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1 | BACKGROUND

In December 2019, a number of viral pneumonia was reported in
China. It was later named by the WHO as COVID-19 and the cau-
sative agent was named as SARS-CoV-2. The first case of COVID-19
was reported in Hubei province, China, about 1000 km north of
Guangdong province, the origin of SARS. Although geographical re-
levance may not play a role in the evolution of the virus, it has been
hypothesized that SARS-CoV and SARS-CoV-2 share similar patho-
genesis and epidemiology due to genetic similarity between the
two."? For instance, fever was observed in about 99% of patients
infected with SARS-CoV? and SARS-CoV-2.*

Like SARS-CoV, SARS-CoV-2 is one of the seven human
coronaviruses, a group of viruses of Alphacoronavirus and Beta-
coronavirus genera. While it is associated with higher mortality
compared with the common cold-related strains NL63, OC43,
HKU1, and 229E as well as SARS-CoV,” it also caused the largest
outbreak of human coronavirus up to date, more prevalent than
SARS-CoV. Consequently, it has been suggested that the basic
reproductive number (Rg) of SARS-CoV-2 was higher compared to
SARS-CoV.°

Although the number of SARS-CoV-2 infections has been rising amid the current
pandemic of COVID-19, the low infection rate of SARS-CoV-2 in children has been low.
By examining the clinical data available in the public domain, the present work clarifies
the clinical presentations in children with COVID-19 in China. Statistical significance
tests and adjusted odds ratios estimation were performed on the children (age below
18) and adults (age 18 or above) cohorts in China. SARS-CoV and SARS-CoV-2 shared
similar clinical features. Lower respiratory tract infection was less prominent in children
as evidenced by the relatively low prevalence in chest pain/discomfort and dyspnea.
Similar to SARS, younger children had a less aggressive clinical course, compared with
adolescents. While fewer symptoms were observed in children compared to adults,
there is not yet sufficient evidence to conclude shorter hospital stay in children.

clinical characteristics, COVID-19, epidemiology, SARS-CoV, SARS-CoV-2

Partly because of the lack of available clinical data, clinical fea-
tures of SARS-CoV-2 infections in children remain little known. For
instance, it is not clear if they are more susceptible to SARS-CoV-2
and if the clinical presentation differs in children compared with
adults.” Against this background, the present study aims to clarify the
clinical features of COVID-19 in children.

2 | METHODS

As a comparative study, both adults and children were considered. A
child was defined as a patient of age below 18. As of 17 April 2020,
there are still no confirmed sources regarding deaths in pediatric
patients with COVID-19 in China but the United States, the United
Kingdom, and the Philippines. Moreover, it was suggested that ad-
vanced age was associated with deaths.® To reduce the systematic
bias driven by the difference in the clinical features between sur-
viving and deceased adult patients, the present study considered
discharged patients with COVID-19.

As most of the cases were reported by the media rather than by

the local health authorities in China, a few searches were performed
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on Google between 13 February 2020 and 17 April 2020 with search
terms “pneumonia” AND “novel coronavirus” AND “age” AND “dis-
charge” in Chinese.

The following data were abstracted: (a) travel history to Hubei,
(b) gender, (c) age, (d) time from symptom onset to hospital admis-
sion, (e) time from hospital admission to discharge, and (f) symptoms
on admission.

An individual case was included if all following inclusion criteria
were met: (a) the patient was infected with SARS-CoV-2, (b) the exact
age of the patient was stated, (c) the date of discharge was stated,
and (d) symptoms on admission were stated. There was no language
restriction.

All statistical tests and estimation were performed on the ab-
stracted data by R software. To investigate any significant difference
in the central tendency measure between children and adults, the
Student t tests and the Mann-Whitney tests were performed on in-
terval data, such as time from hospital admission to discharge,
whereas z-tests were performed on nominal data, such as symptoms
on admission. To take into account possible confounding relation-
ships, adjusted odds ratio (OR) were estimated using logistic re-
gression with the stepwise regression procedure for independent
variable selection.”

3 | RESULTS

A total of 451 patients in 22 provinces, municipalities, and autono-
mous regions from 122 sources were included for study. Data
granularity varied greatly among provinces. For example, symptoms
were commonly reported in Shanghai whereas they were usually
disregarded in Hubei.

Table 1 shows the summary statistics about the two groups. The
minimum and maximum age of the patients included in the study
were 9 hours and 96 years, respectively. Children accounted for 9.5%
(95% Cl, 7.0-12.6) of all patients. Figure 1 (left panel) graphically
illustrates the cumulative relative frequency of the age of patients in
this study as well as the general Chinese population.’® The difference
in the cumulative relative frequency between the two groups wi-
dened until the group “Age 29 or below” (gray solid line). The dif-
ference started to narrow after, suggesting a more prominent
infection of SARS-CoV-2 in patients of age above 29.

There was no significant difference in the proportion of patients
with travel history to Hubei between the children and the adult
group. Similarly, there was no significant difference in the male
proportion between the two groups. Given similar median time from
symptom onset to admission between children and adults, the in-
significant difference in the median time from symptom onset to
admission suggested similar length of clinical course. Time from
symptom onset to admission and time from admission to discharge
were excluded by the stepwise regression procedure, suggestive of a
possible correlation between the two variables.

A significant difference in the number of symptoms was also
observed. Both the Student t test and Mann-Whitney test concluded
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fewer symptoms in children. The fever remained the most commonly
seen symptom followed by cough but was not significant between the
two groups. Nasal congestion/rhinorrhoea was observed in nearly
10% of all children and was significantly more prominent than in
adults. After taking into account possible confounding relationships,
the 95% Cl of the adjusted ORs suggested that nasal congestion/
rhinorrhea was more commonly seen in children whereas cough was
less prominent. However, no significant difference was observed in
other symptoms. Although contradicting results were observed in the
difference in the median and the mean of the number of symptoms,
the 95% CI of the adjusted OR showed that children did have few
symptoms than adults did.

4 | DISCUSSION

The present study clarifies the clinical characteristics of children with
COVID-19 using the clinical data reported by the media in China. A
total of 451 patients including 43 patients of age below 18 were
included in the study.

The data showed that patients of age below 30 were less sus-
ceptible to SARS-CoV-2 infection, as suggested by Figure 1 (left pa-
nel). This was slightly different from the case of SARS-CoV where
children of age below 18 were less susceptible. Figure 1 (right panel)
was created using the data reported in a study that considered more
than 5000 Chinese patients infected with SARS-CoV between
November 2002 and May 2003.'" The figure graphically illustrates
the cumulative relative frequency of age. SARS-CoV infection was
less prominent in patients of age 19 or below, as suggested by the
difference in cumulative relative frequency (solid gray line) between
the studied cohort (solid black line) and the Chinese population12
(dashed line). With SARS-CoV infection more prominent in patients
of age above 19, the difference in cumulative relative frequency
disappeared rapidly.

The shorter clinical course was observed in children with SARS,
as evidenced by the similar average time from symptom onset to
admission yet different average time from admission to discharge
between age groups. The average time from symptom onset to ad-
mission was similar between different age groups, 4 days for patients
age below 20 and between 3.1 and 4 days for other Chinese patients.
The average time from admission to discharge for patients of age
below 20 and other patients were 24.9 days and 26.5 to 30.9 days,
respectively.’® In contrast, our results failed to reach a similar con-
clusion in COVID-19. No significant difference was found in the
median time from symptom onset to admission and from admission
to discharge.

However, SARS-CoV and SARS-CoV-2 infection in children might
be similar in other aspects. For instance, upper respiratory tract in-
fection was more commonly seen in children with SARS, as evidenced
by the absence of chest radiograph abnormalities.”® Table 2 shows
the comparison of clinical features between the two diseases in
children from different studies.’*?* While fever and cough remained

the most prominent symptoms, relatively low prevalence in chest
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TABLE 1 Patients’ characteristics and symptoms on admission

Age (min, max; y)
Male

Travel history to Hubei

Median time from symptom onset

to admission?, d

Median time from admission to

discharge?, d

Number of symptoms?

Abdominal pain/discomfort
Anorexia

Chest pain/discomfort
Chill

Cough

Diarrhea

Dizziness

Dyspnea

Fever

Headache

Lethargy

Myalgia

Nasal congestion/rhinorrhoea
Sore throat
Vomiting/nausea

Abbreviation: OR, odds ratio.
?Data not normally distributed.
*Rounded to 3 decimal places.

Median

Mean

Age below 18 (n)
9h,17 (43)

51.3% (20/39)
45.0% (18/40)
1.0 (16)

16.0 (27)

1.0 (41)
1.3(41)

0.0% (0/40)
0.0% (0/40)
2.5% (1/40)
0.0% (0/40)
35.7% (15/42)
5.0% (2/40)
0.0% (0/40)
2.5% (1/40)
67.4% (29/43)
0.0% (0/40)
2.5% (1/40)
2.4% (1/41)
9.8% (4/41)
7.3% (3/41)
5.0% (2/40)

100%

80%

60%

40%

20%

0%

SARS-CoV-2 infection

1 1 1 P W

i

£

9 19 29 39 49 59 69 79 89 Al

20% 100%

80%
15%

60%

10%
40%

0
% 20%

0% 0%

Age 18 or above (n)

18,96 (408)
53.1% (215/405)
56.0% (216/386)
3.0 (79)

15.0 (131)

1.0 (385)
1.5(385)

0.8% (3/385)
0.5% (2/385)
3.6% (14/387)
3.9% (15/388)
41.2% (164/398)
1.3% (5/386)
1.3% (5/386)
3.9% (15/387)
82.9% (334/403)
2.8% (11/386)
9.9% (39/392)
3.3% (13/390)
1.0% (4/385)
3.9% (15/385)
1.0% (4/387)

P-value*

962
246
.248

.710

164
.039

1.000
1.000
1.000
415
.600
271
1.000
1.000
.023
577
207
1.000
.001
531
186

SARS-CoV infection

Adjusted OR
(children/adult)

0.51 (0.27,0.97)

0.50 (0.24,1.05)

16.44 (3.15,85.76)

1 20%

1 15%

{1 10%

19 39

59 79

All

FIGURE 1 Cumulative relative frequency of age in (left panel) SARS-CoV-2: Patients in the present work with 95% ClI (solid black line and
shaded in gray), the Chinese population (dash line), and the difference between the two (solid gray line, RHS) (right panel), and SARS-CoV: 5256
patients in Feng et al** the Chinese population (dash line), and the difference between the two (solid gray line, RHS). Cl, confidence interval



WILEY—Iﬂ

DIATRIC| PULMONOLOGY!

]
6 )]

LEUNG

00T 00 % 00 00 0's L6 LTl €0c

V/N 1T V/N V/N 00 €L L6 0TT 60T

V/N 00 9°L/€'S V/N V/N 86 9¢ce 01e 901

V/N 00 V/N L V/N 7'C LLT T'6C 1'8¢C

V/N 00 9L TL V/N SsC s9 00 LY

V/N 00 V/N TL o)0r4 00 €11 00 1'8¢C

0'0€ 4%4% STy L'S€ (0)0)4 V'[9 0'00T 0'86 6'96

V/N 00 V/N 00 00 Gid 00 €T 7’6

V/N 00 V/N 00 V/N 00 00 81 8'8T

V/N cee 88 00 00 0'S eL'6 9'€C LT

0'0e 1T S8 SV'Te 0'0e LS 6'C9 7’99 €99

V/N 00 V/N V/N V/N 00 SYT (010, 2 8'ce

V/N 00 V/N 00 V/N SC 00 00 9T

V/N 00 V/N 00 V/N 00 00 8'1¢ 7'€C

[0)0) 00 V/N 00 V/N 00 V/N €T €9
Suoy| 8uoH

eulyd ‘ueuny eujy) ‘ueuny eulyd ‘ueynpp  euly) ‘Suopueys  euiyd ‘nsduelr euly)  ‘adodeduls ‘ojuoio] 3uoy| SuoH 3uoy| SuoH

L€ 9:€ £9:%0T 89 B} q61:0C [A 0} 1¢:9¢ GE6C

(9£) 88 (9°2) 8 (V/N) 9 (V/N) 29 (¢6) G6 (£S) o (89) V/N (V/N) 9°€T (c1) LT

(0 6 LT 145 ot %74 9 Ly 9

(ET moj2q (T mojaq a8e) (9T mojaq o1 3@ ng ;118 3@ nYz  Apnis juasaid o118 39 UAqeg e LrNIYD

age) . le 32 ue| o2& 39 uays ase) e 32 M pue Sunaq

C-\9D-SHVS NOD-SYUVS

"Aluo SuiwoA,,
'y3noo Auq,

"UMOUY JOU SsjuRijed UNoy JO J9PUD,

‘'swoldwAs |eulisajujolisen),

easneu/SuliWo

je0Jy3 240§

£30Y.JI0U1Y/U01}S28U0D |eseN

e13|eAN

A3ueyiya

ayoepeaH

J9A94

eaudsAQ

ssaulzziq

eayJielq

y3no)H

lIT1e)

14ojwodsip/uted 3sayD

eixaJlouy

3Jojwodsip/uted jeulwopqy

% ‘WoldwAg

uoi3ed’07
oljeJ dewsay 03 djejN

SJeaA ‘93e (ueaw) uelpajn

9zIs a|dweg

uoI3034u|

3SIMI3YJ0 Pa3e)s ssajun ‘gT Mojaq a8e Jo UJIP[IYD Ul Z-A0D-SYVS PUe A0D-SYYS USaMIaq SaJnjeay [edlul]d jo uosiiedwod) g 314V L



LEUNG

1596
21 wi LEY—§

pain/discomfort, and dyspnea was observed in both diseases, sug-
gestive of less common lower respiratory tract infection in children.
In addition, patients with nasal congestion/rhinorrhoea were 16
times more likely to be children while patients with cough were two
times more likely to be adults, as shown in Table 1.

It is also important to note that nonspecific symptoms such as
anorexia, dizziness, abdominal pain/discomfort, and headache were
observed in children with SARS. It is possible that these nonspecific
symptoms may also be observed in children with COVID-19. In parti-
cular, gastrointestinal symptoms in patients with COVID-19 may imply
the route of infection. A study in SARS-related diarrhea found that
patients infected via the fecal-oral route were more likely to develop
diarrhea.?? If COVID-19 shares a similar aetiopathogenesis, the varying
prevalence of diarrhea in children with COVID-19 between 0% to 22%,
as shown in Table 2, might be explained by fecal-oral transmission. As a
respiratory disease, COVID-19 is predominately transmitted via re-
spiratory droplets and hence respiratory tract symptoms were com-
monly observed in patients. By the same token, the incidental fecal-oral
transmission of COVID-19 should see different prevalence rates of
gastrointestinal symptoms in different clinical studies.

Another similarity between SARS and COVID-19 in children is that
younger children had a less aggressive clinical course, compared with
adolescents. This finding in SARS has been well documented.”*** For
instance, symptoms such as chills, rigor, and myalgia were more com-
mon in adolescents yet rare in younger children with SARS.%> As shown
in Table 2, chill, dizziness, and myalgia were less commonly observed in

Ilé

Babyn et al*® where the studied cohort comprised of younger children

with an average age of 6.8 years. In contrast, these symptoms were

1> where the

shown more prevalent in Leung and Chiu'* and Li et a
studied cohorts had a median age of 11.7 and 13.6 years, respectively.
The cohort in the present study comprised of younger children with a
median age of 4 years. Chill and dizziness were not observed while
myalgia was observed in only 2.4% of patients of age below 18 years. In
another two clinical studies concerning children infected with SARS-
CoV-2, chill and dizziness were not observed whereas myalgia was seen
in 0% to 7.1% of the children.'®%°

The mechanism behind the reduced susceptibility in children re-
mains an active area for research. A number of studies have aimed to
understand the pathogenesis by considering the association between
age-related susceptibility to COVID-19 and angiotensin-converting en-
zyme 2 (ACE2), a negative regular of the renin-angiotensin system (RAS)
that was found to mediate the host cell entry of SARS-CoV and SARS-
CoV-2. However, contradicting findings have been observed. For ex-
ample, expression of ACE2 was found higher in Asian females yet
lowered during aging”® whereas another study found that increased
expression was associated with age yet not with gender.?” Similarly, a
study found increased expression of ACE2 with age in females as well as
higher expression in males compared to females.”® However, this find-
ing failed to explain the lower prevalence of SARS observed in men,
46% (n=483) in Taiwan,>’ 44% (n=1755) in Hong Kong,*° and 34%
(n =201) in Singapore.>* The opposite view has also been proposed. For
instance, it has been suggested that ACE2 produced the heptapeptide
angiotensin (1-7), the abundant peptide of the RAS, which had favorable

effects on the pulmonary endothelial cells and might provide resilience
from the development of pulmonary failure in COVID-19.%?

Another possible explanation is that children are less likely
smokers. Recent studies suggested that higher levels of ACE2 ex-
pression was found in smokers®>°* and after SARS-CoV infection,
suggestive of a role of postinfectious regulation.>* The mechanism
behind remains uncertain because nicotine was found to down-
regulate the expression of ACE2%> and contradicting findings con-
cerning the levels of ACE2 expression in individuals with chronic
obstructive pulmonary disease.***

Finally, the hypothesized links between cytokine storm syn-
drome and mortality may also explain the reduced fatality risk of
children with COVID-19.%%*” On one hand, a number of studies have
proposed the association between aging and increased cytokine

3839 meaning that chil-

production, interferon-y (IFN-y) for example,
dren are less susceptible to cytokine storm syndrome. On the other
hand, a recent study found that SARS-CoV-2 generally triggered
lower levels of cytokines, including IFN-y and IL-12 (an interleukin
induces the production of IFN-y*°), compared to SARS-CoV infec-
tion.** In addition, this study also suggested that SARS-CoV-2 was
capable of infecting and replicating more robustly than SARS-CoV
in human lung tissues because the nucleocapsid antigens of SARS-
CoV-2 were detected in higher abundance and in broader areas of
human lung tissues than that of SARS-CoV. Taken together, these
findings might explain the less severity in children with COVID-19, as
demonstrated by a lower prevalence of cough, fever, and nasal
congestion/rhinorrhoea compared to SARS, as shown in Table 2.
This study has some limitations. The size of the children's cohort
was small hence some symptoms such as headache and abdominal
pain/discomfort were not observed. However, it was expected the
prevalence of these symptoms to remain low since the sample in the
study is sufficiently random to reduce any symptom-related sys-
tematic bias. Comorbidities were not considered in the study as they
were not reported by the media. Still, chronic diseases are un-

common in children.
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