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a b s t r a c t 

Background : COVID-19 outbreaks in residential care homes for the elderly (RCHEs) and for persons with disability 

(RCHDs) have caused significant morbidity and mortality during 5th epidemic in Hong Kong. This article reviewed 

COVID-19 outbreaks situation and estimated the effectiveness of receiving at least two-dose of COVID-19 vaccine 

in preventing severe outcomes. Methods : To estimate attack rates and vaccination coverage, documentation on 

COVID-19 infection and their vaccination records of residential care homes (RCH) residents reported between 

December 31, 2021 and May 31, 2022 were reviewed, and infected cases were follow-up for 4 weeks for severe 

outcomes or death. Correlation between vaccination coverage against attack rate by types of homes was examined. 

Infected RCH residents with available information were included in the analysis of vaccine effectiveness against 

severe outcomes and death. Results : COVID-19 vaccination coverage was low in RCHDs (median 0.46, IQR: 0.24–

0.76) and very low in RCHEs (median 0.08, IQR: 0.00–0.19). Higher attack rates were recorded among RCHE 

residents (median 0.84, IQR: 0.64–0.93) and higher case fatality rate (CFR: 28.1%) than in RCHDs (median 0.58, 

IQR: 0.31–0.84; CFR: 3.9%). The attack rate decreased when vaccination coverage increased for both RCHEs 

( 𝜌 = − 0.131, p < 0.001) and RCHDs ( 𝜌 = − 0.333, p < 0.001). Comparing with infected residents who were 

unvaccinated/vaccinated with one-dose, receiving at least two-dose was estimated to be effective in reducing 

severe outcomes in 31% and 36% of infected RCHE and RCHD residents respectively; with greater reduction in 

mortality among RCHD than RCHE residents (54% and 38%, respectively). Vaccine effectiveness of two-dose of 

BNT162b2 against severe outcomes and death are higher than that of CoronaVac. Conclusion : Increasing COVID- 

19 vaccination could have significant impact on reducing the risk of COVID-19 outbreaks in RCHs. At least 

two-dose of COVID-19 vaccine is still effective in reducing severe outcomes and death among infected residents 

in RCHs during Omicron epidemic. 
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. Introduction 

With the emergence of highly transmissible SARS-CoV-

 variants, many countries experienced resurgence of

oronavirus disease 2019 (COVID-19) in December 2021

1] . Hong Kong survived through the first 2 years with-

ut community-wide outbreaks by adopting stringent bor-

er control measures and sustained non-pharmaceutical

nterventions including territory-wide mask wearing and

ocial distancing [ 2 , 3 ]. The COVID-19 vaccination cam-

aign was launched since February 26, 2021 and local dis-

ase activity maintained at “zero ” from April to Decem-
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of vaccine against severe outcomes, Infectious Medicine, https://doi.org/10
er 2021 after the 4th wave [4] . However, the 5th wave

tarted since December 31, 2021 with widespread trans-

ission amid the emergence of Omicron variant swiping

ll over the world. Locally, Omicron variant ( > 80%) has

vertaken Delta to be the main variant since the last week

n year 2021, despite over 64% of the local population

aving been vaccinated with two-dose of COVID-19 vac-

ine as of 31 December 2021 [5] . Following the recog-

ition of positive rapid antigen tests (RAT) as confirmed

ases on top of PCR-based testing from February 26, 2022,

he number of daily recorded cases reached the peak in

arly March with more than 70,000 cases per day, reflect-
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Fig. 1. Daily number of cases and 7-day moving average since 5th wave in Hong Kong (as of May 31, 2022). 
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ng widespread transmission in the community ( Fig. 1 )

 6 , 7 ]. 

Elderly and persons living in long-term care facili-

ies are particularly vulnerable population of infection

ecause of ageing, underlying chronic diseases and in-

titutional environment [8] . A systematic review found

hat COVID-19 outbreaks in aged care facilities often

ave devastating consequences with single-facility attack

ates of 45% and case fatality rates of 23% [9] . Prob-

ems with infections may be more difficult to diagnose

ecause of their subtle presentations, delays in diagno-

is, and treatment allow transmission to occur within the

acility [10] . COVID-19 outbreaks in long-term care facil-

ties have caused significant morbidity and mortality in

any countries [ 11 , 12 ]. 

In Hong Kong, epidemic situation of the 5th wave was

uch more severe than previous 4 waves, and the situa-

ion was particularly serious in the residential care home

RCH) setting. Public hospitals were overwhelmed and

any cases could not be admitted [13] . Due to high infec-

ion risk in the community, the Government announced

n February 25, 2022 that people tested positive by RAT

hould be considered as positive cases in order to avoid

elay in diagnosis by nucleic acid test, and infected peo-

le could stay at home if they were not admitted [14] .

any RCH residents tested positive by RAT were isolated

n the RCH, while some were isolated in the community

solation facilities. Generally, residents in residential care

omes for the elderly (RCHEs) were older and may live

ith more chronic diseases than those in residential care

omes of the disability (RCHDs). Most RCHs are run by

rivate operators (65%), while subvented RCHs (35%) are

un by non-governmental organization under subvention

y the Government. All RCHs should observe the licensing

equirement under the Social Welfare Department (SWD)

 15 , 16 ]. 

Two types of COVID-19 vaccines, targeting the an-

estral strain of SARS-CoV-2 virus, are provided free of
2 
harge in Hong Kong, including the CoronaVac (inacti-

ated vaccine) and BNT162b2 (mRNA vaccine) [17] . All

ligible persons in Hong Kong could choose to receive any

ype of vaccine in the Community Vaccination Centers or

t private medical practitioners. The Outreach Vaccina-

ion Arrangement for RCHs under the COVID-19 Vacci-

ation Programme started since April 13, 2021 and resi-

ents could choose to receive their preferred type of vac-

ine voluntarily [18] . 

We summarized the epidemic situation of COVID-19 in

CHEs and RCHDs, vaccination status and effectiveness

f at least two-dose of COVID-19 vaccine in preventing

evere outcomes. We also compared the COVID-19 out-

reaks in different types of RCH locally. 

. Materials and methods 

COVID-19 is statutorily notifiable in Hong Kong and

ll cases that have been tested positive will be notified

o the Centre for Health Protection (CHP), which is the

ublic health authority responsible for epidemiological

nvestigation of COVID-19 cases and surveillance of local

ituation. The CHP has collaborated with SWD to moni-

or the COVID-19 outbreaks in RCHs and provided advice

n prevention and control measures. All residents resided

n RCHs in the first 5 months of 2022 and information

n their diagnosis of COVID-19 in the same period was

eviewed from the central registry recorded by the CHP.

he study period between December 31, 2021 and May

1, 2022 covered infected RCH residents in the 5th epi-

emic wave in Hong Kong. 

Primary outcomes included COVID-19 infection, se-

ere COVID-19 disease and death. Documentation of

OVID-19 infection was reviewed from December 31,

021 to May 31, 2022, while cases were further follow-

p for 4 weeks until June 28, 2022 to see if they would

evelop severe disease or death. The infected residents

ere considered having severe outcomes if they had seri-
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us/critical condition as defined by their attending doc-

ors, while death within 28 days of tested positive is the

dopted surveillance criteria for COVID-19 related mor-

ality locally. For surveillance purpose, COVID-19 deaths

ncludes all cases who died within 28 days of being

ested positive, which is also adopted by the United King-

om [19] and New Zealand [20] on reporting COVID-

9 deaths. Only people who are tested positive will be

egarded as COVID-19 cases in Hong Kong, this surveil-

ance approach allows simple and timely collection of

eath data for effective monitoring of recent trend. Out-

omes were matched with RCH residents. The number

f infected residents with COVID-19 in each RCH dur-

ng the study period was used to estimate the attack rate

mong residents. The onset dates or first positive spec-

men collection dates (if onset dates not available or in

symptomatic patients) were used to construct the epi-

emic curves. 

COVID-19 vaccination status of all infected residents

as retrieved from the central database of vaccinations

ept by the CHP. The COVID-19 vaccination rates with at

east two-dose were correlated with attack rates among

he RCHs. For individual analysis to estimate the vac-

ine effectiveness, residents who had received at least

wo-dose of COVID-19 vaccine 2 weeks before infection

ere considered completed the vaccination (at least two-

ose group). Otherwise, those residents not fulfill the

bove would be included in the unvaccinated/vaccinated

ith one-dose group (control group). Among the “at least

wo-dose group ”, vaccinated residents were further clas-

ified into those who received at least two-dose of ei-

her “CoronaVac ” or “BNT162b2 ”. For institution-based

nalysis, in order to estimate the vaccination coverage

f the whole institution before outbreaks, residents hav-

ng received at least two-dose of COVID vaccine 2 weeks

efore the first infected case in the outbreaks of the in-

olving RCH were considered completed vaccination. Re-

nfected residents in the 5th wave were excluded from

he calculation since previous infection may confer pro-

ection independent from vaccination. Characteristics of

nfected residents including demographics, symptoms,

hronic illnesses and severity were described. The ef-

ect of at least two-dose of COVID-19 vaccine against

evere outcomes and death were calculated in infected

esidents. 

On institutional level, we examined the correlation be-

ween vaccination coverage and type of RCH against at-

ack rate separately. We prepared a scatterplot of vaccina-

ion coverage against attack rate and a quantile - quantile

lot (Q-Q plot) for checking the normality of the data.

e compared 2 groups for respective types of institution

private and subvented) by boxplot and reviewed the dis-

ribution of data. To investigate the association between

ttack rate and vaccination coverage, Spearman rank cor-
elation test were used. a  

3 
On individual level, Pearson’s 𝜒2 test was employed

o evaluate the differences in sex, presence of signs and

ymptoms, chronic illness prevalence, and vaccination

tatus of the study population. Variables with zero ob-

erved counts were excluded from the 𝜒2 analysis. Modi-

ed Poisson regression model was fitted to explore the ef-

ect of age, sex, chronic illnesses, and vaccination status

n severe outcomes and death among RCHE and RCHD

esidents [21] . Each variable under examination was ad-

usted with other variables in this study. Results were ex-

ressed in the form of adjusted relative risk (aRR) along

ith corresponding 95% confidence interval (95% CI). A

wo-sided 𝛼 of less than 0.05 ( p -value < 0.05) was consid-

red statistically significant. The effectiveness of at least

wo-dose COVID-19 vaccination against severe outcomes

nd death was estimated as 1-aRR. Analyses were per-

ormed using the “glm2 ”, “sandwich ”, and “lmtest ” pack-

ges in R software environment (version 4.2.1) [22] . 

. Results 

.1. Institutional level analysis 

Among the 1103 RCHs in Hong Kong from December

1, 2021 to May 31, 2022, there were 804 RCHEs and 299

CHDs with over 62,000 and 17,000 residents, respec-

ively. The median age of RCHE residents was 86 (IQR

7–91) years old and RCHD residents was 50 (IQR 38–60)

ears old. There were more female than male residents

F:M = 1:0.7) in RCHEs while vice versa was observed in

CHDs (F:M = 1:1.3). 

The daily number of cases in RCHs rose rapidly in

ebruary and reached the peak in March with more than

000 cases per day ( Fig. 2 ), similar to the rising trend in

he community. As of May 31, 2022, over 45,000 COVID-

9 cases were reported in RCHE and over 10,000 cases

ere reported in RCHD. 

There were 804 RCHEs (165 subvented [20.5%] and

39 private [79.5%]) and 299 RCHDs (222 subvented

74.2%] and 77 private [25.8%]) during the study period.

or RCHEs, the median attack rate was 0.84 (IQR: 0.64–

.93), which was higher than that of RCHDs (0.58, IQR:

.31–0.84). The median vaccination coverage of at least

wo-dose was 0.08 (IQR: 0.00–0.19) in RCHEs, which was

ower than that of RCHDs (0.46, IQR: 0.24–0.76). 

The scatterplot of vaccination coverage against attack

ate in RCHE and RCHD is shown in Figure 3 . No asso-

iation or only a weak correlation between vaccination

overage and attack rate were found from the plot. We

urther examined the normality of the data by Q-Q plots

 Fig. 4 ). As the distribution of attack rate and vaccination

overage in both RCHE and RCHD were not normally dis-

ributed, we calculated Spearman’s rank correlation co-

fficient to examine the correlation between attack rate

nd vaccination coverage as a non-parametric measure of
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Fig. 2. Epidemic curve among COVID cases per day in residential care homes (as of May 31, 2022) . 

Fig. 3. Scatterplot of attack rate against vaccination coverage for 804 RCHEs and 299 RCHDs; attack rate: proportion of infected residents among each institution; 

vaccination coverage: proportion of residents with at least two-dose of COVID-19 vaccination among each institution. 
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trength and direction of association. Weak negative re-

ationships were found between these 2 variables in both

CHE ( 𝜌 = − 0.131, p < 0.001) and RCHD ( 𝜌 = − 0.333, p

 0.001), suggesting decreased attack rate with increased

accination coverage. 

.1.1. Private and subvented institution 

In comparison with subvented institutions, the me-

ian attack rates of both private RCHEs and RCHDs were
4 
igher. The median attack rates were 0.88 (IQR: 0.72–

.95) and 0.66 (IQR: 0.44–0.80) in private and subvented

CHEs, respectively, while the median attack rates were

.77 (IQR: 0.28–0.93) compared to 0.55 (IQR: 0.32–0.81)

or private and subvented RCHDs respectively. Regarding

accination coverage of at least two-dose, the median vac-

ination coverage in private institution was lower than in

ubvented. The median vaccination coverages were 0.07

IQR: 0–0.17) and 0.15 (IQR: 0.01–0.24) for private and



M.H.J. Leung, K.H. Kung, I.S.-k. Yau et al. Infectious Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: IMJ [m5GeSdc; January 20, 2023;11:41 ] 

Fig. 4. Q-Q plots of attack rate and vaccination coverage of RCHE and RCHD respectively for checking normality. 
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ubvented RCHE, 0.43 (IQR: 0.22–0.77) and 0.48 (IQR:

.26–0.76) for private and subvented RCHD respectively

 Fig. 5 ). 

.2. Individual level analysis 

A total of 13,977 infected RCHE residents and 1636

nfected RCHD residents with available information were

ncluded in the analysis. Infected residents in RCHEs were

lder, with higher proportion of females and chronic ill-

ess than those in RCHDs. Also, RCHEs had higher mor-

ality (CFR: 28.1%) than RCHDs (CFR: 3.9%). These 2 dif-

erent groups of population were analyzed separately for

he effect of COVID-19 vaccine against severe outcomes

nd death ( Table 1 ). 

For RCHEs, 11878 and 2099 cases were included

n the “unvaccinated/vaccinated with one-dose (control

roup) ” and “at least two-dose ”, respectively. Among

he 2099 “at least two-dose ” cases, 1900 cases received

oronaVac and 199 cases received BNT162b2 ( Table 2 ).

fter contracted with COVID-19, more individuals had

ever (31.4%), pneumonia (5.7%) and shortness of breath

SOB) (22.9%) in the control group, as compared with

oth of the two-dose groups (fever: 25.9%/26.1%; pneu-

onia: 3.8%/4.0%; SOB: 15.4%/13.6% for CoronaVac

nd BNT162b2 respectively). The proportion of individ-
5 
als being asymptomatic was higher in both of the two-

ose groups (CoronaVac: 17.0%; BNT162b2: 24.1%) than

he control group (16.9%). 

For RCHDs, 992 and 644 cases were included in

he “unvaccinated/vaccinated with one-dose (control

roup) ” and “at least two-dose ” respectively. Among the

44 “at least two-dose ” cases, 507 cases received Coron-

Vac and 137 cases received BNT162b2 ( Table 3 ). More

ndividuals had fever (37.3%), pneumonia (2.2%) and

OB (8.5%) in the control group, as compared with both

f the two-dose groups (fever: 32.0%/27.7%; pneumo-

ia: 1.2%/0.0%; SOB: 5.1%/0.7% for CoronaVac and

NT162b2, respectively). 

For RCHE cases ( Table 4 ), the adjusted risk of hav-

ng severe outcomes was 0.69 (95% CI: 0.64–0.74) times

ower and the risk of death was 0.62 (95% CI: 0.56–0.68)

imes lower among patients with at least two-dose (any

ype) as compared with the controls. For type of vac-

ine, the adjusted risk of severe outcomes among resi-

ents with at least two-dose of BNT162b2 (aRR: 0.48,

5% CI: 0.36–0.65) was lower than residents with Coro-

aVac (aRR: 0.71, 95% CI: 0.66–0.77). Also, the adjusted

isk of death among residents with at least two-dose of

NT162b2 (aRR: 0.41, 95% CI: 0.28–0.61) was lower

han residents with CoronaVac (aRR: 0.64, 95% CI: 0.58–

.71). 



M.H.J. Leung, K.H. Kung, I.S.-k. Yau et al. Infectious Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: IMJ [m5GeSdc; January 20, 2023;11:41 ] 

Fig. 5. Boxplots showing median and inter-quartile range (IQR) of attack rate and vaccination coverage of RCHEs and RCHDs by financing nature (private vs 

subvented). 
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Vaccine effectiveness (VE) of at least two-dose (any

ype) against severe outcomes and death was 31% (95%

I: 26%–36%) and 38% (95% CI: 32%–44%), respec-

ively, compared with unvaccinated/vaccinated with one-

ose. For type of vaccine, VE of at least two-dose of

NT162b2 against severe outcomes and death (52% and

9%, respectively) were higher than that of CoronaVac

29% and 36%, respectively). 
Table 1 

Residents infected with COVID-19 in RCHEs an

RCHE ca

Age 

Median age (IQR) 87 

Sex 

Female 7291 

Male 6686 

Chronic illness 

No 12633 

With 1 disease 995 

With > 1 diseases 349 

COVID-19 vaccination 

Unvaccinated/one-dose 11,878 

At least two-dose (overall) 2099 
• CoronaVac 1900 
• BNT162b2 199 

Clinical 

Asymptomatic 2379 

Severe outcomes (including death) 5201 

Death (CFR) 3921 

6 
For RCHD cases ( Table 5 ), patients vaccinated with at

east two-dose (any type) had 0.64 (95% CI: 0.45–0.91)

imes lower risk of having severe outcomes and 0.46 (95%

I: 0.23–0.91) times lower risk of death, as compared

ith the controls. For type of vaccine, the adjusted risk of

evere outcomes among residents with at least two-dose

f BNT162b2 was 0.21 (95% CI: 0.05–0.84) times lower

s compared with the control, while vaccination with at
d RCHDs with available information. 

ses (n = 13977) RCHD cases (n = 1636) 

(79–92) 55 (42–64) 

(52.2%) 666 (40.7%) 

(47.8%) 970 (59.3%) 

(90.4%) 1553 (94.9%) 

(7.1%) 78 (4.8%) 

(2.5%) 5 (0.3%) 

(85.0%) 992 (60.6%) 

(15.0%) 644 (39.4%) 

(13.6%) 507 (31.0%) 

(1.4%) 137 (8.4%) 

(17.0%) 250 (15.3%) 

(37.2%) 151 (9.2%) 

(28.1%) 63 (3.9%) 
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Table 2 

Residents infected with COVID-19 in RCHEs by vaccination status. 

Unvaccinated or 

Vaccinated with one-dose 

(n = 11878) 

Vaccinated with at least two-dose 

( n = 2099) 

CoronaVac 

(n = 1900 ) 

BNT162b2 

(n = 199 ) 

Age 

Median age (IQR) 87 (80-92) 86 (78-91) 79 (70-88) 

Sex 

Female 6154 (51.8%) 1057 (55.6%) 80 (40.2%) 

Male 5724 (48.2%) 843 (44.4%) 119 (59.8%) 

Chronic illness 

Chronic cardiac disease 506 (4.3%) 53 (2.8%) 17 (8.5%) 

Chronic pulmonary disease 180 (1.5%) 20 (1.1%) 2 (1.0%) 

Chronic renal disease 224 (1.9%) 20 (1.1%) 6 (3.0%) 

Chronic liver disease 44 (0.4%) 5 (0.3%) 2 (1.0%) 

Diabetes mellitus 530 (4.5%) 77 (4.1%) 9 (4.5%) 

Immunodeficiencies 44 (0.4%) 15 (0.8%) 3 (1.5%) 

Signs and symptoms 

Fever > = 38 °C 3727 (31.4%) 493 (25.9%) 52 (26.1%) 

Cough 2524 (21.2%) 317 (16.7%) 37 (18.6%) 

Pneumonia 675 (5.7%) 73 (3.8%) 8 (4.0%) 

Sore throat 263 (2.2%) 44 (2.3%) 7 (3.5%) 

Shortness of breath 2716 (22.9%) 292 (15.4%) 27 (13.6%) 

Runny nose 98 (0.8%) 10 (0.5%) 3 (1.5%) 

Diarrhea 74 (0.6%) 8 (0.4%) 1 (0.5%) 

Vomiting 304 (2.6%) 43 (2.3%) 5 (2.5%) 

Fatigue 205 (1.7%) 26 (1.4%) 4 (2.0%) 

Loss of taste/smell 4 (0.0%) 0 (0.0%) 0 (0.0%) 

Asymptomatic 2008 (16.9%) 323 (17.0%) 48 (24.1%) 

Table 3 

Residents infected with COVID-19 in RCHDs by vaccination status. 

Unvaccinated or 

Vaccinated with 

one-dose (n = 992) 

Vaccinated with at least two-dose 

( n = 644) 

CoronaVac 

(n = 507 ) 

BNT162b2 

(n = 137 ) 

Age 

Median age (IQR) 57 (43-66) 53 (42-63) 44 (33-56) 

Sex 

Female 420 (42.3%) 199 (39.3%) 47 (34.3%) 

Male 572 (57.7%) 308 (60.7%) 90 (65.7%) 

Chronic illness 

Chronic cardiac disease 15 (1.5%) 2 (0.4%) 1 (0.7%) 

Chronic pulmonary disease 6 (0.6%) 3 (0.6%) 0 (0.0%) 

Chronic renal disease 3 (0.3%) 1 (0.2%) 0 (0.0%) 

Chronic liver disease 6 (0.6%) 1 (0.2%) 0 (0.0%) 

Diabetes mellitus 23 (2.3%) 14 (2.8%) 1 (0.7%) 

Immunodeficiencies 10 (1.0%) 3 (0.6%) 0 (0.0%) 

Signs and symptoms 

Fever > = 38°C 370 (37.3%) 162 (32.0%) 38 (27.7%) 

Cough 177 (17.8%) 93 (18.3%) 37 (27.0%) 

Pneumonia 22 (2.2%) 6 (1.2%) 0 (0.0%) 

Sore throat 34 (3.4%) 18 (3.6%) 17 (12.4%) 

Shortness of breath 84 (8.5%) 26 (5.1%) 1 (0.7%) 

Runny nose 21 (2.1%) 16 (3.2%) 12 (8.8%) 

Diarrhea 9 (0.9%) 1 (0.2%) 0 (0.0%) 

Vomiting 29 (2.9%) 12 (2.4%) 1 (0.7%) 

Fatigue 17 (1.7%) 8 (1.6%) 6 (4.4%) 

Loss of taste/smell 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Asymptomatic 152 (15.3%) 82 (16.2%) 16 (11.7%) 

l  

r  

w

 

c  

(  

c  

V  

c  

d  

B  

n  

v  

d

east two-dose of CoronaVac was showed to have lower

isk of death (aRR: 0.48, 95% CI: 0.24–0.96) as compared

ith the control. 

VE of at least two-dose (any type) against severe out-

omes and death was 36% (95% CI: 9%–55%) and 54%

95% CI: 9%–77%) respectively, compared with unvac-

inated/vaccinated with one-dose. For type of vaccine,
7 
E of at least two-dose of BNT162b2 against severe out-

omes was 79% (95% CI: 16%–95%). However, only one

eath was recorded among RCHD residents who received

NT162b2, the result of its VE against death was not sig-

ificant. VE of at least two-dose of CoronaVac against se-

ere outcomes was not significant, while its VE against

eath was 52% (95% CI: 4%–76%). 
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Table 4 

Adjusted relative risk (aRR) against severe outcomes and death, and effective- 

ness of at least two-dose of COVID-19 vaccines among RCHE cases. 

Level aRR 95% CI p -value 

Severe outcomes 

Age (per year) 1.02 1.01–1.02 < 0.0001 

Sex Female Ref 

Male 1.33 1.27–1.39 < 0.0001 

No. of chronic illness None Ref 

1 1.08 1.00–1.17 0.0630 

> 1 1.28 1.15–1.43 < 0.0001 

Vaccination Unvaccinated/one-dose Ref 

At least two-dose: 
• BNT162b2 0.48 0.36–0.65 < 0.0001 
• CoronaVac 0.71 0.66–0.77 < 0.0001 

Death 

Age (per year) 1.02 1.02–1.03 < 0.0001 

Sex Female Ref 

Male 1.44 1.37–1.52 < 0.0001 

No. of chronic illness None Ref 

1 1.09 0.99–1.20 0.0865 

> 1 1.34 1.18–1.53 < 0.0001 

Vaccination Unvaccinated/one-dose Ref 

At least two-dose: 
• BNT162b2 0.41 0.28–0.61 < 0.0001 
• CoronaVac 0.64 0.58–0.71 < 0.0001 

Vaccine effectiveness of at least two-dose [1 - aRR (95% CI)] 

Severe outcomes At least two-dose: 
• BNT162b2 52% (35–64) 
• CoronaVac 29% (23–34) 

Death At least two-dose: 
• BNT162b2 59% (39–72) 
• CoronaVac 36% (29–42) 

Table 5 

Adjusted relative risk (aRR) against severe outcomes and death, and effective- 

ness of at least two-dose of COVID-19 vaccines among RCHD cases. 

Level aRR 95% CI p -value 

Severe outcomes 

Age (per year) 1.04 1.03–1.04 < 0.0001 

Sex Female Ref 

Male 1.25 0.92–1.70 0.1526 

No. of chronic illness None Ref 

1 1.67 1.04–2.69 0.0327 

> 1 2.00 1.01–3.95 0.0461 

Vaccination Unvaccinated/one-dose Ref 

At least two-dose: 
• BNT162b2 0.21 0.05–0.84 0.0280 
• CoronaVac 0.72 0.50–1.03 0.0715 

Death 

Age (per year) 1.06 1.05–1.07 < 0.0001 

Sex Female Ref 

Male 1.15 0.69–1.89 0.5943 

No. of chronic illness None Ref 

1 1.27 0.52–3.11 0.5960 

> 1 3.03 1.57–5.87 0.0010 

Vaccination Unvaccinated/one-dose Ref 

At least two-dose: 
• BNT162b2 a 0.33 0.05–2.45 0.2799 
• CoronaVac 0.48 0.24–0.96 0.0393 

Vaccine effectiveness of at least two-dose [1 - aRR (95% CI)] 

Severe outcomes At least two-dose: 
• BNT162b2 79% (16–95) 
• CoronaVac 28% (0–50) 

Death At least two-dose: 
• BNT162b2 a 67% (0–95) 
• CoronaVac 52% (4–76) 

a Only one death was recorded among RCHD residents who received at least 

two-dose of BNT162b2. 
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. Discussion 

Attack rates and case fatality rates are useful indica-

ors that reflect the impact of outbreaks among RCH resi-

ents [23] . The higher the attack rate causes greater chal-

enge in terms of disturbance of daily routine and sub-

tantial workload. Primary outcomes are severe disease

nd death because of their greater public health impor-

ance. COVID-19 outbreaks in RCHEs had higher attack

ates with higher mortality but lower vaccination cover-

ge than that in RCHDs; private homes had higher at-

ack rates and lower vaccination coverage than in sub-

ented homes. Results showed that outbreaks situation

as more severe and vaccination coverage was worse in

CHEs than in RCHDs, which was further exacerbated

y the financing status that both conditions in private

CHs were inferior to subvented RCHs. We have further

xamined the correlation between vaccination coverage

gainst attack rate by types of home separately. The re-

ults were statistically significant, suggesting attack rate

ecreased when vaccination coverage increased for both

CHEs ( 𝜌 = − 0.131, p < 0.001) and RCHDs ( 𝜌 = − 0.333,

 < 0.001), although the association is weak and cannot

upport a causal inference. Similar findings could be ob-

erved in other places. A study in England showed that

utbreak severity decreased as long-term care facilities

accination coverage increased, with 80.6% reduction in

he attack rates and 45.9% reduction in outbreak duration

hen comparing outbreaks in the pre-vaccination period

ith outbreaks in the postvaccination period [24] . 

On individual level, higher proportion of infected res-

dents who were unvaccinated/vaccinated with one-dose

ad more severe symptoms including SOB and pneumo-

ia than those with at least two-dose in both RCHEs and

CHDs. For RCHE residents, increasing age, male, and

ultiple chronic illnesses were significant risk factors for

evere outcomes and death, while having at least two-

ose (any type) was protective with 31% reduction in risk

f severe outcomes and 38% reduction in risk of death.

urthermore, RCHE residents who received at least two-

ose of BNT162b2 had a lower risk of severe outcomes

nd deaths (with VE against severe outcomes and death:

2% and 59%, respectively) than those with CoronaVac

with VE against severe outcomes and death: 29% and

6%, respectively). For RCHD residents, increasing age,

nd multiple chronic illnesses were significant risk fac-

ors for severe outcomes and death, while having at least

wo-dose was protective with 36% reduction in risk of se-

ere outcomes and 54% reduction in risk of death. How-

ver, only RCHD residents having at least two-dose of

NT162b2 showed a significant 79% reduction in risk of

evere outcomes, while only RCHD residents with at least

wo-dose of CoronaVac showed a significant 52% reduc-

ion in risk of death. Since only one death was recorded

mong RCHD residents who received BNT162b2, the non-
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ignificant result of its VE against death may be related to

are event in this group. 

In this large observation study using territorial-wide

nfection and vaccination data in indigenous RCHs, we

onfirmed at least two-dose of COVID-19 vaccines is effec-

ive in reducing COVID-19 related severe outcomes and

eath. Compared with infected residents who were unvac-

inated/vaccinated with one-dose only, receiving at least

wo-dose (any type) was estimated to be 31% and 36% ef-

ective in reducing severe outcomes among infected RCHE

nd RCHD residents, respectively; while higher reduction

n mortality among infected RCHD than RCHE residents

54% vs 38%, respectively). In RCHEs, VE of at least two-

ose of BNT162b2 against severe outcomes and death are

igher than that of CoronaVac. In RCHDs, VE of at least

wo-dose of BNT162b2 against severe outcomes is higher

han that of CoronaVac. 

According to the literature, high-coverage vaccination

s an effective intervention to prevent SARS-CoV-2 trans-

ission and death among long-term care facilities res-

dents. COVID-19 outbreak in a long-term care home

n Canada, vaccine effectiveness against severe infection

as 52.5% in residents [25] . In the United States, early

OVID-19 vaccinated nursing homes had fewer hospi-

alizations and/or deaths among infected residents [26] .

ore than 70% of long-term care facilities population in

pain were fully vaccinated, 74% of COVID-19 deaths

mong residents were prevented when compared with

revaccination period [27] . However, these studies were

erformed before the emergence of the highly transmis-

ible Omicron variant and did not specify different types

f RCH. 

Our study has several limitations. For the correlation

etween attack rates and vaccination rates, we did not in-

lude RCH staff since information about all full-time and

art-time staff was not available. They either had com-

leted two-dose vaccination or subject to frequent com-

ulsory testing at their own expense if not completed two-

ose [28] . Secondly, the testing frequency for COVID-

9 could be different between RCHs that might not al-

ow unbiased estimation of infection. Third, the location

nd size of institutions may influence attack rates as the

CH may be located in a district with higher incidence of

ARS-CoV-2 infection and affected by large resident ca-

acity [29] . Lastly, the outbreak characteristics may also

e associated with any changes in broader policy such as

on-pharmaceutical interventions and changing territory-

ide incidence rates. 

Concerning vaccine effectiveness of at least two-dose

f vaccine against severe outcomes, unmeasured con-

ounding might exist as in any observational studies. But

his concern is minimized since important confounders

or severe outcomes were adjusted in our analysis. Sec-

nd, any severe outcomes after June 28, 2022 were

ot included, as severe outcomes including death devel-
9 
ped more than 4 weeks after infection were unlikely

o be related to COVID-19. Lastly, the potential of wan-

ng vaccine-induced immunity and recent emergence of

ighly transmissible Omicron variant may have unknown

egree of impact on the vaccine effectiveness. 

. Conclusion 

Before the 5th wave, the coverage of RCH residents

ith at least two-dose of COVID-19 vaccination was low

n RCHDs and very low in RCHEs. During the 5th wave,

ajority of RCHs were badly attacked by the Omicron

ariant, particularly higher median attack rates (0.84)

nd mortality (CFR: 28.1%) in RCHEs than RCHDs (me-

ian attack rates: 0.58; CFR: 3.9%). Our results suggested

hat increasing COVID-19 vaccination could have a signif-

cant impact on reducing the risk of COVID-19 outbreaks

n RCHs. 

Our study also estimated the vaccine effectiveness in

reventing severe outcomes and death from COVID-19,

ith stratification on RCHEs and RCHDs, aiming to pro-

iding more scientific evidence to inform the promo-

ion of vaccination programme in institutional settings.

e found that COVID-19 vaccination with at least two-

ose is still effective in reducing COVID-19 related severe

utcomes (31% and 36% lower risk of severe outcomes

mong infected RCHE and RCHD residents respectively)

nd death (38% and 54% lower risk of death among in-

ected RCHE and RCHD residents, respectively) amid the

OVID-19 epidemics mainly caused by Omicron variant.

or the type of vaccine, BNT162b2 conferred higher pro-

ection against severe outcomes and death than Coron-

Vac. Concerns about the potential of waning vaccine-

nduced immunity and emergence of new COVID-19 vari-

nts highlight the need to enhance the vaccination cov-

rage in RCHs and continue to monitor vaccine effective-

ess. 
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