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ABSTRACT

Real-world evidence on the effectiveness of COVID-19 vaccines marketed in China against the Omicron
BA.2.2 variant remains scarce. A case—control study was conducted to estimate the vaccine effectiveness
(VE) of COVID-19 vaccines marketed in China (inactivated vaccines, an Ad5-nCoV vaccine, and
a recombinant protein vaccine). There were 414 cases infected with SARS-CoV-2 and 828 close contacts
whose test results were consecutively negative as controls during the outbreak of the Omicron variant in
Lu’an City, Anhui Province, China, in April 2022. The overall adjusted VE against Omicron BA.2.2 variant
infection in the vaccinated group with any COVID-19 vaccine was 35.0% (95% Cl: —9.1-61.3%), whereas
the adjusted VE for booster vaccination was 51.6% (95% Cl: 15.2-72.4%). Subgroup analysis showed that
the overall adjusted VE of the Ad5-nCoV vaccine (65.8%, 95% Cl: 12.8-86.6%) during the outbreak while
any dose of inactivated vaccines and recombinant protein vaccine offered no protection. The adjusted VE
of three-dose inactivated vaccines was 48.0% (95% Cl: 8.0-70.6%), and the two-dose Ad5-nCoV vaccine
was 62.9% (95% Cl: 1.8-86%). There is no protection from a three-dose recombinant protein vaccine.
COVID-19 vaccines offered 46.8% (95% Cl: 9.5-68.7%) protection from infection within six months. There
were statistically significant differences between the VEs of heterologous booster (VE = 76.4%, 95% Cl:
14.3-93.5%) and homologous booster vaccination (VE=51.8%, 95% Cl: 9.6-74.3%) (P =.036). Booster
vaccination of COVID-19 vaccines offered more protection than full vaccination. A booster vaccination
campaign for a booster dose after three doses of a recombinant protein vaccine must be urgently
conducted.

ARTICLE HISTORY
Received 31 January 2023
Revised 8 March 2023
Accepted 20 March 2023

KEYWORDS

COVID-19 vaccines; Omicron;
vaccine effectiveness;
inactivated vaccine; Ad5-
nCoV vaccine; recombinant
protein vaccine

Introduction reported to be 50.5-74.6% against the Delta variant infection

and 0-44% against the Omicron variant infection.””"> Limited
data showed that the three-dose (mRNA vaccines) VE was 86.0-
93.7% against the Delta variant infection and 7-47.4% against the
Omicron variant infection.”” These findings confirmed the
substantially decreased protection from the booster dose against
the Omicron variant infection. However, its effectiveness against
severe illness and death related to the Omicron variant remained
much better.'®

A total of three types of COVID-19 vaccines were
authorized in China, including inactivated, Ad5-nCoV,
and recombinant protein vaccines, among which inactivated

Since the first coronavirus disease 2019 (COVID-19) case was
reported in Wuhan in December 2019 and resulted in many
deaths and serious cases worldwide, several new variants of the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus have been identified."” Subsequently, SARS-CoV-2-related
mutant variants have emerged. The SARS-CoV-2 B.1.617.2
(Delta) variant was first identified in October 2020 in
Maharashtra, India, which was approximately 50-60% more
transmissible than the original variant.” Thereafter, the B.1.1.529
(Omicron) variant was detected in South Africa in
November 2021, and this variant has fueled more daily cases

across many countries from the time it was discovered until
today than any other variants."*> Moreover, an increasing num-
ber of studies have consistently reported that the Omicron variant
has increased transmissibility, severity, and immune escape abil-
ities, which resulted in lower vaccine effectiveness (VE) against
SARS-CoV-2 infection compared with previous variants.' >~
The two-dose (mRNA and inactivated vaccines) VEs were

vaccines were used most frequently.'>** There are few real-
world studies on the VE of COVID-19 vaccines, especially
recombinant protein vaccines against SARS-COV-2 in
China, and most were limited to the Alpha or Delta
variant.!1®1%21  Begides, unlike the vaccination of
adults>18 years old, the entire population is now recom-
mended for COVID-19 vaccines except for special cases.
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Most previous studies in China have been limited to adult
study subjects. The adjusted VEs of the inactivated vaccines
and Ad5-nCoV vaccine were 51.8% (95% CI: 20.3-83.2%)
and 61.5% (95% CI: 9.5-83.6%) against the Delta variant,
respectively. In contrast, the adjusted VEs of the inactivated
vaccines and Ad5-nCoV were 16.3% (15.4-17.2%) and
13.2% (10.9-15.5%) against the Omicron variant,
respectively.”> As China has undertaken a strategy entitled
the “dynamic zero-COVID” beginning in August 2021,
there were much far fewer large-scale local outbreaks after
the first epidemic wave in 2020 than in other countries.'®*
Therefore, there were few studies on the effectiveness of the
COVID-19 vaccines in China after this policy came out,
throwing a monkey wrench into the prevention and control
of outbreaks. Recently, Huang, et al.** reported that high
and durable two- and three-dose inactivated VE against
Omicron that was associated with preventing severe or
critical illness and death across all age groups but provided
lower effectiveness against the Omicron variant infection.
However, further data are needed to support the VE of
recombinant vaccines to date.

The SARS-CoV-2 outbreak was reported in Lu’an City in
April 2022, providing an opportunity to estimate the VE of
three types of COVID-19 vaccines used in China and globally
(inactivated vaccines, recombinant protein vaccine, and Ad5-
nCoV vaccine) in actual use. The outbreak occurred after China
advocated COVID-19 vaccines for the whole population except
for special cases. Thus, the results of this study will be applicable
to the whole population regardless of age. Moreover, recombi-
nant protein vaccines have been less used in other provinces
except for Anhui Province in China. As a result, Lu’an city is in
a unique position to evaluate the VE of a recombinant protein
vaccine. We aim to adjust the policies to keep up-to-date with
mutated variants, duration of vaccine-induced protection,
implementation of booster doses, including fourth doses, and
reduction of future mortality from SARS-COV-2.

Materials and methods
Outbreak description

On April 3, 2022, a 46-year-old female who worked in
a garment factory in the south of Lu’an City was diagnosed
with COVID-19. There were 187 workers in the garment
factory. Over the next few days, some other workers had illness
onset and were also SARS-CoV-2-positive. There are several
schools near the garment factory where the children of positive
workers studied, resulting in two garment factories and 24
schools occurring COVID-19 clusters. From April 3 to
April 22, a total of 419 cases were reported, including five
individuals who did not live in Lw’an. As of April 22, 2022,
33 secondary genome sequences were obtained from this out-
break and compared with the nucleotide sequences in the
GenBank and GISAID databases. Finally, we found that all
those sequences were confirmed to be Omicron BA.2.2 varjant.
A total of 358 individuals had been vaccinated with at least one
of the COVID-19 vaccines, and 66 individuals have never
received any of the COVID-19 vaccines.

Definitions

A case was defined as an individual who tested positive in
a medical institution regardless of the presence of symptoms
and had polymerase chain reaction (PCR)-confirmed COVID-
19 testing performed in the Lu’an Center for Disease Control
and Prevention (LACDC), in which all testing organizations
followed the same diagnostic criteria. An asymptomatic infec-
tion was defined as a PCR-confirmed individual who did not
meet any of the following clinical criteria: fever, cough, sore
throat, or other self-perceived or clinically identifiable symp-
toms or signs, and had no radiographic evidence of pneumo-
nia. An infected patient was defined as an individual who
tested positive no matter whether he or she was symptomatic.
Close contact was defined as an individual without effective
protection who was in contact with someone with COVID-19
within four days of the time before the infected person devel-
oped symptoms or the sampling date if he or she did not have
any symptoms. A core close contact was defined as an indivi-
dual who was in frequent close contacts (such as living, eating,
or working in the same room, sharing meals and enclosed
hallways, taking the elevator together, or attending social
activities without wearing a mask, or maintaining a high risk
of exposure) with an infected patient without effective protec-
tion within two days of the onset of symptoms, or within two
days prior to testing of an asymptomatic patient.

Study design and population

A case—control study was conducted to explore the effective-
ness of COVID-19 vaccines against the SARS-CoV-2 Omicron
variant outbreak in Lu’an City, which has the highest total area
of 15,451.2 square kilometers in Anhui Province and about
4.39 million permanent residents.** Cases included 414 SARS-
CoV-2 infected patients who were diagnosed by PCR testing
between April 4 and April 20, 2022 and lived in Lu’an.
Controls were selected from individuals with negative SARS-
CoV-2 PCR test result who were in core close contact with
cases and either lived in the same household or ate together or
took the same enclosed stairways or elevators. We coded 1016
core close contacts with numbers 1 to 1016 in excel, without
any prior grouping stratification. From the 1016 codes, we
sampled two controls matched to each case based on
a random sampling method, all with an equal chance to obtain
the final 828 controls.

Data collection

Once one case was confirmed by laboratory testing, the
epidemiological and clinical criteria and medical records
were submitted and accepted by LACDC immediately.
After the receipt of the submitted reports, the LACDC
performed an epidemiological investigation within 24 h,
including verification of the activity trajectory, close contact
determination, and tracing. General information (such as
name, sex, age, ID number, last exposure time, frequency
of exposure, mode of exposure, and location of exposure) of
confirmed and asymptomatic infections between April 4,
2022 and April 20, 2022 in Lu’an was extracted from the



epidemiological survey reports and National Notifiable
Diseases Registry System (NNDRS), which is a web-based
computerized reporting system and has been in operation
since 2004 in China.”® Clinical information was obtained
from epidemiological survey reports. We obtained the fol-
lowing information from the AIIMS through the ID num-
bers and names of the individuals: vaccine type, vaccination
dose, vaccination site, vaccine manufacturer, vaccination
date, vaccination status, and all vaccination records. We
considered vaccinations to be valid only if documented in
either the national or the provincial immunization informa-
tion system.

Vaccination data

Three types of vaccines, including inactivated, Ad5-nCoV, and
recombinant protein vaccines against SARS-CoV-2, were
authorized and widely used in China.”® Vaccination was con-
sidered incomplete if the time from the last dose of vaccination
to the last exposure time was less than 14 d. We divided all
participants into four groups: unvaccinated (zero doses or first
dose<14 d from the time of last exposure), partial vaccination
(one-dose inactivated vaccine or two-dose recombinant pro-
tein vaccine, with the last dose of vaccination>14d from the
time of last exposure), full vaccination (one-dose Ad5-nCoV
vaccine or two-dose inactivated vaccine or three-dose recom-
binant protein vaccine, with the last dose of vaccination>14 d
from the time of last exposure), and booster vaccination
(three-dose of any COVID-19 vaccine, or two-dose Ad5-CoV
vaccine, or two-dose any inactivated vaccine with a one-dose
Ad5-CoV vaccine/recombinant protein vaccine, with the last
dose of vaccination> 14 d from the time of last exposure).*”*®
Additionally, homogenous booster vaccination (same as the
primary vaccine) and heterologous booster vaccination (third
dose with an Ad5-nCoV or recombinant protein vaccine)
following a two-dose regimen of inactivated vaccines were
included in our study.***’

Data analysis

Data analysis was performed using excel 2021 and statistical
software SPSS 26. Symptoms were presented as percentages
of the group total. Continuous variables while non-normally
distributed were expressed as medians [interquartile ranges
(IQR)] and analyzed by the independent samples Mann -
Whitney U test. Categorical variables were analyzed by the
chi-square test, with p <.05 considered statistically signifi-
cant. We assessed the VEs against SARS-CoV-2 Omicron
BA.2.2 variant infection of partial vaccinations, full vaccina-
tions, and booster vaccinations compared with no vaccina-
tion, using binary logistic regression models to estimate the
odds ratio (OR) of vaccination among case and control
groups, adjusting by prespecified covariables considered to
be potential confounders: gender, age, and time since the
last dose of vaccination, expressed by OR and 95% confi-
dence interval (95% CI). Furthermore, we performed sub-
group analyses on gender, age group, vaccine type, time
since the last dose of vaccination (months), and the type of
booster vaccination.
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The unadjusted OR was only used to calculate the crude VE,
and the adjusted VE was estimated from the adjusted OR. The
formula was used as follows: crude VE = ( 1 —crude OR) x
100%; adjusted VE = (1 - adjusted OR) x 100%.

Sensitivity analysis

We performed a sensitivity analysis. Both univariable and
multivariable (adjusted for age, gender, and time since the
last dose of vaccination) regression analyses were conducted
for every subgroup in which intervals (days) were defined as
the number of days between the positive test date and the date
of the last dose of vaccination minus 7 d.

Results
Study participants

A total of 419 cases were confirmed inside Lu’an City from
April 4 to April 20, 2022. There were 4817 close contacts,
among which 1025 were core close contacts. We chose 828
core close contacts as controls based on a random sampling
method. However, five study participants were excluded
because they were not residents of Lu’an. Consequently, 414
test-positive cases and 828 test-negative controls were included
in the final analysis. The flowchart of case and control selection
is shown in Figure 1.

Characteristics of study participants

Of the positive cases, 239 (57.7%) were asymptomatic
patients, and the remaining 42.3% were symptomatic.
Among the symptomatic patients, symptoms reportedly
included fever (n =76, 43.4%), cough (n =66, 37.7%), phar-
yngitis (n =45, 25.7%), rhinitis (n =21, 12%), fatigue (n=
16, 9.1%), diarrhea (n =2, 1.1%), and chest discomfort (n =
1, 0.6%) (Table 1). Among the 414 cases and 828 controls,
255 (61.6%) and 394 (47.6%) individuals were female,
respectively. The “time since the last dose of vaccination”
was non-normally distributed (Z-score =1.217/0.143 = 8.51
> 1.96). The mean “time since the last dose of vaccination”
was 6.8 months (3.0-8.0 months) for cases and 3.8 months
(2.9-7.5 months) for controls. There was a significant dif-
ference between the two groups in terms of “gender” and
“time since the last dose of vaccination” (p <.001, p=.01).
The median age was 38y (18-55y) in the case group and
40y (25-56y) in the control group, and no statistical
difference was observed (p=.353) and was non-normally
distributed (Z-score =-0.927/0.139=-6.6 < 1.96) (Table 2).

Vaccination status

The vaccination status of all participants is shown in Table 2.
A greater proportion of unvaccinated (7.0%) individuals was
in the case group than in the control group (4.5%). Among the
case group, 2.4% completed a partial vaccination, and 58.7%
completed a full vaccination, whereas, among the control
group, the corresponding proportions were 1.2% and 53.7%,
respectively. A total of 132 (31.9%) individuals had completed
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Cases

A

Controls

A

5 excluded:

« Not indigenous cases

In total, 419 individuals with > 2 positive PCR-
confirmed SARS-CoV-2 infections were
admitted between April 4 and April 20,2021, in
Lu'an.

In total, 4817 close contacts with > 2 for SARS-
CoV-2 PCR testing were negative between April
4 and April 20, 2021, in Lu'an.

A 4

414 individuals with a PCR - confirmed SARS-
CoV-2 infection between April 4 and April 20,
2021 eligible for inclusion in the analysis.

A 4

3792 excluded:
« Not core close contacts

« PCR positive

1025 samples of individuals tested negative for
SARS-CoV-2.

Y

414 COVID-19 infected patients were included.

A 4

1016 individuals’ complete information was

available.

A 4

9 excluded:

>
7| « without last exposure

time

Cases : Controls = 1:2

828 individuals were selected from the 1016 core

Figure 1. Flowchart shows recruitment of the cases and controls.

Table 1. Clinical characteristics during an outbreak of SARS-CoV-2 Omicron BA.2 variant in

Lu’an, China, 2022.

>
close contacts list based on random sampling.

Symptoms

Number of cases (N =414)

Percentage (%)

Asymptomatic patients 239 57.7
Symptomatic patients 175 423
Fever 76 43.4
Cough 66 37.7
Pharyngitis 45 25.7
Rhinitis 21 12.0
Fatigue 16 9.1
Diarrhea 2 1.1
Chest discomfort 1 0.6
Table 2. Baseline characteristics of the study participants.
Cases Controls
Variables (N=414) (N=828) P value
Gender, n (%) <.001?
Male 159 (38.4) 434 (52.4)
Female 255 (61.6) 394 (47.6)
Age (years), median (IQR) 38 (18-55) 40 (25-56) 353°
Time since last vaccination dose (months), median (IQR) 6.8 (3.0-8.0) 3.8 (2.9-7.5) 01°
Vaccination status, n (%) .006°
Unvaccinated 29 (7.0) 37 (4.5)
Partial vaccination 10 (2.4) 10 (1.2)
Full vaccination 243 (58.7) 445 (53.7)
Booster vaccination 132 (31.9) 336 (40.6)

2y test.

PIndependent samples Mann — Whitney U test.




Table 3. VE of any vaccine in preventing SARS-CoV-2 Omicron BA.2 variant infection.
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Cases (N=414)

Controls (N =828)

Crude OR Adjusted OR? Adjusted VE, %

Variables n % n % (95% Cl) (95% Cl) (95% Cl)
Unvaccinated 29 7.0 37 45
With any vaccine 385 93.0 791 95.5 0.621 (0.376-1.025) 0.650 (0.387-1.091) 35.0 (-9.1-61.3)

Partial vaccination 10 24 10 1.2 1.276 (0.468-3.476) 1.311 (0.476-3.611) -31.1 (-261.1-52.4)

Full vaccination 243 58.7 445 53.7 0.697 (0.418-1.161) 0.689 (0.408-1.161) 31.1 (-16.1-59.2)

Booster vaccination 132 319 336 40.6 0.501 (0.296-0.848) 0.484 (0.276-0.848) 51.6 (15.2-72.4)
Vaccine type®

Inactivated vaccine 303 73.2 626 75.6 0.618 (0.373-1.023) 0.645 (0.383-1.086) 35.5 (-8.6-61.7)

Recombinant protein vaccine 68 16.4 106 12.8 0.818 (0.461-1.453) 0.870 (0.430-1.761) 13.0 (=76.1-57.0)

Ad5-nCoV vaccine 10 24 39 4.7 0.327 (0.140-0.764) 0.342 (0.134-0.872) 65.8 (12.8-86.6)
Genderc

Male 151 36.5 412 49.8 1.008 (0.439-2.312) 1.075 (0.461-2.507) —7.5 (-150.7-53.9)

Female 234 56.5 379 458 0.441 (0.223-0.873) 0.449 (0.223-0.904) 55.1 (9.6-77.7)
Age group (years)d

0-59 318 76.8 659 79.6 0.612 (0.360-1.042) 0.615 (0.359-1.053) 38.5 (—5.3-64.1)

>60 67 16.2 132 15.9 0.677 (0.147-3.112) 0.670 (0.145-3.093) 33.0 (—209-85.5)
Time since last dose vaccination (months)

0-6 186 449 474 57.2 0.501 (0.299-0.838) 0.532 (0.313-0.904) 46.8 (9.6-68.7)

>6 199 48.1 317 383 0.801 (0.501-1.469) 0.858 (0.501-1.469) 14.2 (—46.9-49.9)
Type of booster vaccination

Homologous booster vaccination 128 30.9 316 38.2 0.517 (0.305-0.876) 0.236 (0.065-0.857) 51.8 (9.6-74.3)

Heterologous booster vaccination 4 1.0 20 24 0.255 (0.079-0.829) 0.482 (0.257-0.904) 76.4 (14.3-93.5)

?ORs were from univariate conditional logistic regression and were adjusted by gender and age.

PIndividuals who had received a heterologous booster vaccination were not included.

‘ORs were adjusted by age only. The reference groups for male and female subgroups were the corresponding populations in the unvaccinated group.
90Rs were adjusted by gender only. The reference groups for 0-59 and >60-year-old subgroups were the corresponding populations in the unvaccinated group.

a booster vaccination in the case group, and 336 (40.6%) in the
control group before the outbreak in April 2022. There was
a significant difference in vaccination status between the case
and control groups (p =.006).

overall adjusted VE was 35.0% (95% CI: —9.1-61.3%) against
infection with any vaccine. Partial and full vaccination pro-
vided no protection. Adjusted VE was found to be 51.6% (95%

CI: 15.2-72.4%) in the booster vaccination group for prevent-

Vaccine effectiveness

The VE of any vaccine in preventing SARS-CoV-2 Omicron
BA.2.2 variant infection is shown in Table 3 and Figure 2. The

ing Omicron variant infection. Compared with the unvacci-
nated group, Ad5-nCoV vaccines offered 65.8% (95% CI: 12.8—-
86.6%) protection for infection, whereas inactivated vaccines
and a recombinant protein vaccine offered no protection.
Adjusted VE was 48.0% (95% CI: 8.0-70.6%) in the inactivated

Groups Cases (%) Controls (%)  Adjusted OR (95% Cl) Adjusted VE, % (95% CI)
Overall 385 (93.0) 791 (95.5) 0.650 (0.387-1.091) 35.0 (-9.1-61.3)

Full vaccination 243 (58.7) 445 (53.7) 0.689 (0.408-1.161) 31.1 (-16.1-59.2)

Booster vaccination 132 (31.9) 336 (40.6) 0.484 (0.276-0.848) 51.6 (15.2-72.4)
By time since last dose vaccination

0-6 months 186 (44.9) 474 (57.2) 0.532 (0.313-0.904) 46.8 (9.6-68.7)

>6 months 199 (48.1) 317 (38.3) 0.858 (0.501-1.469) 14.2 (-46.9-49.9)
By type of booster vaccination

Homologous booster 128 (30.9) 316 (38.2) 0.236 (0.065-0.857) 51.8 (9.6-74.3)

Heterologous booste 4(1.0) 20(2.4) 0.482 (0.257-0.904) 76.4 (14.3-93.5)
By vaccine type

Inactivated vaccines 303 (73.2) 626 (75.6) 0.645 (0.383-1.086) 35.5 (-8.6-61.7)

Recombinant proteir 68 (16.4) 106 (12.8) 0.870 (0.430-1.761) 13.0 (-76.1-57.0)

Ad5-nCoV vaccine 10 (2.4) 39 (4.7) 0.342 (0.134-0.872) 65.8 (12.8-86.6)
Inactivated vaccines

Full vaccination 175 (52.7) 331(49.9) 0.678 (0.399-1.151) 32.2(-15.1-60.1)

Booster vaccination 119 (35.8) 285 (43.0) 0.520 (0.294-0.920) 48.0 (8.0-70.6)
By time since last dose vaccination

0-6 months 173 (52.1) 422 (63.7) 0.552 (0.324-0.939) 44.8 (6.1-67.6)

>6 months 130 (39.2) 204 (30.8) 0.874 (0.502-1.522) 12.6 (-52.2-49.8)
Recombinant protein vaccine

Partial vaccination 1(1.0) 0(0.0) NA NA

Full vaccination 67 (69.8) 106 (74.1) 0.879 (0.432-1.786) 12.1 (-78.6-56.8)
By time since last dose vaccination

0-6 months 0(0.0) 1(0.7) NA NA

>6 months 67 (69.8) 105 (73.4) 0.876 (0.432-1.778) 12.4 (-77.8-56.8)
Ad5-nCoV vaccine

Full vaccination 12.6) 8(10.5) 0.203 (0.022-1.839) 79.7 (-83.9-97.8)

Booster vaccination 9(23.1) 31 (40.8) 0.371 (0.140-0.982) 62.9 (1.8-86.0)
By time since last dose vaccination

0-6 months 9(23.1) 31 (40.8) 0.371 (0.140-0.982) 62.9 (1.8-86.0)

>6 months 1(2.6) 8 (10.5) 0.203 (0.022-1.839) 79.7 (-83.9-97.8)

Adjusted VE, %(95%CI)

—_—

o
-100

I 1
-50 0 50 100

Figure 2. ORs and VE of COVID-19 vaccines in the case—control study during an outbreak of SARS-CoV-2 Omicron BA.2 variant.



6 X. ZHANG ET AL.

vaccines booster vaccination group (Table S1) and 62.9% (95%
CI: 1.8-86%) in the Ad5-nCoV vaccine booster vaccination
group (Table S3). Overall (any vaccine), there was no protec-
tion for males, but the adjusted VE was 55.1% (95 CI: 9.6
77.7%) for females. The adjusted VE was not significantly
different between the two age groups. Compared to the time
since the last dose of vaccination, 48.1% of the case group and
38.3% of the control group were more than six months from
the last dose of vaccination to exposure. The adjusted VEs were
14.2% (95% CI: —46.9-49.9%) if the time since the last vacci-
nation dose was more than six months, and 44.8% (95% CI:
6.1-67.6%) if within six months. The heterologous booster
vaccination adjusted VE (76%, 95% CI: 15-93%) was much
better than that of the homologous booster vaccination (52%,
95% CI: 10-74%).

Discussion

In this case-control study conducted from April 4, 2022 to
April 20, 2022 in Lu’an City, we examined the real-world
effectiveness of COVID-19 vaccines against the Omicron
BA.2.2 variant among the population. In total, the overall VE
against the Omicron variant infection was 35.0% (95% CI:
-9.1-61.3%) for any COVID-19 vaccine. Compared with the
unvaccinated group, with any dose of inactivated vaccines and
recombinant protein vaccine offered no protection, while Ad5-
nCoV vaccine offered 65.8% (95% CI: 12.8-86.6%) protection
against the Omicron BA2.2 variant infection. There were sta-
tistically significant differences between heterologous booster
vaccination (VE =76.4%, 95% CI: 14.3-93.5%) and homolo-
gous booster vaccination (VE =51.8%, 95% CI: 9.6-74.3%)
VEs in the booster groups (P =.036).

Cases included symptomatic or asymptomatic patients,
and asymptomatic cases were 57.7% of all cases. A growing
number of reports indicated that the Omicron-associated
COVID-19 disease was less severe than the Delta-
associated COVID-19 disease, resulting in more asympto-
matic patients.”®’' A study from India showed that the
majority of patients infected with Omicron were asympto-
matic (56.7%),>* consistent with our study. The Faroe
Islands study reported that in over half the cases, patients
assessed their illness as asymptomatic or mild.”> Infected
patients showing no or mild symptoms indicate that the
Omicron variant has increased immune escape ability,
making it difficult to prevent. Among all cases, fever
(43.4%), cough (37.7%), pharyngitis (25.7%), and rhinitis
(12%) were the most prevalent symptoms, which was con-
sistent with a study conducted in India, which revealed
that the predominant symptoms reported included fever
(43.2%), and the rest of the infected patients had milder
symptoms.”* In this study, we found that COVID-19 vac-
cines offered 46.8% (95% CI: 9.5-68.7%) protection from
infection within six months. In contrast, no protection was
provided after six months. One study from Qatar showed
that the effectiveness of the last dose of vaccination per-
sisted at an approximately relatively high level for about
six months, then it dramatically declined after six months.>
Another study from Mexico showed that the VE against
illness declined from 48% after 14-60d following full

vaccination to 20% after 61-120d.>® The median months
since the last dose of vaccination in the case group (6.8,
3.0-8.0) were longer than in the control group (3.8, 2.9-
7.5), indicating that the VE of COVID-19 vaccines had
declined in the case group. These findings highlight the
importance of booster vaccination in persons >6 months
after the full vaccination.

Vaccination status was statistically different between the
cases and control groups (p =.006), and there were more
unvaccinated individuals in the case group compared to the
control group. Our results revealed that the overall protec-
tion of partial and full vaccination was negligible but showed
51.6% (95% CI: 15.2-72.4%) in the booster vaccination
group, with the same results for each type of COVID-19
vaccine. The results were in line with previous studies.
A study conducted in Hong Kong found statistically signifi-
cant protection against the Omicron variant among indivi-
duals who received three doses of a COVID-19-inactivated
vaccine, and the adjusted VE was 52%.>” A previous study in
Hong Kong estimated that the third-dose VE for CoronaVac
against BA.2.2 was 51.0%.>® Similar results were reported in
England, Italy, Hong Kong, Japan, and Israel.’”**"*
Unexpectedly low effectiveness against Omicron in vacci-
nated individuals could reflect the gradual waning of vaccine
protection, strongly suggesting that booster shots for eligible
people, on schedule, are critically necessary. Our study
design was consistent with previous real-world VE studies
and expanded upon their findings as most of the other
studies only assessed the VEs of inactivated vaccines and
Ad5-nCoV  vaccines, while we also considered
a recombinant protein vaccine. Three doses of inactivated
vaccines provided 48.0% (95% CI: 8.0-70.6%) protection in
our study. One study from Shanghai showed that inactivated
vaccines were 16.3% effective overall against Omicron var-
iant infection.”> Considering the large number of people who
had been infected in that outbreak in Shanghai, the risk of
population exposure was greatly increased. Surprisingly, the
Ad5-nCoV vaccine showed good protection (VE =62.9%,
95%CI: 1.8-86%). The Ad5-nCoV vaccine is a replication-
defective vaccine that expresses the spike glycoprotein of
SARS-CoV-2, which induced significant immune responses
after a single vaccination with 5x 10" viral particles.*>**
Nevertheless, only 3.9% of all subjects had received the Ad5-
nCoV vaccine because of the low supply of the Ad5-nCoV
vaccine in Luw’an City, and further observations are needed.
The recombinant protein vaccine (ZF2001) has received
conditional marketing authorization in China and was only
used in several provinces of China at the beginning of its
launch.*® Frustratingly, our findings indicated that recombi-
nant protein vaccine offered no protection even with a third
dose. In our study, 99.4% of individuals vaccinated with the
recombinant protein vaccine had received the last dose of
vaccination more than six months prior to last exposure,
both in the cases and control groups, and none of them
received a booster dose due to Chinese immunization stra-
tegies. Given the aforementioned, the VE of the recombinant
protein vaccine decreased precipitously, and boosters are
urgently needed for those who have already received three
doses of the recombinant protein vaccine.



Our findings showed that heterologous booster vaccination
offered more protection than homologous booster vaccination
compared with the unvaccinated group. Jin, et al.*’ reported
that heterologous booster vaccination seemed to be more
effective in minimizing the negative effect of the response to
the vectors. Similarly, the results of a clinical trial conducted in
China suggested that heterologous booster vaccination with
the Ad5-nCoV vaccine was safe and more immunogenic than
homologous booster vaccination.*® Promisingly, the results of
previous clinical studies revealed that the incidence of adverse
reactions in the heterologous booster vaccination group was
significantly less than in the homologous booster vaccination
group.”” Pain and fever were the most frequently reported
injection site adverse reactions and systemic adverse reactions,
respectively, and none of the serious adverse events were
related to vaccination.*® As heterologous booster vaccination
was implemented for the population shortly before the out-
break in Lu’an, only 24 individuals (1.9%) had completed
heterologous booster vaccination in this study. Despite this,
heterologous booster vaccination provided significantly better
protection than homologous booster vaccination.

Strengths and limitations

Our study has some strengths. First, our study is somewhat
unique in that we investigated recombinant protein vaccine
against Omicron BA.2.2 variant infection in the real world.
Previous studies conducted in China concentrated on the VE
of inactivated vaccines and the Ad5-nCoV vaccine, and most
of the studies were clinical studies. Second, all age groups of
participants were included in our study compared to previous
studies in which most considered participants were over 18
years old. Third, we performed a sensitivity analysis, potential
confounding factors (age, gender, and time since the last dose
of vaccination) were adjusted, and the final results indicated
that the adjusted VEs were robust.

Our findings are also subject to the following limitations.
First, the sample size is small, as indicated by the very wide
confidence intervals. However, this outbreak in Lu’an had
a limited number of positive individuals. Second, we did not
estimate the VE of the heterologous booster vaccination with
the Ad5-CoV vaccine and recombinant protein vaccine sepa-
rately, though there may be a possibility for differences in the
VE, which was due to the small number of individuals in the
heterologous booster vaccination group in the minority. Third,
although all subjects in the control group were core close
contacts, the frequency of exposure was ultimately different
for each individual and may have had a slight effect on the final
results. We reviewed the epidemiological survey reports of
each positive individual and searched for testing results of
negative controls with a high frequency of exposure, making
every effort to ensure that the frequency of exposure was
consistent across controls.

Conclusion

This case-control study confirmed that full or booster vaccination
of three types of vaccines was able to provide limited protection
against Omicron variant infection, although the VE of each type
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of vaccine showed slightly different results. There was substan-
tially increased protection from the booster vaccination (homo-
logous and heterologous booster vaccinations) against the
Omicron variant infection compared with full vaccination.
Moreover, heterologous booster vaccination conferred better pro-
tective immunity against the Omicron variant than homogenous
booster vaccination. Even three doses of recombinant protein
vaccine haven’t provided satisfactory protection against the
Omicron BA.2.2 variant infection. A vaccination campaign for
a booster dose after three doses of recombinant protein vaccine
urgently needs to be conducted and requires further observation.
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