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Received 8 August 2020 2 infection, warranted attention for whether it has unique manifestations in children. Children tend

Received in revised form 7 January 2021

to develop less severe disease with a small percentage present with clinical manifestations of paedi-
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atric multisystem inflammatory syndrome and have poor prognosis. We studied the characteristics of
COVID-19 in children requiring hospitalisation in the Kingdom of Saudi Arabia and assessed the clinical

Keywords: presentation and the risk factors for mortality, morbidity, and paediatric intensive care (PICU) admission.
g,c\):{/sl?c_;s_z Methods: We conducted a retrospective analysis of COVID-19 patients under 15 years hospitalised at
Children three tertiary academic hospitals between 1 March and 30 June 2020.

Saudi Arabia Results: Eighty-eight children were enrolled (>20% were infants). Seven (8%) were in critical condition
Epidemiology and required PICU admission, and 4 (4.5%) died of which 3 met the full diagnostic criteria of multi-

system inflammatory syndrome and had a high Paediatric Risk of Mortality (PRISM) score at the time
of admission. The initial polymerase chain reaction (PCR) test result was positive for COVID-19 in most
patients (97.7%), and the remaining two patients had positive result in the repeated confirmatory test.
In a subset of patients (20 subjects), repeated PCR testing was performed until conversion to negative
result, and the average duration for conversion was 8 (95% CI: 5.2-10.5) days Children requiring PICU
admission presented with signs of respiratory distress, dehydration, and heart failure. Most had fever
(71.4%) and tonsillitis; 61.4% were discharged within 7 days of hospitalisation. Risk factors for mortality
included skin rash, hypotension, hypoxia, signs of heart failure, chest radiograph suggestive of acute
respiratory distress syndrome, anaemia, leucocytosis, hypernatraemia, abnormal liver enzymes, and high
troponin I, and risk factors for prolonged hospitalisation (>7 days) included the presence of comorbidities,
leucopaenia, hyponatraemia, and elevated C-reactive protein.
Conclusions: The majority of hospitalised children had a brief febrile illness and made a full recovery, but
a minority had severe disease.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

In December 2019, a pneumonia case of unidentified aetiology
was reported in the city of Wuhan in China. It was the first reported
* Corresponding author at: King Abdul-Aziz University, PO Box: 80215, Jeddah case of coronav1rus.dlsease (COVID-19) due to.a novel coronavirus,
21589, Saudi Arabia. Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
E-mail addresses: jkari@doctors.org.uk, jkari@kau.edu.sa (J.A. Kari). [1]. The first case diagnosed in the Kingdom of Saudi Arabia (KSA)
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was on 2 March 2020 [2,3]. The novel coronavirus outbreak was
eventually declared as a pandemic by the World Health Organiza-
tion on 11 March 2020. As of the fifth of January 2021, more than
86,165,000 cases have been confirmed globally with more than
1,863,000 deaths [4]. The reported cases in KSA is lower than most
countries as by fifth of January 2021, 363, 259 cases were confirmed
and 6265 deaths were reported [5]. Children aged <18 y consti-
tute 1-2% of the total cases, with similar but less severe symptoms
[6,7]. In more than 72,000 total cases from China, only 1.2% were
children aged 10-19 years, and 0.9% were in patients younger than
10 years [4]. Similarly, data from the Netherlands, Italy, Spain, and
the United States of America (USA) show that paediatric patients
account for 0.8%-2% of confirmed cases. [8-11].Children at any age
can get infected with COVID-19. A cohort of 582 children from
multi-European centres showed the age distribution as follows: 7%
in less than one month of age, 22% for 1-12 months of age, 10% for
1-2 yearsold, 11% for 2-5 years old, 16 % for 5-10 years old and 34%
for more than 10 years of age [12]. In contrast to the adults, rarely
do children have comorbidities apart from a few reported cases that
required admission to paediatric intensive care units (PICU) [13].
The reported mortality in children was associated with underlying
diseases or medical conditions such as leukaemia [14]. In chil-
dren, racial and ethnic minorities appear to be disproportionately
affected. [15,16]

The need for hospitalisation varied from 5.7 to 20% in the USA
[17]to60%in Spain [10]. Similarly, the need for PICU admission was
0.6-9.7% [10,11], consisting of patients with an underlying medi-
cal condition primarily. Since April 2020, findings of multisystem
inflammatory syndrome in children (MIS-C) associated with SARS-
CoV-2 have been reported from different countries [17-20]. MIS-C
has been observed in critically ill children with COVID-19 and has
a wide spectrum of severity that includes heart lesions [17-20],
shock, gastrointestinal symptoms [18,20], rash, and conjunctivi-
tis [20]. Rapid and complete clinical and myocardial recovery was
observed in most of these children [20]. Overlapping features were
noted between Kawasaki disease and MIS-C [19,18-20]. However,
Kawasaki disease generally occurs in children at an earlier age than
COVID-19 [20]. Further interesting presentations were recently
observed, such as incomplete Fanconi syndrome, which preceded
acute kidney injury in children with COVID-19 [21]. Similar to other
countries, children were a minority of reported cases (4%) in KSA
[22,23]. The majority presented with mild symptoms [24]. How-
ever, there was a report of ten children that presented with MIS-C,
a Kawasaki disease like syndrome [25].

The aim of this study was to assess the epidemiology and clin-
ical features of COVID-19 in children who required hospitalisation
in KSA, including their clinical presentation and risk factors for
mortality, morbidity, and the need for PICU admission.

Material and methods
Study design

This was a multicentre retrospective cohort study comprising
three tertiary centres in KSA: King Abdul-Aziz University Hospital,
King Khalid University Hospital, and East Jeddah General Hospi-
tal, which represent important academic centres in Saudi Arabia
serving two important regions in the kingdom.

Patients and methods

Permission to conduct the study was approved by the research
ethics committees of the three institutions involved in the research
with approval number Ref. No. 232-20 and, Ref. No. 20/0337/IRB.
The requirement for informed patient consent was waived, as it
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was a retrospective study using data collected for routine clinical
practice.

We performed a retrospective cohort study of children aged 14
years or younger, with confirmed SARS-COV-2 infection, admit-
ted to any of the three participating centres between 1 March and
30 June 2020. All participating centres used the same visual triage
checklist for diagnosing an acute respiratory infection for suggested
cases and assessing who required screening using the nasopharyn-
geal swab testing. All patients labelled positive for COVID-19 were
confirmed positive for the disease with the nucleic acid detection
using a real-time reverse transcription polymerase chain reac-
tion (rRT-PCR) test for the qualitative detection of nucleic acid
from SARS-COV-2 from upper and lower respiratory specimens
(such as nasopharyngeal or oropharyngeal swabs, or bronchoalve-
olar lavage). Nasopharyngealoropharyngeal swabs were obtained
in a child-friendly environment from all conscious children after
explaining the technique of the test to older children.

Patients were considered to have the infection if the initial swab
result was positive or if it was negative initially but positive on the
subsequent test. The swab test was repeated shortly after the initial
swab results were negative if there was a prominent clinical sus-
picion of COVID-19 or a risk of false-negative owing to a technical
error during sample collection. Some patients had many positive
swab samples during admission as requested by the responsible
team in line with the local protocol of each centre and according
to the changes in the recommendation by the Ministry of Health,
which changed over time based on the latest published evidence.
We excluded patients with insufficient data, those admitted to the
emergency room only for a nasal swab test that should not have
been admitted, and those previously admitted for the same rea-
son.

Data were collected from the electronic health records of
all the participating centres and were merged. Data collected
included patient demographics (age, gender, and nationality), cur-
rent weight, and height, and body mass index centile, need for
PICU admission, presenting symptoms and signs, and associated
comorbidities. We reported any history of contact with an indi-
vidual with COVID-19 or recent travel to any country positively
predicted infection during the pandemic. We also considered the
severity of respiratory distress, blood pressure interpretation, chest
radiograph findings, oxygen saturation, and the need for oxygen
therapy and/or mechanical ventilation.

For any patient who required intensive care admission, we
calculated the Paediatric Risk of Mortality (PRISM version V)
[26] during the first and after 24 h of PICU admission. Detailed
clinical data such as urine output, fluid balance, the need, and
duration of mechanical ventilation and/or inotropes, and electro-
cardiogram (ECG) abnormalities were collected. The laboratory
results were recorded and followed by the assessment of the asso-
ciated haematological abnormalities such as significant anaemia,
leukopenia, leucocytosis, neutropenia or neutrophilia, thrombo-
cytopenia, and disturbed coagulation profiles. Other associated
laboratory abnormalities such as hypernatraemia, hyperkalaemia,
and high troponin level were also reported. Evidence of any
associated infection (blood and urine culture) and high acute
phase reactants (C-reactive protein [CRP] and ferritin) was high-
lighted.

We referred to the most common medications used by the par-
ticipating centres as active COVID-19 therapy used in the paediatric
age group. All clinical outcomes were reported for the patients who
had completed their hospitalisation by the end of the study period,
including patients who were either discharged or died. Clinical out-
come indicators included the mortality rate, length of stay (LOS),
PICU admission, and the need for invasive therapy such as mechan-
ical ventilation.
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COVID-19 PCR methodology

Viral RNA extraction

Processing of nasopharyngeal samples was performed in a Class
Il biosafety cabinet in a negatively pressured lab. The extraction was
performed using the ExiPrep™ 96 Viral DNA/RNA kit (BiONEER,
Korea) on the automatic extractor BIONEER according to the man-
ufacturer’s instructions.

Reverse transcription real-time PCR

The PowerChek 2019-nCov Real-Time PCRKit (Seoul, Korea) was
used for the detection of SARS-CoV-2, briefly, by adding 5 L of the
extracted RNA to the reaction master mix consisted of 11 wLRT-PCR
Premix and 4 L of Primer/Probe Mix for a total reaction volume of
20 pL. As per WHO recommendations, two targets were separately
amplified: the E gene of beta coronaviruses and the RdRp gene of
the SARS-CoV-2 viral genome [27]. Both probes were labelled with
FAM. The reaction mixture included aninternal control for PCR inhi-
bition with a Victoria (VIC)- labelled probe. The reaction’s thermal
profile was 50 °C for 30 min, then 95 °C for 10 min, followed by 40
cycles of 95 °C for 15 s and 60 °C for 1 min on the LightCycler® 480
Instrument II (Roche) [28].

Definitions

PRISM 1V is the updated version of the scoring system of risk
of mortality in children admitted to the intensive care unit. It
depends on many important variables recorded during the first 24 h
of admission. WHO defines paediatric multi-system inflammatory
syndrome in children and adolescents aged 0-19 years as fever for 3
days or more and two of the following: skin rash or signs of mucocu-
taneous inflammation hypotension or shock, features of myocardial
dysfunction, evidence of coagulopathy, acute gastrointestinal prob-
lems, in addition to elevated markers of inflammation such as
erythrocyte sedimentation rate, C-reactive protein or procalcitonin,
with evidence of COVID-19 and no other obvious microbial cause
of inflammation [29].

Hypertension and hypotension were defined as two or more
readings of systolic and/or diastolic blood pressure at 2 different
time points, which were higher than the 95th centile and lower
than the 50th centile, respectively, for gender, age, and height.
Hyperkalaemia was defined as the serum potassium level <5.5
mmol/L. Hypernatremia was defined as the serum sodium level
<146 mmol/L. Anaemia was defined as reduced haemoglobin con-
centration two standard deviations below the mean, based on
age-specific normal. Leucocytosis and leukopenia were defined as
total leucocytic count higher/lower than the mean based on age-
specific normal level and neutropenia was defined as a neutrophilic
count less than 500/mm?3.

Statistical analysis

All analyses were performed using Stata Version 12 (StataCorp.
LP, College Station, TX, USA). Results of categorical variables were
reported as frequencies and percentages, and means for contin-
uous variables. The in-hospital survival among children admitted
with confirmed COVID-19 was estimated using the Kaplan-Meier
curve. Factors associated with in-hospital mortality and prolonged
LOS (>7 d) were determined using the chi-square test. Statistical
significance was set at a p-value of 0.05.

Results

Eighty-eight children admitted with a confirmed diagnosis of
COVID-19 were included, of whom >20% were infants (Fig. 1), 42%
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Fig. 1. Age distribution of children admitted with a confirmed diagnosis of COVID-
19.

Table 1
Patients’ demographic and clinical characteristics.

Characteristics

Sex, No. (%)

Male 37 (42.0)

Female 51(58.0)
Nationality, No. (%)

Saudi 47 (53.4)

Non-Saudi 41 (46.6)
Weight (kg), median (IQR) 19.8 (10-31.8)
Weight (centile), median (IQR) 75(9-91)
Height (cm), median (IQR) 100 (73.5-129.8)
Height (centile), median (IQR) 9.0 (0.3-75)
BMI (kg/m?), median (IQR) 18.8 (14.6-24.5)
BMI (centile), median (IQR) 91 (25-99.7)
Contact with COVID-19, No. (%) 73 (83.0)
Recent travel, No. (%) 5(5.7)
Comorbidities, No. (%)

Diabetes?® 1(1.1)

Renal disease 2(2.3)

Cardiac disease 6(6.8)

Respiratory disease 11(12.5)

Haematological disorder 3(34)

Malignancy 1(1.1)

Abbreviations: BMI, body mass index; CI, confidence interval.
2 Type I diabetes.

were male, 83% had a definite history of exposure to SARS-CoV-
2, 27.2% had a chronic illness, and 12.5% had a chronic respiratory
illness. Table 1 shows patient demographics and disease character-
istics.

The most common presenting symptom was fever, followed
by respiratory and gastrointestinal symptoms. Headache, muscle
ache, and skin rash were uncommon (Fig. 2).

Of the 88 children admitted, 7 (8%) were in critical condition and
required PICU admission. Abnormal physical examination included
fever and tonsillitis, whereas signs of respiratory distress, dehy-
dration, and heart failure were more frequently encountered in
children who required PICU admission. Among PICU patients: 4
died (4.5%) of which 3 met the full diagnostic criteria of multi-
system inflammatory syndrome and had a high Paediatric Risk of
Mortality (PRISM score IV from 29 to 87%) at time of admission.
Most patients (61.4%) were discharged within 7 days of hospitali-
sation (Fig. 3). (Table 2).

The initial PCR test result was positive for COVID-19 in most
patients (97.7%), and the remaining two patients had positive
results in the repeated confirmatory test. In a subset of patients
(20 subjects), repeated PCR testing was performed until conver-
sion to a negative result, and the average duration for conversion
was 8 (95% CI: 5.2-10.5) days (Table 3).
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Fig. 2. Presenting symptoms of children admitted with a confirmed diagnosis of

COVID-19.
Abbreviation: URTI, upper respiratory tract infection.
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Fig. 3. In-hospital survival of children admitted with a confirmed diagnosis of
COVID-19.

Table 2
Physical signs of children admitted with confirmed diagnosis of COVID-19.

Physical signs PICU no. (%) Regular ward no. (%)  Total no. (%)

Fever (%) 5(71.4) 40 (49.4) 45 (51.1)

Tonsillitis (%) 1(14.3) 2(2.5) 3(34)

Severe respiratory 2(28.6) 1(1.2) 3(34)
distress (%)

Dehydration (%) 3(42.9) 12(14.8) 15(17.1)

Heart failure (%) 1(14.3) 0(0) 1(1.1)

Abbreviations: CI, confidence interval; PICU, paediatric intensive care unit.

Table 3
Type of PCR sampling specimens and their results.

PCR sampling Estimate (95% CI)

Type of specimen

Nasopharyngeal (%) 98.9 (93.8-100)

Endotracheal Aspiration (%) 1.1(0.03-6.2)
Initial positive result (%)* 97.7 (92.0-99.7)
Duration from positive to negative results (mean in days)> 7.9 (5.2-10.5)

2 The remaining were confirmed positive by a second test.
b In a subgroup of patients, repeated RCR test was performed.

Factors associated with mortality included skin rash, hypoten-
sion, heart failure signs, high troponin I, and abnormal liver
enzymes, which are of clinical and laboratory characteristics of pae-
diatric multi-system inflammatory syndrome. Other risk factors for
mortality included hypoxia, chest radiograph suggestive of acute
respiratory distress syndrome, anaemia, leucocytosis, and hyperna-
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tremia. Factors associated with a prolonged LOS (<7 d) included the
presence of comorbidities, leucopoenia, hyponatraemia, and high
serum level of CRP (Table 4).

The most common medications used as COVID-19 regimen in
PICU was hydroxychloroquine, followed by low molecular weight
heparin and antiviral therapy (lopinavir and ritonavir). However,
these medications were not commonly used in the general medical
ward. Table 5 shows the medications that had been used among
patients admitted to the regular ward and PICU.

Discussion

To the best of our knowledge, this is the first multicentre study
on paediatric COVID-19 to be conducted in KSA. However, there
was a multicenter ten case series of MIS-C from Al-Ahsa region of
KSA[25]. The majority of the cases had mild to moderate symptoms
and did not require critical care. This is somewhat similar to the 2
previous major meta-analysis where 98% and 96% of cases had mild
to moderate [30,31] infection. This slightly lower percentage may
be due to the strict protocol endorsed by the Ministry of Health in
Saudi Arabia, in which asymptomatic children were quarantined in
hotels and were not managed in the hospital. The LOS for all cases
was 5.9 days (1-14 days). Factors associated with prolonged LOS
were leukopenia, high CRP, positive blood culture, and comorbidi-
ties (Table 3). Of note, the mean LOS for all non-critical care patients
who did not require oxygen at presentation was 5 days, and 29.5%
of cases required <3 days. In a case series from the UK, the average
LOS for 45 patients was 3 days [32]. In another study, the average
LOS was 12.9 days [33]. In a systematic review and data synthesis
of 52 studies, the median hospital LOS ranged from 4 to 53 days
within China, and 4-21 days outside of China [34].

At presentation, fever was the most prevalent symptom in our
cohort followed by respiratory and gastrointestinal symptoms. Pre-
vious studies showed fever was observed in41% and 59% of all series
while cough was noted between 37% and 46% [27,28,30-34,35-39].
Fever was found in 50% of patients with mild to moderate disease
compared with 71% who needed critical care. In contrast, the mean
saturation of all cases was 96%. Sixteen patients required oxygen on
admission and their mean baseline saturation was 90% with a min-
imum saturation of 80%. Furthermore, 6 out of the 7 cases which
required critical care had hypoxemia at presentation. Therefore,
hypoxemia was a factor that influenced the outcome (Table 3). One
of the first published studies about children from China reported
that 4 (2.3%) out of 171 confirmed cases had saturation <92% [38].

A previous report that summarised clinical findings in 171 PCR-
confirmed cases in Wuhan suggested that approximately 20% of
children and adolescents with SARS-CoV-2 infection did not have
symptoms [36]. During the period when this study was conducted,
the testing capacity for SARS-CoV-2 in KSA had not been ramped
up. Therefore many cases of paediatric COVID-19 were not identi-
fied in the community. While younger children (<3 years) were
more affected, it is reassuring that our data indicate that chil-
dren are generally less severely affected by the SARS-CoV-2 virus,
which probably could be due to the age-associated changes in their
immune systems [40]. These results were obtained even though
infants, whose immune systems are relatively immature [41], com-
prised a considerable proportion of our sample.

Therate of critical disease requiring PICU admission in this study
was 8%, with case fatality rate of 4.5%. Given that many children
with asymptomatic or mild disease were probably never brought
for medical examination and consequently were not screened for
COVID-19,itis highly likely that the case fatality rate is considerably
lower than 4.5%. Our data showed that underlying comorbidity,
high WBC count, high serum sodium, and high CRP significantly
influenced outcomes. Furthermore, factors such as comorbidities,
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Table 4
Factors associated with in-hospital mortality and a prolonged length hospitalisation.
Factor In-hospital mortality Prolonged LOS?
(%) p-Value (%) p-Value
Age 0.224 0.810
>5 years 2.1 375
<5 years 7.5 40.0
Sex 0.172 0.755
Male 8.1 40.5
Female 2.0 373
Nationality 0.889 0.343
Saudi 43 34.0
Non-Saudi 49 43.9
Comorbidities 0.296 <0.001
No 3.1 219
Yes 8.3 83.3
Dyspnoea 0.633 0.198
No 3.7 333
Yes 5.9 47.1
GI symptoms® 0.917 0.893
No 4.7 39.1
Yes 4.2 375
Skin rash <0.001 0.162
No 24 40.0
Yes 66.7 0
Arterial BP <0.001 0.343
Normal 0 40.3
High 9.1 45.5
Low 100 0
Hypoxia <0.001
No 0
Yes 25
Dehydration 0.073 0.905
No 2.7 384
Yes 133 40.0
Heart failure <0.001 0.425
No 35 39.1
Yes 100 0
Chest radiograph <0.001 0.307
Normal 0 36.4
Mild pneumonia 5.9 529
Severe pneumonia 0 50.0
ARDS 100 0
Anaemia 0.006 0.639
No 0 36.8
Yes 129 419
WBC 0.011 0.004
Normal 0 26.0
Low 0 80.0
High 14.3 46.4
Serum Sodium <0.001 0.009
Normal 0 32.9
Low 0 100
High 50 62.5
Hyperkalaemia 0.140 0.554
No 3.7 37.8
Yes 16.7 50.0
GFR (baseline) 0.335 0.302
>90 5.6 0.335 36.1 0.302
<90 0 50.0
LFT <0.001 0.665
Normal 0 38.8
Abnormal 222 444
CRP 0.132 0.003
Normal 1.9 26.4
High 8.8 58.8
Troponin | <0.001 0.359
Normal 0 43.4
High 28.6 57.1
Blood culture 0.083 0.511
Negative 2.7 36.5
Positive 16.7 50.0

Abbreviations: CRP, C-reactive protein; GI, gastrointestinal; GFR, glomerular filtration rate; LFT, liver function test; LOS, length of stay; WBC, white blood cells.
a >7 days.
b Diarrhoea or vomiting.
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Table 5
COVID treatment regimens used during the hospitalisation among children diag-
nosed with COVID-19.

Treatment PICU no. (%) Regular ward no. (%) Total no. (%)
Azithromycin (%) 0(0) 30(37.0) 30(34.1)
Hydroxychloroquine (%) 4(57.1) 3(3.7) 7 (8.0)
Lopinavir/ritonavir (%) 1(14.3) 0(0) 1(1.1)
LMWH (%) 1(14.3) 1(1.2) 2(2.3)

Abbreviations: LMWH, low molecular weight heparin; PICU, paediatric intensive care
unit.

leukopenia, hyponatraemia, and high serum CRP levels were asso-
ciated with prolonged LOS (>7 days). In a previous report, age
<1-month, male sex, signs or symptoms of lower respiratory tract
infection at presentation, and underlying comorbidity were asso-
ciated with a higher likelihood of ICU admission. The investigators
also reported that most intubated children due to respiratory fail-
ure required prolonged ventilation, usually for >1 week. We were
unable to perform subgroup analyses among children who required
intubation due to the small sample size. A recent multinational
study revealed that more severe form of COVID-19 and a high num-
ber of MIS-C in in people of lower socioeconomic level and in Latin
American children, compared with those from China, Europe and
North America [42].

There is considerable uncertainty about the effectiveness of the
available treatment options for COVID-19. In our setting, hydroxy-
chloroquine, lopinavir/ritonavir, and low-molecular-weight hep-
arin were the most frequently used treatment in PICU patients.
However, azithromycin was the most used treatment in patients
admitted to the regular wards. In countries such as Italy and
Spain, hydroxychloroquine has been widely used. Furthermore,
guidelines were enacted to administer antiviral agents due to the
lack of robust human data [43]. A panel from the United States-
based paediatric infectious diseases recommended physicians and
pharmacists, healthcare practitioners should reserve antivirals for
patients with severe disease, preferably within a clinical trial
[44]. The panel of experts seemed to favour the administration
of remdesivir over other antivirals. However, they had differing
opinions regarding the use of lopinavir/ritonavir, mainly because
recent data from a randomised controlled trial showed inconsis-
tent clinical outcomes in patients who received a combination of
lopinavir/ritonavir [43].

Of the four patients with a fatal disease, three satisfied the diag-
nostic criteria for paediatric multisystem inflammatory syndrome
with a high PRISM IV score on admission. This suggests that the
mortality may have been due to paediatric multisystem inflamma-
tory syndrome, which has been described as a severe manifestation
of paediatric COVID-19 [17-20].

Our study has several limitations, including its retrospective
design and small sample size. Consequently, we are unable to con-
clude on the effectiveness of hydroxychloroquine or antivirals on
treatment outcomes. We did not collect comprehensive data on
laboratory investigations or intensive care interventions to avoid
distracting front-line healthcare workers from their primary duties
during the ongoing pandemic. Nevertheless, this study is the first to
provide an account of the clinical characteristics of the SARS-CoV-
2 infection in children and adolescents from the largest tertiary
centres of KSA. In addition we recruited affected children living in
KSA, including children of expatriates who live in KSA. The policy of
the Ministry of Health in KSA is free treatment for all nationalities
affected with COVID19 who live in the KSA.

Conclusion

Fever is the most prevalent presenting sign of COVID-19 in
children requiring hospitalisation. The majority acquired mild dis-
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ease, but a small proportion of children and adolescents developed
severe disease requiring PICU admission. The presence of clinical
manifestations of paediatric multisystem inflammatory syndrome
at the time of presentation was associated with a poor progno-
sis; however, most children were hospitalised for less than seven
days and made a full recovery. A larger study is warranted to deter-
mine factors that are associated with an increased risk of PICU
admission and to determine the effectiveness of currently available
treatments.

Funding

This work was supported by the Deanship of Scientific Research
(DSR) at King Abdul-Aziz University, Jeddah [grant number GCV19-
38-1441].

Competing interests

None declared.

Ethical approval

Not required.

Acknowledgements

The authors acknowledge the Deanship of Scientific Research
(DSR) at King Abdulaziz University, Jeddah, KSA, for technical
and financial support. This work was supported by the College of
Medicine, Research Centre, Deanship of Scientific Research, King
Saud University, Riyadh, KSA.

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.jiph.2021.01.
011.

References

[1] Salata C, Calistri A, Parolin C, Palu G. Coronaviruses: a paradigm of new emerg-
ing zoonotic diseases. Pathog Dis 2019;77, http://dx.doi.org/10.1093/femspd/
ftaa006, ftaa006.

[2] Al-Tawfiq JA, Memish ZA. COVID-19 in the Eastern Mediterranean Region and
Saudi Arabia: prevention and therapeutic strategies. Int J Antimicrob Agents
2020;55:105968, http://dx.doi.org/10.1016/j.ijantimicag.2020.105968.

[3] Yezli S, Khan A. COVID-19 social distancing in the Kingdom of Saudi Arabia:
bold measures in the face of political, economic, social and religious challenges.
Travel Med Infect Dis 2020;37:101692, http://dx.doi.org/10.1016/j.tmaid.2020.
101692.

[4] Center for Systems Science and Engineering (CSSE) at Johns Hopkins Uni-
versity (JHU). Coronavirus COVID-19 global cases by the center for systems
science and engineering (CSSE) at johns hopkins university (JHU); 2020 https://
coronavirus.jhu.edu/map-faq.

[5] COVID19 statistics. Ministry of Health, Kingdom of Saudi Arabia. MOH; 2021.
January https://covid19.moh.gov.sa/.

[6] Rasmussen SA, Thompson LA. Coronavirus disease 2019 and children: what

pediatric health care clinicians need to know. JAMA Pediatr 2020;174, http://

dx.doi.org/10.1001/jamapediatrics.2020.1224.

Kazzaz YM, Alkhalaf H, Alharbi M, Al Shaalan M, Almuneef M, Alshehri A, et al.

Hospital preparedness and management of pediatric population during COVID-

19 outbreak. Ann Thorac Med 2020;15:107-17, http://dx.doi.org/10.4103/atm.

ATM_212_20.

Vos ERA, den Hartog G, Schepp RM, Kaaijk P, van Vliet ], Helm K, et al. Nation-

wide seroprevalence of SARS-CoV-2 and identification of risk factors in the

general population of the Netherlands during the first epidemic wave. ] Epi-
demiol Community Health 2020;0:1-7, http://dx.doi.org/10.1136/jech-2020-

215678.

[9] Livingston E, Bucher K. Coronavirus disease 2019 (COVID-19) in Italy. JAMA
2020;323:1335, http://dx.doi.org/10.1001/jama.2020.4344.

[10] Tagarro A, Epalza C, Santos M, Sanz-Santaeufemia FJ], Otheo E, Moraleda C,

et al. Screening and severity of coronavirus disease 2019 (COVID-19) in chil-

[7

[8

548


https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
https://doi.org/10.1016/j.jiph.2021.01.011
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1093/femspd/ftaa006
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.ijantimicag.2020.105968
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
dx.doi.org/10.1016/j.tmaid.2020.101692
https://coronavirus.jhu.edu/map-faq
https://coronavirus.jhu.edu/map-faq
https://coronavirus.jhu.edu/map-faq
https://coronavirus.jhu.edu/map-faq
https://coronavirus.jhu.edu/map-faq
https://coronavirus.jhu.edu/map-faq
https://covid19.moh.gov.sa/
https://covid19.moh.gov.sa/
https://covid19.moh.gov.sa/
https://covid19.moh.gov.sa/
https://covid19.moh.gov.sa/
https://covid19.moh.gov.sa/
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.1001/jamapediatrics.2020.1224
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.4103/atm.ATM_212_20
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1136/jech-2020-215678
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344
dx.doi.org/10.1001/jama.2020.4344

J.A.Karietal.

dren in Madrid, Spain. JAMA Pediatr 2020:e201346, http://dx.doi.org/10.1001/
jamapediatrics.2020.1346.

[11] CDC COVID-19 response team. Coronavirus disease 2019 in children —
United States, February 12-April 2, 2020. MMWR Morb Mortal Wkly Rep
2020;69:422-6, http://dx.doi.org/10.15585/mmwr.mm6914e4.

[12] Goétzinger F, Santiago-Garcia B, Noguera-Julidn A, Lanaspa M, Lancella L, Calo
Carducci F, et al. COVID-19 in children and adolescents in Europe: a multina-
tional, multicentre cohort study. Lancet Child Adolesc Health 2020;4:653-61,
http://dx.doi.org/10.1016/S2352-4642(20)30177-2.

[13] Martinez DA, Hinson ]S, Klein EY, Irvin NA, Saheed M, Page KR, et al. SARS-
CoV-2 positivity rate for latinos in the Baltimore-Washington, DC region. JAMA
2020;324:392-5, http://dx.doi.org/10.1001/jama.2020.11374.

[14] Kim L, Whitaker M, O’Halloran A, Kambhampati A, Chai SJ, Reingold A, et al.
Hospitalization rates and characteristics of children aged <18 years hospitalized
with laboratory-confirmed COVID-19 — COVID-NET, 14 states, March 1-July
25, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1081-8, http://dx.doi.org/
10.15585/mmwr.mm6932e3.

[15] Goyal MK, Simpson JN, Boyle MD, Badolato GM, Delaney M, McCarter R, et al.
Racial and/or ethnic and socioeconomic disparities of SARS-CoV-2 infection
among children. Pediatrics 2020;146:2020009951, http://dx.doi.org/10.1542/
peds.2020-009951.

[16] Bailey LC, Razzaghi H, Burrows EK, Bunnell HT, Camacho PEF, Christakis
DA, et al. Assessment of 135 794 pediatric patients tested for severe
acute respiratory syndrome coronavirus 2 across the United Atates. JAMA
Pediatr 2020:e205052, http://dx.doi.org/10.1001/jamapediatrics.2020.5052.
Online ahead of print.

[17] Kaushik S, Aydin SI, Derespina KR, Bansal PB, Kowalsky S, Trachtman R, et al.
Multisystem inflammatory syndrome in children associated with severe acute
respiratory syndrome coronavirus 2 infection (MIS-C): a multi-institutional
study from New York City. ] Pediatr 2020;224:24-9, http://dx.doi.org/10.1016/
j.jpeds.2020.06.045.

[18] Belhadjer Z, Méot M, Bajolle F, Khraiche D, Legendre A, Abakka S, et al. Acute
heart failure in multisystem inflammatory syndrome in children in the context
of global SARS-CoV-2 pandemic. Circulation 2020;142:429-36, http://dx.doi.
org/10.1161/CIRCULATIONAHA.120.048360.

[19] Ramcharan T, Nolan O, Lai CY, Prabhu N, Krishnamurthy R, Richter AG, et al.
Paediatric inflammatory multisystem syndrome: temporally associated with
SARS-CoV-2 (PIMS-TS): cardiac features, management and short-term out-
comes at a UK Tertiary Paediatric Hospital. Pediatr Cardiol 2020;41:1391-401,
http://dx.doi.org/10.1007/s00246-020-02391-2.

[20] Whittaker E, Bamford A, Kenny ], Kaforou M, Jones CE, Shah P, et al. Clini-
cal characteristics of 58 children with a pediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2. JAMA 2020;324:259-69,
http://dx.doi.org/10.1001/jama.2020.10369.

[21] Kormann R, Jacquot A, Alla A, Corbel A, Koszutski M, Voirin P, et al. Coronavi-
rus disease 2019: acute Fanconi syndrome precedes acute kidney injury. Clin
Kidney ] 2019;13:362-70, http://dx.doi.org/10.1093/ckj/sfaa109.

[22] Al-Omari A, Alhugbani WN, Zaidi ARZ, Al-Subaie MF, AlHindi AM, Abogosh
AK, et al. Clinical characteristics of non-intensive care unit COVID-19 patients
in Saudi Arabia: a descriptive cross-sectional study. ]J Infect Public Health
2020;13:1639-44, http://dx.doi.org/10.1016/j.jiph.2020.09.003.

[23] Alsofayan YM, Althunayyan SM, Khan AA, Hakawi AM, Assiri AM. Clinical char-
acteristics of COVID-19 in Saudi Arabia: a national retrospective study. ] Infect
Public Health 2020;13:920-5, http://dx.doi.org/10.1016/].jiph.2020.05.026.

[24] Sumayyah K, Saleh H, Raja M, Dina B. Pediatric COVID-19 patients in Jeddah,
Saudi Arabia: clinical, laboratory and radiological aspects. ] Biomed Sci 2020;9,
http://dx.doi.org/10.36648/2254-609X.9.3.7.

[25] Almoosa ZA, Al Ameer HH, AlKadhem SM, Busaleh F, AlMuhanna FA, Kattih O.
Multisystem inflammatory syndrome in children, the real disease of COVID-19
in pediatrics — a multicenter case series from Al-Ahsa, Saudi Arabia. Cureus
2020;12:e11064, http://dx.doi.org/10.7759/cureus.11064.

[26] Pollack MM, Holubkov R, Funai T, Dean JM, Berger JT, Wessel DL, et al. The pedi-
atric risk of mortality score: update 2015. Pediatr Crit Care Med 2016;17:2-9,
http://dx.doi.org/10.1097/PCC.0000000000000558.

Journal of Infection and Public Health 14 (2021) 543-549

[27] WHO. Laboratory testing strategy recommendation for COVID19: Interim

guidance. https://www.who.int/publications/i/item/laboratory-testing-
strategy-recommendations-for-covid-19-interim-guidance. (Accessed 30
June 2020).

[28] El-Kafrawy SA, El-Daly MM, Hassan AM, Kaki RM, Abuzenada AM, Kamal
MA, et al. A direct method for RT-PCR detection of SARS-CoV-2 in clin-
ical samples. Healthcare 2021;9(January (37)), http://dx.doi.org/10.3390/
healthcare9010037.

[29] World Health Organization. Multisystem inflammatory syndrome in children
(MIS-C) and adolescent with COVID-19. World Health. https://www.who.int/
news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-
children-and-adolescents-with-covid-19.

[30] Chang TH, Wu ]JL, Chang LY. Clinical characteristics and diagnostic challenges
of pediatric COVID-19: a systematic review and meta-analysis. ] Formos Med
Assoc 2020;119:982-99, http://dx.doi.org/10.1016/j.jfma.2020.04.007.

[31] Mantovani A, Rinaldi E, Zusi C, Beatrice G, Saccomani MD, Dalbeni A. Coronavi-
rus disease 2019 (COVID-19) in children and/or adolescents: a meta-analysis.
Pediatr Res 2020, http://dx.doi.org/10.1038/s41390-020-1015-2. Online ahead
of print.

[32] Kanthimathinathan HK, Dhesi A, Hartshorn S, Ali SH, Kirk ], Nagaku-
mar P, et al. COVID-19: a UK children’s hospital experience. Hosp Pediatr
2020;10(9):802-5, http://dx.doi.org/10.1542/hpeds.

[33] Xia W, Shao ], Guo Y, Peng X, Li Z, Hu D. Clinical and CT features in pediatric
patientwith COVID-19 infection: different points from adults. Pediatr Pulmonol
2020;55(5):1169-74.

[34] Rees EM, Nightingale ES, Jafari Y, Waterlow NR, Clifford S, Pearson CAB, et al.
COVID-19 length of hospital stay: a systematic review and data synthesis. BMC
Med 2020;18(1):270.

[35] Liguoro I, Pilotto C, Bonanni M, Ferrari ME, Pusiol A, Nocerino A, et al. SARS-
COV-2 infection in children and newborns: a systematic review. Eur J Pediatr
2020;179:1029-46, http://dx.doi.org/10.1007/s00431-020-03684-7.

[36] Ding Y, Yan H, Guo W. Clinical characteristics of children with COVID-19: a
meta-analysis. Front Pediatr 2020;8:431, http://dx.doi.org/10.3389/fped.2020.
00431.

[37] Yu Y, Chen P. Coronavirus disease 2019 (COVID-19) in neonates and children
from china: areview. Front Pediatr 2020;8:287, http://dx.doi.org/10.3389/fped.
2020.00287.

[38] Parri N, Lenge M, Buonsenso D, Coronavirus Infection in Pediatric Emergency
Departments (CONFIDENCE) Research Group. Children with Covid-19 in pedi-
atric emergency departments in Italy. N Engl ] Med 2020;383:187-90, http://
dx.doi.org/10.1056/NEJMc2007617.

[39] LuX, Zhang L, DuH, Zhang J, Li YY, QuJ, et al. SARS-CoV-2 infection in children.
N Engl ] Med 2020;382:1663-5, http://dx.doi.org/10.1056/NEJMc2005073.

[40] Malaguarnera L, Ferlito L, Imbesi RM, Gulizia GS, Di Mauro S, Maugeri D, et al.
Immunosenescence: a review. Arch Gerontol Geriatr 2001;32:1-14, http://dx.
doi.org/10.1016/s0167-4943(00)00086-8.

[41] Kollmann TR, Kampmann B, Mazmanian SK, Marchant A, Levy O. Protect-
ing the newborn and young infant from infectious diseases: lessons from
immune ontogeny. Immunity 2017;46:350-63, http://dx.doi.org/10.1016/j.
immuni.2017.03.009.

[42] Antinez-Montes OmarYassef, Escamilla Maria Isabel, Figueroa-Uribe Augusto
Flavio, Arteaga-Menchaca Erick, et al. COVID-19 and multisystem inflammatory
syndrome in latin american children: a multinational study. Pediatr Infect Dis
12021;40(1):e1-6.

[43] Chiotos K, Hayes M, Kimberlin DW, Jones SB, James SH, Pinninti SG, et al.
Multicenter initial guidance on use of antivirals for children with COVID-
19/SARS-CoV-2.] Pediatric Infect Dis Soc 2020, http://dx.doi.org/10.1093/jpids/
piaa045, piaa045. Online ahead of print.

[44] Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A trial of lopinavir-ritonavir
in adults hospitalized with severe Covid-19. N Engl ] Med 2020;382:1787-99,
http://dx.doi.org/10.1056/NEJM0a2001282.

549


dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.1001/jamapediatrics.2020.1346
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.15585/mmwr.mm6914e4
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1016/S2352-4642(20)30177-2
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.1001/jama.2020.11374
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.15585/mmwr.mm6932e3
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1542/peds.2020-009951
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1001/jamapediatrics.2020.5052
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1161/CIRCULATIONAHA.120.048360
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1093/ckj/sfaa109
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.09.003
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.1016/j.jiph.2020.05.026
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.36648/2254-609X.9.3.7
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.7759/cureus.11064
dx.doi.org/10.1097/PCC.0000000000000558
dx.doi.org/10.1097/PCC.0000000000000558
dx.doi.org/10.1097/PCC.0000000000000558
dx.doi.org/10.1097/PCC.0000000000000558
dx.doi.org/10.1097/PCC.0000000000000558
dx.doi.org/10.1097/PCC.0000000000000558
dx.doi.org/10.1097/PCC.0000000000000558
dx.doi.org/10.1097/PCC.0000000000000558
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
https://www.who.int/publications/i/item/laboratory-testing-strategy-recommendations-for-covid-19-interim-guidance
dx.doi.org/10.3390/healthcare9010037
dx.doi.org/10.3390/healthcare9010037
dx.doi.org/10.3390/healthcare9010037
dx.doi.org/10.3390/healthcare9010037
dx.doi.org/10.3390/healthcare9010037
dx.doi.org/10.3390/healthcare9010037
dx.doi.org/10.3390/healthcare9010037
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1016/j.jfma.2020.04.007
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1038/s41390-020-1015-2
dx.doi.org/10.1542/hpeds
dx.doi.org/10.1542/hpeds
dx.doi.org/10.1542/hpeds
dx.doi.org/10.1542/hpeds
dx.doi.org/10.1542/hpeds
dx.doi.org/10.1542/hpeds
dx.doi.org/10.1542/hpeds
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0165
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0170
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.1007/s00431-020-03684-7
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00431
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.3389/fped.2020.00287
dx.doi.org/10.1056/NEJMc2007617
dx.doi.org/10.1056/NEJMc2007617
dx.doi.org/10.1056/NEJMc2007617
dx.doi.org/10.1056/NEJMc2007617
dx.doi.org/10.1056/NEJMc2007617
dx.doi.org/10.1056/NEJMc2007617
dx.doi.org/10.1056/NEJMc2007617
dx.doi.org/10.1056/NEJMc2005073
dx.doi.org/10.1056/NEJMc2005073
dx.doi.org/10.1056/NEJMc2005073
dx.doi.org/10.1056/NEJMc2005073
dx.doi.org/10.1056/NEJMc2005073
dx.doi.org/10.1056/NEJMc2005073
dx.doi.org/10.1056/NEJMc2005073
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/s0167-4943(00)00086-8
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
dx.doi.org/10.1016/j.immuni.2017.03.009
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
http://refhub.elsevier.com/S1876-0341(21)00013-7/sbref0210
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1093/jpids/piaa045
dx.doi.org/10.1056/NEJMoa2001282
dx.doi.org/10.1056/NEJMoa2001282
dx.doi.org/10.1056/NEJMoa2001282
dx.doi.org/10.1056/NEJMoa2001282
dx.doi.org/10.1056/NEJMoa2001282
dx.doi.org/10.1056/NEJMoa2001282
dx.doi.org/10.1056/NEJMoa2001282

