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ABSTRACT

It is critical to determine the real-world performance of vaccines against coronavirus disease 2019 (COVID-19) so
that appropriate treatments and policies can be implemented. There was a rapid wave of infections by the
Omicron variant in Jilin Province (China) during spring 2022. We examined the effectiveness of inactivated
vaccines against Omicron using real-world data from this epidemic. This retrospective case-case study of vaccine
effectiveness (VE) examined infected patients who were quarantined and treated from April 16 to June 8, 2022
and responded to an electronic questionnaire. Data were analyzed by univariable and multivariable analyses. A
total of 2968 cases with SARS-CoV-2 infections (asymptomatic: 1061, mild disease: 1763, pneumonia: 126, severe
disease: 18) were enrolled in the study. Multivariable regression indicated that the risk for pneumonia or severe
disease was greater in those who were older or had underlying diseases, but was less in those who received
COVID-19 vaccines. Relative to no vaccination, VE against the composite of pneumonia and severe disease was
significant for those who received 2 doses (60.1%, 95%Cl: 40.0%, 73.5%) or 3 doses (68.1%, 95%Cl: 44.6%,
81.7%), and VE was similar in the subgroups of males and females. However, VE against the composite of all
three classes of symptomatic diseases was not significant overall, nor after stratification by sex. There was no
statistical difference in the VE of vaccines from different manufacturers. The inactivated COVID-19 vaccines
protected patients against pneumonia and severe disease from Omicron infection, and booster vaccination
enhanced this effect.
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Background

As of July 27, 2022, there have been over 570,005,017
confirmed cases and more than 6.38 million deaths
from COVID-19 worldwide [1]. The severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus has been evolving, and has caused several
waves of COVID-19 pandemics since its discovery.
The World Health Organization (WHO) classified
the Omicron (B.1.1.529) variant of the SARS-CoV-
2 as a variant of concern (VOC) on November 26,
2021 [2]. Scientists discovered that Omicron has a
large number of mutations in its spike (S) protein,
and the appearance of this variant has caused great
concern worldwide because of its high transmission
rate and number of mutations [3,4]. The current
COVID-19 vaccines were developed based on the
ancestral strain of the SARS-CoV-2 virus. The pro-
tective effect of these current vaccines against the
Omicron variant, whose antigenicity is distinct
from the ancestral virus, is an issue of great concern.
Laboratory data found that vaccinated individuals
had a greatly reduced neutralizing antibody response
to the Omicron variant relative to the original Delta
(B.1.617.2) variant, although boosters increased the
response to the Omicron variant [5-8]. The level
of neutralizing antibodies correlates with protection
against reinfection and with vaccine effectiveness
(VE) against infection; therefore, early laboratory
findings suggest that the original vaccines had
lower VE against the Omicron variant infection
[9,10].

Studies of the ChAdOx1 nCoV-19 (AstraZeneca)
vaccine and the BNT162b2 (Pfizer) vaccine indicated
that primary immunization with two doses of either
vaccine only led to limited protection against infec-
tion and symptomatic disease in individuals infected
with the Omicron variant. Administration of a boos-
ter dose of the BNT162b2 vaccine or the mRNA-
1273 (Moderna) vaccine after initial vaccination
with the ChAdOxl1 nCoV-19 vaccine or the
BNT162b2 vaccine provided some protection, but
this protection declined over time [11,12]. As of
2022, more than 91 countries have used inactivated
COVID-19 vaccines[13]. It is important to assess
the effectiveness of these inactivated vaccines against
the many variants of SARS-CoV-2. The COVID-19
vaccines administered in mainland China were
mainly inactivated vaccines, but observational data
on the protection provided by these inactivated vac-
cines against the Omicron variant are currently rare.
Thus, there is an urgent need for studies of the real-
world effectiveness of inactivated vaccines against the
Omicron variant.

In early March 2022, a wave of infections by the
Omicron variant rapidly appeared in Jilin Province,
China. This was the first large-scale transmission

and infection of SARS-CoV-2 faced by Changchun
City (Jilin Province, China) following the mass
COVID-19 vaccination in 2021. During this epidemic,
all residents received daily testing by PCR (the main
method) and/or rapid antigen detection kits. All
cases that were screened positive and then confirmed
positive by PCR testing were isolated or admitted to
designated institutions based on symptoms and dis-
ease severity. Thus, asymptomatic cases were assigned
to shelter hospitals for isolation and observation, and
patients with confirmed mild disease, pneumonia,
severe disease, or fatal disease were sent to other hos-
pitals. Patients with asymptomatic infections who sub-
sequently developed symptoms were transferred from
shelter hospitals to designated hospitals for diagnosis
and treatment. During this time, the general popu-
lation was instructed to take rigorous personal preven-
tive measures, including wearing masks in public
places, frequent hand washing, and social distancing.
The epidemic in Jilin Province was completely extin-
guished in early June 2022. During the epidemic in
Changchun City, 46,534 people had confirmed infec-
tions with SARS-CoV-2. During our study period,
the Omicron variant accounted for 100% of all
known infections by SARS-CoV-2 in Jilin Province.
The present real-world study provides the latest evi-
dence regarding the protection provided by inacti-
vated COVID-19 vaccines against mild disease,
pneumonia, and severe disease due to Omicron infec-
tions during this epidemic.

Methods
Study design and population

This case-case study examined individuals in Jilin
Province who were infected with SARS-CoV-2. All
participants were patients non-electively admitted to
a shelter hospital (Changchun Infectious Disease Hos-
pital) or one of two designated hospitals (Eastern Div-
ision of the First Hospital of Jilin University or
Hepatobiliary Hospital of Jilin) for SARS-CoV-2
infection from April 16 to June 8, 2022. All paticipants
were asked to complete an electronic questionnaire via
their personal mobile phones. Those who could not
operate a mobile phone or read (such as some of the
elderly and children) completed the electronic ques-
tionnaire survey with the assistance of relatives. This
questionnaire asked about basic information (age,
sex, phone number etc), relevant symptoms (fever,
cough, sore throat etc), underlying diseases (hyperten-
sion, diabetes, cardiovascular and cerebrovascular dis-
eases, tumors, chronic kidney disease, chronic liver
disease, etc.), COVID-19 vaccination status, and the
most severe clinical classification (asymptomatic
infection, mild disease, pneumonia, and severe dis-
ease). The participants were all clinically diagnosed



on the first day of hospital admission. During hospital-
ization, each patient received nucleic acid testing every
1-2 days, and clinicians adjusted the diagnostic
classification according to patient progression and
other relevant examination results. Patients were
required to complete the questionnaire while in the
hospital on the day of discharge. The diagnostic
classification in our analyses is the most serious con-
dition during the time of hospitalization. Question-
naires were generally completed with the assistance
of doctors or nurses.

Individuals were excluded if they were infants or
children under the age of 3 (because they were not
eligible for the COVID-19 vaccine); if they received
non-inactivated COVID-19 vaccines; or if the ques-
tionnaire was incorrect or incomplete. All patients
provided informed consent and the Institutional
Review Board of the First Hospital of Jilin University
approved this study (No. 2002-290).

Definitions of infection-related events

Patients were classified by symptoms (asymptomatic,
mild, pneumonia, severe disease) as described by the
9th edition of COVID-19 protocols for diagnosis and
treatment [14]. Patients in all four groups had posi-
tive PCR results. A patient with an asymptomatic
infection had no clinical symptoms. A patient with
mild disease had symptoms such as low-grade
fever, mild fatigue, and disturbance of smell and
taste, but no symptoms of pneumonia. A patient
with pneumonia had symptoms such as fever,
cough, fatigue, and disturbance of smell and taste,
with evidence of pneumonia based on imaging.
The criteria for severe disease depended on age. In
adults, severe disease was defined by shortness of
breath (respiratory rate [RR]>30 times/min); low
resting oxygen saturation (<93%) in normal room
air; low arterial partial pressure of oxygen/inhaled
oxygen concentration (PaO,/(Fi0, <300 mmHg
[39.9 kPa]), with correction for measurements at
altitudes over 1000 m (PaO,/FiO, x [760/atmos-
pheric pressure (mmHg)]; and progressive worsening
of clinical symptoms, with imaging showing that the
lung lesions progressed more than 50% within 24-
48 h. In children, severe disease was defined by
high fever for more than 3 days; shortness of breath
excluding the effects of fever and crying (RR > 60
times/min if less than 2 months-old; RR > 50
times/min if 2-12 months-old; RR >40 times/min
if 1-5 years old; and RR>30 times/min if more
than 5 years-old); low resting oxygen saturation
(£93%) in normal room air; need for assisted
breathing (nose alar flap, three concave sign); drow-
siness and convulsions; and refusal to eat or
difficulty in eating, with symptoms of dehydration.
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Statistical analysis

IBM SPSS version 25 (IBM Corp., Chicago) was used
for all statistical analyses. The x° test was used to com-
pare categorical variables. The Shapiro — Wilk test was
used to determine the normality of distributions of
continuous variables, and a nonparametric test was
used to compare continuous variables with non-nor-
mal distributions. VE was calculated as (1-OR) x
100%, in which the odds ratio (OR) was from a logistic
regression model. Univariate and multivariate logistic
regression that adjusted for age, gender, and under-
lying diseases were used to determine VE. A two-
sided P value below 0.05 was considered significant.

Results
Characteristics of participants

We initially examined 3062 persons who participated
in the survey. We excluded 39 children under the
age of 3 years-old, 16 participants who received the
COVID-19 recombinant vaccine or the adenovirus
vector vaccine, and 39 participants due to incom-
plete or unreliable data. Thus, we finally examined
2968 cases with SARS-CoV-2 infections (1472
males [49.6%] and 1496 females [50.4%]). There
were 1061 cases with asymptomatic infections, 1763
with mild disease, 126 with pneumonia, and 18
with severe disease (Table 1). There were no deaths.
The four groups had significant differences in sex
ratio, age, underlying diseases, and vaccination status
(all P<0.001). In particular, males accounted for
59.6% of the 1061 asymptomatic patients, but for
44.0% of those with mild disease, 44.4% of those
with pneumonia, and 44.4% of those with severe dis-
ease. The median age was 43 years-old (interquartile
range [IQR]: 30, 56) for those who were asympto-
matic, 41 years-old (IQR: 27, 55) for those with
mild disease, 54 years-old (IQR: 38, 72) for those
with pneumonia, and 70 years-old (IQR: 42, 79)
for those with severe disease. Among the 18 patients
with severe disease, 12 were more than 60 years-old
(66.7%). The percentage of patients with underlying
diseases increased as disease severity increased
(28.4%, 32.2%, 54.0%, and 100.0%).

Overall, 2543 of the 2968 patients (85.68%)
received at least one vaccine dose (Table 1). The per-
centage of patients who received at least one dose
decreased as disease severity increased (86.3%,
86.9%, 68.3% and 50.0%, P <0.001). We also ana-
lyzed the relationship of disease severity with receipt
of different numbers of vaccine doses. The percen-
tage of patients receiving no vaccine was highest
for those with severe disease (50.0%), followed by
pneumonia  (31.7%), asymptomatic infections
(13.7%), and mild disease (13.1%). The percentage
that received two doses was highest for those with
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Table 1. Characteristics of COVID-19 patients who had asymptomatic infection, mild disease, pneumonia or severe disease

Asymptomatic infections Mild disease Pneumonia Severe disease
(n=1061) (n=1763) (n=126) (n=18) P

Sex Males (n,%) 632 (59.6) 776 (44.0) 56 (44.4) 8 (44.4) <0.001

Age (years, IQR) 43 (30,56) 41 (27,55) 54 (38,72) 70 (42,79) <0.001
Age group, years

3-18 (n, %) 140 (13.2) 318 (18.0) 7 (5.6) 0 (0.0 <0.001

19-39 (n, %) 315 (29.7) 519 (29.4) 27 (21.4) 4(22.2)

40-59 (n, %) 404 (38.1) 604 (34.3) 40 (31.7) 2 (11.7)

60-79 (n, %) 192 (18.1) 279 (15.8) 34 (27.0) 9 (50.0)

>80 (n, %) 10(0.9) 43 (2.4) 18 (14.3) 3(16.7)
Underlying diseases

No(n, %) 760 (71.6) 1196 (67.8) 58 (46.0) 0 (0.0) <0.001

Yes(n, %) 301 (28.4) 567 (32.2) 68 (54.0) 18 (100.0)
Vaccination status
No doses (n, %) 145 (13.7) 231 (13.1) 40 (31.7) 9 (50.0) <0.001*
One doses CoronaVac(n, %) 24 (2.3) 34 (1.9) 4(3.2) 0 (0.0

BBIBP-CorV(n, %) 29 (2.7) 27 (1.5) 2(1.6) 2 (11.1)

Total(n, %) 53 (5.0 61 (3.4) 6 (4.8) 2(11.1)
Two doses CoronaVac(n, %) 269 (25.4) 568 (32.2) 38 (30.2) 2(11.1)

BBIBP-CorV(n, %) 279 (26.3) 396 (22.5) 18 (14.3) 2(11.1)

Mixed(n, %) 73 (6.9) 163 (9.2) 7 (5.6) 0 (0.0

Total(n, %) 621 (58.5) 1127 (63.9) 63 (50.0) 4 (22.2)
Three doses CoronaVac(n, %) 97 (9.1) 135 (7.7) 8 (6.3) 2(11.1)

BBIBP-CorV(n, %) 99 (9.3) 159 (9.0) 7 (5.6) 1(5.6)

Mixed(n, %) 46 (4.3) 50 (2.8) 2(1.6) 0 (0.0

Total(n, %) 242 (22.8) 344 (19.5) 17 (13.5) 3(16.7)

* Pvalue for distribution of vaccine doses among different disease classification.

IQR, interquartile range

mild disease (63.9%), followed asymptomatic infec-
tions (58.5%), pneumonia (50.1%), and severe dis-
ease (22.2%). The percentage that received three
doses was highest for those with asymptomatic infec-
tions (22.8%), followed by mild disease (19.5%),
severe disease (16.7%), and pneumonia (13.5%).
Among all the 2543 subjects vaccinated in this
study, 1181 (46.4%) were vaccinated with Sinovac
CoronaVac vaccine (including 1, 2 or 3 doses),
1021 (40.2%) were vaccinated with Sinopharm
BBIBP-CorV vaccine (including 1, 2 or 3 doses),
and 341 (13.4%) were vaccinated with these two
mixed vaccines (CoronaVac + BBIBP-CorV).

Vaccine effectiveness against pneumonia and
severe disease

Univariate analysis showed that age (OR =1.04, 95%
CIL: 1.02, 1.04) and underlying diseases (OR=3.34,

95%CI: 2.37, 4.71) were significantly associated with
an increased risk of pneumonia and severe disease
(Table 2). Compared with those who were not vacci-
nated, those who received two vaccine doses (OR =
0.29, 95%CI: 0.20, 0.43) or three vaccine doses (OR
=0.26, 95%CI: 0.15, 0.45) were protected against
pneumonia and severe disease. The multivariable
regression model showed that the risk for pneumonia
or severe disease was greater in those who were older
(aOR=1.03; 95% CI: 1.02, 1.04) or had underlying
diseases (aOR =1.67; 95% CI: 1.12, 2.49), but was
less in those who received 2 vaccine doses (aOR =
0.40, 95% CI: 0.27, 0.60) or 3 vaccine doses (aOR =
0.32, 95% CI: 0.18, 0.55).

We then performed sex-stratified analysis, with
adjustment for age and underlying diseases
(Figure 1A). For males, compared with those who
were not vaccinated, the VE against pneumonia
and severe disease was 58.8% (95% CI: 22.6%,

Table 2. Factors associated with pneumonia or severe disease among SARS-CoV-2 Omicron infection

Crude OR (95% adjusted OR(95%

Number of Number of Pneumonia/Severe/fatal
Asymptomatic disease
and Mild (N,%) (N,%)

Cl) P Cl) P

Age (year, quartile) * 42.0(29.0, 55.0)

Sex
Male(N,%) 1408 (49.9) 64 (44.4)
Female(N,%) 1416 (50.1) 80 (55.6)
Underlying diseases
No(N,%) 1956(69.3) 58(40.3)
Yes(N,%) 868(30.7) 86(59.7)
Vaccination status
0 dose(N,%) 376(13.3) 49(34.0)
1 dose (N,%) 114(4.0) 8(5.6)
2 doses(N,%) 1748(61.9) 67(46.5)
3 doses (N,%) 586(20.8) 20(13.9)

55.0(38.0, 74.0)

1.04(1.03,1.05) <0.001 1.03(1.02,1.04) <0.001
Ref Ref

1.24(0.89, 1.74) 0.206 1.18 (0.84, 1.68) 0.340
Ref Ref

3.34(2.37,4.71) <0.001 1.67(1.12, 2.49) 0.013
Ref Ref

0.54(0.25, 1.17) 0.118 0.65(0.29, 1.43) 0.281

0.29(0.20, 0.43) <0.001 0.40(0.27, 0.60) <0.001

0.26(0.15, 0.45)  <0.001 0.32(0.18, 0.55) <0.001

age was a continuous integer variable in the regression models.
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A B
Vaccination status Forest ;ig;;‘;: (‘;f) i Vaccination status Forest ;;‘g;l;(;? zf) P

Total No doses > 0.0 (Ref) Total No doses > 0.0 (Ref)
One doses T 35.5 (-43.2,70.9) 0.281 One doses —_—— 21.2 (-19.7, 48.1) 0.264
Two doses —_— 60.1 (40.0, 73.5) <<0.001 Two doses —_— -9.6 (-37.9,12.8) 0.432
Three doses —_—— 68.1 (44.6, 81.7) <<0.001 Three doses —_— 16.6 (-8.8, 36.1) 0.181
One/Two/Three doses —_— 60.8 (42.4,73.3) <<0.001 One/Two/Three doses —_— -1.0 (-26.1,19.2) 0.933

Male No doses > 0.0 (Ref) Male No doses > 0.0 (Ref)
One doses <~ -18.2 (-207.0,54.5) 0.731 One doses —_— 15.0 (-44.7,50.1) 0.549
Two doses —_— 58.8 (22.6,78.1) 0.006 Two doses < ————————p——t— -18.5(-62.7,13.7)  0.293
Three doses ——  70.7 (26.8, 88.3) 0.009 Three doses —_— 5.4 (-37.8,35.1) 0.773
One/Two/Three doses —_— 57.0 (21.8, 76.3) 0.006 One/Two/Three doses r—————¢p—— -10.8 (-50.9,18.7)  0.518

Female No doses > 0.0 (Ref) Female No doses '3 0.0 (Ref)
One doses —T—————— 83.9(-22.4,97.9) 0.078 One doses 27.4 (-44.7, 63.6) 0.363
Two doses —_— 61.7 (34.7, 77.6) <<0.001 Two doses —_— 0.40 (-39.5, 28.9) 0.981
Three doses —_— 66.7 (33.3,83.4) 0.002 Three doses ——p———t 27.2 (-6.30,50.2)  0.100
One/Two/Three doses —_ 64.2 (40.9, 78.3) <<0.001 One/Two/Three doses —_— 9.8 (-24.9, 34.9) 0.533

1 r T T T T T
-0.4-0.2 0 02040608 1 06 -04 02 0 02 04 06

Figure 1. Effect of the number of doses on vaccine effectiveness (A) against pneumonia or severe disease and (B) against any
symptomatic disease (mild disease, pneumonia or severe disease) in males and females.

78.1%, P=0.006) for those who received 2 doses,
70.7% (95%CI: 26.8%, 88.3%, P=0.009) for those
who received 3 doses, and 57.0% (95%CI:21.8%,
76.3%, P =0.006) for those who received any number
of doses (1, 2, or 3). For females, compared with
those who were not vaccinated, the VE against pneu-
monia and severe disease was 61.7% (95% CI: 34.7%,
77.6%, P<0.001) for those who received 2 doses,
66.7% (95% CI: 33.3%, 83.4%, P=0.002) for those
who received 3 doses and 64.2% (95% CI: 40.9%,
78.3%, P < 0.001) for those who received any number
of doses (1, 2, or 3).

We then examined the VE of vaccines from differ-
ent manufacturers (Figure 2A). In an analysis that
adjusted for sex, age, and underlying disease, the VE
against pneumonia and severe disease was 50.1%
(95% CI: 21.1%, 68.4%) for two doses of CoronaVac
and 69.9% (95% CI: 47.7%, 82.7%) for two doses of
BBIBP-CorV. The adjusted VE against pneumonia

and severe disease was 61.8% (95% CI: 22.0%,
81.3%) for three doses of CoronaVac and 70.1%
(95% CI: 34.8%, 86.3%) for three doses of BBIBP-
CorV. There was no statistical difference in the VE
of vaccines from different manufacturers (P> 0.05).
Compared with those who were not vaccinated, the
adjusted VE of two mixed doses was 67.1% (95% CI:
25.0%, 85.6%), and the adjusted VE of three mixed
doses was 79.5% (95% CI: 13.1%, 95.1%; P <0.032).
In the case of the same dose, there is no statistical
difference between the VEs inoculated with vaccines
from the same manufacturer and the VEs inoculated
with vaccines from two manufacturers (all P> 0.05).

Vaccine effectiveness against any symptomatic
disease

Univariate analysis are showed that female sex (OR =
1.87, 95% CI: 1.61, 2.18) and underlying diseases (OR

A B
Vaccination status Forest t/‘:i;;‘:/: ZII;: P Vaccination status Forest ?’:i;;t:/:l Z:): P
No doses > 0.0 (Ref) No doses P 0.0 (Ref)
One doses One doses
CoronaVac S 38.0(-82.1,78.9) 0.384 CoronaVac «—t— 7.3(-61.8, 46.9) 0.789
BBIBP-CorV S———— 33.0(-98.4,77.3) 0.470 BBIBP-CorV %>  33.2(-16.4,61.6) 0.154
Two doses Two doses
CoronaVac —_— 50.1(21.1, 68.4) 0.003 CoronaVac <o—o -27.9(-64.8, 0.7) 0.057
BBIBP-CorV —— 69.9(47.7, 82.7) <0.001 BBIBP-CorV ——— 13.9(-11.3,33.6)  0.253
Mixed ——  67.1(25.0, 85.6) 0.008 Mixed <o— -33.0(-88.2,6.1)  0.108
Three doses Three doses
CoronaVac o 61.8(22.0, 81.3) 0.008 CoronaVac — o 19.0(-13.1, 42.0)  0.216
BBIBP-CorV ——  70.1(34.8, 86.3) 0.002 BBIBP-CorV —_——— 7.5(-28.2,33.3) 0.639
Mixed —_—— 79.5(13.1,95.1) 0.032 Mixed —_— 30.9(-8.9, 56.1) 0.111
Total Total
One/Two/Three doses —— 60.8 (42.4, 73.3) <<0.001 One/Two/Three doses —_—— -1.0 (-26.1,19.2)  0.933
r — —T —_—

0.2 0 02 04 06 08 1

-0.4-0.2 0 0.2 0.4 0.6

Figure 2. Vaccine effectiveness by vaccine type (CoronaVac, BBIBP-CorV or mixed) (A) against pneumonia or severe disease (B) and

against any symptomatic disease.
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Table 3. Factors associated with symptomatic disease (mild, pneumonia or severe disease) among SARS-CoV-2 Omicron infection

Number of Number of Mild/Pneumonia/Severe/fatal
Asymptomatic disease Crude OR(95% adjusted OR(95%
(N,%) (N,%) (@)] P (d)} P

Age (year, quartile) 43.0(30.0, 56.0) 42.0 (28.0, 56.0) 1.00(1.00,1.00) 0.644 1.00(1.00,1.00) 0.061

a

Sex

Male(N,%) 632 (59.6) 840(44.0) Ref Ref

Female(N,%) 429 (40.4) 1067 (56.0) 1.87(1.61, 2.18)  <0.001 1.88 (1.61, 2.19) <0.001
Underlying

diseases

No(N,%) 760(71.6) 1254(65.8) Ref Ref

Yes(N,%) 301(28.4) 653(34.2) 1.32(1.12, 1.55) 0.001 1.43(1.18, 1.73) <0.001
Vaccination status
0 dose(N,%) 145(13.7) 280(14.7) Ref Ref
1 dose (N,%) 53(5.0) 69(3.6) 0.67(0.45, 1.02) 0.060 0.79 (0.52, 1.20) 0.264
2 doses(N,%) 621(58.5) 1194(62.6) 1.00(0.80, 1.24) 0.970 1.10 (0.87, 1.38) 0.432
3 doses (N,%) 242(22.8) 364(19.1) 0.78(0.60, 1.01) 0.058 0.83 (0.64, 1.09) 0.181

“age was a continuous integer variable in the regression models.

=1.32, 95% CI: 1.12, 1.55) were significantly associ-
ated with an increased risk of symptomatic disease
(mild, pneumonia or severe disease) (Table 3). Com-
pared with those who were not vaccinated, there was
no significant protective effect from one dose (OR =
0.67, 95% CI: 0.45, 1.02), two doses (OR =1.00, 95%
CI: 0.80, 1.24), or three doses (OR=0.78, 95% CI:
0.60, 1.01) against the composite of any symptomatic
disease (mild, pneumonia, or severe disease). Multi-
variable regression indicated that female sex (aOR =
1.88; 95% CI: 1.61, 2.19) and underlying diseases
(aOR=1.43; 95% CI: 1.18, 1.73) were significantly
associated with an increased risk of symptomatic dis-
ease. Vaccination status was not significantly associ-
ated with the composite of any symptomatic disease
(1 dose: aOR=0.79, 95% CI: 0.52, 1.20; 2 doses:
aOR =1.10, 95% CI: 0.87, 1.38, 3 doses: aOR =0.83,
95% CI: 0.64, 1.09).

We then performed sex-stratified analysis, with
adjustment for age and underlying diseases (Figure
1B). For males, compared with those who were not
vaccinated, the VE against any symptomatic disease
was 15.0% (95% CI: —44.7%, 50.1%, P =0.549) for
those who received 1 dose, —18.5% (95% CI:
—62.7%, 13.7%, P=0.293) for those who received 2
doses, 5.40% (95% CI: —37.8%, 35.1%, P =0.773) for
those who received 3 doses, and —10.8% (95% CI:
—50.9%, 18.7%, P=0.518) for those who received
any number of doses (1, 2, or 3). For females, com-
pared with those who were not vaccinated, the VE
against any symptomatic disease was 27.4% (95% CI:
—44.7%, 63.6%, P =0.363) for those who received 1
dose, 0.40% (95% CIL: —39.5%, 28.9%, P =0.981) for
those who received 2 doses, 27.2% (95% CI: —6.30%,
50.2%, P=0.100) for those who received 3 doses,
and 9.8% (95% CI. —24.9%, 34.9%, P=0.533) for
those who received any number of doses (1, 2, or 3).
Examination of VE against all 3 symptomatic classifi-
cations with stratification by different manufacturers
indicated no significant differences (all P> 0.05,
Figure 2B).

Discussion

Current evidence seems to indicate that the Omicron
variant of SARS-CoV-2 causes milder disease than
previous 2 variants[15-18]. This may be because of
the characteristics of the Omicron variant itself or
the hybrid cell-mediated immunity induced by vacci-
nation and natural infection. In contrast to these pre-
vious studies conducted in other regions or countries,
Changchun City had a very low case load prior to
2022, so its population only had negligible herd
immunity. Therefore, the results of our study demon-
strate the real-world effect of vaccination in a popu-
lation with very low pre-existing natural immunity.
Our data provide real-world evidence that patients
who received two or three doses of either inactivated
vaccine (CoronaVac or BBIBP-CorV) were protected
against pneumonia and severe disease caused by
SARS-CoV-2 Omicron. Stratification by sex indicated
this protective effect was present in men and women.
In addition, analysis of the group of patients who
received any number of vaccine doses (1, 2, or 3) indi-
cated there was no protection against the composite
outcome of all symptomatic disease (mild, pneumo-
nia, or severe disease) before and after stratification
by age, sex, and underlying disease; this is likely
because the vast majority of symptomatic patients
had mild disease (92.4%), and vaccination provided
no protection against mild disease. Our multivariate
model showed that old age and underlying diseases
were significantly associated with pneumonia and
severe disease, consistent with most other studies
[19,20]. After adjusting for age, sex, and underlying
diseases, two or three COVID-19 vaccine doses pro-
tected against pneumonia and severe disease.

In terms of the VE against pneumonia and severe
illness, our findings are broadly consistent with
other studies. For example, Wu et al. provided evi-
dence that completing primary vaccination within
180 days protected against pneumonia due to Omi-
cron infection [21]. Data from the Chinese Center



for Disease Control and Prevention showed that full
vaccination and booster vaccination were associated
with protection from pneumonia and serious disease
caused by the Omicron variant [22]. A study in
Hong Kong showed that the inactivated vaccines pro-
vided significant protection against severe or fatal dis-
ease, and were also protective against mild disease in
those who had three doses [23]. An observational
study in Hong Kong also showed that two or three
doses of BNT162b2 or three doses of CoronaVac pro-
vided very high levels of protection against severe dis-
ease and death in all age groups [24]. A study of
infections by the Omicron variant in South Africa
reported VE against hospitalization was 70% [25]. A
case — control study in the U.S. showed that full
mRNA vaccination significantly reduced the risk of
hospitalization (OR=0.15) and the risk of death or
need for invasive mechanical ventilation in patients
who were hospitalized (OR = 0.33) [26].

Our analysis of VE in all patients and different
patient subgroups showed that vaccination was not
significantly protective against the composite outcome
of all three symptomatic diseases together (mild dis-
ease, pneumonia, and severe disease). This result is
consistent with the previous results [12,27]. In particu-
lar, Andrews et al. showed that vaccination provided
limited protection against symptomatic disease caused
by the Omicron variant in patients who received two
doses of the ChAdOxl nCoV-19 vaccine or the
BNT162b2 vaccine [12]. This may be because the
Omicron variant has many mutations and these vac-
cines were developed based on the ancestral strain of
the SARS-CoV-2 virus. Other studies showed that
although the Omicron variant has many mutations
that allow it to evade some neutralizing antibodies
and memory B cells, memory T cells still provide pro-
tection, even against highly mutated Omicron subvar-
iants. In particular, at least 83% of CD4+ (helper) T
cell responses and 85% of CD8+ T cell responses
remained in patients regardless of vaccination status
or SARS-CoV-2 variant [28]. Neutralizing antibodies
and memory B cells are only part of the body’s adap-
tive immune response. In a person previously infected
by SARS-CoV-2 or vaccinated against COVID-19, T
cells do not prevent infection. Instead, they patrol
the body and destroy cells that are already infected,
thereby preventing virus multiplication and severe
disease [28-30]. This can also explain why the inacti-
vated vaccines provided no protection against mild
disease, but were protective against pneumonia and
severe disease. There is also some evidence that three
doses of inactivated vaccines provided significant
effectiveness against symptomatic disease [31]. The
presence of multiple lines of defense is an important
advantage, because an individual still has some protec-
tion if the virus overcomes an initial line of defense.
From this perspective, it is still necessary to use
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existing COVID-19 vaccines in a timely manner
until new COVID-19 vaccines, which provide broad
more targeted protection, are available.

Although we found that vaccination did not pro-
vide protection against the overall presence of symp-
toms, our results showed that people with
underlying diseases and women were more likely to
have symptoms. It is possible that infected persons
with underlying diseases are more prone to symptoms
due to their weak physical resistance, and that women
are more likely to report mild symptoms than men
[32]. Additionally, some reports show that females
develop a greater antibody response due to hormonal
differences compared to males, which regulates both
adaptive and innate immune responses [33,34]. How-
ever, levels of sex hormones change with age. After
adjusting for age and underlying diseases, we did not
find significant differences in VEs against COVID-19
disease between genders. As an observational study,
this study cannot reveal the relevant mechanisms.
Further basic research is needed to study the differ-
ence of COVID-19 symptoms and the VEs between
different genders.

In addition, our results showed that the CoronaVac
and the BBIBP CorV vaccines had protective effects
against pneumonia and severe disease from Omicron,
although neither had protective effects against any
symptomatic disease, and they had no statistical differ-
ence in VE. We also found that mixed vaccination was
beneficial in this community setting. In particular,
there was no statistical difference in VE when all vac-
cine doses were from the same manufacturer or when
vaccine doses were from different manufacturers,
which may be because only a small number of patients
received mixed vaccinations. At present, there is only
limited knowledge of the effect of mixed vaccination
using different inactivated vaccines. However, studies
of other heterologous vaccines showed they may be
more effective than homologous vaccines. For
example, Zhang et al. showed that a third heterologous
protein subunit vaccine (two-doses of the BBIBP-
CorV vaccine and then one dose of a heterologous
protein subunit vaccine) more effectively increased
the titer of neutralizing antibodies than three doses
of the BBIBP-CorV vaccine [35]. A study in Hong
Kong showed that subjects who received two doses
of the CoronaVac inactivated vaccine and a third
dose of the BNT162b2 vaccine had significantly higher
antibody levels and enhanced neutralizing activity of
different variants than those who received three
doses of the CoronaVac vaccine[36]. The effect of
mixed vaccination from different manufacturers
needs to be further evaluated in future studies. In
terms of safety, Lin et al. reported that use of different
brands of inactivated booster vaccines did not increase
the risk of adverse reactions, but heterologous boos-
ters increased the risk of adverse reactions in subjects
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who had two doses of an inactive vaccine [37]. These
results thus confirm the safety of using mixed vacci-
nations  of from different
manufacturers.

One of the limitations of this study is that all
research participants were infected, and there were
no uninfected participants. Therefore, we could not
evaluate VE against infections of Omicron variant.
Another limitation is that the number of patients
with pneumonia and severe disease is small, which is
not enough for age stratification analysis. A further
large-scale prospective study is needed to more
thoroughly evaluate the effectiveness of inactivated
COVID-19 vaccines against the Omicron variant.

In conclusion, inactivated COVID-19 vaccines pro-
tect infected individuals against pneumonia and severe
disease due to the Omicron variant, and booster vac-
cinations enhance this effect. Our results underline
the public health value of full vaccination and booster
vaccination to protect individuals from pneumonia
and severe disease and to reduce the burden on the
healthcare system. Previous studies and the present
study demonstrated the need for vaccine boosters,
and that the vaccination schedule and types of vaccine
combinations need to be further evaluated. In the
absence of knowledge about how the SARS-CoV-2
virus will mutate in the future, population-wide vacci-
nation against COVID-19 using the existing vaccines
is likely to remain one of the most beneficial public
health strategies.

inactive  vaccines
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