
Original Investigation | Pediatrics

Clinical Characteristics and Transmission of COVID-19 in Children and Youths
During 3 Waves of Outbreaks in Hong Kong
Gilbert T. Chua, MBBS, MRCPCH; Joshua Sung Chih Wong, MBBS; Ivan Lam, MBChB; Polly Po Ki Ho, MPH; Wai Hung Chan, MBChB, MRCP;
Felix Yat Sun Yau, MBChB, MRCPCH; Jaime S. Rosa Duque, MD, PhD; Alvin Chi Chung Ho, MBBS; Ka Ka Siu, MBChB; Tammy W.Y. Cheung, MBBS, MRCPCH;
David Shu Yan Lam, MRCP; Victor Chi Man Chan, MBChB, MRCPCH; Kwok Piu Lee, MBChB; Kwing Wan Tsui, MBBS, MRCP; Tak Wai Wong, MBBS, MRCP;
Man Mut Yau, MBBS; Tsz Yan Yau, MBChB; Kate Ching Ching Chan, MBChB; Michelle Wai Ling Yu, MBChB; Chit Kwong Chow, MBBS; Wah Keung Chiu, MBBS, MRCPCH;
Kwok Chiu Chan, MBBS, MRCP; Wilfred H.S. Wong, PhD; Marco Hok Kung Ho, MD; Winnie W.Y. Tso, MBBS, MRCPCH; Keith T.S. Tung, MPH; Christina S. Wong, MRCP;
Janette Kwok, PhD; Wing Hang Leung, PhD; Jason C. Yam, MBBS; Ian C.K. Wong, PhD; Paul Kwong Hang Tam, ChM; Godfrey Chi Fung Chan, MD; Chun Bong Chow, MD;
Kelvin K. W. To, MD; Yu Lung Lau, MD; Kwok Yung Yuen, MD; Patrick Ip, MPH; Mike Yat Wah Kwan, MSc, MRCPCH

Abstract

IMPORTANCE Schools were closed intermittently across Hong Kong to control the COVID-19
outbreak, which led to significant physical and psychosocial problems among children and youths.

OBJECTIVE To compare the clinical characteristics and sources of infection among children and
youths with COVID-19 during the 3 waves of outbreaks in Hong Kong in 2020.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study involved children and youths
aged 18 years or younger with COVID-19 in the 3 waves of outbreaks from January 23 through
December 2, 2020. Data were analyzed from December 2020 through January 2021.

MAIN OUTCOMES AND MEASURES Demographic characteristics, travel and contact histories,
lengths of hospital stay, and symptoms were captured through the central electronic database.
Individuals who were infected without recent international travel were defined as having domestic
infections.

RESULTS Among 397 children and youths confirmed with COVID-19 infections, the mean (SD) age
was 9.95 (5.34) years, 220 individuals (55.4%) were male, and 154 individuals (38.8%) were
asymptomatic. There were significantly more individuals who were infected without symptoms in
the second wave (59 of 118 individuals [50.0%]) and third wave (94 of 265 individuals [35.5%]) than
in the first wave (1 of 14 individuals [7.1%]) (P = .001). Significantly fewer individuals who were
infected in the second and third waves, compared with the first wave, had fever (first wave: 10
individuals [71.4%]; second wave: 22 individuals [18.5%]; third wave: 98 individuals [37.0%];
P < .001) or cough (first wave: 6 individuals [42.9%]; second wave: 15 individuals [12.7%]; third wave:
52 individuals [19.6%]; P = .02). Among all individuals, 394 individuals (99.2%) had mild illness. One
patient developed chilblains (ie, COVID toes), 1 patient developed multisystem inflammatory
syndrome in children, and 1 patient developed post–COVID-19 autoimmune hemolytic anemia. In all
3 waves, 204 patients with COVID-19 (51.4%) had domestic infections. Among these individuals, 186
(91.2%) reported having a contact history with another individual with COVID-19, of which most (183
individuals [90.0%]) were family members. In the third wave, 18 individuals with domestic infections
had unknown contact histories. Three schoolmates were confirmed with COVID-19 on the same day
and were reported to be close contacts.

CONCLUSIONS AND RELEVANCE This cross-sectional study found that nearly all children and
youths with COVID-19 in Hong Kong had mild illness. These findings suggest that household
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Abstract (continued)

transmission was the main source of infection for children and youths with domestic infections and
that the risk of being infected at school was small.
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Introduction

In the COVID-19 outbreak, caused by SARS-CoV-2, more than 111 million people have been infected
and more than 2.4 million individuals have died worldwide.1 The first COVID-19 patient in Hong Kong
was diagnosed on January 23, 2020.2 Hong Kong is now experiencing its fourth wave of COVID-19
outbreaks, during which multiple public health policies have been implemented to facilitate social
distancing to reduce the spread of COVID-19.3 These public health policies have had a far greater
impact than expected, and nearly all children and youths with COVID-19 in Hong Kong have had only
mild illness.4,5 During the 4 COVID-19 outbreaks, the Government of Hong Kong implemented
territory-wide school closures intermittently.6,7 During each school closure, face-to-face teaching
was replaced by homeschooling and online classes. Students attended classroom lessons for less
than 3 months in 2020. A 2020 large-scale local study8 found that the prolonged school closures
may have been associated with increased risk among children of developing psychosocial problems,
which were associated with decreased emotional and social functioning and decreased physical
activity levels. Existing inequalities, such as having children with special educational needs, in families
with increased risk of psychosocial problems were associated with increased levels of these adverse
outcomes. A 2020 study9 in the US found that SARS-CoV-2 infection in children and youths was not
associated with attending school or childcare centers, and a 2021 study10 in the US found that
secondary transmission of SARS-CoV-2 within schools was rare. However, evidence concerning the
COVID-19 outbreaks in schools in Hong Kong is lacking. Furthermore, To et al11 found that the
predominant circulating strains of SARS-CoV-2 in Hong Kong were different in each of the 3 waves,
which could possibly influence the clinical characteristics of children and youths infected in the 3
waves. Therefore, we conducted this study to compare the clinical characteristics and identify the
sources of infection among children and youths with COVID-19 during the first 3 waves of outbreaks
in Hong Kong.

Methods

The ethics committees of all 7 Hong Kong Hospital Authority clusters approved this cross-sectional
study and waived individual informed consent given that the data were collected retrospectively and
anonymously. This study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

The study included children and youths aged 18 years or younger with COVID-19 confirmed by
the positive detection of SARS-CoV-2 in respiratory specimens by reverse transcriptase polymerase
chain reaction (RT-PCR) from January 23 through December 2, 2020. Surveillance criteria during the
3 waves of outbreaks were identical. These children and youths received SARS-CoV-2 RT-PCR testing
because they were symptomatic, were close contacts of an individual with a confirmed infection, or
were returned international travelers receiving screening at the border. All children and youths with
confirmed COVID-19, including those without symptoms, were admitted into the pediatric isolation
wards of public hospitals in Hong Kong as part of the mandatory territory-wide infection-
control policy.

The physicians (I.L., P.P.K.H., W.H.C., F.Y.S.Y., J.S.R.D., A.C.C.H., K.K.S., T.W.Y.C., D.S.Y.L., V.C.M.C.,
K.P.L., K.W.T., T.W.W., M.M.Y., T.Y.Y., K.C.C.C., M.W.L.Y., C.K.C., and W.K.C.) in charge of the 9 pediatric
isolation wards prospectively collected clinical information for patients upon their discharge as part
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of the territory-wide pediatric COVID-19 study. The deidentified information was submitted to a
centralized electronic data-collection system for analysis. The collected data included sex, age at
diagnosis, clinical symptoms, dates of admission and discharge, travel history prior to diagnosis of
COVID-19 infection, identifiable contacts with individuals with confirmed COVID-19 infection, and
COVID-19–related complications after initial discharge.

Definitions
We defined the periods of the 3 waves of outbreaks as follows: the first wave was from January 23
through March 21, 2020; the second wave was from March through July 4, 2020; and the third wave
was from July 5 through December 2, 2020. All individuals were classified as having domestic
infections (ie, with no recent international travel history) or imported infections (ie, with recent travel
history outside of the Hong Kong Special Administrative Region and Mainland China within 2 weeks
prior to symptom onset). The hospital length of stay was defined as the period from admission to
discharge. Patients discharged before July 6, 2020, were required to have 2 negative
nasopharyngeal swab SARS-CoV-2 RT-PCR tests taken at least 24 hours apart before being
discharged from the hospital. Patients testing positive had repeat RT-PCR tests every 2 to 3 days until
the nasopharyngeal swab results were negative. The discharge criterion was modified on July 6,
2020, to any detectable SARS-CoV-2 antinucleoprotein immunoglobulin G (IgG) antibodies in the
serum regardless of a positive respiratory specimen RT-PCR result.

Statistical Analysis
Statistical analyses were performed using SPSS statistical software version 26 (IBM) from December
2020 through January 2021. We used χ2 exact test to compare differences in clinical symptoms.
One-way analysis of variances was used to detect differences in the mean age at diagnosis and mean
length of hospital stay among patients in the 3 waves of outbreaks. The hospital admissions during
the study period were presented as plots by admission dates. A 2-tailed P value less than .05 was
considered statistically significant.

Results

From January 23 through December 2, 2020, a total of 397 children and youths with COVID-19 were
captured in the central database and were included in this study; 220 individuals (55.4%) were male,
the mean (SD) age was 9.95 (5.34) years, and 154 individuals (38.8%) were asymptomatic. In all 3
waves, 204 patients with COVID-19 (51.4%) had domestic infections. Among these individuals, 186
(91.2%) reported having a contact history with another individual with COVID-19, of which most (183
individuals [90.0%]) were family members. The Figure shows the number of children and youths
with COVID-19 admitted during the 3 waves of COVID-19 outbreaks in association with the school
closure periods: 14 individuals were confirmed in the first wave, 118 individuals in the second wave,
and 265 individuals in the third wave. Among individuals in the first and second waves, most were
classified as having imported infections (first wave: 11 individuals [78.6%]; second wave: 110
individuals [93.2%]), whereas most individuals in the third wave were classified with domestic
infections (193 individuals [72.8%]).

Table 1 shows the clinical characteristics of children and youths with COVID-19 in the 3 waves of
outbreaks. Patients diagnosed in the third wave were significantly younger by mean (SD) age (9.0
[5.1] years) than those in the first wave (11.6 [6.4] years) and second wave (11.8 [5.2] years) (P < .001).
In the first and second waves, most ethnic Chinese Hong Kong residents with international travel
were returning from the United Kingdom (8 individuals [72.7%] in the first wave and 50 individuals
[45.5%] in the second wave). In the third wave, 72 individuals (27.2%) had recent international travel,
with most ethnic Indian Hong Kong residents with international travel returning from India (48
individuals [66.7%]). There were significantly more individuals without symptoms in the second
wave (59 individuals [50.0%]; odds ratio [OR], 13.0; 95% CI, 1.6-102.6) and third wave (94
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individuals [35.5%]; OR, 7.1; 95% CI, 0.92-55.4) compared with the first wave (1 individual [7.1%])
(P = .001). Fewer than 10% of patients presented with anosmia over all 3 waves (17 individuals
[4.3%]) or ageusia (14 individuals [3.5%]). Patients treated in the third wave had significantly shorter
mean (SD) hospital lengths of stay (9.0 [5.1] days) compared with individuals in the first wave (24.0
[13.3] days) and second wave (18.1 [9.6] days) (P < .001). This difference was likely associated with
the change in discharge criteria from 2 consecutive negative results for nasopharyngeal swab SARS-
CoV-2 RT-PCR to the detection of serum antinucleoprotein IgG antibodies. Significantly fewer
individuals who were infected in the second and third waves, compared with the first wave, had fever
(first wave: 10 individuals [71.4%]; second wave: 22 individuals [18.5%]; third wave: 98 individuals
[37.0%]; P < .001) or cough (first wave: 6 individuals [42.9%]; second wave: 15 individuals [12.7%];
third wave: 52 individuals [19.6%]; P = .02).

None of our patients developed pneumonia or required oxygen or intensive care treatment.
Among all individuals, 394 individuals (99.2%) had mild illness. All patients recovered without
complications, except 3 patients in the first wave who presented with unusual manifestations
associated with COVID-19. One of these patients developed multiple chilblains on the toes, which
were resolved in 1 week with conservative management. The second patient, an ethnic non-Chinese
individual, developed multisystem inflammatory syndrome in children (MIS-C) approximately 4
weeks after being diagnosed with the infection. He presented with fever, sore throat, cervical
lymphadenopathy, bilateral conjunctival injection, cracked lips, and strawberry tongue but without

Figure. Admissions of Children and Youths With COVID-19 in Hong Kong
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Kindergarten year 1 and 2 students were not allowed to return to school from January 24
through September 29, 2020. Secondary year 3 to 5 students resumed classes on May
27, 2020; primary year 4 to 6 and secondary year 1 and 2 students resumed classes on
June 8, 2020; kindergarten year 3 and primary year 1 to 3 students resumed classes on
June 15, 2020. Summer holiday began on July 14, 2020, and extended through
September 23, 2020. Kindergarten year 3; primary year 1, 5, and 6; and secondary year 1,
5, and 6 students resumed classes on September 23, 2020; kindergarten year 1 and 2,

primary year 2 to 4, and secondary year 2 to 4 students resumed classes on September
29, 2020. Kindergarten year 1 to 3 and primary year 1 to 3 classes were closed on
November 14 and November 23, 2020, respectively, owing to outbreaks of non-COVID-
19–related upper respiratory tract infections; primary year 4 to 6 and all secondary
school classes were closed on December 2, 2020, owing to the wave 4 COVID-19
outbreak. HKDSE indicates Hong Kong Diploma of Secondary Education
examination period.
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cardiac complications. He was treated successfully with 2 doses of intravenous immunoglobulin. The
third patient in the first wave developed steroid-dependent autoimmune hemolytic anemia 3
months after being diagnosed with the infection and achieved remission with 4 doses of rituximab.

Table 2 shows the contact histories of the individuals with domestic and imported COVID-19
infections. Most patients overall (273 individuals [68.8%]) reported having a contact history with
another individual confirmed to have COVID-19, with most of those having infected family members
(270 individuals [98.9%]), mainly parents, grandparents, and siblings. In the first wave, 3 individuals
with imported infections reported having contacts with other infected schoolmates at overseas
boarding schools, as did 6 individuals in the second wave. In the third wave, 3 individuals confirmed
with domestic infections on the same day reported having contacts with schoolmates confirmed to
have COVID-19; these contacts occurred more than 1 month after the May 27, 2020, school
reopening. The first patient, whose parents and their domestic helper were also confirmed to have
COVID-19, had contact with the second patient, playing volleyball and having a meal together
without wearing a mask. They developed symptoms 5 days apart. The third patient developed
symptoms the same day as the second patient. She was initially unaware of any COVID-19 contacts
but was subsequently identified by the medical team to be a student at the same school and in the
same grade as the first 2 patients. Among individuals with imported infections, from 4 individuals in

Table 1. Characteristics and Travel History of Children and Youths With COVID-19

Characteristic

Individuals infected, No. (%)

P value
First wavea

(n = 14)
Second waveb

(n = 118)
Third wavec

(n = 265)
Age, mean (SD), y 11.6 (6.4) 11.8 (5.2) 9.0 (5.1) <.001

Sex

Male 7 (50.0) 70 (59.3) 143 (54.0)
.57

Female 7 (50.0) 48 (40.7) 122 (46.0)

With international travel 11 (78.6) 110 (93.2) 72 (27.2) <.001

Mainland China 1 (9.1) 0 0 <.001

Japan 1 (9.1) 0 0 <.001

India 0 16 (14.5) 48 (66.7) <.001

Other parts of Asiad 1 (9.1) 40 (36.4) 19 (26.4) .10

United Kingdom 8 (72.7) 50 (45.5) 2 (2.8) <.001

Switzerland 1 (9.1) 0 0 <.001

Spain 0 1 (0.9) 0 .68

Other parts of Europee 1 (9.1) 4 (3.6) 3 (4.2) .69

Canada 0 1 (0.9) 0 .68

South America 0 0 1 (1.4) .43

United States of America 0 4 (3.6) 0 .21

Hospital length of stay, mean (SD), d 24.0 (13.3) 18.1 (9.6) 9.0 (5.1) <.001

Symptoms

Asymptomatic 1 (7.1) 59 (50.0) 94 (35.5) .001

Fever 10 (71.4) 22 (18.6) 98 (37.0) <.001

Cough 6 (42.9) 15 (12.7) 52 (19.6) .02

Sputum 4 (28.6) 5 (4.2) 11 (4.2) <.001

Rhinorrhea 3 (21.4) 15 (12.7) 46 (17.4) .45

Sneezing 1 (7.1) 4 (3.4) 7 (2.6) .61

Blocked nose 2 (14.3) 4 (3.4) 7 (2.6) .07

Ageusia 1 (7.1) 5 (4.2) 8 (3.0) .63

Anosmia 1 (7.1) 6 (5.1) 10 (3.8) .73

Loss of appetite 3 (21.4) 2 (1.7) 5 (1.9) <.001

Vomiting 0 1 (0.8) 13 (4.9) .11

Diarrhea 2 (14.3) 9 (7.6) 16 (6.0) .45

Rash 0 1 (0.8) 0 .31

a January 23 to March 21, 2020.
b March 22 to July 4, 2020.
c July 5 to December 2. 2020.
d Includes Singapore, Pakistan, Dhaka, Kazakhstan,

Russia, Nepal, the Philippines, and Dubai.
e Includes Sweden, Scotland, the Netherlands,

Ukraine, Ireland, and the Czech Republic.
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the first wave (36.4%) to 41 individuals in the third wave (56.9%) were uncertain about their contact
histories, whereas 18 individuals with domestic infections in the third wave (9.3%) reported no
known contact history. Significantly more individuals presenting with diarrhea reported having
contacts with more than 2 individuals confirmed with COVID-19 compared with individuals without
diarrhea (12 of 27 individuals [44.4%] vs 54 of 370 [14.6%] individuals; P < .001).

Discussion

To our knowledge, this cross-sectional study is the first study comparing the clinical characteristics
and transmission patterns among children and youths with COVID-19 in East Asia in 2020. We found
significant differences in the clinical presentations across the 3 waves of outbreaks. There were more
individuals who were infected without symptoms in the second and third waves than in the first
wave. Fewer patients diagnosed in the second and third waves had symptoms (ie, fever and cough)
than patients in the first wave. The screening criteria for individuals without symptoms who were
carriers of SARS-CoV-2 and close contacts of individuals infected with COVID-19 were the same in the
3 waves of outbreaks; therefore, the differences in the percentages of individuals without symptoms
who were carriers in the 3 waves were unlikely to be associated with a change in public health
policies. On the contrary, this might be associated with the different predominant SARS-CoV-2 strains
circulating in the 3 waves. The study by To et al11 looked at the viral genome of the SARS-CoV-2 strains
in the 3 waves of outbreaks in Hong Kong. The spike protein D614G mutation, which is associated
with increased infectivity but not increased disease severity,12,13 was not found in patient samples
during the first wave, but it was present in 73.8% of samples in the second wave. It was
predominantly found in travelers returning from North America and Europe. The circulating strains
in 87.9% of the individuals with domestic infections in the third wave belonged to the Global
Initiative on Sharing All Influenza Data clade GR, Nextstrain clade 20B, and Pangolin lineage B.1.1, in
addition to D614G.11 Children and youths presenting with diarrhea were more likely to report having

Table 2. Contact Histories of Children and Youths With COVID-19

Individuals infected, No. (%)

P valueFirst wavea Second waveb Third wavec

Without international travel (n = 204)

Total 3 8 193 NA

Father 1 (33.3) 4 (50.0) 93 (48.2) .87

Mother 2 (66.7) 7 (87.5) 100 (51.8) .13

Sibling 0 5 (62.5) 64 (33.2) .11

Grandparent 0 1 (12.5) 52 (26.9) .39

Cousin 0 0 5 (2.6) .86

Uncle or aunt 1 (33.3) 0 15 (7.8) .19

Schoolmate 0 0 3 (1.0) .92

Friend 0 0 2 (1.0) .94

Unknown 0 0 18 (9.3) .57

With international travel (n = 193)

Total 11 110 72 NA

Father 4 (36.4) 12 (10.9) 14 (19.4) .04

Mother 2 (18.2) 24 (21.8) 20 (27.8) .59

Sibling 1 (9.1) 21 (19.1) 16 (22.2) .58

Grandparent 3 (27.3) 3 (2.7) 4 (5.6) .002

Cousin 0 1 (0.9) 1 (1.4) .90

Uncle or aunt 0 3 (2.7) 4 (5.6) .49

Schoolmate 3 (27.3) 6 (5.5) 0 <.001

Friend 0 5 (4.5) 0 .14

Unknown 4 (36.4) 61 (55.5) 41 (56.9) .44

Abbreviation: NA, not applicable.
a January 23 to March 21, 2020.
b March 22 to July 4, 2020.
c July 5 to December 2, 2020.
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contact with more than 2 infected individuals, which could be associated with the exposure to a
higher viral load, given that a previous study found a higher viral load in the stools of patients with
diarrhea14

This study also identified 3 patients with rare manifestations of COVID-19. Chilblains, also known
as COVID toes, presenting in both children and adults is a dermatological manifestation recognized
as a symptom of COVID-19.15 Although the exact pathophysiology of chilblains in individuals with
COVID-19 remains to be elucidated, possible mechanisms include an abnormal inflammatory
response attributed to type I interferonopathies or thrombotic microvasculature induced by
complement activation and procoagulation state.16 Another unique manifestation of COVID-19 was
MIS-C, with features resembling those of Kawasaki disease, which developed 4 weeks after diagnosis
of the infection in a patient who was not Chinese. However, no other Hong Kong Chinese individuals
with COVID-19 developed MIS-C. Globally, the first case of MIS-C as a complication of pediatric
COVID-19 was reported in Europe.17 Multiple pediatric studies in Asia have reported that MIS-C is
extremely rare, if not absent, among East Asian populations, despite Kawasaki disease being
significantly more prevalent in Asia than in the rest of the world.4,5,18 Multinational collaborative
studies are needed to explain the genetic predisposition for MIS-C across different ethnicities. It is
recommended that pediatricians in Asia treating children and youths who have COVID-19 and are not
East Asian consider the development of MIS-C after the primary infection. We also reported a patient
with COVID-19 who developed steroid-dependent autoimmune hemolytic anemia 3 months after
diagnosis of the infection and achieved remission with rituximab. The study team is conducting an
ongoing investigation to look at possible genetic causes for this patient. Post-COVID-19 autoimmune
hemolytic anemia has been documented in several adult case report series19 and was reported in a
teenager with symptoms suggestive of autoimmune lymphoproliferative syndrome.20 Pediatricians
should follow up with patients and provide adequate counseling to parents with regard to long-
term complications that might develop after the primary infection with COVID-19.

Our study found that transmission of SARS-CoV-2 within school campuses in Hong Kong was
rare, regardless of whether the schools were closed or reopened. Only 3 individuals with domestic
COVID-19 infections in our study were reported to be schoolmates in close contact. There were no
reports that teachers had transmitted COVID-19 to their students. Notably, most of the pediatric
patients had imported infections in the first and second waves. They were students returning to
Hong Kong from overseas boarding schools who had contact with infected schoolmates. After the
closure of schools, many students switched their learning to online platforms, with significant
physical and social outcomes. A recent study conducted by the Hong Kong Eye Hospital found that
myopia progression in children during the home confinement period was significantly greater than in
the pre-COVID-19 period (X.J. Zhang, PhD, unpublished data, 2021). Tso et al8 found that school
closures in Hong Kong were associated with significant changes in the physical and psychosocial well-
being of children, and the differences in outcomes were increased among families of children with
special educational needs, families with members who had mental health problems, single-parent
families, and families with lower incomes. School closures at critical periods in the educational
development of primary school children have also been associated with deleterious outcomes, such
as decreased educational attainment and life expectancies.21,22 The Hong Kong Diploma of
Secondary Education (HKDSE) examination held from April 24 through May 25, 2020, was attended
by more than 50 000 secondary school students in person. Candidates were not allowed to attend
if they were undergoing mandatory quarantine. Examination venues were disinfected regularly and
had adequate ventilation. Candidates’ temperatures were measured before they could enter the
examination hall, and they were required to maintain social distancing of at least 1.8 m and wear
masks during the examination. There were no reports of students being infected during the
examinations.23 In addition, the sources of infection for most individuals in our study group were
family members and not schools, and it is typical in Hong Kong that extended family members reside
in the same household.
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A peak in domestic infections between the middle of July and August 2020 led to a third wave
of domestic outbreak. It was primarily attributed to the exemption of several groups of returning
travelers, including seafarers and aircrew, from COVID-19 screening and quarantine. These
unscreened returning travelers spread the virus to local adults within the community and became the
sources of infection for children and youths at home while schools were closed.24 Instead of closing
schools, which could lead to multiple short-term and long-term detrimental outcomes, public health
policies should focus on preventing adults in the community from becoming infected and
transmitting COVID-19 to children and youths. This could be facilitated by public health measures
implemented in Hong Kong, such as universal mask wearing, which have not yet been widely
implemented in Europe or North America.25 Furthermore, Wang et al26 found that household
transmission of SARS-CoV-2 was 18-fold higher with frequent close contact with an infected person.
Other effective public health measures, including travel restrictions, border control, and social
distancing, should be enforced to prevent the importation of infections and transmission within the
community.6,7,27,28 Furthermore, when the transmission rate is low, schools could be reopened
cautiously29 and in a staged manner, with strict physical distancing within the campus and regular
disinfection with chlorine or alcohol.26 Additional measures should also be implemented in schools,
such as installing plastic partitions between classroom desks or canteen tables, minimizing group
activities, reinforcing infection-control measures like teaching students good hand hygiene and
monitoring symptoms, providing basic protective equipment to teachers, and incorporating digital
teaching tools in classrooms.30 Activities that may require removal of face masks, such as vigorous
exercise and sports that involve close body contact, should be suspended. Schools could consider
opening for half days so that students do not need to stay at school for lunch. Alternatively, students
could have their lunch at their desks with plastic partitions installed. Schools should also consider
asking parents to declare whether other family members have been in recent contact with infected
individuals. Students with contact histories should not return to school until they test negative.
Students under quarantine at home could be supported by online learning.

Limitations
The study has several limitations, and data from this study should be interpreted with the following
caveats. Although there were 488 patients confirmed with COVID-19 infection by the end of the third
wave, some patients in the third wave had not yet been discharged from isolation facilities and were
not yet captured in our database. We have yet to include the clinical characteristics of the individuals’
family members who also had COVID-19. Hong Kong is a unique city in the Southeast Asia, with many
travelers coming from overseas, as well as tens of thousands of Hong Kong children and youths
studying abroad and returning to Hong Kong several times per year. This could make it difficult to
generalize our findings to other cities in China and Asia. Additionally, the number of patients in the
first wave was small. Nevertheless, we have included all Hong Kong children and youths with
COVID-19 in the first and second waves, and the criteria implemented in Hong Kong for the screening
of individuals without symptoms who were carriers and of close contacts of individuals who were
infected remained the same throughout the 3 waves of outbreak.

Conclusions

In this cross-sectional study, children and youths with COVID-19 had a wide range of clinical
presentations, from no symptoms to postinfectious immune-mediated complications. Recent
reports found that a new SARS-CoV-2 strain, the variant of concern 202012/01, has emerged in the
United Kingdom, which is likely to be more transmissible than existing circulating strains.31 Whether
this new circulating strain will lead to a massive increase in global transmissions or to a new clinical
spectrum of diseases remains to be investigated. Nevertheless, our study found that nearly all
children and youths with COVID-19 were infected through household transmission. Risk of being
infected at school was very small if social distancing and face mask policies were enforced. Given that
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school closures are associated with negative short-term and long-term outcomes among children
and their families, school closures as a first-line measure in preventing the spread of SARS-CoV-2
within the community should be considered very carefully and their effectiveness should be
reviewed regularly.
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