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Background: The outbreak of a new coronavirus, first reported in Wuhan, China, is spreading around the world.
Information on the characteristics of children with Coronavirus Disease 2019 (COVID-19) is limited.
Methods: In this retrospective study, we recruited 10 children infected with SARS-COV-2 from January 27 to
March 10, 2020, in Changsha, China. We report the epidemiological, clinical, laboratory, and high-resolution CT
findings for these children. Qualitative descriptive analysis was used to describe the key results.
Results: Ten children were included. Three were male and seven were female. Three were from Wuhan, Hubei
Province, and seven were from Changsha. All had a history of close contact with adults with COVID-19 before
the onset of disease. Clinical manifestations included fever in four cases, respiratory symptoms in three cases,
febrile convulsions in one case, vomiting in one case, abdominal pain in one case, and asymptomatic infection in
two cases. All the children tested positive for nucleic acid in throat swabs at admission. Stool swabs of three cases
were positive for nucleic acid after several days of fever. In nine children, blood routine results were normal,
whereas in one case the white blood cell count was elevated. In four cases, CT findings of the lungs showed light
ground-glass opacities, one case showed changes similar to bronchopneumonia, and the remaining cases were
normal. All were treated with symptomatic support without complications.
Conclusion: Our findings indicate that intrafamily transmission may be the main form of transmission of COVID-
19 in children, and persistent intestinal excretion of virus is another characteristic among children. The results of
stool swab tests should be considered for discharge and release from isolation.

1. Introduction

In December 2019, a new coronavirus pneumonia outbreak
emerged in Wuhan city, Hubei Province, and rapidly spread across
China and 109 countries or regions around the world [1,2]. The World
Health Organization (WHO) officially named the disease caused by the
novel coronavirus as Coronavirus Disease 2019 (COVID-19). As of
March 10, 2020, COVID-19 had affected 113702 patients, causing 4012
deaths, constituting a major global health concern [2]. With the spread
of the epidemic, the etiology, epidemiology, and clinical characteristics
of COVID-19 have gradually been recognized, but information about
the early diagnosis and treatment of COVID-19 has derived mainly from
adult cases. The clinical characteristics and epidemiological informa-
tion of COVID-19 in children is still limited, with only sporadic

literature reported [3–5], and more medical case information is re-
quired. Here, we summarize the clinical data from 10 confirmed cases
of COVID-19 in children.

2. Methods

2.1. Study design and participants

This study's protocol was established according to the ethical
guidelines of the Helsinki Declaration and was approved by the Human
Ethics Committee of the First Affiliated Hospital of Hunan Normal
University. Jia Pan and Pinyu Tan had authorized access to the medical
record data (approval no. 2020-09). We obtained verbal consent from
children’s parents. Patient records/information were anonymized and
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de-identified prior to analysis. For this retrospective, single center
study, we recruited hospitalized children who were diagnosed with
COVID-19 from January 27 to March 10, 2020 in the First Affiliated
Hospital of Hunan Normal University and Changsha Public Health
Treatment Center of Hunan Province (North Hospital of Changsha First
Hospital).

2.2. Data collection

Information recorded includes epidemiological and demographic
information, signs and symptoms on admission, laboratory results, in-
formation on coinfection with other respiratory pathogens, CT findings,
treatment measures, and outcome data from patients’ medical records.
Clinical outcomes were followed up to March 10, 2020. A confirmed
case of COVID-19 was defined as a positive result on high-throughput
sequencing or real-time RT-PCR of nasal and pharyngeal swab speci-
mens.

2.3. Diagnostic criteria

All patients infected with COVID-19 enrolled in this study were
diagnosed and treated according to the National Clinical guidelines
(edition 6) released by the China National Health Commission (NHC)
[6]. Those with evidence of one of the following pathogenic char-
acteristics was considered a confirmed case: (1) positive for SARS-CoV-
2 by the real-time PCR test for nucleic acid in respiratory or blood
samples; (2) viral gene sequencing shows high homogeneity to SARS-
CoV-2 in respiratory or blood samples.

2.4. Statistical analysis

Continuous variables were expressed as medians and interquartile
ranges or simple ranges, as appropriate. Categorical variables were
described as counts and percentages. For laboratory results, we eval-
uated whether the measurements were outside of the normal range. All
of the analyses were performed using R software, version 3.6.2 (R
Foundation for Statistical Computing).

3. Results

3.1. Demographic and clinical characteristics

This study included 10 children with confirmed COVID-19, with an
average age of 7 years (range, 1–12 years), including seven females and
three males. All of the children were previously healthy, and had un-
dergone routine vaccination. Among the 10 patients, two children
(patients G, J) were asymptomatic, five children (patients A, B, D, F, I)
had respiratory symptoms (one or more symptoms of sore throat, dry
cough, itchy throat, cough and phlegm), and three children (patients C,
E, H) showed mild symptoms. The detailed clinical features of patients
are shown in Table 1.

3.2. Laboratory findings

There were no abnormalities in hemoglobin or platelets. At the time
of admission, the leukocyte counts (range, 4.98–8.34× 109/L) and
lymphocyte counts (range, 1.15–4.05×109/L) of the children were
normal, with the exception of one child who had an elevated white
blood cell count (16.31×109/L). On rechecking 3 days after admis-
sion, the blood test results of all patients were within the normal range.
The functions of the liver, kidney, and myocardial enzymes, coagula-
tion, and the indexes of blood glucose and serum ferritin were normal.
Three children were positive for Mycoplasma pneumoniae antibodies,
and one of them was positive forMycoplasma and Chlamydia antibodies.
All of the children gave negative results on sputum culture and blood
culture, and were negative for respiratory virus antigens (including

influenza A and B virus, respiratory syncytial virus, parainfluenza virus,
and adenovirus). Three patients tested positive for SARS-CoV-2 by the
real-time PCR test for nucleic acid in stool swab samples, one of which
was confirmed 16 days after onset.

3.3. CT findings

CT images showed multiple ground-glass opacities in the inferior
lobe of patients A, C, and I; Patient E showed increased lung markings,
bronchial wall thickening, and mottling and bronchopneumonia-like
changes in the bilateral lungs; Patient H showed ground-glass opacities
in the unilateral lower lung and multiple nodule shadows (Fig. 1). The
remaining cases were normal.

3.4. Treatment

All patients received treatment that included bed rest and sympto-
matic treatment with no need for oxygen. One patient with pneumonia
received empirical antibiotic therapy. As of March 10, 2020, all of the
children had been discharged when they recovered uneventfully and
met de-isolation and discharge criteria [7].

3.5. Epidemiological history

Detailed epidemiological history information is summarized in
Fig. 2. Of the 10 children included in this study, three children were
fromWuhan, the capital of Hubei, and seven were from the local area of
Changsha. One patient (patient A) directly contracted COVID-19 from
infected adults during a cruise. Six patients (patients D, E, F, G, H) were
exposed to the virus via infected adults in their household, some via
family members who had direct contact with COVID-19-infected per-
sons or with those with a travel history to Wuhan. Three patients (pa-
tients B, C, I) followed familial members to visit relatives in Changsha
from Wuhan. Patient I had a 16-day history of living in the endemic
area (Wuhan). Two days after returning to Changsha, several family
members showed the onset of symptoms and were confirmed positive
for the virus. However, patient I underwent three throat swab nucleic
acid tests at the designated hospital clinic, all of which were negative. It
was only when fever symptoms began in this patient that a positive
result in the throat swab nucleic acid test was obtained.

4. Discussion

Currently, there are few reports of children with COVID-19. From
our results and from the literature, many differences are evident be-
tween child and adult cases in terms of the epidemiology and clinical
characteristics [5,8–10]. Severe cases in adults usually result in dyspnea
after 1 week of onset, which can quickly progress to acute respiratory
distress syndrome (ARDS), septic shock, difficult to correct metabolic
acidosis, and coagulation dysfunction [11]. The absolute value of
lymphocytes in most patients decreases [12]. Another study reported
that the most common laboratory abnormalities in critically ill adult
patients were decreased lymphocyte count, prolonged prothrombin
time, and elevated lactate dehydrogenase [8]. Compared with adults,
pediatric cases have generally presented with mild clinical symptoms of
short duration [5,13]. This result was also confirmed in our study in
which two cases were asymptomatic, four cases presented a fever, three
cases showed respiratory symptoms, one case showed fever convul-
sions, one case involved vomiting, and one case presented with ab-
dominal pain. There were no severe cases. The results of this study
showed that children with COVID-19 had no high-risk factors such as
decreased lymphocyte counts, prolonged prothrombin time, or elevated
lactate dehydrogenase. This also means that pediatric patients become
less ill and recover faster. It is noteworthy that patient D was admitted
to the hospital with a fever. After 6 days of treatment, the nucleic acid
results from throat swab samples were negative twice consecutively
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Fig. 1. Images A and B showed a unilateral ground-glass opacities and multiple nodule shadows on the left lower lung before treatment, partially fused into flakes.
Images C and D showed CT findings after 4 days of treatment, the left lower lung lesion was clearly absorbed.

Fig. 2. Detailed information on exposures and timeline of events in 10 family clusters.
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(with an interval of 1 day). However, the child presented with bloating
and constipation symptoms during this time. We further tested the
nucleic acid from stool swabs (15 days after the onset), and the results
were positive for 7 consecutive days. Two other children showed per-
sistently positive stool swab samples. This means that even after re-
moving the virus from the respiratory tract, viral gastrointestinal in-
fection and potential fecal–oral transmission will continue. Therefore,
hand hygiene is especially important for children, and routine detection
of throat swabs and stool swabs should be more accurate than throat
swabs alone.

To date, there are limited reports of children with severe COVID-19,
and although severe complications (including ARDS and septic shock)
have been reported, they seem to be uncommon [14]. A similar pattern
was seen during the SARS and MERS epidemics, where ARDS and death
occurred but were uncommon among infected children [15]. Therefore,
pediatricians should be aware of the potential risks of lethality and fully
grasp the clinical characteristics of COVID-19 in children.

During epidemiological investigations, we found that the 10 chil-
dren each had a history of close contact with adults infected with
COVID-19 before the onset of their disease, indicating that intrafamily
transmission was the main route via which children become infected
with the virus. This was consistent with a number of previous studies
[5,16]. The grand-uncle of patient E was the first-generation case, and
the maternal grandfather and father showed onset of disease after 4
days of exposure, but the maternal grand-uncle remained asymptomatic
despite a positive nucleic acid test until 9 days later. Patients G and J
from family clusters with COVID-19 were both asymptomatic. Based on
these results, it appears that the infection rate in children is not lower
than that in adults and that children are susceptible within families
with clustered disease onset. Compared with adults, however, the
clinical symptoms are generally mild and children recover faster. The
low incidence among children may be related to local governments
initiating the highest-level response to this public health emergency.
During such a response, outdoor activities are limited, minimizing the
likelihood of coming into contact with the virus. However, more data
are needed on inference analysis to confirm this. Based on the existing
evidence from SARS-COV-2 infections in children [16–18], it is neces-
sary to close schools and childcare facilities within the endemic zone to
reduce the exposure of children to the potential community spread of
COVID-19.

This study has certain limitations. First, only 10 confirmed cases
among children were included. Second, follow-up data were not
available. More data on pediatric patients are expected in the future,
which will help pediatricians develop a more comprehensive under-
standing of the characteristics of COVID-19 in children. In summary,
SARS-COV-2 infection has distinctive characteristics in children, such
as transmission among household family members and persistent ex-
cretion of SARS-COV-2 virus. We propose that the results of stool swab
tests are included in the criteria for hospital discharge and release from
isolation.

The symptoms of COVID-19 in children are mild and a small number
of patients may present with gastrointestinal symptoms such as ab-
dominal pain, bloating, and constipation. Pediatricians need to re-
cognize the diversity of clinical characteristics of COVID-19 in children
to identify suspected cases. Attention should also be paid to asympto-
matic infections and to strengthening science education and preventive
measures to reduce the risk of disease transmission.
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