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ABSTRACT

Introduction: With COVID-19 vaccination rol-
led out globally, increasing numbers of studies
have shown that booster vaccines can enhance
an individual’s protection against the infection,
hospitalization, and death caused by SARS-CoV-
2. This study evaluated the effectiveness of
COVID-19 vaccine BBIBP-CorV booster against
being infected (susceptibility), infecting others

(infectiousness), and spreading the disease from
one to another (transmission).
Methods: This retrospective cohort study
investigated the close contacts of all officially
ascertained COVID-19 confirmed cases in
Urumqi, China between August 1 and Septem-
ber 7, 2022. Eligible records were divided into
four subcohorts based on the vaccination status
of both the close contact and their source case:
group 2-2, 2-dose contacts seeded by 2-dose
source case (as the reference level); group 2-3,
3-dose contacts seeded by 2-dose source case;
group 3-2, 2-dose contacts seeded by 3-dose
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seeded by 3-dose source case. In the four sub-
cohorts, multivariate logistic regression models
were used to examine the vaccine effectiveness
(VE) for the BBIBP-CorV booster dose. We
adjusted for potential confounding variables,
including the sex and age of source cases and
close contacts, the calendar week of contact
history and contact settings. We evaluated the
statistical uncertainty using a 95% confidence
interval (CI). In addition, we conducted sub-
group analyses to evaluate VE by sex.
Results: The sample sizes of groups 2-2, 2-3,
3-2, and 3-3 were 1184, 3773, 4723, and 27,136
individuals, respectively. Overall VE against
susceptibility (group 2-3 vs 2-2) was 42.1%
(95% CI 10.6, 62.5), VE against infectiousness
(group 3-2 vs 2-2) was 62.0% (95% CI 37.2,
77.0), and VE against transmission (group 3-3 vs
2-2) was 83.7% (95% CI 75.1, 89.4). In the sex-
stratified subgroups, male close contacts
showed similar VE compared to the overall.
However, among female close contacts, while
the booster dose improved VE against infec-
tiousness and VE against susceptibility, the VEs
were not significantly different from zero.
Conclusion: BBIBP-CorV vaccine booster was
associated with mild to moderate levels of pro-
tection against Omicron susceptibility, infec-
tiousness, and transmission. Real-world
assessment of protective performance of
COVID-19 vaccines against the risk of Omicron
strains is continuously needed, and may pro-
vide information that helps vaccination
strategy.

Keywords: COVID-19; Vaccine effectiveness;
Cohort study; Contact tracing

Key Summary Points

Why carry out this study?

The vaccines conferred multiple
protection against infectious diseases.

By using contact tracing data, we
evaluated the vaccine effectiveness of
BBIBP-CorV booster against the
susceptibility, infectiousness, and
transmission of Omicron strains.

What was learned from the study?

BBIBP-CorV vaccine booster was
associated with mild to moderate levels of
protection against Omicron’s
susceptibility, infectiousness, and
transmission.

Real-world assessment of vaccine
performance against the risk of emerging
SARS-CoV-2 genetic variants is
continuously needed.

INTRODUCTION

Since the outbreak of the COVID-19, vaccina-
tion has been regarded as one of the most
effective measures to combat the disease [1–3].
Vaccine developers and manufacturers have
conducted large-scale clinical trials worldwide
and reported corresponding vaccine efficacy
results [4, 5]. Vaccine effectiveness (VE) in real-
world studies is a method of assessing a vac-
cine’s ability to prevent infectious diseases in
real life [6–9], which is an essential complement
to a randomized controlled trial as they involve
a broader range of population, and consider
various contextual factors beyond experimental
conditions.

With the global implementation of COVID-
19 vaccination, increasing numbers of studies
have shown that booster vaccines can enhance
an individual’s protection against the virus
and improve VE against COVID-19 infection
and associated adverse outcomes [10–19].
Booster vaccines are usually administered as a
third dose after an individual has received two
doses of vaccine. It should be noted that the
effectiveness of booster vaccines still depends
on various factors, including virus mutations
and the individual’s immune system status.

The protection levels associated with vaccine
in preventing infection and in preventing
infecting others are both indicators for evaluat-
ing the real-world effectiveness of a vaccine. The
most common and fundamental indicator that
measures the reduction of infection risk by
vaccination is VE in preventing infection. In the
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current study, this indicator is specifically
defined as VE against susceptibility. VE in pre-
venting infecting others is a new concept that
has only received attention in recent years
[20–22]. The decrease in transmission risk asso-
ciated with a specific vaccination in relation to
infectiousness after being infected is defined as
VE against infectiousness. Furthermore, vacci-
nation can prevent transmission by offering
protection against infection and simultaneously
reducing the infectiousness of vaccinated indi-
viduals who become infected. In this study, VE
against transmission is defined as the amalga-
mation of VE against susceptibility and VE
against infectiousness.

Currently, most estimates of VE against
Omicron infection focus on various mRNA
vaccines, including mRNA-1273 and BNT162b2,
or adenovirus vector vaccines such as ChA-
dOx1-nCoV-19 [6–9]. The COVID-19 vaccines
administered in mainland China are predomi-
nantly inactivated vaccines, including Sino-
pharm (BBIBP-CorV) and Sinovac (CoronaVac).
Although the VE of inactivated vaccines has
been evaluated in phase III clinical trials
[11, 23], there is still limited empirical research
on the actual effectiveness of inactivated vacci-
nes [4, 5]. Moreover, most studies have only
focused on the VE in preventing being infected
or severe illness [6, 9].

In 2022, Omicron variants were widely
spread globally [24], and Urumqi, China, faced
a COVID-19 outbreak caused by Omicron BA.5
variants (nasopharyngeal or oropharyngeal
swabs collected from confirmed COVID cases
were subjected to whole-genome sequencing;
on the basis of the assigned PANGO lineage
designation, the samples were classified as
SARS-CoV-2 Omicron BA.5.2 sublineage) in
August 2022. This study aimed to evaluate the
VE of booster inactivated vaccines against the
BA.5 in terms of preventing being infected
(susceptibility), infecting others (infectious-
ness), and disease transmission among indi-
viduals (transmission) in the real world by
comprehensive analysis of contact tracing data
during the Omicron outbreak in Urumqi.

METHODS

Study Setting

From the beginning of the COVID-19 pandemic
until October 2022 (after the end of our study
period), mainland China implemented a ‘‘zero-
COVID’’ policy. Therefore, prior to August 2022,
there was no large-scale COVID-19 outbreak in
Urumqi. This means that most of the 3.8 mil-
lion people in this region had not been infected
by then. Almost all people who received
COVID-19 vaccines in mainland China received
inactivated BBIBP-CorV vaccines. As of the end
of July 2022, before the start of our study per-
iod, the coverage rates among mainland Chi-
na’s general population for the primary series
and booster dose of inactivated vaccines were
greater than 91% and greater than 72% [25],
respectively, which were similar to those in
Urumqi. Most unvaccinated people (i.e., zero
doses) in mainland China are those who are not
suitable for vaccination because of medical
reasons.

In the context of the Omicron BA.5.2 vari-
ant, Urumqi, Xinjiang Uygur Autonomous
Region, China, reported the first batch of
COVID-19 cases on August 7 and numbers
peaked on August 13. In accordance with the
‘‘zero-COVID’’ policy, the local government
implemented a series of intensive control mea-
sures on August 10, including city lockdowns,
large-scale testing, symptom-based monitoring,
contact tracing, case isolation, and contact
quarantine. This outbreak was brought under
control in early September. We selected the
period from August 1 to September 7, 2022 as
our study period.

All individuals who had epidemiological
links with laboratory-confirmed COVID-19
cases were classified as close contacts of COVID-
19 [26]. Information on exposure history was
collected and recorded through interviews with
individuals diagnosed with COVID-19. Contact
tracing measures conducted by the local center
for disease control and prevention allows
for matching the close contacts with their
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sourse cases. The epidemiological links were
determined for individuals who had contact
with COVID-19 cases within 4 days of their test-
positive date.

The local government conducted regular
real-time reverse transcription polymerase
chain reaction (RT-PCR) tests of SARS-CoV-2
infection in a daily basis, using the ORF1ab
gene or N gene segment detection kits. All close
contacts are subjected to RT-PCR tests (with
cycle threshold [Ct] value\40) using nasal or
oral swab samples to achieve laboratory confir-
mation of SARS-CoV-2 infection.

Study Design and Participants

This retrospective cohort study investigated the
close contacts of all confirmed COVID-19 cases
in Urumqi, China between August 1 and
September 7, 2022. We excluded records of
those who received fewer than two doses of
vaccine or those who had no vaccination
information, as we aimed to study the VE of the
booster dose. Close contacts without informa-
tion on their last vaccination before exposure
were also excluded. Those who had contact
within 14 days after their last vaccination were
also excluded [5].

We divided the eligible participants into four
subcohorts based on the vaccination status of
both the close contact and their source case:
2-dose contacts seeded by 2-dose source case
(group 2-2 [reference group]), 3-dose contacts
seeded by 2-dose source case (group 2-3), 2-dose
contacts seeded by 3-dose source case (group 3-
2), and 3-dose contacts seeded by 3-dose source
case (group 3-3).

Variables

We extracted individual-level information,
including the age and sex of the close contact
and their source case, contact setting (i.e.,
household, community, workplace, and
unknown settings), timeline on vaccination
and exposure history, the vaccination status,
and RT-PCR test results. We deemed RT-PCR
positive for SARS-CoV-2 infection as the main
outcome variable.

Statistical Analyses

Frequency distribution and measures of central
tendency were used to describe the base-
line characteristics of the four cohorts, includ-
ing sex and age of the source cases and contacts,
as well as the calendar week of the contact and
contact setting. Count data was presented as
n (%), and the measurement data was presented
as the median and interquartile range (IQR).
Multivariate logistic regression models adjust-
ing for the baseline characteristics were used to
examine the association between the vaccina-
tion status (i.e., four subcohorts) and the risk of
SARS-CoV-2 infection in terms of odds ratios
(OR). We calculated the VE based on the OR,
where VE = (1 - OR) 9 100% when OR\ 1,
and VE = - (1 - 1/OR) 9 100% when OR[1
[27–29]. Specifically, group 2-2 was considered
as the reference level for comparison. VE against
infectiousness, susceptibility, and transmission
were obtained through group 2-3 versus
group 2-2, group 2-3 versus group 2-2, and
group 3-3 versus group 2-2 comparisons,
respectively. We adjusted for potential con-
founding variables, including sex and age of
source cases and close contacts, as well as the
calendar date of contact. We evaluated the sta-
tistical uncertainty using a 95% confidence
interval (CI). In addition, we conducted sub-
group analyses to evaluate VE by sex. All data
processing and analysis were performed in R
statistical software (version 4.1.1).

RESULTS

From August 1 to September 7, 2022, a total
of 51,786 close contacts of confirmed COVID-
19 cases were identified. Among them, we
excluded 14,051 individuals who received fewer
than two doses of the vaccine or had no infor-
mation about their last vaccination (prior to
exposure). Additionally, 919 individuals who
were exposed within 14 days after receiv-
ing their last vaccine dose were also excluded.
The remaining 36,816 eligible contacts were
eligible for inclusion in the analysis.

On the basis of the vaccination status of both
the contacts and their source cases, we
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categorized the study cohort into four sub-
groups: group 2-2, group 2-3, group 3-2, and
group 3-3, as defined earlier. The respective
sample sizes of our pre-defined subcohorts were
1184 (group 2-2), 3773 (group 2-3), 4723 (group
3-2), and 27,136 (group 3-3) (Fig. 1). The base-
line characteristics of cases and their close
contacts were shown in Table 1. The percent-
ages of male and female contacts were simi-
lar among different groups of close contacts.
However, for source cases, there were more
female individuals in group 3-2 (61.7%) and
group 3-3 (62.2%) compared to other groups.
Among the close contacts, there was a higher
percentage of individuals under 18 years old in
group 2-2 and group 3-2. In group 2-3 and
group 3-3, the majority (over 90%) of the close
contacts were 18–59 years old. The majority of
the transmission events occurred in August
2022, accounting for over 90% of the
total (Table 1).

The overall VE were shown in Table 2. After
adjustment for potential confounding variables,
the VE against infectiousness was 62.0%
(95% CI 37.2–77.0), the VE against susceptibil-
ity was 42.1% (95% CI 10.6–62.5), and the VE
against transmission was 83.7% (95% CI
75.1–89.4). In the subgroup analyses, male close

contacts showed similar VE compared to the
overall sample. However, among female close
contacts, while the booster dose improved the
VE against infectiousness and VE against sus-
ceptibility, the VE estimations were not signifi-
cantly different from zero.

DISCUSSION

Since 2022, the Omicron variant and its genetic
subtypes have posed a new threat to global
public health. Apart from a shortened incuba-
tion period, most Omicron infections are either
asymptomatic or present with mild symptoms,
leading to relatively low risks of hospitalization
and mortality [30, 31]. Consequently,
researchers have increasingly focused on
assessing the effectiveness of vaccines against
the Omicron variant. In Urumqi, when there
were no reported local cases, close contacts
underwent RT-PCR testing once a week. In the
presence of sporadic local transmission chains,
testing was conducted every 2–3 days, while
daily testing was carried out during local out-
breaks. These testing efforts provide an ideal
research context allowing us to evaluate, in a
real-world scenario, the efficacy of a booster

Fig. 1 Flowchart of sample selection and grouping
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Table 1 Baseline characteristics of close contacts of COVID-19 who received 2-dose and 3-dose vaccine

Characteristics Contacts seeded by 2-dose case, n (column
%)

Contacts seeded by 3-dose case, n (column
%)

Group 2-2: 2-dose
contacts

Group 2-3: 3-dose
contacts

Group 3-2: 2-dose
contacts

Group 3-3: 3-dose
contacts

Total 1184 (100%) 3773 (100%) 4723 (100%) 27,136 (100%)

Sex of contacts

Male 628 (53.0%) 1889 (50.1%) 2263 (47.9%) 12,848 (47.3%)

Female 556 (47.0%) 1884 (49.9%) 2460 (52.1%) 14,288 (52.7%)

Sex of source cases

Male 62 (50.8%) 75 (52.4%) 161 (38.3%) 189 (37.8%)

Female 60 (49.2%) 68 (47.6%) 259 (61.7%) 311 (62.2%)

Age group of contacts

Minor:\ 18 years 751 (63.4%) 0 (0%) 2033 (43.0%) 0 (0%)

Young adult: 18–39 years 197 (16.6%) 1741 (46.1%) 1522 (32.2%) 13,331 (49.1%)

Middle-age adult:

40–59 years

103 (8.7%) 1700 (45.1%) 655 (13.9%) 11,654 (42.9%)

Old-age adult: 60? years 133 (11.2%) 332 (8.8%) 513 (10.9%) 2151 (7.9%)

Median age, years [IQR] 15.0 [9.0, 32] 41.0 [31.0, 52.0] 22.0 [12.0, 39.0] 40.0 [30.0, 51.0]

Age group of source cases

Minor:\ 18 years 76 (62.3%) 92 (64.3%) 1 (0.3%) 1 (0.2%)

Young adult: 18–39 years 19 (15.6%) 24 (16.8%) 198 (47.1%) 226 (53.8%)

Middle-age adult:

40–59 years

11 (9.0%) 12 (8.4%) 189 (45.0%) 223 (53.1%)

Old-age adult: 60? years 16 (13.1%) 15 (10.5%) 32 (7.6%) 50 (11.9%)

Median age, years [IQR] 15.5 [10.0, 33.5] 14.0 [9.0, 29.0] 40.0 [31.0, 50.3] 41.0 [31.0, 51.0]

Epidemiological week of 2022 when contacts were exposed to source cases

Week 31: Jul 31–Aug 6 282 (23.8%) 936 (24.8%) 955 (20.2%) 5268 (19.4%)

Week 32: Aug 7–Aug 13 299 (25.3%) 1120 (29.7%) 2481 (52.5%) 15,832 (58.3%)

Week 33: Aug 14–Aug

20

155 (13.1%) 416 (11.0%) 680 (14.4%) 3218 (11.9%)

Week 34: Aug 21–Aug

27

331 (28.0%) 1026 (27.2%) 324 (6.9%) 1332 (4.9%)

Week 35: Aug 28–Sep 3 111 (9.4%) 245 (6.5%) 186 (3.9%) 860 (3.2%)

Week 36: Sep 4–Sep 10 6 (0.5%) 30 (0.8%) 97 (2.1%) 626 (2.3%)
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dose of inactivated vaccine against Omicron
BA.5 infection. This evaluation comprised VE of
the booster dose against being infected (sus-
ceptibility), infecting others (infectiousness),
and spreading the disease from one to another
(transmission) combining the VE against being
infected and infecting others.

Similar to our findings, a population-based
observational study in Hong Kong evaluated the
relative VE of three doses versus two doses of
CoronaVac during the circulation of the BA.2
variant [6]. The study found that for mild or
moderate disease, the third dose increased VE in
adults aged 20–59 years (35.7% [95% CI
22.1–47.3]) and adults aged 60 or above (46.9%
[95% CI 29.6–60.6]). For severe or fatal disease,
the study found that receiving a third dose of
the vaccine had additional benefits for adults in
all age groups. A systematic review on the real-
world effectiveness of inactivated SARS-CoV-2
vaccines reported a pooled booster dose VE of
65.2% (95% CI 48.3–76.6) against the SARS-
CoV-2 Delta variant, which decreased to 20.3%
(95% CI 10.5-28.0) for the Omicron variant [32]
The VE measured in these studies is limited to
assessing against susceptibility and is not com-
prehensive enough.

Our findings indicated that the booster dose
of inactivated vaccine provided consider-
able protection against Omicron infection.
Specifically, compared to the reference level
group 2-2, group 3-2 achieved a VE against
infectiousness, which refers to the extent to
which the vaccine reduces infectivity among

individuals already infected. The booster dose
of inactivated vaccine also conferred a signifi-
cant reduction in infectivity among the infected
individuals. This implied that individuals who
received the booster vaccine were likely to have
lower transmissibility and therefore transmitted
the virus to others at a lower rate. Group 2-3
obtained a VE against susceptibility, which
indicated the extent to which the vaccine
reduces individual susceptibility. Group 3-3
obtained a VE against transmission, which
refers to the vaccine’s ability to break the chain
of virus transmission and interrupt community
spread. The booster vaccine exhibited signifi-
cant effectiveness in preventing transmission.
Our research suggests that individuals who
received the booster dose would have an 83.7%
reduced risk of transmitting the virus to others
compared to those in group 2-2. This con-
tributes to controlling the spread of the pan-
demic within communities.

The subgroup analysis was conducted on the
three-dose inactivated vaccine by sex. It was
found that the protective effect was not signif-
icant in the female close contact population,
which may be attributed to the fact that female
are more frequently engaged in social set-
tings such as supermarkets, shopping malls, and
social gathering places, which were focal points
of disease transmission during the local out-
break. Thus, female residents were likely asso-
ciated with a higher infection risk than
male[33]. Further research is needed to confirm
the impact of sex differences on the vaccine’s

Table 1 continued

Characteristics Contacts seeded by 2-dose case, n (column
%)

Contacts seeded by 3-dose case, n (column
%)

Group 2-2: 2-dose
contacts

Group 2-3: 3-dose
contacts

Group 3-2: 2-dose
contacts

Group 3-3: 3-dose
contacts

Contact setting

Household 91 (7.7%) 149 (3.9%) 218 (4.6%) 629 (2.3%)

Community 37 (3.1%) 97 (2.6%) 130 (2.8%) 894 (3.3%)

Workplace 7 (0.6%) 89 (2.4%) 81 (1.7%) 1156 (4.3%)

Unknown settings 1049 (88.6%) 3438 (91.1%) 4294 (90.9%) 24,457 (90.1%)
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Table 2 Summary of the effectiveness of 3-dose inactivated vaccine, versus 2-dose (reference level), against SARS-CoV-2
Omicron BA.5 infection

Stratification Number of
contacts

Time from last vaccine to
contact exposure,
days [IQR]

VE (95% CI)

Test-
positive

Total For contacts For source
cases

Crude Adjusteda

Overall

2-dose contacts seeded by 2-dose

source case (ref)

30 1184 260.0 [223.0,

343.0]

262.0 [220.5,

356.0]

0% (reference) 0% (reference)

3-dose contacts seeded by 2-dose

source case

37 3773 241.0 [212.0,

270.0]

259.0 [206.0,

359.0]

61.9% (38.1,

76.6)

62.0% (37.2,

77.0)

2-dose contacts seeded by 3-dose

source case

77 4723 261.0 [193.0,

350.0]

261.0 [223.0,

286.0]

36.2% (2.3,

58.4)

42.1% (10.6,

62.5)

3-dose contacts seeded by 3-dose

source case

127 27,136 235.0 [207.0,

267.0]

268.0 [230.0,

287.0]

81.9% (73.0,

87.9)

83.7% (75.1,

89.4)

Among male close contacts

2-dose contacts seeded by 2-dose

source case (ref)

19 628 264.0 [226.5,

345.0]

262.0 [206.0,

353.0]

0% (reference) 0% (reference)

3-dose contacts seeded by 2-dose

source case

15 1889 243.0 [217.0,

272.0]

253.0 [206.0,

356.0]

74.3% (49.2,

87.0)

74.4% (47.9,

87.4)

2-dose contacts seeded by 3-dose

source case

39 2263 260.0 [172.0,

351.0]

264.0 [228.0,

287.0]

43.8% (2.0,

66.8)

46.7% (5.8,

69.9)

3-dose contacts seeded by 3-dose

source case

62 12,848 235.0 [211.0,

267.0]

269.0 [233.0,

287.0]

84.5% (73.8,

90.8)

85.4% (74.4,

91.7)

Among female close contacts

2-dose contacts seeded by 2-dose

source case (ref)

11 556 257.0 [223.0,

341.0]

262.0 [222.0,

356.0]

0% (reference) 0% (reference)

3-dose contacts seeded by 2-dose

source case

22 1884 239.0 [206.0,

269.0]

261.0 [222.0,

361.0]

41.5%

(- 10.8,

71.8)

42.9%

(- 17.2,

73.0)

2-dose contacts seeded by 3-dose

source case

38 2460 261.0 [212.0,

349.0]

256.0 [214.0,

284.0]

22.3%

(- 34.6,

60.5)

32.9%

(- 24.9,

66.2)

3-dose contacts seeded by 3-dose

source case

65 14,288 234.0 [204.0,

267.0]

258.0 [224.0,

286.0]

77.4% (56.9,

88.1)

80.7% (62.2,

90.1)

aThe vaccine effectiveness (VE) was estimated from multivariate logistic regression model adjusted for covariables including
sex, age, epidemiological week of 2022, contact setting, and vaccine status of source case
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protective effects. Additionally, we observed
a VE of over 80% against transmission in both
male and female individuals , implying that the
effect of vaccination for controlling the spread
of the epidemic is insensitive of sex.

Limitations

The study has several limitations. Firstly, there
were no participants under the age of 18 in
group 3-2 and group 3-3 as a result of different
vaccination policies for minors and adults in
mainland China. Therefore, there was an
imbalance in the distribution of adults and
minors used for comparison. Secondly, our
dataset did not record information regarding
clinical severity, so the findings on vaccine
effectiveness cannot be extended to a more
severe clinical range of COVID-19. Thirdly, the
duration and pattern of exposure (e.g., conver-
sation, shared room) could be potential con-
founding factors in our study, which were not
considered in the analysis as a result of limited
data collection. Moreover, among the target
population of this study, most of the unvacci-
nated individuals had existing medical condi-
tions that made them ineligible for vaccination.
Thus, we excluded these unvaccinated individ-
uals from the analysis, who accounted for less
than 10% of the total population in Urumqi,
while participants who received two doses of
the vaccine were considered as the reference
group for booster analysis. Lastly, the social
distancing and personal protection behaviors
that may affect the risk of infection were not
recorded in the dataset, while the intensive
non-pharmaceutical measures made most of
these characteristics aligned.

CONCLUSIONS

This retrospective cohort study showed that the
booster dose of BBIBP-CorV vaccine was associ-
ated with mild to moderate levels of protection
against Omicron susceptibility, infectiousness,
and transmission. Real-world assessment of
protective performance of COVID-19 vaccines
against the risk of Omicron strains is

continuously needed, and may provide infor-
mation that helps vaccination strategy.
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