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Update report dated February 21, 2022 

 

 

Summary 

In the previous version of our 5th wave projection dated February 10, 2022, we assumed that Level 4 

control measures introduced on February 10 would reduce 𝑅𝑡 by 77% -- i.e. the effectiveness of Level 

4 is midway between that of Level 3 and city-wide lockdown. This was an arbitrary but necessary 

assumption made in the absence of empirical data in order to make scenario projections. Incident case 

numbers (despite clear testing capacity constraints) and death counts since 10 February 2022 suggest 

that this assumption overestimates the effectiveness of Level 4 measures thus underestimates 𝑅𝑡 

(Updated Figure 1). Using Octopus data and the case numbers from 10-20 February 2022 (esp. 

reported cases or 呈報數字, 

https://www.news.gov.hk/chi/2022/02/20220220/20220220_175422_202.html), we revise our 

estimate of the effectiveness of currently implemented Level 4 measures downward to 71% which 

corresponds to 𝑅𝑡 = 1.9  (Updated Figure 1). The observed trajectory of the fifth wave is now closer to 

our epidemic projection in Scenario 2 of our Feb 10 original report.  

In this scenario, the daily number of infections, symptomatic cases, and hospitalisations (i.e., patients 

who require in-hospital care in a Tier 1/2 acute care bed) would peak at around 182,923, 70,798, and 

2,893 in early- to mid-March. The daily number of deaths would peak at nearly 100 by late-March 

and the cumulative number of deaths by the mid-May would be around 3,206. In the absence of much 

more intensive PHSMs (akin to a “lockdown”), the trajectory of the fifth wave is unlikely to change 

substantially from its current course. Substantial disruption of societal functions is anticipated: at 

peak, the point prevalence of infected individuals in 7-day isolation could reach 625,377 and the 

prevalence of close contacts in 7-day quarantine could reach 1,876,139.    

Real-time estimation of 𝑅𝑡 based on daily number of confirmed cases is becoming increasingly 

unreliable due to radically changing testing behaviour and capacity over time as well as the delay in 

case confirmation (https://www.news.gov.hk/chi/2022/02/20220220/20220220_175422_202.html). 

Real-time prevalence estimates based on (i) large-scale serial cross-sectional or longitudinal viral 

testing surveys and/or (ii) wastewater SARS-CoV-2 viral load should be urgently considered and 

implemented.  
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Updated Figure 1. Daily and cumulative number of infections, symptomatic cases, 

hospitalizations, and deaths given the vaccine uptake and vaccine rollout in Hong Kong, with an 

Omicron outbreak seeded on 16 January 2022, under Level 4 control measures. We simulate an 

epidemic caused by one importation of Omicron variant on 16 January 2022 (i.e., the superspreading 

event in Kwai Chung Estate). We estimate that Level 1-4 measures reduce 𝑹𝒕 by 47%, 55%, 69% 

and 71%. (A) 𝑅𝑡 between 16 January and 15 June. (B) Proportion of the population fully protected 

from infection. (C, E, G, I) Daily number of infections, symptomatic cases, hospitalisations, and 

deaths. (D, F, H, J) Cumulative number of infections, symptomatic cases, hospitalisations, and deaths. 

The effectiveness of Level 4 control measures is estimated from the Octopus data and the case 

numbers from 10-20 February 2022 (esp. reported cases or 呈報數字, 

https://www.news.gov.hk/chi/2022/02/20220220/20220220_175422_202.html). 

https://www.news.gov.hk/chi/2022/02/20220220/20220220_175422_202.html
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Updated Table 1. Daily and cumulative incidence of infections, symptomatic cases, hospitalisations, and deaths (as shown in Updated Figure 1) 

 

Date 

Infections Symptomatic cases Hospitalisation Death Death  

(IFRs increased by 50%  

when > max. capacity) 

Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative 

Feb 28 147417 1106435 47030 324407 1119 6929 10 54 14 73 

Mar 7 181097 2334510 70350 763985 2328 19618 30 193 45 282 

Mar 15 118812 3537831 55961 1285285 2880 41698 66 593 100 882 

Mar 23 53711 4174774 28445 1605507 2180 62119 91 1252 136 1871 

Mar 31 20341 4435462 11465 1748575 1209 75082 85 1973 127 2951 

Apr 8 7322 4531098 4200 1803100 554 81555 61 2553 81 3777 

Apr 15 2983 4562789 1715 1821305 255 84122 39 2888 44 4186 

Apr 30 1223 4575743 701 1828738 112 85274 22 3088 23 4399 

May 15 443 4581506 254 1832038 42 85813 10 3206 10 4520 

 

Updated Table 2. Prevalence of infected individuals being isolated, and prevalence of close contacts being quarantined (Updated Figure 1 Scenario) 

 

Date 

In the scenario shown in Figure 1 In the scenario shown in Figure 1 

Isolated Quarantined 

7-day 7-day 14-day 14-day 

Feb 28 380830 511557 1142491 1534670 

Mar 7 614038 994868 1842114 2984605 

Mar 15 513007 1136448 1539022 3409343 

Mar 23 263865 745588 791595 2236763 

Mar 31 106415 344312 319246 1032936 

Apr 8 38868 132981 116604 398944 

Apr 15 15845 54713 47536 164140 

Apr 30 6477 22322 19431 66967 

May 15 2343 8045 7028 24136 
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Original report dated February 10, 2022 

 

Modelling the fifth wave of COVID-19 in Hong Kong 

D24H@HKSTP and HKU WHO Collaborating Centre on Infectious Disease Epidemiology and 

Modelling 

February 10, 2022  

 

Summary 

Omicron is at least three times more transmissible than the ancestral strains that caused the previous 

COVID-19 waves in Hong Kong. Assuming 𝑅0 = 7.2 for Omicron, the current level of population 

immunity in Hong Kong (conferred by an overall 80% vaccine uptake of at least one dose) would 

only push the effective reproductive number 𝑅𝑡 to 6.4 in the absence of public health and social 

measures (PHSMs) which roughly corresponds to an epidemic doubling time of 1 day. The latest 

PHSMs (effective today) would only reduce 𝑅𝑡 to 1.3-2.0 which roughly corresponds to an epidemic 

doubling time of 4-9 days. In this scenario, the daily number of infections, symptomatic cases, and 

hospitalisations (i.e., patients who require in-hospital care in a Tier 1/2 acute care bed) would peak at 

around 28,000, 11,165, and 468 in mid- to late-March. The daily number of deaths would peak in the 

high teens by mid-April and the cumulative number of deaths by the end of June would be around 

954. In the absence of a city-wide lockdown, the fifth wave is unlikely to be containable even with the 

current most stringent PHSMs. Substantial disruption of societal functions is anticipated: at peak, the 

point prevalence of infected individuals in 7-day isolation could reach 97,852 and the prevalence of 

close contacts in 7-day quarantine could reach 293,556.    

If the effectiveness of the latest PHSMs wanes due to pandemic fatigue or other socioeconomic 

considerations and reverts to the levels seen during the previous waves, the outcome of the fifth wave 

would be far more dire with 3,027-5,013 deaths by mid-June. The infection fatality risk may increase 

by 50% when the healthcare system becomes overburdened, in which case the cumulative number of 

deaths could further increase to 4,231-6,993. Given that both BioNTech and Sinovac vaccines are 

highly effective in reducing hospitalisations and deaths within 120 days after the second or third dose, 

expeditiously increasing vaccine uptake among high-risk groups (e.g., the elderly, especially for those 

who have chronic illnesses and/or reside in long-term care facilities) is the most (and probably the 

only) effective way to reduce the morbidity and mortality associated with the fifth wave. 
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The Omicron-dominant COVID-19 epidemic in Hong Kong has been growing exponentially with 

geographical expansion since mid-January 2022 despite progressive ramp-up of public health and 

social measures (PHSMs). In this report, we provide epidemic projections of the fifth wave of 

COVID-19 in Hong Kong across several plausible scenarios.  

Omicron is at least three times more transmissible than the ancestral strains that caused the previous 

COVID-19 waves in Hong Kong 1. As such, we assume 𝑅0 = 7.2 for the fifth wave. The current age-

specific vaccine uptake in Hong Kong (as of February 8) would push the effective reproductive 

number 𝑅𝑡 to 6.4 in the absence of PHSMs which roughly corresponds to an epidemic doubling time 

of 1 day. The current vaccine-induced population immunity against Omicron infection is very limited 

because for both BioNTech and Sinovac, vaccine effectiveness (VE) of two-dose vaccination in 

reducing susceptibility to Omicron infection is low and becomes negligible 90 days after the second 

dose (See Supplementary Information for details). 

Based on the observed impact of PHSMs on the case counts during previous COVID-19 waves in 

Hong Kong, we estimate that progressive ramp-up of PHSMs from Level 1 to 5 measures reduces the 

𝑅𝑡 by 47%, 55%, 69%, 77% and 85%, respectively (See Supplementary Information for details).  

Although Level 3 has been sufficient for containing the previous waves, 𝑹𝒕 would remain at 1.9 

when Level 3 measures are in effect because Omicron is inherently more transmissible than the 

previous strains. Ramping up to Level 4 would push 𝑹𝒕 down to only 1.5. That is, despite their 

unprecedented stringency, Level 4 measures would not be able to push 𝑅𝑡 below the critical threshold 

of 1. Therefore, the current fifth wave of Omicron is unlikely to be containable with the current 

PHSMs. 

 

Scenario 1: In the absence of mainland-style city-wide lockdown, the fifth wave is unlikely to be 

containable with the present Level 4 measures 

Given the age-specific vaccine uptake as of early February 2022, we simulate the current Omicron-

dominant COVID-19 epidemic in Hong Kong with Level 4 measures in place. In this scenario, the 

daily number of infections, symptomatic cases and hospitalisations would peak at around 28,000, 

11,165, and 468 in mid- or late-March. The daily number of deaths would peak in the high teens in 

mid-April (Figure 1). The cumulative number of deaths by end of June, when the fifth wave ends, 

would be around 954.  

The daily number of new hospitalisations (as defined on an absolute need basis drawing on overseas 

experience) may exceed the maximum capacity of the local health system between late-March and 

mid-April (i.e., 400 hospital admissions per day which is equivalent to 1/5 of the total number of 

relevant available beds in public hospitals, assuming a 5-day stay in a Tier 1 or Tier 2 acute hospital 

bed when the combined total for both types of beds is 2,000). The infection fatality risk will likely 

increase when ICUs and acute hospital beds become overburdened. In 2020, we estimated that the 

case-fatality ratio in Wuhan was 1.5-3 times higher than cities outside Hubei 2,3. If we assume that the 

infection fatality ratio increases by 50% (i.e., at the lowest end of the 2020 mainland experience) 

when the daily numbers of new hospitalisations exceed 400, the estimated number of deaths by end of 

June would be around 1,107 (Table 1).  

If we assume that x proportion of infected individuals would undergo 7-day or 14-day isolation at 

home, the number of infected individuals being isolated would peak at around 195,704x (e.g., 97,852 

when x = 0.5) on 25 March and 384,932x (e.g., 192,466 when x = 0.5) on 28 March, respectively 
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(Table 2). Note that the parameter x is determined not only by the natural history of Omicron (e.g., 

asymptomatic proportion) but also testing behaviour and capacity. For example, x = 0.5 means 50% of 

infections would be isolated which would be the case if testing capacity is unlimited and all the 

symptomatic cases and their close contacts could be tested, thus identified, with PCR or rapid antigen 

tests.   

Similarly, if we assume that each isolated case would have 3 close contacts to be quarantined by 7 or 

14 days, the number of close contacts being quarantined would peak at around 293,556 (when x = 0.5) 

on 25 March and 577,398 (when x = 0.5) on 28 March, respectively (Table 3). Note that these levels 

of quarantine prevalence may be overestimates because (i) quarantine is not necessary for contacts 

who have recovered from previously confirmed infection; and (ii) linked cases likely have 

overlapping close contacts.     

  

Figure 1. Daily and cumulative number of infections, symptomatic cases, hospitalizations, and 

deaths given the vaccine uptake and vaccine rollout in Hong Kong, with an Omicron outbreak 

seeded on 16 January 2022, under Level 4 control measures. We simulate an epidemic caused by 

one importation of Omicron variant on 16 January 2022 (i.e., the superspreading event in Kwai Chung 
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Estate). We estimate that Level 1-4 measures reduce 𝑹𝒕 by 47%, 55%, 69% and 77%. We 

estimate that the maximum daily number of COVID-19 hospitalizations that the local health system 

could manage is 400 (Table S5). (A) 𝑅𝑡 between 16 January and 15 June. (B) Proportion of the 

population fully protected from infection. (C, E, G, I) Daily number of infections, symptomatic cases, 

hospitalisations, and deaths. (D, F, H, J) Cumulative number of infections, symptomatic cases, 

hospitalisations, and deaths.
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Table 1. Daily and cumulative incidence of infections, symptomatic cases, hospitalisations, and deaths (in the scenario shown in Figure 1) 

 

Date 

Infections Symptomatic cases Hospitalisation Death Death  

(IFRs increased by 50%  

when > max. capacity) 

Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative 

Feb 8 2475 16303 793 4528 17 83 0 0 0 0 

Feb 28 14180 166933 4883 54728 141 1440 2 18 2 18 

Mar 15 26497 485446 9980 170012 346 5135 7 83 7 83 

Mar 31 25083 920879 10464 343541 468 12033 14 254 21 323 

Apr 15 15654 1222432 6866 472863 368 18419 15 482 15 634 

Apr 30 7897 1391348 3584 548189 216 22705 12 688 12 841 

May 15 3661 1471961 1669 584900 107 25002 7 825 7 978 

May 31 1614 1510890 735 602646 48 26149 3 903 3 1056 

Jun 15 763 1527474 346 610183 22 26637 2 938 2 1090 

Jun 30 369 1535400 167 613771 11 26867 1 954 1 1107 
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Table 2. Prevalence of infected individuals being isolated  

 

Date 

In the scenario shown in Figure 1 In the scenario shown in Figure 2 In the scenario shown in Figure 3 

Isolated Isolated Isolated 

7-day 14-day 7-day 14-day 7-day 14-day 

Feb 8 6405 7950 6409 7955 6412 7959 

Feb 28 40846 64373 71161 94706 174180 197741 

Mar 15 85971 151641 497867 747363 1203318 2497871 

Mar 31 92654 190487 319748 856137 26833 192831 

Apr 15 61399 138492 50471 177530 499 3718 

Apr 30 32273 76930 6160 22838 9 68 

May 15 15040 36573 716 2663 0 1 

May 31 6620 16089 74 273 0 0 

Jun 15 3118 7536 9 33 0 0 

Jun 30 1502 3607 1 4 0 0 

* We assumed 50% of infections would be isolated, assuming all the symptomatic cases would test themselves and their close contacts with rapid antigen 

tests.   

Table 3. Prevalence of close contacts being quarantined  

 

Date 

In the scenario shown in Figure 1 In the scenario shown in Figure 2 In the scenario shown in Figure 3 

Quarantined Quarantined Quarantined 

7-day 14-day 7-day 14-day 7-day 14-day 

Feb 8 19215 23851 19226 23864 19236 23876 

Feb 28 122537 193120 213482 284119 522539 593223 

Mar 15 257913 454924 1493601 2242090 3609954 7493612 

Mar 31 277963 571462 959243 2568410 80500 578493 

Apr 15 184196 415477 151414 532591 1497 11154 

Apr 30 96819 230790 18481 68513 27 204 

May 15 45120 109719 2147 7990 0 4 

May 31 19861 48267 223 820 0 0 

Jun 15 9354 22609 27 100 0 0 

Jun 30 4506 10822 3 12 0 0 

* We assumed 50% of infections would be isolated, and each of them would have 3 close contacts to be quarantined.  
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Scenario 2: A worse fifth wave of Omicron considering pandemic fatigue and other socioeconomic 

considerations (de facto relaxed to Level 3 after Feb 23) 

We consider a second scenario where Level 4 control measures are sustainable for only a couple of 

weeks due to pandemic fatigue or other socioeconomic considerations. In this scenario, Level 4 

control measures are maintained for 16 days between February 8 and 23, and the PHSMs would 

subsequently revert to, by policy fiat or de facto, Level 3 after the introduction of the “vaccine pass” 

(Figure 2). In this case, a large Omicron outbreak would result with 3,027 deaths by mid-June. If we 

assume that the infection fatality ratio increases by 50% when the healthcare system is overburdened, 

the cumulative number of deaths could increase to 4,231.  

If we assume that a proportion x of infected individuals would undergo 7-day or 14-day isolation at 

home, the maximum number of infected individuals being isolated would reach 1,167,186x (e.g., 

583,593 when x = 0.5) on 20 March and 2,173,114x (e.g., 1,086,557 when x =0.5) on 24 March, 

respectively (Table 2). The maximum number of individuals under 7- or 14-day quarantine would be 

over 1.7 and 3.2 million respectively (Table 3).  

 

Figure 2. Same as Figure 1 under Scenario 2.  
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Scenario 3: A dire fifth wave of Omicron considering pandemic fatigue and other socioeconomic 

considerations (de facto relaxed to Level 2 after Feb 23) 

We consider a third scenario which is the same as Scenario 2 except that PHSMs reverts to Level 2 

instead of Level 3 after February 23 (Figure 3). In this case, a very large Omicron outbreak would 

result with 5,005 deaths by mid-June. If we assume that the infection fatality ratio increases by 50% 

when the healthcare system is overburdened, the cumulative number of deaths could increase to 

6,993.  

If we assume that a proportion x of infected individuals would undergo 7-day or 14-day isolation at 

home, the maximum number of infected individuals being isolated would reach 3,166,640x (e.g., 

1,583,320 when x = 0.5) on 11 March and 4,995,742x (e.g., 2,497,871 when x =0.5) on 15 March, 

respectively (Table 2). The maximum number of individuals under 7- or 14-day quarantine would be 

over 3.6 and 7.4 million respectively (Table 3). 

 

 
Figure 3. Same as Figure 1 under Scenario 3.
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Scenario 4: A fifth wave of Omicron with city-wide lockdown 

We consider a fourth scenario where Level 5 control measures with city-wide lockdown could be 

implemented and sustained for two to three months (Figure 4). Based on the empirical effectiveness 

of the city-wide lockdown as observed in Shanghai during the 2020 spring national lockdown, we 

assume that Level 5 measures would virtually eliminate all non-within-household transmissions and 

decrease 𝑅𝑡 by 85%. In this case, the epidemic size of the Omicron outbreak would be limited with 

only 115 deaths by mid-June. The daily number of hospitalisations would remain well below the 

maximum capacity of the local health system. However, if prevalence is non-zero when the lockdown 

is lifted, the epidemic will resurge. Population immunity against infection at that point would only be 

around 20% higher than that before lockdown.     

 

 

Figure 4. Same as Figure 1 under Scenario 4.  
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Scenario 5: A fifth wave of Omicron with faster rollout of vaccination programme  

We consider a fifth scenario which is the same as the baseline scenario, but the daily vaccination rate 

would increase from 73,000 to100,000 doses per day over the next few months (Figure 5). Such 

accelerated vaccination would have minimal impact on the trajectory of the fifth wave (Figure 5 vs. 

Figure 1), because VE in reducing susceptibility to Omicron infection is limited and short-lived even 

for two-dose vaccination. Nevertheless, we emphasize here again that a faster rollout of vaccination 

would significantly reduce the number of hospitalisations and deaths because VE of two-dose 

vaccination in reducing severe clinical outcomes is high and more long-lasting for both BioNTech and 

Sinovac 4. 

 

 

Figure 5. Same as Figure 1 under Scenario 5.  
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Supplementary information 

 

Estimating the effects of control measures from the past waves of COVID-19 outbreaks 

We analyse the epidemic curve of laboratory-confirmed local cases for the first four waves of 

COVID-19 outbreaks to estimate the daily effective reproductive number (𝑅𝑡) and infer the impact of 

public health, and social measures (PHSMs) on 𝑅𝑡. During each wave, PHSMs were progressively 

tightened commensurate with the size of the outbreak. Using the time when civil servants were 

mandated to work from home (WFH) as the reference point, we group these PHSMs into the 

following three levels: 

1) Level 1: PHSMs announced or implemented before civil servants WFH, which usually include 

tightened social distancing measures in restaurants and indoor leisure facilities, and closure of 

kindergartens and primary schools of P1-P3/4. 

2) Level 2: PHSMs announced or implemented together with civil servants WFH, which often 

include closure of most indoor leisure facilities, closure of all schools, no dine-in in restaurants 

after 9 pm. 

3) Level 3: PHSMs announced or implemented after civil servants WFH, which include more 

stringent control measures of restaurants, such as no dine-in after 6 pm or all day. 

 

 

Figure S1. 𝑹𝒕 and public health and social measures (PHSMs) implemented during the fourth 

wave. 𝑅𝑡 is estimated from deconvoluted time series of daily number of cases in the EpiEstim model3. 

Table S1. Effects of PHSMs in reducing empirical 𝑹𝒕 in the fourth wave 

PHSM Type Date  Reduction in 𝑹𝒕 Level of control 

School closure (P1-P3, kindergarten) School closure Nov 20 

47% 1 
Closure of singing and dancing 

venues incl. pubs and clubs 

Leisure Nov 20 

Closure of most indoor amenities  Leisure Nov 24 

Closure of all schools School closure Nov 29 

55% 2 Civil servants work-from-home WFH Nov 30 

No dine-in after 9 pm Restaurant  Nov 30 

No dine-in after 6 pm Restaurant Dec 2 69% 3 
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Given that Omicron is at least three times more transmissible than the ancestral strains in the previous 

waves, we further considered more stringent PHSMs that have not been implemented in Hong Kong 

before: 

 

4) Level 4: PHSMs as announced on 8 February 2022, which include those in Level 3 and additional 

stringent PHSMs (e.g., prohibiting more than two households from gathering in private premises 

and lowering the maximum number of people permitted for group gatherings in public places 

from four to two). 

5) Level 5: PHSMs similar to the regional lockdowns implemented in mainland Chinese cities in 

response to outbreaks of Delta, such as lockdowns of Guangzhou in June, Nanjing in July, 

Yangzhou in August, Xiamen in September, Dongguan, and Xi’an in December 2021.   

We assume that the effectiveness of PHSMs during the fifth wave would be the same as that during 

the fourth wave (Table S1). We assume that Level 1, 2 and 3 control measures reduce 𝑅𝑡 by 47%, 

55% and 69%, respectively. Based on estimates of reduction in daily contacts in Shanghai during 

city-wide lockdown between January to February 2020, we assume that Level 5 control would reduce 

𝑅𝑡 by 85%5 and that the effectiveness of Level 4 is midway between that of Levels 3 and 5 (i.e. 

reduce 𝑅𝑡 by 77%). Note that around 10-15% of daily contacts are contacts among household 

members which would inevitably happen even in full city lockdown similar to Wuhan/Hubei in early 

2020.  

 

Data and assumptions about waning of COVID-19 vaccine effectiveness 

Vaccine effectiveness in reducing susceptibility and infectiousness 

Vaccine effectiveness (VE) is estimated from the titre distributions of 50% plaque reduction 

neutralisation test (PRNT50), with the following data and assumptions (Figure S2): 

a) The distributions of neutralising antibody (Ab) titres of BioNTech and Sinovac vaccinees are 

estimated from the data presented in Mok et al 6. 

b) We assume that Ab titres after the second dose decreases by 3.5 folds over a 6-month period 7,8. 

c) We assume that vaccine-induced Ab titres against Omicron is 12 folds lower than that against the 

ancestral strain 9.  

d) A third dose of vaccine would increase Ab titres against Omicron by 12 and 5 folds for BioNTech 

and Sinovac vaccine, respectively 9,10.  

e) There are limited data about waning of immunity after the third dose. We assume that the rate of 

Ab waning after the third dose is the same as that after the second dose, i.e., decreases by 3.5 

folds over a 6-month period. However, preliminary data show that Abs wane more slowly after 

the third dose due to immunological memory 11. Thus, the assumption here slightly 

underestimates the durability of vaccine protection from the third dose.  

The VEs in reducing susceptibility and infectiousness are then estimated from the distribution of 

neutralising Ab titres 12. 
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Table S2. Estimates of vaccine effectiveness in reducing susceptibility by time since the second 

or third dose 

VE in reducing susceptibility Time since 2nd or 3rd dose 

Virus Vaccine 14 days 90 days 180 days 

Omicron 

1 dose 

BioNTech × 1 0 0 0 

Sinovac × 1 0 0 0 

Omicron 

2 doses 

BioNTech × 2 0.20 0.05 0.01 

Sinovac × 2 0.03 0.01 0.01 

Omicron 

3 doses 

BioNTech × 3 0.89 0.86 0.77 

BioNTech × 2 + Sinovac 0.81 0.67 0.44 

Sinovac × 2 + BioNTech 0.64 0.47 0.29 

Sinovac × 3 0.36 0.19 0.08 

 

We estimate that VE of two-dose vaccination in reducing susceptibility to infections is markedly 

reduced against Omicron (Table S2). A third dose of vaccine would substantially increase the VE in 

reducing susceptibility to infections.  

a) There is limited data about Ab titres against Omicron after one dose of any vaccine. To avoid 

overestimating the VEs, we assume that VEs in reducing susceptibility were 0% after the first 

dose of any vaccine.  

b) For two doses of BioNTech vaccines, VEs in reducing susceptibility is 20%, 5% and 1% on day 

14, 90 and 180 after the second dose. These VE estimates are consistent with observed data in the 

UK: i) 24% among recent second dose recipients and 7% for those received the second dose 5 

months ago from Figure 4 of Willett et al, medRxiv, 2021 13; and ii) about 10% for those received 

the second dose 6 months ago from Figure 2 of the UKHSA report published on 31 Dec 2021.  

c) For two doses of Sinovac vaccines, VEs in reducing susceptibility is 3%, 1% and 1% on day 14, 

90 and 180 after the second dose, respectively. 

d) A three-dose course of BioNTech vaccines would increase VEs in reducing susceptibility to 77-

89% within 180 days after the third dose. Our VE estimates are slightly more optimistic than the 

UK data (Figure 4 of Willet et al and Figure 2 of UKHSA report), but the UK might have 

underestimated the VEs due to the limited testing capacity recently.  

e) A third dose of BioNTech is recommended for recipients of either vaccine as the first two doses. 

Our estimates of PRNT50 titres are consistent with the results from Brazilian Phase 4 trial RHH-

001 14 and results from Iwasaki et al about Sinovac vaccines in Dominic Republican 9.  

Vaccine effectiveness in reducing hospitalisations and deaths 

It is believed that the immune response after vaccination, especially cellular immunity (e.g., via T 

cells), may provide greater protection against severe disease than mild or asymptomatic infection 
12,15,16. Therefore, we assume that VE in reducing severe disease or death would be retained against 

Omicron.  

a) To avoid overestimating the VEs, we assume that VE in reducing severe disease or death is 0% 

after the first dose of any vaccine. This assumption is slightly more pessimistic than the observed 

VEs in the UK 4, but it is expected that in the absence of boosting, VE would wane quickly after 

the first dose.  
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b) We assume that VE of two-dose vaccination in reducing severe disease for Omicron is 75% that 

for the ancestral virus 16. Under this assumption, two-dose vaccination reduces the risk of 

Omicron severe disease (if infected) by 60%-95%. 

c) We assume VE of three-dose vaccination in reducing severe disease for Omicron is the same as 

VE of two-dose vaccination in reducing severe disease for the ancestral virus. 

d) We assume that the third dose of vaccine would completely restore the VE in reducing severe 

disease for Omicron compared with the ancestral virus. Under this assumption, three-dose 

vaccination reduces the risk of Omicron severe disease (if infected) by 80%-95%. 

Table S3. Estimates of vaccine effectiveness in reducing hospitalisation or death by time since 

the second or third dose 

VE in reducing hospitalisation 

Virus Vaccine 14 days 90 days 180 days 

Omicron 

1 dose 

BioNTech × 1 0 0 0 

Sinovac × 1 0 0 0 

Omicron 

2 doses 

BioNTech × 2 0.60 0.60 0.60 

Sinovac × 2 0.60 0.60 0.60 

Omicron 

3 doses 

BioNTech × 3 0.95 0.95 0.94 

BioNTech × 2 + Sinovac 0.95 0.83 0.80 

Sinovac × 2 + BioNTech 0.81 0.80 0.80 

Sinovac × 3 0.80 0.80 0.80 

VE in reducing death 

Virus Vaccine 14 days 90 days 180 days 

Omicron 

1 dose 

BioNTech × 1 0 0 0 

Sinovac × 1 0 0 0 

Omicron 

2 doses 

BioNTech × 2 0.70 0.70 0.70 

Sinovac × 2 0.70 0.70 0.70 

Omicron 

3 doses 

BioNTech × 3 0.95 0.95 0.95 

BioNTech × 2 + Sinovac 0.95 0.95 0.95 

Sinovac × 2 + BioNTech 0.94 0.90 0.90 

Sinovac × 3 0.90 0.90 0.90 

 

Under the above assumptions, we estimate that the VE of two-dose vaccination in reducing severe 

diseases is largely retained against Omicron within 180 days (Table S3). A third dose of vaccine 

would further increase the VEs in reducing severe diseases 13.  

a) For recipients of two doses of vaccines, VEs in reducing severe disease against Omicron is 70% 

within 180 days. 

b) Three doses of BioNTech vaccines would increase VEs in reducing severe diseases to 95% within 

180 days after the third dose. Our VE estimates are consistent with the UK data (Table 6 of the 

UKHSA report), but the confidence intervals of UK estimates are wide.  

c) A recent news report suggested the UK might have underestimated the VEs because many 

hospital admissions recently were due to medical needs not directly caused by COVID-19 

infection.   
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Figure S2. Estimates of vaccine effectiveness in reducing susceptibility, infectiousness, 

hospitalisation, and death by time since the second or third dose. The distributions of neutralising 

antibody titres of BioNTech and Sinovac vaccinees are estimated from the data presented in Mok et al 
6. We assume an exponential decay in neutralisation titres with a constant rate of 0.006 per day after 

the second dose, which corresponds to a 3.5-fold drop in titres over a 6-month period 7,8. Similarly, we 

assume an exponential decay with a constant rate of 0.006 per day after the third dose, which 

corresponds to a 3.5-fold drop in titres over a 6-month period. We assume that Omicron variant’s 

immune escape would result in 12-fold reduction in vaccine-induced neutralising Ab titres 9. A third 

dose of BioNTech vaccine would fully restore the reduction by Omicron (i.e., 12-fold increase in 

neutralising Ab titres) and a third dose of Sinovac vaccine would increase the neutralising Ab titres by 

5-fold 9,10.  
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Estimating the vaccine-induced population immunity  

The impact of Hong Kong’s COVID-19 vaccination programme on the epidemic trajectory of the fifth 

wave critically depends on (i) vaccine effectiveness of BioNTech and Sinovac vaccines against 

Omicron (Figure S2); (ii) the age-specific vaccine uptake (Table S4); (ii) and uptake rate of primary 

and booster vaccination (Figure S3).  

Age-specific vaccine uptake 

Table S4. Age-specific vaccine uptake in Hong Kong as of 7 February 2022 

Age group 1st dose 2nd dose 3rd dose 

0-4 0% 0% 0% 

5-11 4.16% 0.02% 0% 

12-19 86.0% 61.9% 0.7% 

20-29 84.8% 79.0% 7.0% 

30-39 86.2% 80.0% 14.4% 

40-49 92.7% 87.2% 23.7% 

50-59 87.5% 82.0% 24.8% 

60-69 75.8% 68.0% 20% 

70-79 61.1% 50.9% 7.7% 

80 and above 32.5% 22.5% 1.7% 

 

Assumptions about the roll-out of primary and booster vaccination programme 

We model the roll-out of primary vaccination and booster vaccination programme in Hong Kong 

under the following assumptions (Figure S3): 

a) The target vaccine uptake of primary vaccination, i.e., completion of two doses, is 95% for all age 

groups. 

b) After 7 February 2022, 60% of vaccinees would choose BioNTech vaccines and 40% of 

vaccinees would choose Sinovac vaccines in the primary vaccination.   

c) After 7 February 2022, 80% of vaccinees who have completed primary vaccination would choose 

the same vaccine if they were to receive a third dose, while 20% of vaccinees would choose a 

different vaccine.  

d) The intervals between the first and second dose are 21 and 28 days for BioNTech and Sinovac 

vaccines respectively. 

e) The interval between the second and third dose is 180 days for both vaccines. 

f) The maximum daily vaccination rate is 73000, i.e., the full capacity of the mass vaccination 

programme now after the emergence of Omicron outbreak in Hong Kong.  

Since both two- and three-dose vaccination are highly effective in reducing Omicron 

hospitalisations and deaths irrespective of the underlying prime-boost combinations (Table S3), 

assumption (b)-(c) have little impact on the projected hospitalisations and deaths. 

  



 20 

Estimating the proportion of population protected in a “leaky” vaccine model 

We used a “leaky” model to estimate the vaccine-induced population immunity conferred by the 

vaccination programme accounting for both increasing vaccine uptake and waning of VEs over time 

(Figure S3).  

 

 

Figure S3. Estimates of vaccine uptake between January and December 2022 and the estimated 

proportion of population protected against Omicron infection and severe disease by vaccination. 

We assume that the maximum number of vaccines given per day in Hong Kong is 73000 between 7 

February and end of December 2022. We calculate the proportion of population “fully” protected 

from Omicron infection or severe disease in a leaky model for vaccines. For example, if the VE 

against severe disease is 50% for a vaccine and the vaccine uptake is 68%, the protection against 

severe disease is equivalent to that 34% of the population are “fully” protected from severe infection 

(i.e., 0.68 × 0.5 = 0.34).  

We estimate that the age-specific vaccine uptake as of 7 February is equivalent to having 43% of the 

total population “fully” protected against Omicron severe disease (45% and 26% for individuals aged 

<70 and ≥70 years).  
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Table S5. Other model parameters 

Parameter Description, assumption, and source Value 

𝑅0 Basic reproductive number  2.6 for the ancestral 

strain during the 4th 

wave 

7.2 for Omicron variant 1 

𝑇𝐺𝑇 Mean generation time 3 5.4 days 

𝑓𝐺𝑇 Probability density function of generation time 3 Gamma (4, 1.35) 

𝜎𝑚 Vaccine effectiveness in reducing susceptibility Estimated 

𝜎𝑡 Vaccine effectiveness in reducing infectivity  Assumed to be 0.8 × 𝜎𝑚 

𝜎𝑠 Vaccine effectiveness in reducing hospitalizations or 

deaths 

Assumed to be 1.25 ×

𝜎𝑚 and between 0.6 and 

0.95 after the second 

dose and between 0.8 

and 0.95 after the third 

dose 

𝑝𝑛,𝑠𝑦𝑚𝑝𝑡𝑜𝑚 The probability of developing symptomatic diseases 

if infected, for unvaccinated individuals (estimated 

from preliminary data from the Hong Kong 

Omicron outbreak in Kwai Chung Estate) 

60% 

𝑝𝑣,𝑠𝑦𝑚𝑝𝑡𝑜𝑚 The probability of developing symptomatic diseases 

if infected, for vaccinated individuals (estimated 

from preliminary data from the Hong Kong 

Omicron outbreak in Kwai Chung Estate) 

40% 

𝑝𝑎,𝑑𝑒𝑎𝑡ℎ Age-specific infection fatality risk of a VOC similar 

to the Omicron variant 17,18 among unvaccinated 

individuals; assuming the hazard ratio of Delta 

variant was 1.45 times of that of Alpha variant and 

the hazard ratio of Omicron variant was 0.5 times of 

Delta variant 4,19 

Age 0-34: 0.022% 

Age 35-54: 0.056% 

Age 55-69: 0.43% 

Age 70-84: 4.4% 

Age ≥ 85: 16.5% 

𝑝𝑎,ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 Age-specific infection hospitalization risk of a VOC 

similar to the Omicron variant 17,18 among 

unvaccinated individuals; assuming the hazard ratio 

of Delta variant was 1.45 times of that of Alpha 

variant and the hazard ratio of Omicron variant was 

0.5 times of Delta variant 4,19; assuming these 

hospitalisations require care from Tier 1 Hospital 

Authority hospitals 

Age 0-9: 0.0018%  

Age 10-19: 0.045% 

Age 20-29: 1.2%  

Age 30-39: 3.9% 

Age 40-49: 4.9% 

Age 50-59: 9.2% 

Age 60-69: 13.3% 

Age 70-79: 18.8% 

Age ≥ 80: 20.8% 

𝑓𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛 Probability density function of incubation period 
20,21 

Lognormal distribution 

Mean: 3.5 days 

SD: 2.6 days 

𝑓ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 Probability density function of the time between 

infection and hospitalization 22 

Gamma distribution 

Mean: 8 days 

SD: 3.6 days 
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𝑓𝑑𝑒𝑎𝑡ℎ Probability density function of the time between 

infection and death; estimated from 𝑓𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛 and 

the probability density function of the time between 

onset and death (Mean 18.8 days and SD 8.46 days) 

from Verity et al 22; 

Gamma distribution 

Mean: 23.0 days 

SD: 9.9 days 

𝐻𝑚𝑎𝑥 The maximum number of COVID-19 

hospitalizations that the local health system could 

take care of is 400 per day: assuming 

hospitalisations in the context of this report require 5 

days of care from Tier 1 Hospital Authority 

hospitals before they could be transferred to Tier 2 

or Tier 3 hospitals (i.e., 2000/5 = 400).  

(Reference from Japan experience: 

https://news.rthk.hk/rthk/ch/component/k2/1632742-

20220209.htm) 

Tier 1 Hospital 

Authority hospital beds: 

2000 

 

Tier 2 Fangcang-style 

hospital beds:  

800 (HKICC) 

1000 (AWE) 

 

Tier 3 hospital beds with 

minimum support: 

3500 (Penny’s Bay)  

 

  

https://news.rthk.hk/rthk/ch/component/k2/1632742-20220209.htm
https://news.rthk.hk/rthk/ch/component/k2/1632742-20220209.htm
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