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Background: Numerous studies worldwide have reported COVID-19 in children;

however, the clinical symptoms and consequences of COVID-19 in children have only

been reported in a few studies in Saudi and gulf region. Therefore, we aimed to investigate

the clinical features and outcomes of COVID-19 infection in children and the therapeutic

interventions used.

Methods: This retrospective cohort study included 96 patients with confirmed severe

acute respiratory syndrome coronavirus 2 infection aged ≤14 years who were admitted

to a tertiary governmental care hospital in Riyadh, Saudi Arabia between March

2020 and November 2020. Data on children with COVID-19, including demographics,

comorbidities, symptoms, imaging and laboratory results, therapies, and clinical

outcomes, were analyzed.

Results: Of 96 children admitted with a confirmed diagnosis of COVID-19, 63.8% were

aged ≤ 3 years, 52.1% were male, 56.2% had an unknown source of infection, and

51% had no comorbidities. Most cases had severe infection (71.88%) as they required

oxygen, 10.42% of whom were critical. The most common symptoms were respiratory-

related (98%), and the common physical sign was fever (49%). High D-dimer (90.7%)

and C-reactive protein (72.09%) levels were found in most cases. Oxygen (71.88%)

was the most commonly used treatment. Most patients were discharged home and fully

recovered (97.92%). We reported two deaths (2.08%).

Conclusions: Our findings showed that the majority of the admitted children with

COVID-19 were ≤3 years of age (52.1%) and infected with an unknown source (56.2%).
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Moreover, the majority of the cases had severe COVID-19 infection as they required

oxygen (71.88%), although they had favorable outcomes. However, some cases were

critical and resulted in death. Future studies will be crucial to better understand the

disease spectrum and potential therapeutic options for COVID-19 in children.

Keywords: COVID-19, characteristics, management, outcome, children, coronavirus disease

INTRODUCTION

Numerous studies worldwide have reported COVID-19 with
different variants such as omicron, delta, and SARS CoV-2
infection in children. China has published one of the first
comprehensive studies, which included 728 patients with SARS
CoV-2 infection variant (1). Almost 12% of the patients had
no symptoms, 43% had mild symptoms, 40% had moderate
symptoms, and 2.9% had severe symptoms or were in critical
condition. Children <1 year of age accounted for a larger
proportion of severe or critical cases (1). Similarly, one systemic
review reported 7,780 pediatric patients with proven SARS CoV-
2 infection. Fever and cough (59.1 and 55.9%, respectively) were
the most common symptoms of COVID-19 in children, and
only 19.3% of patients were asymptomatic (2). Children with
comorbidities were the largest subset of COVID-19 cases. Most
patients (88.9%) recovered, a minority of patients were admitted
to the intensive care unit (ICU) (3.3%), and seven deaths were
reported (0.09%) (2). Furthermore, according to a study on the
clinical characteristics of COVID-19 in children, fever, cough,
and gastrointestinal involvement were far more common in
children than in adults (3, 4). The condition is mild for most
children, according to these COVID-19 studies in children, with
a vast number of children remaining asymptomatic. However,
MIS-C represents a subpopulation of children who are more
prone to acquiring major disorders related to COVID-19 (2, 5).
In a recent study of MIS-C in children and adolescents, 186 cases
were discovered across theUnited States. The individuals’ average
age was 8.3 years, and 75% of them had previously been healthy.
Aneurysms in the coronary arteries were found in 8% of patients,
and 40% of them had symptoms similar to KD (5). Additionally,
a systematic review and meta-analysis study showed that a high
proportion of children with MIS-C were admitted to the ICU
(47.1%), and 4.8% of hospitalized children with MIS-C died (4).
Moreover, a study in SA showed that five patients diagnosed
withMIS-C-associated SARS CoV-2 infection with severe clinical
presentation were admitted to the ICU, where they received
intravenous immunoglobulin and inotropic support (6).

There are few studies in SA and the Gulf region, on the clinical
characteristics and consequences of COVID-19 in children (7–
14). However, COVID-19 predisposing factors affecting Saudi
adults such as diabetes, obesity and vitamin D deficiency has
been documented (8–10). In a study of SARS CoV-2 infection
in SA, 4.8% of cases were in children aged ≤14 years (11).
The clinical features and outcomes of these pediatric patients,
on the other hand, were not documented (11). However, one
of the initial studies from SA detailed the clinical aspects
of COVID-19 in children, revealing that 54% of the cases
were male, with an average age of 8.4 years, and 75% had

normal white blood cell counts and eosinopenia (15). In another
similar study in SA, children infected with SARS CoV-2 had
a median age of almost 7 years, and the most prevalent
symptom was fever (32.5%), followed by respiratory symptoms
(21%), and gastrointestinal symptoms (10.3%) (6). Seven patients
with COVID-19-related symptoms were admitted to the ICU,
five of whom had multisystem inflammatory syndrome in
childhood (MIS-C), one had Kawasaki disease (KD), and one had
pneumonia (6).

In the other hand, the latest infectious variant is Omicron,
which was found to be more transmissible and less pathogenic
than previously circulating variants (16). On December 1,
2021, the Omicron variant was first clinically diagnosed in the
United States, and it quickly spread (16). Despite the fact that
Omicron had the most COVID-19 cases and hospitalizations
during the pandemic, illness severity measures such as duration
of stay, ICU admission, and mortality were lower than during
past pandemic peaks (16). This highlights the need of national
disaster preparation when critical care demands occur before the
system becomes overloaded. In addition, staying up to date on
COVID-19 immunizations and implementing other suggested
COVID-19 preventative practices are crucial to preventing
infections, serious illness, or death from COVID-19 among
unvaccinated people (16). Health care workers (HCWs) in SA
showed a high conviction in SARS-CoV-2 Omicron Variant
infection prevention measures (17). Moreover, increase stress
among HCWs in SA immediately after a new infectious threat
emerges (18). The Omicron variant is causing a new wave of the
COVID-19 outbreak over the world. The origin, pathogenicity,
virulence, and immunogenic escape of this variation are all yet
unknown (19).

There are limited data available on the characteristics of severe
SARS CoV-2 infection of COVID-19 in children in SA and
the Gulf region despite there are many descriptive studies in
children have been performed internationally. Therefore, this
study aimed to investigate the clinical features and outcomes of
severe COVID-19 presentation in children and the therapeutic
interventions used.

MATERIALS AND METHODS

Study Design and Setting
This retrospective cohort study was conducted at a tertiary
governmental care hospital in Riyadh, SA. This colossal medical
facility comprises four hospitals and four medical centers. The
hospital has>200 beds covered by general pediatric, subspecialty,
and critical care teams. The necessity for informed consent
was waived because this was a retrospective study that used
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data gathered in routine clinical practice between March 2020
and November 2020. The study was approved by the local
Institutional Review Board on January 2020.

Patients and Testing
We retrospectively screened children aged ≤14 years with
confirmed severe SARS CoV-2 infection who required oxygen as
per Saudi Ministry of Health (SMOH) with signs and symptoms
of respiratory tract infection, fever, headache, body ache, loss
of taste or smell, chest pain, skin rashes, and gastrointestinal
symptoms who were admitted to the tertiary governmental care
hospital in Riyadh, SA between March 2020 and November
2020. The rationale behind choosing children aged ≤14 years as
an inclusion criterion is the accepted age for treating pediatric
patients in SA. Patients with insufficient data, those who went
to the emergency for only a nasopharyngeal swab test, and those
who had previously been admitted for the same reason were also
excluded. Patients who require oxygen were constituted as severe
COVID-19 infection.

To screen for an acute respiratory illness among the suspected
cases and determine who required naso/oropharyngeal swab
testing, we used the Saudi Center for Disease Prevention and
Control “Weqaya” (12) and the Saudi Ministry of Health
(SMOH) standard visual triage checklist (13). The checklist asses
the exposure risk by multiple questions if the patient has history
of travel abroad in the past 14 days, a contact with a confirmed
case of SARSCoV-2 infection in the last 14 days prior to symptom
onset, an exposure to camel or camel’s products in the last 14
days prior to symptom onset, or working in a healthcare facility.
Also, the checklist asses the clinical signs and symptoms as fever
or history of fever, cough, shortness of breath, headache or sore
throat, nausea or vomiting, diarrhea, and if he has any chronic
disease. Any patient scored ≥ 4 will be assessed by physician,
isolated in a respiratory room, and wear a mask.

To confirm that all study patients were positive for SARS
CoV-2 infection, we performed a real-time reverse transcription-
polymerase chain reaction test for the qualitative detection
of nucleic acids from severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) from upper respiratory specimens,
such as naso/oropharyngeal tissues. All patients provided
nasopharyngeal swabs in a child-friendly setting. The patient
was considered COVID-19 positive if the initial swab result was
positive, or if it was negative at first but positive on a second
test. The swab test was repeated soon after the initial results were
negative if there was a high clinical suspicion of COVID-19 or a
risk of false-negative results due to technological mistakes during
sample processing. Some patients had multiple positive swab
samples during their stay, as required by the responsible team in
accordance with the center’s local procedure and revisions in the
SMOH’s recommendations, which was altered over time based on
the most recently published data.

Data Collection
Data was gathered from patient’s electronic health records.
Patient demographics (age, sex, and nationality), length of
hospital stay, duration of symptoms, potential cause of infection,
need for pediatric intensive care unit (PICU) admission, length

TABLE 1 | Patients demographics and disease characteristics associated with the

outcome of children admitted with confirmed COVID-19 infection (n = 96).

Variables Total

population

n = 96

(%)

Outcome

Full

recovery

(%)

Death

(%)

n = 94

(97.92%)

n = 2

(2.08%)

Age ≤3 60

(63.8%)

60

(63.8%)

0

(0.0%)

>3 36

(36.20%)

34

(36.2%)

2

(100.0%)

Sex Male 50

(52.1%)

48

(51.1%)

2

(100.0%)

Female 46

(47.9%)

46

(48.9%)

0

(0.0%)

Nationality Saudi 93

(96.9%)

91

(96.8%)

2

(100.0%)

Non- Saudi 3

(3.1%)

3

(3.2%)

0

(0.0%)

Length of

hospital

Stay

≤10 70

(74.5%)

70

(74.5%)

0

(0.0%)

>10 26

(25.5%)

24

(25.5%)

2

(100.0%)

Duration of

symptoms

≤3 68

(70.83%)

67

(71.3%)

1

(50.0%)

>3 28

(29.17%)

27

(28.7%)

1

(50.0%)

Possible

source of

infection

Contact

COVID-19

Case

40

(41.67%)

39

(41.5%)

1

(50.0%)

Travel to

endemic area

2

(2.08%)

2

(2.1%)

0

(0.0%)

Unknown 54

(56.25%)

53

(56.4%)

1

(50.0%)

Comorbidities Yes 47

(49.0%)

45

(47.9%)

2

(100.0%)

No 49

(51.0%)

49

(52.1%)

0

(0.0%)

*Complications Secondary

Pneumonia

10

(10.4%)

9

(90.0%)

1

(10.0%)

ARDS 2

(2.1%)

1

(50%)

1

(50.0%)

Multiorgan

failure

4

(4.2%)

4

(100.0%)

0

(0.0%)

CNS

complications

3

(3.1%)

2

(66.7%)

1

(33.3%)

No

complications

82

(80.2%)

81

(98.8%)

1

(1.2%)

*Treatments Oxygen 69

(71.88%)

67

(69.8%)

2

(100.0%)

Steroid 13

(13.54%)

12

(12.5%)

1

(50.0%)

Bronchodilator 10

(10.42%)

10

(10.4%)

0

(0.0%)

Hydroxychloroquine 10

(10.42%)

10

(10.4%)

0

(0.0%)

(Continued)
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TABLE 1 | Continued

Variables Total

population

n = 96

(%)

Outcome

Full

recovery

(%)

Death

(%)

n = 94

(97.92%)

n = 2

(2.08%)

Antiviral 6

(6.25%)

5

(5.2%)

1

(50.0%)

Antibacterial 47

(48.96%)

45

(46.9%)

2

(100.0%)

Discharge Home 94

(97.92%)

94

(100%)

0

(0.0%)

Dead 2

(2.08%)

0

(0.0%)

2

(100.0%)

*Percentage does not add up to 100 because more than one element was used.

of stay in the PICU, need for intubation, presenting symptoms
and physical signs, and associated comorbidities were all
collected. We also considered the possibility of multiorgan
failure, acute respiratory disease syndrome, pneumonia, or
central nervous system complications caused by COVID-19. The
degree of respiratory distress, chest radiography results, and the
need for oxygen therapy and/or mechanical ventilation were
also considered.

Detailed demographic and clinical data, such as presenting
signs and symptoms, length of PICU stay, need for mechanical
ventilation, and electrocardiogram (ECG) abnormalities,
were collected for any patient who required intensive
care admission. Laboratory findings were reported, and the
associated hematological abnormalities were assessed, including
significant anemia, leukopenia, leukocytosis, neutropenia or
neutrophilia, and thrombocytopenia. Other reported laboratory
abnormalities included high liver function test results and lactic
acid dehydrogenase and D-dimer levels. High acute-phase
reactants [C-reactive protein (CRP) and ferritin] and evidence of
any related infection (in the blood, urine, and tracheal aspirate)
were highlighted. In addition, we recorded any viral respiratory
infection that may be present.

Moreover, during the study period, we encountered
some cases that fulfilled the MIS-C or pediatric multisystem
inflammatory syndrome criteria as set by the Center of Disease
Control and Prevention (14), Royal College of Pediatrics and
Child Health (20), and theWorld Health Organization (21); thus,
these were included in the study.We recorded their demographic
data, presenting symptoms and signs, and severity of respiratory
disease using their laboratory findings and outcomes.

In the pediatric age group, we referred to the most used drugs
as active COVID-19 therapy. Patients who had completed their
hospitalization by the conclusion of the study period, including
those who were discharged home or died, had their clinical
outcomes recorded. Clinical outcome indicators included the

full recovery rate, death rate, length of hospital stay, PICU
admission, and the necessity for invasive therapy such as
mechanical ventilation.

Statistical Analysis
It is a descriptive analysis so no relation or association were
tested. Continuous variables are presented as mean ± standard
deviation, and categorical variables are presented as frequencies
and percentages. Statistical analysis was conducted using SPSS
version 22 (IBM Corp., Armonk, NY, USA).

Sample Size
Considering the novelty of the diseases at the time no parameters
were used in sample size calculation and opted instead to include
all patients who meet the inclusion criteria.

RESULTS

A 96 children admitted with a confirmed diagnosis of COVID-19
infection, of whom 63.8% were aged ≤ 3 years, 52.1% were male,
96.9% were Saudi, 56.2% had an unknown source of infection
to SARS CoV-2, 51% did not have any comorbidities, 74.5%
were hospitalized ≤ 10 days due to other comorbidities, and
70.83% had symptoms lasting for ≤3 days (Table 1). Moreover,
as per the SMOH protocol, the majority of patients had severe
COVID-19 (71.88%) as they required oxygen, 10.42% of whom
were critical, and a minority of the cases had moderate COVID-
19 (28.12%). Furthermore, most of the children did not develop
any complications (80.2%), and oxygen (71.88%) was the most
commonly used treatment, followed by antibacterial antibiotics
(48.96%). The most common complications associated with
COVID-19 were secondary pneumonia (10.4%), followed
by multiorgan failure (4.2%), and central nervous system
complications (3.1%). Most patients were discharged home
(97.92%) and fully recovered (97.92%). Demographic data and
disease characteristics are presented in Table 1.

The presenting symptoms and physical signs of children
admitted with a confirmed diagnosis of COVID-19 were
investigated. The most common presenting symptoms were
respiratory symptoms (98%), followed by fever (75%) and
gastrointestinal symptoms (50%); the remaining symptoms were
present in <50% of patients (Figure 1A). CNS symptoms as
abnormal movement and decrease level of consciousness were
found in 16% of the patients. Fever was the most reported
physical sign (49%), followed by dehydration (25%), tachycardia
(17.7%), and respiratory signs (10.4%), while the other signs were
present in <10% of the patients (Figure 1B).

Of the 96 children admitted, 10 (10.42%) were critical
and required PICU care, as shown in Table 2. Most of them
required hospitalization for >10 days (60%), but the mean
PICU length of stay was ≤4 days (70%). The minority of
patients admitted to the PICU required intubation (20%). Most
patients had COVID-19 from an unknown source (80%) and
had comorbidities (70%). Abnormal physical signs such as
dehydration (70%), tachycardia (50%), and respiratory signs
(40%) were more common in children who required admission
to the PICU than in those who did not. Pneumonia (40%)
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FIGURE 1 | Presenting Symptoms and Physical Signs of Children Admitted with A Confirmed Diagnosis Of COVID-19. (A) Presenting symptoms of children admitted

with a confirmed diagnosis of COVID-19 infection. *Decrease activity and decrease appetite. (B) Physical signs of children admitted with confirmed diagnosis of

COVID-19 infection.

followed by central nervous system complications (30%) were
the most common complications. All patients were treated
with oxygen (100%), followed by antibacterial antibiotics (80%)
and steroids (40%). Most patients fully recovered (90%) and
were discharged home (90%). We report one patient died in
the PICU.

The laboratory results and imaging findings were assessed, and
their correlations with PICU and ward admissions are shown
in Table 3. Among the patients admitted to the regular ward,
86 (89.58%) tended to have the following findings: normal ECG

findings, 83 (96.5%); normal chest X-ray findings, 72 (83.7%);
abnormal chest computed tomography findings, 2 (2.3%); normal
white blood cell count, 55 (64%); normal neutrophil count,
61 (70.9%); normal hemoglobin level, 59 (68.6%); normal
lymphocyte count, 46 (53.49%); normal alanine aminotransferase
(ALT) level, 81 (94.19%); normal aspartate aminotransferase
(AST) level, 81 (94.19%); normal creatinine level, 49 (56.98%);
normal ferritin level, 65 (75.58%); highD-dimer level, 78 (90.7%);
high CRP level, 62 (72.09%); and adenovirus-positive result, 1
(1.16%). Those with positive bacteria in the blood (3 [30%]),
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TABLE 2 | Patients demographics and disease characteristics with PICU vs.

regular ward admission of children admitted with confirmed COVID-19 infection (n

= 96).

Variables Total

population

n = 96

(%)

Admission

PICU% Ward%

n = 10

(10.42%)

n = 86

(89.58%)

Age ≤3 60

(63.8%)

5

(50.0%)

55

(64.0%)

>3 36

(36.20%)

5

(50.0%)

31

(36.0%)

Sex Male 50

(52.1%)

8

(80.0%)

42

(48.8%)

Female 46

(47.9%)

2

(20.0%)

(44

51.2%)

Nationality Saudi 93

(96.9%)

10

(100.0%)

83

(96.5%)

Non-Saudi 3

(3.1%)

0

(0.0%)

3

(3.5%)

Length of

hospital stay

≤10 70

(74.5%)

4

(40.0%)

66

(76.7%)

>10 26

(25.5%)

6

(60.0%)

20

(23.3%)

Pediatric

intensive

care unit

length of

stay

≤ 4 7

(70.0%)

7

(70.0%)

>4 3

(30.0%)

3

(30.0%)

Intubation Yes 2

(2.08%)

2

(20.0%)

No 94

(97.92%)

8

(80.0%)

Duration of

symptoms

≤3 68

(70.83%)

5

(50.0%)

63

(73.3%)

> 3 28

(29.17%)

5

(50.0%)

23

(26.7%)

Possible

source of

infection

Contact

COVID-19

Case

40

(41.67%)

2

(20.0%)

38

(44.2%)

Travel to

Endemic Area

2

(2.08%)

0

(0.0%)

2

(2.3%)

Unknown 54

(56.25%)

8

(80.0%)

46

(53.5%)

Comorbidities Yes 47

(49.0%)

7

(70.0%)

40

(46.5%)

No 49

(51.0%)

3

(30.0%)

46

(53.5%)

*Signs Cyanosis 3 (3.1%) 0 (0.0%) 3 (3.5%)

Fever 47

(49.0%)

8

(80.0%)

39

(45.3%)

Dehydration 24

(25.0%)

7

(70.0%)

17

(19.8%)

Hypotension 4

(4.2%)

1

(10.0%)

3

(3.5%)

(Continued)

TABLE 2 | Continued

Variables Total

population

n = 96

(%)

Admission

PICU% Ward%

n = 10

(10.42%)

n = 86

(89.58%)

Pallor 5

(5.2%)

1

(10.0%)

4

(4.7%)

Tachycardia 17

(17.7%)

5

(50.0%)

12

(14.0%)

Respiratory

Signs

10

(10.40%)

4

(40.0%)

6

(7.0%)

Lymphadenopathy 1

(1.0%)

0

(0.0%)

1

(1.2%)

Jaundice 1

(1.0%)

0

(0.0%)

1

(1.2%)

Rashes 6

(6.3%)

0

(0.0%)

6

(7.0%)

*Complications Secondary

Pneumonia

10

(10.4%)

4

(40.0%)

6

(6.98%)

ARDS 2

(2.1%)

2

(20.0%)

0

(0.0%)

Multiorgan

Failure

4

(4.2%)

1

(10.0%)

3

(3.5%)

CNS

Complications

3

(3.1%)

3

(30.0%)

0

(0.0%)

No

Complications

82

(80.2%)

4

(40.0%)

78

(90.7%)

*Treatments Oxygen 69

(71.88%)

10

(100.0%)

59

(68.6%)

Steroids 13

(13.54%)

4

(40.0%)

9

(10.5%)

Bronchodilator 10

(10.42%)

3

(30.0%)

7

(8.1%)

Hydroxychloroquine 10

(10.42%)

3

(30.0%)

7

(8.1%)

Antiviral 6

(6.25%)

0

(0.0%)

6

(7.0%)

Antibacterial 47

(48.96%)

8

(80.0%)

39

(45.3%)

Outcome Full recovery 94

(97.92%)

9

(90%)

85

(98.83%)

Death 2

(2.08%)

1

(10%)

1

(1.17%)

Discharge Home 94

(97.92%)

9

(90%)

85

(98.84%)

Dead 2

(2.08%)

1

(10%)

1

(1.16%)

*Percentage does not add up to 100 because more than one element was used.

urine (3 [30%]), or tracheal aspirate [1 (10%)] were admitted to
the PICU.

Among the 96 children admitted with confirmed COVID-
19 infection, four were found to have MIS-C. The majority
of the children who had MIS-C were aged >3 years (75%),
all patients were Saudi, stayed for ≤10 days in the hospital,
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TABLE 3 | Labs and images associated with pediatric intensive care unit vs.

regular ward admission of children admitted with confirmed COVID-19 infection

(n = 96).

Variables Total

population

n = 96

(%)

Admission

Pediatric

Intensive

Care

Unit %

Ward %

n = 10

(10.42%)

n = 86

(89.58%)

Imaging Electrocardiogram Normal 92

(95.8%)

9

(90.0%)

83

(96.5%)

Abnormal 2

(2.1%)

0

(0.0%)

2

(2.3%)

Not

Done

2

(2.1%)

1

(10.0%)

1

(1.2%)

Chest X-ray Normal 76

(79.2%)

4

(40.0%)

72

(83.7%)

Abnormal 20

(20.8%)

6

(60.0%)

14

(16.3%)

Chest

computed

tomography

scan

Normal 3

(3.1%)

0

(0.0%)

3

(3.5%)

Abnormal 3

(3.1%)

1

(10.0%)

2

(2.3%)

Not

Done

90

(93.8%)

9

(90.0%)

81

(94.2%)

Laboratory White blood

cells

Normal 61

(63.54%)

6

(60.0%)

55

(64.0%)

High 27

(28.13%)

4

(40.0%)

23

(26.7%)

Low 8

(8.33%)

0

(0.0%)

8

(9.3%)

Neutrophils Normal 67

(69.8%)

6

(60.0%)

61

(70.9%)

High 22

(22.9%)

4

(40.0%)

18

(20.9%)

Low 7

(7.3%)

0

(0.0%)

7

(8.1%)

Hemoglobin Normal 65

(67.7%)

6

(60.0%)

59

(68.6%)

High 1

(1.0%)

0

(0.0%)

1

(1.2%)

Low 30

(31.3%)

4

(40.0%)

26

(30.2%)

Lymphocytes Normal 51

(53.1%)

5

(50.0%)

46

(53.49%)

High 27

(28.1%)

4

(40.0%)

23

(26.74%)

Low 18

(18.8%)

1

(10.0%)

17

(19.77%)

Alanine

aminotransferase

Normal 90

(93.8%)

9

(90.0%)

81

(94.19%)

High 6

(6.2%)

1

(10.0%)

5

(5.81%)

Aspartate

aminotransferase

Normal 89

(92.71%)

8

(80.0%)

81

(94.19%)

(Continued)

TABLE 3 | Continued

Variables Total

population

n = 96

(%)

Admission

Pediatric

Intensive

Care

Unit %

Ward %

n = 10

(10.42%)

n = 86

(89.58%)

High 6

(6.25%)

2

(20.0%)

4

(4.65%)

Low 1

(1.04%)

0

(0.0%)

1

(1.16%)

Creatinine Normal 54

(56.25%)

5

(50.0%)

49

(56.98%)

High 13

(13.54%)

2

(20.0%)

11

(12.79%)

Low 29

(30.21%)

3

(30.0%)

26

(30.23%)

Ferritin Normal 73

(76.04%)

8

(80.0%)

65

(75.58%)

High 18

(18.75%)

2

(20.0%)

16

(18.60%)

Low 5

(5.21%)

0

(0.0%)

5

(5.81%)

D.Dimer Normal 7

(7.29%)

0

(0.0%)

7

(8.14%)

High 88

(91.67%)

10

(100.0%)

78

(90.70%)

Low 1

(1.04%)

0

(0.0%)

1

(1.16%)

C-Reactive

protein

Normal 7

(7.29%)

1

(10.0%)

6

(6.98%)

High 69

(71.88%)

7

(70.0%)

62

(72.09%)

Low 20

(20.83%)

2

(20.0%)

18

(20.9%)

*Positive

bacteria

Blood 5

(5.21%)

3

(30%)

2

(2.32%)

Urine 4

(4.17%)

3

(30%)

1

(1.16%)

Tracheal

Aspirate

1

(1.04%)

1

(10%)

0

(0.0%)

Viral respiratory

Respiratory

syncytial

virus

Negative 23

(23.96%)

3

(30%)

20

(23.26%)

Not

done

73

(76.04%)

7

(70%)

66

(76.74%)

Adeno virus Negative 1

(1.04%)

3

(30%)

19

(22.1%)

Positive 22

(22.92%)

0

(0.0%)

1

(1.16%)

Not

done

73

(76.04%)

7

(70%)

66

(76.74%)

(Continued)
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TABLE 3 | Continued

Variables Total

population

n = 96

(%)

Admission

Pediatric

Intensive

Care

Unit %

Ward %

n = 10

(10.42%)

n = 86

(89.58%)

Para influenza Negative 23

(23.96%)

3

(30%)

20

(23.26%)

Not

done

73

(76.04%)

7

(70%)

66

(76.74%)

Influenza Negative 23

(23.96%)

3

(30%)

20

(23.26%)

Not

done

73

(76.04%)

7

(70%)

66

(76.74%)

*Percentage does not add up to 100 because more than one element was used.

experienced symptoms for >3 days, and had no comorbidities.
Fever (100%), diarrhea and vomiting (75%), and abdominal pain
with decreased activity and appetite were the most prevalent
presenting symptoms (50%). The most common abnormal
physical signs in individuals with MIS-C were fever (100%), rash
(50%), tachycardia (50%), hypotension (50%), and dehydration
(50%). All patients with MISC developed multiple organ failure
and received antibacterial treatment, and most of them received
oxygen (50%). Generally, these patients did not require PICU
admission (75%); all of them fully recovered in <10 days (100%)
and were discharged home (100%).

Out of the 96 admitted children with confirmed SARS CoV-2
infection, we reported two deaths (2.08%), one in the ward due to
respiratory cause and the other in the PICU due to complications
of the disease. The two cases were aged >3 years old (100%),
male (100%), Saudi (100%), stayed for >10 days in the hospital
(100%) (Tables 1, 2). One of the cases infected due to contact
with COVID-19 infection and the other infected with unknown
source. In addition, both cases known to have comorbidities as
heart disease, renal disease, and neuromuscular disease. Fever
and sore throat associated with cough, shortness of breath, and
altered level of consciousness were commonly presented in both
cases. Moreover, one of the cases developed complications of
COVID-19 infection as secondary pneumonia, acute respiratory
distress syndrome, and central nervous system complications
whereas, the other case has no complications. Anemia, high
creatinine, and high D.dimer were found in the both cases yet,
one of them has positive blood culture. Although, both cases
treated with oxygen, and antibacterial. However, one of the cases
also treated with antiviral and steroids.

DISCUSSION

This is one of the retrospective studies in SA on the clinical
features of pediatric patients with COVID-19. Studies published

in late 2020 and 2021 were conducted in the SA and Gulf
regions (5, 15, 22–24). However, three previous retrospective
studies were published early in 2021: one retrospective study
included 62 children from a single center in Jeddah, SA (25),
the other conducted in a tertiary hospital in Riyadh included
742 pediatric inpatients and outpatients (6), and the last one
conducted in three tertiary academic hospitals in SA enrolled
88 hospitalized children, the majority of whom had mild to
moderate diseases (7). All the studies demonstrated that most
patients had mild to moderate disease, and this may be due to
the strict protocol endorsed by the SMOH (6, 7, 25). On the
other hand, our study showed that the majority of hospitalized
pediatric patients had severe COVID-19 infection according to
the SMOH definition by requiring oxygen (71.88%). Fever and
respiratory symptoms were also shown to be the most common
clinical characteristics of COVID19 in children. Infants were
more likely than other age groups to experience dyspnea. There
have also been reports of gastrointestinal symptoms such as
diarrhea and vomiting. Multiple studies have produced similar
results (6, 7, 25).

Children with COVID-19 have been reported to more often
have mild clinical symptoms than adults (26–28). In a review of
studies regarding COVID-19 in children in SA and worldwide,
most children with COVID-19 had mild symptoms, a good
prognosis, and recovered within 1–2 weeks (6, 7, 25, 29). Our
retrospective review showed that most of the patients had severe
symptoms since oxygen was required in almost 71.88% of the
cases, and they recovered within ≤3 days with good prognosis.
Xiaoxia et al. (30) provided a summary of 171 confirmed
pediatric cases in China, showing that most infected children
had a mild clinical course, and asymptomatic infections were
common (15.8%). There was one death involving a 10-month-
old child with intussusception and multiorgan failure (30). In a
large retrospective cohort study of children with COVID-19 in
China, 4 and 51% of the patients were diagnosed without any
symptoms or with mild symptoms, respectively, and only one
child was reported to have died (1). A small percentage of patients
in our study experienced complications, such as secondary
pneumonia (10.4%) or acute respiratory distress syndrome
(2.1%). Furthermore, the prevalence of severe and critical cases
among infants (63.8%) was higher than in other age groups.
Another retrospective study reported two critical pediatric
patients aged approximately 1 year who required invasive
mechanical ventilation, corticosteroids, and immunoglobulin
therapy (31). However, our study found that only a minority of
patients (10.42%) required PICU care, and two patients died. This
shows that pediatric patients experience less severe illnesses than
adults; nevertheless, young children, particularly infants, might
have higher risk of sever COVID-19 infection than older children
(1). One report from the United States (32) demonstrated that
73% of pediatric patients had symptoms of fever, cough, or
shortness of breath as compared with 93% of adults. Between 5.7
and 20% of pediatric patients were reported to be hospitalized,
with 0.58–2.0% admitted to the ICU. Two deaths were reported
in this cohort of pediatric patients. Similar results have been
reported in multiple studies (6, 7, 25). These findings show that
children experience respiratory symptoms less frequently than
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adults. Although the majority of pediatric patients with COVID-
19 did not have a severe illness, a serious COVID-19 could lead
to ICU admission and even death in children.

The main radiological features in pediatric patients with
COVID-19 have been reported to be subpleural ground-glass
opacities and consolidations with surrounding halo signs,
suggestive of pneumonia (28, 33). The majority of children with
these findings were asymptomatic or had only minor symptoms.
Additionally, Qiu et al. (26) reported that the prevalence of
pneumonia with COVID-19 (53%) was higher than that with
H1N1 influenza (11%). However, our study demonstrated that
the majority of patients had normal radiological findings, while
a minority demonstrated pneumonic shadow with no typical
findings or correlations with severity. Similar results have been
reported in a couple of studies (7, 25).

Typical abnormal laboratory findings did not show significant
differences among different cohorts. Xia et al. (31) reported
laboratory findings in pediatric patients with COVID-19,
including lymphopenia (35%) and elevated ALT (25%), creatine
kinase-MA (75%), CRP (45%), and procalcitonin (80%) levels.
The main laboratory findings found in our study were
lymphopenia (18.8%) and elevated CRP (71.88%), D-dimer
(91.67%), ALT (6.2%), and AST (6.25%) levels. A study from
SA reported lymphopenia and high D-dimer and CRP levels in
most cases (25). Another retrospective study conducted in SA
showed that patients who were admitted to the PICU had higher
laboratory ALT, AST, and creatinine levels at admission than
those who were not admitted to the PICU (6). Further, a study of
adult patients with COVID-19 demonstrated that prothrombin
time and D-dimer levels were higher in patients admitted to the
ICU than those who were not (34). Zhou et al. (35) reported that
an elevated D-dimer level was one of the important risk factors of
death in adult patients after COVID-19. Our study showed high
D-dimer levels in all PICU-admitted cases (100%).

Despite the fact that most children with COVID-19 have a
mild course, some develop an extensive systemic inflammatory
response known as MISC, which is similar to KD and
can affect numerous organs, including the gastrointestinal
system, skin, lymph nodes, and others; it can manifest
with shock, cardiac dysfunction, acute heart failure, and
extremely high levels of inflammatory biomarkers and the
brain natriuretic peptide (36–38). Almoosa et al. (39) reported
10 cases of MIS-C in the eastern area of SA with wide-
spectrum diseases and eventually with good outcomes. Only
four patients in our cohort with MISC-associated COVID-19
developed a severe inflammatory phenotype, including fever,
gastrointestinal symptoms, shock, cardiac dysfunction, liver and
kidney dysfunction, and coagulopathy, as well as clinical features
that overlapped with KD, such as rash, conjunctivitis, swelling of
the extremities, and oropharyngeal redness; all patients recovered
without sequelae and responded well to usual treatments, such as
immunoglobulin or steroid therapy.

Protocols have changed periodically as evidence has arisen
regarding the treatment of COVID-19. Many trials were
conducted during the beginning of the pandemic, and at the time
of writing this paper, no Food Drug Administration-approved
drugs for the treatment of COVID-19 have been released. In

our study, most of the cases were severe and pediatric patients
recovered with oxygen (71.88%) as an interventional treatment
followed by antibacterial antibiotics (48.96%).

The implication for practice of this study will enlighten and
increase the knowledge of the health care providers about the
disease unique characteristics and their outcomes to detect it
early in order to deliver the optimum management specially
for the critically ill patients. Also, awareness campaigns for the
public on keeping all preventive measures, such as wearing
face masks, social distancing, and complying with good hand
hygiene practice, will prevent the spread of the infection.
Additionally, the importance of vaccination in pediatric age
groups is crucial.

CONCLUSIONS

In conclusion, our findings showed that the majority of the
admitted children were ≤3 years of age (52.1%) and infected
with an unknown source (56.2%). Moreover, the majority of
the cases had severe COVID-19 infection as they required
oxygen (71.88%). In addition, the patients presenting with
respiratory symptoms and fever were associated with high
CRP and D-dimer levels, but most of them had a favorable
outcome (97.92%). However, some cases were critical and
resulted in death. Early detection of COVID-19’s unique
features in pediatric patients and quick treatment are vital for
critically ill patients. Due to the continuous spread of the virus
and increasing infection rate, future studies will be critical
to better understanding the disease spectrum and potential
therapeutic options.

Limitations
The results represent an early stage of COVID-19 infection
and transmission at one site, and we only had a small number
of critical cases, which is one of the study’s major limitations.
In addition, this study was done during the first wave of the
pandemic and that other variants of COVID-19 have appeared
since then. Moreover, a number of significant elements changed
over this time, including the implementation of social distancing,
national lock-down measures, and increased testing speed, all
of which could have altered the true incidence and outcome
data. In addition, revisions in the SMOH’s recommendations
might have affected the results. Lastly, as a retrospective
cohort study, it was difficult to maintain a long follow-up
period, so the study is susceptible to some loss of data—
we excluded five patients with incomplete data. Moreover,
the lack of a control group (not exposed) to compare with
the exposed group so the relative risk of the exposure can
be calculated.
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