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Summary: Since December 2019, COVID-19 has occurred unexpectedly and emerged as a health
problem worldwide. Despite the rapidly increasing number of cases in subsequent weeks, the
clinical characteristics of pediatric cases are rarely described. A cross-sectional multicenter study
was carried out in 10 hospitals across Hubei province. A total of 25 confirmed pediatric cases of
COVID-19 were collected. The demographic data, epidemiological history, underlying diseases,
clinical manifestations, laboratory and radiological data, treatments, and outcomes were analyzed.
Of 25 hospitalized patients with COVID-19, the boy to girl ratio was 1.27:1. The median age was
3 years. COVID-19 cases in children aged <3 years, 3–6 years, and ≥6-years patients were 10
(40%), 6 (24%), and 9 (36%), respectively. The most common symptoms at onset of illness were
fever (13 [52%]), and dry cough (11 [44%]). Chest CT images showed essential normal in 8 cases
(33.3%), unilateral involvement of lungs in 5 cases (20.8%), and bilateral involvement in 11 cases
(45.8%). Clinical diagnoses included upper respiratory tract infection (n=8), mild pneumonia (n=15),
and critical cases (n=2). Two critical cases (8%) were given invasive mechanical ventilation,
corticosteroids, and immunoglobulin. The symptoms in 24 (96%) of 25 patients were alleviated and
one patient had been discharged. It was concluded that children were susceptible to COVID-19 like
adults, while the clinical presentations and outcomes were more favorable in children. However,
children less than 3 years old accounted for majority cases and critical cases lied in this age group,
which demanded extra attentions during home caring and hospitalization treatment.
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Since December 2019, an epidemic caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has occurred unexpectedly
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in Wuhan, Hubei Province, China, and it had quickly
spread from Wuhan to the other areas in China and
abroad[1–4]. The World Health Organization named this
novel coronavirus disease, COVID-19, which was
known as the novel conoravirus pneumonia (NCP) in
China. Full-genome sequencing analysis indicated that
SARS-CoV-2 has 89% nucleotide identity with bat
SARS-like-CoVZXC21 and 82% with that of human
SARS-CoV[5]. According to the updated information
from National Health Commission of the People’s
Republic China, by February 15, 2020, the current
epidemic status has shown a total of 69 110 confirmed
cases in the worldwide, and 68 584 confirmed cases,
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8228 suspected cases with 1666 deaths reported around
31 provinces and cities in China[6]. In recent weeks,
emerging studies have reported that most patients with
COVID-19 had an epidemiological history including
a travel or residence history in Wuhan City and
neighboring areas, and contacting with confirmed or
suspected cases[7]. The main clinical features of adult
patients included fever, dry cough, dyspnea, myalgia,
fatigue, normal leukocyte counts or leukopenia, and
radiographic evidence of pneumonia[8]. COVID-19
was more likely to affect older men with comorbidities
and could result in acute respiratory distress syndrome
(ARDS)[9]. Wang et al[10] elaborated hospital-related
transmission of COVID-19 was suspected in 41%
of patients, 26% of patients received ICU care, and
mortality was 4.3%. Compared to adults, the number
of reported pediatric patients is limited[11, 12], and
the clinical characteristics of pediatric COVID-19
was rarely reported. The objective of this study is to
describe the clinical characteristics of 25 hospitalized
pediatric COVID-19.
1 PARTICIPANTS AND METHODS
1.1 Study Design and Participants
We did a retrospective study including data from
an established network of 10 purposely selected public
hospitals situated in Wuhan urban and peri-urban
areas of Wuhan. This case series was approved by the
institutional ethics board of Tongji Medical College,
Huazhong University of Science and Technology.
Inpatient records included all children aged 1 month–14
years admitted to hospital with COVID-19 between
February 1, 2020, and February 10, 2020. Diagnostic
criteria for COVID-19 were determined according to
the recommendation for the diagnosis and treatment of
novel coronavirus infection in children in Hubei (Trial
version 1)[13]. Oral consent was obtained from patients’
parents.
1.2 Data Collection
The medical records of patients were analyzed
by a trained team of physicians from the department
of pediatrics in ten hospitals. All patients were
confirmed by the test positive for SARS-CoV-2.
Demographic data, medical history, epidemiological
history, underlying diseases, clinical symptoms, signs,
laboratory data, radiological characteristics, treatments
and outcomes were obtained with collection forms from
electronic medical records. Epidemiological history
was confirmed if they met any one of the following
criteria: (1) children with travel or residence history
in Wuhan City and neighboring areas, or other areas
with persistent local transmission within 14 days prior
to disease onset; (2) children with a history of contact
with patients with fever or respiratory symptoms who
had travel or residence history in Wuhan City and
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neighboring areas, or in other areas with persistent local
transmission within 14 days prior to disease onset; (3)
children with a history of contact with confirmed or
suspected cases of COVID-19 within 14 days prior to
disease onset; and (4) children who were related with a
cluster outbreak.
1.3 Procedures
Throat swab and/or nasal-pharyngeal swab samples
were collected for extracting RNA from suspected
patients with SARS-CoV-2 infection. After collection,
the samples were placed into a collection tube with 150
μL of virus preservation solution, and total RNA was
extracted within 2 h using the respiratory sample RNA
isolation kit (Zhongzhi, Wuhan, China). The detailed
procedures had been described by Huang et al[7]. These
diagnostic criteria were determined according to the
recommendation by the National Institute for Viral
Disease Control and Prevention, China.
Lab investigations included a complete blood
count and serum biochemical tests for liver function,
lactate dehydrogenase, electrolytes, coagulation,
and C-reactive protein (CRP). Nasal and pharyngeal
throat swabs were tested for common pathogens,
including influenza A and B virus, respiratory syncytial
virus, adenovirus, parainﬂuenza virus, mycoplasma
pneumoniae, and chlamydia pneumoniae using realtime RT-PCR assays approved by the China Food and
Drug Administration. Routine bacterial examinations
were also performed.
Patients were performed on chest computer
tomography (CT) scans. Radiological diagnosis was
reviewed by two experienced chest radiologists.
1.4 Statistical Analysis
Continuous variables were described using
mean, median, and interquartile range (IQR) values.
Categorical variables were described as percentages and
compared using the χ2 test, although the Fisher exact test
was used when data were limited. Continuous variables
were compared using independent group t tests when
the data were normally distributed. Otherwise, the
Mann-Whitney test was used. All statistical analyses
were analyzed using Graph Pad Prism 6.0 software
(USA). A two-sided P of less than 0.05 was considered
statistically significant.
2 RESULTS
2.1 Demographics Characteristics
A total of 25 patients with COVID-19 were
included in this study. There were 14 (56%) males
and 11 (44%) females with the boy to girl ratio being
1.27:1. The median age was 3 years (IQR, 2–9 years;
range, 3 months–14 years). Children aged <3 years,
3–6 years, and ≥6 years were 10 (40%), 6 (24%), and
9 (36%) respectively. Most patients were previously
healthy and only 2 had underlying disease. One
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patient had congenital heart diseases, malnutrition, and
suspected hereditary metabolic diseases. The other one
had congenital heart disease. Both of them had already
undergone operations.
2.2 Epidemiological and Clinical Characteristics
Twenty-one
(84%)
had
epidemiological
contact history and only 4 patients didn’t have any
epidemiological history (table 1). Clinical diagnoses
included upper respiratory tract infection (URI) (n=8),
mild pneumonia (n=15), and critical cases (n=2). 14
of 25 patients (56%) aged less than 6 years had mild
illness. Patients had an uneven age distribution. The
high incidence of infection was noted to be aged <3
years (40%) (fig. 1). The most common symptoms at
onset of illness were fever [13 (52%)], followed by dry
cough [11 (44%)], diarrhea [3 (12%)], nasal congestion
[2 (8%)], dyspnea [2 (8%)], abdominal pain [2 (8%)],
and vomiting [2 (8%)] (table 2).
Table 1 Demographic and epidemiologic characteristics of 25
pediatric patients with COVID-19
Characteristics
Value
Age (years)
Median (IQR)
3 (2–9)
Subgroup, No. (%)
1 month–3 years
10 (40)
3–6 years
6 (24)
≥6 years
9 (36)
Boy/girl
14/11
Underling diseases, No. (%)
Congenital heart disease
2 (8)
Previously healthy
23 (92)
Epidemiological history
Travel or residence history in Wuhan City
5 (16)
and neighboring areas
Contact confirmed or suspected cases
16 (64)
infected with SARS-CoV-2
Related with a familial cluster outbreak
16 (64)
Missing
4 (16)
Hospitalization, No. (%)
25 (100)

2.3 Laboratory Parameters and Imaging Features
The blood counts of children on admission
showed that the median level of white blood cell
count was 6.2 × 109/L (IQR 4.30–9.85). The median
level of lymphocyte count was 2.19 × 109/L (IQR
1.15–3.31), and 10 of 25 patients showed lymphopenia
(less than age-related reference values). The median
values of CRP were 14.5 mg/L (IQR 0.93–25.04).
Liver function test and myocardial enzyme assay had
been done in 12 children. These tests revealed median
alanine aminotransferase level of 12 U/L (10–13) and
median creatine kinase isoenzyme level of 19 U/L (13–
36) (table 2). Except for the 2 critical cases, patients
had normal renal function and coagulation function.
Both 2 critical cases had high levels of serum lactic
dehydrogenase. One critical patient was complicated
with hyponatremia (table 3).
Table 2 Clinical characteristics and selected laboratory
parameters of 25 pediatric patients with COVID-19
Characteristics
Value
Clinical symptom, No. (%)
Fever
13 (52)
Nasal congestion
2 (8)
Cough
11 (44)
Dyspnea
2 (8)
Abdominal pain
2 (8)
Vomiting
2 (8)
Diarrhea
3 (12)
Clinical classifications, No. (%)
Upper respiratory infection
8 (32)
Mild pneumonia
15 (60)
Critical cases
2 (8)
White blood cells (109/L) (Median, IQR) 6.2 (4.30–9.85)
Lymphocytes (109/L) (Median, IQR)
2.19 (1.15–3.31)
Alanine aminotransferase (U/L)
12 (10–13)
(Median, IQR)
Creatine kinase isoenzyme (U/L)
19 (13–36)
(Median, IQR)
C-reaction protein (mg/L) (Median, IQR) 14.5 (0.93–25.04)
Pathogens, No. (%)
SARS-CoV-2
25 (100)
Influenza virus type B
2 (8)
Mycoplasma pneumonia
3 (12)
Bacteria
1 (4)
Chest CT findings, No. (%)
Normal images
8 (32)
Unilateral involvement
5 (20)
Bilateral involvement
12 (48)
Normal reference values: white blood cells, (3.5–9.5)×109/L;
lymphocytes, (2.1–5.7)×109/L (<3 years), (1.4–4.2)×109/L (4–6
years), (1.1–3.2)×109/L (≥6 years); alanine aminotransferase,
9–50 U/L; creatine kinase isoenzyme, <25 U/L; C-reactive
protein, <10 mg/mL
#

Fig. 1 Number of cases among different age groups with
symptoms

All cases were confirmed as SARS-CoV-2
infection by virus nucleic acid test. Other identified
pathogens included mycoplasma pneumoniae
(3/25, 12%), influenza virus type B (2/25, 8%), and
Enterobacter aerogenes (1/25, 8%).
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Table 3 Clinical characteristics and selected laboratory parameters of 2 critical cases of COVID-19
Characteristics
Patient 1
Patient 2
Age
8 months
1 year
Boy/Girl
Boy
Boy
Congenital heart diseases, malnutrition,
Underling diseases
Congenital heart diseases
suspected hereditary metabolic diseases
Epidemiological history
Travel in Wuhan city
Residence in Wuhan city
Clinical symptoms
Cough, dyspnea, fever
Fever, diarrhea, dyspnea
Laboratory examinations
White blood cells (109/L)
4.43
11.96
Lymphocytes (109/L)
1.46
2.47
Haemoglobin (g/L)
153
100
Platelet count (109/L)
202
184
Alanine aminotransferase (U/L)
12
20
Albumin (g/L)
30
30.1
Creatine kinase isoenzyme (U/L)
98.8
62
Prothrombin time (s)
14
14.3
Lactate dehydrogenase (U/L)
609
361
Creatinin (μmol/L)
45
224.5
Potassium (mmol/L)
3.5
4.45
Sodium(mmol/L)
136
126
C-reaction protein (mg/L)
0.5
24.6
Pathogens
SARS-CoV-2
SARS-CoV-2, Enterobacter aerogenes
Treatment
Antiviral therapy
Interferon, oseltamivir
Interferon, oseltamivir
Antibiotics application
Cefoperazone/sulbactam
Meropenem, linezolid
Immunoglobulin
2 g/kg
2 g/kg
Corticosteroid
2 mg/kg
2 mg/kg
Respiratory support
Invasive mechanical ventilation
Invasive mechanical ventilation
Blood purification
No
CVVHDF, PE
Outcome
Partly alleviated
Significantly alleviated
Normal reference values: white blood cells, (3.5–9.5)×109/L; lymphocytes, (2.1–5.7)×109/L (<3 years), (1.4–4.2)×109/L (4–6 years),

#

(1.1–3.2)×109/L (≥6 years); haemoglobin, 130–175 g/L; platelet count, (125–350)×109/L; alanine aminotransferase, 9–50 U/L; albumin,
35–55 g/L; creatine kinase isoenzyme, <25 U/L; prothrombin time, 9.4–12.5 s; lactate dehydrogenase, 125–243 U/L; creatinin, 44–133
μmol/L; potassium, 3.5–5.5 mmol/L; sodium, 136–145 mmol/L; C-reactive protein, <10 mg/mL.

On admission, 24 patients were subjected to chest
CT scans. Chest CT images showed essential normal
in 8 cases (33.3%), unilateral involvement in 5 cases
(20.8%) and bilateral involvement in 11 cases (45.8%)
(table 2). The typical findings of chest CT images were
bilateral patchy shadows or lung consolidations. An
analysis of the age distribution of chest CT images
showed that bilateral lung involvement was present
in about 70% of children with aged <3 years, which
was the highest percentage among the different age
groups. The percentage of unilateral lesion and normal
lungs were higher in children with aged ≥6 years than
other age groups (fig. 2). Radiographic images of the
2 critical cases on admission revealed bilateral lung
consolidations (fig. 3).
2.4 Treatment and Clinical Outcomes
Patients were quarantined in the designated
hospitals. 12 patients (48%) received antiviral therapy
(Interferon, arbidol, oseltamivir, lopinavir/litonavir).
For antiviral therapy, interferon was the most widely

Number of cases

CVVHDF, continuous veno-venous hemodiafiltration; PE, plasma exchange

Fig. 2 An analysis of the age distribution by chest CT involvement

used in 12 (48%) of patients. 13 patients (56%) were
treated with empirical antibiotics, and one patient
showed bacteriological efficacy following treatment.
2 critical cases (8%) were additionally given invasive
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Fig. 3 Radiographic images of two critical cases on admission
A: Chest X-ray images from an 8-month-old boy showing bilateral multiple lobular and consolidation; B1–B3: Chest CT images
of different layers from a 1-year-old boy showing bilateral ground glass opacity and subsegmental areas of consolidation

mechanical ventilation, systematic corticosteroids, and
intravenous immunoglobulin. 1 of the 2 critical cases
received kidney replacement therapy (table 3). As of
February 15, 2020, one patient completely recovered
and had been discharged. The symptoms on admission
were alleviated in 24 (96%).
3 DISCUSSION
Here, we report a cohort of 25 patients with
confirmed COVID-19. Most children were previously
healthy and had epidemiological contact history. The
majority of pediatric patients had mild symptoms.
Common symptoms at admission were fever and dry
cough. However, a proportion of patients presented
initially with digestive symptoms, such as abdominal
pain, vomiting, and diarrhea. Only 2 patients with
severe illness developed ARDS and required pediatric
intensive care unit (PICU) admission, invasive
mechanical ventilation therapy, and blood purification.
All of them had gradually recovered and one patient
had been discharged.
In our study, most patients had mild diseases
including upper respiratory tract infection and mild
pneumonia, which were less severe than symptoms
reported in adult patients[9, 10]. Wang et al[10] demonstrated
that 26% of hospitalized adult patients with confirmed
COVID-19 received ICU care, and mortality was
4.3%. However, we only found 2 cases of children who
received PICU care, and none of the patients in this study
died from the disease. The occurrence of mild illness
in pediatric patients has no clear explanation. Possible
explanations may be related to the published data from
other outbreaks of coronavirus infection, such as SARS
and Middle East respiratory syndrome (MERS). It has
been reported that children had a much milder and
shorter course of SARS infection than adults, and only
3.3% of confirmed patients with MERS-CoV infection
were aged less than 10 years[14–17]. Therefore, children
with COVID-19 had fewer infections and much milder
illness than adults, which may be a feature of SARSCoV-2 infection. However, these findings need to be
confirmed by large, well-designed studies.

However, there were 2 critical cases aged about
1 year in our study. It is known that secondary
bacterial pneumonia caused the majority of the deaths
in pandemic influenza[18]. In our study, one case had
relatively high level of CRP with negative blood
culture, and another one had the normal level of CRP
with positive sputum culture. It has been established
that several factors contributed to the low prevalence
of positive blood or sputum culture results in pediatric
pneumonia[19]. Furthermore, radiographic images of the
2 critical cases revealed bilateral lung consolidations.
Thus, both of these 2 cases could be partly attributed to
secondary bacterial infection.
In addition, patients who were hospitalized with
COVID-19 had an uneven age distribution. The highest
incidence of infection occurred in children was noted
aged <3 years. This may be related to special respiratory
tract structure infection, or immature immune system
at this age, as well as a low compliance of wearing
face masks in this age group. Chen et al[9] reported
that COVID-19 clustered within groups of humans in
close contact. Children aged <3 years need constant
care, which would increase the contact and the risk
of exposure to SARS-CoV-2. In fact, a recent study
reported nine infant cases and all infections occurred
after the family members’ infection with SARSCoV-2[12].
Our study has several limitations. First, majority
of our cases were still hospitalized for medical care,
and we cannot therefore describe the full spectrum
of this illness. Second, our study was limited by
unified laboratory examinations. In some mild cases,
serum electrolyte, cytokines, coagulation and renal
function parameters were not evaluated. Third, we
have included data for most but not all patients with
laboratory-confirmed COVID-19 pediatric patients in
Hubei, which resulted in a limited case size.
In conclusion, the present data reveal that children
were susceptible to COVID-19 like adults, while
the clinical presentations and outcomes were more
favorable in children. However, children less than 3
years old accounted for majority cases and critical cases
lied in this age group, which demanded extra attentions
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during home caring and hospitalization treatment.
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