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Background: To clarify the characteristic and the duration of positive nucleic acid in children infected with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), including asymptomatic children.
Methods: A total of 32 children confirmed with SARS-CoV-2 infection between January 24 and February

12, 2020 from four provinces in western China were enrolled in this study and followed up until discharge
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and quarantine 14 days later.

Results: Eleven children (34%) were asymptomatic, among whom six children had normal computed
tomographic (CT) scan images. Age and gender were not associated with clinical symptoms or the results of
CT scan in children infected with SARS-CoV-2. The concentrations of white blood cells and neutrophils
were higher in children with asymptomatic infection than in children with clinical symptoms or CT
abnormalities. Patients who presented with CT abnormalities had lower D-dimer or lower total bilirubin
than those who had normal CT scan but clinical symptoms. All children recovered and no one died or was
admitted to the pediatric intensive care unit (PICU). The mean duration of positive SARS-CoV-2 nucleic
acid was 15.4 (SD =7.2) days and similar for both asymptomatic children and children with symptoms or CT
abnormalities. We found a significant negative correlation between the lymphocyte count and the duration
of positive nucleic acid test.

Conclusions: Children with asymptomatic infection should be quarantined for the same duration as
symptomatic patients infected with SARS-CoV-2. The clinical significance and mechanism behind the
negative correlation between the number of lymphocytes and the duration of positive SARS-CoV-2 needs

further study.

Keywords: Coronavirus; children; asymptomatic infection; western China

Submitted Apr 07, 2020. Accepted for publication Apr 30, 2020.

doi: 10.21037/atm-20-3192

View this article at: http://dx.doi.org/10.21037/atm-20-3192

Introduction

SARS-CoV-2 was first detected when a cluster of patients
with pneumonia of unknown cause emerged in Wuhan,
China in December, 2019. On February 11, the World
Health Organization (WHO) officially named the disease
as “Corona Virus Disease hyphen one nine” (COVID-19)
(1-6). As the number of infections and deaths continued
to rise, WHO declared COVID-19 as a global pandemic
on March 11, 2020 (7), and is causing serious health and
economic impact in 179 countries and regions worldwide.
COVID-19, together with severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome
(MERS), is a disease caused by beta-coronavirus. However,
the mortality rate of COVID-19 is lower than that of SARS
(more than 40% in people over 60 years old) and MERS
(30%) (8-11).

At present, many papers have reported on the
epidemiology and clinical characteristics of COVID-19.
However, most studies have so far focused on adults (12-14)
and several case series of children have been limited by
small sample size or the lack of follow-up, in particular for
asymptomatic patients (15-20). Children, compared with
adults, have a developing immune system and different
physical characteristics, thus it is not appropriate to directly
use evidence from adults to guide clinical practice of
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COVID-19 in children. Therefore, this is the first follow-
up study that included 32 children infected with SARS-
CoV-2 from multiple centers in four provinces of western
China, to clarify the clinical characteristics, the duration
of positive nucleic acid tests and their correlation with
lymphocyte counts between children with asymptomatic
infection and those with clinical symptoms, thus providing
evidence to guide management of children infected with
SARS-CoV-2. And we present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-3192).

Methods
Study design and patients

This multicenter retrospective study was approved by the
Ethics Committee of Children’s Hospital of Chongqing
Medical University (No. 2020-002). Given the urgency in
policy and clinical decision-making for COVID-19 and
difficulty of confirming information for most patients,
informed consent was exempted for all patients after
discussion and approval of the above-mentioned committee.
We recruited all the children (total 32, aged less than
18 years) with confirmed SARS-CoV-2 infection between
January 24 and February 12, 2020 in several local hospitals
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Figure 1 The flowchart of children enrolled in this study.

designated for the diagnosis and treatment of COVID-19
from Chongqing Municipality, Guizhou Province, Shaanxi
Province and Sichuan Province. All cases were diagnosed
based on the WHO interim guidance (21). And all the cases
were followed up two weeks later after discharge in the local
hospital (see the Figure I).

RT-PCR detection

Specimens of throat swab were obtained and sent to the
Chinese Centers for Disease Control and Prevention
(CDC) for testing in a unified and standardized way of
transportation. RNA was extracted and tested by real-time
RT-PCR with SARS-CoV-2 specific primers and probes.
The Chinese Center for Disease Control and Prevention
recommends: RT-PCR targeting open reading frame
(ORF1ab), primers and probes of nucleoprotein (N) gene
region to test for SARS-CoV-2. Two genes were targeted
during the real-time RT-PCR assay: Target 1 (ORF1lab):
forward primer (F) CCCTGTGGGTTTTACACTTAA,
reverse primer (R) ACGATTGTGCATCAGCTGA, and
fluorescent probe (P) 5’-FAM-CCGTCTGCGGTAT
GTGGAAAGGTTATGG-BHQI1-3’; and Target 2 (N):
forward primer (F): GGGGAACTTCTCCTGCTAGAAT,
reverse primer (R) CAGACATTTTGCTCTCAAGCTG,
and fluorescent probe (P) 5’-FAM-TTGCTGCTGCTTG
ACAGATT-TAMRA-3’. The results were classified into
three categories: a cycle threshold value (Ct-value) less than
37 was defined as a positive test result, and a Ct-value of 40 or
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more was defined as a negative test. A medium load, defined
as a Ct-value of 37 to less than 40, required confirmation by
retesting. If the repeated Ct-value was less than 40 and an
obvious peak was observed, or if the repeated Ct-value was
less than 37, the retest was deemed positive (22).

Data collection

We obtained the electronic medical records of the
confirmed COVID-19 children from the Hospital
Information System (HIS) and Laboratory Information
System (LIS) of each designated hospital for diagnosis
and treatment of COVID-19. We extracted the following
five types of information: (I) history of exposure: history
of traveling and close contacts with areas heavily affected
by COVID-19 (Wuhan), history of exposure to the
Huanan seafood market, or family cluster of the disease;
(II) demographic characteristics: age, gender, vital signs,
weight, height, and comorbidities; (IIT) laboratory findings:
routine blood test results, blood biochemistry, coagulation
function, infection markers and detection results of
common respiratory pathogens; (IV) radiological findings:
chest X-ray and CT scans; and (V) clinical outcomes:
Recovery was defined as the patient being discharged after
having normal body temperature for more than three days,
no respiratory symptoms, CT scan changes resolved, and
two consecutive negative test results of SARS-CoV-2 (with
at least one day between tests). Asymptomatic infection was
defined as the patient being tested positive for SARS-CoV-2
without manifesting any clinical symptoms or abnormal
chest imaging findings. Severe cases were defined as having
at least one of the following: (I) increased respiratory rate,
dyspnea, or cyanosis of the lips; (II) pulse oxygen saturation
<93%, or oxygen concentration <300 mmHg in arterial
partial pressure inspiration, or partial pressure of oxygen in
arterial <300 mmHg in inspiration; or (III) lobular lesion
or lesion with a progression to >50% within 48 hours. If
data were missing, we obtained the information by direct
communication with attending doctors and other healthcare
providers. Missing data were excluded from statistical
analyses. All data were extracted by two physicians (Qi
Zhou and Weiguo Li) independently, any disagreement
was resolved by consensus or consulting a third researcher
(Hongmei Xu).

Statistical analysis

All statistical analyses were performed using SPSS 23.0
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software. Categorical variables were described as absolute
numbers and percentages, and continuous variables were
described using means and standard deviations. When the
data were normally distributed, 7-test was used to compare
the mean of the two samples; otherwise, the rank sum
test was used. When comparing multiple groups, we used
variance analysis or covariance analysis. )’ test or Fisher
exact probability test were used for categorical data. The
results of correlation analysis were presented as a scatter
plot. We calculated Pearson correlation coefficients
or partial correlation coefficients after controlling the
confounding factors such as gender and age. P values less
than 0.05 was considered statistically significant.

Results
Characteristics of epidemiology and demography

Clinical data of 32 children with confirmed SARS-CoV-2
infection were collected in this study, with 20 (63%)
patients from Chongqing and 3 (9%) patients from Shaanxi
Province. The average age of the patients was 9 years (SD
=4.7), of which 10 (31%) patients were under six years of
age, 11 (34%) aged between 6 to 12 years and 11 (34%)
aged between 12 and 18 years. Seventeen (53%) patients
were male. Only 3 patients had underlying comorbidities: 1
had thrombocytopenia, 1 had Down’s syndrome and 1 had
intestinal atresia. The vital signs on admission including
average temperature, respiratory rate and heart rate were
36.7 °C (SD =0.5), 23 bpm (SD =4) and 95 bpm (SD =12),
respectively. Twelve (38%) patients had a history of travel or
living in the affected area and 29 (91%) patients with known
cases among family members. All patients received antiviral
treatment, of which interferon (94%) and lopinavir/ritonavir
tablets (47 %) were the most commonly used (Table 1).

Clinical characteristics and radiological findings

Of the confirmed 32 patients, 11 children (34%) patients
were asymptomatic with 6 (19%) asymptomatic patients
had normal CT scan. At admission, the most frequently
experienced symptoms were fever (38%) and cough
(57%). According to CT scans, 19 (59%) patients showed
abnormalities in the lungs (suggesting pneumonia), of
whom 3 (9%) patients showed bilateral pneumonia, 8 (25%)
patients showed unilateral pneumonia and 8 (25%) patients
showed multiple mottling and ground-glass opacity. Five
(16%) patients were found to have only CT abnormalities
without clinical symptoms (Table 2).

© Annals of Translational Medicine. All rights reserved.
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Laboratory findings

We analyzed the first laboratory test on admission,
leucocytes were above the normal range in 2 (6%) patients
and below the normal range in 1 (3%) patient, with an
average number of total leucocytes being 6.1x10°/L (SD
=0.4). The average number of total leucocytes was 8.6x10°/L
(SD =1.6) in children with asymptomatic infection and
5.5x10°/L (SD =0.3) in children with clinical symptoms
and/or CT abnormalities, which is significantly lower than
that of asymptomatic patients (P=0.011). Children with
clinical symptoms and/or CT abnormalities were subdivided
into three groups as children with CT abnormalities only,
clinical symptoms only and both, where no significant
difference in leucocyte counts was found. Neutrophils
were above the normal range in 8 (25%) patients, with an
average value of 3.0x10°/L (SD =0.4). The average counts
of neutrophils was 4.9x10°/L (SD =1.6) in children with
asymptomatic infection and 2.5x10’/L (SD =0.2) in children
with clinical symptoms and/or CT abnormalities, which is
significantly lower than that of children with asymptomatic
infection (P=0.006). There were no significant differences
between children with CT abnormalities only, children
with clinical symptoms only and both in neutrophils counts.
Lymphocytes were below the normal range only in 2 (6%)
patients, while 9 (28%) patients showed high lymphocytes
counts above the normal range, with an average of 2.6x10°/L
(SD =0.2). No significant differences were found between
asymptomatic group and children with symptoms and/
or CT abnormalities. Platelet counts and hemoglobin
concentration were basically within the normal range
(Tible 3).

Most patients had normal liver function: only 1 (3%)
patient had elevated aspartate aminotransferase (AST) and
6 (19%) patients had elevated alanine aminotransferase
(ALT), with the maximum value of ALT to be 80 U/L.
There were no significant differences between children with
asymptomatic infection and those with clinical symptoms
and/or CT abnormalities. Albumin reduction was seen
in only one patient. Eleven (37%) patients had increased
LDH values. The bilirubin level in children who had CT
abnormalities with or without clinical symptoms was lower
than those with clinical symptoms only (P=0.022), with
4 (12%) cases with bilirubin levels above the normal range.
For the coagulation function, APTT and PT were within
the normal range, and D-dimer was above the normal range
in 6 (24%) patients among 25 patients tested, in which the
children who had CT abnormalities with or without clinical
symptoms showed lower D-dimer than those with clinical
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Table 1 Baseline characteristics and exposure history of children infected with SARS-CoV-2
Category of patients
Variable All patients Asymptomatic Clinical symptoms or P value
(n=32) infection (n=6) CT abnormalities (n=26)
Age (years) 8.7+4.7 7.8+3.7 8.9+4.9 0.495
<6 10 (31%) 2 (33%) 8 (31%)
6-12 11 (34%) 3 (50%) 8 (31%)
12-18 11 (34%) 1(17%) 10 (38%)
Height (cm) 125.0+28.8 123.5£21.9 126.3+£31.0 0.535
Weight (kg) 32.9+17.0 32.25+16.1 33.7£17.5 0.855
Sex
Male 17 (53%) 2 (33%) 15 (58%) 0.383
Female 15 (47%) 4 (67%) 11 (42%) -
Province
Chongging municipality 20 (63%) 3 (50%) 17 (65%) 0.457
Guizhou Province 7 (22%) 2 (33%) 5 (19%)
Shaanxi Province 3 (9%) 0 (0%) 3 (12%)
Sichuan Province 2 (6%) 1(17%) 1(4%)
Underlying comorbidities
Yes 3 (9%) 0 (0%) 3 (12%) 0.999
No 29 (91%) 6 (100%) 23 (88%) -
Vital signs
Body temperature (°C) 36.7+0.5 36.7+0.5 36.7+0.5 0.890
Heart rate, per minute 95+12 94+10 96+13 0.802
Respiratory rate, per minute 23+4 23+3 22+4 0.479
Exposure history (Hubei)
Yes 12 (38%) 3 (50%) 9 (35%) 0.647
No 20 (62%) 3 (50%) 17 (65%) -
Family cluster
Yes 29 (91%) 6 (100%) 23 (88%) 0.683
No 1 (3%) 0 (0%) 1(4%)
Unknown 2 (6%) 0 (0%) 2 (8%)
Treatment
Antiviral treatment 32 (100%) 6 (100%) 26 (100%)
Interferon 30 (94%) 6 (100%) 24 (92%)
Lopinavir and ritonavir 15 (47%) 2 (33%) 13 (50%)
Ribavirin 3 (9%) 0 (0%) 3 (12%)

Table 1 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 1 (continued)

Category of patients

Variable All patients Asymptomatic Clinical symptoms or P value
(n=32) infection (n=6) CT abnormalities (n=26)

Antibiotic treatment 4 (13%) 0 (0%) 4 (13%)

Erythromycin 1 (8%) 0 (0%) 1 (8%)

Moxifloxacin 1(83%) 0 (0%) 1 (83%)

Ceftriaxone 1(3%) 0 (0%) 1(3%)

Cefixime 1 (3%) 0 (0%) 1 (3%)

Glucocorticoid 0 (0%) 0 (0%) 0 (0%)
Table 2 Clinical characteristics of children infected with SARS- symptoms only (P=0.031) (Tuble 4). As for bacterial co-
CoV-2 (n=32)

infection, procalcitonin was below 0.5 pg/L for all patients
Clinical characteristics and CT findings Number [%)] who tested and 3 (12%) patients showed increased CRP
values among the 26 patients tested (7able 3).

Clinical characteristics

Fever 8/21 [38]
Cough 12/21 [57] Analysis of duration of positive nucleic acid and recurrence
of positive results
Fever and cough 6/21 [29]
ot a1 114 SARS-CoV-2 duration of positive nucleic acid
uffy nose (4 By the end of February 29, all 32 patients had been
Runny nose 5/21 [24] discharged and no severe cases or deaths occurred.
Sore throat 3/21 [14] Among the 32 children except one lost some re-
Headache 224 [10] testeq data.l who had tested positive for SARS—COY—Z
nucleic acid, by 14 days 52% (16/31) had a negative
Shortness of breath 0/21[0] nucleic acid test. This was 33% (2/6) and 56% (14/25)
Shiver 1/21 [5] for asymptomatic patients and symptomatic patients,
Choking sensation in chest 021 [0] respect.ively, which was not .st.atistically different. The
. mean time from the first positive or onset of symptoms
Fatigue 2/21110] until the first negative nucleic acid test was 15.4 (SD
Asymptomatic 11/32 [34] =7.2) days in 31 patients. No significant difference was
Asymptomatic and normal CT 6/32 [19] identified between children with asymptomatic infection
5 (15.0 days, SD =6.7) and children with clinical symptoms
Only abnormalities on CT 5/82[16] (15.5 days, SD =7.4). In addition, 14 parents, of the
More than one symptom 11/21 [52] enrolled children, who were themselves infected showed
CT findings a mean duration of 22.7 (SD =10.0) days until first
negative nucleic acid test, slightly longer than that in
Abnormal 19 [59] . . .
children (P=0.07) (Table 5). The mean duration of until
Unilateral pneumonia 8 [29] the first negative nucleic acid test was 12.4, 18.6 and
Bilateral pneumonia 319] 14.9 days in patients under 6, 6 to 12 and 12 to 18 years,
) ) ] respectively, with no statistically significant difference
Multiple mottling or ground-glass opacity 8 [25]

between these three age-groups (Table 6).
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Table 3 Laboratory results of children with SARS-CoV-2 infection
Category of patients P value
With clinical symptoms or/and CT abnormalities
Characteristic Normel All patients Asymptomatic .
range ymp Only clinical ~ Only CT a b
(n=32) infection (n=6) (:Zt;;) symptoms abnormalities (r?::r;)
(n=7) (n=5)
Age and sex
Age (year) - 8.9+4.7 7.8+3.7 9+5.1 8.6+5.1 9.8+4.1 8.9+5.7  0.477 0.913
Sex (M/F) - 17/15 2/4 15/11 4/3 5/0 6/8 0.341 0.094
Routine blood tests
Leucocytes (x10%L) 3.5-9.5 6.1+2.3 8.6+4.0 5.5+1.1 5.6+1.4 5.0+0.7 5.6+1.1 0.011 0.620
Neutrophils (x10%/L) 1.8-6.3 3.0+2.0 4.9+3.8 2.5+1.1 3.0+1.6 1.9+0.7 2.5+0.7 0.006 0.227
Lymphocytes (x10°%/L)  1.1-3.2 2.6+1.1 3.1+1.5 2.5+1.0 2.2+0.9 2.7+0.7 2.5+1.2 0.233 0.591
Platelets (x10°/L) 125-350  257+103 345+116 23791 247+89 152+115 263+69 0.082 0.056
Haemoglobin (g/L) - 132+11 1314 132+12 130+12 142+8 130+13 0.753 0.236
Blood biochemistry
ALT (U/L) 0-45 25+19 28+16 25+20 22+12 29+21 25+23 0.693 0.848
AST (U/L) 0-45 33+17 3418 33+19 30+10 3416 34+25 0.896 0.871
Albumin (g/L) 40-55 45.3+3.1 47.5+£3.2 448129  45.6+2.8 45.7+2.2 44.0+3.1 0.071 0.379
LDH (U/L) 120-250  289+157 313+116 2841166  380+247 213z7 257+124  0.709 0.180
TB (umol/L) 1.7-21 11.5+9.6 7.3+2.7 12.4+10.3  20+13.6 7.8+2.4 10.3+8.6  0.243 0.067
D-dimer (ug/mL) 0-0.5 0.34+0.33  0.22+0.06  0.36+0.35 0.65+0.60  0.36+0.35 0.31£0.17  0.492 0.057
PCT* - 0.09+0.12  0.12+0.16  0.08+0.11 - - - - -

Values are presented as mean + standard deviation unless otherwise indicated. a: children with asymptomatic infection compared with

children with clinical symptoms or CT abnormalities; b: comparing children with clinical symptoms only, CT abnormalities only, and both;

or children with clinical symptoms only compared with children with CT abnormalities. *, PCT was available for 23 patients (among which

5 patients with asymptomatic infection).

Table 4 Blood biochemistry results of children with clinical
symptoms or/and CT abnormalities

Blood Only clinical With C.T.
. ) abnormalities P value
biochemistry symptoms (n=7)
(n=19)
LDH (U/L) 380+247 247109 0.071
TB (umol/L) 20.0+13.6 9.7+£7.5 0.022
D-dimer (ug/mL)# 0.65+0.60 0.27+0.18 0.031

#, D-dimer was available for 25 patients (4 patients with
asymptomatic infection, 3 patients with only CT abnormalities, 5
patients with only clinical symptoms and 13 patients with both).

© Annals of Translational Medicine. All rights reserved.

Recurrence of positive SARS-CoV-2 nucleic acid results
Recurrence of positive SARS-CoV-2 nucleic acid test
results were found in 4 (29%) children 5 to 30 days after
the first negative nucleic acid test among 14 children who
had subsequent testing after a negative result, of whom
one patient was from the asymptomatic group and another
three were from children with clinical symptoms and/or CT
abnormalities. No significant difference between these two
groups was identified (7zble 5). And anal swab was tested
on 6 children on follow up after discharge and quarantine

14 days, of which 5 tested positive (1able 7).

Ann Transl Med 2020;8(10):623 | http://dx.doi.org/10.21037/atm-20-3192
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Table 5 Time until SARS-Cov-2 nucleic acid turning negative in the children and their parents

Category of patients
Variable Al patients Asymptomatic Clinical symptoms or CT P value
(n=32) infection (n=6) abnormalities (n=26)
Nucleic acid turned negative within 14 days
Yes 16 (50%) 2 (33%) 14 (54%) 0.394
No 15 (47%) 4 (67%) 11 (42%) -
Unknown 1(3%) 0 1(4%) -
Days of nucleic acid turning negative (d)
Time (d) 15.4+7.2 15.06.7 15.5+7.4 0.853
Children 17.6+7.9 0.070
*Parents (n=17) 22.7+10.0

*, seventeen parents of the participating children who were infected themselves.

Table 6 Time of SARS-Cov-2 nucleic acid turning negative
according to age

Age (year) Time of nucleic acid turning negative (d) P value
<6 11.5+3.7 0.360
6-12 18.6+9.4

12-18 14.9+5.9

Correlation of the duration until first negative nucleic acid
test with blood cells counts

Among the 32 cases, one patient failed to obtain a
complete nucleic acid test result. Another patient showed
significantly increased leucocytes after reexamination
during hospitalization, which increased from 6.29x10°/L to
14.34x10°/L, indicating the presence of co-infection that
affected the real situation of routine blood tests, thus these
two patients were excluded from data analysis. We found
a significant negative correlation between the lymphocyte
counts and the time until the first negative nucleic acid,
after adjusting for age, gender and length of stay (LOS). In
other words, the more lymphocytes, the shorter the time of
positive viral nucleic acid, which indirectly reflects the faster
virus clearance (Table §).

Discussion

The follow-up study is the first time to clarify the clinical
characteristics, the time of nucleic acid turning negative and
its correlation with lymphocyte counts between children
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with asymptomatic SARS-CoV-2 infection and those with
clinical symptoms.

About 38% of the children participating in our study
had fever and 57% had cough at the time of admission to
hospital. For most children, cough was the first symptom.
In CT imaging, pulmonary changes in children were less
severe than those in adults, with lower incidence of further
progress to severe pneumonia.

Evidence on COVID-19 from adults suggested that at
the time of admission, the leucocyte counts was in normal
range or decreased in 70% to 76% of patients, while the
absolute value of lymphocytes was significantly below
the normal range in 35% to 63% of patients (12,13). In
contrast, the results of our study showed that the absolute
value of lymphocytes in children with SARS-CoV-2 was
mostly normal with only 6% below the normal range.
However, the published expert consensus of COVID-19 for
children recommends that clinicians should take decreased
lymphocyte counts as one of the diagnostic criteria for
suspected cases (23,24). Based on the analysis of these
32 patients in our study, we suggested that using decreased
lymphocyte counts for the diagnosis of COVID-19 in
children may lead to missed diagnoses of suspected cases
and cannot be recommended for diagnosis for children.
In addition, our study also found that the total number of
white blood cells and absolute neutrophils in children with
clinical symptoms and/or CT abnormalities were lower than
those with asymptomatic infection, while the lymphocyte
counts showed no reduction. Although the platelets showed
no difference as the limited cases, it showed the same trend
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Table 7 Recurrence of positive SARS-CoV-2 nucleic acid in children
Category of patients
Specimens All patients Asymptomatic Clinical symptoms or CT P value
(n=14) infection (n=3) abnormalities (n=11)
Respiratory specimens, n [%]
Positive 4[29] 1[33] 3[27] 0.5055
Negative 10 [71] 2 [67] 8 [73] -
Anal swab, n [%]
Positive 5[83] 1[100] 4 [80] -
Negative 1017] 0[0] 1[20] -

14 patients had a nucleic acid re-test from respiratory specimens, of which six patients tested anal swab. Two patients re-tested positive

by both respiratory specimens and anal swab.

Table 8 Correlation of the duration until nucleic acid turning
negative with blood cells counts

Variable Value (n=30) R P value
Days of nucleic acid 156.4+7.4 - -
turning negative (d)

Leucocytes (x10°/L) 6.10.4 0.061 0.753
Neutrophils (x1 09/L) 3.0+0.4 0.345 0.062
Lymphocytes (x1 OQ/L) 2.7+0.2 -0.448 0.013
Platelets (x1 Og/L) 270+18 -0.203 0.281

as neutrophils. These data suggested that children with
SARS-CoV-2 infection may have milder inflammatory
response considering that neutrophils were closely related
to inflammation, which may be one of the causes of mild
illness in children.

Studies from adults showed 98% of patients had
decreased albumin. Liver function in children is less
affected by COVID-19 compared with adults (12).
Increased D-dimer was found in 24% of patients who were
all symptomatic while asymptomatic patients showed no
abnormalities. The level of D-dimer and total bilirubin
in children with only clinical symptoms was higher than
those who had CT abnormalities with or without clinical
symptoms, it seems those with clinical symptoms showed
higher D-dimer and total bilirubin, although it showed
no difference as only 32 cases were analyzed in this study.
These results indicating that D-dimer was kept lower in
children with pulmonary imaging abnormalities and that
the virus may partially affect the synthesis of bilirubin and
D-dimer, of which the significance and mechanism need to
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be further studied.

As for treatment measures, all included children received
antiviral treatment (mostly interferon and lopinavir/
ritonavir) and antibiotics, antifungal agents, glucocorticoid
therapy were not used. Previous studies showed that the
majority of adults with COVID-19 were given antiviral
treatment (76%) and antibiotic treatment (71%), and some
patients needed antifungal agents (15%) for co-infection
control. In some severe cases, oxygen therapy, IVIG and
glucocorticoid was need as adjuvant treatment in 76%, 27%
and 19% of the patients, respectively (12).

Previous studies have shown that 26% to 32% of
patients in adults were admitted to the intensive care unit
(ICU) because of their higher oxygen requirement due to
hypoxemia. Nosocomial infection was presented in 41%
of adults with high risk of death (4.3% to 15%) (12-14).
However, in our study, all patients recovered after treatment
and no one died or was admitted to the pediatric intensive
care unit (ICU) for any other oxygen support. The clinical
outcome of COVID-19 in children seems to be significantly
better than that in adults.

The mean duration of a positive nucleic acid test, until
the first negative result, in children was 15 days, with no
significant difference between asymptomatic infected
children and children with symptoms or CT abnormalities.
Neither was there any statistical difference between
that of children and their parents, which was consistent
with recent study (25), but as limited cases, more study
are needed to confirm the difference between that of
children and their parents. These results underline that
virus replication occurs for a similar period in children
with asymptomatic infection, which implies that children
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with asymptomatic infection should be quarantined for
the same duration as symptomatic patients infected with
SARS-CoV-2.

No significant difference in the duration of a positive
nucleic acid test, until the first negative result was identified
between children of different ages, but it seemed that the
nucleic acid test became negative faster in children under
six years of age, which may be associated with faster virus
clearance. However, further research is needed to address
this. Recurrence of positive SARS-CoV-2 nucleic acid test
results were found in four children 5 to 30 days after the
first negative nucleic acid test, all of them however showed
improved clinical symptoms, as with adults (26). Recurrence
of positive SARS-CoV-2 nucleic acid test results is not
necessarily related to recurrent infection and also needs
further investigation. In addition, we found a significant
negative correlation between the lymphocyte count and the
time until the first negative nucleic acid. This result implies
that lymphocytes have an impact on the inhibition of SARS-
CoV-2 replication, which may partially explain the reason
why most children infected with SARS-CoV-2 present with

only mild illness.

Conclusions

The clinical characteristics, radiological and laboratory
findings, and clinical outcomes of children infected with
SARS-CoV-2 are essentially different from the situation
in adults. Besides, there were also differences in laboratory
findings between patients with asymptomatic infection and
patients with symptoms or CT abnormalities. The clinical
significance and mechanism behind the negative correlation
between the number of lymphocytes and the time of SARS-
CoV-2 nucleic acid turning negative need to be further
studied. This study has limitations including the small
sample size and partially missing of data in laboratory test,
however, our study can be considered the best evidence
yet for management of children infected with SARS-
CoV-2 considering the current situation of public health
emergency. Therefore, prospective and large-sample studies
are needed for further research on children infected with
SARS-CoV-2 to provide higher-quality and more credible
evidence for clinical practice.
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