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Impact assessment of non-pharmaceutical interventions
against coronavirus disease 2019 and influenza in
Hong Kong: an observational study

Benjamin J Cowling*, Sheikh Taslim Ali*, Tiffany W'Y Ng*, Tim K Tsang, Julian C M Li, Min Whui Fong, Qiuyan Liao, Mike YW Kwan, So Lun Lee,
Susan S Chiu, Joseph T Wu, Peng Wu, Gabriel M Leung

Summary

Background A range of public health measures have been implemented to suppress local transmission of coronavirus
disease 2019 (COVID-19) in Hong Kong. We examined the effect of these interventions and behavioural changes of
the public on the incidence of COVID-19, as well as on influenza virus infections, which might share some aspects of
transmission dynamics with COVID-19.

Methods We analysed data on laboratory-confirmed COVID-19 cases, influenza surveillance data in outpatients of all
ages, and influenza hospitalisations in children. We estimated the daily effective reproduction number (R) for
COVID-19 and influenza A HINT1 to estimate changes in transmissibility over time. Attitudes towards COVID-19 and
changes in population behaviours were reviewed through three telephone surveys done on Jan 20-23, Feb 11-14, and
March 10-13, 2020.

Findings COVID-19 transmissibility measured by R, has remained at approximately 1 for 8 weeks in Hong Kong.
Influenza transmission declined substantially after the implementation of social distancing measures and changes in
population behaviours in late January, with a 44% (95% CI 34-53%) reduction in transmissibility in the community,
from an estimated R, of 1-28 (95% CI 1-26-1-30) before the start of the school closures to 0-72 (0-70-0-74) during
the closure weeks. Similarly, a 33% (24-43%) reduction in transmissibility was seen based on paediatric hospitalisation
rates, from an R, of 1-10 (1-06-1-12) before the start of the school closures to 0-73 (0-68-0-77) after school closures.
Among respondents to the surveys, 74-5%, 97-5%, and 98 -8% reported wearing masks when going out, and 61-3%,
90-2%, and 85-1% reported avoiding crowded places in surveys 1 (n=1008), 2 (n=1000), and 3 (n=1005), respectively.

Interpretation Our study shows that non-pharmaceutical interventions (including border restrictions, quarantine and
isolation, distancing, and changes in population behaviour) were associated with reduced transmission of COVID-19
in Hong Kong, and are also likely to have substantially reduced influenza transmission in early February, 2020.
Funding Health and Medical Research Fund, Hong Kong.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction been one of the most heavily affected epicentres during

The first wave of coronavirus disease 2019 (COVID-19) in
China, outside of Hubei province, was addressed with the
implementation of aggressive public health measures.'
These measures relied heavily on massive mobility res-
trictions, universal fever screening in all settings, and
neighbourhood-based, household-focused social distan-
cing that was enforced by large teams of community
workers, as well as pervasive deployment of artificial
intelligence-based social media applications and the use
of big data.? Whether some or all of these measures
would be acceptable and feasible in settings outside of
mainland China has been questioned.’

Hong Kong is a Special Administrative Region of China
that operates with a large degree of autonomy. It is located
outside the mainland on the southern coast of China,
neighbouring Guangdong province—which has recorded
the largest number of confirmed cases of COVID-19
(1490 cases as of March 31, 2020) outside of Hubei. Having
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the severe acute respiratory syndrome (SARS) epidemic in
2003, the community in Hong Kong has been prepared to
respond to emerging infectious diseases. A range of public
health measures have been implemented to delay and
reduce local transmission of COVID-19, and there have
been major changes in population behaviour.

The initial containment or current suppression measures
used to control COVID-19 in Hong Kong include intense
surveillance for infections, not only in incoming travellers
butalso in the local community, with around 400 outpatients
and 600 inpatients tested each day in early March, 2020.
Once individuals are identified to be positive for COVID-19,
they are isolated in hospital until they recover and cease
virus shedding. Their close contacts are traced (from 2 days
before illness onset) and quarantined in special facilities,
including holiday camps and newly constructed housing
estates. Because not every infected person will be identified,
containment measures only work if social distancing
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Research in context

Evidence before this study

Coronavirus disease 2019 (COVID-19) was first identified in
late December 2019, in a cluster of cases of atypical
pneumonia in Wuhan. Infections increased through January
until the implementation of a lockdown of Wuhan and other
affected cities. Since January, 2020, COVID-19 cases have
been reported outside China in increasing numbers, with
many countries not taking strong control measures, such as
lockdowns, until relatively larger numbers of cases had been
reported. In Hong Kong, Singapore, and Taiwan public health
measures to prevent community epidemics were quickly
implemented and were able to avoid the need for complete
lockdowns. We searched PubMed on March 31, 2020,

for studies reporting the impact of alternative public health
measures against COVID-19 using keywords including
“"COVID-19”, “2019-nCoV”, “novel coronavirus-infected
pneumonia”, “SARS-CoV-2", “lockdown”, “social distancing”,
“isolation”, “contact tracing”, and “quarantine”. We scanned
227 published studies and found six that estimated the
impact of public health measures in Wuhan or elsewhere in
mainland China, one study that described the early
application of testing and contact tracing in Singapore,

measures or behavioural changes also reduce so-called
silent transmission in the community as a whole.

Hong Kong offers an opportunity to study the impact of
public health interventions and population behavioural
changes that could be rolled out in resource-sufficient
settings in other countries. We aimed to quantify the effect
of containment measures on COVID-19. In addition, to
identify whether social distancing and behavioural changes
have been associated with reducing silent transmission of
COVID-19, we analysed data on influenza activity as a
proxy for potential changes in transmission of infection
in line with the interventions implemented, assuming a
similar mode and efficiency of spread of influenza and
COVID-19. The specific objective of this study was to
quantify population behavioural changes in Hong Kong
during the COVID-19 outbreak, and to describe the likely
impact of the behavioural changes and public health
measures on COVID-19 transmission and influenza trans-
mission in the community.

Methods

Data collection

Data on laboratory-confirmed COVID-19 cases were
obtained from the Hong Kong Centre for Health Pro-
tection, which provides daily updates with individual
case data on a dedicated webpage.

We obtained sentinel surveillance data on influenza-like
illnesses in a network of around 60 general outpatient
clinics from the Centre for Health Protection. These
include weekly reports on the proportion of outpatient
consultations that were in patients with influenza-like

and one study reporting the impact of quarantine on
transmission on the Diamond Princess cruise ship.

Added value of this study

We estimated the effective reproduction number of COVID-19
in Hong Kong as a measure of transmissibility over time and
found that it has remained at approximately 1 for the past

8 weeks. We described the public health measures that have
been introduced to contain COVID-19 transmission and the
behavioural changes reported by the population, and found
that distancing measures and changes in behaviour were
associated with rapid declines in influenza activity. The speed of
decline in influenza activity in 2020 was quicker than in
previous years in which school closures were implemented but
there were no other social distancing measures or voluntary
changes in behaviour.

Implications of all the available evidence

The experience in Hong Kong indicates that COVID-19
transmission can be contained with a combination of testing
and isolating cases, plus tracing and quarantining their close
contacts, along with some degree of social distancing to reduce
community transmission from unidentified cases.

illness, defined as fever plus cough or sore throat. We
obtained laboratory surveillance data from the Public
Health Laboratory Services on influenza testing results on
specimens from public hospitals and sentinel surveillance
sites, including the weekly number of specimens tested
and the number testing positive for influenza by type and
subtype. Data on the current population of Hong Kong by
age and sex were obtained from the Census and Statistics
Department of the Hong Kong Government. We obtained
the daily hospitalisation rates for influenza-positive cases
among children in Hong Kong using the daily hospital
admissions for influenza to the paediatric departments
of two large hospitals in Hong Kong and the relevant
catchment populations.*

We did three cross-sectional telephone surveys among
the general adult population in Hong Kong, on Jan 20-23,
Feb 11-14, and March 10-13, 2020. The methods and survey
instruments used were similar to those used for surveys
during the SARS epidemic in 2003,¢ the influenza A
HIN1 pandemic in 2009, and the influenza A H7N9
outbreak in China in 2013.* Participants were recruited
using random-digit dialling of both landline and mobile
telephone numbers. Telephone numbers were randomly
generated by a computer system. Calls were made during
both working and non-working hours by trained inter-
viewers to avoid overrepresentation of non-working
groups. Respondents were required to be at least 18 years
old and able to speak Cantonese Chinese or English. New
respondents were recruited for each survey round. Within
each household, an eligible household member with the
nearest birthday was invited to participate in the survey,
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which was not necessarily the person that initially
answered the telephone. Survey items included measures
of risk perception, attitudes towards COVID-19, and
behaviours taken against contracting COVID-19, including
hygiene, face masks, and reduction of social contact. In the
second and third surveys, respondents who were parents
of school-age children were asked to answer additional
questions about social contact patterns of their children
because schools were closed at the time of the interviews.
Ethical approval for this study was obtained from the
Institutional Review Board of the University of Hong Kong.
All participants gave verbal informed consent.

Statistical analysis

Means and proportions of survey responses were directly
weighted by sex and age to the general population.
Categorical variables with ordinal Likert-type response
scales, including risk perception and attitudes towards
COVID-19, were first dichotomised as either above or
below a threshold. Responses to perceived susceptibility
were dichotomised as 1 (likely, very likely, or certain)
versus 0 (never, very unlikely, unlikely, or even chance);
responses to perceived severity were dichotomised as 1
(serious or very serious) versus 0 (very mild, mild, or
moderate); responses about worry were dichotomised as
1 (moderately worried or very worried) versus 0 (not at all
worried or slightly worried); responses about attitudes
towards COVID-19 were dichotomised as 1 (agree or
strongly agree) versus 0 (strongly disagree, disagree, or
neutral).

We estimated changes in COVID-19 transmissibility
over time via the effective reproduction number (R),
which represents the mean number of secondary
infections that result from a primary case of infection at
time . Values of R, exceeding 1 indicate that the epidemic
will tend to grow, whereas values below 1 indicate that the
epidemic will tend to decline. We estimated the time-
varying reproduction numbers from serial intervals and
incidence of COVID-19 cases over time° assuming a
serial interval of 7-5 days." We extended the approach
used by Thompson and colleagues® to allow for undetected
cases due to censoring and imperfect detection of local
cases. We assumed that 99% of imported cases and 80%
of local cases would be detected. We developed a data-
augmented Markov chain Monte Carlo algorithm to
jointly estimate the time-varying reproduction number,
the delay distribution from onset to reporting which can
be used to inform censoring and undetected cases. Time-
varying estimates of reproduction numbers were made
with a 7-day sliding window.

To measure changes in influenza transmissibility
over time, we first calculated the influenza proxy**
for influenza A HIN1 during the 2019-20 winter by
multiplying the weekly influenza-like illness consultation
rates by the weekly proportions of specimens positive for
influenza A HIN1, which was the predominant strain.
This influenza proxy is a better correlate of the incidence
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of influenza virus infections in the community than
either influenza-like illness rates or laboratory detection
rates alone.” We interpolated daily influenza proxy values
from the weekly influenza proxy values with use of
flexible cubic splines.*

Using the daily influenza proxy, we estimated daily
transmissibility via the daily effective reproduction
number, R. We used a simple branching process model
for epidemic spread to estimate the time-varying intensity
of transmission.® We assumed the serial interval
distribution for influenza followed a gamma distribution
with a mean of 2-85 days and SD of 0-93 days.” We
repeated these analyses for the daily influenza A HIN1
hospitalisation rates among children in two large local
hospitals (Queen Mary Hospital and Princess Margaret
Hospital). We evaluated the changes in transmissibility by
comparing the R, values during the 2 weeks before and
after the start of the school closures (including the Chinese
New Year holidays) for the 2019-20 winter influenza
season. The 95% CIs for the change in R, were calculated
using Fieller’s theorem.” We compared the reductions in
2019-20 with reductions in previous years when the
Chinese New Year holidays occurred during influenza
epidemics. All analyses were done with R version 3.6.2.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results
As of March 31, 2020, Hong Kong had confirmed
715 cases of SARS coronavirus 2 (SARS-CoV-2) infection,
including 386 individuals that were presumed to have
acquired infection outside of Hong Kong (imported
cases), 142 cases that could not be linked to any other
case (unlinked local cases), and 187 cases that were linked
to the other known cases (secondary cases; appendix p 1).
Among these 715 cases of SARS-CoV-2 infection, 94 were
asymptomatic infections and 621 were symptomatic
infections. Figure 1 shows the timeline of interventions
that were implemented by the government in Hong Kong,
including travel restrictions and bans, flexible working
arrangements, and school closures from kindergartens
up to tertiary and post-tertiary institutions, including
tutorial centres. Some religious organisations cancelled
services from Feb 13 onwards, and many conferences
and other local mass gatherings have been cancelled.
Quarantine orders have been issued to the close contacts
of individuals with confirmed infection, as well as
travellers arriving from affected countries (figure 1).
Although unlinked COVID-19 cases have been detected
in increasing numbers since early March, transmissibility
(R) remains around the critical threshold of 1 (figure 2).
Increases in local cases could be attributed to the
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Figure 1: COVID-19 cases in Hong Kong by date of reporting (A) and date of symptom onset (B)

The Chinese New Year, a major winter festival in Hong Kong, was on Jan 25, and there were public holidays on Jan 25-28. Most schools started holidays on Jan 22 and were scheduled to resume on

Feb 3. The Hong Kong Government has deferred class resumption several times and closures are now until further notic
in panel B. All dates are in 2020. COVID-19=coronavirus disease 2019.

transmission of infections into the community, resulting
from an increasing number of imported infections since
early March. With a local effective reproduction number
of 1, a gradual increase in the incidence of local infections
would be expected.

Data on influenza activity based on the community
influenza proxy were consistent with the rate of
hospitalisation of children with influenza A HIN1 in
Hong Kong (figure 3A, B). Influenza incidence peaked
in the third week of January, with influenza A HIN1
predominating, and declined to low levels by the second
week of February. The R, for influenza A HIN1 gradually
declined from the second week of January but was
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e without an expected resumption date. 94 asymptomatic cases are not shown

greater than 1 before the start of the school closures and
Chinese New Year. The R, then declined to less than 1
shortly after the school closures and continued to de-
crease until early February (figure 3C, D). The estimated
R was 1-28 (95% CI 1-26-1-30) during the 2-week
period before the start of the school closures and
0-72 (0-70-0-74) during the first 2 weeks of school
closures, corresponding to a 44% (34-53%) reduction in
transmissibility (figure 3C). Similarly, the R, calculated
from hospitalisation data was 1-10 (1-06-1-12) before
the start of the school closures and reduced to
0-73 (0-68-0-77) after school closures, corresponding to
a 33% (24-43%) reduction in transmissibility (figure 3D).
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Figure 2: Incidence and transmissibility of COVID-19 in Hong Kong

(A) Incidence of local COVID-19 cases in Hong Kong (dark blue bars) and cases infected overseas but detected locally (light blue bars). Augmented incidence includes estimated additional cases that
have occurred but have not yet been identified due to reporting delays. (B) Estimates of the daily R, of COVID-19 over time. The pink shaded area indicates 95% Cls. The dashed line indicates the critical
threshold of R=1. All dates are in 2020. COVID-19=coronavirus disease 2019. R=effective reproduction number.

In comparison, during the 2010-11 winter, we estimated
the reduction in transmissibility of influenza associated
with the Chinese New Year holidays to be 15% (95% CI
11-19%), declining from an R, of 1-10 (1-08-1-13) in
the 11-day period before the start of the school holidays
to 0-95 (0-92-0-96) during the 11-day school holiday
(figure 4). In the 2014-15 winter, the reduction in
transmissibility associated with the Chinese New Year
holidays was 14% (7-22%), declining from an R, of
0-94 (0-93-0-96) in the 11-day period before the start of
the school holidays to 0-81 (0-75-0-86) during the 11-day
school holiday.

We interviewed 1008 participants on Jan 20-23
(22% response rate), 1000 participants on Feb 11-14
(23% response rate), and 1005 participants on
March 10-13 (response rate 15%; appendix p 3).
Respondents included a broad cross-section of the adult
population of Hong Kong (appendix p 2). Respondents
perceived that they had similar susceptibility to
COVID-19 as they did to seasonal influenza, but that
COVID-19 was a much more serious infection, and
around half of the respondents reported worrying about
being infected with COVID-19 compared with around a
third of respondents for seasonal influenza (table). In
survey 2, 76-4% of respondents agreed with the statement
that complete border closure would be effective in
preventing the spread of COVID-19 to Hong Kong,

www.thelancet.com/public-health Vol 5 May 2020

84.1% were worried about the availability of medical
supplies, including face masks, but only 27-7% were
worried about the availability of living supplies, including
food and household goods, in Hong Kong (table).

We identified considerable increases in the use of pre-
ventive measures in response to the threat of COVID-19.
In recent years, face masks have mainly been used by
individuals in the general community who are ill and by
those who feel particularly susceptible to infection and
want to protect themselves. We found that 74-5%, 97-5%,
and 98-8% of respondents wore masks when going out;
61-3%, 90-2%, and 85-1% avoided going to crowded
places; and 71-1%, 92-5%, and 93-0% reported washing
or sanitising their hands more often, in surveys 1, 2, and
3, respectively (table). In surveys 2 and 3, 88-0% and
83-8% reported staying at home as much as possible.

In surveys 2 and 3, we asked the subset of respondents
who were parents of school-age children about their
support for school closures and the activities of their
children during the school closures. Among respondents
who were parents, 249 (95-4%) of 261 and 192 (93-7%)
of 205 agreed or strongly agreed that school closure
was needed as a control measure for COVID-19 in
Hong Kong, and 209 (80-1%) of 261 and 141 (68-8%) of
205 responded that their children had no contact with
people other than their household members on the
preceding day.

See Online for appendix
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Figure 3: Incidence, hospitalisation rate, and R, of influenza A (H1N1) in 2019-20

(A) Weekly incidence, calculated as the weekly consultation rate multiplied by the proportion of laboratory specimens testing positive for influenza A (H1IN1).

(B) Daily hospitalisation rate with influenza A (H1N1) in children in two large hospitals in Hong Kong. (C) Estimated R, in Hong Kong based on the influenza proxy
data, with 95% Cls indicated by the pink shaded region. (D) Estimated R, in Hong Kong based on the hospitalisation data, with 95% Cls indicated by the pink shaded
region. We stopped estimating R, when the local epidemic ended, indicated by a reduction in influenza proxy to very low levels and no further influenza
hospitalisations in children. Dashed lines indicate the critical threshold of R=1. Shaded bars show the dates of Chinese New Year (light blue) and school closures

(grey). R =effective reproduction number.

Discussion

Our findings suggest that the package of public health
interventions (including border entry restrictions,
quarantine and isolation of cases and contacts, and
population behaviour changes, such as social distancing
and personal protective measures) that Hong Kong has
implemented since late January, 2020, is associated
with reduced spread of COVID-19. In the 10 weeks
(corresponding to about ten generation times) since the
first known individual with COVID-19 in Hong Kong
began to show symptoms, there has been little sustained,
local transmission of the disease. Our findings strongly
suggest that social distancing and population behavioural
changes—that have a social and economic impact that is
less disruptive than total lockdown—can meaningfully
control COVID-19.

The increasing number of imported infections in March
poses a challenge to suppression efforts. This increase has
occurred at the same time as relaxation of some voluntary
avoidance behaviours in the general community. Without
a strengthening of social distancing measures, local
infections are likely to continue to occur, given that the
effective reproduction number is approximately 1 or slightly
higher than 1. Travel measures and testing, tracing, and
treating efforts are particularly important in maintaining
suppression, although these measures will be increasingly
difficult to implement as case numbers increase.

In addition to the identification of cases with isolation,
contact tracing, and quarantine, social distancing has also
likely played an important role in suppressing transmission.
We found that control measures and changes in population
behaviour coincided with a substantial reduction in
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Figure 4: Incidence and R, of influenza in 2010-11 and 2014-15

Weekly incidence of influenza (all type and subtypes) was calculated as the weekly consultation rate multiplied by the proportion of laboratory specimens testing
positive for influenza in the winter influenza season of 2010-11 (A) and 2014-15 (B). R, in Hong Kong was estimated based on the influenza proxy data, with 95% Cls
indicated by the pink shaded region, for the winter influenza season of 2010-11 (C) and 2014-15 (D). Dashed lines indicate the critical threshold of R =1. Shaded bars
show the dates of Chinese New Year (light blue) and school holidays (grey). R =effective reproduction number.

influenza transmission in early February, 2020. This
observation suggests that the same measures would also
have affected COVID-19 transmission in the community,
because there will be some similarities—as well as some
differences—in the modes of transmission of influenza and
COVID-19. The potentially higher basic reproduction
number for COVID-19 indicates that it might be more
difficult to control than influenza." Because a variety of
measures were used simultaneously, we were not able to
disentangle the specific effects of each one, although this
may become possible in the future if some measures are
strengthened or relaxed locally, or with use of cross-national
or subnational comparisons of the differential application
of these measures.

The estimated 44% reduction in influenza transmission
in the general community in February, 2020, was

www.thelancet.com/public-health Vol 5 May 2020

much greater than the estimated 10-15% reduction in
transmission associated with school closures alone
during the 2009 pandemic,® and the 16% reduction in
transmission of influenza B associated with school
closures during the 2017-18 winter in Hong Kong.”
We therefore estimate that the other social distancing
measures and avoidance behaviours have had a
substantial effect on influenza transmission in addition
to the effect of school closures. However, if the basic
reproduction number of COVID-19 in Hong Kong
exceeds 2, (it was 2-2 in Wuhan)," we would need more
than a 44% reduction in COVID-19 transmission to
completely avert a local epidemic. A reduction of this
magnitude could, however, substantially flatten the peak
of and area under the epidemic curve, thus reducing the
risk of exceeding the capacity of the health-care system,
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| believe that the Hong Kong Government can take effective measures to
control the spread of COVID-19 in Hong Kong

| believe that the Central Chinese Government can take effective measures

186 (18:9%; 16-0-21-9)
916 (89-6%; 85-8-93-3)
551 (52-5%; 487-56-3)

260 (251%; 22-0-28:3)
406 (423%; 38-4-463)
370 (36-5%; 32:9-40-0)

518 (50-5%; 46-6-54-4)
338 (33-5%; 29-9-37-1)

308 (31.7%; 28:1-35-3)

185 (17-4%; 14-8-20-1)
902 (90-5%; 86-4-94-7)
558 (53-9%; 49-9-57-9)

231 (22:5%; 19-4-25-6)
311 (32:7%; 28-9-36-6)
283 (30:3%; 26-6-33-9)

594 (59-2%; 54-9-63-5)
271 (31-8%; 27-8-35-8)

352 (39-0%; 34-8-43-2)

140 (15-2%; 12-6-17-8)
829 (82-0%; 78-6-85-4)
471 (46-5%; 42:9-50.0)

NA
NA
NA

679 (68-0%; 64-3-717)
336 (35-8%; 32:2-39-3)

NA

to control COVID-19

| believe that complete border closure is an effective measure to prevent ~ NA
COVID-19 spreading from mainland China to Hong Kong

Complete border closure will seriously affect the life of citizens NA
I worry about medical supplies, such as face masks, in Hong Kong NA
I worry about the living supplies in Hong Kong due to border closure NA

Preventive measures taken against COVID-199

who had taken the measure in the previous 7 days to prevent contracting COVID-19.

Avoided going to crowded places 627
Avoided visiting mainland China 800
Avoided contact with people with respiratory symptoms 687
Used face masks 778
Washed hands more often (including using hand sanitiser) 726
Avoided touching public objects or used protective measures when 387
touching public objects (eg, use tissue)

House disinfection NA
Used serving utensils when eating NA
Stayed at home as much as possible NA
Avoided going to health-care facilities NA

Data are n (%; 95% Cl). Proportions were weighted by age and sex to the adult population in Hong Kong. All dates are in 2020. NA=not applicable (question was not asked in
the survey). COVID-19=coronavirus disease 2019. *Numbers and proportions represent respondents that answered likely, very likely, or certain, rather than never, very unlikely,
unlikely, or even chance. fNumbers and proportions represent respondents that answered serious or very serious, rather than very mild, mild, or moderate. {Numbers and
proportions represent respondents that answered moderately worried or very worried, rather than not at all worried or slightly worried. SNumbers and proportions represent
respondents that answered agree or strongly agree to these statements, rather than strongly disagree, disagree, or neutral. fiNumbers and proportions represent respondents

784 (76-4%;72:3-805)  NA

298 (33.2%;29-2-37-1)  NA
860 (84-1%; 80-0-88-2) NA
244(277%;240-31-4)  NA

613%; 57-2-65-4)  920(90-2%; 862-942) 860 (85-1%; 81.7-88-4)
781%;73-9-822)  NA NA

66-8%; 62.7-70-9) 834 (80-0%; 76-0-84-0) 806 (78.7%; 75:3-82-1)
74-5%;70-4-78-6) 976 (97-5%; 93-5-100-0) 992 (98-8%; 96-0-100-0)
711%; 67:0-752) 938 (92:5%; 88-6-96:5) 941 (93-0%; 90-0-96-0)
36:4%;32:3-40-5) 767 (73-8%; 69-8-77-9) 746 (73:1%; 69-6-76-7)

897
686

89-3%; 85:2-93-4)
66-0%; 61-9-70-1)

899 (89-6%; 86-4-92-8)
692 (67.7%; 64-1-713)
868 (83-8%; 80-5-87-1)
759 (74:7%;71-1-78:3)

(
(
894 (88-0%; 83-9-92-1)
832 (81-0%; 77-0-85-1)

Table: Public attitudes, risk perceptions, and behavioural responses towards COVID-19 and seasonal influenza in three telephone surveys in Hong Kong

and potentially saving many lives, especially among older
adults.

The postponement of class resumption in local schools
in Hong Kong after the Chinese New Year holiday is
technically a class dismissal or suspension rather than a
school closure, because most teachers are still required
to go to school premises to plan e-learning activities
and set homework. Full school closures have been
implemented locally in previous years, including during
the SARS epidemic in 2003,° during the influenza pan-
demic in 2009,* and to control seasonal influenza
epidemics in 2008 and 2018.* Although school closures
can have considerable effects on influenza transmission,
their role in reducing COVID-19 transmission would
depend on the susceptibility of children to infection and
their infectiousness if infected. Both of these factors are

major unanswered questions at present.” Despite this
acknowledged uncertainty, our surveys revealed
considerable local support for school closures.
Individual behaviours in the Hong Kong population
have changed in response to the threat of COVID-19.
People have been choosing to stay at home, and in
our most recent survey, 85% of respondents reported
avoiding crowded places and 99% reported wearing face
masks when leaving home. Using similar surveys, face
mask use during the SARS outbreak in 2003 was 79%,
and it reached a maximum of 10% during the influenza A
(HIN1) pandemic in 2009.” These changes in behaviour
indicate the level of concern among the population about
this particular infection, and the extent of voluntary
social distancing in addition to the distancing created by
school closures. However, we did identify evidence of
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reductions in voluntary social distancing behaviours in
our third survey in March, perhaps indicating some
fatigue with these measures.

Our study has some limitations. First, we could not
identify which measure was potentially the most effective
and whether border restrictions, quarantine and isolation,
social distancing, or behavioural changes are most
important in suppressing COVID-19 transmission. It is
likely that each plays a part. Unlinked cases have been
identified in the community and will continue to be
identified, indicating that not every chain of transmission
has been identified by contact tracing from known cases.
Although we have noted major effects of control measures
and behavioural changes on influenza transmission, the
effects could be of a different magnitude for COVID-19
because of differences in transmission dynamics. Second,
our surveys of population behaviours could have been
affected by response bias, because we relied on self-
reported data. They also could have been affected by
selection bias away from working adults, although this
should have been reduced by conducting surveys in non-
working as well as working hours—we were unable to
assess potential selection bias. Without a baseline survey
before Jan 23, 2020, we could not compare changes in
behaviours, although the results of similar surveys from
previous epidemics can be used for comparison.t*"
Finally, although we identified reductions in the incidence
of influenza virus infections in outpatients and paediatric
inpatients, it is possible that these time series were
affected by reduced health-care-seeking behaviours and
limited health-care access that probably resulted from
private clinic closure, which occurred around the period
of the Chinese New Year holiday.

In conclusion, our study suggests that measures taken
to control the spread of COVID-19 have been effective
and have also had a substantial impact on influenza
transmission in Hong Kong. Although the transmission
dynamics and modes of transmission of COVID-19 have
not been precisely elucidated, they are likely to share at
least some characteristics with influenza virus trans-
mission, because both viruses are directly transmissible
respiratory pathogens with similar viral shedding
dynamics.” The measures implemented in Hong Kong
are less drastic than those used to contain transmission
in mainland China, and are probably more feasible in
many other locations worldwide. If these measures and
population responses can be sustained, avoiding fatigue
among the general population, they could meaningfully
mitigate the impact of a local epidemic of COVID-19.
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