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Vaccine effectiveness of one, two, and three doses of 
BNT162b2 and CoronaVac against COVID-19 in Hong Kong: 
a population-based observational study
Martina E McMenamin, Joshua Nealon, Yun Lin, Jessica Y Wong, Justin K Cheung, Eric H Y Lau, Peng Wu, Gabriel M Leung, Benjamin J Cowling

Summary
Background Hong Kong maintained low circulation of SARS-CoV-2 until a major community epidemic of the omicron 
(B.1.1.529) sublineage BA.2 began in January, 2022. Both mRNA (BNT162b2 [Fosun Pharma-BioNTech]) and inactivated 
CoronaVac (Sinovac, Beijing, China) vaccines are widely available; however, vaccination coverage has been low, 
particularly in older adults aged 70 years or older. We aimed to assess vaccine effectiveness in this predominantly 
infection-naive population.

Methods In this observational study, we used individual-level case data on mild or moderate, severe or fatal, and fatal 
disease in patients hospitalised with COVID-19 along with census information and coverage data of BNT162b2 and 
CoronaVac. We used a negative binomial model, adjusting for age, sex, and calendar day to estimate vaccine 
effectiveness of one, two, and three doses of both BNT162b2 and CoronaVac vaccines, and relative effectiveness by 
number of doses and vaccine type.

Findings Between Dec 31, 2020, and March 16, 2022, 13·2 million vaccine doses were administered in Hong Kong’s 
7·4-million population. We analysed data from confirmed cases with mild or moderate (n=5566), severe or fatal 
(n=8875), and fatal (n=6866) COVID-19. Two doses of either vaccine protected against severe disease and death within 
28 days of a positive test, with higher effectiveness among adults aged 60 years or older with BNT162b2 (vaccine 
effectiveness 89·3% [95% CI 86·6–91·6]) compared with CoronaVac (69·9% [64·4–74·6]). Three doses of either 
vaccine offered very high levels of protection against severe or fatal outcomes (97·9% [97·3–98·4]).

Interpretation Third doses of either BNT162b2 or CoronaVac provide substantial additional protection against severe 
COVID-19 and should be prioritised, particularly in older adults older than 60 years and others in  high-risk 
populations who received CoronaVac primary schedules. Longer follow-up is needed to assess duration of protection 
across different vaccine platforms and schedules.

Funding COVID-19 Vaccines Evaluation Program, Chinese Center for Disease Control and Prevention.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction
Hong Kong (population 7·4 million) has pursued a 
COVID-19 elimination strategy since January, 2020, 
involving stringent physical distancing measures, border 
entry restrictions, isolation of cases, quarantine of close 
contacts, and the use of personal protective measures.1 
Consequently, the disease had been largely controlled 
until December, 2021, with four previous epidemic waves 
resulting in 12 631 cases (<2 per 1000) and 213 deaths 
(<3 per 100 000). Since February, 2021, both inactivated 
(CoronaVac [Sinovac, Beijing, China]) and mRNA 
(BNT162b2 [Fosun Pharma-BioNTech]) vaccines have 
been widely available with residents older than 5 years  
offered the choice of either. However, by January, 2022, 
two-dose vaccine coverage had only reached 46% in 
adults aged 70–79 years of age and 18% in those aged 
80 years and older.

A major community epidemic of the SARS-CoV-2 
omicron (B.1.1.529) variant sublineage BA.2 began in 
early January, 2022, resulting in 741 708 laboratory 

confirmed cases, 441 945 cases positive by rapid antigen 
tests, and 8856 deaths until April 15, 2022.2 Vaccination 
coverage has since increased but remains low in older 
people, with two-dose coverage at 62% in those aged 
80 years and older by June 27, 2022. Third vaccine doses 
were recommended first for priority groups and then for 
members of the general public older than 18 years on 
Jan 1, 2022, to be given 6 months after the second dose.3 
As of April 18, 2022, third dose uptake has been highest 
in those aged 40–59 years (61%) and lower in older adults 
(39% in those aged 70–79 years and 15% in those aged 
≥80 years). Efforts to increase uptake are underway, 
including reducing the duration between first and second 
doses for care-home residents; extending vaccination 
clinic operating hours; and deploying vaccine outreach 
teams to care homes, housing estates, and residents with 
reduced mobility.4

International data have shown that vaccination with 
BNT162b2 reduces the frequency of severe outcomes 
and, to a lesser extent, infection for variants circulating 
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before omicron.5–8 Waning protection has been observed 
in multiple contexts, in particular against infection,9–11 
and studies have provided early indications of reduced 
effectiveness of BNT162b2 against omicron.12,13 Evidence 
on vaccine performance against the more transmissible 
omicron sublineage BA.2 remains scarce, as are data on 
the performance of the inactivated CoronaVac vaccine 
against previously circulating variants. Some obser-
vational evidence suggests strong and durable protection 
against severe disease and death from both vaccines, 
with transient protection against milder symptomatic 
disease.14–17 With a largely infection-naive population and 
two COVID-19 vaccines in widespread use, Hong Kong 
represents a unique environment for monitoring vaccine 
effectiveness against omicron lineage BA.2. We aimed to 
estimate vaccine effectiveness of one, two, and 
three doses of BNT162b2 and CoronaVac, their relative 
effectiveness, and the additional protection offered by 

third doses against mild and moderate infections, severe 
disease, and death.

Methods
Study design and population
In this observational study, we assessed vaccine 
effectiveness of the BNT162b2 and CoronaVac vaccines 
using an ecological study design, previously used in 
Israel.18 The study population was Hong Kong residents 
aged 20 years and older. The population vaccinated with 
zero, one, two or three doses of either vaccine at risk at 
a given time was derived using vaccination programme 
and census data. Information on all laboratory-
confirmed SARS-CoV-2 infections was obtained from 
individual-level surveillance data provided by the Hong 
Kong Centre for Health Protection and linked to clinical 
outcome data provided by the Hospital Authority of 
Hong Kong.

Research in context

Evidence before this study
A systematic review by Higdon and colleagues identified 
22 efficacy studies for 15 COVID-19 vaccine candidates and 
107 observational studies describing performance of 
eight COVID-19 vaccines. Their review included 86 studies of the 
vaccine effectiveness of BNT162b2 (Fosun Pharma-BioNTech) 
and six studies of CoronaVac (Sinovac, Beijing, China) 
effectiveness. Four BNT162b2 studies and none of the 
CoronaVac studies were done in areas with circulation of the 
omicron (B.1.1.529) variant. We searched medRxiv, PubMed, 
and SSRN using the following search terms: “((vaccine 
effectiveness) AND (omicron) AND (BA.2)) AND ((BNT162b2) 
OR (Comirnaty) OR (Coronavac))”, restricting the search from 
Nov 24, 2021, to March 16, 2022, to coincide with when the 
omicron variant was reported to WHO and the cutoff for 
inclusion in our study. We found no published articles and 
32 preprints, five of which estimated vaccine effectiveness using 
clinical outcome data. Of these, only two studies estimated 
mRNA vaccine effectiveness against the BA.2 sublineage (both 
in Qatar). The authors reported vaccine effectiveness estimates 
of BNT162b2 against COVID-19 hospitalisation and death in the 
range of 70–80% any time after the second dose, and greater 
than 90% after the third dose. No estimates of the CoronaVac 
vaccine against BA.2 have been reported to date. Because of 
previously low SARS-CoV-2 circulation, no previous estimates of 
COVID-19 vaccine effectiveness in Hong Kong have been 
published. Given that both CoronaVac and BNT162b2 are widely 
in use, the BA.2 sublineage is in circulation, and population 
immunity is almost entirely vaccine-derived, Hong Kong 
represents a unique environment for monitoring vaccine 
effectiveness, and vaccine performance might be expected to 
vary from that of other settings.

Added value of this study
To our knowledge, we present the first assessment of the 
vaccine effectiveness of mRNA and inactivated vaccines, 

and relative effectiveness of three versus two doses, against the 
omicron BA.2 sublineage, in an immunologically-naive 
population. Recipients of at least two doses of BNT162b2 
vaccine had at least 85% vaccine effectiveness and three doses 
of either BNT162b2 or CoronaVac had greater than 95% vaccine 
effectiveness against severe or fatal outcomes, irrespective of 
age. Greater protection was observed among those who 
received two doses of BNT162b2 compared with two doses of 
CoronaVac across all age groups. Third vaccine doses were 
associated with a relative effectiveness versus two doses of 
68–97% against severe and fatal outcomes, with the caveat 
that third doses were recently administered (within a median of 
44–61 days), and the vaccine effectiveness might wane. These 
findings are the first estimates of vaccine effectiveness from 
Hong Kong and will therefore provide important contributions 
to vaccination policy in areas where two-dose and three-dose 
vaccine coverage in older adults remains low.

Implications of all the available evidence
Our results show the importance and urgency of achieving high 
vaccination coverage in a population that has acquired minimal 
protection from natural infection, particularly in those most at 
risk, with a preference for BNT162b2 in a two-dose schedule. 
Older adults (>60 years) and those in high-risk groups who 
have received two doses of an inactivated vaccine are strongly 
recommended to receive a third dose to obtain high levels of 
protection. A third dose of either an inactivated or mRNA 
vaccine provides high protection from severe and fatal 
COVID-19, and innovative public health policies to improve 
coverage in older adults should be urgently followed to 
minimise avoidable COVID-19 morbidity and mortality. 
Additional, longer-term research is needed to understand the 
duration of protection associated with different vaccines, 
including heterologous schedules.



Articles

www.thelancet.com/infection   Vol 22   October 2022 1437

This project received approval from the Institutional 
Review Board of the University of Hong Kong 
(UW 20-341). Informed consent was not required.

Procedures
Extensive PCR testing for SARS-CoV-2 is done in public 
hospitals, community test centres, and private 
laboratories in Hong Kong. Testing is free-of-charge or 
low cost and required for those with COVID-19-like 
symptoms or following contact tracing based on exposure 
history or residential location. Regular screening is also 
required for those in certain professions, in particular 
those working with older adults or vulnerable people. 
Positive rapid test results have been recognised as 
confirmed infections since Feb 25, 2022. Data on all 
confirmed cases between Dec 31, 2021, and 
March 16, 2022, were extracted and cases that were 
classified as imported—ie, detected in on-arrival 
quarantine—were excluded because of their non-
representative histories of SARS-CoV-2 exposure and 
vaccination. Individuals with missing age or sex 
information were excluded, as well as vaccinated 
individuals with missing information on vaccine type or 
date of any vaccine dose. Sequencing of a subset of cases 
each day indicated that less than 1% of cases and deaths 
during the fifth wave occurred with the variant B.1.617.2 
(delta), with the remaining infections attributed to 
omicron sublineage BA.2 (Poon L, University of Hong 
Kong, personal communication).19

Until mid-February, 2022, all patients with SARS-CoV-2 
infections were admitted to hospitals regardless of 
symptoms. After this point hospitalisation was reserved 
for patients with more severe disease, and patients with 
milder disease were required to isolate at Government 
quarantine facilities or at home. Electronic medical 
records from patients attending hospitals managed by the 
Hospital Authority of Hong Kong are stored in the 
centralised clinical data analysis and reporting system, 
including information on demographics, laboratory 
results, and clinical data.20 We extracted records of all 
hospitalisations with confirmed COVID-19 between 
Dec 31, 2021, and March 16, 2022, from data provided on 
April 14, 2022, to capture all deaths within 28 days of 
laboratory confirmation, including those with mild or 
moderate disease before Feb 16, 2022, and severe disease 
or death at any time. Records were regularly updated and 
the worst condition during hospitalisation was 
documented as either mild (non-fatal, non-serious, and 
non-critical), serious (oxygen supplement of 33 litres per 
min), or critical (admitted to an intensive care unit [ICU], 
intubated, requiring extracorporeal membrane oxy-
genation [ECMO], or in shock). Deaths within 28 days of a 
positive SARS-CoV-2 test were considered COVID-19 
fatalities. We defined severe disease as any serious or 
critical condition and combined this definition with 
COVID-19 fatality to form the severe or fatal outcome 
(appendix p 1). This categorisation aimed to minimise 

misclassification bias arising from coding anomalies 
whereby oxygen supplementation or other clinical 
information requiring manual data entry might have 
been omitted from patient records, and to include 
individuals who died from COVID-19-related causes 
before meeting the criteria for serious or critical episodes 
due to health-care capacity becoming overwhelmed.

Data on the estimated population size at the end of 2021 
by age (years) were obtained from the Census and 
Statistics Department of the Hong Kong Government. 
Data on the number of people vaccinated with BNT162b2 
or CoronaVac vaccines each day since Feb 22, 2021, are 
available in a vaccination database provided by the 
Department for Health. We extracted data on all 
vaccinations that had occurred up to March 16, 2022, by 
age, sex, and the type and date of receipt of each vaccine 
dose on April 12, 2022 (appendix pp 2–3). Individuals with 
laboratory-confirmed SARS-CoV-2 infection who received 
vaccines other than BNT162b2 or CoronaVac, a mixed 
primary series (one dose of BNT162b2 and one dose of 
CoronaVac), or a third dose that was different from the 
primary series were excluded from the analysis. 
Individuals with known previous SARS-CoV-2 infection 
were also excluded.

Statistical analysis
We estimated incidence rate ratios (IRRs) according to 
the number of vaccine doses received (none, one, two, or 
three) for each of the mild or moderate, severe or fatal, 
and fatal COVID-19 outcomes. Data were stratified by age 
group (20–29 years, 30–39 years, 40–49 years, 50–59 years, 
60–69 years, 70–79 years, ≥80 years), sex, vaccine type, 
and calendar day throughout the study period. Vaccination 
status was categorised according to the date of vaccination 
plus a 14-day lag for all doses, to allow for the delay in 
immune response to vaccination. Daily numbers of people 
in each vaccination category were inferred from the uptake 
data assuming that individuals received the same vaccine 
for first and second dose (aligned with Hong Kong 
guidelines), and using aggregate data by age on vaccine 
switching for the third dose. The population at risk in each 
stratum was matched to the report date of cases, and 
individuals with previous SARS-CoV-2 infection within 
each group were removed from the population at risk at 
each timepoint. This process was repeated for each 
outcome of interest. IRRs were estimated in adults 
younger than 60 years and in those aged 60–69 years, 
70–79 years, and 80 years or older for all outcomes, using 
negative binomial regression models for the daily counts 
of cases, adjusting for age group, sex, and calendar day 
and including the logarithm of person-time as an offset 
term in the model to account for differing numbers at 
risk within each strata. Each stratified daily case count 
was considered as a single observation, resulting in a total 
of 7448 observations across all age groups. Vaccine effec-
tiveness was defined as (1–IRR) × 100%. We performed 
sensitivity analyses calculating incidence per calendar See Online for appendix

For the Department of Health 
Dashboard see https://www.
covidvaccine.gov.hk/en/
dashboard

https://www.covidvaccine.gov.hk/en/dashboard
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week and assuming a 7-day lag instead of 14 days for 
immune response to vaccination. All analyses were done 
with R (version 4.1.1).

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.

Results
Between Dec 31, 2021, and March 16, 2022, 
962 557 people had confirmed SARS-CoV-2 infection. Of 
these, 5566 (0·6%) people were recorded as having mild 
or moderate disease between Dec 31, 2021, and 
Feb 15, 2022, and were included in the analysis, after 
excluding an additional 37 790 (3·9%) mild cases 
occurring between Feb 16 and March 16, 2022, due to 
changes in admission criteria. 40 (<0·1%) cases were 
listed as mild but with fatal outcomes; these individuals 
were included in the severe or fatal outcomes group. 

During the entire study period severe or fatal disease 
occurred in 8875 (0·9%) people and 6866 (0·7%) deaths 
occurred in 462 638 762 person-days (figure 1; appendix 
p 4). 30 rein fected cases were exclu ded, along with 
two indi viduals with unknown age and nine individuals 
with differing numbers of doses administered according 
to different datasets and who we therefore considered of 
unknown vaccination status.

Up to March 16, 2022, 13·2 million vaccine doses had 
been administered. Severe disease or death occurred a 
median of 167 days (IQR 76–209) days after the second 
vaccination in those vaccinated with two doses of 
BNT162b2, and 125 days (47–166) among those who 
received two doses of CoronaVac (table 1). Those with 
severe and fatal outcomes after a third dose tested 
positive a median of 44 days (28–56) after vaccination 
with BNT162b2 and 61 days (33–101) after vaccination 
with CoronaVac (table 1). Severe disease and death 
occurred predominantly in the unvaccinated population 
(figure 2).

We found some protection against mild or moderate 
disease from two doses of either CoronaVac or 
BNT162b2 in adults aged 20–59 years (table 2). Both 
vaccines were estimated to have high effectiveness 
against severe disease in adults aged 20–59 years, in 
whom vaccine effectiveness was estimated to be 96·3% 
(95% CI 94·9–97·3) for two doses of BNT162b2 and 
91·7% (88·7–94·0) for two doses of CoronaVac (table 2). 
The difference in vaccine effectiveness was greater for 
older adults, with higher effectiveness among adults 
aged 60 years or older who received  two doses of 
BNT162b2 (89·3% [86·6–91·6]) compared with those 
who received  two doses of CoronaVac (69·9% 
[64·4–74·6]). When disaggregated further by age, we 
estimated that vaccine effectiveness was 91·1% 
(86·9–94·0) for two doses of BNT162b2 and 79·3% 
(71·8–85·0) for two doses of CoronaVac in those aged 
60–69 years, reducing to 86·9% (80·5–91·3%) for 
two doses of BNT162b2 and 58·2% (45·1–68·2) for two 
doses of CoronaVac among those aged 80 years or older 
(table 2). Findings were similar for death; in adults aged 
80 years or older two doses of BNT162b2 offered a 
higher level of protection against fatal disease (90·3% 
[84·9–93·9%]) compared with two doses of CoronaVac 
(63·0% [50·3–72·5]).

We compared the two-dose schedules of both 
vaccines and found differences between BNT162b2 and 
CoronaVac for mild disease in younger adults (relative 
vaccine effectiveness of BNT162b2 vs CoronaVac 11·5% 
[95% CI 0·4–21·3]), but we could not generate robust 
relative vaccine effectiveness estimates for mild disease 
in older age groups. Compared with CoronaVac, two doses 
of BNT162b2 offered better protection against severe or 
fatal disease in adults younger than 60 years (relative 
vaccine effectiveness 52·3% [95% CI 29·8–67·8%]) and 
in those aged 60 years or older (59·8% [51·1–67·1]). 
Findings were similar for death in those aged 20–59 years 

Figure 1: Daily incidence of cases and deaths by vaccination status
(A) All confirmed COVID-19 cases. (B) Mild or moderate cases in the early part of the fifth wave before 
Feb 15, 2022. (C) Severe or fatal cases. (D) Deaths throughout the fifth wave in Hong Kong. Severe disease was 
defined as having ever been listed as serious or critical during hospitalisation for COVID-19 or having a fatal 
outcome within 28 days of positive test. Vaccination status was categorised according to the number of doses 
received plus a 14-day lag for all doses, to allow for the immune response to vaccination. Mild cases were only 
included up until Feb 15, 2022, to account for change in admission criteria.
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(relative vaccine effectiveness 49·8% [15·5–70·5]) and in 
those aged 60 years or older (62·5% [52·9–70·3]).

We estimated that three recent doses of any vaccine 
(median time between third dose and onset 44 days for 
BNT162b2 and 61 days for CoronaVac; table 1) offered 
very high protection against severe disease (97·9% 
[95% CI 97·3–98·4]) and death (98·6% [98·0–99·0]), 
which was sustained within all age groups (appendix 
p 5). Vaccine effectiveness estimates were similar for 
both vaccines against severe and fatal outcomes (table 2). 
We estimated three doses of BNT162b2 to have a vaccine 
effectiveness of 73·5% (66·6–79·2) against mild or 
moderate disease in adults aged 20–59 years, whereas for 
three doses of CoronaVac we estimated the vaccine 

effectiveness to be 51·0% (39·6–60·4) against the same 
outcome (table 2). Vaccine effectiveness estimates that 
were calculated and adjusted for each week of the study 
period, rather than calendar day; or which considered a 
7 day rather than 14 day duration between vaccination 
and immune response, yielded qualitatively similar 
vaccine effectiveness results but often with less precision, 
particularly for one-dose schedules (appendix pp 6–7).

We estimated the relative effect of three doses versus 
two doses of each vaccine type (table 3). For mild or 
moderate disease we found an additional benefit of a 
third dose of BNT162b2 in adults aged 20–59 years 
(relative vaccine effectiveness 59·8% [95% CI 
49·7–68·1]) and in adults aged 60 years or older (71·6% 
[55·6–82·8%]) who had previously received two doses 
of BNT162b2 (table 3). A third dose of CoronaVac also 
increased protection in adults aged 20–59 years (35·7% 
[22·1–47·3]) and in adults aged 60 years or older (46·9% 

Figure 2: Vaccine status, age group, and vaccine type
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(n=5566)*
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(n=8875)

Fatal disease 
(n=6866)

Age, years

20–49 3198 (57·5%) 170 (1·9%) 81 (1·2%)

50–69 1620 (29·1%) 1214 (13·7%) 764 (11·1%)

≥70 748 (13·4%) 7491 (84·4%) 6021 (87·7%)

Sex

Male 2383 (42·8%) 5322 (60·0%) 4152 (60·5%)

Female 3183 (57·2%) 3553 (40·0%) 2714 (39·5%)

Vaccination status†

No doses 1402 (25·2%) 6413 (72·3%) 5204 (75·8%)

One dose

BNT162b2 157 (2·8%) 126 (1·4%) 81 (1·2%)

CoronaVac 227 (4·1%) 1143 (12·9%) 794 (11·6%)

Two doses

BNT162b2 2169 (39·0%) 242 (2·7%) 149 (2·2%)

CoronaVac 1274 (22·9%) 870 (9·8%) 596 (8·7%)

Three doses

BNT162b2 125 (2·2%) 28 (0·3%) 16 (0·2%)

CoronaVac 212 (3·8%) 53 (0·6%) 26 (0·4%)

Median number of days between last vaccine dose and positive SARS-
CoV-2 test result‡

One dose

BNT162b2 27 (21–35) 21 (18–31) 21 (17–29)

CoronaVac 29 (21–35) 22 (17–31) 22 (17–32)

Two doses

BNT162b2 181 (150–216) 167 (76–209) 172 (92–217)

CoronaVac 179 (146–209) 125 (47–166) 122 (47–164)

Three doses

BNT162b2 31 (20–48) 44 (28–56) 50 (43–70)

CoronaVac 39 (25–66) 61 (33–101) 65 (32–106)

Data are n (%) or median (IQR). Includes confirmed COVID-19 cases in Hong Kong 
classified as having mild or moderate disease between Dec 31, 2021, and 
Feb 15, 2022; and severe or fatal disease or fatal disease between Dec 31, 2021 and 
16 March 2022. *Number of mild or moderate cases occurring before 
Feb 16, 2022, due to changes in admission criteria. †Number of doses plus 14-day 
lag. ‡Median time since vaccination among those for whom 14 days had passed 
since latest dose.

Table 1: Participant characteristics
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[29·6–60·6]) who had received two doses of CoronaVac 
(table 3). For severe or fatal disease we found an 
additional benefit of a third dose in adults of all ages for 
both vaccine types, with a relative vaccine effectiveness 
of 64·9% (29·3–84·4) for three versus two doses of 
BNT162b2, and 87·9% (79·5–93·3%) for three versus 
two doses of CoronaVac among those aged 80 years or 
older (table 3). Additional protection against death was 
offered by a third dose in all ages for both vaccines 
(table 3).

Discussion
We used detailed population-level data on the vaccination 
programme in Hong Kong and individual-level COVID-19 
case data to estimate vaccine effectiveness of one, two, 
and three doses of BNT162b2 and CoronaVac vaccines in 

a largely infection-naive population during the fifth wave 
of COVID-19 in Hong Kong. Two or three doses of 
BNT162b2 or three doses of CoronaVac provided a very 
high level of protection against severe disease and death 
in all ages. We found a reduction in vaccine effectiveness 
among two-dose CoronaVac recipients, in particular for 
those aged 80 years or older. Some protection against 
mild or moderate disease was restored with third doses 
for both vaccines, but we were only able to estimate 
vaccine effectiveness for a shorter period since admi n-
istration of third vaccine doses, and it is unclear how long 
this protection will last.

A case fatality rate of over 9% was observed in the older 
than 75 years throughout the study period. Although the 
precise relationship between immune response and 
clinical outcome is uncertain, the Hong Kong population 
had little pre-existing naturally or vaccine-derived 
humoral immunity to the omicron sublineage BA.2 
before the beginning of the fifth wave.21 Previous SARS-
COV-2 infection has been shown to reduce fatality due to 
delta or omicron by approximately half (hazard ratio 0·47 
[95% CI 0·32–0·68]) in vaccinated individuals and 
approximately five times (0·18 [0·06–0·57]) in 
unvaccinated individuals.22 Therefore, the high death 
rates observed in Hong Kong might be at least partly 
attributed to the older population remaining largely 
unvaccinated and infection-naive, combined with health-
system congestion. Furthermore, because available data 
only identified those who died within 28 days of testing 
positive, deaths from other causes in which COVID-19 
disease was incidental or contributory could also have 
been included within these estimates. In the 
hospitalisation data used in our study, we found few 
serious or critical but non-fatal cases. We expect that this 
finding was a consequence of hospital overload and 
triage, whereby perhaps only the most serious cases were 

One dose Two doses Three doses

BNT162b2 CoronaVac BNT162b2 CoronaVac BNT162b2 CoronaVac

Mild or moderate disease

20–59 years 39·9% (24·8–52·3) 32·7% (14·4–47·6) 35·1% (26·6–42·5) 25·1% (14·7–34·3) 73·5% (66·6–79·2) 51·0% (39·6–60·4)

≥60 years None* None* None* None* 70·2% (53·3–82·0) 32·4% (8·3–51·0)

Severe or fatal disease

20–59 years 95·4% (90·7–98·1) 74·8% (63·7–82·8) 96·3% (94·9–97·3) 91·7% (88·7–94·0) 98·6% (97·5–99·3) 98·8% (97·5–99·5)

60–69 years 70·0% (51·8–82·0) 54·2% (36·4–67·3) 91·1% (86·9–94·0) 79·3% (71·8–85·0) 98·9% (97·3–99·6) 97·4% (95·2–98·7)

70–79 years 72·2% (56·7–82·6) 29·2% (7·4–46·1) 89·8% (85·1–93·1) 74·3% (66·5–80·3) 99·0% (97·4–99·7) 95·4% (92·2–97·4)

≥80 years 75·0% (61·1–84·2) 39·0% (20·9–53·0) 86·9% (80·5–91·3) 58·2% (45·1–68·2) 97·1% (93·8–98·7) 97·3% (94·9–98·7)

Death

20–59 years 96·7% (90·9–99·2) 78·2% (64·9–86·9) 96·8% (95·1–98·0) 93·3% (89·9–95·6) 99·2% (97·9–99·7) 99·4% (98·1–99·9)

60–69 years 77·6% (59·9–88·4) 65·6% (49·8–76·8) 92·7% (88·6–95·4) 84·3% (77·8–89·0) 99·0% (97·2–99·8) 99·0% (97·3–99·8)

70–79 years 80·5% (66·3–89·2) 45·3% (25·1–60·3) 92·3% (88·0–95·2) 76·7% (68·5–82·8) 99·4% (97·9–99·9) 97·0% (94·2–98·6)

≥80 years 78·7% (65·5–87·0) 44·8% (26·9–58·4) 90·3% (84·9–93·9) 63·0% (50·3–72·5) 97·5% (94·2–99·0) 97·9% (95·7–99·1)

Data are effectiveness (95% CI). *No evidence of protection based on a negative or very small positive point estimate and wide CIs.

Table 2: Vaccine effectiveness by dose and vaccine type in all ages and within age categories against COVID-19

BNT162b2 CoronaVac

Mild or moderate disease

20–59 years 59·8% (49·7–68·1) 35·7% (22·1–47·3)

≥60 years 71·6% (55·6–82·8) 46·9% (29·6–60·6)

Severe or fatal disease

20–59 years 60·1% (24·2–81·0) 85·2% (67·2–94·4)

60–69 years 84·5% (62·8–94·8) 85·6% (72·7–93·1)

70–79 years 88·3% (69·5–96·6) 76·9% (63·9–86·0)

≥80 years 64·9% (29·3–84·4) 87·9% (79·5–93·3)

Mortality

20–59 years 71·2% (25·5–91·6) 91·0% (61·0–97·9)

60–69 years 84·2% (54·1–96·3) 92·5% (79·3–98·2)

70–79 years 90·0% (66·5–98·4) 82·6% (68·6–91·5)

≥80 years 61·8% (16·4–84·9) 88·6% (79·1–94·4)

Data are effectiveness (95% CI).

Table 3: Relative vaccine effectiveness of three doses versus two doses of 
BNT162b2 and CoronaVac against COVID-19
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admitted to ICU or EMCO facilities, but considering the 
magnitude of health-system disruption we cannot 
exclude information bias. We therefore applied a broad 
definition of severe case to account for these variations.

Almost all sequenced SARS-CoV-2 isolates during 
Hong Kong’s fifth wave were of the omicron sublineage 
BA.2.19,23,24 Our overall findings are largely consistent 
with existing vaccine effectiveness evidence against this 
sublineage. A study25 in Qatar estimated that third-dose 
vaccine effectiveness for BNT162b2 against BA.2 was 
43·7% (95% CI 36·5–50·0) in the first month and begins 
to decline again in the following weeks, with substantially 
improved protection against severe out comes (6-week 
vaccine effectiveness 90·9% [78·6–96·1]). Similarly, a 
study of vaccine effectiveness in the USA26 estimated 
vaccine effectiveness of two doses of any mRNA vaccine 
against severe omicron disease, defined as COVID-19 
requiring invasive mechanical ventilation or in-hospital 
death, to be 79% (66–87), a median of 256 days after the 
second dose, and three-dose vaccine effectiveness to be 
94% (88–97), a median of 60 days after the third dose.

Despite the overall consistency between our results and 
those presented in other studies, vaccine effectiveness 
could have been overestimated in our study. Reasons for 
vaccine hesitancy in Hong Kong have varied throughout 
the pandemic; however, hesitancy has typically been 
most prominent among adults older than 60 years, and 
associated with underlying health conditions.27 Healthy 
vaccinee bias, by which vaccine recipients are healthier 
than their unvaccinated peers, might inflate the estimates 
in this setting. We could not formally assess this 
hypothesis with available data but our estimates are 
similar to those of other studies using alternative designs 
and we anticipate the magnitude of overestimation is 
unlikely to be substantial.12,25 To address potential 
differences between vaccinated and unvaccinated 
cohorts, we also estimated a relative vaccine effectiveness 
of three versus two doses of each vaccine type; because 
individuals within these cohorts all chose to be 
vaccinated, they are more likely similar to each other in 
terms of baseline characteristics than their unvaccinated 
peers.28 We found that a third dose of either vaccine 
provided additional protection, reiterating the public 
health value of a third dose for minimising the risk of 
severe disease and death but also for reducing health-
system congestion and public concern.

Our finding that three doses of CoronaVac are needed 
for older adults to achieve high levels of protection is 
consistent with WHO recommendations for this group.29 
However, the estimates presented are likely to be affected 
by time since vaccination, in that typically more time has 
passed since administration of second than third doses, 
which have only been widely available in Hong Kong 
since the beginning of Jan, 2022. Data from Malaysia15 
comparing the duration of protection of the BNT162b2 
and CoronaVac vaccines show more rapid waning of 
protection following CoronaVac after two doses, in 

particular for mild and moderate outcomes. Furthermore, 
two-dose immunogenicity data from Hong Kong indicate 
lower humoral and cellular responses following 
CoronaVac than with BNT162b2 vaccination but whether 
inactivated vaccines given in three-dose schedules will 
provide similar protection to the mRNA vaccines in the 
long term is unclear. However, evidence from our 
analyses that three doses of inactivated vaccine provide a 
high level of protection against severe COVID-19 disease, 
at least in the short term, is reassuring.30

Our study has several limitations. First, we used census 
data to construct the source population, but any 
differential population movement by vaccine status could 
affect the validity of our estimates. Furthermore, we 
estimated vaccine effectiveness in real-time and there 
might have been some delay in recording events, or 
missed unreported infections, which could underestimate 
case numbers and overestimate the denominator 
population-at-risk. Second, there are some differences in 
testing requirements by vaccine status, particularly for 
those required to regularly test because of occupation. 
However, we expect that estimates of vaccine effectiveness 
against severe outcomes will be only marginally 
susceptible to biases related to testing requirements. 
Third, we assumed that the second vaccine type matched 
the first, as per local guidelines, however a small number 
of people may have received mixed schedules. Fourth, 
our severe COVID-19 outcome included oxygen 
supplementation or therapy, which are coded using the 
9th edition of the International Classification of Diseases, 
requiring medical staff to manually enter these 
procedures into electronic medical records with the 
potential for imperfect data entry and capture and under-
ascertainment of these procedures. Finally, in Hong 
Kong there was a clear preference for the BNT162b2 
vaccine in younger age groups and for CoronaVac in 
older adults. We have addressed this confounding in 
estimates presented by stratifying by age and adjusting 
estimates by 10-year age categories, sex, and calendar day. 
However, some residual confounding by age is possible 
in the vaccine platform-specific estimates and other 
factors might confound the relationship between vaccine 
status, type, and risk of infection that cannot be accounted 
for in this design.

Our findings indicate that two-dose schedules of both 
BNT162b2 and CoronaVac vaccines offer strong 
protection against severe disease and death; however, we 
found higher levels of protection among those who 
received two doses of BNT162b2 compared with those 
who received two doses of CoronaVac, particularly in 
older age groups. Three doses of either vaccine offered 
very high levels of protection for older adults against 
severe outcomes, with no differences observed across 
vaccine types. Our results show the importance of 
vaccination in an adult population that has acquired 
minimal protection from natural infection. Increasing 
uptake of third vaccine doses will be important, 
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particularly in older adults who have received two doses 
of CoronaVac. Further investigation of the durability of 
protection provided by both vaccines is warranted and 
planned.
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