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Abstract 
Since December 2019, an outbreak of coronavirus disease 2019 
(COVID-19) with a high morbidity and mortality rate has 
spread globally and affected all age groups. Children can carry 
and transmit the novel coronavirus, but usually do not develop 
severe disease. The number of children who contracted 
coronavirus disease 2019 has increased significantly; however, 
compared to adults, there have been fewer reported cases of 
COVID-19 in the pediatric population. This review is mainly 
about the epidemiological features, clinical findings, laboratory 
tests, imaging, and treatment recommendations in children with 
COVID-19 disease. 
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Introduction 
In December 2019, a sudden outbreak of a new 
infectious disease first appeared in Wuhan, Hubei 
Province, China, but has now become a pandemic 
that is spreading rapidly around the world (1, 2). On 
January 7, 2020, a new type of coronavirus was 
successfully identified by the China Center for 
Disease Control and Prevention (1). And on January 
12, 2020, the World Health Organization (WHO) 
temporarily named the virus 2019-nCoV. Later on 
February 11, 2020, the International Committee on 
Taxonomy of Viruses (ICTV) proposed naming the 
new virus SARS-CoV-2 because of its resemblance 
to SARS which emerged in 2003 (3). Accordingly, 
WHO named the disease caused by SARS-CoV-2 
infection COVID-19. A few weeks after the initial 
reports of the infection, the prevalence of COVID-
19 in South Korea, Iran, and Italy was reported, and 
several European, Asian, and North and South 
American countries also reported cases of the 
disease. Finally, on March 11, 2020, COVID-19 
was declared a pandemic by WHO (4).  

 
 
Many studies have examined the symptoms, 
characteristics, and treatment of COVID-19 in 
adults. Compared to adults, COVID-19 has been 
reported to be significantly less prevalent in 
children (5). This study aims to identify 
epidemiological features, clinical findings, 
laboratory tests, imaging, and treatment 
recommendations in children with COVID-19 
disease. 
 
Epidemiology 
In the early days of the outbreak and before January 
22, 2020, no cases of children under the age of 15 
years were reported in Wuhan, among the 425 
laboratory-confirmed COVID-19 patients (6). 
However, in another study conducted on January 
29, 2020, among the 1,099 patients diagnosed, 0.9% 
of them were under 15 years of age, indicating that 
the disease could spread across the entire age range 
(7). Children of all ages can be infected with 
COVID-19, even young children and newborns (8). 

http://journals.sbmu.ac.ir/jpn
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In a study on 44,677 confirmed COVID-19 cases in 
China, 2% of patients were between 0 and 19 years 
old, and 0.9% were under 10 years old (9). Italian 
data released on March 18, 2020 reported that 1.2% 
of 22,512 Italians with COVID-19 were under the 
age of 18 years, and no death was reported in this 
age group (10). In the United States, as of March 16, 
2020,  5% of 4,226 patients were children under 19 
years old (11); and in a systematic review study 
conducted between January 1 and March 18, 2020, 
children made up between 1 and 5% of COVID-19 
patients (12). Conversely, an investigation on 
COVID-19 in Shenzhen, China, found that the rate 
of infection in children under 10 years of age (equal 
to 7.4%) was similar to the average population 
(7.9%) (13). Jiehao et al., in a work on children with 
COVID-19, reported that the age group of children 
with the disease was between 3 and 131 months 
with an average of 74 months, and the ratio of boys 
to girls was 1 to 1.5 (5). In contrast, in a research 
work by Dong et al., which was conducted on 2143 
children with a mean age of 7 years, 56.6% were 
male patients (14). In a report on 171 children by 
LU et al., the average age of children was 6.7 years, 
and 60.8% were boys (15). According to the United 
States data, 2,572 children with COVID-19 had an 
average age of 11 years and 57% were boys (16). 
Out of 184 children in that study whose exposure 
information was available, 9% had a recent travel 
history and 91% had a history of contact with a 
COVID-19 patient in the family or community (16). 
 
Clinical Findings 
The incubation period in children is usually about 2 
days (with a range of 2 to 10 days) (5). The SARS-
CoV-2 virus uses its spike protein for binding to 
angiotensin-converting enzyme 2 (ACE2) receptors 
to replicate and spreads from infected cells to other 
cells (17). Also, the symptoms of the disease are 
milder in children than in adults (14). Few children 
need to be hospitalized. In a study in the United 
States, 147 children were hospitalized, and 15 
children were admitted to the ICU, among 752 
children with hospitalization information (16). In 
addition, among the 291 children whose symptoms 
information was available, 56% had fever, 54% had 
cough, and 13% had shortness of breath. Also, 
myalgia, sore throat, headache and diarrhea have 
been rarely reported in sick children (16). Another 
study at Wuhan Children's Hospital examined 171 
children with confirmed disease, and the most 

common symptoms were cough (48.5%), 
pharyngeal arrhythmia (46.2%) and fever of at least 
37.5 ºC (41.5%) (15). Other symptoms included 
diarrhea (8.8%), fatigue (7.6%), rhinorrhea (7.6%), 
and vomiting (6.4%). Furthermore, 2.3% of 
children had a blood oxygen saturation of less than 
92%, 28.7% had a tachypnea, and 42.1% had a 
tachycardia (15). In a research work by Xia et al., 
they reported fever (which is defined as the axillary 
temperature above 37.3 ºC) in 60% of cases, cough 
in 65%, diarrhea in 15%, rhinorrhea in 15%, sore 
throat in 5%, vomiting in 10%, tachypnea in 10%, 
and fatigue in 5% of cases (17). Physical 
examination of the moist rales was observed in 15% 
of cases, retraction in 5%, and cyanosis in 5% of 
patients (18). According to Dong et al., the severity 
of the disease in children was classified as 4.4% 
asymptomatic, 51.0% mild, and 38.7% moderate, 
accounting for a total of 94.1%, while severe and 
critical cases made up 6.7% and 0.7%, respectively 
(14).  
In some cases, gastrointestinal symptoms can be the 
main and primary symptoms of the disease (19, 
20).Some pediatric cardiologists have warned about 
the unusual manifestation of Kawasaki disease 
associated with COVID-19. The first published case 
of the classic Kawasaki disease associated with 
COVID-19 was announced late April at a hospital 
in Stanford, California, in which a 6-month-old 
infant was initially diagnosed with fever and rash 
(21). Since then, several other cases of this unusual 
COVID-19 manifestation have been reported in 
children, and a case-series from Iran is also being 
collected.  
Infants usually have a milder illness (8, 22); on the 
other hand, it may be difficult to find symptoms in 
infants (23). Some symptoms such as irritability, 
decreased response, and poor nutrition can be a sign 
of infection (20). In a study on newborns of mothers 
with COVID-19, all infants were tested negative, so 
there is no evidence that COVID-19 is 
transplacentally transmitted (24). Farhat et al. in 
Mashhad, in a work on 25 pregnant women, fifteen 
mothers had prenatal symptoms suspected of the 
corona virus with 10 having postpartum symptoms. 
The coronavirus test was performed with a 
pharyngeal swab or tracheal tube sample (R.T 
PCR), and was positive in only 4 infants (25). 
Although a mild or moderate disease is most 
common in children, COVID-19 can be severe, 
especially in children with underlying diseases. Out 
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of the 345 children with COVID-19 studied in the 
United States, 23% had at least one underlying 
disease (16). The most common underlying diseases 
in those children were chronic lung disease 
(including asthma), heart disease, and immune 
system defects (16). In general, children have 
milder symptoms, faster recovery, and better 
prognosis than adults (26, 27). 
 
Laboratory tests 
In a work by Henry et al., who summarized the 
findings from 12 studies on 66 children, they found 
that 69.2% of children had a normal number of 
leukocytes and neutrophilia (4.6%) and neutropenia 
(6.0%). Only 2 children (3.0%) had 
lymphocytopenia. C-Reactive Protein (CRP) 
increased in 13.6% and procalcitonin in 10.6% of 
cases (28). In the study by Cai Jiehao et al., the 
average laboratory tests results were reported and 
shown in Table 1. It was also announced that 2019-
nCoV RNA was detected 4-48 hours after the onset 
of symptoms in nasopharyngeal and throat swabs of 
all patients, and it became undetectable 6-22 days 
(average 12 days) after the onset of the disease. In 
six patients, a fecal sample was tested for 2019-
nCoV RNA within 3-13 days after the onset of the 
disease, and 5 (83.3%) were positive. At the time of 
publication of their findings, those five patients still 
had 2019-nCoV RNA detected in feces within 18-
30 days after the illness onset. Also, serum and urine 
samples of these five patients were tested for 2019-
nCoV RNA, which were reported to be negative (5). 
 
 

Table 1. Average laboratory tests in the study of Cai 
Jiehao et al (5). 

Item Value 
White blood cell count  7.35×109 /L  
C-reactive protein (CRP)  7.5 mg/L  
Procalcitonin  0.07 ng/dL  
Creatine kinase-MB  23 U/L  
Alanine aminotransferase  18.5 U/L  
Aspartate aminotransferase  27.7 U/L  
Urea  3.1 mmol/L  
Creatinine  35.5 μmol/L  
Lactate dehydrogenase  25 U/L  
D-dimer  0.45 μg/mL  
Influenza virus A and B   Negative 

 

Imaging 
Lu et al. reported that the ground-glass opacities 
were observed in one-third (33%) of the 171 
children diagnosed with COVID-19, and local and 
bilateral patchy shadowing were seen in 18.7% and 
12.3% of cases, respectively (15). Another study 
looked at five children, and three showed moderate 
patchy ground-glass opacities in the CT Scan (29). 
Reported by other works, some patients with mild 
COVID-19 have had normal findings on the CT 
scan (30-33). Xia et al. examined 20 children’s CT 
scan results and found that 16 (80%) were 
abnormal: 10 patients (50%) had halo sign 
consolidation, 12 patients (60%) had ground-glass 
opacities, 4 patients had fine mesh shadow, and 
small nodules were observed in 3 patients (15%) 
(18). Pleural effusion has also been reported in a 
number of children with COVID-19 (31, 34, 35). 
 
Diagnosis 
Children should be evaluated according to 
complaints, clinical findings, and a history of 
exposure to an infected person. Nucleic acid testing 
(NAT) or real-time polymerase chain reaction 
(PCR) with new fluorescent techniques has been 
proposed as the gold diagnostic standard for all 
patients suspected of contracting COVID-19 (36-
38). Nevertheless, these tests have disadvantages 
such as being time-consuming and unavailable, also 
having false negative results that can be improved 
by repeated sampling (39). It is recommended that 
all findings from contact history, clinical features, 
number of blood cells, and CT scans of the chest, 
along with  NAT/PCR tests, are considered as the 
standard diagnostic protocols in suspected children 
(22, 40). In a research work on 205 patients with 
COVID-19, the bronchoalveolar lavage fluid 
sample showed the highest positive result (93%), 
followed by sputum (72%), nasal swab (63%), 
fibrobronchoscopic biopsy (46%), pharyngeal swab 
(32%), feces (29%), and blood (1%). None of the 72 
urine samples was positive (41). 
 
Management and treatment 
Asymptomatic COVID-19 children should be 
isolated at home for two weeks to prevent the spread 
of the virus. Symptomatic children should be 
screened for red flags, including hypoxia (less than 
90% blood oxygen concentration), respiratory 
fatigue or acute hypercapnia, decreased level of 
consciousness, and hemodynamic instability (40). 
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Patients with mild symptoms and no red flag should 
be isolated at home, and supportive treatments 
(including fluid and electrolyte replacement, 
antipyretics, analgesics, oxygenation, and 
respiratory support) may be administered. Parents 
should be advised on prevention of the spread to 
other family members as well as the danger signs in 
children to return to hospital in case of any signs of 
danger. Children with a red flag, underlying disease, 
or with severe pneumonia should be hospitalized 
(40).  
There is no need for routine antibiotic treatment. If 
there is any clinical or laboratory evidence of a 
secondary bacterial infection, appropriate 
antibiotics should be prescribed (23). There is 
insufficient evidence to suggest that 
hydroxychloroquine or chloroquine is effective in 
the treatment of COVID-19. There are however 
laboratory studies which showed that chloroquine 
and hydroxychloroquine inhibit SARS-CoV-2 
under laboratory conditions, and 
hydroxychloroquine appears to be stronger (42). 
The Chinese National Health Commission 
recommends the use of chloroquine and states that 
the progression of the disease and the duration of 
symptoms are reduced (43). Also, the Infectious 
Diseases Society of America  (IDSA) recommends 
hydroxychloroquine/chloroquine for the treatment 
of COVID-19 in the field of clinical trials, but states 
that there is a knowledge gap (44). In a study, the 
recommended dose of hydroxychloroquine for 
children was 3-5 mg per kg per day (a maximum 
dose of 400 mg) to be prescribe twice daily for five 
days while carefully monitoring for cardiac 
arrhythmias, including QT prolongation and 
torsades de pointes (TdP) (40). Another research 
found that a treatment with hydroxychloroquine 
was significantly associated with a decrease or 
disappearance of viral load in COVID-19 patients, 
and that its effect was enhanced by azithromycin 
(45). While another study found no evidence of 
strong antiviral activity or clinical benefits of 
combining hydroxychloroquine and azithromycin 
to treat patients with a severe COVID-19 (46). 
High-dose surfactants, nitric oxide, corticosteroids, 
and interferon-α2b nebulization should be 
considered for children with critical illness (36, 47). 
 
Conclusion 
The COVID-19 pandemic has made the patient 
management and disease control more challenging. 

Because the disease is so prevalent and there are no 
specific guidelines for diagnosis and treatment, 
especially in children, it has created many problems 
for the health care system. According to the data 
presented in this review article, this pandemic seems 
to be less serious for children than for adults. 
However, children infected with COVID-19 are 
more asymptomatic and can be the leading cause of 
disease spread in communities. Precautions should 
be taken to carefully control the infection and 
prevent it. This article also summarizes the 
treatment recommendations. 
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