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ABSTRACT

Omicron and its sublineages are currently predominant and have triggered epidemiological waves of SARS-CoV-2
around the world due to their high transmissibility and strong immune escape ability. Vaccines are key measures to
control the COVID-19 burden. Omicron BA.2 caused a large-scale outbreak in Shanghai since March 2022 and
resulted in over 0.6 million laboratory-confirmed infections. The vaccine coverage of primary immunization among
residents aged 3 years and older in Shanghai exceeded 90%, and inactivated COVID-19 vaccines were mainly
delivered. In the context of high vaccine coverage, we conducted a cohort study to assess vaccine effects on
reducing the probability of developing symptoms or severity of disease in infections or nonsevere cases. A total of
48,243 eligible participants were included in this study, the majority of whom had asymptomatic infections (31.0%)
and mild-to-moderate illness (67.9%). Domestically developed COVID-19 vaccines provide limited protection to
prevent asymptomatic infection from developing into mild-to-moderate illness and durable protection to prevent
nonsevere illness from progressing to severe illness caused by Omicron BA.2. Partial vaccination fails to provide
effective protection in any situation. The level of vaccine effects on disease progression in the elderly over 80 years
old was relatively lower compared with other age groups. Our study results added robust evidence for the vaccine
performance against Omicron infection and could improve vaccine confidence.
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Introduction
and with inactivated COVID-19 vaccines in widespread

The lineages of the B.1.1.529 (omicron) variant of
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) are currently predominant around
the world. In addition, regarding a set of nonpharma-
ceutical interventions (NPIs) with adjusted intensities,
medical interventions, including SARS-CoV-2 vac-
cines and antiviral drugs, will become the main strat-
egies to curb coronavirus disease 2019 (COVID-19) in
the next stage.

The local outbreak of the Omicron sublineage BA.2
in Shanghai since March 2022 resulted in over 0.6
million laboratory confirmed infections in early June
[1], which was the largest-scale local outbreak in main-
land China since 2020 and was contained with the
measures implemented in a subregional and phased
manner. With a largely infection-naive population

use, Shanghai represents a unique environment for
monitoring inactivated vaccine performance against
Omicron BA.2. A recent study in Hong Kong using sur-
veillance data indicated that two doses or three doses of
inactivated CoronaVac vaccine could provide strong
and durable protection against severe disease and
death [2]. However, the overall primary vaccination
coverage among the population aged 3 years and
older in Shanghai was much higher than that in
Hong Kong and exceeded 90% at the beginning of
the outbreak [3]. Booster doses are only recommended
for adults aged 18 years and older in Shanghai.

In the context of high vaccination coverage, a com-
mon question of interest could be the effect of vacci-
nation on reducing the severity of disease or
probability of death in symptomatic cases or
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infections. This study aimed to assess the vaccine
effects on post-infection outcomes and provide more
robust evidence to improve vaccine confidence.

Materials and methods
Study participants

Subjects who had positive SARS-CoV-2 polymerase
chain reaction (PCR) results during the local outbreak
in Shanghai (between February 17, 2022 and May 15,
2022) and who were admitted to designated or cabin
hospitals were invited to participate in this study.
The designated hospitals received patients suffering
from mild-to-moderate or severe symptoms, and
cabin hospitals received patients suffering from slight
or mild symptoms of the novel coronavirus. The
patients who had two consecutive negative PCR
results in hospital were allowed to be discharged. Sub-
jects who were aged 3 years and older and provided
informed consent were eligible for this study. We
excluded individuals who ever had a positive PCR
test before the start of the study period.

Data collection

Participants’ demographic information (age, gender,
comorbidity), clinical course (diagnosis date, admission
date, symptoms, antiviral treatment (Paxlovid), disease
severity) and vaccination information (doses, vaccine
product, vaccination date) were extracted from medical
records. The participants with incomplete records were
interviewed face-to-face or by telephone to supplement
relevant data as much as possible. The comorbidity cat-
egories were defined using standardized definitions and
were obtained through electronic medical record review
by trained surveillance personnel, and the data included
hypertension, diabetes, cardiovascular disease, haemato-
logical and haemodialysis disease, chronic renal disease,
chronic lung disease, chronic liver disease, chronic rheu-
matism, neurological disease, human immunodeficiency
virus (HIV) infection, malignant tumour and transplan-
tation. The diagnosis, treatment and disease severity
classification (asymptomatic infection, mild-to-moderate
cases, severe cases, critical cases and death) were con-
ducted according to the Diagnosis and Treatment Proto-
col for COVID-19 (Trial Version 8 before March 15,
2022 [4] and Trial Version 9 after March 15, 2022 [5])
issued by the National Health Commission of the
People’s Republic of China. Critical cases and deaths
were grouped into severe cases in this study.

Vaccination status

Vaccination status was defined as unvaccinated, partial,
primary and booster immunization based on the
national recommendation of each product-specific

COVID-19 vaccine. Participants who received a two-
dose regimen of inactivated vaccines, a one-dose regi-
men of ad-vectored vaccine or a three-dose regimen of
protein subunit vaccine were considered to have com-
pleted primary immunization. The combined use of vac-
cines on different platforms was classified as mixed
regimens. A 14-day lag after the vaccination series was
considered when classifying the vaccination status.

Statistical analyses

The demographics of the eligible participants were
summarized for disease severity (asymptomatic infec-
tion, mild-to-moderate and severe illness). Vaccine
effects on post-infection outcomes were represented
as VEp. VEp against progression to high disease sever-
ity was estimated using multivariable logistic
regression, comparing the odds of vaccination status
among asymptomatic infection vs. mild-to-moderate
illness and nonsevere illness vs. severe illness separ-
ately after adjusting for potential confounders, includ-
ing age, sex, presence of comorbidity (continuous
variable) and antiviral medications. Subjects who
received antivirals before progression to severe clinical
symptoms were classified as receiving antivirals group.
VEp was calculated as (1 - adjusted odds ratio) x
100%. The results were stratified by age group (3-17,
18-59, 60-79, >80 years) and vaccine platforms. Sub-
group analyses for time since receipt of the vaccine
(<180 days and >180 days post primary vaccination,
<90 days and >90 days post booster vaccination)
were conducted and were restricted to the inactivated
vaccine recipients. The duration of infection was
defined as the interval between the diagnosis date
(the date of positive PCR retest result) and the dis-
charge date and this analysis was restricted to partici-
pants diagnosed after March 15 due to the updated the
Diagnosis and Treatment Protocol for COVID-19.
The mean and corresponding 95% confidence interval
(95% CI) were calculated. Comparisons of the dur-
ation of infection between the participants with differ-
ent vaccination statuses were performed by Group t
tests. All analyses were conducted using R 4.0.2.

Results

From February 17 to May 15, 2022, a total of 51,775
patients with laboratory-confirmed infections were
admitted to the designated or cabin hospitals, and
48,243 participants were included in this study. Par-
ticipants with mild-to-moderate illness (67.9%) and
adults aged 18-59 years old (82.0%) accounted for
the majority (Figure 1 and Table 1). The proportions
of the participants who received at least one dose of
COVID-19 vaccines were 87.8%, 90.0% and 23.8% in
the asymptomatic, mild-to-moderate and severe
groups, respectively, and most of the vaccines were
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Figure 1. Flowchart of the included participants. Severe outcomes included the clinical outcomes of the severe, critical and fatal

cases.

inactivated vaccines. The median days between the last
vaccination dose and positive PCR test result were
approximately 280 days post primary immunization
and approximately 100 days post booster immunization
(Table 1). More than 80% of the patients with asympto-
matic infection and mild-to-moderate illness reported
no comorbidity, and 86.9% of the patients with severe
disease had at least one comorbidity (Table 1).

All the lower limits of the 95% CI for the vaccine
effect estimations in preventing asymptomatic infec-
tion from developing into mild-to-moderate cases
were smaller than 0, except that of ad-vectored vac-
cines among the elderly aged 60-79 years (Table 2).
In contrast, the lower limits of the 95% CI were greater
than 0 for all thresholds when assessing the vaccine
effects in preventing nonsevere illness progressing to
severe illness among the patients who completed pri-
mary or booster immunization (Table 2). Homolo-
gous booster immunization with inactivated vaccines
prevented more than 70% of disease progression to
severe outcomes in all age groups above 18 years
(VEp 79.5, 95% CI 58.0-90.3 for the 18-59 age
group; VEp 71.1, 95% CI 57.4-80.9 for the 60-79 age
group; VEp 71.1, 95% CI 23.8-91.5 for the 80 years
and above age group; Table 2). COVID-19 vaccines

provided a relatively lower level of protection in pre-
venting the cases of nonsevere illness from progressing
to severe disease for the elderly aged 80 years and older
than that for the 18-59 age group (p =0.02) and the
60-79 age group (p =0.03). The protection provided
by three doses of inactivated vaccines against severe
disease progression was durable in the adults of
three age group (18-59 age group: VEp 74.1, 95% CI
33.6-91.6 within 90 days, VEp 81.6, 95% CI 57.7-
92.9 above 90 days, p =0.56; 60-79 age group: VEp
71.4, 95% CI 48.4-85.7 within 90 days, VEp 66.6,
95% CI 46.1-80.3 above 90 days, p=0.71; 80 years
and above age group: VEp 70.1, 95% CI —61.9-98.4
within 90 days, VEp 56.8, 95% CI —43.3-90.6 above
90 days, p =0.71; Table 3). Meanwhile, there were no
significant differences in the effects between the
three age groups after booster immunization.
Among the unvaccinated participants, the mean
infection durations of the asymptomatic infections,
mild-to-moderate cases and severe cases were 9.3
days (95% CI: 9.1-9.6), 11.6 days (95% CI: 11.4-
11.8), and 20.5 days (95% CI: 19.4-21.6), respectively,
which were significantly longer than those among the
vaccinated participants (Figure 2). The duration of
infection was similar among the participants with



4 Q WUETAL.

Table 1. Demographic characteristics (n, %).

Asymptomatic Mild-to-moderate Severe
(N=14,934) (N=32,776) (N =533)
Age group
3-17 years 527 (3.5) 1197 (3.6) 1(0.2)
18-59 years 11,836 (79.3) 27,651 (84.4) 75 (14.1)
60-79 years 2434 (16.3) 3682 (11.2) 261 (49.0)
80+ years 137 (0.9) 246 (0.8) 196 (36.8)
Sex
Male 9938 (66.5) 20,065 (61.2) 304 (57.0)
Female 4996 (33.5) 12,711 (38.8) 229 (43.0)
Vaccination courses
Unvaccinated 1823 (12.2) 3277 (10.0) 406 (76.2)
Partial
Inactivated (1 dose) 514 (3.4) 996 (3.0) 12 (2.4)
Protein subunit (1/2 doses) 6 (0.0 30 (0.0) -
Primary
Inactivated (2 doses) 5279 (35.3) 11,557 (35.3) 60 (11.1)
Ad-vectored (1 dose) 337 (2.3) 603 (1.8) -
Protein subunit (3 doses) 41 (0.3) 248 (0.8) 2 (0.4)
Mixed 3(0.0) 4(0.0) -
Booster
Inactivated (3 doses) 6776 (45.4) 15,760 (48.1) 51 (9.6)
Ad-vectored (2 doses) 151 (1.0) 286 (0.9) 2 (0.4)
Mixed 4 (0.0 15 (0.0) -
Days between last vaccination dose and positive PCR test result (median, IQR)
Partial 244 (172, 308) 232 (114, 300) 321 (283, 364)
Primary 284 (232, 314) 280 (223, 312) 292 (237, 333)
Booster 98 (77, 120) 97 (77, 122) 103 (79, 118)
Presence of comorbidity
0 12,406 (83.1) 26,650 (81.3) 70 (13.1)
1 1899 (12.7) 4602 (14.0) 122 (22.9)
2 489 (3.3) 1,135 (3.5) 133 (25.0)
>3 140 (0.9) 389 (1.2) 208 (39.0)
Antiviral medications
Yes 86 (0.6) 411 (1.3) 94 (17.6)
No 14,848 (99.4) 32,365 (98.7) 439 (82.4)

Note: Mixed regimens included combination use of vaccines on difference platforms.

Table 2. Vaccine effects against disease progression by the vaccination status within the age categories (VEp, 95% Cl).

3-17 years 18-59 years 60-79 years 80+ years
Asymptomatic vs. mild-to-moderate (adjusting for age, sex and presence of comorbidity)
Overall Partial —40.9 —-9.4 7.3 20.7
(—141.8, 15.3) (—25.9, 4.8) (=37.1, 37.0) (—520.0, 87.4)
Primary —16.6 —26.3 —8.4 289
(—52.5, 11.0) (—37.9, —15.6) (=10.5, 15.7) (—36.9, 62.6)
Booster NE —44.1 —-12.8 38.2
(—57.0, —36.8) (—29.4,1.7) (—22.9, 68.7)
Inactivated Partial —39.5 —6.7 7.3 20.7
(—139.4, 16.3) (—23.0,7.2) (-=23.7, 37.0) (—520.0, 87.4)
Primary -17.6 —26.2 —7.6 289
(—53.7, 10.3) (—37.9, —15.5) (—23.7, 6.4) (—36.9, 62.6)
Booster NE —44.9 —13.7 38.2
(—58.0, —32.9) (—30.5, 0.9) (—22.9, 68.7)
Ad-vectored Primary NE -14 -31.3 NE
(—19.4, 13.7) (—159.7, 31.4)
Booster NE —23.0 63.7 NE
(—54.0, 1.4) (4.8, 87.5)
Non-severe vs Severe (adjusting for age, sex, presence of comorbidity and antiviral medication)
Overall Partial NE 82.2 —14.8 —46.8
(—1.2,99.1) (—137.3,51.2) (—552.9, 71.9)
Primary NE 60.9 68.0 54.3
(24.7, 80.0) (53.3, 78.6) (1.3, 81.2)
Booster NE 76.0 71.2 71.1
(52.0, 88.3) (57.5, 81.0) (23.8, 91.5)
Inactivated Partial NE 82.3 -14.6 —46.8
(=1.0,99.1) (—136.8, 51.3) (=552.9,71.9)
Primary NE 63.3 67.5 54.3
(28.1, 81.7) (52.7, 78.3) (1.3, 81.2)
Booster NE 79.5 71.1 71.1
(58.0, 90.3) (57.4, 80.9) (23.8, 91.5)

Note: Non-severe outcomes included clinical severity as asymptomatic and mild-to-moderate illness. Severe outcomes included clinical severity as severe,
critical, and fatal illness. NE (not estimated) indicated that the results cannot be estimated because of the small sample size.
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Table 3. Time-varying vaccine effects against disease progression from nonsevere to severe outcomes within the age categories
among the inactivated vaccine recipients (VEp, 95% Cl).

18-59 years 60-79 years 80+ years
Primary
<180 days 285 NE 423
(—160.4, 89.0) (—508.2, 97.6)
>180 days 69.5 65.2 63.8
(36.6, 86.2) (48.2, 77.4) (—0.3, 89.8)
Booster
<90 days 74.1 714 70.1
(33.6, 91.6) (48.4, 85.7) (—61.9, 98.4)
>90 days 81.6 66.6 56.8
(57.7,92.9) (46.1, 80.3) (—43.3, 90.6)

Covariates included age, sex, presence of comorbidity and antiviral medication. Non-severe outcomes included clinical severity as asymptomatic and mild-
to-moderate illness. Severe outcomes included clinical severity as severe, critical, and fatal iliness. NE (not estimated) indicated that the results cannot be

estimated because of the small sample
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Figure 2. Duration of infection by vaccination status. Severe outcomes included the clinical outcomes of the severe, critical and
fatal cases. * represents p value < 0.05, ** represents p value < 0.01, *** represents p value < 0.001.

different vaccination statuses, regardless of disease
severity (Figure 2).

Discussion

Our study showed that primary and booster vacci-
nation provided limited protection to prevent asymp-
tomatic infection progressing to mild-to-moderate
disease and durable protection, the vaccine prevented
nonsevere illness into progressing into severe illness.
Partial vaccination fails to provide effective protection
in any situation. The level of vaccine effects on disease
progression for the elderly over 80 years old was rela-
tively lower compared with the other age groups. The
duration of infection among the participants who
received at least one dose of COVID-19 vaccine was

significantly shorter than that among the unvaccinated
participants regardless of disease severity.

The participants in the vaccinated group who
become infected would be those with weaker immune
systems, whereas the infected participants in the
unvaccinated group would be those with a weaker
immune system as well as those with a stronger
immune system. In this situation, if we compare a
post-infection outcome in the vaccinated group with
that in the unvaccinated group, it could appear that
the vaccine makes things worse, even if vaccination
has absolutely no effect on anything after infection
[6]. However, results associated with lower limits of
the 95% CI that were greater than 0 for all thresholds
when assessing the vaccine effects on nonsevere illness
progressing to severe illness indicated that primary
and booster vaccination substantially decreased the
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severity of breakthrough disease in adults who
received two or three doses of vaccines compared
with that in unvaccinated adults.

Studies in Hong Kong and Shanghai have revealed
the strong protection provided by two-dose schedules
of inactivated vaccines against severe disease and
death in those under 80 years of age and the limited
protection against Omicron infection [2, 6, 7], which
was consistent with our results. Both McMenamin
et al. [2] and Huang et al. [7] obtained data from
aggregated electronic databases that lacked the bio-
logical factors and therapeutic options that are signifi-
cantly associated with severe outcomes.

The predominant variant Omicron BA.4/5 has been
indicated to be more likely to escape immunity than
the Omicron BA.2 sub-lineage [8, 9]. Several studies
in the real world indicated that the protection pro-
vided against these two sublineages by first-generation
COVID-19 vaccines was similar, and the more impor-
tant factor associated with loss of protection was the
waned vaccine effects over time [10, 11]. Most of the
participants in our study received vaccines more
than 6 months before infection, suggesting that vacci-
nation with booster doses in time rebounded the
immune responses for stronger protection. As of
March 2022 (at the beginning of the outbreak), Shang-
hai residents were vaccinated with domestically devel-
oped inactivated vaccines, and the vaccination
coverage was relatively low in the elderly (only
approximately 62% of individuals aged 60 years or
older had completed the primary schedule) [3] and
has been at a standstill since then (approximately
70.1% as of July 24, 2022) [12]. Everyone needs to be
individually protected by vaccination when the herd
immunity from any of the current generation vaccines
is hard to build and when facing the emerging var-
iants, and this is especially true within clinically vul-
nerable populations. Older people, those with
multimorbidity, and those with specific underlying
health conditions remain at increased risk of severe
COVID-19 and death after the initial vaccine booster
[13]. Every person vaccinated and every person
boosted receives clinically meaningful direct protec-
tion from serious/critical/fatal COVID-19 [14]. Indu-
cing mucosal immunity by first-generation COVID-
19 vaccines [15, 16] and accelerating the next gener-
ation of COVID-19 vaccines [17] would be other
ways to establish a higher level of population immu-
nity. To mitigate the viral pandemic in progress in
China, the second booster doses are urgent to be pro-
vided as the additional protection against severe out-
comes has been demonstrated [18, 19], especially for
the healthcare workers and clinically vulnerable popu-
lation. Inhaled and heterologous doses could induce
higher levels of neutralization antibody titres, which
should be recommended preferentially. As the first-

generation COVID-19 vaccines couldn’t reduce the
spread of SARS-CoV-2 virus, more researches are
appealed on mucosal vaccines and broad-spectrum
vaccines.

Our study has several limitations. Conditioning on
an event that occurs subsequent to receipt of vaccine
or control could result in selection bias, and compar-
ability of the infected vaccinated and infected unvacci-
nated groups would lead to biased estimates of the
effect of vaccination on post-infection outcomes.
However, people of all ages are susceptible to SARS-
CoV-2, and we included biological factors (age and
presence of comorbidity), which have been indicated
to be high-risk factors associated with severe out-
comes. Second, due to the pressure on medical sys-
tems, the diagnosis date, which was defined as the
date of a positive PCR retest result, may lag for two
or three days after the first positive PCR test result,
which may have led to an underestimated duration
of infection in this study. Third, the absence of
obvious symptoms may lead to the misclassification
of disease severity, but the possibility of misclassifi-
cation of severe outcomes was very small. Last, we
failed to evaluate the effects of protein subunit vac-
cines and mixed regimens, and the effects against
fatal outcomes due to the small sample size of the
study. Meanwhile, the number of subjects received
primary immunization within 180 days was small
which leading to biased results.

Conclusions

Our study results showed that first-generation
COVID-19 vaccines could provide durable protection
to prevent disease progression from nonsevere to
severe outcomes. It is difficult to block infection and
transmission of the virus in the context of the highly
transmissible and immune escape SARS-CoV-2 var-
iant Omicron and its sublineages. Medical interven-
tions are an important weapon to overcome the
pandemic in the next stage, and COVID-19 vaccines
play an irreplaceable role.
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