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ABSTRACT
Objectives This study aims to explore the attenuated 
impact of reported avoidance behaviours adherence on the 
transmission of COVID- 19 through cross- sectional surveys 
in Hong Kong, in order to make up for the lack of research 
on avoidance behaviours fatigue.
Design 40 cross- sectional telephone surveys.
Setting All districts in Hong Kong.
Participants 31 332 Cantonese or English- speaking 
participants at age of 18 years or above.
Methods We collected data on behaviours and estimated 
the average effective reproduction number ( Rt ) among the 
Hong Kong adult population during the COVID- 19 epidemic 
wave in November–December 2020 and compared with 
the preceding epidemic in June–July 2020.
Results We observed a reduction in adherence to 
voluntary avoidance behaviours due to pandemic 
fatigue, but continued adherence to regulated avoidance 
behaviours. The average  Rt  during the post- work 
from home period was higher in November–December 
wave with estimated  Rt  of 0.81 (95% CI: 0.75 to 0.87) 
compared with the June–July wave with an  Rt  of 0.67 
(95% CI: 0.60 to 0.75).
Conclusions The declined effectiveness of social 
distancing interventions in reducing COVID- 19 
transmission was associated with fatigue with voluntary 
avoidance behaviours in Hong Kong population, implying 
a need for the government to reinvigorate the public to 
maintain effective pandemic control.

INTRODUCTION
On 31 December 2019, a cluster of atyp-
ical pneumonia was identified to the WHO 
Regional Office in Wuhan, China, which was 
identified as the novel SARS- CoV- 2.1 To miti-
gate the COVID- 19 pandemic, countries world-
wide have enacted unprecedented public 
health and social measures (PHSMs).2 The 
WHO has recommended protective measures 
in response to the COVID- 19 pandemic, such 
as maintaining physical distance at least 1 m 
away from each other, wearing a face mask, 
avoiding crowded or poorly ventilated areas 
and frequent handwashing.3 The extension 

of social/physical distancing measures and 
the use of masks could greatly reduce the risk 
of infection.4 Studies estimated that closing 
and restricting high- exposure business places 
and schools perhaps were the most effective 
public health interventions against COVID- 
19.2 5 6 Practising physical distancing has 
been a part of daily life for most people in 
the world although the compliance to the 
measures might not always be optimal.7–9

Pandemic fatigue with the PHSMs refers to 
a waning motivation to follow some recom-
mended protective behaviours against infec-
tion, which can be driven by various underlying 
psychosocial and practical factors.10 Intense 
PHSMs applied during the pandemic 
resulted in high social and economic costs 
and posed a serious threat to the control of 
SARS- CoV- 2 transmission due to the reduced 
compliance to the measures in the public. 
Modelling studies suggested that population 
compliance to social distancing measures 
might substantially affect the effectiveness in 
control of the spread of COVID- 19,11 and the 

Strengths and limitations of this study

 ► Multiple population- based cross- sectional surveys 
were conducted on participants selected with ran-
dom digital dialling across multiple epidemic waves 
of COVID- 19.

 ► Similar public health and social measures were im-
plemented in response to COVID- 19 in two epidemic 
waves.

 ► Preventive behaviours studied in the survey allowed 
for investigation of pandemic fatigue with avoidance 
behaviours in the population.

 ► The association was demonstrated between trans-
mission of COVID- 19 and the pandemic fatigue.

 ► Self- reporting preventive behaviours in the surveys 
might bias the findings of the study.
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fatigue with interventions was likely to drive the second 
wave of COVID- 19 in Europe.12

In Hong Kong, after the first confirmed case appeared 
in January 2020, a smaller second wave followed 
during March–April 2020.13 From July through August, 
COVID- 19 cases rose sharply following identification of 
imported cases. The biggest epidemic wave starting from 
late November 2020 in Hong Kong was originated from 
clusters of cases linked to several dance clubs.14 Similar 
intense PHSMs were implemented over the epidemic 
waves alternating with periods of relaxation. We have 
been conducting population- based surveys to investigate 
the psycho- behaviour patterns in Hong Kong popula-
tion in response to the COVID- 19 pandemic. It provided 
us with an opportunity to investigate the phenomenon 
of pandemic fatigue and its potential association with 
COVID- 19 transmission with the data collected from the 
two consecutive outbreaks in June–July and November–
December 2020.

METHODS
The survey
We conducted 40 cross- sectional telephone surveys 
throughout 2020 and in early 2021 in all districts in Hong 
Kong, initially at monthly intervals and then at weekly 
intervals from 5 May 2020 onwards to measure population 
responses to COVID- 19 and recommended protective 
behaviours. Respondents who were Cantonese or English 
speakers at age of 18 years or older and had access to a 
landline or mobile telephone were eligible and invited 
for the survey, while visitors who travelled to Hong Kong 
would be excluded. In each household, we only invited 
one family member whose birthday was the closest to the 
survey date. A sample size of around 500 (n) was indi-
cated to be sufficient to estimate population characteris-
tics (p=0.5) with a margin of error 0.05 (m) and 95% CI 
(t=1.96) according to the following formula.15 16

 n =
t2×p

(
1−p

)
m2   

Each survey included either 1000 or 500 respondents 
contacted via a computer- assisted random digit dialling of 
landlines and mobile phones. The survey items included 
basic demographic information, attitudes and risk 
perception towards COVID- 19 and behavioural measures 
adopted in response to COVID- 19 (eg, personal hygiene, 
mask wearing and reducing social contact). Verbal 
informed consent was obtained from all participants.

Statistical analysis
We identified the time periods when the government 
recommended civil servants to work from home (WFH), 
a measure often adopted by many private businesses 
as well during the two epidemic waves in June–July 
and November–December 2020 (online supplemental 
appendix table S1). We analysed behavioural responses 
of participants in the surveys conducted in the 3 weeks 
before the WFH announcement (pre- intervention) and 

4 weeks after the WFH (post- intervention). Response 
frequencies were weighted to the adult population in 
Hong Kong by age, sex, educational attainment and 
occupation.17 Linear regression models were used to 
explore the relationship between the reported avoidance 
behaviours in the survey respondents and the weekly 
numbers of COVID- 19 cases notified during the pre- 
intervention and post- intervention periods in each wave. 
In the surveys included in the analysis, participants (≤1%) 
who answered ‘don’t know’ or ‘refuse to answer’ in the 
questions about their behaviour in response to COVID- 19 
were included into the denominator for calculation of the 
adherence percentages (online supplemental appendix 
table S2).

We evaluated the transmissibility of COVID- 19 over 
time with the effective reproduction number ( Rt ), using 
the methods by Tsang et al.18 The change in COVID- 19 
transmission after the WFH policy was used to assess the 
impact of public health interventions (online supple-
mental appendix table S1) implemented during the 
two epidemic waves. We estimated the Rt for the pre- 
intervention period, that is, 2 weeks before the WFH 
announcement, and for the post- intervention period, 2–3 
weeks after the WFH announcement, allowing for a 7- day 
delay from the date of implementing the interventions 
to the time for assessment of the transmission (approxi-
mately one serial interval), which were then used to quan-
tify the effect of the interventions in reducing COVID- 19 
transmission.19 All analyses were done with R V.4.1.0.

Patient and public involvement
No patients and public involved.

RESULTS
As of 10 January 2021, Hong Kong has reported 9243 
laboratory- confirmed COVID- 19 cases in a series of local 
epidemic waves (figure 1A). In response to the surges of 
cases, the government introduced a package of PHSMs 
which seemed to have suppressed the transmission 
of COVID- 19 with broadly similar physical distancing 
interventions across the epidemic waves (online supple-
mental appendix table S1). The PHSMs applied in Hong 
Kong included suspending schools, restricting public 
gathering, requiring restaurants to operate at reduced 
capacity and for shorter hours, closing bars, nightclubs 
and karaoke centres, allowing civil servants to WFH, 
mandating mask- wearing in public areas and so on. The 
daily reported case numbers had returned to a low level 
within 2–3 months since the earliest surge of cases in each 
epidemic wave (figure 1A). In Hong Kong, all laboratory- 
confirmed cases were isolated until recovery (defined by 
two consecutive negative PCR tests and/or positive IgG 
antibody titre), and their close contacts were traced and 
placed in designated quarantine facilities for 14 days after 
their last exposure to the confirmed case.17

In total we interviewed 31 332 participants in the 40 
surveys (online supplemental appendix table S3) after 
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Figure 1 (A) Laboratory- confirmed COVID- 19 cases in Hong Kong by date of reporting as of 10 January 2021. The shaded 
areas in yellow indicate the implementation of work- from- home policy for civil servants. The pink area indicates the time periods 
adopting the mandatory masks policy in public places. The red and blue lines represent the closure of bars and the closure 
of schools, respectively. (B) Measures of personal hygiene practices against COVID- 19 among Hong Kong adults overlaid 
on the daily numbers of confirmed COVID- 19 cases by date of reporting. (C) Measures of physical distancing behaviours 
against COVID- 19 among Hong Kong adults overlaid on the daily numbers of confirmed COVID- 19 cases by date of reporting. 
Percentages indicate weighted proportions of respondents who adopted the specific behaviour to prevent contracting 
COVID- 19 in the past week. Starting from May, questions about hand hygiene practice were specifically asked for immediate 
actions after certain behaviours, such as going outside and touching common objects. The shaded areas in Panels B and C 
indicate the time periods selected for analysis of the survey data in the June–July wave (blue) and the November–December 
wave (red).
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excluding individuals due to invalid/non- residential 
phone numbers, unreachable/busy line/blocking/
answering device/language problem, refusal/inter-
ruption/inability to participate (online supplemental 
appendix table S3). Here we focused on behavioural 
changes among participants in response to the surge of 
COVID- 19 cases in June–July and November–December 
2020 (figure 1). While a high coverage of face mask 
use and optimal hand hygiene practices remained 
throughout (figure 1B, online supplemental appendix 

table S4), several types of physical distancing behaviour 
in the respondents changed following the reported 
case numbers of COVID- 19 in Hong Kong over the 
two epidemic waves (figure 1C, online supplemental 
appendix table S4).

We observed that the reported percentages of voluntary 
avoidance behaviours, that is, avoiding crowded places or 
going out, among the survey respondents increased with 
the notified COVID- 19 cases numbers before implemen-
tation of the PHSMs during the two consecutive waves. 

Figure 2 (A) Seven reported avoidance behaviours in the surveys plotted against the number of confirmed cases reported. 
Percentages indicate the weighted proportions of survey respondents who adopted the specific behaviour in the past week to 
prevent contracting COVID- 19. The triangles and blue line represent the June–July wave, and the circles and red line represent 
the November–December wave. Dotted lines represent pre- intervention and solid lines represent post- intervention. (B) The 
average effective reproduction number estimated for 2 weeks before the work- from- home announcement and the second and 
third weeks after the work- from- home announcement during the June–July and November–December waves, excluding the 7 
days immediately after the work- from- home announcement. The triangles and blue dotted line represent the June–July wave, 
and the circles and red solid line represent the November–December wave.
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However, a negative correlation was indicated between 
the reported voluntary avoidance behaviours and the 
weekly COVID- 19 cases and during the post- intervention 
period in the November–December wave, in comparison 
with the positive association shown in the June–July wave 
(figure 2A). Compliance with avoiding social gathering 
(a regulated avoidance behaviour) was found to increase 
consistently with the reported case numbers both before 
and after the PHSMs. We estimated that the average  Rt  
was 1.95 (95% CI: 1.56 to 2.62) and 0.67 (95% CI: 0.60 
to 0.75) for the pre- intervention and post- intervention 
periods, respectively, in the June–July wave, while the esti-
mates were 1.68 (95% CI: 1.39 to 2.45) and 0.81 (95% 
CI: 0.75 to 0.87) during the November–December wave 
(figure 2B).

DISCUSSION
From the population- based surveys, we observed a 
declined adherence to voluntary avoidance behaviours 
but not regulated avoidance behaviours following 
the implementation of the PHSMs in response to the 
increased COVID- 19 case numbers in Hong Kong popu-
lation over two consecutive COVID- 19 epidemic waves.

Our study illustrated the issue of pandemic fatigue 
in a place implementing intense PHSMs over multiple 
epidemic waves of COVID- 19. The population- based 
longitudinal questionnaire surveys involved more than 30 
000 participants showed the behavioural characteristics of 
the adult population in Hong Kong. The random digital- 
dialling sampling approaches in the surveys minimised 
the selection bias from the surveyors. The weekly surveys 
well covered the periods when the PHSMs were imple-
mented and the evolution of the COVID- 19 epidemics.

The attenuated impact of PHSMs in suppressing 
COVID- 19 transmission in November–December 2020 in 
Hong Kong might be related to the reduced motivation to 
follow the recommended physical distancing behaviours 
when the public was requested to maintain high compli-
ance with the PHSMs over a prolonged period of time. 
Pandemic fatigue might be attributable to various under-
lying factors, such as negative psychological impact of 
the continuous strict PHSMs, prolonged financial stress 
caused by loss of working hours and weakening of govern-
ment credibility and so on.20 21 Additional PHSMs or other 
pharmaceutical interventions may be needed to suppress 
future surges in cases, especially with increasing risk of 
introduction of the more transmissible SARS- CoV- 2 vari-
ants (eg, B.1.1.7, B.1.351, P.1) into Hong Kong.

Balancing individual rights and social interests is the 
biggest challenge to implement population- based PHSMs 
over a long period given the need to reduce the health 
impact of COVID- 19 and the need from the public 
to return to normal life.10 22 Clear, concise, respectful 
communication with the public together with a feasible 
execution plan might be helpful to reduce the pandemic 
fatigue.10 Further research should be carried out to 
identify the social, physical and psychological factors 

potentially associated with the protective behaviours 
against the pandemic and to assess the effectiveness of 
the measures targeting the individual factors.

A limitation of our study is that we did not allow for 
analysis of individual PHSMs (listed in online supple-
mental appendix table S1), or account for minor varia-
tions in the implementation of the measures in different 
time periods. However, the avoidance behaviours 
reported by survey respondents provided a general 
reflection of the fatigue with the largely similar PHSMs 
in Hong Kong population over the two epidemic waves 
studied. While the November–December wave occurred 
when the weather was slightly cooler than the June–July, 
environmental factors might not be major transmission 
drivers for COVID- 19 transmission.23 A second limitation 
is that the self- reported behaviours in our surveys might 
be subject to various reporting biases. Nevertheless, the 
reduced impact of these same PHSMs on transmission 
appeared to be evident from our comparative analysis of 
the two surges in daily case numbers in the same popula-
tion (figure 2B).

CONCLUSIONS
This study used the population- based cross- sectional 
survey data and the estimated effective reproduction 
number to highlight the pandemic fatigue with volun-
tary avoidance behaviours over two consecutive epidemic 
waves of COVID- 19 in Hong Kong. The potential impact 
from population behavioural changes needs to be consid-
ered in implementing non- pharmaceutical interventions 
to control the COVID- 19 pandemic.
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