studies
from Italy (57.7%) and Spain (60%) reported higher
hospitalization rates. However, these studies are similar
to the present study in terms of cases that were enrolled
at the hospital leve.'*%

Currently, there are limited published experiences
regarding the use of experimental therapies for children
with COVID-19. However, symptomatic treatment is
used in most cases, and empiric antibiotics are often
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utilized.”" Consistent with these reports, most (79%)
of our patients received either symptomatic treatment
or no treatment, and 16.1% received antibiotics.

Intravenous immunoglobulin is commonly used
in multisystem inflammatory syndrome in children or
myocarditis associated with COVID-19.%*% Similarly,
in this cohort, it was given to the 2 critical patients and
one patient with severe illness.

This study was limited by its retrospective nature,
small sample size, single-center, and absence of
laboratory or radiological data for some mild cases.
Larger multicenter or national studies are essential to
determine the epidemiological and clinical features of
COVID-19 in children in different countries and to
identify predictors of severe illness.

In conclusion, all pediatric age groups are susceptible
to COVID-19, with no gender difference. The clinical
manifestations of children with COVID-19 are like
those of adults but less severe. COVID-19 in children
is associated with various laboratory abnormalities and
nonspecific chest radiography findings. SARS-CoV-2
infection may result in critical illness and even mortality
in subsets of pediatric patients.
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