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Latest situation of COVID-19 (as of 8 February 2022) 
 
625 cases tested positive for SARS-CoV-2 virus were reported in Hong Kong on 8 February 2022.  
 
 
In the recent 7-day period from 2 to 8 February 2022, an average of 331.4 cases were reported per day, as compared with 115.1 cases per day reported 
in the previous 7-day period from 26 January to 1 February 2022 (Figure 1). 

 
Figure 1(i): Daily number and 7-day moving average of cases tested positive for SARS-CoV-2 virus 

 
Note: Re-positive cases are excluded in Figure 1(i). 
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Daily number and 7-day moving average of reported cases (as of 8 February 2022)

Daily number of cases

7-day moving avgerage of cases

Imported cases caught in 
on-arrival quarantine, 

but very few local cases12,000 confirmed cases in first 18 months (<2 per 1000 persons)

Introduction of 
Omicron BA.2 …

Hong Kong controlled COVID for 2 years without a 
complete lockdown, buying time for vaccination roll-out

2020 2021

Control of COVID with:
• Strict travel-related measures to minimize 

importations
• Universal masking
• Investment in testing infrastructure
• Isolate all cases, trace+quarantine contacts
• Moderate social distancing measures to control 

community epidemics (suppress+lift)
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Vaccines initially made available to older adults and then progressively broadened to other age groups and certain occupational 
groups (e.g. HCWs). CoronaVac vaccine program started first, and BioNTech program 1-2 weeks later
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… but low vaccine uptake in older adults, Sep 2021

Just 30% of those ≥65y had received one vaccine dose by 13 September 2021
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Neutralization titers against live SARS-CoV-2 were >10 times higher in adults who were 
fully vaccinated with the BNT162b2 (BioNTech) vaccine versus CoronaVac (Sinovac)

Lim et al. 2021 Lancet Microbe



Declines in antibody titers up to 6m after 2nd dose

Cowling et al. 2022 Vaccine
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Surrogate virus neutralisation titers declined rapidly in CoronaVac recipients, leading 
to roll-out of third dose program in late 2021



Vaccine effectiveness in HK vs severe Omicron BA.2

McMenamin et al. 2022 Lancet Infect Dis
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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.

2022 2022

0

60 000

40 000

80 000

20 000

Da
ily

 in
cid

en
ce

0

600

400

800

200

A All confirmed cases B Mild or moderate cases

Jan 15 Feb 1 Feb 15 March 1  March 15
0

600

400

500

300

800

200

100

Da
ily

 in
cid

en
ce

Jan 15 Feb 1 Feb 15 March 1  March 15
0

600

400

800

200

500

300

100

C Severe or fatal cases D Fatal cases

Number of doses
 No doses
 One dose
 Two doses
 Three doses

Articles

6 www.thelancet.com/infection   Published online July 15, 2022   https://doi.org/10.1016/S1473-3099(22)00345-0

[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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[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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[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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[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

All three dose VE estimates are very high

WHO had – by this time— recommended three doses of 
inactivated vaccines as a primary series in older adults



Vaccine effectiveness in Hong Kong vs infection

Tsang et al. 2022 Lancet Infect Dis

Vaccine Effectiveness (%) 
(95% CI)

One dose BNT162b2 16·5 (-19·5, 41·6)
One dose CoronaVac -1·6 (-39·8, 26·2)

Two doses BNT162b2 (≥3 months) 1·1 (-22·4, 20·1)
Two doses CoronaVac (≥3 months) 5·4 (-25·6, 28·8)
Two doses BNT162b2 (<3 months) 27·6 (-6·3, 50·7)
Two doses CoronaVac (<3 months) 22·7 (-15·2, 48·2)

Three doses BNT162b2 41·4 (23·2, 55·2)
Three doses CoronaVac 32·4 (9·0, 49·8)
CoronaVac + CoronaVac + BNT162b2 31·3 (-1·0, 53·3)

Incidence of infections

Cohort of 8636 individuals conducting weekly rapid tests from March 2022 onwards, 
infections here are almost all Omicron BA.2
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(463 [5·4%] of 8636 individuals), or a primary series of 
BNT162b2 followed by a CoronaVac booster (29 [0·3%] 
individuals). 19 (0·2%) of 8636 individuals received three 
vaccine doses in other combinations and were not 
included in the analysis (table 2).

Among the 886 participants aged 5–17 years, 323 (36·5%) 
received two doses of vaccine and 287 (32·4%) received 
one dose of vaccine. As only 60 (6·8%) of 886 individuals 
aged 5–17 years had received three doses of vaccination, 
the effectiveness of booster vaccination was not examined 
in this age group. Among the 6014 individuals aged 
18–59 years, 2988 (49·7%) received three doses of vaccine 
and 2404 (40·0%) received two doses of vaccine. Among 
the 1736 individuals aged 60 years and older, 945 (54·4%) 
received three doses of vaccine and 513 (29·6%) received 
two doses of vaccine. The observed differential distribution 
of vaccination status by age group was largely consistent 
with the territory-wide figures of vaccine coverage for the 
population in Hong Kong (table 2).

Table 3 shows the differential risk of SARS-CoV-2 
infection stratified according to vaccination status. The 
lowest positivity rate was observed among individuals who 
received three doses (5·4%, 95% CI 4·8–6·2), followed by 
those who received two doses within 3 months (6·8%, 
5·3–8·6). Higher positivity rates were observed among 
individuals who received only one dose (14·7%, 12·2–17·7) 
or two doses at least 3 months previously (17·6%, 
16·1–19·2). Detailed vaccination status by age group is 
shown in the appendix were shown in the appendix (pp 5–7). 
For all age groups, the positivity rate was lower for 
individuals with a more recent primary series of 
vaccination within 3 months compared with those who 
completed vaccination at least 3 months ago. 

A potential attenuation of infection severity was shown 
in those who received a booster BNT162b2 dose compared 
with unvaccinated individuals, both in terms of a lower 
number of symptoms (6·21, SD 3·64 vs 8·09, 4·13; 
p=0·0040) and a lower mean severity score was found 
(8·35, 6·31 vs 11·56, 7·93; p=0·0068). No impact on 
symptom profile was observed for those who received two 
doses or fewer of BNT162b2 (appendix p 8).

Using unvaccinated people as the reference group in 
the multivariate model, the first dose of BNT162b2 
vaccine provided a vaccine effectiveness of 16·5% (95% CI 
–19·5 to 41·6; p=0·32) against asymptomatic and 
symptomatic SARS-CoV-2 omicron infection (table 4). 
Vaccine effectiveness after two doses (ie, primary series) 
was not significant (27·6%, –6·3 to 50·7; p=0·10) within 
3 months, and point estimates declined to a very low level 
of 1·1% (–22·4 to 20·1; p=0·92) at 3 months and beyond. 
A BNT162b2 booster vaccine improved the effectiveness 
to 41·4% (23·2 to 55·2; p=0·0001; figure; table 4).

A similar pattern of vaccine effectiveness for any 
SARS-CoV-2 infection, but with a slightly lower magnitude 
of protection, was given by the CoronaVac vaccine. The 
first dose of CoronaVac provided a vaccine effectiveness 
of –1·6% (95% CI –30·8 to 26·2; p=0·92) against 

asymptomatic and symptomatic SARS-CoV-2 omicron 
infection (table 4). Vaccine effectiveness after two doses 
was not significant within 3 months (5·4%, –25·6 to 28·8; 
p=0·70) or at 3 months and beyond (22·7%, –15·2 to 48·2; 
p=0·21). A CoronaVac booster improved the vaccine 
effectiveness to 32·4% (9·0 to 49·8; p=0·0098; figure; 
table 4). A similar amount of protection was observed for 
CoronaVac and BNT162b2, with non-significant relative 
vaccine effectiveness (appendix p 13).

The vaccine effectiveness against any infection of a 
booster dose using a switched vaccine type was also 
examined. For people who received a primary series of 
CoronaVac, the vaccine effectiveness for a booster dose 
using BNT162b2 was 31·3% (95% CI –1·0 to 53·3; 
p=0·056), similar to the values for a booster with the 
same vaccine (table 4). No significant difference in 

Figure: Cumulative risk of infection with the SARS-CoV-2 omicron variant according to vaccination status in 
asymptomatic and symptomatic infection (A) and symptomatic infection only (B)
Shading indicates 95% CIs.
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Homologous and heterologous booster trial
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219 individuals who 
previously received 
2xCoronaVac were 
randomized to a third dose of 
BNT162b2 or CoronaVac

232 individuals who 
previously received 
2xBNT162b2 were 
randomized to a third dose of 
BNT162b2 or CoronaVac

Sera collected at day 0 and 
day 30

Live virus neutralization done 
on a subset
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Strongest responses here … … and here
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Previous slides showed substantially higher antibody titers against Omicron BA.2 in recipients of the 
BNT162b2 booster (CC-B and BB-B groups), improved cellular immune responses in those primed with 
CoronaVac (CC-C and CC-B groups), but minimal differences in incidence of infections (above). VE studies also 
indicate small differences in VE between CC-C, CC-B and BB-B combinations. Interesting.

Similar incidence of infections (Omicron BA.2 predominant)



Unpublished data

Surprising that PRNT50 against Omicron BA.2 is not 
correlated with protection against BA.2 in CC-B and BB-B?

Post-vaccination antibody levels                Omicron BA.2

• Possible to estimate relative 
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Abs under this approach?
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Perhaps N-gene 
correlated with 
protection in CC-C ?

• Possible to estimate relative 
contribution to protection against 
infection between nAbs and N-CTD 
Abs under this approach?
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Each column shows the post-vaccination titers for 
subsequently uninfected individuals and then for the 
infected individuals. Higher titers in uninfected 
participants would represent a correlation with protection



Cohen et al. 2024 Nat Commun

Fig E. Greater % of total CD4+ T cell IFNg 
response was directed towards Spike (S) 
than Nucleocapsid-Envelope-Membrane 
(NEM) ancestral SARS-CoV-2 viral proteins 
in the BB- than CC-primed group, 
regardless of third-dose type

Prior vaccination on T cell responses: S versus NEM specificity

Fig F. In CC-primed group, C as third dose 
promoted response both to S and NEM, 
while B promoted response to S only.
In BB-prime group, no significant changes 
in responses to either S or NEM from pre-
vaccination for both C and B as third dose



Cohen et al. 2024 Nat Commun

Fig A,B. S and NEM CD4+ T cell IFNg 
response magnitude for all 4 groups 6 
months after third dose declined to 
equivalent level of that in pre-pandemic 
uninfected (negative) controls (slightly 
higher NEM response in BB-B) 

6 months after third dose, T cell memory to S declined to 
baseline; memory to NEM differed by vaccine group

Fig C. Much more decline in S than NEM 
response in BB-B led to greater % of 
response directed to NEM 6 months after 
third-dose compared to other vaccine 
combinations

Spike NEM

Greater % of NEM response



Cohort studies
Study 
name

Brief summary Study years Age group Sample 
size

Frequency of blood draws Illness 
swabs for 
PCR

COVAR Observational cohort of 
adults after COVID vax

2021-now ≥18 years ~1000 Rolling every 6 months and 
1m after each covid vax

✓

EPI-HK Community cohort of 
immunity and infections

2020-now All ages ~2000 Rolling every 6 months and 
1m after each covid vax

✓

HCW Observational cohort of 
healthcare workers

2020-now 18-65 years ~1200 Rolling every 6 months and 
1m after each covid vax

✕

PIVOTe Extended follow-up of 
an elderly cohort 
(previously a flu vaccine 
trial 2017-2021)

2021-now 69-88 years 
in 2021

~1200 Autumn and spring ✓
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Vaccine effectiveness of booster doses
COVID−19 vaccine effectiveness estimates for the 6th wave
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Immunogenicity of booster doses

In the COVAR cohort, we identified substantial boosting of antibodies following BNT162b2 vaccine 
doses, and more modest increases following CoronaVac vaccine doses. Similar observations with 
antibodies against BA.5 and other subvariants, but levels lower. Next steps – correlating antibody 
levels with protection against infection and re-infection
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Severity of Omicron subvariants
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In the PIVOTe cohort of older adults, we identified 601 first-time infections with various SARS-CoV-2 
Omicron subvariants over a 2.5-year period. “Intrinsic” severity of Omicron subvariants seems to 
remain high even in vaccinated older adults

Overall symptom severity score Recovery time (days)

See also Wong JY et al. 2023 J Infect Dis



COVID-19 antivirals

Wong CKH et al. 2022 Lancet
Wong CKH et al. 2023 Lancet Infect Dis

Wong CKH et al. 2024 Nat Comms
and many others

• Two COVID-19 antivirals being used in Hong Kong
• Paxlovid (nirmatrelvir/ritonavir) (often first choice, but various contraindications)
• Molnupiravir

• Both antivirals are extremely effective in (1) reducing risks of hospitalization and 
mortality when given early to ambulatory COVID-19 patients in the community, 
and (2) reducing risks of mortality when given early to hospitalized COVID-19 
patients

• However, assessments of antiviral effectiveness should also incorporate patients’ 
vaccination history



Antiviral effectiveness by vaccination history

RESEARCH

for those fully vaccinated with Comirnaty, and 1,680 
for unvaccinated patients (Appendix Table 3). We 
defined fully vaccinated status as having >3 doses of 
CoronaVac and >2 doses of Comirnaty vaccines.

The second-order interaction effects among age, 
oral antivirals, and vaccinations were not significant 
for all-cause mortality (p = 0.604) and for progression 
to serious illness (p = 0.584). Furthermore, the interac-
tion effects between oral antiviral drugs and vaccina-
tions were not significant for all-cause mortality (p = 
0.280) and for progression to serious illness (p = 0.341) 
(Appendix Table 4). The joint effects of oral antiviral 
drugs and vaccinations were additive. For both target 
outcomes, significant (or moderate) interaction effects 
were found between age and oral antiviral drugs and 
between age and vaccinations (p<0.05) (Appendix 
Table 4).

Receipt of oral antiviral drugs within 5 days 
of confirmed COVID-19 diagnosis was associated 
with significantly lower risk for all-cause mortality 
in patients >60 years of age (Appendix Table 5). For 
molnupiravir, the hazard ratios (HRs) for all-cause 
mortality were 0.65 (95% CI 0.55–0.78) for the 60–79-
year age group and 0.61 (95% CI 0.55–0.67) for the 
>80-year group. For nirmatrelvir/ritonavir, HRs for 
all-cause mortality were 0.38 (95% CI 0.29–0.49) for 

the 60–79-year age group and 0.31 (95% CI 0.26–0.36) 
for the >80-year group. Lower risk for progression to 
a serious/critical/fatal condition was also observed 
with antiviral treatments; for molnupiravir, HRs 
were 0.78 (95% CI 0.67–0.91) for the 60–79-year age 
group and 0.73 (95% CI 0.67–0.81) for the >80-year 
group; for nirmatrelvir-ritonavir, HRs were 0.55 
(95% CI 0.45–0.67) for the 60–79-year age group and 
0.44 (95% CI 0.38–0.51) for the >80-year group. For 
both age groups, receipt of nirmatrelvir/ritonavir 
was associated with lower risks than molnupiravir 
for all-cause mortality and progression to a serious/
critical/fatal conditions (p<0.001). No significant 
clinical benefit was found if the antiviral drugs were 
prescribed beyond 5 days of confirmed diagnosis or 
for patients who were <60 years of age, as the cor-
responding CIs for the HRs contained the value of 1 
(Appendix Table 5).

Among patients >60 years of age, receipt of 
CoronaVac or Comirnaty vaccines was generally as-
sociated with lower risks for all-cause mortality and 
progression to a serious/critical/fatal condition; a 
greater number of vaccine doses was associated with 
lower risks. HRs for all-cause mortality in the 60–79-
year age group were 0.70 (95% CI 0.56–0.88) for 1 dose 
of CoronaVac, 0.58 (95% CI 0.47–0.71) for 2 doses, 
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Figure 3. Cumulative hazards for all-cause mortality outcome events in study of effectiveness of vaccines and antiviral drugs in 
preventing severe and fatal COVID-19, Hong Kong. Cumulative hazards were compared among age groups, patients prescribed oral 
antiviral drugs, and those unvaccinated or vaccinated with CoronaVac or Comirnaty vaccines. A) No antiviral drugs, B) molnupiravir, 
C) nirmatrelvir/ritonavir. Antiviral drugs were prescribed within 5 days after confirmation of a COVID-19 diagnosis. Colors indicate age 
groups within each treatment group. 

Cheung YYH et al. 2024 Emerg Infect Dis
Cheung YYH et al. 2024 Int J Infect Dis

Antivirals have a significant effect on all-cause mortality, as do vaccines.
There does not seem to be a “synergistic” effect.

No antiviral Paxlovid Molnupiravir



Very low booster uptake in 2023 and 2024
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Reactogenicity of COVID-19 vaccines
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• Reactions most frequently reported one day post-vaccination
• Most frequently reported local reaction was pain and tenderness and systemic reaction 

was feverishness and fatigue
• Reporting “absence from work after prior vaccination” was associated with 62% lower 

odds of receiving a subsequent booster dose
Unpublished data



Comments and reflections
• COVID-19 vaccines and antivirals saved many lives in Hong Kong and elsewhere

• Inactivated vaccines provided comparable protection to mRNA vaccines, despite 
very different humoral immune responses

• T cell response specificity to structural viral proteins (S, N, E, M) affected by prior 
vaccination type; S and NEM T cell response (and other CoPs not shown here) 
may explain protection from inactivated vaccines; differential waning may lead to 
greater difference in T cell response specificity between vaccine groups over time

• Community-based cohorts have allowed monitoring of incidence of infections, 
vaccine effectiveness, and individual and population immunity (through to 2024)

• Reactogenicity is likely affecting uptake of mRNA booster doses
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