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Abstract

Background: Limited data are available on the effectiveness of inactivated and Ad5-nCoV COVID-19 vaccines in real-
world use—especially against Omicron variants in SARS-CoV-2 infection-naive population.

Methods: A matched case-control study was conducted among people aged > 3 years between 2 December 2021
and 13 May 2022. Cases were SARS-CoV-2-infected individuals, individuals with severe/critical COVID-19, or COVID-
19-related deaths. Controls were selected from consecutively test-negative individuals at the same time as cases were
diagnosed and were exact-matched on year-of-age, gender, birthplace, iliness onset date, and residential district in
ratios of 1:1 with infected individuals and 4:1 with severe/critical COVID-19 and COVID-19-related death. Additionally,
two subsets were constructed to analyze separate vaccine effectiveness (VE) of inactivated vaccines (subset 1) and
Ad5-vectored vaccine (subset 2) against each of the three outcomes.

Results: Our study included 612,597 documented SARS-CoV-2 infections, among which 1485 progressed to severe
or critical illness and 568 died. Administering COVID-19 vaccines provided limited protection against SARS-CoV-2
infection across all age groups (overall VE: 16.0%, 95% Cl: 15.1-17.0%) but high protection against severe/critical illness
(88.6%, 85.8-90.8%) and COVID-19-related death (91.6%, 86.8-94.6%). In subset 1, inactivated vaccine showed 16.3%
(15.4-17.2%) effective against infection, 88.6% (85.8-90.9%) effective against severe/critical COVIID-19, and 91.7%
(86.9-94.7%) against COVID-19 death. Booster vaccination with inactivated vaccines enhanced protection against
severe COVID-19 (92.7%, 90.1-94.6%) and COVID-19 death (95.9%, 91.4-98.1%). Inactivated VE against infection

began to wane 12 weeks after the last dose, but two and three doses sustained high protection levels (> 80%) against
severe/critical illness and death, while subset 2 showed Ad5-vectored vaccine was 13.2% (10.9-15.5%) effective
against infection and 77.9% (15.6-94.2%) effective against severe/critical COVIID-19.

Conclusions: Our real-world study found high and durable two- and three-dose inactivated VE against Omicron-
associated severe/critical illness and death across all age groups, but lower effectiveness against Omicron infection,
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which reinforces the critical importance of full-series vaccination and timely booster dose administration for all eligi-

ble individuals.
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Research in context

Evidence before this study

We searched medRxiv, PubMed, and SSRN on 26 May
2022, using the terms “omicron,” “inactivated vaccines,’
“adenovirus vector,; and “vaccine effectiveness,” with no
language restrictions. Studies in Israel, the UK, and the
USA demonstrated that mRNA vaccines with booster
doses protect against serious illness caused by SARS-
CoV-2 and Omicron variants; studies have also shown
reduced neutralizing antibody activity against Omicron
and a waning of protection following mRNA vaccination.
Fewer data are available on real-world vaccine effective-
ness (VE) of inactivated and adenovirus type 5-vectored
vaccines, especially against Omicron. Most published
studies of inactivated or ad5-vectored vaccine focused on
safety, immunogenicity, or efficacy and were conducted
among narrowly defined populations such as healthcare
workers in Brazil. A recent study in Hong Kong during
Omicron outbreaks estimated VE of three doses of Cor-
onaVac against mild/moderate disease to be 17.9% for
adults aged 20-59 years and 50.7% for adults aged above
60 years; VEs against severe/fatal COVID-19 were above
95% across all age groups.

Added value of this study

Our real-world study in a SARS-CoV-2 infection-naive
population showed that inactivated vaccines and Ad5-
nCoV had high and durable VE against Omicron-associ-
ated severe/critical illness and death across all age groups
but much lower effectiveness against Omicron infec-
tion. Booster doses offered additional protection against
severe/critical disease and death with a duration of at
least 36 weeks.

Implications for all the available evidence

These findings provide strong evidence for complet-
ing full-series and booster vaccination among eligible,
recommended populations in China. Although inac-
tivated and Ad5-nCoV vaccines provided limited pro-
tection against Omicron infection, they were highly
effective for preventing severe illness and death across
all age groups—even higher with homologous boost-
ing. Incorporation of our data on the risk of hospitali-
zation and death could inform policy-making decisions
on the speed, nature, and duration of public health and
social interventions for mitigating the pandemic. All resi-
dents eligible to be vaccinated who are without medical

contraindication should receive a full primary series;
individuals eligible for booster doses should receive
timely booster doses. Improving coverage among the
elderly is especially important, as the elderly suffer most
from COVID-19.

Background

The Omicron BA. 2 severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) variant of concern was first
detected in the USA in November of 2021 and has subse-
quently spread globally [1]. Sequencing of virus isolates
from 129 coronavirus disease 2019 (COVID-19) patients
between late February 2022 and May 2022 showed that
Omicron BA. 2 was the dominant sub-lineage in Shang-
hai [2]. Omicron BA. 2 differs by approximately 40 muta-
tions from the original Omicron lineage, BA. 1, and has a
growth advantage over BA. 1 [3]. While studies are ongo-
ing to understand the reasons for this growth advantage,
initial data suggest that BA.2 appears more transmissible
than BA. 1, which currently remains the most common
Omicron sub-lineage reported. Rodent models suggest
that the infectivity and pathogenicity of Omicron/BA.2
variant are similar to Omicron/BA. 1’s [4, 5].

Studies in Israel, the UK, and the USA have demon-
strated that primary-series and booster vaccination with
mRNA vaccines protect against SARS-CoV-2 infection,
with greater protection from COVID-19-related hospi-
talizations and severe outcomes [6—8] which is also seen
against Omicron outcomes [9-11]. Studies have also
reported reduced neutralizing antibody activity against
Omicron [12]. Fewer data are available on real-world
vaccine effectiveness (VE) of inactivated and adenovirus
type 5-vectored vaccine, especially against Omicron. A
Singaporean study before Omicron became prevalent
reported that compared with BNT162b2, subjects who
received inactivated whole virus vaccines were more
likely to be infected with SARS-CoV-2 [13]. An eco-
logical VE study in Hong Kong found that three doses
of either BNT162b2 or CoronaVac provided substantial
protection against severe COVID-19 (VE > 95%) and
death (VE > 96%) caused by confirmed Omicron variant
infection [14].

In Shanghai, COVID-19 vaccination started in Feb-
ruary 2021 among residents 18—59 years old, in March
2021 among residents 60—75 years of age, in May 2021
for individuals 76 years and older, and in September
2021 for children 3—17 years of age. Booster vaccination



Huang et al. BMC Medicine (2022) 20:400

started in November 2021 for residents > 18 years; chil-
dren are not yet eligible for boosters. As of May 2022,
there is no approved COVID-19 vaccine for children < 3
years in China. One out of every four doses of COVID-
19 administered globally has been CoronaVac. Despite
its global importance, limited evidence is available on the
efficacy or effectiveness of this vaccine.

Between 2 December 2021 and 13 May 2022, a total of
618,019 individuals tested RT-PCR-positive for SARS-
CoV-2 infection. By that time, over 90% of the population
aged > 3 years were reported to have received a primary
series, and 47% received a booster dose. With its SARS-
CoV-2 infection-naive population, Shanghai provided
a nearly unique outbreak setting to estimate real-world,
vaccine-only-induced inactivated and Ad5-vectored
COVID-19 VE against documented SARS-CoV-2 Omi-
cron infection, severe or critical COVID-19, and COVID-
19-related death.

Methods

Study setting and study participants

The study was conducted among people living in Shang-
hai, a provincial-level municipality in China with a
resident population of more than 25 million people.
Everyone living in Shanghai—citizens, foreigners, and
immigrants—underwent several rounds of SARS-CoV-2
real-time polymerase chain reaction (RT-PCR) testing
between 2 December 2021 and 13 May 2022. Complete
demographic (age, gender, birthplace, and residential dis-
trict), vaccination, and RT-PCR testing data were avail-
able to public health officials and study investigators.
Individuals with negative RT-PCR SARS-CoV-2 tests
who had tested positive before 2 December 2021 were
excluded. Children less than 3 years of age were not vac-
cine-eligible and were excluded.

Controls were selected from consecutively test-nega-
tive individuals at the same time as cases were diagnosed.
The size of the potential control group was 25.18 million
people receiving several rounds of city-wide nucleic acid
amplification testing (NAAT), and RT-PCR testing was
universal regardless of COVID-19-associated symptoms.

Study design

We used a matched case-control design for data extrac-
tion. Cases were individuals with documented SARS-
CoV-2 infection, severe or critical COVID-19, or
COVID-19-related death. Infection-only cases were
matched 1:1 with controls on year-of-age, gender, birth-
place (Shanghai/other places), date of testing, and resi-
dential district; severe or critical COVID-19 cases and
COVID-19-related death cases were matched 1:4 on year-
of-age, gender, birthplace, date of illness onset, and resi-
dential district (Fig. 1). We matched each case to unique

Page 3 of 12

controls without replacement. When there is more than
one case-control pair available, we selected the first (for
infection-only cases) or first four (for severe/critical and
fatal cases) eligible individuals. We constructed two sub-
sets to analyze separate VEs of inactivated vaccines (sub-
set 1) and Ad5-vectored vaccine (subset 2) against each
of the three outcomes (Additional file 1: Figs. S1 and S2).

Infections and outcomes
PCR testing for SARS-CoV-2 is available in public hos-
pitals and private laboratories throughout China. Since
10 March 2022, Shanghai conducted several rounds of
SARS-CoV-2 tests, each involving more than 25 mil-
lion people. The severity of disease for all SARS-CoV-2
infections was assessed in any of 48 COVID-19-desig-
nated hospitals in accordance with the Diagnosis and
Treatment Protocol for COVID-19 (trial version 9) [15].
We included three outcomes in our study: documented
SARS-CoV-2 infection, severe/critical COVID-19, and
COVID-19-related death. Documented SARS-CoV-2
infection was confirmed by a positive RT-PCR test. For
adult cases, severe illness must meet any of the follow-
ing criteria: (a) respiratory distress (respiration rate [RR]
> 30 breaths per minute (BPM)), (b) oxygen saturation
< 93% at rest, and (c) arterial partial pressure of oxygen/
fraction of inspired oxygen < 300 mmHg. Addition-
ally, cases with chest imaging that shows obvious lesion
progression within 24-48 h > 50% shall be managed as
severe illness. For child cases, severe illness must meet
any of the following criteria: (a) persistent high fever
over 3 days; (b) tachypnea (RR > 60 BPM for infants
aged below 2 months; RR > 50 BPM for infants aged
2-12 months; RR > 40 BPM for children aged 1-5 years,
and RR > 30 BPM for children > 5 years), independent
of fever and crying; (c) oxygen saturation < 93% on fin-
ger pulse oximeter taken at rest; (d) labored breathing
(moaning, nasal fluttering, and infrasternal, supraclav-
icular, and intercostal retraction), cyanosis, and intermit-
tent apnea; (e) lethargy and convulsion; and (f) difficulty
feeding and signs of dehydration. Critical illness must
meet any of the following criteria: (a) respiratory failure
and requiring mechanical ventilation, (b) shock, and (c)
other organ failures that require intensive care unit (ICU)
care. COVID-19-related death is assessed by medical
institutions.

Data on all confirmed and asymptomatic cases between
2 December 2021 and 13 May 2022 were obtained
from the National Notifiable Diseases Registry System
(NNDRS).

Vaccination data
In this study, inactivated vaccine included Sinovac-
CoronaVac, Sinopharm/BIBP COVID-19 vaccine, and
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In total, 618.019 individual with > 2 positive
PCR confirmed SARS-CoV-2 infection were
admitted between December 2™, 2021 and
May 13™ 2022 (downloaded on May 14",
2022)

In total. 25.810.965 who took Nucleic Acid Test in
Shanghai on April 4™, 2022 were included

5.422 were excluded:
e 5402 aged <3 year-old
e 3 had unknown vaccination history
e 17 had uncertain information (age.
gender. or date of the onset. etc.)

A\ 4

\ 4

612.597 individuals with a PCR- confirmed
SARS-CoV-2 infection between December
2" 2021 and May 13™, 2022 eligible for
inclusion in the analysis

|

612,597 individuals with a PCR-
confirmed SARS-CoV-2 infection
could be matched by age. gender. birth
place and resident region

Up to 618.019 were excluded with > 2 positive

PCR confirmed SARS-CoV-2 infection were
admitted between December 2%, 2021 and <
May 13", 2022 (information downloaded on

May 14" 2022)

\ 4

623.420 PCR negative individuals could be
matched by age, gender. birth place and resident |
region to included cases, for whom vaccination
records were retrieved

'

612.597 PCR negative individuals could be
matched by age. gender. birth place and resident
region to individuals in left box, for whom
vaccination records were retrieved

—1:1 match—

1.485 individuals with a PCR- confirmed
SARS-CoV-2 infection between December
2nd. 2021 and May 13th, 2022 that
progressed into severe illness

1.485 individuals with severe/critical
illness could be matched by age.
gender. birth place and resident region

5.940 PCR negative individuals could be matched
by age. gender. birth place and resident region to
individuals in left box . for whom vaccination
records were retrieved

—1:4 match—

568 individuals with a PCR confirmed SARS-
| CoV-2 infection between December 2™, 2021
| and May 13™ 2022 that progressed into fatal
diseases

region

568 died individuals could be matched
—» by age. gender, birth place and resident ——1:4 match—

2.272 PCR negative individuals could be matched
by age. gender, birth place and resident region to
individuals in left box . for whom vaccination
records were retrieved

Fig. 1 Participant enroliment flowchart

Sinopharm/WIBP COVID-19 vaccine; Ad5-vectored
vaccine referred to Cansino Ad5-nCoV-S COVID-19 vac-
cine; and recombined protein vaccine referred to recom-
binant SARS-CoV-2 vaccine (CHO cell), Anhui Zhifei
Longcom Biopharmaceutical Institute of Microbiology.
The Shanghai Group Immunization System captures all
vaccine administrations and is updated daily. This immu-
nization information system is the repository of nearly
all vaccinees’ records and includes the name, national
identification number, vaccine type, vaccination date,
vaccination dose, vaccination site, and vaccine manufac-
turer. This system is linked to the National Immunization
Program Information System, which adds documented
national identification-matching COVID-19 vaccinations
received outside of Shanghai. Immunization histories
were verified manually with records for subjects 3 years
and older who had an unknown national identification
number. NAAT data were linked to individual vaccina-
tion records using national identification numbers and
names. Vaccination data were extracted and matched to

cases and controls on 13 May 2022. Additional file 1: Fig.
S3 shows the process of vaccination history retrieval.
Vaccination status was categorized into four levels in
accordance with the national technical recommendations
for COVID-19 vaccination: (1) unvaccinated—either no
history of COVID-19 vaccination before the last SARS-
CoV-2 exposure date; (2) partial vaccination—either
one dose of inactivated vaccine, or two doses of inacti-
vated vaccine but receiving the second dose within 14
days before the last SARS-CoV-2 exposure date, or two
doses of recombinant protein vaccine (three doses are
recommended for primary vaccination), or one dose of
adenovirus vector vaccine or three doses of recombinant
protein vaccine but with the most recent dose within 14
days before the last SARS-CoV-2 exposure date; (3) full
primary vaccination—either two doses of inactivated
vaccine, one dose of adenovirus vector vaccine, three
doses of recombinant protein (CHO cell) vaccine with
the most recent doses 14 days or more before the last
SARS-CoV-2 exposure date and with no booster dose; or
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two doses of inactivated vaccine with one booster dose of
inactivated vaccine, adenovirus vector vaccine, or recom-
binant protein (CHO cell) vaccine within 7 days before
the last SARS-CoV-2 exposure date; or two doses of ade-
novirus vector vaccine within 7 days before the last expo-
sure date; or (4) booster vaccination—either two doses
of Ad5-vectored vaccine with the second dose 7 days or
more before the last exposure date or two doses of inac-
tivated vaccine and one booster dose of inactivated vac-
cine, adenovirus vector vaccine, or recombinant protein
vaccine 7 days or more before the last exposure date.

Vaccination intervals were stratified by dose and inter-
val (in weeks) post-vaccination at < 2, 3-12, 13-24,
25-36, and 37+ weeks after the first dose; < 2, 3-12,
13-24, 25-36, and 37+ weeks after the second dose; and
< 2, 3-12, 13-24, and 25+ weeks after the third dose.
Intervals (in days) were defined as the number of days
between the onset date of infection and the date of the
last vaccination minus 2 days, which was then converted
into weeks. Detailed variable definitions are in Additional
file 1: Table S1. Additionally, we performed a sensitivity
analysis in which intervals (in days) were defined as the
number of days between the testing positive date and the
date of the last vaccination minus 7 days.

Statistical analysis

Non-normally distributed continuous variables were
expressed as medians (interquartile ranges (IQR)), and
categorical variables were expressed as counts and pro-
portions. Conditional logistic regression was used to
estimate the odds ratio (OR) of vaccination among cases
and controls, with documented SARS-CoV-2 infection,
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severe or critical COVID-19, and COVID-19-related
death as dependent variables. Vaccination status was the
independent variable, and VE was defined as 1 minus the
matched OR. Vaccination status was defined using the
date of onset and date of last vaccination, as above. Anal-
yses were stratified by age category, gender, and vaccine
type (inactivated vaccine, adenovirus vector vaccine, and
recombinant protein vaccine). Matching was conducted
with the use of JAVA, and analyses were performed with
the use of RStudio 2022.02.34492.

Results

Study population

There were 612,597 SARS-CoV-2 RT-PCR-confirmed
cases in the study, among which 1485 progressed into
severe or critical illness and 568 died (Table 1). The ratio
of females to males for infection, severe/critical illness,
and COVID-19 death were 0.8, 0.8, and 0.9, respec-
tively. The most common age for infection was 40-59
years of age (37.3%); the most common age for severe/
critical COVID-19 and COVID-19 death was 80 years
and older (58.6% of severe/critical COVID-19 and 69.9%
of COVID-19 deaths). Due to the exact matching, the
demographic characteristics of controls and cases were
the same (Table 1).

Vaccination status

Among the male control group, 13.9% did not receive
COVID-19 vaccine, 2.5% completed partial vaccination,
36.1% completed full vaccination, and 47.5% completed
booster vaccination, while among the female control
group, corresponding proportion was 19.2%, 2.0%, 35.6%,

Table 1 Descriptive characteristics of confirmed COVID-19 cases in Shanghai between December 2, 2021, and May 13, 2022

Variable SARS-CoV-2 Control 1 Severe or critical Control 2 Death Control 3
infection (n=612,597) illness (n = 1485) (n = 5940) (n =568) (n=2272)
(n=612,597)
Age (median, IQR) 45 (31, 58) 45 (31, 58) 83(72,89) 83(72,89) 86 (77,90) 86 (77,90)
Age group (%)
3-17 years 35,553 (5.8) 35,553 (5.8) 1(0.1) 4(0.1) - -
18-39 years 216,769 (35.4) 216,769 (35.4) 13(0.9) 52(09) 2(03) 8(0.3)
40-59 years 228,387 (37.3) 228,387 (37.3) 95 (6.4) 380 (6.4) 22 (3.9) 88(3.9)
60-79 years 112,635 (184) 112,635 (184) 506 (34.0) 2024 (34.0) 147 (25.9) 588 (25.9)
> 80 years 19,253 (3.1) 19,253 (3.1) 870 (58.6) 3480 (58.6) 397 2(69.9) 1588 (69.9)
Gender (%)
Female 273,152 (44.6) 273,152 (44.6) 654 (44.0) 2616 (44.0) 267 (47.0) 1068 (47.0)
Male 339,445 (56.4) 339,445 (56.4) 831 (56.0) 3324 (56.0) 301 (56.0) 1204 (56.0)
Residential district (%)
Urban 225,697 (36.8) 225,697 (36.8) 816 (54.9) 3264 (54.9) 314 (55.3) 1256 (55.3)
Rural 386,900 (63.2) 386,900 (63.2) 669 (45.1) 2676 (45.1) 254 (44.7) 1016 (44.7)

2Two cases aged over 100 years old died and were matched to test-negative controls + 5 years of age. Otherwise, due to exact matching, the demographic
characteristics of controls and cases were the same
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and 43.2%, respectively. Figure 2 shows the vaccination
status of the control group over time and by age group.
At the beginning of the study period, 82.7% of people
received at least one dose of a COVID-19 vaccine, with
the majority of 18-59 years old. The prevalence of the
adult-focused booster dose increased from 11.9 to 49.0%.
Full and partial coverage among adults aged 80 years and
above was low and stable at approximately 15%. Figure 2
also shows the cumulative incidence of documented
SARS-CoV-2 infection (250.9 per 10,000), of which the
majority were 18—59 years old. Since March 12, a series
of emergency epidemic prevention measures were imple-
mented in Shanghai, including mass NAATs, citywide
lockdowns, home quarantine of residents, isolation
of cases, centralized quarantine of close contacts, and
closed-loop management. The rapid spread of Omicron

led to the temporary suspension of vaccination starting
in March 2022.

Vaccine effectiveness

COVID-19 vaccines provided some protection against
SARS-CoV-2 infection in all age groups (overall VE:
16.0%, 95% CI: 15.1%, 17.0%), while in the age group of
40-59 years, protection was lower (VE: 7.5%, 95% CI:
5.5%, 9.5%). COVID-19 vaccines provided high effective-
ness against severe/critical illness (VE: 88.6%, 95% CI:
85.8%, 90.8%) and COVID-19-related death (VE: 91.6%,
95% CI: 86.8%, 94.6%). Estimated VEs for full primary
vaccination and booster doses against severe/critical ill-
ness were 83.8% (95% CI: 79.0%, 87.5%) and 92.8% (95%
CI: 90.2%, 94.7%), respectively, and against COVID-
19-related death were 85.7% (95% CI: 75.6%, 91.6%) and
96.2% (95% CI: 92.0%, 98.2%), respectively. Inactivated
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vaccine was 16.3% (95% CI: 15.4%, 17.2%) effective
against infection, 88.6% (95% CI: 85.8%, 90.9%) effec-
tive against severe/critical COVIID-19, and 91.7% (95%
CI: 86.95%, 94.7%) against COVID-19 death. Ad5-vec-
tored vaccine was 13.2% (95% CI: 11.0%, 15.5%) effective
against infection and 77.9% (95% CI: 15.6%, 94.2%) effec-
tive against severe/critical COVIID-19 (see Table 2).

We used subset 1 and subset 2 to estimate the vaccine-
specific VEs. Figure 3 shows the VEs of inactivated vac-
cine against SARS-CoV-2 infection, severe/critical illness,
and COVID-19-related death; respective overall VEs
were 16.6% (95% CI: 15.6%, 17.5%), 88.5% (95% CI1:85.6%,
90.7%), and 91.7 (95% CI: 86.8%, 94.8%). Booster vaccina-
tion with inactivated vaccine enhanced the protection for
both severe outcome (VE: 92.7%, 95% CI: 90.1%, 94.6%)
and death (VE: 95.9%, 95% CI: 91.4%, 98.1%).

Considering the time between the last dose and SARS-
Co2 exposure, Fig. 4 shows that the VE of inactivated
vaccines against SARS-CoV-2 infection was 15.7% (95%
CIL: 10.8%, 20.4%) 3—-12 weeks after the first dose. Two-
dose inactivated vaccine offered 16.9% (95% CI: 13.2%,
20.4%) protection for infection after 12 weeks, and three-
dose offered 19.2% (95% CI: 18.2%, 20.3%) after 24 weeks,
then both subsequently becoming lower. Full-series and
boosted VEs for severe/critical illness and COVID-19
death remained > 80%.

For SARS-CoV-2 infection, estimated VEs of Ad5-vec-
tored vaccine were 39.3% (95% CI: 17.9%, 68.8%) at 3—12
weeks after the first dose and 16.0% (95% CI: 1.5%, 28.4%)
at 13—-24 weeks after the second dose. For severe/critical
illness, just one case and one control received vaccine,
and for COVID-19-related death, one case and zero con-
trol received vaccine. Thus, VE estimation was not avail-
able (Additional file 1: Table S2).

Sensitivity analysis

Additional file 1: Tables S3 and S4 show the sensitivity
analyses of VEs which were consistent with the results
displayed in Table 2 and Fig. 3.

Discussion

From 2 December 2021 to 13 May 2022, during an
Omicron BA 2.2-predominant wave of COVID-19 in
Shanghai, China, we used detailed, individual-level,
record-documented COVID-19 vaccination status; uni-
versal, population-wide individual-level SARS-CoV-2
RT-PCR testing results; and individual-level clinical
evaluations to estimate the real-world effectiveness of
inactivated and Ad5-vectored vaccines in a largely infec-
tion-naive population. Our matched case-control study
showed that the inactivated vaccines were highly effective
against severe or critical COVID-19 and COVID-19-re-
lated death, findings that underscore the potential of the
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vaccines to save lives and substantially reduce demands
on the healthcare system. Inactivated vaccine was 16.3%
effective against SARS-CoV-2infection, 88.6% effective
against severe/critical COVID-19, and 91.7% against
COVID-19 death. Ad5-vectored vaccine was 13.2%
effective against infection and 77.9% effective against
severe/critical COVID-19. Booster-dose protection
against severe/critical COVID-19 was 92.7% and against
COVID-19 death was 95.9%. Protection from infection
waned after 12 weeks, but primary-series and booster-
dose protection was sustained above 80% for at least 36
weeks from the last dose.

We found that VE against SARS-CoV-2 infection was
lower than the efficacy against ancestral strain SARS-
CoV-2 symptomatic infection observed in a phase 3 clini-
cal trial (72.8% and 78.1%) and a real-world, pre-Omicron
VE study in Chile (83.5%) [16, 17]. However, our VE esti-
mates for the two predominant inactivated (Sinovac and
Sinopharm) vaccines were very high in age group analy-
ses, notably among persons 80 years of age or older and
independent of time since vaccination. The lower VE
against SARS-CoV-2 infection in younger adults may
be partly due to a higher force of infection in working-
age adults or differences in willingness to be vaccinated
(although vaccination rates were very high in all ages
under 60 years) [18].

Booster vaccination was 93% and 96% effective against
severe illness and death, respectively, somewhat higher
than full primary-series vaccination VEs. We found that
inactivated VE against severe illness and COVID-19-as-
sociated death is higher than respective VEs observed in
Brazil (77.6% and 83.9%) [19, 20] and Chile (90.3% and
86.3%) [17], in which the circulating SARS-CoV-2 strains
predated Omicron emergence. Clinical trials have shown
inactivated vaccine efficacies to be lower than that of
mRNA vaccines, but there are fewer real-world data on
two- and three-dose inactivated VE against Omicron
infection or hospitalization [16, 21]. The Hong Kong eco-
logical study found an initial VE from two doses of inac-
tivated COVID-19 vaccine against Omicron infection to
be 17.9% with rapid waning—similar to our results [14].
Also, similar to our findings, the Hong Kong scientists
showed inactivated VE against severe illness and death to
be very high—74% for primary vaccination and 98% for
boosted vaccination. Our study extended the time frame
for the duration of inactivated VE, showing sustained
protection against severe COVID-19 and COVID-19
death through 36 weeks.

Omicron BA. 2 COVID-19 disease is less severe than
Delta and BA. 1-associated COVID-19 disease [22],
resulting in a lower risk of hospitalization and severe
illness. Indeed, over 85% of the SARS-CoV-2 infections
reported from Shanghai by China’s National Health
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Table 2 Vaccine effectiveness against documented SARS-CoV-2 infection, severe or critical illness, and death in matched case-control
analysis by matching, age, gender, birthplace, date of illness onset, and residential district

Group Documented  Control 1, VE (95% Cl) (%) Severe/critical Control 2, VE (95%Cl) (%) Death, Control 3,  VE(95% Cl) (%)
SARS-CoV-2 n=612,597 illness,n =1485 n=>5940 n=>568 n=2272
infection,
n=612,597
Overall analysis
Unvaccinated 104,901 (17.1)  94,139(154)  Reference 1312 (884) 3804 (64.0) Reference 535(94.2) 1639 (72.1)  Reference
With any vaccine 507,696 (82.9) 518,458 (84.6) 16.0(15.1,17.0) 173 (11.6) 2136 (36.0) 88.6(85.8,90.8) 33(5.8) 633 (27.9) 91.6 (86.8,94.6)
Subgroup analysis
By gender
Male? 289,105 (85.2) 295602 (87.1) 189(17.7,20.2) 126 (15.2) 1505 (45.3) 880(84.5,90.7)  25(83) 438 (36.4) 904 (84.1,94.2)
Female® 218,591 (80.0) 222,856 (81.6) 13.0(11.6,14.3) 47 (7.2) 631 (24.1) 90.0 (84.6,93.4) 8(3.0) 195 (18.3) 94.6 (84.9,98.0)
By age
3-17 years® 25,875 (72.8) 26,861 (75.6) 20.1(16.7,234) 0(0.0) 4(100.0) 90.6° (54.0,98.1) - - -
18-39 years® 198,590 (91.6) 198,175(914) —26(—48,—04) 6(46.1) 44 (84.6) 1(50.0) 8(100.0) 93.4°(76.8,98.1)
40-59 years® 209,271 (91.6) 210,530(922) 7.5(55,95) 47 (49.5) 344 (90.5) 94.8 (884,97.7) 8(364) 78 (88.6)
60-79 years® 71,698 (63.7) 79,695 (70.8) 29.8(285,31.1) 90(17.8) 1288 (63.6) 89.6 (86.3,92.0) 18(12.2) 322 (54.8) 90.0 (82.3,94.3)
80+ years® 2262 (11.8) 3206 (16.6) 36.7 (32.6,40.5) 30(34) 456 (13.1) 79.8(69.8,864)  6(1.51) 225(14.2) 93.5(83.8,97.4)
By residential district
Urban® 174,836 (77.5) 181,748 (80.5)  22.1(20.8,23.4) 83(10.2) 1121 (343) 88.1(84.1,91.1) 12(3.8) 318(25.3) 93.6 (86.8,96.9)
Rural® 332,860 (86) 336,710 (87.0) 10.7 (94,12.1) 90 (13.5) 1015 (37.9) 89.1(84.9,92.1) 21(83) 315(31.0) 89.6(81.5,94.2)
By vaccination course
Unvaccinated 104,901 (17.1) 94,139 (15.4) Reference 1312 (88.4) 3804 (64.0) Reference 535 (94.2) 1639 (72.1) Reference
Partial vaccination 14,809 (2.4) 13,376 (2.2) 44(19,68) 10(0.7) 67 (1.1) 74.7 (49.1,87.5) 2(04) 26 (1.1) 804 (16.4,954)
Full vaccination 219,178 (35.8) 220,764 (36.0) 147 (13.7,15.7) 96 (6.5) 866 (14.6) 83.8(79.0,87.5)  23(4.0) 257 (11.3) 85.7(75.6,91.6)
Booster vaccination 273,709 (44.7) 284,318 (464) 180(17.0,189) 67 (4.5) 1203 (20.3) 92.8(90.2,94.7) 8(1.4) 350(154) 96.2 (92.0,98.2)
By vaccine type 10(0.7) 67 (1.1) 74.7 (49.1,87.5) 2(04) 26 (1.1) 804 (164,954)
Unvaccinated 104901 (17.1)  94,139(154)  Reference 1312 (884) 3804 (64.0) Reference 535(94.2) 1639 (72.1)  Reference
Inactivated vaccine 485190 (79.2) 498662 (81.4) 16.3(154,17.2) 170 (11.4) 2114 (35.6) 886858909  32(5.6) 622 (274) 91.7 (86.9,94.7)
Adenovirus vector 14,022 (2.3) 13,817 (2.3) 13.2(109,15.5) 3(0.2) 16(0.3) 779(15.6,94.2) 1(0.2) 4(0.2) NA?
vaccine
Recombined protein 8484 (1.4) 5979 (1.0) NA? 0(00) 6(0.1) NA? 0(00) 7(03) NAd

vaccine

VEs were from univariate conditional logistic regression and were unadjusted for baseline characteristics for the exact matching process. The effectiveness of at least
one dose of COVID-19 vaccines was estimated in the whole population and in subgroups defined by strata of age, gender, and residential district. The effectiveness of
each vaccination course was estimated in the whole population

2The proportion of vaccinated individuals was calculated as the number of vaccinated people divided by the total number of people in the corresponding category
b Vaccine effectiveness for the combined age group 3-39 years

“Vaccine effectiveness for the combined age group 18-59 years

dVaccine effectiveness in this cell had an infinite confidence interval

Commission were asymptomatic (http://www.nhc.gov.
cn/xcs/xxgzbd/gzbd_index.shtml). Milder infections
may reflect increased replication of Omicron in the
upper versus lower respiratory tract—a phenomenon
that could contribute to more efficient transmission,
leading to a higher absolute number of hospitalizations.
Omicron infection enhances preexisting immunity elic-
ited by vaccines but, on its own, may not confer broad
protection against non-Omicron variants in unvacci-
nated individuals [23]. A study demonstrated that inac-
tivated vaccines elicited SARS-CoV-2-specific memory
T/B cell immunity, which is important for robust recall
of protective responses against viral replication and
therefore induces longer-term protection against severe

illness and deaths [24, 25]. However, Omicron’s immune
evasion, including evasion of mucosal immunity, allows
Omicron to escape existing antibodies and increase the
risk of reinfection, leading to a surge in infections [26,
27]. Evaluations of vaccines that have the potential to
block infection/transmission (e.g., the inhaled Ad5-
vectored vaccine by CanSino that may provide mucosal
immunity) are especially important [28, 29].

We estimated the VEs of the Ad5-vectored vaccine
to be 39.3% at 3—12 weeks after the first dose but 16.0%
at 13-24 weeks after the second dose. A study in Brazil
reported that whereas waning of VE against sympto-
matic COVID-19 was observed > 90 days after homolo-
gous and heterologous boosters, waning against severe
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Group Cases Controls VE (95% ClI), % VE (95% Cl), %
Omicron infection
Overall - - . 16.6 (15.6, 17.5)
By gender
Male 262,183 (84.1) 268,735 (86.3) - 19.7 (18.4, 21.0)
Female 205,767 (79.2) 210,095 (80.9) - 13.4 (12.0, 14.8)
By age group
3-17 year-old 25,874 (72.8) 26,856 (75.5) —e— 20.2 (16.8, 23.5)
18-39 year-old 177,676 (91.1) 177,444 (90.9) e -1.5(-3.8,0.7)
40-59 year-old 191,945 (91.2) 193,240 (91.8) - 8.0 (6.0, 10.0)
60-79 year-old 70,212 (63.3) 78,104 (70.4) - 29.7 (28.3, 31.0)
80+ year-old 2,243 (11.7) 3,186 (16.6) —e— 36.9 (32.8, 40.7)
By resident region
Urban 163,830 (76.5) 170,565 (79.7) - 22.0 (20.7, 23.3)
Rural 304,120 (85.1) 308,265 (86.3) - 11.9 (10.5, 13.2)
By vaccination course
Partial vaccination 13,436 (2.4) 12,266 (2.1) —.- 5.8(3.2,8.2)
Full vaccination 195,724 (34.3) 199,004 (34.8) . 15.9 (14.8, 16.9)
Booster vaccination 258,790 (45.3) 267,560 (46.8) . 17.9 (16.9, 18.9)
Severe/critical illness
Overall - - —. 88.5 (85.6, 90.7)
By gender
Male 120 (14.7) 1,444 (44.3) —e 87.7 (84.1,90.5)
Female 45 (6.9) 617 (23.8) — 90.2 (84.9, 93.6)
By age group
3-17 year-old 0(0.0) 4 (100.0)
18-39 year-old 4 (40.0) 32 (80.0) 88.6 (42.1, 97.8)
40-59 year-old 42 (50.0) 305 (90.8) — 95.7 (89.1, 98.3)
60-79 year-old 90 (18.0) 1,266 (63.4) —. 89.3 (85.9, 91.8)
80+ year-old 29 (3.3) 454 (13.1) — 80.5 (70.7, 87.0)
By resident region
Urban 81 (10.0) 1,096 (33.9) —e— 88.2 (84.1,91.2)
Rural 84 (12.8) 965 (36.9) —e 88.8 (84.4,91.9)
By vaccination course
Partial vaccination 9 (0.6) 67 (1.1) I 76.7 (51.7, 88.8)
Full vaccination 92 (6.3) 829 (14.2) —e— 83.4 (78.4, 87.3)
Booster vaccination 64 (4.4) 1,165 (19.9) —e- 92.7 (90.1, 94.6)
Death
Overall - - —e 91.7 (86.8, 94.8)
By gender
Male 23 (7.8) 421 (35.6) —— 90.1 (83.6, 94.0)
Female 6(2.3) 181 (17.3) — 95.7 (86.2, 98.7)
By age group
3-17 year-old - -
18-39 year-old 1(50.0) 8 (100.0)
40-59 year-old 5(31.3) 56 (87.5) —— 92.1(71.6, 97.8)
60-79 year-old 18 (12.3) 319 (54.6) — 89.9 (82.1, 94.3)
80+ year-old 5(1.3) 219 (13.9) — 94.7 (85.4, 98.1)
By resident region
Urban 12 (3.8) 313 (25.1) — 93.5 (86.5, 96.9)
Rural 17 (6.9) 289 (29.5) — 89.9 (81.6,94.4)
By vaccination course
Partial vaccination 2(0.4) 23 (1.0) 77.8 (4.1,94.8)
Full vaccination 19 (3.4) 245 (11.0) — 86.6 (76.6, 92.3)
Booster vaccination 8(1.4) 334 (15.0) : | | | | 4| 95.9 (91.4,98.1)
0 20 40 60 80 100

Fig. 3 Vaccine effectiveness of inactivated vaccines against documented SARS-CoV-2 infection, severe or critical illness, and COVID-19 death in the
matched case-control study. VEs were from univariate conditional logistic regression and were unadjusted for baseline characteristics for the exact
matching process. The effectiveness of at least one dose of inactivated vaccines was estimated in the whole population and in subgroups defined
by strata of age, gender, and resident region. The effectiveness of each vaccination course was estimated in the whole population

COVID-19 was only observed after a homologous
booster, suggesting a need for adjustment of vaccina-
tion strategies—e.g., heterologous boosters for those
who have received 2 doses of inactivated vaccines as their
primary series [20]. None of the current COVID-19 vac-
cines blocks infection/transmission; our results also show
that the vaccines we evaluated cannot make a permanent

barrier to contain the SARS-CoV-2 transmission in the
community, despite high vaccine coverage.

Our study has strengths. The setting was a COVID-19
outbreak in the large and diverse socioeconomic popu-
lation of Shanghai in which 2.7% of the population was
infected during the Omicron BA. 2 variant of SARS-
CoV-2-dominant period before the outbreak was stopped
by public health and social interventions. In addition,
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Fig. 4 VE (%) of inactivated vaccine against documented SARS-CoV-2 infection, severe or critical illness, and death by doses and time interval. Data
are presented with VEs (black points) and 95% confidence intervals (color zones). To visualize the trend of vaccine effectiveness (dark blue lines), we
smoothed the VE results by performing three spline interpolations of the calculated data points for the corresponding time period. Small sample
sizes of corresponding cells lead to wide confidence intervals. Eight individuals had severe/critical illness and two died within first-dose intervals
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because COVID-19 is being managed as a level 1 infec-
tious disease, all infected individuals are compulsively
reported to the disease prevention and control system
daily. Infections are always confirmed with additional
RT-PCR testing, making diagnostic misclassification
highly unlikely. The cases in our study were from a com-
munity of 25 million people, repeatedly screened for

infection using RT-PCR. We used individual-level exact
matching to control for potential confounding factors of
age, sex, residential district, birthplace, and illness onset
time. Finally, our study measured VE levels in an infec-
tion-naive population, allowing assessment of nearly pure
vaccine-induced, real-world VE, avoiding distortion from
hybrid immunity.
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Limitations of our study include possible misclas-
sification of disease status, which was judged by the
COVID-19-designated hospitals. The definitions of
severe/critical COVID-19 are objective, and the mis-
classification of severe illness is unlikely because dis-
ease severity for all SARS-CoV-2 infections is made
in accordance with the Diagnosis and Treatment Pro-
tocol for COVID-19. A second limitation is the lack of
information on comorbidities, precluding analyses by
comorbidity. We attempted to reduce potential bias by
matching sociodemographic characteristics. In addi-
tion, the younger-aged population is at the highest risk
of infection and may also have a greater willingness or
opportunity to get vaccinated, possibly leading to an
underestimated VE among working-age adults. Third,
the study was conducted during a strict lockdown and
with parallel non-pharmaceutical interventions—espe-
cially after April 4—which may have biased the estima-
tion of VE (e.g., more likely to have a null hypothesis)
by decreasing the force of infection (attack rate among
susceptibles). Meanwhile, the suspended vaccination
campaign especially the booster vaccination may also
bias towards reduced VE. However, universal NAAT
screenings and exact matching that included district
helped ensure similar exposure risk of cases and con-
trols, and our sensitivity analysis showed no mean-
ingful differences in the results. Finally, the number
of Ad5-vectored vaccine doses used in Shanghai was
too small for subgroup analyses and for estimating VE
against death.

Conclusions

Our study showed high and durable two- and three-
dose inactivated VE against severe/critical COVID-19
and death during Omicron BA. 2 variant dominantly
prevalent period infection across all age groups, but
with lower effectiveness against Omicron infection.
Everyone eligible should be vaccinated; individuals
eligible for booster doses should receive timely boost-
ers; improving coverage among the elderly is espe-
cially important. The vaccines being used in China
are highly effective where it matters most—preventing
severe illness and death—and are most effective when
boosted.
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