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Abstract
Background An outbreak of coronavirus disease 2019 (COVID-19) caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) began in
Wuhan, Hubei Province, China in December 2019. This study aims to report the clinical characteristics of children COVID-19 in Xiangyang, a city outside of
Wuhan within Hubei Province.

Methods We retrospectively investigated the clinical manifestations, Chest CT imaging, and laboratory characteristics of con�rmed cases of children with
COVID-19 with WHO interim guidance in Xiangyang Central Hospital from Feb 1 to Mar 10, 2020. 10 children cases were con�rmed by real-time RT-PCR and
were analyzed for epidemiological, demographic, clinical, radiological features and laboratory data. Outcomes were followed up until Mar 10, 2020.

Results 6 cases (60%) had never been to Wuhan but closely contacted with family members with con�rmed COVID-19, and 4 cases (40%) had made short
term trips to Wuhan alone without familial clustering. The most common symptoms were cough (50%) followed by fever (40%), 4 cases (40%) showed
asymptomatic characteristics including 2 cases (20%) with abnormal chest computed tomograms (CT) image. 9 cases (90%) were mild type, only 1 case
(10%) was moderate type, none of them progressed in severe or critical disease. 4 (40%) cases showed leucopenia but none lymphopenia. Abnormalities on
chest CT were detected among 8 cases (80%), 2 of 4 cases without obvious symptoms had abnormal chest CT.

Conclusions: Children's infection is mainly caused by family clusters. No transmission to other individuals from children was found in our observation. The
clinical manifestations in children with COVID-19 are non-speci�c with milder symptoms and good outcomes.

Background
Since late December 2019, an outbreak of coronavirus disease 2019 (COVID-19)[1] was reported in Wuhan, China, which has subsequently spread
worldwide[2]. As of March 10, 2020, there were 80,924 reported cases in China and 32,778 cases out of China, including more than 800 children cases. There
have been 4012 deaths worldwide[3], and no deaths have been reported in children cases.

Given the rapid spread of COVID-19, we determined that an updated analysis of cases in children in another city around Wuhan within Hubei province, which
might help identify the de�ning transmission dynamics, clinical characteristics, and severity of the disease in children. Here, we describe the results of the
clinical characteristics of COVID-19 in 10 children cases in Xiangyang, China.

Methods
Patients and data collection

All enrolled 10 pediatric patients identi�ed to be viral nucleic acid-detection for the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), who were
referred to the Xiangyang Central Hospital from Feb 1 to Mar 10, 2020, were retrospectively analyzed. The clinical outcomes (discharges, mortality and length
of stay) were monitored up to Mar 10, 2020, the �nal date of follow-up. Data regarding epidemiological, clinical, laboratory, and radiological characteristics, as
well as the treatment and outcomes, were obtained with collection forms from electronic medical records. Data collection of laboratory results were de�ned
using the �rst-time examination at admission (within 24 h after admission).

Diagnostic criteria

According to “Diagnosis and treatment protocol for COVID-19 (Seventh Trial Edition)” by the National Health Commission of the People's Republic of China,
cases in this study were de�ned as individuals with epidemiological history and two or more persistent clinical manifestations followed by pathogenic
evidence[4]. The details are as follows:

1. Epidemiological history: (1) There were tourism or residence histories of Wuhan or its surrounding areas or other communities with con�rmed cases within
14 days before onset ; (2) There were contacts with con�rmed cases of COVID-19 within 14 days before onset; (3) There were contacts with patients with fever
or respiratory symptoms from Wuhan and surrounding areas or other communities with con�rmed cases within 14 days before onset; (4) Aggregation: Two or
more cases with fever and/or respiratory symptoms were found in an enclosed environment (such as a family house, an o�ce, a class, etc.) within 14 days.

2. Clinical manifestations: (1) Fever and/or respiratory symptoms; (2) Chest imaging indicated multiple mottling and interstitial changes during the early
stage, mostly at the periphery of the lung, which subsequently developed into bilateral ground-glass opacity, in�ltrates shadows and even lung consolidation.
Pleural effusion was rarely seen; (3) Normal or decreased total white blood cell count and lymphocyte count in the early stages of the disease.

3. Clinical classi�cation: In brief, the mild type has no signs of pneumonia on chest imaging. The moderate type includes fever and respiratory symptoms, and
signs of pneumonia on radiologic assessment. The severe type meets any of the following criteria: (1) shortness of breath, RR ≥ 30 times/min; (2) oxygen
saturation ≤ 92% at rest; (3) assisted breathing (groaning, alar agitation, sunken sign), cyanosis, intermittent apnea (4) drowsiness or convulsion; (5) feed
refusal or feeding di�culties, with dehydration. The critical type meets any of the following criteria: (1) respiratory failure, need mechanical ventilation; (2)
shock; (3) any other organ failure occurs, needs to be transferred to the intensive care unit (ICU).

The qRT-PCR assay for SARS-CoV-2

Quantitative real-time PCR (qRT-PCR) was performed to detect viral nucleic acid of nasopharyngeal swab samples. Nasopharyngeal swabs were detected
immediately after admission, and COVID-19 was identi�ed by qRT-PCR assay using a 2019-nCoV nucleic acid detection kit according to the manufacturer’s
protocol (Bioperfectus technologies, Jiangsu, China ). The qRT-PCR assay was performed under the following conditions: incubation at 50℃ for 30 minutes
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and 95℃for 5 minutes, 45 cycles of denaturation at 95℃for 10 seconds, and extending and collecting �uorescence signal at 55 ℃ for 40 seconds. A cycle
threshold value (Ct-value) less than 35 was de�ned as a positive test result, and a Ct-value of 38 or more was de�ned as a negative test. A medium load,
de�ned as a Ct-value from 35 to less than 38, required con�rmation by retesting.

Results
The 10 cases were identi�ed between Jan 31, 2020, and Feb 18, 2020. 7 patients were female. They range in age from 2 to 15 years old(Table 1). All the 10
pediatric patients were native residents in Xiangyang about 350 kilometers away from Wuhan.

The disease timeline of each child

Of the 10 cases, 6 cases (Case1-Case6) had never been to Wuhan but closely contacted with family members with con�rmed COVID-19, the incubation period
of each child after the �rst con�rmed COVID-19 in the family developed symptoms were 4-13 days (Fig.1). Four cases (Case7-Case10) had made short term
trips to Wuhan or visited relatives with con�rmed COVID-19 alone, and they started to show symptoms 3-10 days after they went back home.

Four children had been living with their families throughout the whole course of the disease, including elderly grandparents, but no familial members else had
been infected (con�rmed by nucleic acid test and chest CT) (Table 1). Admittedly, the 6 cases with family cluster demonstrated adult-to-child transmission,
however, the other 4 children did not show the viral transmission to long-time closely contacted adult households including elderly people.

Clinical characteristics

In terms of clinical classi�cation, 9 cases were mild (5) or asymptomatic (4), only 1 case developed moderate signs, none of them progressed in severe critical
illness. The most common symptoms were cough (5,50%) and fever (4,40%) respectively. Myalgia, fatigue, headache, diarrhea, or other symptoms had not
been found in the 10 cases. Among the 6 cases who had symptoms, 4 cases got rid of the symptoms within 1 week, the duration of symptoms lasted for 2-15
days.

Laboratory results and radiologic �ndings

On admission, the blood routine test of 4 patients(40%) showed leucopenia (Leucocytes count <5×109/L), none had lymphopenia (lymphocyte count
<1.1×109/L). Paradoxically, 8 cases (80%) showed relatively higher lymphocyte percent, which was not consistent with previous reports. All the 10 cases had
normal serum levels of procalcitonin (PCT, <0.5 ng/mL), and only 1 case had elevated C-reactive protein (CRP) (Table 2). None of the 10 cases showed
abnormal liver and kidney function and electrolytes (date not shown). 7 cases (70%) had more than 4 times of nucleic acid tests. The ranges for virus nucleic
acid to turn negative were 14 days (5-22 days).

Abnormalities on chest CT sign were detected in 8 cases (80%), mostly manifested as single or multiple localized high-density shadows (4/8), and unilateral
ground-glass opacity(3/8, 37.5%), except for 2 cases who showed asymptomatic characteristics. It should be noted that 2 of 4 cases without obvious
symptoms also had localized high-density shadow or ground-glass opacity imaging. Representative radiologic �ndings in two cases were provided in Figure 2.

Treatment and clinical outcomes

At the very beginning, there were neither effective antiviral drugs nor any experience in treatment for pediatric patients with COVID-19. Treatment for pediatric
patients was based on the experience of adult treatment. All cases received antiviral treatment, and only one was given empirical antibiotic treatment. No one
received systematic corticosteroid or immunoglobulin treatment. Besides, 6 cases were given traditional Chinese medicine (Lianhua Qingwen Capsule) (Table
2).

All cases were discharged without any complication when they met the discharge standard: body temperature returned to normal for more than 3 days,
respiratory symptoms improved signi�cantly, and the respiratory pathogenic nucleic acid test was negative for two consecutive times (sampling interval at
least 1 day). The median times of hospital stay were 18 days (7-26 days). The prolonged hospital stay was mainly due to prolonged positive nucleic acid
tests.

Discussion
The current outbreak of COVID‐19, which has affected more than 100,000 people worldwide and continues to grow rapidly by now, poses a huge potential
threat to children. In this report, we summarized the pediatric characteristics with COVID-19.

Based on our observations and current scattered case reports on children[5-13] and adults[14-18], the clinical manifestations of children patients were
relatively mild, which was similar to SARS. A few reports about children with SARS showed that pediatric patients had relatively mild symptoms and were less
likely to be admitted to an intensive care unit, receive supplemental oxygen, or be treated with methylprednisolone [16, 19]. Similarly, no deaths were reported
among children or adolescents with SARS[16]. The molecular mechanism of mild symptoms in children may be related to angiotensin-converting enzyme II
(ACE2). Already identi�ed as the SARS-CoV receptor[20, 21], ACE2 has been shown to mediate SARS-CoV-2 infection of the type II alveolar cells [22-24].
Paradoxically, although ACE2 mediates viral entry to the host, its de�ciency worsens lung injury in experimental models[25, 26]. Most important of all, there
had been a signi�cant age-speci�c decline of ACE2 expression in rat lung, especially during the later aging process[27], which may explain why pediatric
patients with SARS or COVID-19 showed milder or no symptoms.
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In addition to respiratory droplet and direct contact transmission, COVID-19 has been proven to be transmitted through the fecal-oral route[30] and ocular
conjunctival route. Considering this, once exposed, children are very likely to be infected. Most if not all children patients have been in close contact with
infected adults as a household contact, suggesting a “parent to child” transmission, which was believed to be the most important route of transmission that
put children at particular risk. However, in our observations and some other reports[5, 6], no reverse transmission (such as“child to parent”transmission) has
been identi�ed even after long-term close contact with the siblings and elderly. Similarly and surprisingly, there had been no major spread of the disease
among classmates in schools during the SARS epidemic in 2003-2004. However, whether or not the SARS-CoV-2 is not easily transmitted from
children to other individuals needs to be con�rmed in further investigation using a larger sample.

There is no known effective pharmaceutical agent for COVID-19, especially for children. Several potential drug candidates, including lopinavir/ritonavir
(Kaletra®), nucleoside analogs, neuraminidase inhibitors, remdesivir, umifenovir (arbidol), DNA synthesis inhibitors, chloroquine, and Chinese traditional
medicine have been proposed [28, 29]. Interferon-α2b nebulization and Lopinavir/litonavir have been recommended as treatments for children[17, 18, 30],
however, the safety, e�cacy, treatment course, and side effects remain unknown. It has been suggested that antiviral drugs should not be used routinely
unless in critical cases and that the goals of treatment should be to alleviate symptoms and maintain the immune balance[31].

Children might be less likely to become infected or, if infected, may show milder symptoms, and either of these situations would account for under-
representation in the con�rmed case count[32]. Future serological studies will likely show much asymptomatic disease in children. There are limitations in this
study, with few samples and short follow-up time, which limit the interpretation of more clinical signi�cance.

Conclusion
Our retrospective study of 10 cases of children COVID-19 feeds into the ongoing efforts to understand COVID-19. Children's infection is mainly caused by
family clusters. No transmission to other individuals from children was found in our observation. The clinical manifestations in children with COVID-19 are
non-speci�c with milder symptoms and good outcomes.

Abbreviations
COVID-19: Coronavirus Disease 2019; SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2; CT: Computed Tomograms; ICU: Intensive Care Unit;
qRT-PCR: quantitative real-time polymerase chain reaction; CRP: C-reactive protein; ACE2: angiotensin-converting enzyme II.
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Tables
Table 1. Demographics, baseline characteristics and epidemiological history of 10 hospitalized children with COVID-19

  Patients

Characteristic 1 2 3 4 5 6 7 8 9

Demographics                  

Age 8 9 7 11 14 3 2 7 15

Sex Female Male Female Male Female Male Male Female Male

Epidemiologic
history

                 

No. of family
members
infected

2 2 2 2 1 1 0 0 0

Linkage to
Wuhan

No No No No No No Yes Yes No

Clinical
manifestation

                 

Symptoms
and signs

Fever,cough Fever None None None None Cough Fever,cough,

expectoration

Cough

Severe
complications

None None None None None None None None None

Treatment and
prognosis

                 

Duration of
hospitalization

22 17 14 19 21 16 12 7 26

Intensive unit
care

No No No No No No No No No

Oxygen
therapy

Non-invasive None None None None None None None None

Antiviral drugs Lopinavir/Ritonavir Lopinavir/Ritonavir Arbidol Arbidol Arbidol Oseltamivir Oseltamivir Lopinavir/

Ritonavir

Lopinavir/Rito

Antibiotic None None None None None None None None None

Traditional
Chinese
medicine

Yes Yes None Yes Yes None None Yes Yes

 

Table 2. Laboratory results and radiologic �ndings of 10 hospitalized children with COVID-19 
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  Patients

Parameter 1 2 3 4 5 6 7 8 9 10

Blood routine                    

Neutrophils (%) 53 60 44.1↓ 43.7↓ 38.2↓ 54.2 65.6 50.7 38.6↓ 55.6

Neutrophils (×109/L) 3.35↓ 2.32↓ 4.15↓ 5.4 7.74 6.84 7.19 5.36 4.97↓ 5.25

Lymphocytes(%) 32.7 32 41.7↑ 37 52.6↑ 31.5 19.2 37.4 47.1↑ 30.8

Lymphocytes(×109/L) 1.78 1.39 1.83 2.36 2.96 3.71↑ 4.72↑ 2.27 1.92 2.92

Infectious biomarkers                    

C-reactive protein
mg/L

4.49 5 3 4 3 3 5.5↑ 3.5 3.5 33.4

Procalcitonin ng/mL 0.02 0.03 0.04 0.03 0.02 0.03 0.03 0.04 0.03 0.05

Nucleic acid tests                    

Positive times/ Total
Times

4/6 3/5 4/6 5/7 4/6 5/7 2/4 1/3 4/6 1/3

Negative conversion
days

20 16 10 18 21 16 7 5 22 6

CT imaging                    

On admission Single high
density
shadow

Single
high
density
shadow

Normal Single  high
density
shadow

Ground-
glass
opacity

Normal Multiple high
density
shadow

Multiple 
high density
shadow

Ground-
glass
opacity

Gro
opa
con

Before discharge Improvement Normal Normal Improvement Improvement Normal Improvement Improvement Normal Imp

Figures

Figure 1
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Timeline of the 10 cases before and after the onset of illness. For each patient, the day of admission is set as day0, the incubation period, duration of
symptoms and hospitalization are shown in the �gure. The red dots indicate the time when the �rst con�rmed COVID-19 in the family developed symptoms.
The yellow dots indicate the time when the child ended his or her separate tour or residence history in Wuhan or cities with con�rmed cases. The green dots
indicate when the child was discharged. The red line represents the duration of the symptoms.

Figure 1

Timeline of the 10 cases before and after the onset of illness. For each patient, the day of admission is set as day0, the incubation period, duration of
symptoms and hospitalization are shown in the �gure. The red dots indicate the time when the �rst con�rmed COVID-19 in the family developed symptoms.
The yellow dots indicate the time when the child ended his or her separate tour or residence history in Wuhan or cities with con�rmed cases. The green dots
indicate when the child was discharged. The red line represents the duration of the symptoms.
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Figure 2

Transverse chest CT from two patients. Case1: an 8 years old girl. A showed a single localized high-density shadow of the left lower lobe near the pleura on
day 1 after symptom (fever) onset. B showed great improvement 12 days later before discharge. Case10: a 7 years old girl. C showed ground-glass opacity
with consolidation of right middle and lower lobes at admission 3 days after symptom (cough and fever) onset. D showed great improvement 10 days later
before discharge.
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