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Objective: The number of children presenting with coronavirus disease 2019 (COVID-19)
caused by SARS-CoV-2 infection is increasing, and we aimed to assess the clinical char-
acteristics of pediatric patients with a definite epidemiological history during the early
COVID-19 epidemic.

Methods: Retrospective analysis was performed on the clinical data of children admitted to
the fever ward of Xiangyang Central Hospital in Hubei province between January 1, 2020
and March 17, 2020. According to definite epidemiological history, patients with SARS-CoV
-2 nucleic acid test (NAT) positive detection were grouped as confirmed cases, and patients
with two consecutive negative NATs were grouped as suspected cases. We compared the
clinical characteristics of the two groups.

Results: A total of 47 (47/127, 37%) cases had a definite epidemiological history, of which
32 (68.1%) were suspected, with a median age of 5.5 years (interquartile range [IQR]: 0.7—
10.3), and 15 (31.9%) were confirmed, with a median age of 9 years (IQR: 4-14).
Statistically significant differences in age, family cluster of infection, and numbers of
patients with clinical symptoms and fever (P<0.05) were found between the two groups,
but no statistically significant differences in leucocyte and lymphocyte counts were observed
(P>0.05). Significant differences were found in the computed tomography (CT) manifesta-
tion of ground glass opacity (GGO) between the two groups (P<0.05).

Conclusion: Children of older age and from family clusters of infection were more easily
diagnosed as having COVID-19. GGO changes on chest CT was more likely in confirmed
cases. Although obvious clinical manifestations increase our awareness of COVID-19,
children without manifestations of fever or cough should not be ignored as they may be
asymptomatic carriers.
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manifestation

Introduction

Since December 2019, an outbreak of coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has
spread in China and around the world."’ The World Health Organization has
declared the COVID-19 epidemic a public health emergency of international
concern® and of pandemic status.” Although people of all ages are susceptible to
SARS-CoV-2 infection,“’lO the number of infections in children is much lower than
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adults, as is the severity of the disease.'""'? Evidence from

increasing reports of pediatric cases'> "7

suggests milder,
atypical and nonspecific manifestations in children, when
compared with adults. Furthermore, asymptomatic infec-
tions and low positivity rates from SARS-CoV-2 nucleic
acid tests (NATS) in the early epidemic period made diag-
nosing pediatric COVID-19 difficult. During the epidemic,
children with definite epidemiological history and obvious
clinical manifestations have been considered as suspected
cases of COVID-19 and finally confirmed according to
NAT results. In the early stages of the epidemic, children
with two consecutive negative NATs were diagnosed as
suspected cases, and managed with little difference in
treatment and quarantine between them and children with
confirmed COVID-19. We were therefore interested in any
differences in the epidemiology and clinical manifestations
between these two groups, or specific clinical features that
might lead us to pay closer attention to suspected patients.
In this study, we retrospectively analyzed the clinical data
of pediatric patients admitted to the fever ward to further
assist in the diagnosis, prevention, and control of COVID-
19 in children.

Materials and Methods

Patient Population

Clinical data were collected from children (aged from 1
month to 14 years) diagnosed as COVID-19 suspected
cases or confirmed cases in the fever ward at Xiangyang
Central Hospital in Hubei province of China between
January 1, 2020 and March 17, 2020. We retrospectively
analyzed the clinical features, laboratory tests, and chest
computed tomography (CT) of pediatric patients with
definite epidemiological history.

Diagnostic Criteria
All subjects met the diagnostic guidelines established in
China, as stipulated in Diagnosis and Treatment
Recommendation for Pediatric Coronavirus Disease-19
(second edition).'®

The criteria for definite epidemiological history were
as follows: (1) travel or residence in Wuhan area or other
areas showing continuous local spread within 2 weeks of
onset; (2) exposure within 2 weeks prior to fever or
respiratory symptoms to Wuhan area or other areas
where local spread was ongoing; (3) close contact with
confirmed or suspected cases of COVID-19 within 2

weeks of onset; and (4) disease clusters, comprising

patients (other than the child in question) with fever or
respiratory identified as
COVID-19.

Qualifying clinical manifestations were as follows: (1)

symptoms suggesting or

fever, fatigue, and dry cough, or fatigue and dry cough
with no fever; (2) abnormal chest imaging (X-ray or CT);
and (3) normal or low total leukocytes count or lympho-
penia in the early phase of disease.

Pediatric patients with any of the definite epidemiolo-
gical history criteria were grouped as either suspected
cases: at least two related clinical provisions and two
consecutive negative NATs, or as COVID-19 confirmed
cases: at least two related clinical manifestations and NAT
positive.

Data Collection

For the NAT, real-time quantitative polymerase chain reac-
tion (RT-qPCR) was used, based on pharyngeal swab and
performed 1 day before or on the day of CT imaging.
Routine laboratory testing of blood count, C-reactive pro-
tein (CRP), biochemistry, and other factors was also com-
pleted 1-2 days prior to or on the day of CT imaging.
NAT was
other day until it showed negative.

During hospitalization, performed every

Statistical Analysis

Continuous variables were expressed as medians and inter-
quartile ranges or simple ranges, as appropriate.
Categorical variables were described as counts and per-
centages. Chi-square test and Fisher’s exact test were used
for categorical variables as appropriate and Mann—
Whitney U-test was used for comparing median values
of non-normally distributed variables. Analyses were con-
ducted using Statistical Product and Service Solutions
(SPSS 22.0) software. A two-sided o of less than 0.05

was considered statistically significant.

Results

Clinical Characteristics

A total of 47 (47/127, 37%) cases had a definite epidemiolo-
gical history. Among them, 30 (63.8%) had fever, 21 (44.7%)
had cough, 34 (72.3%) had abnormal chest CT, and 18
(38.3%) were from a family cluster of cases. These 47 cases
were classified as either suspected or confirmed. The sus-
pected group totaled 32 (68.1%) cases, including 16 (50%)
males and 16 (50%) females, with a median age of 5.5 (0.7—
10.3) years. There were 31 (96.9%) cases with obvious
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clinical symptoms, including 26 (81.3%) cases with fever, 17
(53.1%) cases with cough, 3 (3.1%) cases with sore throat, 1
(3.1%) case with runny nose, 1 (3.1%) case with vomiting,
and 1 (3.1%) case with diarrhea. The confirmed group com-
prised 15 (31.9%) cases, including 9 (60%) males and 6
(40%) females, with a median age of 9 (4-14) years. Of
these, 7 (46.7%) cases had obvious clinical symptoms, includ-
ing 4 (26.7%) cases with fever and 4 (26.7%) with cough.
There were no statistically significant differences between the
two groups in terms of sex or clinical manifestations including
cough, sore throat, runny nose, vomiting, and diarrhea
(P>0.05); there were statistically significant differences in
age, travel or residence in Wuhan, family cluster, and number
of patients with clinical symptoms and fever (P<0.05). None
of the children had symptoms of dyspnea, fatigue, or severe or
critical symptoms. Details are shown in Table 1.

Laboratory Findings

The white blood cell (WBC) counts in the suspected and
confirmed groups were 8.15 x 10%/L (5.76-10.54) and 6.04
x 10°/L (3.36-8.72), respectively, and were not statisti-
cally significantly different between groups. Lymphocyte
counts were 2.6 x 10°/L (1.31-3.89) and 2.6 x 10°/L
(1.26-3.94) for suspected and confirmed groups, respec-
tively; the difference between them was also not statisti-
cally significant. In addition, no statistically significant
difference was observed in the proportion of patients

with reduced or normal leucocytes and reduced lympho-
cytes between the two groups (P>0.05).

The differences in the proportions of patients with
abnormal CRP, lactate dehydrogenase (LDH), erythrocyte
sedimentation rate (ESR) and D-dimer were statistically
significant between the suspected group (56.3%, 62.5%,
75%, and 35.7%, respectively) and the confirmed group
(6.7%, 26.7%, 0%, and 0.0%, respectively; P<0.05). No
significant difference was found in the proportions of
children with abnormal glutamic oxaloacetic transaminase
(AST), creatine kinase isoenzyme (CKMB) and procalci-
tonin (PCT) between the two groups (P>0.05). Renal func-
tion and creatine kinase (CK) were normal in all children.
Details are shown in Table 2.

Chest CT Findings

In the suspected group, 24 (75%) cases had chest CT
abnormalities, including 16 (50%) with left lung involve-
ment, 19 (59.4%) with right lung involvement, and 10
(31.3%) with both lungs involved. A total of 14 (43.8%)
cases were patchy, 6 (18.8%) had bronchopneumonia, four
(12.5%) had ground glass opacity (GGO), one (3.1%) had
nodules, one (3.1%) had cord-like changes, one (3.1%)
had fibrous lesion changes, and one (3.1%) had enlarged
lymph nodes. In the confirmed group, there were 10
(66.7%) cases with chest CT abnormalities, including
five (33.3%) with left lung involvement, seven (46.7%)

Table | General Characteristics of Suspected and Confirmed COVID-19 Patients

Suspected Group(n=32) Confirmed Group(n=15) x? P value
Characteristics
Sex 0.41 0.522
Boy 16(50%) 9(60%)
Girl 16(50%) 6(40%)
Age(years) 5.5 (0.7-10.3) 9 (4-14) 0.012
Epidemiological History
Travel or residence in Wuhan 23(71.9%) 3(20%) 9.119 0.003
Family cluster 6(18.8%) 12(80%) 13.725 0
Obvious clinical manifestation 31(96.9%) 7(46.7%) 16.629 0
Fever 26(81.3%) 4(26.7%) 10.921 0.001
Cough 17(53.1%) 4(26.7%) 1.921 0.166
Running nose 1(3.1%) 0 |
Sore throat 3(9.4%) 0 0.343 0.558
Vomiting 1(3.1%) 0 |
Diarrhea 1(3.1%) 0 |
Infection and Drug Resistance 2021:14 htps: 3177
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Table 2 Laboratory Findings of Suspected and Confirmed COVID-19 Patients

Suspected Group (n=32) Confirmed Group (n=15) X2 P value
Characteristics
WBC count (x10%/L) 8.15(5.76-10.54) 6.04(3.36-8.72) 0.054
WABC decreased or normal 28(87.5%) 15(100%) 0.758 0.384
Lymphocyte count(x10°/L) 2.6 (1.31-3.89) 2.6 (1.26-3.94) 0.758
Lymphocyte decreased 1(3.1%) 1(6.7%) 0 |
CRP increased 18(56.3%) 1(6.7%) 8.468 0.004
LDH increased 20(62.5%) 4(26.7%) 3912 0.048
ESR increased* 15(75%) 0 16.744 0
D-dimer increased* 5(35.7%) 0 4212 0.04
AST increased* 4(12.9%) 0 0.806 0.369
CKMB increased* 4(12.9%) 0 0.806 0.369
PCT increased 3(10.7%) 0 0.471 0.492

Note: *Data for ESR, D-dimer, AST, and CKMB were incomplete.

with right lung involvement, and two (13.3%) with both
lungs involved. Seven (46.7%) cases had GGO, six (40%)
were patchy, 5 (33.3%) were nodular, and two (13.3%) had
bronchopneumonia. No statistical difference was found
between the two groups in the proportion of patients
with CT abnormalities or the proportions with pulmonary
lobe involvement or patchy changes (P>0.05); however,
differences in CT manifestations of nodular shadow and
GGO were statistically significant (P<0.05). Details are
shown in Table 3.

Discussion

Positive NAT from throat and nose swabs or lower airway
secretion is the gold standard for the diagnosis of COVID-
19;18 however, NAT testing is time- and resource-
consuming, and the positivity rate of the test is low,

meaning a definite diagnosis cannot always be made on
the first visit. Previous epidemiological data showed that
43% (26/61) of children with COVID-19 exhibited char-
acteristics of infection from epidemic exposure and
between 56% (34/61) and 90.1% (154/171) of children
with COVID-19 demonstrated clear evidence of transmis-

sion through a family cluster,'**°

indicating the important
role of epidemiological history. In this study, we analyzed
the clinical characteristics of 47 pediatric patients with
a definite epidemic history in order to provide useful and
supplementary indexes for differentiating COVID-19 con-
firmed and suspected cases. Statistically, the two groups
differed significantly in history of travel or residence in
Wuhan, with the proportion of children with these char-
acteristics in the confirmed group much lower than that in

the suspected group. Therefore, a specific history of

Table 3 Chest CT Findings of Suspected and Confirmed COVID-19 Patients

Suspected Group(n=32) Confirmed Group(n=15) x? P value
Characteristics
Abnormal Chest CT 24(75%) 10(66.7%) 0.354 0.552
Involvement of Lung
Left 16(50%) 5(33.3%) 1.148 0.284
Right 19(59.4%) 7(46.7%) 0.667 0414
Both 10(31.3%) 2(13.3%) 0911 0.34
Change of Chest CT
Patchy 14(43.8%) 6(40%) 0.059 0.808
Nodular 1(3.1%) 5(33.3%) 0.05876 0.015
GGO 4(12.5%) 7(46.7%) 0.04881 0.027
Bronchopneumonia 6(18.8%) 2(13.3%) 0.002 0.965
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exposure to Hubei or Wuhan no longer seems to be
a requisite for patients with the suspected disease to be
diagnosed with COVID-19, especially now that the epi-
demic status in Hubei province is lifted and the global
epidemic continues to spread. Detailed information
showed that family clusters of disease were more common
in the confirmed group (12/15, 80%) than in the suspected
group (6/32, 18.8%), with statistical significance, which
confirmed that close contacts with adults in the family is
the main way that children become infected.

In our study, the median age of children confirmed with
COVID-19 was 9 years, which was significantly older than
the median age of 5.5 years in suspected cases, with no
significant difference in sex between two groups. It has
been accepted that people of all ages are susceptible to
COVID-19, with no sex differences.'>*'** Our results may
be attributed to a low positivity rate using NAT detection in
younger children. Difficulty in pharyngeal swab sampling or
lower viral loads may add to the confusion. Somehow, chil-
dren of older age were more easily singled out for
COVID-19.

In our study, fever and cough were the main reasons
for children visiting hospital. However, the proportion of
children with fever was significantly lower in the COVID-
19 confirmed group than in the suspected group, and the
symptom of cough was not significantly different between
the two groups. The high seasonal incidence of respiratory

diseases? %32

such as influenza and respiratory syncytial
virus infections may account for these results. In addition,
an increasing number of asymptomatic infections being
admitted to ward because of positive detection by NAT
contributed to this. However, fever and cough are consid-
ered the most common initial clinical symptoms in
COVID-19;">%! thus, some of the 32 patients in the sus-
pected group may have been infected with COVID-19
even with negative detection by NAT.

Although WBC counts in the confirmed group were
lower than those in the suspected group, the difference
was not statistically significant; neither was the propor-
tions of patients with reduced or normal leucocytes and
with reduced lymphocytes, between the two groups. The
median value for lymphocytes was the same between the
two groups, with only one case of lymphopenia.
Lymphopenia reflects the consumption of lymphocytes
by SARS-CoV-2 and signals severe disease.'** It may
account for milder or less severe symptoms in children
with COVID-19, but does not provide strong diagnostic
support. However, it can serve to exclude other pathogens

to some extent. The proportions of children with abnor-
mal CRP, LDH, ESR, and D-dimer in the confirmed
group were statistically lower than those in the suspected
group. Although these indexes are commonly abnormal
in adults with COVID-19, especially in severe cases,' *
indicating more intense inflammatory reaction and more
serious organ injury, these changes are less often seen in
pediatric COVID-19,"*2° and lack specificity because of
coinfection.?*

Patchy consolidation and GGO were the most common
radiographic features. GGO is a known feature of COVID-
19%%2! and our study also demonstrated this. However,
patchy consolidation was also common in the suspected
group, and cannot be differentiated as a typical feature.
Besides, children who did not have symptoms of infec-
tions or radiological features of pneumonia accounted for
25.0% and 33.3% in the suspected and confirmed groups,
respectively. Furthermore, we found no statistically signif-
icant differences between the two groups in other CT
abnormalities, lung involvement, and other lung changes,
such as consolidation and pleural effusion, which are
commonly seen in adults with COVID-19. In other
words, the CT manifestations of children with COVID-
19 shared many common features with pneumonia caused
by other pathogens such as influenza virus, parainfluenza
virus, adenovirus, SARS-CoV, mycoplasma, chlamydia,
and bacterial infection, and they may even present with
no chest abnormalities, increasing the difficulty of diag-
nosis on the initial clinical visit.

As far as we know, even if the early-stage NAT is
negative, some patients may be finally confirmed as hav-
ing COVID-19. SARS-CoV-2 can be positively detected
after a long period, as a result of prolonged viral shedding
in feces, or in the form of immunoglobulin such as IgM or
IgG antibody, which can be used as a tool for delayed or
retrospective diagnosis.?® >

There were several limitations to our study. First, it
was a retrospective, single-center study with a small sam-
ple of patients and the characteristics of all suspected
patients could not be reflected. Second, some pathogenic
tests were not carried out due to biosafety issues during the
epidemic period. Finally, we did not perform serological
tests due to a lack of materials in the early epidemic
period. Finally, in the early epidemic period, triage system
was not perfect and needed continual improvement.
Telephone triage gives us a new direction for combating
COVID-19.%

Infection and Drug Resistance 2021:14
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Conclusions

Children of older age and with family clusters of infection
were more easily diagnosed with COVID-19, and chest CT
GGO changes were more often seen in confirmed cases.
Laboratory tests of WBC, lymphocytes, CRP, ESR, LDH,
and D-dimer helped in differential diagnosis to some extent.
Nevertheless, their use as a basis for early clinical diagnosis
of COVID-19 was not credible. Furthermore, although
obvious clinical manifestations increased our awareness of
COVID-19, children without manifestations of fever or
cough should not be ignored as they are asymptomatic
carriers. Thus, we recommend strict medical quarantine
and observation of all patients with suspected COVID-19
in dedicated quarantine facilities for the diagnosis, preven-
tion, and control of COVID-19.
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procalcitonin; ALT, glutamic-pyruvic transaminase.
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