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Abstract 

We aimed to identify risk factors related to COVID-19 reinfection in Hong Kong. We performed 

a population-based retrospective cohort study and reviewed case-based data on COVID-19 

infection reported to the Centre for Health Protection from 8 January 2020 to 29 January 2023. 

We analyzed the epidemiology of COVID-19 infections and performed Cox regression analysis. 

In this period, 3.32% (103,065/3,106,579) of COVID-19 infections recorded were classified as 

reinfection. Compared with primarily infected cases, a higher proportion of re-infected cases 

had chronic diseases (33.54% vs 27.27%) and were residents of residential care homes (RCH) 

(10.99% vs 1.41%). The time interval between the two episodes ranged from 31 to 1,050 days 

(median 282 days). Cox regression analysis of Omicron cases with the adjustment of covariates 

showed that being female (Hazard Ratio [HR] 1.12, 95% CI 1.11-1.13), chronic diseases (HR 

1.18, 95% CI 1.16-1.20) and RCH residents (HR 6.78, 95% CI 6.61-6.95) were associated with 

reinfection, while additional vaccination after primary infection was protective (HR 0.80, 95% 

CI 0.79-0.81). Further analytical studies on the risk factors and protectors of COVID-19 

reinfection are needed to guide targeted interventions.  
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Key results 

 This was the first report on the situation of COVID-19 reinfection in Hong Kong based on 
the largest and most reliable population-based dataset recorded in Hong Kong. 

 Cox regression showed that being female, having chronic diseases and RCH residents 
were independent risk factors of COVID-19 reinfection. 

 Additional vaccination after primary infection was a protective factor against reinfection 
which could reduce 20% risk of COVID-19 reinfection. 

 

Keywords: COVID-19, reinfection, risk factor, severity, death, chronic disease 

 

Introduction 

The coronavirus disease 2019 (COVID-19) pandemic has been declared by the World 

Health Organization (WHO) for more than three years since 2020. Although WHO announced 

that COVID-19 no longer constituted a public health emergency of international concern on 5 

May 2023, COVID-19 still affects the daily lives of people in the world. As of 20 August 2023, 

over 769 million confirmed COVID-19 cases and over 6.9 million deaths were reported globally 

[1]. New mutant variants with the potential of immune evasion and increased transmissibility 

arising from the ongoing evolution of severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) lead to recurring surges of COVID-19 infection in different communities worldwide.  

With new SARS-CoV-2 mutant strains constantly emerging, there is an increasing concern 

about the risk and severity of COVID-19 reinfection. Hong Kong has recorded at least five waves 

of infections driven by different SARS-CoV-2 variants since 2020 with different sublineages of 
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Omicron variants predominating the 5th wave starting from 31 December 2021.[2] Hong Kong 

had adopted a containment strategy with requirement of reporting of individual cases and the 

Department of Health (DH) of Hong Kong recorded the case-based data till 29 January 2023. 

Hong Kong has implemented a territory-wide COVID-19 Vaccination Programme free of charge 

for eligible persons since February 2021, providing the CoronaVac vaccine produced by Sinovac 

and the Comirnaty vaccine jointly developed by Pfizer and BioNTech. The Joint Scientific 

Committee on Vaccine Preventable Diseases and Scientific Committee on Emerging and 

Zoonotic Diseases under DH’s Centre for Health Protection (CHP) in Hong Kong have revised 

the recommended regimen of initial doses of COVID-19 vaccines to three doses (i.e. Comirnaty 

or CoronaVac vaccine) for the general population since 6 April 2022 [3], as local studies have 

shown that three doses of vaccines were highly effective against severe diseases and death in 

the context of emerging SARS-CoV-2 variants. [4] As of the peak of the local Omicron wave in 

March 2022, 13.2 million vaccine doses were administered among Hong Kong's 7.4 million 

population. The Comirnaty Original/Omicron BA.4-5 bivalent vaccine became available for 

eligible persons from 1 December 2022 in Hong Kong. Up to 78.12% of the local population 

had completed at least three initial doses of COVID-19 vaccination by 29 January 2023 [5]. 

Since the Omicron wave started in December 2021, more and more re-infected cases of COVID-

19 have been reported in Hong Kong. This study aimed to identify risk factors of COVID-19 

reinfection in Hong Kong.  
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Methods 

In this cohort study, we reviewed the case-based data on COVID-19 infections in Hong 

Kong maintained by DH. The study cohort recruited all confirmed cases tested positive for 

SARS-CoV-2 by polymerase-chain-reaction (PCR) of nucleic acid testing or rapid antigen test 

(RAT) and reported to CHP from 8 January 2020 to 29 January 2023. The database included 

line-listing data of COVID-19 cases and the epidemiological and clinical information provided 

by the cases, including travel history, date of symptom onset, past medical history and 

symptoms at the time of reporting such as fever, cough, sore throat, myalgia, fatigue, and 

headache. Chronic diseases in the medical history (hypertension, hyperlipidemia, diabetes, 

chronic respiratory diseases, cardio- or cerebrovascular diseases, etc.) were also recorded in 

the database. The first COVID-19 infection episode confirmed by the case and recorded in our 

database was considered as the primary infection. Reinfection was defined as an individual 

who had sequential positive tests with high viral load [Cycle threshold (Ct) value<30] at least 

90 days after previous infection or who got infected by a different SARS-CoV-2 variant from the 

last episode confirmed by genomic characterization irrespective of the interval between two 

episodes. The cohort was followed up for a COVID-19 reinfection event till 29 January 2023. If 

an individual had a reinfection during the follow up period, the relevant reinfection data was 

linked and added to his or her original line-listing data. The individual was censored if he or 

she died of/with COVID-19 during the study period or reached the end of the study period. 
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We compared the epidemiological characteristics of cases with various episodes of COVID-19 

infections (including: sex, age, importation status, symptoms, chronic diseases, vaccination 

history, residential care home (RCH) status and severe clinical outcomes), where the 

characteristics at the last infection of each case were used for comparison. A valid dose of 

COVID-19 vaccination was counted if the vaccination was given at least 14 days before the 

concerned infection episode. Residential status in RCH was checked from the registered list of 

RCHs for the elderly and RCHs for persons with disabilities under the Social Welfare 

Department of Hong Kong. Severe clinical outcomes of COVID-19 infection were recorded, 

defined as patients presenting with severe pneumonia, sepsis, encephalopathy/encephalitis, 

myocarditis, multiple organ failure, shock or other severe complications of COVID-19 and 

requiring oxygen supplement of at least 3L/min, intubation or extracorporeal membrane 

oxygenation. Deaths attributed to COVID-19 (COVID-19 was listed on the death certificate as 

the immediate, intervening or underlying cause of death) were also included as severe clinical 

outcomes. Data from different sources were linked using the unique individual identifier to 

allow the curation of duplicates and identification of all infections. 

Over 99% of COVID-19 cases recorded in Hong Kong were infected by Omicron strains and 

re-infected cases emerged after the start of the Omicron wave (31 December 2021). The 

Kaplan-Meier (KM) curves showing the probability of remaining reinfection-free in different 

groups of cases were plotted. To reduce the confounding effect of distinct SARS-CoV-2 virus 
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variants, we performed Cox proportional hazards regression on the sub-cohort of Omicron 

cases which only included those individuals who were recruited (got the primary infection) 

after the start of Omicron wave in Hong Kong. Cox regression analysis was conducted to 

identify the risk factors of COVID-19 reinfection. Cox regression model used reinfection as the 

outcome (only the first reinfection was included) and included those statistically significant 

factors identified from univariate analysis as the covariates. Age was entered as a categorical 

variable by age groups of 10-year intervals in the Cox regression to allow for a more flexible 

model. Cases with missing information of sex or age were excluded from regression analysis 

as sex and age were covariates in the model. Hazard Ratio (HR) and 95% confidence interval 

(CI) for each variate were identified.  

We used the R software package (version 4.3.1) and R Studio (version 1.4.1106) for data 

analysis. Chi-square test was used to measure the frequency difference. The two-tailed 

student t-test was used for group mean comparison. The differences or associations were 

considered significant if the P value was less than 0.05. 

Results 

Among 3,106,579 confirmed COVID-19 infections (1,226,467 confirmed by PCR, 

1,880,112 confirmed by RAT) reported to the CHP up to 29 January 2023, there were 103,065 

(3.32%) infections classified as reinfections. There were 3,093,948 COVID-19 infections 

recorded from the start of Omicron waves, and it was estimated that almost all cases (99.59%) 
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in Hong Kong were infected by Omicron strains. COVID-19 reinfections emerged in the 

Omicron waves and their number followed the trend of overall COVID-19 infections. The 

proportion of reinfection recorded per month steadily increased and reached the highest 

proportion of 11.72% in January 2023 (Figure 1). During the first peak of the Omicron wave 

from 31 December 2021 to May 2022, BA.2 and its sublineages were predominating strains 

locally. With the spread of new Omicron variants of BA.2.12.1, BA.4 and BA.5 in the local 

community since June 2022, reinfections remarkably rose. In our database, 482 cases had 

available genetic information at both the primary infection and reinfection, and 89.42% of 

them got infected by Omicron variants at both infections.  

Among the total 3,003,672 cases with at least one episode of COVID-19 infection (by 

head-count), 96.59% of them (2,901,238) had been infected once while 3.39% (101,806) had 

infected twice including 158 cases that reported their first episode outside Hong Kong without 

relevant primary infection records in CHP. There were 625 cases with three episodes recorded 

and even three cases who reported four episodes. Reinfection affected all age groups with age 

ranging from zero to 108 years (median 43 years). The most affected group was 30-39 years 

(18.54%), followed by the age groups of 40-49 and 20-29 years. Compared with cases with one 

infection (Table 1), cases with two infections were slightly younger with more females. A higher 

proportion of re-infected cases had chronic diseases (33.54% vs 27.27%) and were RCH 

residents (10.99% vs 1.41%). Most reinfections occurred within one year from the last episode 
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and the median interval between two consecutive episodes was 282 days (Figure 2). The time 

interval between two episodes ranged from 31 to 1,050 days. Most cases (96.49%) were locally 

acquired infections and more cases (46.96%) self-reported as asymptomatic at the detection 

of reinfection. Although more cases had vaccinated at least two doses at the reinfection 

(81.57% vs 80.15%), the proportion of cases who received at least three doses was significantly 

lower at reinfection compared with cases of primary infection (46.56% vs 49.73%). Overall the 

proportion of severe clinical outcomes was similar in reinfections and primary infections 

(0.55% vs 0.6%), but a lower proportion of re-infected cases died of COVID-19 than primarily 

infected cases (0.15% vs 0.35%).  

The sub-cohort of Omicron cases included 2,990,810 cases (99.57% of all COVID-19 cases), 

with 96.68% of them (2,891,019) who were infected once, 3.32% (99,236) infected twice, and 

0.019% (555) infected more than twice. The comparison of primarily infected cases with re-

infected cases in this sub-cohort showed similar results as those in the whole cohort (Table 2).  

Median follow-up time for cohort cases was 193 days (Interquartile range, 69-330 days), 

with a maximum of 1,104 days. KM curve for the whole cohort cases by the date of recruitment 

(Figure 3) showed Omicron cases had much higher risk of reinfection than cases who was 

primarily infected with non-Omicron strains, although Omicron cases had a shorter follow up 

time (median follow up for Omicron cases: 192 days vs median follow up for non-Omicron 

cases: 776 days). Figure 4 of KM curves for Omicron cases demonstrated cases with chronic 
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diseases or being RCH residents had a higher risk of reinfection while cases who received 

vaccination with at least three doses at the time of censoring or received additional 

vaccination after primary infections had a lower risk of reinfection. 

There were 2,975,948 cases included in Cox regression analysis after excluding 14,862 

cases with missing information of sex or age. The flowchart of the population selection process 

was illustrated in Figure 5. Cox regression (Table 3) of Omicron cases adjusted with covariates 

showed that being female (adjusted HR 1.12, 95% CI 1.11-1.13), having chronic diseases 

(adjusted HR 1.18, 95% CI 1.16-1.20) and RCH residents (adjusted HR 6.78, 95% CI 6.61-6.95) 

were independent risk factors of COVID-19 reinfection. Compared with vaccination of less than 

three doses, vaccination with at least three doses of vaccines at the time of censoring 

demonstrated the protective effect (crude HR 0.94, 95% CI 0.93-0.96) in the univariate model 

but failed to be protective in the multivariate model. Additional vaccination after primary 

infection was protective against reinfection (adjusted HR 0.80, 95% CI 0.79-0.81). Regarding 

vaccine types, most cases in our study received CoronaVac or Comirnaty vaccine (either one 

was not targeting an Omicron variant) except 76,425 cases (2.57% of 2,975,948) had taken the 

Comirnaty Original/Omicron BA.4-5 bivalent vaccine as a booster dose in the survival study. 

Discussion 

This is the first report on the situation of COVID-19 reinfection in Hong Kong. We found 

the proportion of reinfection in Hong Kong was 3.32% up to 29 January 2023, which was 
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comparable to the pooled estimated prevalence of reinfection in Asia (3.8%) from studies 

conducted in 2019 and 2022. [6] The 5th wave of COVID-19 infection in Hong Kong was caused 

by Omicron variants BA.1, BA.2, BA.4, BA.5 and their sublineages, and reinfections started to 

appear since then. These Omicron variants of SARS-CoV-2 showed the capacity to escape from 

neutralizing antibodies. [7] High transmissibility and extensive immune escape from hybrid 

immunity of new variants increased the risk of reinfection in the general population, even 

when the majority of the population had protection from natural infection and high 

vaccination coverage. Our results found that most COVID-19 cases in Hong Kong were infected 

by Omicron strains and a small percentage of cases had more than one time infections. 

Infection-induced immunity confers less protection against Omicron than against non-

Omicron variants six or more months after a prior infection. [8,9] Diverse Omicron variants 

showed their capacity to infect individuals again within a short period. [10] Only a very small 

group of reinfection (0.55%) had severe clinical outcomes and there was no overall difference 

from that in primary infections. Many studies demonstrated prior COVID-19 infection had 

protection from severe diseases. [11,12] A lower proportion of re-infected cases died of 

COVID-19 were observed in our results.  

Being female has been repeatedly reported as a risk factor of reinfection [12-15], our 

study also found that being female was associated with COVID-19 reinfection. Although age 

was identified as a risk factor for reinfection in overseas studies [15-17], age groups of 10-39 
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years in our study had a higher risk of reinfection compared with the reference age group of 

0-9 years. Chronic diseases or underlying comorbidities were reported linked with the 

occurrence [14,15,18,19] and severity of COVID-19 reinfection [12]. Our results also revealed 

that chronic diseases were associated with reinfection. However, people with chronic diseases 

might be more concerned about the severe outcomes following reinfection and were prone to 

report their reinfections with the entitlement to receive free treatment under the self-

reporting COVID-19 policy in Hong Kong. 

Data provided RCH staff and RCH residents were less affected by surveillance bias. In Hong 

Kong, the Government of the Hong Kong Special Administrative Region (HKSARG) attached 

great importance to safeguarding vulnerable groups as the focus of protection against COVID-

19. RCHs were designated as the key institutions requiring enhanced protection against the 

epidemic. All RCH staff and residents were required to undergo daily RATs or regular nucleic 

acid tests mandatorily, and RCHs were required to report positive cases to the CHP during the 

5th wave on a daily basis, ensuring more complete case ascertainment. Therefore, reporting 

bias may be reduced in the RCH staff and residents, and a much higher proportion of RCH 

residents reporting the reinfection was observed. The long-term care facility residents were 

reported to have a higher risk of reinfection than the general population [17], and our study 

showed consistent results that RCH residents had 6.78 times the risk of reinfection compared 

with non-RCH residents.  

https://doi.org/10.1017/S0950268825000172 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268825000172


 

13 
 

Evidence showed that COVID-19 vaccination provided substantial added protection 

against SARS-CoV-2 reinfection among persons recovering from prior infection. [20-22] In Hong 

Kong, more than 80% of COVID-19 cases have completed two doses of vaccination at their 

primary infection. Although the Joint Scientific Committees recommended individuals with 

previous infection for COVID-19 vaccination as well as doses and timing for vaccination (i.e. at 

least six months since the last dose or infection, whichever is later) [23], the vaccine coverage 

of at least three valid doses was less in the re-infected cases than primarily infected cases. 

Vaccine-induced immunity against Omicron-related mild symptomatic disease, asymptomatic 

infection, and viral shedding is also modest and short-lived even following a booster dose [24]. 

Our results showed additional vaccination after primary infection could reduce 20% risk of 

reinfection, which reiterated the protection and importance of vaccination after recovery from 

last infection. Compared with vaccination of less than three doses, receiving more than three 

doses of vaccination showed protective effects in the univariate analysis but was not an 

independent risk factor in the multivariate model. Further studies are required to investigate 

the effectiveness of COVID-19 vaccination in terms of doses and timing. 

Our study had some limitations. Firstly, the recorded COVID infections and reinfections 

might not represent the full picture of the COVID-19 situation in Hong Kong since the reporting 

of COVID-19 infection detected by self-performed RAT was voluntarily initiated by the citizens 

(particularly for the cases confirmed solely by RAT without PCR) and there were likely 
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unreported reinfections in the community. It is possible that those with more severe clinical 

presentations would seek medical attention and are more likely to be recorded by our 

surveillance system. Cases with chronic diseases tend to seek care more frequently, which 

might overestimate the effects of chronic disease on COVID-19 reinfection. Second, some 

confounders on COVID-19 reinfection were not included in the analysis due to lack of 

information, such as socioeconomic status, occupation and causative Omicron variants. We 

were unable to control the frequency of testing and adjust its effects since mandatory and 

voluntary PCR or RAT tests were widely available and sponsored by the HKSARG during the 

study period. The HKSARG distributed RAT testing kits to citizens freely to encourage early 

detection and an individual might have undergone multiple COVID-19 tests even on the same 

day. We were also unable to adjust for the potential confounder of vaccination timing, which 

could lead to the effect of vaccination being overestimated or underestimated. In addition, 

censoring associated with COVID-19 mortality was used as the information of all-cause 

mortality data was not available for individual cases in our registry. This study was based on 

the context of Hong Kong, which is a developed society with a well-established healthcare 

system, easy access to medical care and high COVID-19 vaccination coverage. The HKSARG 

adjusted the anti-epidemic strategies and measures (such as vaccine pass, social distancing, 

mandatory wearing of masks, compulsory isolation of infected patients, etc.) as the local 

situation of COVID-19 changed. Temporal variations on the COVID-19 epidemic situation and 
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evolving strategies in Hong Kong had impacts on our results. The aforesaid factors could affect 

the generalizability of our results, which might not be applicable for other parts of the world. 

Lastly, our retrospective observational study design limits causal inferences and the risk factors 

identified do not provide definitive evidence of causality. 

Conclusion 

COVID-19 reinfection varied following the overall COVID-19 trend in Hong Kong. Being 

female, having chronic diseases and RCH residents were independent risk factors of reinfection. 

Additional vaccination after primary infection remarkably reduced the risk of reinfection in 

previously infected COVID-19 cases. Further studies on risk factors and protectors of COVID-

19 reinfection are needed to guide targeted interventions. 
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Table 1. Comparison of COVID-19 cases with one and two infections in Hong Kong from 8 January 2020 to 29 January 2023 

 
N (%, 95%CI) 

 Cases with one infection 
2,901,238 

Cases with two infections 
101,806 

P value 

Female : Male 

 Female 
 Male 

Sex information 
unavailable 

1.18 : 1 
1,566,282 (53.99%, 53.93%-54.04%) 
1,322,804 (45.59%, 45.54%-45.65%) 

12,152 (0.42%, 0.41%-0.43%) 

1.29 : 1 
57,425 (56.41%, 56.10%-56.71%) 
44,361 (43.57%, 43.27%-43.88%) 

20 (0.02%, 0.01%-0.03%) 

<0.001 

Median age (Range, 
IQR), years 
Age group, years 
 0-9 
 10-19 
 20-29 
 30-39 
 40-49 
 50-59 
 60-69 
 70-79 
 >= 80 
 Age information 

44 (0 – 112, 29-60) 
  
 

187,584 (6.47%, 6.44%-6.49%) 
211,765 (7.30%, 7.27%-7.33%) 

330,272 (11.38%, 11.35%-11.42%) 
478,204 (16.48%, 16.44%-16.53%) 
475,949 (16.41%, 16.36%-16.45%) 
460,916 (15.89%, 15.84%-15.93%) 
410,563 (14.15%, 14.11%-14.19%) 

199,475 (6.88%, 6.85%-6.90%) 
132,386 (4.56%, 4.54%-4.59%) 

14,124 (0.49%, 0.48%-0.49%) 

43 (0 – 108, 29-62) 
 
 

5,352 (5.26%, 5.12%-5.40%) 
6,839 (6.72%, 6.57%-6.87%) 

13,908 (13.66%, 13.45%-13.87%) 
18,874 (18.54%, 18.30%-18.78%) 

15,585 (15.31%, 15.09%-15.53%) 
12,893 (12.66%, 12.46%-12.87%) 
11,606 (11.40%, 11.21%-11.60%) 

6,918 (6.80%, 6.64%-6.95%) 
9,810 (9.64%, 9.46%-9.82%) 

21 (0.02%, 0.01%-0.03%) 

<0.001 
 

<0.001 
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unavailable 

Importation status at 
the last infection 

 Local 
 Imported 

 
 

2,821,008 (97.23%, 97.22%-97.25%) 
80,230 (2.77%, 2.75%-2.78%) 

 
 

98,235 (96.49%, 96.38%-96.60%) 
3,571 (3.51%, 3.40%-3.62%) 

<0.001 

With available symptoms 

information at the last 

infection: 

 Symptomatic 
 Asymptomatic  

2,447,602 
 
 

1,388,246 (56.72%, 56.66%-56.78%) 
1,059,356 (43.28%, 43.22%-43.34%) 

96,977 
 
 

51,441 (53.04%, 52.73%-53.36%) 
45,536 (46.96%, 46.64%-47.27%) 

<0.001 

Cases with chronic 
diseases 

791,305 (27.27%, 27.22%-27.33%) 34,147 (33.54%, 33.25%-33.83%) <0.001 

Residential care home 
(RCH) residents 

40,777 (1.41%, 1.39%-1.42%) 11,193 (10.99%, 10.80%-11.19%) <0.001 

Severe clinical 
outcomes at the last 
infection  

 Deaths  

17,436 (0.60%, 0.59%-0.61%) 
 
 

10,111 (0.35%, 0.34%-0.36%) 

565 (0.55%, 0.51%-0.60%) 
 
 

  150 (0.15%, 0.13%-0.17%) 

0.062 
 
 

<0.001 

Time interval between 
primary and the 2nd 
infection (median days) 

NA 31 - 1,050 days 
(282 days) 

 

Vaccination ≥ 2 valid 2,325,295(80.15%, 80.10%-80.19%) 83,041 (81.57%, 81.33%-81.81%) <0.001 
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doses at the last 
infection 

Vaccination ≥ 3 valid 
doses at the last 
infection 

1,442,745 (49.73%, 49.67%-49.79%) 47,403 (46.56%, 46.26%-46.87%) <0.001 

NA: Not applicable; IQR: Interquartile range 
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Table 2. Comparison of Omicron cases with one and two infections in Hong Kong from 31 December 2021 to 29 January 2023 

 
N (%, 95%CI) 

 Cases with one infection 
2,891,019 

Cases with two infections 
99,236 

P value 

Female : Male 

 Female 
 Male 

Sex information 
unavailable 

1.18 : 1 
1,561,010 (54.00%, 53.94%-54.05%) 
1,317,858 (45.58%, 45.53%-45.64%) 

12,151 (0.42%, 0.41%-0.43%) 

1.30 : 1 
56,080 (56.51%, 56.20%-56.82%) 
43,136 (43.47%, 43.16%-43.78%) 

20 (0.02%, 0.02%-0.03%) 

<0.001 

Median age (Range, 
IQR), years 
Age group, years 
 0-9 
 10-19 
 20-29 
 30-39 
 40-49 
 50-59 
 60-69 
 70-79 
 >= 80 
 Age information 

unavailable 

44 (0 – 112, 29-60) 
  
 

187,105 (6.47%, 6.44%-6.50%) 
211,119 (7.30%, 7.27%-7.33%) 

328,744 (11.37%, 11.33%-11.41%) 
476,310 (16.48%, 16.43%-16.52%) 
474,261 (16.40%, 16.36%-16.45%) 
459,355 (15.89%, 15.85%-15.93%) 
409,140 (14.15%, 14.11%-14.19%) 

198,826 (6.88%, 6.85%-6.91%) 
132,035 (4.57%, 4.54%-4.59%) 

14,124 (0.49%, 0.48%-0.50%) 

43 (0 – 108, 29-62) 
 
 

5,289 (5.33%, 5.19%-5.47%) 
6,720 (6.77%, 6.62%-6.93%) 

13,526 (13.63%, 13.42%-13.85%) 
18,389 (18.53%, 18.29%-18.77%) 

15,134 (15.25%, 15.03%-15.48%) 
12,477 (12.57%, 12.37%-12.78%) 
11,214 (11.30%, 11.10%-11.50%) 

6,743 (6.79%, 6.64%-6.95%) 
9,723 (9.80%, 9.61%-9.98%) 

21 (0.02%, 0.01%-0.03%) 

<0.001 
 

<0.001 

Importation status at   <0.001 
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the last infection 

 Local 
 Imported 

 
2,813,766 (97.33%, 97.31%-97.35%) 

77,253 (2.67%, 2.65%-2.69%) 

 
95,844 (96.58%, 96.47%-96.69%) 

3,392 (3.42%, 3.31%-3.53%) 
With available symptoms 

information at the last 

infection: 

 Symptomatic 
 Asymptomatic  

2,437,433 
 
 

1,381,749 (56.69%, 56.63%-56.75%) 
1,055,684 (43.31%, 43.25%-43.37%) 

94,834 
 
 

50,414 (53.16%, 52.84%-53.48%) 
44,420 (46.84%, 46.52%-47.16%) 

<0.001 

Cases with chronic 
diseases 

788,457 (27.27%, 27.22%-27.32%) 33,297 (33.55%, 33.26%-33.85%) <0.001 

Residential care home 
(RCH) residents 

40,669 (1.41%, 1.39%-1.42%) 11,138 (11.22%, 11.03%-11.42%) <0.001 

Severe clinical 
outcomes at the last 
infection  

 Deaths  

16,817 (0.58%, 0.57%-0.59%) 
 
 

9,914 (0.34%, 0.34%-0.35%) 

559 (0.56%, 0.52%-0.61%) 
 
 

  146 (0.15%, 0.12%-0.17%) 

0.500 
 
 

<0.001 

Time interval between 
primary and the 2nd 
infection (median 
days) 

NA 31 - 371 days 
(281 days) 

 

Vaccination ≥ 2 valid 
doses at the last 
infection 

2,324,762 (80.41%, 80.37%-80.46%) 81,332 (81.96%, 81.72%-82.20%) <0.001 

Vaccination ≥ 3 valid 1,442,721 (49.90%, 49.85%-49.96%) 46,783 (47.14%, 46.83%-47.45%) <0.001 
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doses at the last 
infection 

Note: The sub-cohort of Omicron cases referred to those individuals who were recruited (got the primary infection) after the start of Omicron 
wave (31 December 2021) in Hong Kong. NA: Not applicable; IQR: Interquartile range.  
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Table 3. Risk factors associated with COVID-19 reinfection in Hong Kong identified by Cox regression 

 COVID-19 reinfection 

Risk factor Crude HR 
95% CI of 
Crude HR 

P value 

Coefficient of 
multivariate 

Cox 
regression 

Adjusted HR 
95% CI of 

adjusted HR  
P value 

Sex        

 Male 1 —  Reference 1 —  

 Female 1.12 1.11, 1.14 <0.001 0.11 1.12 1.11, 1.13 <0.001 

Age (in years)        

 0 –  9 1 —  Reference 1 —  

10 – 19 1.22 1.18, 1.27 <0.001 0.18 1.19 1.15, 1.24 <0.001 

20 – 29 1.27 1.23, 1.31 <0.001 0.16 1.17 1.13, 1.21 <0.001 

30 – 39 1.24 1.20, 1.28 <0.001 0.11 1.12 1.09, 1.16 <0.001 

40 – 49 1.04 1.01, 1.08 0.009 -0.08 0.92 0.89, 0.95 <0.001 

50 – 59 0.85 0.82, 0.87 <0.001 -0.31 0.73 0.71, 0.76 <0.001 

60 - 69 0.83 0.80, 0.86 <0.001 -0.39 0.68 0.66, 0.70 <0.001 
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 COVID-19 reinfection 

Risk factor Crude HR 
95% CI of 
Crude HR 

P value 

Coefficient of 
multivariate 

Cox 
regression 

Adjusted HR 
95% CI of 

adjusted HR  
P value 

70 – 79 1.03 0.99, 1.06 0.160 -0.31 0.73 0.70, 0.76 <0.001 

>= 80 2.11 2.04, 2.18 <0.001 -0.18 0.83 0.80, 0.87 <0.001 

Chronic diseases        

 No 1 —  Reference 1 —  

 Yes 1.18 1.16, 1.19 <0.001 0.17 1.18 1.16, 1.20 <0.001 

RCH residents        

 No 1 —  Reference 1 —  

 Yes 6.08 5.96, 6.20 <0.001 1.91 6.78 6.61, 6.95 <0.001 

Vaccinated doses at censoring       

 0-2 1 —  Reference 1 —  

 3+ 0.94 0.93, 0.96 <0.001 -0.003 0.997 0.982, 1.012 0.689 

Additional vaccination after primary infection     
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 COVID-19 reinfection 

Risk factor Crude HR 
95% CI of 
Crude HR 

P value 

Coefficient of 
multivariate 

Cox 
regression 

Adjusted HR 
95% CI of 

adjusted HR  
P value 

 No 1 —  Reference 1 — <0.001 

 Yes 0.89 0.88, 0.90 <0.001 -0.22 0.80 0.79, 0.81 <0.001 

HR = Hazard Ratio, CI = Confidence Interval. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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