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s u m m a r y 

Objectives: mask-wearing outside the home has been almost universal in Hong Kong since late January 

2020 with very high compliance. Nevertheless, community spread of COVID-19 has still occurred. We 

aimed to assess the settings where COVID-19 transmission occurred and determine the fraction of trans- 

mission events that occurred in settings where masks are not usually worn. 

Methods: we reviewed detailed information provided by the Hong Kong Department of Health on lo- 

cal COVID-19 cases diagnosed up to 30 September 2020 to determine the most likely settings in which 

transmission occurred. We classified them in probably mask-on or mask-of and compared the prevalence 

of asymptomatic infections in these settings. 

Results: among the 2425 cases (65.3%, 2425/3711) with information on transmission setting, 77.6% of the 

transmission occurred in household and social settings where face masks are not usually worn. Infections 

that occurred in mask-on settings were more likely to be asymptomatic (adjusted odds ratio 1.33; 95% 

confidence interval: 1.04, 1.68). 

Conclusions: we conclude that universal mask-wearing can reduce transmission, but transmission can 

continue to occur in settings where face masks are not usually worn. The higher proportion of asymp- 

tomatic cases in mask-on settings could be related to a milder disease presentation or earlier case detec- 

tion. 

© 2021 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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The first case of coronavirus disease 2019 (COVID-19) in Hong 

ong was confirmed on 23 January 2020 in a visitor from Wuhan, 

hina. 1 The Hong Kong government implemented strict control 

easures to limit the introduction and spread of the virus in- 

luding border controls, strict case isolation and quarantine of 

heir close contacts, and social distancing measures in the commu- 

ity. 2–4 Mask-wearing outside the home has been almost universal 

ince late January 2020 with very high compliance, 1 and the local 
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overnment made it mandatory to wear masks in public from 22 

uly 2020 onwards. 1 

Face masks have proven efficacy in reducing the escape of res- 

iratory virus droplets and aerosols into the environment from in- 

ected persons 5 and in reducing COVID-19 transmission at the pop- 

lation level. 6–8 However, despite the high use of face masks in 

ong Kong, community outbreaks have still occurred, and there 

ere 9798 laboratory-confirmed cases and 166 deaths by 20 Jan- 

ary 2021. 

In this study, we aimed to assess the settings where COVID- 

9 transmission occurred and thereby determine the fraction of 

ransmission events that have occurred in settings where masks 

re not usually worn. A considerable fraction of infections identi- 

ed in Hong Kong have been asymptomatic, and here we also ex- 
eserved. 
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mined the prevalence of asymptomatic infections that occurred in 

ask-on versus mask-off settings. 

aterials and methods 

We analyzed a detailed line list provided by the Hong Kong De- 

artment of Health including all confirmed COVID-19 cases diag- 

osed up to 30 September 2020. We divided the study period into 

wo phases based on the pattern of case occurrence in Hong Kong. 

he first phase, from 23 January to 30 April 2020, was character- 

zed by a high proportion of imported cases and the progressive 

mplementation of community and travel-related restrictive mea- 

ures. The second phase, from 1 May to 30 September 2020, initi- 

ted with the easing of community restrictions and low incidence 

ntil a resurgence in transmission in July that led to the retighten- 

ng of community restrictive measures. 

For each case that acquired infection locally in Hong Kong, 

e examined detailed case notification data to determine the set- 

ing in which infection likely occurred. A cluster was defined as a 

rouping of two or more cases with an epidemiological link. We 

sed cluster characteristics and locations to assign the setting of 

ransmission to all clustered cases except for the cluster primary 

ases. For cases not linked to clusters, we individually reviewed 

heir contact history and, social and occupational risk exposures 

o assign the setting of transmission. Date of symptom onset and 

escription of symptoms at the moment of diagnosis were used to 

lassify cases in asymptomatic and symptomatic. Occupation was 

rouped in five categories (clerical and service workers, executives 

nd professionals, production workers, self-employed and not eco- 

omically active) based on case self-reported occupation, as previ- 

usly described. 9 

We classified settings in which people do not usually wear 

asks as mask-off, including household (family households and 

oommates) and social settings (exposure outside the household 

ncluding restaurants, bars, meeting with friends and other gath- 

rings that involved dining). We classified settings in which mask- 

earing is required or masks are worn most of the time as mask- 

n, including common areas of housing estates, modes of trans- 

ortation, residential care homes for the elderly and for disabled 

eople, workplaces, schools, and healthcare settings. In healthcare 

ettings, we included health care workers infected from co-workers 

r patients, and patients infected from other patients while in a 

ealthcare facility. 

We conducted descriptive analyses to summarize key variables 

nd contrasted characteristics of cases with unknown and known 

etting of transmission. We compared the prevalence of asymp- 

omatic cases in mask-on and mask-off settings using chi-square 

ests. A p -value < 0.05 was used to indicate statistical significance. 

e calculated age and sex adjusted odds ratios using a multivari- 

ble logistic regression. All statistical analyses were conducted us- 

ng R version 4.0.3 (R Foundation for Statistical Computing, Vienna, 

ustria). 

esults 

There were 5088 COVID-19 cases diagnosed in Hong Kong up to 

0 September 2020. Among these, 1377 were classified as having 

een infected outside of Hong Kong, and not considered further. Of 

he remaining 3711 cases, information on the setting of exposure 

as available for 2425 (65.3%), differential characteristics of cases 

ith known and unknown setting of transmission are summarized 

n Table 1 . 

Most of the transmission (1882/2425, 77.6%) occurred in mask- 

ff settings, especially in households (1367/2425, 56.4%). The 

ost common mask-on setting where transmission occurred was 

orkplaces (316/2425, 13.0%), followed by residential care homes 
93 
139/2425, 5.7%) ( Table 2 ). Both of these could have included some 

ransmission events that occurred while masks were not worn, 

lthough we classified them as mask-on settings. There were 49 

ases (49/2425, 2.0%) with exposure in housing estates. Very few 

ases were associated with transmission in health care settings 

32/2425, 1.3%), schools (6/2425, 0.2%) or modes of transportation 

1/2425, < 0.1%). 

Transmission in mask-off settings was more common among 

ounger cases: 95.8% (229/239) among cases aged younger than 19, 

0.4% (704/876) among those aged 19 to 44 years, 73.6% (609/828) 

mong those aged 45 to 64 and 70.5% (340/482) among cases 

lder than 64 years. Transmission in mask-off settings was more 

ommon during the first phase (236/266, 88.7%) than during the 

econd phase (1646/2159, 76.2%; p -value < 0.001). Transmission set- 

ings changed across phases. Social was the most common during 

he first phase (157/266, 59.0%), followed by household (79/266, 

9.7%) and workplace (20/266, 7.5%). During the second phase, 

ousehold (1288/2159, 59.7%) was the most common followed by 

ocial (358/2159, 16.6%) and workplace (296/2159, 13.7%). 

There were 362 (19.2%) asymptomatic cases exposed in mask- 

ff settings and 129 (23.8%) in mask-on settings. After adjusting 

or age, sex, and epidemiological phase, the prevalence of asymp- 

omatic infection was higher in mask-on settings (adjusted odds 

atio 1.33; 95% confidence interval: 1.04, 1.68; P-value 0.02). 

iscussion 

We studied 3711 local COVID-19 cases diagnosed in Hong Kong 

p to 30 September 2020. Among the 2425 cases for which in- 

ormation on exposure setting was available, we found that al- 

ost 80% of the transmission occurred in social and household 

ettings. Hong Kong with mandatory mask-wearing requirements 

nd high mask usage did not prevent community transmission. Al- 

hough face mask wearing is an important measure to control the 

pread of COVID-19 and several studies have shown that increased 

ask use has reduced COVID-19 transmission at the population 

evel, 1 , 6–8 , universal wearing of face masks is insufficient to stop 

 community epidemic. There are contexts in which people do not 

sually wear face masks and it is in these contexts where most 

f the transmission occurred in Hong Kong. Moreover, the real-life 

ffectiveness of face masks is limited considering improper usage 

nd handling and the high variability in filtration efficiency based 

n mask type and quality. 10–12 

Household transmission was a common setting identified in our 

tudy. Hong Kong has one of the highest population densities in 

he world, not only in terms of persons per square kilometre in 

he city, but also in terms of the small living area of typical fam- 

ly homes. Tight living conditions can make it more challenging to 

elf-isolate effectively when mildly symptomatic, and potentially 

ncrease the chance of within household transmission. It is also 

mportant to note the settings in which transmission was not iden- 

ified in our study. Excluding a cluster of 11 people in a Buddhist 

orship hall in which people shared meals. 13 there was no other 

ransmission associated with places of worship, in contrast to other 

arts of the world. 14 Face-to-face religious activities did continue 

uring the initial periods of community transmission in Hong Kong 

n both phases but with masks being worn, perhaps reducing the 

isk of transmission. There were only six cases linked to transmis- 

ion in schools, which could be affected by the prolonged period 

f school dismissal with online learning. Although social transmis- 

ion was responsible for a considerable proportion of cases, the ex- 

osure of one fifth of them (100/515, 19.4% were related to super- 

preading events in bars and a banquet. 13 

Previous studies have shown higher risk of transmission of 

OVID-19 in households and social settings compared to transmis- 

ion in the community or the healthcare setting. 15 , 16 These differ- 
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Table 1 

Characteristics of laboratory confirmed COVID-19 cases, by information availability on setting of transmission. 

Unknown setting of transmission ( N = 1286) Known setting of transmission ( N = 2425) P -value 

Age group < 0.01 

≤18 25 (1.9%) 239 (9.9%) 

19-44 433 (33.7%) 876 (36.1%) 

45-64 540 (42.0%) 828 (34.1%) 

≥65 288 (22.4%) 482 (19.9%) 

Sex 0.60 

Female 658 (51.2%) 1263 (52.1%) 

Male 628 (48.8%) 1162 (47.9%) 

Symptoms 

Asymptomatic 117 (9.1%) 491 (20.2%) < 0.01 

Symptomatic 1169 (90.9%) 1934 (79.8%) 

Occupation 0.02 

Clerical and service workers 211 (16.4%) 352 (14.5%) 

Executives and professionals 135 (10.5%) 218 (9.0%) 

Not economically active 268 (20.8%) 492 (20.3%) 

Production workers 254 (19.8%) 444 (18.3%) 

Self employed 18 (1.4%) 26 (1.1%) 

Unknown 400 (31.1%) 893 (36.8%) 

Epidemiological phase < 0.01 

First phase 60 (4.7%) 266 (11.0%) 

Second phase 1226 (95.3%) 2159 (89.0%) 

Table 2 

COVID-19 setting of transmission, by mask-wearing classification. 

Mask-off ( N = 1882) Mask-on ( N = 543) Overall ( N = 3711) 

Setting of transmission 

Households 1367 (72.6%) 1367 (36.8%) 

Social 515 (27.4%) 515 (13.9%) 

Health care 32 (5.9%) 32 (0.9%) 

Residential estates 49 (9.0%) 49 (1.3%) 

Residential care homes ∗ 139 (25.6%) 139 (3.7%) 

Transportation 1 (0.2%) 1 (0.0%) 

Schools 6 (1.1%) 6 (0.2%) 

Workplaces † 316 (58.2%) 316 (8.5%) 

Unknown - 1286 (34.7%) 

∗ Including residential care homes for the elderly and for the disabled, classified here as mask- 

on settings but we note the difficulty in maintaining compliance with mask use particularly among 

residents with disabilities or cognitive impairment. 
† Workplaces are classified here as mask-on settings, but some transmission may have occurred 

in break rooms where masks were not worn. 
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nces may be related to the adherence to other hygienic measures 

uch as hand hygiene, the length of the exposure, the closeness of 

he interaction or the characteristics of the setting. 16 Neverthe- 

ess, mask-wearing, besides its limitations, also plays an important 

ole. 17 Face masks reduce the dissemination of coronaviruses by in- 

ected people in aerosols and large respiratory droplets, 5 and they 

ave proven to be effective also for personal protection, filtering 

nfective particles and reducing the exposure of the wearer. 11 Al- 

hough transmission in situations in which both infector and in- 

ectees are wearing masks is still possible, 18 it is expected that 

OVID-19 transmission will be reduced in settings where mask are 

orn most of the time. 

In addition to reducing transmission, a hypothesis has also been 

osited that masks could reduce the disease severity of infections 

hat do occur, by reducing the viral load that infectees receive 

hen exposed. 19 , 20 Evidence in support of such a variolation phe- 

omenon is still scarce, but our study does provide data consis- 

ent with this hypothesis showing that people exposed in mask-on 

ettings had 33% higher odds of being asymptomatic compared to 

hose exposed in mask-off settings. Nevertheless, since symptoms 

nformation was only collected at the moment of diagnosis, some 

ases classified as asymptomatic may actually be pre-symptomatic 

hich may be related to earlier case detection. 

We also found that there was higher proportion of transmis- 

ion in mask-off settings during the first phase studied compared 

o the second. A study in Hunan, China, showed that community 
94 
estrictive measures induced changes in the settings of transmis- 

ion. 16 This could also be applied to Hong Kong, where stricter so- 

ial distancing measures may have limited exposures in social set- 

ings during the second phase. 

Our study has several limitations. We were unable to assign the 

etting of the exposure for one-third of the cases and they were 

xcluded from the analysis. Cases with unknown setting of expo- 

ure where generally older and a higher proportion were symp- 

omatic. These cases may have been exposed outside the house- 

old, in settings in which links between cases are not easily trace- 

ble and might therefore tended to have occurred in mask-on set- 

ings in the general community. The classification of mask-on and 

ask-off settings was based on the place where transmission prob- 

bly occurred, and some epidemiological information may have 

een incomplete leading to misclassification errors. Finally, we 

ould not determine which settings had higher absolute risks of 

ransmission since we did not have data on the total number of 

eople exposed in each type of setting. 

In conclusion, most transmission of COVID-19 in Hong Kong oc- 

urred in household and social settings. Universal mask-wearing 

lone had a limited effect controlling the spread of COVID-19 

ransmission in the community, since almost an 80% of the trans- 

ission occurred in settings where people do not usually wear 

asks. Infections that occurred in mask-on settings were more 

ikely to be asymptomatic which could be related to a milder dis- 

ase presentation or to an earlier case detection in these settings. 
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