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Abstract: This study aims to explore the relationship between the doses of inactivated COVID-19
vaccines received and SARS-CoV-2 Omicron infection in the real-world setting, so as to preliminarily
evaluate the protective effect induced by COVID-19 vaccination. We conducted a test-negative case-
control study and recruited the test-positive cases and test-negative controls in the outbreak caused
by Omicron BA.2 in April 2022 in Guangzhou, China. All the participants were 3 years and older. The
vaccination status between the case group and the control group was compared in the vaccinated and
all participants, respectively, to estimate the immune protection of inactivated COVID-19 vaccines. After
adjusting for sex and age, compared with a mere single dose, full vaccination of inactivated COVID-19
vaccines (OR = 0.191, 95% CI: 0.050 to 0.727) and booster vaccination (OR = 0.091, 95% CI: 0.011 to
0.727) had a more superior protective effect. Compared with one dose, the second dose was more
effective in males (OR = 0.090), as well as two doses (OR = 0.089) and three doses (OR = 0.090) among
individuals aged 18-59. Whereas, when compared with the unvaccinated, one dose (OR = 7.715,
95% CI: 1.904 to 31.254) and three doses (OR = 2.055, 95% CI: 1.162 to 3.635) could contribute to the
increased risk of Omicron infection after adjusting for sex and age. Meanwhile, by contrast with
unvaccinated individuals, the result of increased risk was also manifested in the first dose in males
(OR = 12.400) and one dose (OR = 21.500), two doses (OR = 1.890), and a booster dose (OR = 1.945) in
people aged 18-59. In conclusion, the protective effect of full and booster vaccination with inactivated
COVID-19 vaccines exceeded the incomplete vaccination, of which three doses were more effective.
Nevertheless, vaccination may increase the risk of Omicron infection compared with unvaccinated
people. This may result from the transmission traits of BA.2, the particularity and stronger protection
awareness of the unvaccinated population, as well as the ADE effect induced by the decrease of
antibody titers after a long time of vaccination. It is crucial to explore this issue in depth for the
formulation of future COVID-19 vaccination strategies.

Keywords: Omicron infection; vaccination status; protective effect; inactivated COVID-19 vaccines

1. Introduction

In December 2019, a case of pneumonia caused by severe acute respiratory syndrome
(SARS-CoV-2) infection was observed in Wuhan, China, and subsequently, the virus spread
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widely around the world [1]. The disease known as coronavirus disease 2019 (COVID-19), is
an emerging infectious disease and has been in existence for almost three years so far [2,3].

During the epidemic, the mutations of SARS-CoV-2 undergo continually. In particular,
the global prevalence of Beta, Delta, and Omicron variants poses a threat to the lives and
property of people globally [4]. In early November 2021, the Omicron variant of SARS-
CoV-2, also called B.1.1.529 [5], was first identified in South Africa [6], and was reported
to the World Health Organization (WHO) on 24 November and subsequently listed as a
variant of concern (VOC) [7].

The best strategy for achieving herd immunity, which is the most effective method for
preventing the COVID-19 epidemic, is the development of safe and effective COVID-19
vaccines. COVID-19 vaccines have been produced in a variety of ways, including DNA-
based or mRNA-based vaccines, viral vector-based vaccines, inactivated virus vaccines,
attenuated vaccines, and recombinant protein subunit vaccines [8]. Studies have shown that
the efficacy of the mRNA-1273 vaccine in phase 3 clinical trials is 94.1% [9], and the efficacy
of Pfizer’s vaccine is 52% after the first dose and 95% after the second dose [10]. The results
of three randomized, placebo-controlled clinical trials conducted in Brazil, Indonesia, and
Turkey all showed an efficacy of more than 50% for the inactivated vaccine. A study from
Chile [11] showed an adjusted vaccine effectiveness of 65.9% among people who received
two doses. However, the effectiveness of these COVID-19 vaccines was based on the wild
strain of SARS-CoV-2.

Both structural modeling and pseudovirus experiments revealed that T478K [12],
N501Y and D614G [13,14] mutations in the RBD region of Omicron could increase the
tightness and affinity of binding to the ACE2 receptor, which increased the possibility of
its transmission. Consequently, the Omicron variant showed 10 times more transmissible
than the wild type, and more easily evaded immunization than the Delta variant [15]. The
doubling times of cases with Omicron infection were estimated to be 1.2 days, indicating
a faster transmission rate [14]. On this basis, several studies suggested that the Omicron
variant reduced the effectiveness of COVID-19 vaccines. Compared to the original strain,
serum neutralization assays showed a significant 41.4-fold decrease in neutralizing activity
against Omicron after two doses of the Pfizer vaccine [16]. Similarly, two doses of the
ChAdOx1 vaccine proved to be ineffective against the Omicron variant [17]. Moreover, the
vaccine efficacy decreased and antibody levels continued to decline over time [18,19].

Therefore, nowadays, many countries have widely implemented booster vaccination
of COVID-19 vaccines to further increase the antibody titers of the Omicron variant in
humans and to build an immune barrier to contain the spread of the epidemic. On 8 April
2022, an outbreak of COVID-19 caused by the BA.2 lineage of the Omicron variant occurred
in Guangzhou, China. Before the Guangzhou outbreak, most individuals had already
received a third dose of COVID-19 vaccines in response to the call. Hence, we explore
the relationship between the vaccination status of inactivated COVID-19 vaccines and
SARS-CoV-2 Omicron infection through a test-negative case-control design.

2. Materials and Methods
2.1. Study Design

In this study, a test-negative case-control design was adopted to explore the rela-
tionship between different vaccination statuses against COVID-19 and Omicron variant
infection in the real-world setting of Guangzhou. For the outbreak on 8 April 2022 in
Guangzhou, we included the study participants aged 3 years and older as COVID-19
vaccines have been largely open to all age groups except for infants (under 3 years old) in
China since 2021. In addition, booster vaccination has been fully promoted nationwide in
China since mid-October 2021.

Study participants were divided into a case group that tested positive for SARS-CoV-2
nucleic acid testing and a control group that tested negative. On the one hand, among the
vaccinated participants, three different comparisons of vaccination doses (1 dose versus
2 doses, 1 dose versus 3 doses, 2 doses versus 3 doses) in two groups were analyzed.
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On the other hand, different doses compared with the unvaccinated individuals were
further analyzed, respectively, so as to comprehensively discuss the relationship between
vaccination status and Omicron infection. Considering that all data collected in this study
were from routine observations, this type of work does not require ethical review, and
therefore ethical approval was waived.

2.2. Data Sources and Information Collection

All data in the study were obtained from the Guangzhou Center for Disease Control
and Prevention (GZCDC). Generally, if the SARS-CoV-2 nucleic acid testing is positive,
the case will be centrally isolated immediately and the epidemiological investigations
need to be completed in cooperation with GZCDC, which includes verification of activity
trajectories, identification and tracing of close contacts and genetic sequencing of the
collected respiratory samples to determine the transmission chain where they belong. CDC
staff then screened residents in and around the area where the cases lived, as well as
exposed persons involved in the epidemic, to further identify potential COVID-19 cases.

Based on these epidemic prevention and control work, researchers collected informa-
tion on demographics (sex and age), epidemiological history (classification of cases, risk
level of infection in close contacts, frequency of exposure, date of symptom onset or last
exposure), and COVID-19 vaccination history (type of vaccines, vaccination status and
injection date of each dose).

The type of vaccines the participants inoculated in this study consisted of an inacti-
vated vaccine, recombinant subunit vaccine, and adenovirus vaccine (only administered in
the control group). The inactivated vaccine is the most widely administered type among
study participants, mainly manufactured by Sinovac Research & Development Co., Ltd.
(Sinovac R&D) in Beijing, China and China National Biotec Group (CNBG). A few people
are vaccinated with recombinant subunit vaccine and adenovirus vaccine. It is hard to
estimate the relationship between the two vaccines and Omicron infection. Therefore, this
study will focus on inactivated vaccines, of which one dose, two doses, and three doses
are defined as incomplete vaccination, full vaccination, and booster vaccination, respec-
tively. According to the vaccination strategy in China, it is suggested that the first dose of
inactivated COVID-19 vaccines should be inoculated with the second dose after at least
21 days. Moreover, the third dose of inactivated COVID-19 vaccines, namely a booster
dose, from the original or different manufacturers is recommended after the second dose is
vaccinated after 6 months or more. In addition to vaccination doses and intervals, booster
vaccination also differs from full vaccination in the stronger antibody endurance and wider
antibody spectrum.

Furthermore, two weeks (14 days or more) were required to develop adequate pro-
tection against SARS-CoV-2 infection. Therefore, we stipulate that the interval between
the vaccination of each dose and the symptom onset or last exposure should be at least
14 days. For example, if a participant received the first dose of vaccine within 14 days before
infection (for cases) or last exposure (for controls), he or she was considered unvaccinated,
and so do the second or third dose.

2.3. Selection of Case and Control Groups

In this case-control study, the case group included confirmed cases and asymptomatic
cases, and the control group was selected from close contacts of the patients. The cases in-
volved patients who were diagnosed with COVID-19 at medical institutions in Guangzhou
from 8 April to 27 April 2022 and met the diagnostic criteria of a positive result for SARS-
CoV-2 nucleic acid detection, which was realized by the reverse transcription-polymerase
chain reaction (RT-PCR). In this process, viral ribonucleic acid (RNA) needs to be reversely
transcribed into complementary deoxyribonucleic acid (cDNA) first, and then the gene
sequence is amplified to detect real-time fluorescence or quantitative calculation with
special instruments. The GZCDC sequenced the respiratory specimens collected from the
cases, and the final results showed that all strains isolated were Omicron BA.2 variants.
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It should be emphasized that in accordance with the 8th edition of the Prevention
and Control Program implemented in China in April 2022, close contacts are deemed
as persons who have frequent exposure to suspected or confirmed cases starting 2 days
before the symptom onset or sampling of specimens from asymptomatic cases but have
not taken effective protection. In order to exclude infection, once close contacts were
identified, 14 days of centralized isolation for medical observation and 7 days of isolation
at home for health monitoring (abbreviated as “14 + 7” management measures) should be
implemented immediately within 12 h. During this period, repetitive nucleic acid detection
was performed on the 1st, 4th, 7th, and 14th days of centralized isolation and the 2nd
and 7th days of isolation at home. The control measures can be lifted until the results are
persistently negative during the observation period.

During the Omicron outbreak in Guangzhou, there were 303 COVID-19 cases and
45,191 close contacts in total. To ensure comparability between cases and controls and
avoid selection bias as much as possible, we subsequently selected 379 close contacts
who have a history of frequent exposure to the cases and a high risk of infection, since
they may be similar to COVID-19 cases in the experiences of exposure to SARS-CoV-2.
Moreover, the exclusion criteria for the case group and the control group include (1) the
SARS-CoV-2 nucleic acid test of the case retested negative (N = 25); (2) the existence of
missing or erroneous data (N = 6); (3) under the age of 3 years (N = 9); (4) not vaccinated
with inactivated vaccines (N = 10). After the above screening, 264 test-positive cases and
368 test-negative controls were included in the following analysis. The screening process of
the case group and the control group is shown in Figure 1.

| Omicron BA.2 outbreak in Guangzhou

test-positive initially
303 cases 45,191 close contacts

a history of frequent exposure to
25 retested negative

\ ases and a high risk of infection
5 missing or incorrect dats
39 excluded totally | © ™ising or incorrect data

6 aged <3 years 379 close contacts

3 vaccinated with other types

1 missing or incorrect data

A
11 excluded totally | 3 aged <3 years
264 cases eligible y 7 vaccinated with other types

[ 368 close contacts eligible

: :

264 test-postive cases 368 test-negative controls
25 unvaccinated 55 unvaccinated
10 vaccinated for 1 dose 3 vaccinated for 1 dose

93 vaccinated for 2 doses 148 vaccinated for 2 doses
136 vaccinated for 3 doses 162 vaccinated for 3 doses

AN J

s

632 participants were included
in case-control analysis

Figure 1. Screening flow chart for study participants. Note: The “unvaccinated” includes those
who received their first dose of vaccine less than 14 days prior to infection (N = 2) or last exposure
(N = 3), besides those who had never received the COVID-19 vaccine before. The “other types” refer

to recombinant subunit vaccine and adenovirus vaccine.

2.4. Statistical Analysis

Firstly, categorical and continuous variables were compared, respectively, by Chi-
squared test and t-test. Meanwhile, the logistic regression model was established to
calculate the odds ratio (OR) and its 95% confidence interval (CI) to assess the strength of
the association between vaccination doses and Omicron infection. Then, we adjusted OR in
logistic regression models with respect to age and sex. Finally, according to sex and age
(3-17 years old, 18-59 years old, 60 years old, and above), subgroup analysis is conducted
to determine whether these factors have an impact on the correlation strength.

Statistical significance was defined as p < 0.05. All data were statistically analyzed by
SPSS software (version 26.0).
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3. Results
3.1. Demographic and Epidemiological Characteristics of Included Cases and Controls

Concerning all the participants included in the study, the age of the case group was
comparable to that of the control group (median: 33.0 years vs. 34.5 years, p = 0.313), and
85.6% of cases (N = 226) and 79.1% of controls (N =291) had an age distribution between 18
and 59 years. Of the patients, men and women accounted for 46.6% and 53.4%, respectively,
while in the control group, the proportion was 48.9% and 51.1%. In terms of vaccination
status, overall study participants had, respectively, received one (2.1%), two (38.1%), or
three doses (47.2%) of inactivated vaccines against COVID-19 before, with 80 participants
never unvaccinated (12.6%).

In conclusion, the result of the analysis revealed statistically significant differences
in age group and vaccination status between the case and control groups (p < 0.05). The
demographic and epidemiological characteristics of the two groups are shown in Table 1.

Table 1. Demographic and epidemiological characteristics of case and control groups (1 = 632).

Test-Positive Cases Test-Negative Controls

(n = 264) (n = 368) p-Value
Sex 0.564
Male 123 (46.6%) 180 (48.9%)
Female 141 (53.4%) 188 (51.1%)
Age
Median [IQR] 33.0[24.0, 43.0] 34.5[19.0, 46.0] 0.313
Age group (years) 0.026
3-17 25 (9.5%) 62 (16.8%)
18-59 226 (85.6%) 291 (79.1%)
>60 13 (4.9%) 15 (4.1%)
Vaccination status 0.004
Unvaccinated 25 (9.5%) 55 (14.9%)
One dose 10 (3.8%) 3 (0.9%)
Two doses 93 (35.2%) 148 (40.2%)
Three doses 136 (51.5%) 162 (44.0%)

Of 264 cases included in the study, there were 25 patients who had not been vaccinated,
of which 60.0% were males and 40.0% were females. Among the vaccinated cases, 45.2%
were males and 54.8% were females. There was no significant difference in sex between
the vaccinated and unvaccinated patients. Furthermore, the median age of unvaccinated
patients was not significantly different from that of vaccinated cases (median: 32.0 years vs.
33.0 years, p = 0.733), and most patients in both groups were between 18 and 59 years old
(72.0% vs. 87.0%, p = 0.066).

In the unvaccinated control group, the proportion of males and females was 56.4% and
43.6%, respectively, while it was 47.6% and 52.4% in the vaccinated control group (p > 0.05).
Meanwhile, there was a statistically significant difference between the age groups in the
unvaccinated and vaccinated controls, with the majority of them distributed in the range of
18-59 years (p = 0.012) (Table 2).

The data shown in Table 3 also demonstrated that among the participants who received
two-dose vaccination, the symptoms of cases appeared 273 days after the first dose, while
the controls had the last exposure to a case at 246 days after the first dose of vaccine
(p = 0.001). Similarly, among the participants who had full vaccination, symptoms began to
develop 236 days after two doses in the case group, and the last exposure of the control
group was 215 days after the second dose (p = 0.001). These vaccination intervals in
participants vaccinated for two doses were significantly different, which were both longer
in the case group than those in the control group.

The interval from the first dose of vaccination to the symptom onset (for cases) or
the last exposure (for close contacts) was designated as vaccination interval 1. Relatively,



Vaccines 2023, 11, 566

6 of 10

the interval from the last dose of vaccination to the symptom onset (for cases) or the last
exposure (for close contacts) was specified as vaccination interval 2.

Table 2. Demographic characteristics of the case group (n = 264) and the control group (1 = 368).

Case Group Control Group
Unvaccinated Vaccinated Value Unvaccinated Vaccinated Value
(n = 25) (n = 239) v (n = 55) (n = 313) p-vaiu
Sex 0.158 0.231
Male 15 (60.0%) 108 (45.2%) 31 (56.4%) 149 (47.6%)
Female 10 (40.0%) 131 (54.8%) 24 (43.6%) 164 (52.4%)
Age
Median [IQR] 32.0[24.5,42.5] 33.0[24.0, 43.0] 0.733 34.5[24.0,49.0] 34.5[18.8,45.0] 0.129
Age group (years) 0.066 1 0.012
3-17 4(16.0%) 21 (8.8%) 6 (10.9%) 56 (17.9%)
18-59 18 (72.0%) 208 (87.0%) 43 (78.2%) 248 (79.2%)
>60 3 (12.0%) 10 (4.2%) 6 (10.9%) 9 (2.9%)
1 Fisher’s exact test.
Table 3. Vaccination intervals of case and control groups who had been vaccinated (1 = 552).
Vaccinated for 1 Dose Vaccinated for 2 Doses Vaccinated for 3 Doses
Cases Controls p- Cases Controls p- Cases Controls p-
(n=10) (n=3) Value (n=93) (n =148) Value (n =136) (n=162) Value
Vaccination
interval 11
Median B _ 273.0 246.0 0.001 317.5 317.0 0563
[IQR] [240.0, 286.0] [152.0, 277.8] ' [283.0, 333.0] [277.0,337.8] ’
Vaccination
interval 2 2
Median 234.5 155.0 3 236.0 215.0 93.0 83.5
[IQR] [226.0,2585]  [150.5,232.0] 078 [188.0,261.0]  [1245,2550] 0001 [48.5,113.0]  [35.0,110.5] 0.562

1 Vaccination interval 1: Interval from first dose of vaccination to symptom onset (for cases) or last exposure (for
controls). 2 Vaccination interval 2: Interval from last dose of vaccination to symptom onset (for cases) or last
exposure (for controls). 3 In patients who received only one dose, vaccination interval 1 and vaccination interval 2
were the same, and the results were uniformly displayed in the latter.

3.2. Protective Effect Induced by Inactivated COVID-19 Vaccines

Among participants who had been vaccinated before, there are 239 cases and 313 close
contacts. After adjusting for age and sex, compared with incomplete vaccination, both
two-dose vaccination (0.191, 95% CI: 0.050 to 0.727) and three-dose vaccination (0.091,
95% CI: 0.011 to 0.727) of inactivated COVID-19 vaccines showed a more superior protective
effect, of which a third dose was more excellent. The participants were further analyzed by
subgroup with respect to sex and age. Likewise, the results revealed that two doses were
more effective than only a single dose in males (0.090, 95%CI: 0.010-0.770). In addition,
among individuals aged 18-59, by comparison with merely one dose, full vaccination
(0.089, 95% CI: 0.011 to 0.720), and booster vaccination (0.090, 95% CI: 0.011 to 0.723) had a
better protective effect (Table 4).

After involving the unvaccinated population, there were 632 participants in total,
which included 264 cases and 368 close contacts. After adjusting for age and sex, however,
one dose (OR =7.715, 95% CI: 1.904 to 31.254) and three doses (OR = 2.055, 95% CI: 1.162
to 3.635) could surprisingly contribute to Omicron infection when compared with the
unvaccinated (Table 4). The risk of a single dose was even greater, and a similar result was
also manifested in the male population (OR = 12.400, 95% CI: 1.367 to 112.463). After age
stratification, it was found that after receiving one, two, and three doses of inactivated
COVID-19 vaccines, the risk of infection with Omicron could all increase among people
aged 18-59.
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Table 4. Vaccination status of inactivated COVID-19 vaccines compared in cases and controls against

Omicron BA.2 infection in Guangzhou.

Cases Controls OR, 3 OR;? OR; 3
(n = 264) (1= 368) (95% CI) (95% CI) (95% CI)

Overall participants !

Unvaccinated 25 (9.5%) 55 (15.0%) Reference

One dose 10 (3.8%) 3(0.8%) 7.715 (1.904, 31.254) ** Reference

Two doses 93 (35.2%) 148 (40.2%) 1.474 (0.841, 2.585) 0.191 (0.050, 0.727) * Reference

Three doses 136 (51.5%) 162 (44.0%) 2.055 (1.162, 3.635) * 0.091 (0.011, 0.727) * 1.069 (0.730, 1.568)
Male 2

Unvaccinated 15 (5.7%) 31 (8.4%) Reference

One dose 6 (2.3%) 1(0.4%) 12.400 (1.367, 112.463) * Reference

Two doses 42 (15.9%) 78 (21.1%) 1.113 (0.541, 2.290) 0.090 (0.010, 0.770) * Reference

Three doses 60 (22.7%) 70 (19.0%) 1.771 (0.874, 3.590) 0.143 (0.017, 1.220) 1.592 (0.956, 2.650)
Female 2

Unvaccinated 10 (3.8%) 24 (6.5%) Reference

One dose 4 (1.5%) 2 (0.6%) 4.800 (0.754, 30.550) Reference

Two doses 51 (19.3%) 70 (19.0%) 1.749 (0.769, 3.975) 0.364 (0.064, 2.066) Reference

Three doses 76 (28.8%) 92 (25.0%) 1.983 (0.893, 4.403) 0.413 (0.074, 2.317) 1.134 (0.707, 1.817)
3-17 years 2

Unvaccinated 4 (1.5%) 6 (1.6%) Reference

One dose 1(0.4%) 2 (0.6%) 0.750 (0.050, 11.311) Reference

Two doses 20 (7.6%) 54 (14.6%) 0.556 (0.142, 2.176) 0.741 (0.064, 8.624) Reference

Three doses 0 (0.0%) 0 (0.0%) -4 -4 -
18-59 years 2

Unvaccinated 18 (6.8%) 43 (11.7%) Reference

One dose 9 (3.4%) 1 (0.4%) 21.500 (2.535, 182.373) ** Reference

Two doses 72 (27.3%) 91 (24.7%) 1.890 (1.006, 3.553) * 0.089 (0.011, 0.720) * Reference

Three doses 127 (48.1%) 156 (42.4%) 1.945 (1.069, 3.537) * 0.090 (0.011, 0.723) * 1.029 (0.698, 1.516)
>60 years 2

Unvaccinated 3(1.1%) 6 (1.6%) Reference

One dose 0 (0.0%) 0 (0.0%) -4 Reference

Two doses 1(0.4%) 3(0.8%) 0.667 (0.047, 9.472) -4 Reference

Three doses 9 (3.4%) 6 (1.6%) 3.000 (0.533, 16.897) -4 4.500 (0.374, 54.155)

1 ORs were adjusted for sex and age. > ORs were unadjusted. 3 OR;: vaccination status compared with the
unvaccinated; ORy: vaccination status compared with one dose; OR3: vaccination status compared with two
doses. 4 The “~” indicates no data or cannot be analyzed due to the insufficient sample size in this subgroup.
*p <0.05. ** p <0.01.

4. Discussion

Itis reported that the Omicron variant has traits of faster transmission and immune escape
but reduced lethality compared with previously identified variants of SARS-CoV-2 [20,21],
which has led to more insidious community transmission and greater pressure for prevention
and control. Currently, booster vaccination against COVID-19 has been fully promoted
worldwide in response to the Omicron epidemic. Despite several previous COVID-19 vaccines
injtially demonstrating high efficacy before [18,22], there have been concerns due to the
emergence of various SARS-CoV-2 mutant strains. Compared to the previously prevalent
beta and delta strains, the effect of COVID-19 vaccines with different doses (especially
booster doses) on the prevention of Omicron infection remains unclear. On 8 April 2022,
an epidemic outbreak of the Omicron BA.2 variant in Guangzhou, China, provided an
opportunity to evaluate the association between the vaccination status of inactivated
COVID-19 vaccines (the most widely administered vaccine in Chinese mainland) and
Omicron infection in a real-world setting.

Our research demonstrated that the protective effect of full and booster vaccination
with inactivated COVID-19 vaccines exceeded only single-dose vaccination. Furthermore,
booster vaccination was more effective. Similarly, after stratification for sex and age,
compared with one dose, two doses showed a more excellent protective effect in males, as
well as two doses and three doses among individuals aged 18-59. During the Omicron
epidemic, a single-dose vaccination was no longer sufficient to fight against the emerging
mutant strains of SARS-CoV-2, which has been preliminarily confirmed when the Delta
variant was dominant [23,24]. Prior studies have also indicated that COVID-19 vaccines
showed high effectiveness after full vaccination and booster vaccination [25-27], and the third
dose had a stronger protective effect [28]. The findings of the literature were helpful to further
support our results, proving that compared to incomplete vaccination, current multi-dose
vaccination of inactivated COVID-19 vaccines could provide a better protective effect.
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In Table 3, we found that in the participants who received two doses, both the vaccina-
tion interval 1 and 2 were significantly longer in the case group than in the control group.
This indicated that the longer vaccination intervals contributed to a more inferior protective
effect of the inactivated COVID-19 vaccines, which may be related to the decrease of anti-
body titer in the human body after a long time of vaccination. Likewise, these vaccination
intervals were also longer in cases than in controls among the participants vaccinated for single
doses and three doses, although the results were not statistically significant. It was probably
because the sample size of the one-dose population was too small, and the differences in
vaccination intervals of 3-dose participants were not as large as those who received two doses.

However, after further analysis of comparing with unvaccinated participants, it was
found that COVID-19 vaccination could unexpectedly increase the risk of Omicron infec-
tion, specifically in one dose and three doses of vaccination. A study in the Netherlands
also suggested that the protective effect induced by various COVID-19 vaccines was not
satisfying and even increased the risk of infection with Omicron BA.1 [29]. Additionally, a
study of other variants of concerns (VOCs) came to the same conclusion [30].

We noted that, when compared with the unvaccinated participants, merely one-dose
vaccination would make people more susceptible to infection, which is also reflected
in the male population. Population aged 18-59 were also at increased risk of Omicron
infection after one, two, and three doses of the vaccine. These findings may be related to
the limited sample size in this study and the viral transmission characteristics of Omicron
BA.2. As noted in a Danish study, BA.2 was associated with increased susceptibility to
infection in vaccinated people compared to BA.1 [31]. Moreover, under the background
of the vigorous COVID-19 vaccination campaign in China, most of the unvaccinated have
relatively special conditions, such as contraindications such as underlying diseases, so they
do not have the same sample representation as the general population. Meanwhile, people
who are not vaccinated may have stronger protection awareness and more comprehensive
preventive measures, which may be one of the reasons why they are not susceptible to being
infected. However, this phenomenon might also be explained by the antibody-dependent
enhancement (ADE) effect. Low concentrations of neutralizing antibodies combining with
two types of Fc—y receptors (FcgRIIA and FcgRIIIA) on immune cells, and other non-
neutralizing antibodies could bind to the pathogen, making the pathogen invade host cells
more easily, and result in higher infectivity [32]. In the population vaccinated, longer time
intervals will result in a decrease in antibody titer and the lower titer of antibodies will lead
to ADE effects. So, those vaccinated were more easily infected than those who were not
vaccinated. However, compared with those vaccinated with two and three doses, those
vaccinated with one dose generated a weaker immune response and a lower antibody titer,
which might more easily induce ADE. Therefore, those vaccinated with two and three
doses showed less possibility to be infected than those vaccinated with one dose. Hence,
it is essential to determine a proper time for a booster vaccination to avoid ADE caused
by low antibody titer. Additionally, inactivated COVID-19 vaccines could produce non-
neutralizing antibodies, which might bind to SARS-CoV-2 and induce higher infectivity
to Omicron. However, such conclusions need further study to be demonstrated. For
vaccination strategy in COVID-19, it is crucial to study this issue in depth.

In this test-negative case-control study, the selection of the control group may affect
the accuracy of our results. Consequently, we selected close contacts with a high frequency
of exposure and high risk of infection, who were identified by the follow-up of GZCDC.
Confounding factors such as age and sex were subsequently adjusted by logistic regression
and subgroup analysis. Furthermore, the data from this study derived from patients
concentrated in Guangzhou and certainly cannot represent the general situation in China
or the world. Nevertheless, our research can still provide a preliminary basis for evaluating
the relationship between COVID-19 vaccination status and Omicron infection, especially
the unexpected conclusion that the vaccination can increase the risk of Omicron infection
when compared to the unvaccinated population, which may be an innovative finding in
our study. Meanwhile, we also hope to provide some references for similar research in
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the future and look forward to a more powerful interpretation of the effective data for the
results found in this study.

5. Conclusions

This study concluded that compared with incomplete vaccination, the full and booster
vaccination of inactivated COVID-19 vaccines showed better protective effects, of which a
booster dose was more effective. Whereas, when compared with the unvaccinated, COVID-
19 vaccination can even increase the risk of infection, which may be due to the transmission
traits of BA.2, the particularity and stronger protection awareness of the unvaccinated popu-
lation, as well as the ADE effect induced by the decrease of antibody titers after a long time
of vaccination. In future research, vaccination regimens and priority populations should be
further monitored to explore more vaccination strategies for SARS-CoV-2 mutant strains.

Author Contributions: Drafting of the manuscript: D.Z. and J.Z.; Data collation and analysis: H.X.,
Y.L., T.G. and B.P; Data collection and manuscript review: C.E,, YK. and ].T.; Supervise and manage
the project: Y.M. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Guangdong Natural Science Foundation Project [grant
numbers 2022A1515011012] and Research Foundation of Shenzhen Science and Technology Emer-
gency Key Technology Program [grant numbers JSGG20220301090007009].

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: We have no conflict of interest with each other.

References

1.

10.

11.

12.

13.

Li, Q.; Guan, X.; Wu, P; Wang, X.; Zhou, L.; Tong, Y.; Ren, R.; Leung, K.5.M.; Lau, E.H.Y.; Wong, ].Y.; et al. Early Transmission
Dynamics in Wuhan, China, of Novel Coronavirus-Infected Pneumonia. N. Engl. J. Med. 2020, 382, 1199-1207. [CrossRef]
[PubMed]

Umakanthan, S.; Sahu, P.; Ranade, A.V.; Bukelo, M.M.; Rao, ].S.; Lf, A.-M.; Dahal, S.; Kumar, H.; Kv, D. Origin, transmission,
diagnosis and management of coronavirus disease 2019 (COVID-19). Postgrad. Med. |. 2020, 96, 753-758.

Habas, K.; Nganwuchu, C.; Shahzad, F.; Gopalan, R.; Haque, M.; Rahman, S.; Majumder, A.A.; Nasim, T. Resolution of coronavirus
disease 2019 (COVID-19). Expert Rev. Anti. Infect. Ther. 2020, 18, 1201-1211. [CrossRef] [PubMed]

Ren, S.Y.; Wang, W.B.; Gao, R.D.; Zhou, A.M. Omicron variant (B.1.1.529) of SARS-CoV-2: Mutation, infectivity, transmission, and
vaccine resistance. World J. Clin. Cases 2022, 10, 1-11. [CrossRef] [PubMed]

Fan, Y;; Li, X.; Zhang, L.; Wan, S.; Zhang, L.; Zhou, F. SARS-CoV-2 Omicron variant: Recent progress and future perspectives.
Signal Transduct. Target Ther. 2022, 7, 141. [CrossRef]

Thakur, V.; Ratho, R K. OMICRON (B.1.1.529): A new SARS-CoV-2 variant of concern mounting worldwide fear. ]. Med. Virol.
2022, 94, 1821-1824. [CrossRef]

Ai, ]; Zhang, H.; Zhang, Y; Lin, K.; Zhang, Y.; Wu, J.; Wan, Y.; Huang, Y.; Song, J.; Fu, Z.; et al. Omicron variant showed lower
neutralizing sensitivity than other SARS-CoV-2 variants to immune sera elicited by vaccines after boost. Emerg. Microbes. Infect.
2022, 11, 337-343. [CrossRef]

Liu, X; Liu, C.; Liu, G.; Luo, W.; Xia, N. COVID-19: Progress in diagnostics, therapy and vaccination. Theranostics 2020, 10,
7821-7835. [CrossRef]

Mabhase, E. COVID-19: Moderna applies for US and EU approval as vaccine trial reports 94.1% efficacy. BMJ 2020, 371, m4709.
[CrossRef]

Mabhase, E. COVID-19: Pfizer vaccine efficacy was 52% after first dose and 95% after second dose, paper shows. BM] 2020,
371, m4826. [CrossRef]

Jara, A.; Undurraga, E.A.; Gonzalez, C.; Paredes, F,; Fontecilla, T.; Jara, G.; Pizarro, A.; Acevedo, J.; Leo, K.; Leon, F; et al.
Effectiveness of an Inactivated SARS-CoV-2 Vaccine in Chile. N. Engl. |. Med. 2021, 385, 875-884. [CrossRef] [PubMed]

Abebe, E.C.; Tiruneh, G.M.M.; Behaile, T.M.A.; Dejenie, T.A.; Ayele, TM.; Admasu, ET.; Muche, Z.T.; Adela, G.A. Mutational
Pattern, Impacts and Potential Preventive Strategies of Omicron SARS-CoV-2 Variant Infection. Infect. Drug Resist. 2022, 15,
1871-1887. [CrossRef] [PubMed]

Liu, H.; Zhang, Q.; Wei, P; Chen, Z.; Aviszus, K.; Yang, J.; Downing, W.; Jiang, C.; Liang, B.; Reynoso, L.; et al. The basis of a more
contagious 501Y.V1 variant of SARS-COV-2. Cell Res. 2021, 31, 720-722. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa2001316
http://www.ncbi.nlm.nih.gov/pubmed/31995857
http://doi.org/10.1080/14787210.2020.1797487
http://www.ncbi.nlm.nih.gov/pubmed/32749914
http://doi.org/10.12998/wjcc.v10.i1.1
http://www.ncbi.nlm.nih.gov/pubmed/35071500
http://doi.org/10.1038/s41392-022-00997-x
http://doi.org/10.1002/jmv.27541
http://doi.org/10.1080/22221751.2021.2022440
http://doi.org/10.7150/thno.47987
http://doi.org/10.1136/bmj.m4709
http://doi.org/10.1136/bmj.m4826
http://doi.org/10.1056/NEJMoa2107715
http://www.ncbi.nlm.nih.gov/pubmed/34233097
http://doi.org/10.2147/IDR.S360103
http://www.ncbi.nlm.nih.gov/pubmed/35450114
http://doi.org/10.1038/s41422-021-00496-8
http://www.ncbi.nlm.nih.gov/pubmed/33893398

Vaccines 2023, 11, 566 10 of 10

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Karim, 5.5.A.; Karim, Q.A. Omicron SARS-CoV-2 variant: A new chapter in the COVID-19 pandemic. Lancet 2021, 398, 2126-2128.
[CrossRef]

Bazargan, M.; Elahi, R.; Esmaeilzadeh, A. OMICRON: Virology, immunopathogenesis, and laboratory diagnosis. J. Gene Med.
2022, 24, €3435. [CrossRef]

Cele, S.; Jackson, L.; Khoury, D.S.; Khan, K.; Moyo-Gwete, T.; Tegally, H.; San, ].E.; Cromer, D.; Scheepers, C.; Amoako, D.; et al.
SARS-CoV-2 Omicron has extensive but incomplete escape of Pfizer BNT162b2 elicited neutralization and requires ACE2 for
infection. medRxiv 2021. preprint. [CrossRef]

Andrews, N.; Stowe, ].; Kirsebom, F; Toffa, S.; Rickeard, T.; Gallagher, E.; Gower, C.; Kall, M.; Groves, N.; O’Connell, A.-M.; et al.
COVID-19 Vaccine Effectiveness against the Omicron (B.1.1.529) Variant. N. Engl. |. Med. 2022, 386, 1532-1546. [CrossRef]
Polack, FEP; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Marc, G.P.; Moreira, E.D.; Zerbini, C.; et al.
Safety and Efficacy of the BNT162b2 mRNA COVID-19 Vaccine. N. Engl. |. Med. 2020, 383, 2603-2615. [CrossRef]

Frenck, RW,, Jr.; Klein, N.P,; Kitchin, N.; Gurtman, A.; Absalon, J.; Lockhart, S.; Perez, ].L.; Walter, E.B.; Senders, S.; Bailey, R.; et al.
Safety, Inmunogenicity, and Efficacy of the BNT162b2 COVID-19 Vaccine in Adolescents. N. Engl. ]. Med. 2021, 385, 239-250.
[CrossRef]

Mlcochova, P.; Kemp, S.A.; Dhar, M.S.; Papa, G.; Meng, B.; Ferreira, . A.T.M.; Datir, R.; Collier, D.A.; Albecka, A.; Singh, S.; et al.
SARS-CoV-2 B.1.617.2 Delta variant replication and immune evasion. Nature 2021, 599, 114-119. [CrossRef] [PubMed]

Xue, L.; Jing, S.; Zhang, K.; Milne, R.; Wang, H. Infectivity versus fatality of SARS-CoV-2 mutations and influenza. Int. J. Infect.
Dis. 2022, 121, 195-202. [CrossRef] [PubMed]

Logunov, D.Y.; Dolzhikova, 1.V.; Shcheblyakov, D.V.; Tukhvatulin, A.L; Zubkova, O.V.,; Dzharullaeva, A.S.; Kovyrshina, A.V,;
Lubenets, N.L.; Grousova, D.M.; Erokhova, A.S,; et al. Safety and efficacy of an rAd26 and rAd5 vector-based heterologous
prime-boost COVID-19 vaccine: An interim analysis of a randomised controlled phase 3 trial in Russia. Lancet 2021, 397, 671-681.
[CrossRef] [PubMed]

Andrews, N.; Stowe, ].; Kirsebom, F; Toffa, S.; Rickeard, T.; Gallagher, E.; Gower, C.; Kall, M.; Groves, N.; O’Connell, A.M.; et al.
Effectiveness of COVID-19 Vaccines against the B.1.617.2 (Delta) Variant. N. Engl. ]. Med. 2021, 385, 585-594.

Suphanchaimat, R.; Nittayasoot, N.; Jiraphongsa, C.; Thammawijaya, P.; Bumrungwong, P.; Tulyathan, A.; Cheewaruangroj, N.;
Pittayawonganon, C.; Tharmaphornpilas, P. Real-World Effectiveness of Mix-and-Match Vaccine Regimens against SARS-CoV-2
Delta Variant in Thailand: A Nationwide Test-Negative Matched Case-Control Study. Vaccines 2022, 10, 1080. [CrossRef]
[PubMed]

Cai, C.; Peng, Y; Shen, E.; Huang, Q.; Chen, Y,; Liu, P; Guo, C.; Feng, Z.; Gao, L.; Zhang, X.; et al. A comprehensive analysis of the
efficacy and safety of COVID-19 vaccines. Mol. Ther. 2021, 29, 2794-2805. [CrossRef]

Yang, B.; Wong, 1.O.L.; Xiao, J.; Tsang, T.K,; Liao, Q.; Cowling, B.]. Effectiveness of CoronaVac and BNT162b2 Vaccines Against
Severe Acute Respiratory Syndrome Coronavirus 2 Omicron BA.2 Infections in Hong Kong. |. Infect. Dis. 2022, 226, 1382-1384.
[CrossRef]

Kirsebom, F.C.M.; Andrews, N.; Stowe, ].; Toffa, S.; Sachdeva, R.; Gallagher, E.; Groves, N.; O’Connell, A.M.; Chand, M.; Ramsay,
M.; et al. COVID-19 vaccine effectiveness against the omicron (BA.2) variant in England. Lancet Infect. Dis. 2022, 22, 931-933.
[CrossRef]

Wong, M.T].; Dhaliwal, S.S.; Balakrishnan, V.; Nordin, F; Norazmi, M.N.; Tye, G.J. Effectiveness of Booster Vaccinations on
the Control of COVID-19 during the Spread of Omicron Variant in Malaysia. Int. . Environ. Res. Public Health 2023, 20, 1647.
[CrossRef]

Eggink, D.; Andeweg, S.P.; Vennema, H.; van Maarseveen, N.; Vermaas, K.; Vlaemynck, B.; Schepers, R.; van Gageldonk-Lafeber,
A.B,; Hof, S.V.D,; Reusken, C.B.; et al. Increased risk of infection with SARS-CoV-2 Omicron BA.1 compared with Delta in
vaccinated and previously infected individuals, the Netherlands, 22 November 2021 to 19 January 2022. Euro Surveil. 2022,
27,2101196. [CrossRef]

Andeweg, S.P; Vennema, H.; Veldhuijzen, I.; Smorenburg, N.; Schmitz, D.; Zwagemaker, F.; van Gageldonk-Lafeber, A.B.; Hahné,
S.J.M.; Reusken, C.; Knol, M.].; et al. Elevated risk of infection with SARS-CoV-2 Beta, Gamma, and Delta variant compared to
Alpha variant in vaccinated individuals. Sci. Transl. Med. 2023, 15, eabn4338. [CrossRef]

Lyngse, F.P; Kirkeby, C.T.; Denwood, M.; Christiansen, L.E.; Melbak, K.; Meller, C.H.; Skov, R.L.; Krause, T.G.; Rasmussen, M.;
Sieber, R.N.; et al. Household transmission of SARS-CoV-2 Omicron variant of concern subvariants BA.1 and BA.2 in Denmark.
Nat. Commun. 2022, 13, 5760. [CrossRef] [PubMed]

Yang, Y.; Xu, F. Evolving understanding of antibody-dependent enhancement (ADE) of SARS-CoV-2. Front. Immunol. 2022,
13, 1008285. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/S0140-6736(21)02758-6
http://doi.org/10.1002/jgm.3435
http://doi.org/10.1101/2021.12.08.21267417
http://doi.org/10.1056/NEJMoa2119451
http://doi.org/10.1056/NEJMoa2034577
http://doi.org/10.1056/NEJMoa2107456
http://doi.org/10.1038/s41586-021-03944-y
http://www.ncbi.nlm.nih.gov/pubmed/34488225
http://doi.org/10.1016/j.ijid.2022.05.031
http://www.ncbi.nlm.nih.gov/pubmed/35584743
http://doi.org/10.1016/S0140-6736(21)00234-8
http://www.ncbi.nlm.nih.gov/pubmed/33545094
http://doi.org/10.3390/vaccines10071080
http://www.ncbi.nlm.nih.gov/pubmed/35891245
http://doi.org/10.1016/j.ymthe.2021.08.001
http://doi.org/10.1093/infdis/jiac360
http://doi.org/10.1016/S1473-3099(22)00309-7
http://doi.org/10.3390/ijerph20021647
http://doi.org/10.2807/1560-7917.ES.2022.27.4.2101196
http://doi.org/10.1126/scitranslmed.abn4338
http://doi.org/10.1038/s41467-022-33498-0
http://www.ncbi.nlm.nih.gov/pubmed/36180438
http://doi.org/10.3389/fimmu.2022.1008285
http://www.ncbi.nlm.nih.gov/pubmed/36330519

	Introduction 
	Materials and Methods 
	Study Design 
	Data Sources and Information Collection 
	Selection of Case and Control Groups 
	Statistical Analysis 

	Results 
	Demographic and Epidemiological Characteristics of Included Cases and Controls 
	Protective Effect Induced by Inactivated COVID-19 Vaccines 

	Discussion 
	Conclusions 
	References

