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Abstract Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), has spread around the world. However, approaches to distinguish COVID-19 from
pneumonia caused by other pathogens have not yet been reported. We retrospectively analyzed the clinical data of
97 children with probable COVID-19. A total of 13 (13.4%) patients were confirmed positive for SARS-CoV-2
infection by nucleic acid RT-PCR testing, and 41 (42.3%) patients were found to be infected with other pathogens.
Notably, no pathogen was detected in 43 (44.3%) patients. Among all patients, 25 (25.8%) had familial cluster
exposure history, and 52 (53.6%) had one or more coexisting conditions. Fifteen (15.5%) patients were admitted or
transferred to the PICU. In the 11 confirmed COVID-19 cases, 5 (45.5%) and 7 (63.6%) were positive for IgM and
IgG against SARS-CoV-2, respectively. In 22 patients with suspected COVID-19, 1 (4.5%) was positive for IgG but
negative for IgM. The most frequently detected pathogen was Mycoplasma pneumonia (29, 29.9%). One patient
with confirmed COVID-19 died. Our results strongly indicated that the detection of asymptomatic COVID-19 or
coexisting conditions must be strengthened in pediatric patients. These cases may be difficult to diagnose as
COVID-19 unless etiologic analysis is conducted. A serologic test can be a useful adjunctive diagnostic tool in cases
where SARS-CoV-2 infection is highly suspected but the nucleic acid test is negative.

Keywords coronavirus disease 2019; pediatrics; emergency; retrospective investigation; severe acute respiratory syndrome
coronavirus 2

Introduction

Coronavirus disease 2019 (COVID-19), which is caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has spread around the world, constituting
a public health emergency of international concern [1].
SARS-CoV-2 is the seventh coronavirus that has been
identified to date that is known to cause human disease.
Compared with SARS and Middle East respiratory
syndrome (MERS) viruses that were responsible for
pandemics in 2003 and 2012, respectively, SARS-CoV-2
is associated with a lower mortality rate but a higher
transmission speed [2–5]. Most people, including children,
are susceptible to SARS-CoV-2.

However, data on pediatric patients with COVID-19 are
lacking. Similar to SARS and MERS, most children
infected with COVID-19 have mild clinical presentation
unless they have underlying comorbidities or coexisting
conditions [6]. As the largest children’s hospital in Central
China, Wuhan Children’s Hospital Affiliated to Tongji
Medical College of Huazhong University of Science and
Technology, was the first hospital assigned by the Chinese
government to treat children with COVID-19 in Hubei
Province, China. During the outbreak, only the fever clinic
and emergency department remained open to tend to
outpatients, all of whom were required to undergo two pre-
examinations and triage. All febrile or suspected COVID-
19 cases were referred to the fever clinic, and the
others—including critically ill children—were received
by the emergency department after pediatric 5-level triage.
The majority of children with confirmed COVID-19 were
admitted to the hospital through the fever clinic, whereas
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some with probable COVID-19 were admitted from the
emergency department. We retrospectively analyzed the
clinical data of these children admitted from the emergency
department to characterize thoroughly the features of
COVID-19 that can be evaluated to distinguish this novel
disease from pneumonia caused by other pathogens in
pediatric patients. The study was approved by the
institutional ethics board of Wuhan Children’s Hospital
Affiliated to Tongji Medical College of Huazhong
University of Science and Technology. Oral consent was
obtained from the legal guardians in this study.

Methods

Participants and COVID-19 diagnostic criteria

We retrospectively recruited a total of 97 children
(excluding newborn cases) with probable COVID-19
who were admitted by the emergency department of
Wuhan Children’s Hospital from January 30, 2020 to
March 15, 2020. The clinical diagnostic criteria for
COVID-19 were based on Chinese experts’ consensus
statement [7].

Data collection

The patients’ medical records were analyzed by the
research team at the emergency department of Wuhan
Children’s Hospital. Epidemiological, clinical, laboratory,
and radiological characteristics, as well as treatment and
outcome data, were obtained by two trained staff using
standardized data collection forms from electronic medical
records. After admission, all 97 cases in the study
underwent testing for a common set of pathogens,
including influenza, parainfluenza virus, respiratory syn-
cytial virus, adenovirus, enterovirus, Mycoplasma, Chla-
mydia, and Legionella. Routine bacterial and fungal
examinations were also performed as necessary.

Real-time RT-PCR assay for SARS-CoV-2

A confirmed COVID-19 case was defined as positive for
SARS-CoV-2 nucleic acid in nasopharyngeal swab and/or
anal swabs by real-time RT-PCR according to WHO
guidance. Clinical specimens were collected from patients
with probable COVID-19. Real-time RT-PCR was per-
formed using a nucleic acid test kit (BGI Biotechnology
CO., Ltd., Wuhan, China) according to the manufacturer’s
instructions.

Serological test for detection of specific IgM and IgG
antibodies against SARS-CoV-2

In the early phase of the COVID-19 pandemic, no suitable

assay for SARS-CoV-2 specific IgM and IgG detection
was available. Some children with probable COVID-19
underwent serological testing in the hospital starting on
March 5, 2020. Serum samples were analyzed for IgM and
IgG against SARS-CoV-2 by using chemiluminescence
test kits (ShenZhen YHLO Biotech Co., Ltd., Shenzhen,
China) following the manufacturer’s instructions.

Treatment, release from isolation, and follow-up

No effective antiviral treatments for COVID-19 have been
developed to date [4,7,8]. We chose interferon α-2b aerosol
inhalation, ribavirin intravenous infusion, oseltamivir,
arbidol, and traditional Chinese medicine oral administra-
tion as antiviral therapies for some patients following the
recommendations of the Pediatrics Society of Chinese
Medical Association [7,9]. Appropriate oxygen support
(nasal cannula and noninvasive or mechanical ventilation)
was administered to patients according to the severity of
hypoxaemia. Glucocorticoid and immunoglobulin were
used in severe cases.
If the patient’s body temperature (if febrile) returned to

normal for more than 3 days, respiratory symptoms
remarkably improved, pulmonary images clearly showed
that the focus was evidently absorbed, and the nucleic acid
test results were negative two consecutive times (the
sampling interval was at least 1 day), then the patient was
released from isolation or discharged. Constant health
monitoring and medical observation for 14 days at the
patient’s home was recommended. After 2 weeks post
discharge, two trained staff followed up the patients via
telephone.

Statistical analysis

Continuous variables were expressed as median and
interquartile range (IQR) values and compared with
Mann–Whitney U test or Kruskal–Wallis test. Categorical
variables were expressed as number (%) and compared
with χ2 test or Fisher’s exact test. A two-sided α
value < 0.05 was considered statistically significant.
Data were analyzed using SPSS version 20.0 software
(SPSS Inc., Chicago, IL, USA), unless otherwise indicated.

Results

Baseline characteristics and epidemiology

Owing to the outbreak of COVID-19, Wuhan was put
under lockdown starting on January 23, 2020, and nearly
all citizens were required to remain at home. Children with
probable COVID-19 were admitted to Wuhan Children’s
Hospital starting on January 30, 2020. The majority of
these admissions occurred between January 30 and March
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15. During this period, out of the 4312 outpatients received
by the emergency department, 97 (2.25%) with probable
COVID-19 were admitted to the hospital. Out of the 97
patients, 13 (13.4%) cases were confirmed (classified as
children with confirmed COVID-19), and 41 cases were
found to be infected with other pathogens (classified as
children with non-COVID-19). However, no pathogen was
detected in 43 cases (classified as children with suspected
COVID-19) (Fig. 1). At the same time, between January 30
and March 15, a total of 773 children with probable
COVID-19 were admitted to the hospital, of which 245
were confirmed as COVID-19 cases, that is, 12.5% (97/
773) probable COVID-19 and 5.3% (13/245) confirmed
COVID-19 cases were admitted from the emergency
department.
All 97 patients lived in Wuhan within 14 days before the

onset of symptoms; 25 (25.8%) children had documented
exposure to one or more adult family members with
confirmed or suspected COVID-19. Compared with the 5
(11.6%) patients with suspected COVID-19 and 10
(24.4%) patients with non-COVID-19 causes, the exposure

incidence of the 10 (76.9%) confirmed COVID-19 cases
was significantly higher (P < 0.01) (Table 1). Out of the
97 patients, 52 (53.6%) had one or more comorbidities or
coexisting conditions, including 6 (46.2%) confirmed
COVID-19 cases, 27 (62.8%) suspected COVID-19
cases, and 19 (46.3%) non-COVID-19 cases. Epilepsy
and encephalopathy (11, 11.3%), acute abdomen (10,
10.3%), and immunodeficiency (8, 8.2%) were the most
common coexisting conditions (Table 1).

Clinical manifestations

The median time from symptom onset to hospital
admission for the 97 patients was 4.0 days (IQR, 2.0–7.0
days). The median time was shorter in the 13 confirmed
COVID-19 cases (2.0 days; IQR, 1.1–4.0 days) than that in
the 43 suspected COVID-19 cases (3.0 days; IQR, 2.0–7.0
days) and in the 41 non-COVID-19 cases (4.0 days; IQR,
3.0–7.0 days) (P = 0.047). The confirmed COVID-19 cases
had a higher incidence of diarrhea (5, 38.5%) and
abdominal pain (3, 23.1%) than the suspected COVID-

Fig. 1 Detection of COVID-19 nucleic acid and serum-specific IgM and IgG antibodies in 97 probable cases. Of the 97 probable
COVID-19 cases, 53 (54.6%) patients, including 11 (84.6%) with confirmed COVID-19, 22 (51.2%) with suspected COVID-19, and 20
(48.8%) with non-COVID-19, underwent serum anti-SARS-CoV-2 IgM and IgG testing starting on March 5. Out of the 11 confirmed
COVID-19 cases, 5 (45.5%) and 7 (63.6%) were positive for IgM and IgG, respectively. Out of the 22 suspected COVID-19 cases, 1
(4.5%) was positive for IgG but negative for IgM.
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19 cases (7 (16.3%) and 1 (2.3%), respectively) and the
non-COVID-19 cases (1 (2.4%) and 3 (7.3%), respec-
tively) (P = 0.013 and 0.040, respectively). The incidence
of fever was higher in non-COVID-19 cases (31, 75.6%)
than that in confirmed COVID-19 cases (7, 53.8%) and
suspected COVID-19 cases (19, 44.2%) (P = 0.013). A
total of 19 patients with shortness of breath received
oxygen, of which 4 (30.8%) were confirmed COVID-19
cases, 6 (14.0%) were suspected COVID-19 cases, and 9
(22.0%) were non-COVID-19 cases. Out of the 97
patients, 15 (15.2%) were admitted or transferred to
pediatric intensive care unit because of organ dysfunction
(Table 1).

Laboratory findings and chest radiograph

White blood cell (WBC) count was normal in 59 (60.8%)
out of the 97 patients; 4 (30.8%) of the 13 confirmed

COVID-19 cases, 6 (14.0%) of the 43 suspected COVID-
19 cases, and 7 (17.1%) of the 41 non-COVID-19 cases
showed leucopenia (WBC count < 5.5 � 109/L).
Most patients had slightly elevated C-reactive protein
(5.00 mg/L; IQR, 0.75–23.00 mg/L) (54 out of 97 cases
(55.7%)) and procalcitonin (0.12 ng/mL; IQR, 0.07–
0.42 ng/mL) (69 out of 84 cases (82.1%)) (Table 2).
Out of the 97 patients, alanine aminotransferase and

aspartate aminotransferase were elevated in 12 (12.4%)
and 35 (36.1%) cases, respectively. Out of 91 patients,
increased lactate dehydrogenase, creatine kinase (CK), and
CK isoenzyme levels were observed in 23 (25.3%), 18
(19.8%), and 62 (68.1%) cases, respectively. Out of 95
patients, blood urea nitrogen and creatinine were elevated
in 7 (7.4%) and 3 (3.2%) cases, respectively (Table 2).
Out of 42 patients, plasma concentrations of interleukin

(IL)-6 and IL-10 increased in 16 (38.1%) and 20 (47.6%)
cases (mostly severe), respectively. However, IL-2, IL-4,

Table 1 Baseline characteristics of confirmed COVID-19 cases, suspected COVID-19 cases, and non-COVID-19 cases

No. (%)

P value
Total (n = 97)

Confirmed
COVID-19 case
(n = 13)

Suspected
COVID-19 case
(n = 43)

Non-COVID-19
case (n = 41)

Age, median (IQR), year 1.1 (0.3–4.5) 2.0 (0.8–6.2) 0.6 (0.2–1.4) 2.2 (0.6–6.5) 0.002**

Sex 0.461

Male 56 (57.7) 9 (69.2) 26 (60.5) 21 (51.2)

Female 41 (42.3) 4 (30.8) 17 (39.5) 20 (48.8)

Family contact history 25 (25.8) 10 (76.9) 5 (11.6) 10 (24.4) 0.000**

Onset of symptom to hospital admission,
median (IQR), day

4.0 (2.0–7.0) 2.0 (1.1–4.0) 3.0 (2.0–7.0) 4.0 (3.0–7.0) 0.047*

Comorbidities or coexisting conditionsa 52 (53.6) 6 (46.2) 27 (62.8) 19 (46.3) 0.270

Epilepsy and encephalopathy 11 (11.3) 0 8 (18.6) 3 (7.3)

Acute abdomen 10 (10.3) 2 (15.4) 3 (7.0) 5 (12.2)

Immunodeficiency 8 (8.2) 0 6 (14.0) 2 (4.9)

Malignant tumor 7 (7.2) 0 5 (11.6) 2 (4.9)

Congenital heart disease 5 (5.2) 0 4 (9.3) 1 (2.4)

Trauma 4 (4.1) 2 (15.4) 1 (2.3) 1 (2.4)

Connective tissue disease 3 (3.1) 0 2 (4.7) 1 (2.4)

Others 7 (7.2) 2 (15.4) 1 (2.3) 4 (9.8)

Symptoms during the course of the disease

Fever 57 (58.8) 7 (53.8) 19 (44.2) 31 (75.6) 0.013*

Cough 39 (40.2) 3 (23.1) 18 (41.9) 18 (43.9) 0.393

Shortness of breath 19 (19.6) 4 (30.8) 6 (14.0) 9 (22.0) 0.360

Vomiting 15 (15.5) 4 (30.8) 4 (9.3) 7 (17.1) 0.160

Diarrhea 13 (13.4) 5 (38.5) 7 (16.3) 1 (2.4) 0.013*

Abdominal pain 7 (7.2) 3 (23.1) 1 (2.3) 3 (7.3) 0.040*

Fatigue 10 (10.1) 2 (15.4) 4 (8.9) 4 (9.8) 0.787

PICU admission 15 (15.2) 3 (23.1) 4 (8.9) 8 (19.5) 0.271

Length of hospital stay, median (IQR), day 10.0 (8.0–15.0)
(n = 97)

15.0 (11.0–16.5)
(n = 13)

10.0 (8.0–14.0)
(n = 43)

9.0 (8.0–14.5)
(n = 41)

0.080

*P<0.05, **P<0.01. aOut of the 43 suspected COVID-19 cases, 4 had two comorbidities or coexisting conditions and 2 had three comorbidities or coexisting
diseases.
Abbreviations: IQR, interquartile range; PICU, pediatric intensive care unit.
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Table 2 Laboratory findings of confirmed COVID-19 cases, suspected COVID-19 cases, and non-COVID-19 cases

Normal range

Median (IQR) or No. (%)

P value
Total (n = 97)

Confirmed COVID-19
case (n = 13)

Suspected COVID-19
case (n = 43)

Non-COVID-19
case (n = 41)

White blood cell count,
� 109/L

5.50–12.00 7.66 (6.08–10.98) 6.99 (4.60–10.15) 8.49 (6.69–12.53) 7.66 (6.08–11.02) 0.477

<5.5 17 (17.5) 4 (30.8) 6 (14.0) 7 (17.1) 0.375

Neutrophil count,
� 109/L

1.08–5.90 3.10 (1.64–4.93) 2.26 (1.72–5.45) 3.04 (1.57–4.94) 3.78 (2.03–6.48) 0.143

Lymphocyte count,
� 109/L

1.15–6.00 3.31 (2.01–5.70) 2.96 (2.25–3.88) 4.66 (2.82–6.01) 2.93 (1.71–5.29) 0.117

<1.15 8 (8.2) 1 (7.7) 4 (9.3) 3 (7.3) 0.944

Platelet count,
� 109/L

100–378 324 (231–421) 314 (219–358) 376 (238–541) 306 (213–368) 0.077

<100 4 1 (7.7) 2 (4.7) 1 (2.4) 0.690

CRP, mg/L 0–3.00 5.00 (0.75–23.00) 5.01 (1.02–27.55) 2.88 (0.75–15.30) 10.00 (0.75–35.40) 0.171

PCT, ng/mL ≤0.05 0.12 (0.07–0.42)
(n = 84)

0.07 (0.04–0.38)
(n = 12)

0.11 (0.07–0.34)
(n = 34)

0.16 (0.09–0.66)
(n = 38)

0.215

ALT, U/L 9–52 23 (15–36.5) 21 (14.5–62) 28 (22–38) 19 (13–28) 0.024*

AST, U/L 15–46 39 (28–57) 46 (25–104) 41 (32–57) 33 (26–56) 0.239

LDH, U/L 161–371 284 (223–372)
(n = 91)

344 (237–656.5)
(n = 13)

285 (231–387)
(n = 38)

270 (214–352)
(n = 40)

0.224

CK, U/L 30–170 89 (69–161)
(n = 91)

152 (90.5–248.5)
(n = 13)

88 (68–165)
(n = 38)

86 (64–141)
(n = 40)

0.042*

CK isoenzyme, U/L 0–24 34 (22–47
(n = 91)

34 (19.5–94)
(n = 13)

36 (27–49)
(n = 38)

26 (19–43)
(n = 40)

0.152

BUN, mmol/L 2.5–6.1 3.1 (2.3–4.2)
(n = 95)

3.5 (2.3–5.6)
(n = 12)

2.5 (2.0–4.3)
(n = 43)

3.3 (2.8–3.8)
(n = 40)

0.118

Cr, mmol/L 46–92 24 (21–30)
(n = 95)

26 (24–61)
(n = 12)

23 (20–28)
(n = 43)

26 (21–37)
(n = 40)

0.162

PT, s 10.2–13.4 11.6 (11.0–12.4)
(n = 57)

11.4 (10.9–12.2)
(n = 10)

11.6 (10.9–12.3)
(n = 21)

11.8 (11.1–12.7)
(n = 26)

0.567

APTT, s 25.7–39 31.0 (27.6–35.8)
(n = 57)

31.4 (30.0–39.2)
(n = 10)

31.3 (26.9–37.7)
(n = 21)

30.0 (27.6–34.3)
(n = 26)

0.609

D-dimer 0–0.55 0.45 (0.31–1.49)
(n = 25)

0.92 (0.40–12.35)
(n = 6)

0.45 (0.28–2.31)
(n = 9)

0.41 (0.28–0.56)
(n = 10)

0.326

Cytokine, pg/mL

IL-2 0–11.4 1.6 (1.3–1.8)
(n = 42)

1.4 (1.3–1.8)
(n = 7)

1.7 (1.3–2.2)
(n = 15)

1.5 (1.3–1.7)
(n = 20)

0.408

IL-4 0–12.9 2.5 (2.1–3.4)
(n = 42)

3.01 (2.30–3.78)
(n = 7)

2.2 (1.9–4.0)
(n = 15)

2.4 (2.1–2.8)
(n = 20)

0.572

IL-6 0–20.9 9.3 (4.8–30.5)
(n = 42)

70.83 (7.06–177.86)
(n = 7)

6.6 (4.7–27.5)
(n = 15)

11.4 (4.3–28.1)
(n = 20)

0.323

IL-10 0–5.9 5.9 (4.4–8.7)
(n = 42)

6.68 (3.31–26.85)
(n = 7)

5.9 (4.4–9.5)
(n = 15)

5.7 (4.7–7.9)
(n = 20)

0.968

TNF-α 0–5.5 1.8 (1.3–2.4)
(n = 42)

2.1 (1.1–3.5)
(n = 7)

2.2 (1.6–2.6)
(n = 15)

1.6 (1.2–2.1)
(n = 20)

0.200

TBNK lymphocyte
detection, μL–1

CD3+ T 805–4459 2056 (1188–3098)
(n = 35)

2175 (1060–4014)
(n = 9)

1860 (1065–3477)
(n = 10)

2196 (890–2666)
(n = 16)

0.949

CD8+ T 314–2080 766 (258–1120)
(n = 35)

1068 (539–1335)
(n = 9)

770 (152–977)
(n = 10)

538 (251–1012)
(n = 16)

0.336

CD4+ T 345–2350 1149 (549–2168)
(n = 35)

1070 (446–2921)
(n = 9)

1054 (763–2332)
(n = 10)

1240 (498–1725)
(n = 16)

0.981

CD16+CD56+ NK 210–1514 276 (139–516)
(n = 35)

311 (102–516)
(n = 9)

289 (147–555)
(n = 10)

245 (125–533)
(n = 16)

0.939
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and tumor necrosis factor (TNF)-α levels were normal. No
differences were found in IL-6 and IL-10 levels among
confirmed, suspected, and non-COVID-19 cases
(P > 0.05). Out of 36 patients, counts of CD4+ T cells,
CD8+ T cells, and CD16+CD56+ natural killer (NK) cells
were below normal in 5 (14.3%), 10 (28.6%), and 13
(37.1%) cases, respectively (Table 2). Counts of helper T
cells (CD4+), suppressor T cells (CD8+), and NK cells
(CD16+CD56+) were reduced mainly in critically ill
patients. No differences were observed in the numbers of
CD4+ T cells, CD8+ T cells, and CD16+CD56+ NK cells
among confirmed, suspected, and non-COVID-19 cases
(P > 0.05).
All 97 patients underwent RT-PCR testing for SARS-

CoV-2 nucleic acid upon admission. The median number
of tests was 3 (range, 2–5) in patients with confirmed
COVID-19, 2 (range, 1–5) in those with suspected
COVID-19, and 2 (range, 1–4) in those with non-
COVID-19 causes. Out of the 97 patients, 53 (54.6%)
patients underwent serum anti-SARS-CoV-2 IgM and IgG
testing starting on March 5, 2020, including 11 (84.6%)
confirmed COVID-19 cases, 22 (51.2%) suspected
COVID-19 cases, and 20 (48.8%) non-COVID-19 cases.
Out of the 11 confirmed COVID-19 cases, 5 (45.5%) and 7
(63.6%) were positive for IgM and IgG, respectively. Out
of the 22 suspected COVID-19 cases, 1 (4.5%) was
positive for IgG but negative for IgM (Table 3, Fig. 1).
Out of the 13 confirmed COVID-19 cases, 2 cases had

coinfection with Mycoplasma pneumoniae and 1 case had
co-infection with rotavirus. Out of the 41 non-COVID-19

cases, the most commonly detected pathogen was M.
pneumoniae (27, 65.9%), followed by cytomegalovirus (4,
9.8%), respiratory syncytial virus (3, 7.3%), influenza B
virus (3, 7.3%), influenza A virus (2, 4.9%), Epstein–Barr
virus (2, 4.9%), adenovirus (1, 2.4%), Hemophilus
influenzae (2, 4.9%), Staphylococcus (2, 4.9%), Strepto-
coccus pneumonia (2, 4.9%), and fungi (1, 2.4%)
(Table S1).
Upon admission, chest imaging abnormalities were

observed in all patients. Typical findings in chest computed
tomography (CT) images were bilateral distribution of
patchy shadows or ground-glass opacity, and/or infiltrating
shadows in the confirmed COVID-19 cases (Fig. S1).

Therapy, outcome, and follow-up

The most commonly used antiviral therapy was interferon
α-2b aerosol inhalation, which was administered to 13
(100%) confirmed COVID-19 cases, 29 (67.4%) suspected
COVID-19 cases, and 27 (65.9%) non-COVID-19 cases.
Four (30.8%) confirmed COVID-19 cases, 2 (4.7%)
suspected COVID-19 cases, and 3 non-COVID-19 cases
received intravenous ribavirin. Oseltamivir was orally
administered to 3 (23.1%) confirmed COVID-19 cases, 2
(4.7%) suspected COVID-19 cases, and 6 (14.6%) non-
COVID-19 cases. Three (3.5%) non-COVID-19 cases
were given oral arbidol. Azithromycin was the most
commonly used antibiotic (for mycoplasma infection) in
27 (65.9%) out of 41 non-COVID-19 cases and 2 (15.4%)
out of 13 confirmed COVID-19 cases. In 19 (19.6%)

(Continued)

Normal range

Median (IQR) or No. (%)

P value
Total (n = 97)

Confirmed COVID-19
case (n = 13)

Suspected COVID-19
case (n = 43)

Non-COVID-19
case (n = 41)

CD4+/CD8+ T (Th/Ts) 0.96–2.05 1.77 (1.15–2.82)
(n = 35)

1.08 (0.87–1.74)
(n = 9)

2.60 (1.40–2.90)
(n = 10)

1.91 (1.18–2.63)
(n = 16)

0.051

Bilateral distribution of
patchy shadows or
ground glass opacity,
and/or infiltrating
shadows

No 97/97 13/13 43/43 41/41 –

* P<0.05.
Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; PT, prothrombin time; APTT, activated partial thromboplastin time; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase; BUN, blood urea nitrogen; Cr, creatinine; IL, interleukin.

Table 3 Serological test for the specific IgM and IgG antibodies of SARS-CoV-2

Normal range

Median (IQR) or No. (%)

P valueConfirmed COVID-19
case (n = 9)

Suspected COVID-19
case (n = 19)

Non-COVID-19
case (n = 14)

IgM, AU/mL 0–10 10.65 (1.20–29.62) 0.75 (0.38–1.09) 1.02 (0.45–1.76) 0.007**

IgG, AU/mL 0–10 82.38 (1.97–112.01) 1.39 (0.51–1.75) 1.00 (0.67–2.02) 0.004**

Quantitative analysis of the specific IgM and IgG antibodies against SARS-CoV-2 in 9 confirmed COVID-19 cases, 19 suspected COVID-19 cases, and 14 non-
COVID-19 cases are shown in Table 3. ** P<0.01.
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patients who received oxygen, invasive mechanical
ventilation was required in 2 confirmed COVID-19
cases, 1 suspected COVID-19 case, and 2 critical non-
COVID-19 cases. Two (15.4%) confirmed COVID-19
cases, 8 (18.6%) suspected COVID-19 cases, and 2 (4.9%)
non-COVID-19 cases received intravenous immunoglo-
bulin. Two confirmed COVID-19 cases, 2 suspected
COVID-19 cases, and 5 non-COVID-19 cases received
glucocorticoid therapy. Two confirmed COVID-19 cases
received plasma exchange and kidney replacement ther-
apy.
To date, 12 (92.3%) out of the 13 confirmed COVID-19

cases and all suspected COVID-19 cases and non-COVID-
19 cases have been cured and discharged. One (7.7%)
confirmed COVID-19 case had intussusceptions and
multiorgan failure and eventually died [6].
At 2 weeks after discharge, all patients were followed up

by telephone. Only one patient was readmitted because of
diarrhea, but nucleic acid retesting by RT-PCR remained
negative. The other patients were in good condition with
no symptoms related to COVID-19.

Discussion

The most striking feature of this cohort was that the early
symptoms in these children with probable COVID-19 were
apparently nonspecific or covered by other diseases.
Although we strictly adhered to two pre-examinations
and triage for all outpatients, most of the probable and
confirmed COVID-19 cases were admitted from the fever
clinic, and 12.5% (97/773) of the probable COVID-19
cases (including 5.3% (13/245) of confirmed COVID-19
cases) with atypical symptoms or critical illness were
admitted from the emergency department. The initial
symptoms of these patients did not always include fever or
cough. Some pediatric patients were brought to the
emergency department because of digestive tract symp-
toms (vomiting, diarrhea, and abdominal pain), nervous
system symptoms (convulsion), or even trauma. Only
when chest CT showed signs of pneumonia, they were
hospitalized as probable or confirmed COVID-19 cases.
Therefore, this approach was different from that of Lu et al.
[6]. Owing to the parents’ fear that their children were
infected with SARS-CoV-2, the median time from
symptom onset to hospital admission was shorter for
confirmed COVID-19 cases (2.0 days) than that for
suspected COVID-19 cases (3.0 days) and non-COVID-
19 cases (4.0 days) (P < 0.05). However, because of the
mandatory isolation period, the median length of hospital
stay was longer for confirmed COVID-19 cases (15.0
days) than that for suspected COVID-19 cases (10.0 days)
and non-COVID-19 cases (9.0 days) (P = 0.08).
The clinical symptoms of COVID-19 in children differ

from those in adults [10]. Most children with COVID-19

had mild symptoms or were asymptomatic. In our study,
the main symptoms in confirmed COVID-19 cases during
hospitalization were fever (53.5%), diarrhea (38.5%),
vomiting (30.8%), shortness of breath (30.8%), cough
(23.1%), and abdominal pain (23.1%). Compared with
suspected COVID-19 and non-COVID-19 cases, the
incidence of gastrointestinal symptoms (diarrhea and
abdominal pain) was higher in confirmed COVID-19
cases (P < 0.05) (Table 1).
SARS-CoV-2 infection in children is mainly the result of

family aggregation [11,12]. Our study showed that 10
(76.9%) out of the 13 confirmed COVID-19 cases had
documented exposure to one or more other adult family
members with confirmed or suspected COVID-19. Thus,
aggregative onset is an important feature in pediatric cases,
and it also underscores the highly contagious nature of the
virus [13]. Children with COVID-19 who are asympto-
matic or have coexisting conditions can be misdiagnosed
and may become potential vectors for virus transmission.
Similar to adult patients with COVID-19, most children

have normal or only slightly reduced leukocyte count
without evident organ dysfunction [14,15]. Severely ill
adult patients often have coexisting medical conditions
[14,16]. Although severe cases are less frequent among
children, they can progress to death when they have
coexisting conditions [6]. We analyzed cytokine (IL-2, IL-
4, IL-6, IL-10, and TNF-α) levels and cellular immune
functions (CD3+ T cells, CD4+ T cells, CD8+ T cells, and
CD16+CD56+ NK cells) in some patients and found that
the increase in IL-6 and IL-10 levels and the decrease in
numbers of helper T cells (CD4+), suppressor T cells
(CD8+), and NK cells (CD16+CD56+) mainly occurred in
severe cases with no difference between confirmed,
suspected, and non-COVID-19 cases (P > 0.05)
(Table 2). This result suggested that the virus causes direct
damage to organs and that further impairment of organ
function related to cytokine storm induced by the viral
invasion in critical cases is not unique to SARS-CoV-2
infection because it was also found in children that were
severely infected with other pathogens.
As with SARS and MERS, children with SARS-CoV-2

infection have low morbidity [17–21]. The reason for this
phenomenon is unknown, but it has been attributed to the
fact that children have a more active innate immune
response, healthier respiratory tracts, and fewer underlying
disorders than adults. A more vigorous immune response
in adults may also explain the detrimental immune
response in acute respiratory distress syndrome [22].
SARS-CoV-2, a newly emerged virus, binds with high
affinity to human angiotensin converting enzyme 2
(ACE2) and employs it as an entry receptor to invade
target cells [23]. The ACE2 protein is abundantly
expressed in lung alveolar epithelial cells and enterocytes
of the small intestines and is present in arterial and venous
endothelial cells and arterial smooth muscle cells of all
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organs [24,25]. Therefore, SARS-CoV-2 may infect
patients not only through the respiratory tract in the form
of air droplets but also through the digestive tract by
contact or fecal–oral transmission.
We previously described chest imaging features in five

COVID-19 cases with nonrespiratory symptoms as the first
manifestation in children [26]. In the early phase of the
disease, chest X-rays showed no abnormalities, potentially
leading to missed diagnosis. As in adults, chest CT images
in children with COCID-19 revealed the presence of viral
pneumonia, with early lesions frequently detected in the
lung periphery and showing ground-glass opacity and/or
infiltrating shadows. With disease progression, the lesions
increased in number and expanded to involve multiple
lung lobes. In the serious cases, the CT images showed
diffuse consolidation in the lungs, as well as so-called
white lung and air bronchogram.
RT-PCR was one of the first laboratory diagnostic

methods to be established in this pandemic and can yield
results within 2 h. In our study, 13 out of the 97 children
were confirmed to be positive for SARS-CoV-2 infection
by this method. Owing to the sudden outbreak of COVID-
19, detection kits varying in sensitivity and specificity were
used for testing, and cases that were highly suspected of
SARS-CoV-2 infection were sometimes found to be
negative although they could not be completely ruled out
[27]. In fact, nucleic acid testing of nasal and pharyngeal
swabs has a detection time window [28]. Dynamic
monitoring of SARS-CoV-2 nucleic acid profiles by RT-
PCR showed that the positive rate of oral swabs gradually
decreases, whereas that of anal swabs increases with the
duration of hospitalization [12]. At the same time, serum
IgM positivity increased from 50% (8/16) upon admission
to 81% (13/16) after 5 days of hospitalization, whereas IgG
positivity rate increased from 81% (13/16) to 100% (16/
16) [29]. Therefore, to improve the reliability of diagnosis
and avoid false-negative results, different biological
specimens (nasal and pharyngeal swabs, anal swab, and
blood) should be used for nucleic acid testing, and serum
IgM and IgG levels should be monitored. Serological tests
can serve as an important supplementary tool for COVID-
19 diagnosis. Therefore, serologic testing must be
conducted in children who are highly suspected of having
COVID-19 but who have tested negative via RT-PCR.
Notably, in the 97 children with probable COVID-19

who were initially admitted from the emergency depart-
ment, the most frequently detected pathogen was M.
pneumonia in 27 (65.9%) out of the 41 non-COVID cases
and 2 (15.4%) out of the 13 confirmed COVID-19 cases.
Additionally, out of the 41 non-COVID-19 cases, we
detected other viral infections in 15 cases, bacterial
infections in 6 cases, and fungal infection in 1 case. Four
cases had coinfection with two pathogens, and two cases
had coinfection with three pathogens. Therefore, clinical
manifestations, laboratory test results, and findings from

chest imaging of children with COVID-19 can be
nonspecific, and these cases cannot be definitively
diagnosed as COVID-19 unless etiological analysis is
performed. In particular, coinfection with another patho-
gen—especially M. pneumonia—could mask the symp-
toms of the primary infection.
Our study had some limitations. First, it was a

retrospective, single-center study with a small sample of
patients admitted by the emergency department. Standar-
dized data from a larger prospective cohort study could
provide more information on the features of COVID-19 in
children. Second, we only conducted serologic testing in a
subset of our patients and found just one case that was
positive for SARS-CoV-2 specific IgG in suspected
COVID-19 cases. Detection of nucleic acid in different
biological specimens of suspected COVID-19 cases and
dynamic monitoring of serum antibodies could reveal
additional cases and thus reduce the risk of missed
diagnosis. Finally, according to the standards of Experts’
Consensus Statement [7], suspected cases may be
considered as confirmed based on supportive evidence
from nucleic acid or serologic testing. However, serologic
testing was not initiated until March 5, 2020 and was only
performed in some children (25 cases). To ensure the
consistent application of diagnostic criteria to all patients,
we used nucleic acid test results as the basis for diagnosis,
and this approach may have resulted in some cases being
overlooked. To address this potential omission, we are
currently following up these children and advising them to
undergo serologic testing.
In summary, our findings highlighted the characteristics

of COVID-19 in pediatric patients admitted from the
emergency department, which differ from those admitted
from the fever clinic [6]. In children with similar clinical
manifestations and even chest CT images, distinguishing
COVID-19 from pneumonia caused by other pathogens
(e.g., M. pneumoniae) before etiologic analysis (nucleic
acid and serological testing) is impossible. Moreover,
serologic testing can serve as an important adjunctive
method for COVID-19 diagnosis, especially when the
patient is highly suspected of SARS-CoV-2 infection but is
found to be negative by nucleic acid testing.
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