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Abstract 

Background To estimate vaccine effectiveness(VE) against COVID-19-related hospitalization for inactivated vaccines 
during the Omicron BF.7-predominant epidemic wave in Beijing, China.

Methods We recruited a cohort in Beijing on 17 and 18 December 2022, collected status of vaccination and COVID-
19-related hospitalization since 1 November 2022 and prospectively followed until 9 January 2023. A Poisson regres-
sion model was used to estimate the VE.

Results 16(1.15%) COVID-19-related hospitalizations were reported in 1391 unvaccinated participants; 7(0.25%) 
in 2765 participants with two doses, resulting in a VE of 70.89%(95% confidence interval[CI] 26.25 to 87.73); 32(0.27%) 
in 11,846 participants with three doses, with a VE of 65.25%(95% CI 32.24 to 81.83). The VE of three doses remained 
above 64% at 1 year or more since the last dose. Elderly people aged ≥ 60 years had the highest hospitalization inci-
dence(0.66%), VE for two doses was 74.11%(95%CI: − 18.42 to 94.34) and VE for three doses was 80.98%(95%CI:52.83 
to 92.33). We estimated that vaccination had averted 65,007(95%CI: 12,817 to 97,757) COVID-19-related hospitaliza-
tions among people aged ≥ 60 years during the BF.7-predominant period in Beijing.

Conclusion Inactivated COVID-19 vaccines were effective against COVID-19-related hospitalization, especially 
for the elderly population who have increased risk of severe disease owing to SARS-CoV-2 infection.
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Introduction
The COVID-19 pandemic has been ongoing for over 
3 years and has caused a total of 6.9 million deaths, as of 
27 August 2023 [1]. Although the World Health Organi-
zation (WHO) declared that COVID-19 no longer con-
stitutes a public health emergency of international 
concern on 4 May 2023 [2], it remains a concerning dis-
ease with a heavy burden, especially for groups that con-
tinue to be at greater risk of severe disease and mortality 
[3]. The Omicron variant has been the dominant variant 
circulating globally since early 2022. Although vaccina-
tion coverage has increased worldwide, continuing muta-
tion of SARS-CoV-2 has posed challenges to efforts for 
reduce disease incidence [4]. Since November 2022, the 
BF.7 (BA.5.2.1.7) Omicron subvariant has been circulat-
ing in Beijing, China [5]. In comparison with earlier Omi-
cron strains, BF.7 contains nine mutations in the spike 
protein and an additional mutation in the receptor bind-
ing domain region [4], leading to a greater propensity to 
infect individuals who have had a previous SARS-CoV-2 
infection, been vaccinated, or both [6].

The Omicron variant carries multiple spike mutations, 
with higher transmissibility and a greater ability than 
previous variants to evade immunity induced by either 
natural infection or vaccination [7]. However, vaccination 
remains the most effective means of SARS-CoV-2 infec-
tion prevention and control. The literature has gener-
ally reported that a primary series plus booster dose of 
mRNA vaccine shows modest to high vaccine effective-
ness (VE) against severe COVID-19 outcomes, including 
hospitalization, the need for mechanical ventilation, and 
death [8, 9]. The WHO granted emergency use for three 
vaccines produced in China, two inactivated vaccines 
(BBIBP-CorV, Sinopharm; CoronaVac, Sinovac) and one 
adenovirus type 5 (Ad5)–vectored vaccine (Convidicea, 
CanSinoBIO), which have been widely used in many low-
income countries (LICs). However, many LICs that com-
monly used inactivated COVID-19 vaccines experienced 
multiple epidemics before emergence of the Omicron 
variant, and there has been little opportunity to assess 
the effectiveness of these vaccines against the Omicron 
variant in the real world.

Since the SARS-CoV-2 emerged in Wuhan City, the 
dynamic Zero-COVID strategy has been adopted in 
China to curb the transmission of COVID-19 [10]. This 
strict, long-term approach is aimed to fully interrupt the 
transmission of SARS-CoV-2 and has kept most of the 
Chinese population free of infection [11, 12]. Upon con-
ditional approval of BBIBP-CorV and CoronaVac, a terri-
tory-wide vaccination program was started in December 
2020 to boost population immunity to the virus in main-
land China. In March 2021, older adults aged 60  years 
and above were encouraged to be vaccinated, then 

expanding to adolescents aged 12–17 years in July 2021, 
and to children 3–11  years in October 2021. Vaccina-
tion coverage had reached 70% by the end of August 
2021 [13]. Booster doses were authorized in October 
2021 for adults who received their primary series at 
least 6  months earlier. By November 2022, the cumula-
tive number of administered COVID-19 vaccines had 
increased to 3.4 billion doses, with more than 90% of 
the population fully vaccinated [14]. Beijing, the capital 
of China, with a population of 21.8 million in 2022, initi-
ated its vaccine roll-out campaign in 2020. According to 
Immunization Information Management System data, as 
of 1 November 2022, approximately 63.52 million vaccine 
doses were administered in Beijing, and 99.55% of these 
doses were inactivated vaccine. The mRNA COVID-19 
vaccines were not used during the study period, since the 
first mRNA vaccine(SYS6006) was authorized for emer-
gency use in mainland China in March 2023.

On the basis of the high coverage of COVID-19 vac-
cines, accumulated experience in prevention and 
treatment, and the virus characteristics of high trans-
missibility and less virulence, the Chinese government 
announced 20 measures on 11 November and a further 
10 measures on 7 December 2022 [15], which included 
restricting of testing coverage, reducing the quarantine 
period for close contacts or inbound travelers, suspend-
ing tracing of secondary contacts, stopping region-wide 
mass screening, and allowing home isolation or quaran-
tine [16]. From early December 2022 to January 2023, a 
major COVID-19 epidemic rapidly emerged in major 
cities of China, including Beijing [17]. As estimated in a 
dynamics model, Beijing underwent a large COVID-19 
epidemic wave with a cumulative infection attack rate 
of 75.7% in November–December 2022 [18], primarily 
caused by the Omicron variant sublineage BF.7 [5]. Most 
people in Beijing may not have experienced COVID-
19-related infection before this wave.

Previous studies [16, 19, 20] have explored the VE of 
inactivated vaccines against Omicron and found that 
they could provide high levels of protection against 
severe or critical COVID-19, i.e., infection with Omicron 
BA.2 (VE: 58%–92% for the primary series, 90%–99% for 
the booster dose). However, the VE of inactivated vac-
cines against severe illness caused by the Omicron BF.7 
variant remains unclear. Although the BF.7 variant is no 
longer the main epidemic strain, vaccination remains a 
long-term process [3]. A timely summary and analysis 
of the VE against different epidemic strains can provide 
valuable evidence for optimizing the vaccination pro-
gram. Therefore, we conducted a cohort study during the 
peak of the BF.7 epidemic in Beijing to evaluate the VE 
of inactivated COVID-19 vaccines against hospitalization 
caused by the Omicron variant.
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Methods
Study design and participants
The study was designed as an ambispective cohort study. 
Considering that COVID-19 vaccination has not yet been 
expanded to children under the age of 3 years in China, 
we recruited a cohort of participants aged ≥ 3  years in 
Beijing on 17 and 18 December 2022. The study cohort 
was recruited using a multistage random sampling 
method. Namely, for each of the 17 districts of Beijing, 
we randomly selected five streets or townships in each 
district and two to eight communities in each of the 
selected streets or townships. Within each selected com-
munity, 10 households were recruited via random sam-
pling and contacted via a phone number recorded by the 
community. Households that did not respond or refused 
to participate were omitted and the household next 
door or closest household was contacted. All members 
aged ≥ 3  years in the household were eligible for inclu-
sion in the study. We excluded individuals who met the 
following criteria: individuals reporting a previous SARS-
CoV-2 infection; those reporting COVID-19 vaccina-
tion after 1 November 2022; those who received one to 
two vaccine doses, with the latest dose < 14 days or three 
doses with the latest dose < 7  days before SARS-CoV-2 
infection; and individuals who were hospitalized before 
1 November 2022, to exclude recurrent hospitalization 
(Fig. 1).

A standardized questionnaire (Supplementary Mate-
rial 1) was administered on the date of cohort entry by 
community health workers trained by the Beijing Center 
for Disease Control and Prevention to retrospectively 
collect baseline characteristics from participants, includ-
ing sex, age, history of COVID-19 vaccination, previous 
SARS-CoV-2 infection (defined as positive reverse tran-
scription polymerase chain reaction [RT-PCR] assay or 
antigen testing results before 1 November 2022), hospi-
tal admissions and laboratory testing from 1 November 
2022 to the recruitment date. Then, from the recruitment 
date until 9 January 2023, participants were followed up 
prospectively once a week via telephone to collect infor-
mation on COVID-19-related hospitalization and vac-
cination. Each participant was called up to three times 
on different days between 8:00 AM and 8:00 PM before 
they were classified as lost to follow-up with no response. 
Before 18 December 2022, citywide free SARS-CoV-2 
RT-PCR testing [21] using oropharyngeal swab samples 
was performed for residents once every 3 days in Beijing 
City. After 18 December 2022, citywide SARS-CoV-2 RT-
PCR screening was stopped and was only performed on 
request. A self-paid rapid antigen test (RAT) was made 
widely available during the study period. RT-PCR assay 
results and COVID-19 vaccination records were stored a 
public deposit Health Kit (Jiankang Bao) mini-program 

in WeChat or in the Alipay search bar, which could be 
accessed and validated with a user name and ID.

All participants in this study provided verbal informed 
consent before enrollment. Children aged < 14  years 
required consent from a parent or guardian.

Outcome
The primary outcome of the study was COVID-19-re-
lated hospitalization, defined as reported hospital 
admission that was specifically owing to SARS-CoV-2 
infection, with any positive RT-PCR or positive RAT 
result for SARS-CoV-2, and reporting at least one of six 
symptoms (fever, sore throat, headache, myalgia, ageusia/
loss or change in sense of taste, anosmia/loss or change 
in sense of smell) during the study period.

Exposures
Participants were required to self-check vaccination 
records using the Health Kit mini-program to avoid 
recall bias regarding vaccination information. For 
COVID-19 vaccination status, the primary series was 
defined as two doses of inactivated vaccine, and booster 
was defined as three doses of inactivated vaccine. In this 
study, we classified participants into four groups: those 
who were unvaccinated, those who were partially immu-
nized (≥ 14 days after receipt of the first vaccine dose and 
before receipt of the second dose), those who completed 
the primary series ≥ 14  days after receipt of the second 
dose, and those who received a booster regimen ≥ 7 days 
after receipt of the third dose.

Statistical analysis
Cohen’s w effect size was used to estimate the degree of 
discrepancy between the distribution of our cohort and 
the population of Beijing for assessing sample representa-
tiveness. Population census data in 2022 were collected 
from the Beijing Municipal Bureau of Statistics. Cohen’s 
w was calculated as:

where  P0i represents the proportion in cell i posited by 
the population overall according to the Population Cen-
sus (Beijing Census and Statistics Department),  P1i repre-
sents the proportion in cell i posited by the cohort, and n 
is the number of cells. A value of w = 0.1 represents weak 
discrepancy, w = 0.3 represents medium discrepancy, and 
w = 0.5 represents large discrepancy [22].

The association between vaccination and the risk of 
COVID-19-related hospitalization was estimated using 
a modified Poisson regression model. We controlled for 

w =

n

i=1

(P1i − P0i)
2

P0i



Page 4 of 10Zhao et al. BMC Infectious Diseases          (2024) 24:991 

several characteristics that could confound the asso-
ciation between vaccination and outcomes, including 
age, sex, and residential region. We estimated VE as 1 
minus the relative risk for one vaccine dose, two doses, 
and three doses compared with the unvaccinated group. 
Moreover, our VE analysis was stratified by age group 
(children/adolescents aged 3–17  years, adults aged 
18–59 years, and adults aged ≥ 60 years), by vaccination 

status (i.e., partially immunized, primary series, and 
booster), and by intervals since the last dose (< 180 days, 
180–364 days, 365 or more days).

The difference between the estimated number of 
outcomes with versus without vaccination was calcu-
lated as the burden averted by vaccination. We took 
the age-specific hospitalization rate of the unvacci-
nated group in the survey, the estimated VE, and the 

Fig. 1 Study flow diagram. Flowchart describing population inclusion and exclusion criteria for selection and follow-up process for investigating 
effectiveness of vaccines during the SARS-CoV-2 Omicron epidemic wave in Beijing, China
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coverage as of 1 November 2022 to estimate the num-
ber of people hospitalized in Beijing during the epi-
demic wave under the condition of vaccination in the 
real world. The burden averted by vaccination was cal-
culated as follows [23]:

VCi and  VEi represent the coverage and the VE of 
dose (i), respectively. We calculated the averted frac-
tion as the number of hospitalizations averted owing 
to vaccination divided by the number of hospitaliza-
tions without vaccination.

We used chi-square or Fisher’s exact tests to analyze 
categorical variables and the Wilcoxon rank-sum test 
to analyze continuous variables, as appropriate. A two-
sided P-value of < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using 
IBM SPSS 20.0 (IBM Corp., Armonk, NY, USA).

Hospitalizations averted with vaccination =

n=3
∑

i=1

(hospitalization rate(unvaccinated)×VCi×VEi×population size)

Results
Characteristics of participants
Among 16,201 participants aged 3  years and older 
included in the VE analysis, 8569 (52.89%) were female 
individuals, 11,392 (70.40%) were aged 18–59 years, 3169 

(19.58%) were aged ≥ 60  years, and 8517 (52.57%) were 
urban residents. The observed differential distribution 
of sex, age, and residential region was largely consistent 
with territory-wide figures for the population of Beijing 
(w = 0.08–0.13) (Table 1). Most individuals in this study 
(11,846 of 16,201 [73.12%]) had received three doses of 
vaccine, 1391 (8.59%) were unvaccinated, 199 (1.23%) 
had received only one dose of vaccine, and 2765 (17.07%) 
had received two doses. Among 14,810 individuals who 
received a vaccine, 345 (2.33%) had received the latest 
dose < 3  months before testing, 1212 within 6  months 

Table 1 Baseline characteristic of study cohort, Beijing, China

a Effect size was used to estimate the degree of discrepancy between the distribution of study cohort and the population of Beijing for assessing sample 
representativeness (0.1 represents weak discrepancy, 0.3 represents medium discrepancy, 0.5 represents large discrepancy)

Characteristics Beijing population, 
Million people (%)

Study cohort

No. of individuals (%) Effect sizea No. of hospitalization 
(Incidence, %)

P value

Total 21. 80 16,201 55(0.34)

Gender
 Male 11.15(51.14) 7632(47.11) 0.08 28(0.37) 0.59

 Female 10.65(48.86) 8569 (52.89) 27(0.32)

Age group, years
 3–17 2.33(10.68) 1621 (10.02) 0.09 5(0.31)  < 0.001

 18–59 15.17(69.60) 11,392(70.40) 27(0.24)

 60–69 2.58(11.84) 2123(13.12) 8(0.38)

 70–79 1.08(4.97) 779 (4.81) 10(1.28)

  ≥ 80 0.63(2.91) 267(1.65) 3(1.12)

Region
 Urban 12.7(58.65) 8517(52.57) 0.13 39(0.46) 0.02

 Suburb 7.40(33.95) 6518(40.23) 15(0.23)

 Remote suburb 1.61(7.41) 1166 (7.20) 1(0.09)

Vaccination status -

 Unvaccinated - 1391(8.59) - 16(1.15)  < 0.001

 Partially vaccinated - 199(1.23) 0(0)

 Primary Series - 2765 (17.07) 7(0.25)

 Booster - 11,846(73.12) 32(0.27)

Days since last vaccine dose
  < 90 - 345(2.35) - 0(0) 0.65

 90–179 - 867(5.91) 3(0.35)

 180–364 - 7832(53.42) 25(0.29)

  ≥ 365 - 5618 (38.32) 11(0.23)
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(8.18%), 7832 between 6  months to 1  year (52.88%), 
and 5618 at 1  year or longer (37.93%) (Table  1). Fig-
ure 2 shows the coverage for different age groups in this 
cohort. The proportion of unvaccinated people in all age 
groups ranged from 6.81% to 35.58%, and this proportion 
was significantly increased among adults aged ≥ 60 years 
(13.44%), especially among those aged ≥ 80  years 
(35.58%).

Occurrence of COVID‑19‑related hospitalization
During the study period, 55 (0.34%) COVID-19-related 
hospitalizations were reported. The risk of COVID-
19-related hospitalization during this period was signifi-
cantly different according to age group, residence, and 
vaccination status (P < 0.05). There was no significant 
difference between COVID-19-related hospitalizations 
among participants aged 3–17  years (n = 5, 0.31%) and 
that of adults (n = 27, 0.24%; P = 0.78), which were both 
lower than hospitalizations among elderly adults (n = 21, 
0.66%; P < 0.001). Hospitalizations among adults over 
70  years old (n = 13, 1.24%) were significantly greater 
than those among adults aged 60–69 years (n = 8, 0.38%; 
P = 0.005) (Table  1). COVID-19-related hospitalizations 
in the two-dose (n = 7, 0.25%) and three-dose (32, 0.27%) 
vaccine groups were significantly lower than those in the 
unvaccinated group (n = 16, 1.15%; P < 0.001) (Table 2).

Estimated VE
Using unvaccinated participants as the reference 
group, the primary series provided a VE of 70.89% 
(95% credible interval [CI] 26.25 to 87.73) against 
COVID-19-related hospitalization, and booster vac-
cine yielded a VE of 65.25% (95% CI 32.24 to 81.83). 
VE among elderly adults was 74.11% (95% CI − 18.42 to 
94.34) for the primary series and 80.98% (95% CI 52.83 
to 92.33) for booster vaccination. Within 180 days after 
vaccination. the estimate VE was 77.60% for the pri-
mary series and 71.56% for booster vaccination, but 
both were not significant. Within 180 days to 364 days 
after vaccination, VE was 66.19%(95% CI 9.35 to 87.40) 
for the primary series and 64.49%(95% CI 26.45 to 
82.86) for booster vaccination The VE for booster vac-
cination remained above 64% at ≥ 1 year since the last 
dose (Table 2).

Estimated hospitalizations averted with inactivated 
COVID‑19 vaccines
We estimated that inactivated COVID-19 vac-
cines averted 65,007 (95% CI 12,817 to 97,757) 
COVID-19-related hospitalizations among adults 
aged ≥ 60  years during the 2-month BF.7-predominant 
epidemic wave in Beijing, corresponding to an averted 
fraction of 67.51% (95% CI 37.74% to 86.67%).

Fig. 2 Population composition with different COVID-19 vaccine doses in the study cohort, by age group. Partially immunized was defined 
as ≥ 14 days after receipt of the first vaccine dose and before receipt of the second dose. The primary series was defined as ≥ 14 days after receipt 
of the second dose. Booster was defined as ≥ 7 days after receipt of the third dose. The X axis represents age groups (years), and the Y axis represents 
the proportion of people with different immunity status
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Discussion
With a large infection-naive population and COVID-19 
vaccines in widespread use, Beijing represents a unique 
environment for monitoring VE against the Omicron 
subvariant BF.7. In this study, we evaluated the real-world 
VE of inactivated virus COVID-19 vaccines in China. 
The results showed when given according to the recom-
mended schedule of a two-dose primary series followed 
by a booster dose 6  months later, the VE against Omi-
cron BF.7-related hospitalization was 70.89% and 65.25%, 
respectively. Greater effectiveness was observed among 
adults aged 60  years or older with booster vaccination. 
No reduction was observed in VE of booster starting 
from 1 year after the latest dose of vaccine.

A hospitalization incidence of 0.34% was observed 
in participants aged ≥ 3  years throughout the study 

period. Two similar studies of Omicron BA.2 infec-
tions in New England [24] and China [16], in which 
the study population had similar vaccination coverage 
levels to ours (New England: 9.8% unvaccinated, 3.5% 
partially vaccinated, 21% received the primary series, 
66% received the booster dose; China: 6.6%, 2.5%, 41%, 
50%, respectively) found that 0.4% of BA.2-infected 
patients required admission to the intensive care unit, 
and 0.15% had severe/critical SARS-CoV-2 infec-
tion with BA.2, respectively. The proportion of elderly 
adults who were hospitalized (0.66%) in this study was 
higher than that among participants aged 3–17  years 
(0.31%) and adults (0.24%), and this difference across 
age groups is consistent with the proportions for hos-
pitalization owing to infection with the Omicron and 
Delta strains in the United Kingdom [25]. Omicron and 

Table 2 Vaccine effectiveness(VE) of inactivated COVID-19 vaccines against COVID-19-related hospitalization during the Omicron BF.7-
predominant wave in Beijing, China

Abbreviations: CI Credible interval, NA Not applicable

Relative risk and VE were from modified Poisson regression models, sex and residential region were included as covariates in regression models. RR was adjusted for 
age and interval since the last vaccine dose in the regression model. VE and 95%CI of vaccination was estimated as ([1-Relative Risk] × 100%). Effectiveness of booster 
vaccination was estimated among adults aged 18 years or older
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its sublineages (including BA.1, BA.2, BA.4, BA.5, XBB, 
and BQ.1) have become the dominant circulating vari-
ants worldwide [3]. However, older adults and people 
with comorbidities continue to be at greatest risk of 
severe disease and mortality [3].

Our findings highlight the importance of the primary 
series and booster in reducing the risk of COVID-
19-related hospitalization. Our results are consistent 
with other evaluations of inactivated vaccines produced 
in China against Omicron-caused infection (BA.5 or 
BA.2) in infection-naive populations (VE: 58%–92% 
with the primary series, 90%–99% with the booster 
dose) [16, 19, 20, 26]. Compared with age-specific 
studies of inactivated vaccines, our VE point estimates 
(44.66% after two doses) in the pediatric population 
during the Omicron-predominant wave were generally 
similar to the results of studies in Brazil [27] and Chile 
[28] with VE estimates after two doses of 40%–60%. 
The older adults in our study had a VE against hospi-
talization of 74% and 81% after two and three inacti-
vated doses, respectively, results that were similar to 
those of a study in Hong Kong [20] with VE of Coro-
naVac against severe or fatal disease of 69.9% for adults 
aged 60  years or older at a median 125  days after two 
doses and additional benefit at a median of 61  days 
after the third dose. The existing mRNA vaccines 
showed cross-immunity in children, adolescents, and 
adults (VE 70%–90%) during the Omicron epidemic 
wave [8, 9, 20, 29]. Our findings reinforce the high VE 
of inactivated vaccine against COVID-19 related hos-
pitalization owing to BF.7 variants. Although the Omi-
cron BF.7 subvariant carries multiple spike mutations, 
the prototype vaccine retained some cross-immunity 
against mutant strains, which indirectly suggested 
potential benefit from cellular immunity. Although the 
point estimate of vaccine effectiveness shows VE in the 
booster group(65.25%) is lower than primary series 
group(70.89%), but judging from the 95% confidence 
interval, relative VE of 2 doses as compared to 3 doses is 
supposed to be non-significant. In contrast, VE among 
elderly adults was higher in the booster group (80.98%). 
However, comparisons of these point estimates do not 
represent objective facts, these differences between 
different groups needs to be further clarified by study-
ing in the molecular and cellular immunology. VE of 
booster vaccination with narrow confidence intervals 
and statistical significance was obtained for the elderly 
population, who have a relatively high hospitalization 
rate, and we estimated that inactivated COVID-19 vac-
cines averted approximately 0.06 million (95% CI 0.01 
to 0.10 million) COVID-19-related hospitalizations 
among adults aged ≥ 60 years in Beijing, which helped 
to relieve hospital overload.

The length of time since the latest vaccination had a 
minimal waning effect on VE against COVID-19 related 
hospitalization. In our study, the point estimate VE 
decreased 4.57%–7.07% after 6  months of vaccination 
compared with VE within 6  months (77.60%,71.56%), 
but VEs within 6 months were not significantly. Within 
6 months to one year after vaccination, VE was 64.49% 
for booster vaccination and remained above 64% at more 
than 1  year. Although humoral immunity mediated by 
antibodies blocks SARS-CoV-2 from entering host cells, 
thereby preventing infection [30], SARS-CoV-2-specific 
CD4 + and CD8 + T cells appear to be responsible for 
limiting disease severity [31]. Despite a rapid reduc-
tion in serum antibody titers, memory T cells are more 
durable and may contribute to protection from severe 
disease. In one case–control study in Hong Kong, VE 
against hospitalization during the Omicron-dominant 
period was maintained for at least 6  months after the 
second dose of both CoronaVac (74.0%, 95% CI 71.8% to 
75.8%) and BNT162b2 (77.4%, 95% CI 75.5% to 79.0%) 
vaccines; the booster dose was capable of restoring VE 
and maintaining protection over time [32]. Other pre-
vious studies have also demonstrated sustained protec-
tion against severe outcomes despite waning protection 
against infection in the general population [20, 33, 34].

In comparison with other countries, China initiated 
its vaccine roll-out campaign relatively earlier [35]. 
According to the surveyed coverage, the proportion of 
the population receiving at least one COVID-19 vac-
cine dose has exceeded 90%. Beijing had already raised 
the primary series coverage to a high level before the 
Omicron epidemic wave and quickly carried out the 
booster program for people over 18  years old. There-
fore, higher coverage among elderly adults effectively 
averted 67.51% of hospitalizations among adults aged 
60 years and above. Despite vaccination showing a rela-
tively good VE against COVID-19-related hospitaliza-
tion, 40% of adults aged 80  years and older remained 
unvaccinated or partially vaccinated after this Omi-
cron epidemic wave in Beijing. This is consistent with 
reports of other coverage investigated in China [36], 
for the oldest age group, with higher proportion func-
tional dependency or chronic diseases, more common 
in vaccination hesitancy, more lack of knowledge about 
vaccines may be the reasons for the highest percent-
age of unvaccinated individuals. Older adults were still 
listed as the highest priority groups in the COVID-19 
vaccination guidance [37]. To prevent excessive disease 
severity and mortality owing to vaccination hesitancy 
[36], devoting greater effort toward vaccinating the 
whole population, especially the elderly population, is 
warranted given the uncertainty regarding future epi-
demic waves with frequent emergence of virus variants.
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A strength of this study involves evaluation of the 
protective effect of the prototype inactivated vaccine 
against hospitalization associated with BF.7 strains in 
a largely SARS-CoV-2 infection-naive population. It is 
inevitable that, in the context of multiple epidemics in 
countries around the world, most people have experi-
enced one or more infections during an epidemic wave 
involving the Omicron variant strains. In evaluating the 
protective effect of vaccination against Omicron, the 
confounding effects of previous infection with SARS-
CoV-2 variants cannot be excluded.

Our study had several limitations. First, to improve 
compliance with the telephone survey, the survey con-
tent was simplified and the number of vaccine doses 
were collected without distinguishing the types of vac-
cines. Considering that 0.45% of individuals received 
the Ad5 COVID-19 vaccine, protein subunit COVID-
19 vaccine, or heterologous booster following the pri-
mary series, the VE of inactivated vaccines could be 
fully evaluated in this study. Second, because most 
people in Beijing had received three doses of COVID-
19 vaccine before the investigation, the sample of 
people who received zero, one, and two doses in the 
cohort was relatively small, and thus the possibility of 
bias was addressed in stratified analysis. Third, owing 
to the low proportion of hospitalizations among chil-
dren, adolescents, and adults aged 18–59  years, the 
confidence intervals were too wide to reliably estimate 
VE. Fourth, information about the underlying medi-
cal conditions were not collected, it could affect the 
outcome of COVID-19 and individual COVID-19 vac-
cination intentions, which should be a confounder in 
VE analysis. Last, physicians might have different cri-
teria to hospitalize COVID-19 patients, if some physi-
cians requiring more hospitalization of non-vaccinated 
patients because they are more likely to get severe dis-
eases, the occurrence of outcomes may change between 
the vaccinated and non-vaccinated populations.

In conclusion, two or three doses of inactivated vac-
cine were effective in preventing COVID-19-related 
hospitalizations, especially three doses in elderly 
adults, during the Omicron BF.7 variant-predominant 
epidemic wave in Beijing, China. Our findings highlight 
the protective effect of inactivated vaccines against 
COVID-19 related hospitalization. Considering their 
rapid development, higher yield, and good stability dur-
ing storage, inactivated vaccines can be considered for 
use as reserve vaccines for use during the early stage of 
any future outbreaks involving other emerging infec-
tious diseases.
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