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Summary

Background Inactivated, whole-virion vaccines have been used extensively in the SARS-CoV-2 pandemic. Its efficacy
and effectiveness across regions have not been systematically evaluated. Efficacy refers to how well a vaccine performs
in a controlled environment. Effectiveness refers to how well it performs in real world settings.

Methods This systematic review and meta-analysis reviewed published, peer-reviewed evidence on all WHO-approved
inactivated vaccines and evaluated their efficacy and effectiveness against SARS-CoV-2 infection, symptomatic
infection, severe clinical outcomes, and severe COVID-19. We searched Pubmed (including MEDLINE), EMBASE
(via OVID), Web of Science Core Collection, Web of Science Chinese Science Citation Database, and
Clinicaltrials.gov.

Findings The final pool included 28 studies representing over 32 million individuals reporting efficacy or effectiveness
estimates of complete vaccination using any approved inactivated vaccine between January 1, 2019 and June 27, 2022.
Evidence was found for efficacy and effectiveness against symptomatic infection (OR 0.21, 95% CI 0.16-0.27,
I” = 28% and OR 0.32, 95% CI 0.16-0.64, I* = 98%, respectively) and infection (OR 0.53, 95% CI 0.49-0.57, I* = 90%
and OR 0.31, 95% CI 0.24-0.41, I* = 0%, respectively) for early SARS-CoV-2 variants of concern (VoCs) (Alpha,
Delta), and for waning of vaccine effectiveness with more recent VoCs (Gamma, Omicron). Effectiveness
remained robust against COVID-related ICU admission (OR 0.21, 95% CI 0.04-1.08, I* = 99%) and death (OR
0.08, 95% CI 0.00-2.02, I* = 96%), although effectiveness estimates against hospitalization (OR 0.44, 95% CI
0.37-0.53, I* = 0%) were inconsistent.

Interpretation This study showed evidence of efficacy and effectiveness of inactivated vaccines for all outcomes,
although inconsistent reporting of key study parameters, high heterogeneity of observational studies, and the small
number of studies of particular designs for most outcomes undermined the reliability of the findings. Findings
highlight the need for additional research to address these limitations so that more definitive conclusions can be
drawn to inform SARS-CoV-2 vaccine development and vaccination policies.
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Research in context

Inactivated, whole-virion vaccines have been used extensively
worldwide in the SARS-CoV-2 pandemic based on WHO's
emergency use listing procedure. However, its real-world
effectiveness across geographic regions remains to be
systematically evaluated.

Evidence before this study

Sero-surveillance research has shown lower concentration
of neutralizing antibodies elicited by inactivated vaccines
compared to their mRNA and recombinant counterparts.
Furthermore, evidence has shown lower levels of elicited
neutralizing antibodies by CoronaVac, the most widely
used inactivated SARS-CoV-2 vaccine, compared to
BNT162b2 against Delta and Omicron variants, suggesting
greater waning of vaccine effectiveness among CoronaVac
vaccinees. Notably, the most recent variant of concern
(VoC), Omicron, is known to cause less severe infection but
appears to be much more infectious compared to earlier
variants. With emerging VoCs, the real-world effectiveness
of inactivated vaccines against SARS-CoV-2 remains
unclear.

Introduction

Inactivated whole-virion vaccines have been used
extensively in the SARS-CoV-2 pandemic. Primarily, the
inactivated vaccines CoronaVac by SinoVac Biotech and
BIBP-CorV by the China National Pharmaceutical
Group are widely used in all World Health Organization
regions."”

Extensive COVID-19 vaccine research and develop-
ment has led to several new inactivated vaccine clinical
trials with some approved in different countries. These
include CoviVac, Turkovac, Fakhravac, QazCovid-In,
Kconvac, Covlran, WIBP-CorV and Valneva.'

Over the course of the pandemic, sero-surveillance
research has shown a lower concentration of neutral-
izing antibodies elicited by inactivated vaccines compared
to its mRNA and recombinant counterparts.”* Further-
more, evidence has shown significantly lower levels of
elicited neutralizing antibodies by CoronaVac, the most
widely used inactivated SARS-CoV-2 vaccine, compared
to BNT162b2 against Delta and Omicron variants 3
months after vaccination,® suggesting greater waning of
vaccine effectiveness among CoronaVac vaccinees. On
the other hand, the most recent variant of concern (VoC),
Omicron, is known to cause less severe infection due to
its tendency to infect the upper respiratory tract. How-
ever, it is much more infectious with a higher break-
through rate than the earlier Delta variant.”* Against the

Added value of this study

This study showed evidence for efficacy and effectiveness of
inactivated vaccines against infection and symptomatic
disease for early SARS-CoV-2 VoC (Alpha, Delta), and for
waning of vaccine effectiveness with more recent VoCs
(Gamma, Omicron). Effectiveness remained relatively robust
against COVID-related ICU admission and death, although
estimates of effectiveness against hospitalization varied more
notably across studies.

Implications of all the available evidence

This systematic review and meta-analyses showed evidence of
efficacy and effectiveness of inactivated vaccines for all study
outcomes, although inconsistent reporting of key study
parameters, high heterogeneity of observational studies, and
the small number of studies of particular designs for most
outcomes likely undermined the reliability of the findings.
Findings highlight the need for additional research to address
these limitations for more definitive conclusions to be drawn
to inform SARS-CoV-2 vaccine development and vaccination
policies.

backdrop of emerging VoCs, the real-world effectiveness
of inactivated vaccines against SARS-CoV-2 across
geographic regions remains unclear. Furthermore, vary-
ing severity of infection associated with different VoCs
could also mean that examining vaccine efficacy and
effectiveness (VE) against symptomatic disease and
infection may not be sufficiently indicative of a vaccine’s
protective effects.

This knowledge gap prompts a need to review and
examine evidence on the clinical and real-world effec-
tiveness of inactivated vaccines against infection, as well
as severe clinical outcomes of COVID-19 such as hos-
pitalization, critical care admission, and death in order
to enable healthcare professionals and the general
public to make informed choices for different vaccine
platforms. In view of this, the aim of this study is to
systematically review and meta-analyze published, peer-
reviewed evidence on all approved inactivated vaccines,
and evaluate vaccine efficacy and/or effectiveness (VE)
against SARS-CoV-2 infection, symptomatic infection,
severe clinical outcomes, and severe infection. In this
paper, the abbreviation “VE” could stand for vaccine
efficacy or vaccine effectiveness, depending on the
specific study or studies under discussion. Efficacy re-
fers to how well a vaccine performs in a controlled
environment, whereas effectiveness refers to how well it
performs in real world settings.’ Essentially, according
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to the U.S. CDC, “vaccine efficacy/effectiveness is
interpreted as the proportionate reduction in disease
among the vaccinated group”.”

Methods

This study was registered with PROSPERO
(CRD42022356603), where the review protocol can be
accessed. The study was conducted according to the
original protocol registered with PROSPERO. Results
were reported following Preferred Reporting Items
for Systematic Reviews and Meta Analyses (PRISMA)
2020.

Search strategy, data sources, and study selection
Electronic databases including Pubmed (including
MEDLINE), EMBASE (via Ovid), Web of Science Core
Collection, Web of Science Chinese Science Citation
Database, and Clinicaltrials.gov were searched on June
27, 2022. Search terms included the MeSH Terms and
keywords: “WIBP-CorV” OR “QazCovid” OR “Covaxin”
OR “CoviVac” OR “Covlran” OR “FAKHRAVAC” OR
“TURKOVAC” OR “KCONVAC” OR “CoronaVac” OR
“BIBP-CorV”, OR “Vaccines, Inactivated” AND
“COVID-19 Vaccines” AND “effectiveness” OR “Effi-
cacy, Vaccines” NOT “review”. For EMBASE, terms
were applied to title and keywords. For Web of Science,
we applied the same terms for title, abstract, and
keywords.

Studies identified from the search were retrieved and
screened. Full search terms are shown in Supplement 1.
Details of the final pool of included studies are shown in
Supplement 2.

Study selection

Published, peer-reviewed quantitative studies in English
or Chinese reporting effectiveness or efficacy of com-
plete vaccination using any approved inactivated vaccine
for all ages from January 1, 2019 to June 27, 2022 were
included.

Conference abstracts, research letters, animal
studies, recommendations, expert opinions, case re-
ports, case series, economic evaluations, clinical guide-
lines, those without an unvaccinated comparator, or
included only pregnant populations were excluded.
Studies which did not stratify/specify samples based on
the number of vaccine doses received were also
excluded. Results reporting 100% VE were not included
in analysis, as standard error could not be estimated.
Four investigators independently determined the eligi-
bility and inclusion of studies (ML, SH, CH, GT) in this
systematic review, with discrepancies resolved through
discussion.

Data collection and risk of bias assessment

All identified potential studies were stored in Endnote
20.4. After independent title and abstract screening by
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two investigators (ML, SH), full texts were reviewed and
extracted using a standardized form by four in-
vestigators (ML, SH, CH, GT). The following informa-
tion was extracted: year of publication, country,
vaccine(s) of interest, vaccinated and unvaccinated
sample size, ethnicity, population group (patient, HCW,
previously infected), follow-up period (after specified
regimen), age of inclusion, outcome of interest (against
clinical outcomes, risk of infections/symptomatic
infection, or severe SARS-Cov-2 infections), method of
VE calculation, and results in the form of odds (OR),
hazard (HR), incident rate (IRR), and risk ratios (RR)
with inferential statistical test estimates.

Risk of bias assessment was conducted using the
Cochrane Collaboration’s Risk of Bias 2 (RoB 2) tool for
randomized controlled trials (RCT),"” and the
Newcastle-Ottawa Scale (NOS) for non-randomized
observational studies.”” The NOS criteria are docu-
mented in Supplement 3. A star was awarded to studies
that stratified results by age or adjusted for age, and
another star for specifying/adjusting for a dominant
variant in the study setting during the study period. For
cohort studies, a star was awarded to those with a study
period of 5 months, which was the median length of our
final pool. For outcome assessment and adequacy of
case definition, a star was awarded to studies which
used real-time polymerase chain reaction (RT-PCR) as
the sole method of outcome ascertainment. Under the
NOS criteria, observational studies with fewer than 5
stars were graded as low, 5-7 as mid, and 8 or above as
high quality.” Studies with population-based samples
were given a star and those with hospital-based or
healthcare worker samples were not.

Grading the quality of evidence

The GRADE (Grading of Recommendations, Assess-
ment, Development and Evaluations)'* framework was
used to assess the quality of evidence (Supplement 4).
Four levels of quality were applied: very low, low,
moderate, and high.

Definitions and outcomes

The primary outcome of this study was symptomatic
disease. Secondary outcomes were infection, COVID-19
related hospitalization, COVID-19 related ICU admis-
sion, COVID-19 related death, and severe infection.
Consistent with the definitions used by the U.S. Food
and Drug Administration and the National Health
Commission of China, severe infection was defined as
virologically confirmed SARS-CoV-2 infection with any
of the following: (i) respiratory rate >30/min, (ii) resting
oxygen saturation <93%, (iii) oxygenation index
<300 mm Hg, (iv) evidence of shock, (v) ICU admission,
(vi) needing oxygen/mechanical ventilation, (vii) organ
failure, or (viii) death. Effect measures were OR for case-
control studies and RCTs, while those for cohort studies
were HR, OR, or IRR.
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A complete regimen of inactivated vaccine was
defined as 14 days after the 2nd dose of each respective
vaccine. Symptomatic SARS-CoV-2 infection was
defined as RT-PCR confirmed SARS-CoV-2 infection
after onset of symptoms, whereas RT-PCR confirmed
SARS-Cov-2 infection included both symptomatic and
asymptomatic cases.

Data synthesis and statistical analysis

Review Manager 5.4.1 was used to conduct the meta-
analysis. Meta-analysis was used to generate estimates
of VE if two or more studies could be included. Meta-
analyses were stratified by study type (case-control,
cohort, and RCT) and OR were pooled for meta-analysis
of case-control studies. However, for cohort studies,
analysis was separated by the type of risk ratio (HR, IRR,
and OR) used. Relative risk was pooled alongside OR by
converting the sample sizes of vaccinated and unvacci-
nated groups. For RCTs, the number of incident cases
and vaccinated/unvaccinated sample sizes were extrac-
ted and inputted into Review Manager to calculate OR.
A generic inverse variance and random effects model
was used in the meta-analysis. Standard error values
were calculated for each study’s findings, which were
then inputted into Review Manager.

For studies that only reported results stratified by age
group or time-after-dose, risk ratios of the groups/re-
sults were combined using a fixed-effects model.”” For
studies which did not report results in ratio, the re-
ported VE% was calculated using the equation
[ratio = (1-VE)/100]. The same method was used to
obtain 95% confidence intervals (CI).

Heterogeneity was evaluated using I expressed as
percentages (low (<25%), moderate (50%), and high
(=75%))." Sensitivity analyses were conducted for
meta-analyses with outlying studies, with particular
attention given to changes in the I? values, overall es-
timate, as well as the 95% CI. For subgroup analysis,
this was done by age, VoC, and vaccine brand when
two or more studies were available for inclusion in any
outcome. For age groups, those <18 years were classi-
fied as children, 18-59 years as adults, and >60 years as
older adults.

Role of the funding source

The funding source had no involvement in the study
design, data collection, data analysis, data interpretation
and writing of the manuscript. The corresponding au-
thors had final responsibility for the decision to submit
for publication.

Results

Search results and study selection

One thousand seven hundred and forty one records
were identified for title/abstract screening after elec-
tronic removal of 162 duplicate records (Fig. 1). Of

these, one thousand five hundred and ninety records
were screened and excluded from assessing for eligi-
bility for various reasons: not studying the outcomes of
interest; (n = 1158), not a primary research article with
collection of first-hand data (n = 234), no corresponding
paper (n = 154), a duplicate that was not removed elec-
tronically in the previous step (n = 36), or other reasons
(n = 8). The remaining 151 full-texts were assessed for
eligibility, and 28 studies were ultimately included in
our analysis (n = 32,886,885), among which there were
five RCTs and 23 observational studies (Table 1). One
hundred and twenty three full-texts were excluded for
various reasons: no corresponding paper (n = 30), not
studying the outcomes of interest (n = 29), not the
correct study type (n = 21), pre-prints (n = 14), no un-
vaccinated comparator (n = 14), no separation by vaccine
(n = 9), or other reasons (n = 6). The entries with no
corresponding papers (n = 30) were ClinicalTrials.gov
entries with no published paper at the time of data
analysis. One study was excluded due to reporting VE
results only for a 3-dose regimen.'® Two studies were
excluded as the 95% ClIs differed considerably from
Review Manager calculations.”® A summary table of
included studies can be found in Supplement 2. For
included results, VE against death was excluded for one
case-control study as it was reported in HR—whereas
other case-control studies had reported this outcome in
OR." For studies reporting 100% VE, three results from
three studies investigating VE against severe COVID-19
were excluded,”? and efficacy from one RCT which
combined VE against death and hospitalization was
excluded.”

Quality and risk of bias assessment

For cohort studies, the majority used population-based
samples for exposed and unexposed groups. All
studies adjusted for age, and most adjusted for or
specified the dominant VoC during the study period.
Furthermore, most studies used RT-PCR testing as the
sole method of case ascertainment. However, reporting
of follow-up periods was inconsistent, rendering evalu-
ation of the changes in VE difficult (Supplement 5).
Included case-control studies consisted largely of
hospital-based samples (Supplement 6). All but one
study did not adjust for age® as it only studied older
adults (>60 years).

For RCTs, all studies used randomization to assign
exposure status. One study lacked complete allocation
concealment in its delivery of exposures.” All RCTs
were double blinded, had a low drop-out rate (<10%),
and used RT-PCR as the only method of case ascer-
tainment. However, four studies had some concerns in
the selection of reported results”?***; among which
two were due to the employment of per-protocol anal-
ysis.** Ultimately, only one RCT achieved an overall
low risk of bias,” while the other four had some overall
concerns™”***# (Supplement 7).
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Identification

(Via Ovid), Web of Science Core Collection, Web of Science Chinese Science Citation

1903 Records Identified by search strategy in Pubmed (including MEDLINE), EMBASE l
Database, and Clinicaltrials.gov

/

1741 citations after electronic

Screenin; )
d duplicate removal
1741 records screened
Eligibility 151 full-texts assessed for eligibility

l

28 studies to be included for all
inactivated vaccines

)

162 duplicates removed
electronically

1590 title/abstracts excluded
Not an outcome of interest (n=1158)
Not primary research article (n=234)

No corresponding paper (n=154)
Unremoved duplicates (n=36)
Others (n=8)

123 full-texts excluded
No Corresponding Paper (n=30)
Not Outcome of Interest (n=29)
Not Correct Study Type (n=21)
Preprints (n=14)
No Comparison Group (n=14)
Not Separated by Vaccine(n=9)
Others (n=6)

Fig. 1: PRISMA flowchart.

Systematic review
Table 1 shows all included studies with their vaccine
efficacy and effectiveness, alongside corresponding
dominant variant(s), age group, and vaccine(s) of inter-
est. No studies reported VE against symptomatic infec-
tion during Alpha or Beta-dominant periods. Studies on
earlier Alpha and Delta variants tend to report signifi-
cantly higher VE against symptomatic disease and
infection outcomes, in comparison to studies on the
later Gamma and Omicron variants, against which VE
often fell below WHO’s minimum requirement of 50%
VE for infection and symptomatic disease.*® However,
this association cannot be clearly established as different
vaccines of interest were used in the respective studies.
Specifically, while studies on the Delta variant included
both CoronaVac and BIBP-CorV, all studies including
Alpha and Beta variants used only BIBP-CorV or
QazCovid-In. On the other hand, all studies including
the Gamma variant used CoronaVac. For Omicron,
there were three studies: two used CoronaVac,”*” and a
third was study that used BIBP-CorV in children.”” As
such, the apparent waning of effectiveness of inactivated
vaccines against later variants could also be attributed to
differences in VE between BIBP-CorV and CoronaVac.
The only head-to-head cohort study between these two
vaccines was conducted in China during a Delta-
dominant period,” which showed BIBP-CorV to be
superior to CoronaVac, although the study yielded
highly imprecise estimates with very wide 95% CI
(VE 50.56%, 95% CI 3.79-74.59% vs. VE 39.12%, 95%
CI -0.91-63.27%).”

It is difficult to determine the relative superiority of
VE for particular brands of inactivated vaccines due to
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the absence of brand-specific studies for ICU admission
outcome, and inconsistencies in VE findings against the
Gamma and Omicron variants for hospitalization and
death outcomes.

Efficacy/effectiveness against symptomatic
infection
Fig. 2 shows forest plots for VE of inactivated vaccines
against symptomatic COVID-19 infection. Dominant
variants differed across studies. Pooled case-control
studies included Gamma and Delta-dominant periods,
while RCTs included earlier variants or did not specify
as they were conducted prior to the emergence of VoCs.
Among four case-control studies, the overall effective-
ness estimate was OR 0.32 (95% CI 0.16-0.64,
I” = 98%). These studies reported results for CoronaVac
and BIBP-CorV. Two focused on older populations (>60
and >70 years),”* while the other two included adults
of all ages (=18 years).”"** One of the two case-control
studies on older populations reported significantly
higher VE (OR 0.06, 95% CI 0.04—0.08) in comparison
to other studies.” This study investigated the effective-
ness of BIBP-CorV in a Delta-dominant period among
older adults, while the other three studied VE of Coro-
naVac against Gamma and Delta periods in adults of all
ages. When this study was removed, VE decreased
significantly; however, the estimate became much more
precise (OR 0.58, 95% CI 0.53-0.64, I* = 30%), and the
quality of the case-control pool increased to “low”. One
study reported the results in HR.**

Five RCTs examined this outcome.?*”****% Efficacy
among RCTs was higher (OR 0.21, 95% CI 0.16-0.27,
I* = 28%) than effectiveness from case-control studies.
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Author Study design Variant of Vaccine of interest Country  Total Mean/ Population Symptomatic  Infection Hospitalization  ICU Mortality Severe
concern median group infection admission infection
(VoQ) follow-up
time
Voko et al. Retrospective Alpha Sinopharm/BBIBP- Hungary 4,930,041 - General public, - IRR 0.313 - - IRR 0.122 -
20217 cohort CorV/BIBP/SARS-CoV- >16 (0.299-0.328) (0.106-0.139)
2 Vaccine (Vero Cell)/
Hayat-Vax
Al Kaabi et al. Retrospective Alpha & Sinopharm/BBIBP- United 2,199,772 - General public, - - HR 0.20 HR 0.14 HR 0.16
20227 cohort Delta CorV/BIBP/SARS-CoV- Arab >18 (0.19-0.22) (0.11-0.18)  (0.09-0.29)
2 Vaccine (Vero Cell)/ Emirates
Hayat-Vax (UAE)
Al Hosani et al.  Retrospective Alpha, Sinopharm/BBIBP- UAE 154,872 - General public, - - OR 0.26 OR 0.09 OR 0.09 -
2022° cohort Beta, CorV/BIBP/SARS-CoV- >15 (0.24-0.28) (0.07-0.12)  (0.07-0.12)
Delta 2 Vaccine (Vero Cell)/
Beijing Institute of
Biological Products
Khairullin et al. ~ RCT Alpha, QazCovid/QazCovid-In Kazakhstan 2835 - General public, OR 0.17 - - - -
20227 Delta >18 (0.10-0.27)
Ella et al. 2021>° RCT Alpha, Covaxin/BBV152 India 16,923 - General publicc, OR 0.23 OR 0.31 - - - IRR 0.066
Delta, >18 (0.14-0.35) (0.19-0.53) (0.02-0.429)
and a
non-VoC
Rearte et al. Test-negative Alpha, Sinopharm/BBIBP- Argentina 201,022 - General public, - OR 0.56 - - HR 0.27 -
2022"° case control Gamma,  CorV/BIBP/SARS-CoV- >60 (0.55-0.58) (0.25-0.29)
and a 2 Vaccine (Vero Cell)/
non-VoC  Hayat-Vax
Sritipsukho et al. Test-negative Delta SinoVac/CoronaVac/  Thailand 1795 - General public, - OR 0.1240 = = = OR 0.1240
20227 case control PiCoVacc >18 (0.044-0.3493) (0.044-0.3493)
Nadeem et al. Case-control  Delta Sinopharm/BBIBP- Pakistan 3426 - General public,  OR 0.057 - OR 0.395 OR 0.339 OR 0.014 -
20223° study CorV/BIBP/SARS-CoV- >60 (0.041-0.078) (0171-0.921)  (0.07-1.591) (0.004-0.058)
2 Vaccine (Vero Cell)/
Hayat-Vax
Wu et al. 2022" Retrospective Delta Sinopharm/BBIBP- China 1020 - Close contact,  OR BIBP 0.4944 - - - - OR BIBP 0.00
cohort CorV/BIBP/SARS-CoV- >18 (0.2541-0.9621) OR CoronaVac
2 Vaccine (Vero Cell)/ OR CoronaVac 0.00
Hayat-Vax, SinoVac/ 0.6088
CoronaVac/Picovac (0.3673-1.0091)
Li et al. 2021”>  Test-negative Delta Sinopharm/BBIBP- China 253 - Close contact, - OR 0.41 - - - OR BIBP 0.00
case-control CorV/BIBP/SARS-CoV- 18-59 (0.19-0.84) OR CoronaVac
2 Vaccine (Vero Cell)/ 0.00
Hayat-Vax, SinoVac/
CoronaVac/PiCoVacc
Cerqueira-Silva  Test-negative Delta and SinoVac/CoronaVac/  Brazil 121,371 - Previously OR 0.606 - - - - -
et al. 2022°" case control  Gamma PiCoVacc infected, >18 (0.574-0.639)
Cerqueira-Silva  Test negative Delta and SinoVac/CoronaVac/  Brazil 3,574,614 - General public, - OR 0.52 - - - -
et al. 2022%” case control  Gamma  PiCoVacc >18 (0.52-0.53)
Can et al. 2022°° Retrospective Delta and SinoVac/CoronaVac/  Turkiye 3174 - Healthcare HR 0.610 - - - - -
cohort Gamma PiCoVacc workers, >15 (0.463-0.804)
Hitchings et al. ~ Test-negative Gamma  SinoVac/CoronaVac/  Brazil 343 14 days Healthcare OR 0.63 - - - - -
202134 case control PiCoVacc workers, >18 (0.26-1.53)
Ranzani et al. Test-negative Gamma SinoVac/CoronaVac/  Brazil 39,816 - General public,  OR 0.532 - OR 0.445 - OR 0.388 -
2021% case control PiCoVacc >70 (0.462-0.613) (0.371-0.535) (0.295-0.511)
Marra et al. Retrospective  Gamma SinoVac/CoronaVac/  Brazil 7897 - Healthcare IRR 0.487 - - - - -
20223° cohort PiCoVacc workers, >18  (0.363-0.654)

(Table 1 continues on next page)
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Author Study design Variant of Vaccine of interest Country  Total Mean/ Population Symptomatic  Infection Hospitalization 1CU Mortality Severe
concern median group infection admission infection
(VoQ) follow-up
time
(Continued from previous page)
Arregoces-Castillo Retrospective Non-VoC  SinoVac/CoronaVac/  Colombia 2,097,431 - General public, - - OR 0.35 - OR 0.30 -
et al. 2022”° cohort PiCoVacc >60 (0.33-0.37) (0.28-0.32)
Gonzalez et al.  Retrospective Omicron  Sinopharm/BBIBP- Argentina 726,954 110 (#19) Close contact, 3- - - OR 0.236 - - -
2022° cohort CorV/BIBP/SARS-CoV- days 11 (0.165-0.371)
2 Vaccine (Vero Cell)/
Hayat-Vax
Jara et al. 2022%° Retrospective Omicron  SinoVac/CoronaVac/  Chile 383,950 - General publicc,  HR 0.618 - HR 0.354 HR 0.310 - -
cohort PiCoVacc 35 (0.601-0.635) (0.248-0.504)  (0.118-0.814)
Suah et al. 20223° Retrospective Omicron  SinoVac/CoronaVac/  Malaysia 5,650,550 - General public, - OR 0.41 - OR 0.48 OR 0.21 -
cohort PiCoVacc >15 (0.37-0.46) (0.44-0.53)  (0.19-0.24)
Fadlyana et al. ~ RCT Unspecified SinoVac/CoronaVac/  Indonesia 1620  Vaccinated: General public, OR 0.39 - - - - OR 0.00
2021%° PiCoVacc 80.78 days >19 (0.16-0.93)
Placebo:
72.08 days
Suah et al. 2021%" Retrospective Unspecified SinoVac/CoronaVac/  Malaysia 977,004 - General public, - - - IRR 0.28 IRR 0.176 -
cohort PiCoVacc >20 (0.261-0.301) (0.163-0.19)
Jara et al. 2021** Prospective  Unspecified SinoVac/CoronaVac/  Chile 9,645302 - General public, - HR 0.363 HR 0.135 HR 0.098 HR 0.133 -
cohort PiCoVacc >16 (0.354-0372) (0.126-0.144)  (0.086-0.111) (0.117-0.151)
Mirahmadizadeh Retrospective Unspecified Sinopharm/BBIBP- Iran 1,736,773 105 days  General public, - BIBP-CorV: IRR BIBP-CorV: IRR - BIBP-CorV: IRR -
et al. 2022 cohort CorV/BIBP/SARS-CoV- >18 0.211 0.281 0.139
2 Vaccine (Vero Cell)/ (0.196-0.206)  (0.269-0.293) (0.120-0.159)
Hayat-Vax, Covlran/ Covlran: IRR Covlran: IRR Covlran: IRR
BIV1-Coviran 0.129 0.136 0.027 (0-0.037)
(Barakat/Barkat) (0.117-0.140)  (0.112-0.159)
Tanriover et al. ~ RCT Unspecified SinoVac/CoronaVac/  Turkiye 10,214 43 days General publicc,  OR 0.11 - - - - -
2021%° PiCoVacc 18-59 (0.05-0.23)
Al Kaabi et al. ~ RCT Unspecified Sinopharm/BBIBP- Egypt, 38,206 77 days General publicc, OR WIBP 0.27 OR WIBP 0.36 - - - OR 0.00
20217° CorV/BIBP/SARS-CoV- UAE, >18 (0.17-0.43) (0.24-0.54)
2 Vaccine (Vero Cell)/ Bahrain, OR BIBP 0.22  OR BIBP 0.27
Hayat-Vax, WIBP/ Jordan (0.13-0.37) (0.17-0.41)
WIBP-CorV
Behera et al. Test-negative Unspecified Covaxin/BBV152 India 645 - Healthcare - OR 0.71 - - - -
20224 case-control workers, >18 (0.47-1.08)
Petrovic et al. Retrospective Unspecified Sinopharm/BBIBP- Serbia 359,080 - General public, - OR 0.13 - - - OR 0.10
20224 cohort CorV/BIBP/SARS-CoV- >60 (0.12-0.14) (0.08-0.11)

2 Vaccine (Vero Cell)/
Hayat-Vax

Variants include Alpha, Beta, Delta, Gamma, and Omicron. Although several studies investigated not only inactivated vaccines, only vaccines included in this systematic review and meta-analysis are listed under “Vaccine of interest”.

Table 1: Characteristics of included studies.



www.thelancet.com/digital-health

Articles

Symptomatic infection in case-control studies

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Nadeem et al. 2022 -2.8647 0.1681 26.0% 0.06 [0.04, 0.08] -
Ranzani et al. 2021 -0.6311 0.072 27.3% 0.53 [0.46, 0.61] -
Cerqueira-Silva et al. 2022a -0.5009 0.0277 27.5% 0.61[0.57, 0.64] u
Hitchings et al. 2021 -0.462 0.4516 19.2% 0.63 [0.26, 1.53] I
Total (95% CI) 100.0% 0.32 [0.16, 0.64] .

o 2 _ 3 2 _ - 2 I + + |
?ete:cogeneltyilT?: = (2)4_173: Egl P—_1330.g;1, df = 3 (P < 0.00001); I> = 98% h01 o1 10 100

est for overall effect: Z = 3.18 (P = 0. ) Favours [experimental] Favours [control]
Symptomatic infection in RCTs
Vaccinated Placebo Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Tanriover et al. 2021 9 6646 43 3568 11.0% 0.11 [0.05, 0.23]
Khairullin et al. 2022 31 2275 43 560 20.6% 0.17 [0.10, 0.27] —
Al Kaabi et al. 2021 BIBP 21 12726 47 6363 18.2% 0.22[0.13, 0.37] -
Ella et al. 2021 24 8471 106 8502 22.2% 0.23 [0.14, 0.35] -
Al Kaabi et al. 2021 WIBP 26 12743 48 6364 20.2% 0.27[0.17, 0.43] —
Fadlyana et al. 2021 7 798 18 804 7.8% 0.39 [0.16, 0.93] . —
Total (95% CI) 43659 26161 100.0% 0.21 [0.16, 0.27] <
Total events 118 305

e 2 _ . Chi? = = = 2= [ ; } |
Heterogeneity: Tau® = 0.03; Chi® = 6.97, df = 5 (P = 0.22); I° = 28% 001 o1 10 100

Test for overall effect: Z = 11.55 (P < 0.00001)

Favours intervention Favours placebo

Fig. 2: Forest plot of overall estimates of VE against symptomatic SARS-COV-2 infection.

Five RCTs reported results for QazCovid-In, Covaxin,
CoronaVac, BIBP-CorV, and WIBP-CorV. All included
RCTs studied the adult population (18-59 or >18 years),
including VE against Alpha, Beta, and Delta variants.
Under GRADE assessment (Supplement 8), the quality
of evidence was rated as very low for case-control studies
and high for RCTs.

Efficacy from four RCTs*?***%° against symptomatic
disease among the 18-59 age group was similar to pri-
mary analysis (OR 0.23, 95% CI 0.18-0.30, I* = 0%).
Two studies looked at CoronaVac.** (OR 0.23, 95% CI
0.09-0.59, I* = 62%). Among three case-control
studies,”**** two included a Gamma-dominant
period,*** from which a similarly low VE estimate was
found (OR 0.53, 95% CI 0.46-0.61, I? = 0%).

Efficacy/effectiveness against infection

Fig. 3 shows forest plots for VE of inactivated vaccines
against SARS-CoV-2 infection. Among five case-control
studies,*?>**>* the overall estimate for VE was OR
0.53 (95% CI 0.49-0.57, I* = 90%), reporting results for
Covaxin, CoronaVac, and BIBP-CorV. Two of the five
studies accounted for 89.2% of the weighting. One
studied VE against infection among older adults (aged
>60), while the other studied those aged >18"** both
reported similar effectiveness (0.52, 95% CI 0.51-0.53%

vs. 0.56, 95% CI 0.55-0.57%). These studies were con-
ducted during Gamma-dominant periods. The three
other studies investigated VE among those aged >18 or
18-59. This differed from the VE estimate of all the
other 3 pools. One case-control study reported in OR
and could not be pooled with other studies."”

Three cohort-IRR studies reported high effectiveness
for Covlran, CoronaVac, and BIBP-CorV (IRR 0.25, 95%
CI 0.16-0.38, I* = 99%).*+ These studies included
ages >16 or >18. However, one study was conducted
during an Alpha-dominant period,” while another was
conducted during a Gamma-dominant period.*® The
study reporting highest effectiveness studied both Cov-
Iran and BIBP-CorV, reporting an effectiveness of IRR
0.129 (0.117-0.140) for Covlran and IRR 0.211
(0.196-0.206) for BIBP-CorV.* On the other hand, two
cohort-OR studies reported a similar estimate for
CoronaVac and BIBP-CorV (OR 0.21, 95% CI 0.06-0.67,
I> = 83%).“ However, the two studies reported
significantly different results. One study reported OR
0.13 (0.12-0.14),” while the other reported OR 0.42
(0.16-1.10).* Higher VE was reported in older adults
(age >60) against the Delta variant, while lower VE was
reported in adults (>18) and older adults against the
Omicron variant. Two RCTs reported efficacy for
Covaxin, BIBP-CorV and WIBP-CorV.”*** This efficacy
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Infection in case-control studies

Odds Ratio
SE Weight 1V, Random, 95% CI

Study or Subgroup log[Odds Ratio]

Odds Ratio
IV, Random, 95% CI

Sritipsukho et al. 2022 -0.9163 0.13 7.0% 0.40[0.31, 0.52] =
Li et al. 2021 -0.8916 0.3924 0.9% 0.41[0.19, 0.88]
Cerqueira-Silva et al. 2022b -0.6539 0.0097 44.5% 0.52 [0.51, 0.53] |
Rearte et al. 2022 -0.5798 0.0092 44.7% 0.56 [0.55, 0.57] |
Behera et al. 2022 -0.3425 0.2105 2.9% 0.71[0.47, 1.07] =
Total (95% CI) 100.0% 0.53 [0.49, 0.57] [)
ity: Tau? = ; Chi? = = - I t t |
i
eT T ' Favours vaccinated Favours unvaccinated
Infection in cohort studies
Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE_Weight 1V, Rand 95% ClI 1V, Rand 95% CI
Mirahmadizadeh et al. 2022 Coviran -2.0479 0.0498 25.5% 0.13[0.12, 0.14] =
Mirahmadizadeh et al. 2022 BIBP -1.5559 0.0376 25.7% 0.21[0.20, 0.23] L]
Voké et al 2021 -1.1616 0.0233 25.8% 0.31[0.30, 0.33] L
Marra et al. 2022 -0.7195 0.1499 23.1% 0.49 [0.36, 0.65] -
Total (95% CI) 100.0% 0.25 [0.16, 0.38] L 2
Heterogeneity: Tau? = 0.19; Chi? = 308.55, df = 3 (P < 0.00001); I = 99% '0 o1 011 110 100‘
Test for overall effect: Z = 6.33 (P < 0.00001) Favours vaccinated Favours unvaccinated
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Petrovic et al. 2022 -2.077 0.0411 58.2% 0.13[0.12, 0.14] |
Suah et al 2022 -0.8675 0.4924 41.8% 0.42 [0.16, 1.10] —&—T
Total (95% CI) 100.0% 0.21 [0.06, 0.67] ol
. 2 _ . 2 _ — _ 2 = ! + t J
?ete;ogeneltyl.lT?:: = ;)Elz, (égl P—_S:&,);f =1(P=0.01);1°=83% 001 o1 10 100
est for overall effect: Z = 2.63 (P = 0. ) Favours vaccinated Favours unvaccinated
Infection in RCTs
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al Kaabi et al. 2021 BIBP 31 12726 58 6363 34.4% 0.27[0.17, 0.41] —
Ella et al. 2021 19 3248 56 3041 24.1% 0.31[0.19, 0.53] —=
Al Kaabi et al. 2021 WIBP 42 12743 58 6364 41.5% 0.36 [0.24, 0.54] —
Total (95% CI) 28717 15768 100.0% 0.31 [0.24, 0.41] <&
Total events 92 172
[ ropn - B . g - e I ; L + :
Heterogeneity: Tau? = 0.00; Chi* = 1.01, df = 2 (P = 0.60); I° = 0% o1 o1 ) 100

Test for overall effect: Z = 8.87 (P < 0.00001)

Favours intervention Favours placebo

Fig. 3: Forest plot of overall estimates of VE against SARS-COV-2 infection.

estimate was consistent with effectiveness estimates
from cohort pools (OR 0.27, 95% CI 0.21-0.34, I’= 0%).
Both RCTs studied those aged >18; however, one did
not specify the dominant variant.”* The other included
Beta and Delta-dominant periods.”* Using GRADE
guidelines (Supplement 8), pools for the infection
outcome are of very low quality for case-controls, cohort
ORs, and cohort IRRs and high quality for RCTs.

www.thelancet.com Vol = m, 2023

For additional analysis, VE against infection among
adults was similar to primary analysis from cohort-IRR
studies (IRR 0.16, 95% CI 0.11-0.22, = 93%).7*
One study included an Alpha-dominant period,* while
the other did not specify the dominant variant. Both
studies included BIBP-CorV, while one included Cov-
Iran.” The same studies found lower VE against infec-
tion among older adults (IRR 0.42, 95% CI 0.23-0.80,
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I = 99%). This is similar to estimates from two case-
control studies which reported similar VE among
older adults (OR 0.56, 95% CI 0.56-0.57, I* = 0%)."*>
Conversely, when results on CovIran were removed to
study brand-specific effectiveness, VE of BIBP-CorV was
higher (IRR 0.26, 95% CI 0.17-0.38, I* = 99%). Mean-
while, VE of CoronaVac was found to have an OR 0.47
(95% CI 0.37-0.60, I* = 75%)*> among adult and older
adult populations against Gamma and Delta periods,
which was similar to the VE estimate against infection
from two case-control studies conducted in Delta-
dominant periods (OR 0.40, 95% CI 0.31-0.51,
IZ - O%).zz,zg,zz

Effectiveness against hospitalization

Fig. 4 shows the forest plot for inactivated vaccine
effectiveness against COVID-19 related hospitalization.
Estimates from four cohort-HR studies yielded a high
VE (HR 0.24, 95% CI 0.15-0.37, > = 99%),7*7%38:42
however, the meta-analysis was of poor consistency
with I* = 99%. One study reported results for a pediatric
population (3-5 years),*”” while another reported VE for

years. Study periods had different dominant VoCs,
including Alpha, Delta, Gamma, and Omicron variants.
VE was similarly observed in the cohort-OR pool (OR
0.26, 95% CI 0.24-0.28, I* = 0%), however the estimate
from two case-control studies differed significantly (OR
0.44, 95% CI 0.37-0.53, 1> = 0%).”*¥ The case-control
studies reported VE of CoronaVac and BIBP-CorV
against the Gamma and Delta variant, among samples
of age >70 and >60, respectively. These results were
similar to the findings of the older adult study (>60
years) in the cohort-HR pool.”* Using GRADE guide-
lines (Supplement 8), the pools for the hospitalization
outcome are of very low quality for case-control and
cohort HRs, and low quality for cohort ORs.

Subgroup analyses were conducted for the older
adult and CoronaVac subgroups, respectively. Both
subgroups were taken from the cohort-HR pool. VE was
similarly observed among both subgroups and the pri-
mary analysis, with a pool of three cohort-HR studies
estimating VE against hospitalization among older
adults with a HR 0.25 (95% CI 0.14-0.47,
I = 99%),””>** and VE of CoronaVac against hospitali-

an older adult population (=60 years).” The other two  zation with a HR 0.25 (95% CI 0.12-0.54,
studies reported results for samples aged >18 and >16 17 = 1009%).2355+
Related hospitalization in case-control studies
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Nadeem et al. 2022 -0.9289 0.4272 4.5% 0.39[0.17, 0.91] s
Ranzani et al. 2021 -0.8097 0.0928 95.5% 0.44 [0.37, 0.53] .
Total (95% CI) 100.0% 0.44 [0.37, 0.53] L 3
Heterogeneity: Tau? = 0.00; Chi?2 = 0.07, df = 1 (P = 0.79); I = 0% b t t {
) 0.01 0.1 10 100
Test for overall effect: Z = 8.99 (P < 0.00001) Favours [experimental] Favours [control]
Related hospitalization in cohort studies
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Al Hosani et al. 2022 -1.3471 0.0408 95.2% 0.26 [0.24, 0.28]
Gonzalez et al.2022 -1.4439 0.1826 4.8% 0.24 [0.17, 0.34] =
Total (95% CI) 100.0% 0.26 [0.24, 0.28] (]
ity: Tau? = : Chi? = = = 2= ; - : f
e e =i i o9
e AT § Favours [experimental] Favours [control]
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Jaraetal. 2021 -2.0025 0.0352 25.8% 0.13[0.13, 0.14] L]
Al Kaabi et al. 2022 -1.6094 0.0262 25.9% 0.20[0.19, 0.21] L]
Arregoces-Castillo et al. 2022 -1.0498 0.03  25.9% 0.35[0.33, 0.37] L]
Jara et al. 2022 -1.0385 0.1816 22.3% 0.35 [0.25, 0.51] .
Total (95% CI) 100.0% 0.24 [0.15, 0.37] - =
ity 2 _ . 2 _ — L2 = ! + + i
Heterogeneity: Tau® = 0.20; Chi® = 452.13, df = 3 (P < 0.00001); I* = 99% 0oL o1 10 100

Test for overall effect: Z = 6.28 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 4: Forest plot of overall estimates of VE against SARS-COV-2-related hospitalization.

www.thelancet.com Vol = m, 2023


www.thelancet.com/digital-health

Articles

Effectiveness against ICU admission

Fig. 5 shows the forest plot for inactivated vaccine
effectiveness against COVID-19 related ICU admission.
Among two cohort-OR studies,”*” VE against COVID-
19 related ICU admissions was estimated to have an
OR 0.21 (95% CI 0.04-1.08, I* = 99%) for CoronaVac
and BIBP-CorV, respectively, with significantly different
findings. One study reported OR of 0.09 (95% CI
0.07-0.12),% while another reported 0.48 (0.44-0.52)."
Both studies investigated samples aged >15. Higher
VE was reported from the study during Alpha, Beta and
Delta-dominant periods using BIBP-CorV,* while lower
VE was reported during an Omicron-dominant period
using CoronaVac."”

Within the cohort-HR pool, three studies reported
high VE for CoronaVac and BIBP-CorV (HR 0.13, 95%
CI 0.09-0.19, I* = 82%).”** One was a pediatric study,”
while the other two studied those aged >16 and >18.
After removing the pediatric study, VE remained rela-
tively unchanged (0.12, 95% CI 0.08-0.16, I* = 85%). The
study periods overlapped with Alpha, Delta, Gamma and
Omicron-dominant periods. However, the study which
investigated an Omicron-dominant period reported
significantly lower VE (HR 0.31, 95% CI 0.12-0.81)*
compared to those during Alpha, Beta and Delta pe-
riods. Using GRADE guidelines (Supplement 8), both
pools for ICU admission are of very low quality.

High effectiveness against ICU admission was found
for both older adults*** and CoronaVac subgroups
(0.12, 95% CI 0.09-0.17, I* = 65% and 0.16, 95% CI
0.05-0.48, 1> = 81%, respectively).”* Both subgroups
included two studies from the cohort-HR pool. The
CoronaVac subgroup included one pediatric study dur-
ing the Omicron-dominant period,* and one adult study
that did not specify the dominant VoC.*®

Related ICU admission in cohort studies

Effectiveness against death

Fig. 6 shows the forest plots for inactivated vaccine
effectiveness against COVID-19 related death. In the
cohort pool, VE against COVID-19 related death was
estimated as IRR 0.10 (95% CI 0.06-0.16, I* = 97%),”**
HR 0.19 (95% CI 0.10-0.36, I*= 98%),”2>* and OR 0.13
(95% CI 0.03-0.57, I* = 60%).**” Among the case-control
studies, this was 0.08 (95% CI 0.00-2.02, I* = 96%).*
Both case-control studies investigated older adult pop-
ulations (>70 and >60) and showed significantly different
results. Higher VE was reported for BIBP-CorV against
the Delta variant (0.01, 95% CI 0.00-0.05)* in comparison
to CoronaVac against the Gamma variant (0.39, 95% CI
0.30-0.51).*** At the same time, two cohort-OR studies
reported vastly different results with much lower (60%)
heterogeneity. Among them were samples of >18 and
>15 years. One study looked at CoronaVac but did not
specify the dominant variant during the study period.”
The other study looked at BIBP-CorV against the Alpha,
Beta and Delta variants.® A single case-control study was
reported in HR and could not be pooled.”

For the cohort-IRR pool, three studies reported VE
on Covlran, CoronaVac, and BIBP-CorV, investigating
age groups >18 and >16. One studied VE of BIBP-CorV
against the Alpha variant,** while this was not specified
in the other two studies. On the other hand, the three
studies in the cohort-HR pool reported VE on Corona-
Vac and BIBP-CorV only. Studies investigated age
groups >16, >18, and >60. Another study reported VE
of BIBP-CorV against Alpha and Delta variants,” while
one study did not specify variant type.**

Under GRADE guidelines (Supplement 8), all pools
for death are of very low quality. The cohort-OR pool and
case-control pool have very wide Cls, with included
studies reporting significantly different results. However,

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Al Hosani et al. 2022 -2.4079 0.1282 49.7% 0.09 [0.07, 0.12] :
Suah et al 2022 -0.734 0.0444 50.3% 0.48 [0.44, 0.52] | |
Total (95% CI) 100.0%  0.21 [0.04, 1.08] e
H . 2 . i S = . @ o : : : =
Heterogeneity: Tau® = 1.39; Chi* = 152.22, df = 1 (P < 0.00001); I*> = 99% 001 o1 10 100

Test for overall effect: Z = 1.87 (P = 0.06)

Hazard Ratio
SE Weight 1V, Random, 95% CI

Study or Subgroup  log[Hazard Ratio]

Favours [experimental] Favours [control]

Hazard Ratio
IV, Random, 95% CI

Al Kaabi et al. 2022 -1.9661 0.123 41.2%
Jaraetal. 2021 -2.3228 0.0666 46.2%
Jara et al. 2022 -1.1712 0.4928 12.5%
Total (95% CI) 100.0%

Heterogeneity: Tau? = 0.08; Chi? = 11.16, df = 2 (P = 0.004); I> = 82%

Test for overall effect: Z = 10.04 (P < 0.00001)

0.14[0.11, 0.18] -
0.10 [0.09, 0.11] [ ]
0.31[0.12, 0.81] —_—
0.13 [0.09, 0.19] -
0.01 0.1 10 100

Favours [experimental] Favours [control]

Fig. 5: Forest plot of overall estimates of VE against SARS-COV-2-related ICU admission.
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Related death in case-control studies

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Nadeem et al. 2022 -4.2687 0.6392 48.2%  0.01[0.00, 0.05] ‘l——
Ranzani et al. 2021 -0.9467 0.1398 51.8% 0.39 [0.30, 0.51] 3
Total (95% CI) 100.0%  0.08 [0.00, 2.02] =ee—

Heterogeneity: Tau? = 5.30; Chi? = 25.78, df = 1 (P < 0.00001); 12 = 96%

0.1

10

i 0.01 100
Test for overall effect: Z = 1.54 (P = 0.12) Favours [experimental] Favours [control]
Related death in cohort studies
Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Mirahmadizadeh et al. 2022 BIBP -1.9733 0.075 25.4% 0.14 [0.12, 0.16] -
Mirahmadizadeh et al. 2022 Covlran -3.6119 0.1608 23.4% 0.03 [0.02, 0.04] —a
Suah et al. 2021 -1.7373 0.0392 25.8% 0.18 [0.16, 0.19] L]
Voké et al 2021 -2.1037 0.0717 25.4% 0.12 [0.11, 0.14] -
Total (95% CI) 100.0% 0.10 [0.06, 0.16] -
Heterogeneity: Tau? = 0.23; Chi? = 139.43, df = 3 (P < 0.00001); I = 98% '0 oL 0=1 150 100‘
Test for overall effect: Z = 9.54 (P < 0.00001) Favours [experimental] Favours [control]
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Al Hosani et al. 2022 -3.2189 1.0448 30.2% 0.04[0.01,0.31] —&——
Suah et al 2022 -1.5606 0.0511 69.8% 0.21[0.19, 0.23] | |
Total (95% CI) 100.0% 0.13 [0.03, 0.57] .

ity: Tau? = - Chi? = = = 2= b ¢ : j
w0

. ' ' Favours [experimental] Favours [control]
Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
Al Kaabi et al. 2022 -1.8326 0.2936 28.4% 0.16 [0.09, 0.28] —
Arregoces-Castillo et al. 2022 -1.204 0.0352 36.0% 0.30[0.28, 0.32] L
Jara et al. 2021 -2.0174 0.0654 35.6% 0.13 [0.12, 0.15] =
Total (95% CI) 100.0% 0.19 [0.10, 0.36] .
Heterogeneity: Tau? = 0.32; Chi? = 122.22, df = 2 (P < 0.00001); I> = 98% 50 o1 051 150 100’

Test for overall effect: Z = 4.96 (P < 0.00001)

Fig. 6: Forest plot of overall estimates

estimates for this outcome were relatively consistent
across design. In comparison to other outcomes, inacti-
vated vaccines seem to have consistently higher effec-
tiveness against COVID-19 related death.

VE against death was consistently high among sub-
groups. For older people, there was an IRR 0.11 (95% CI
0.07-0.16, I* = 87%)*** and HR 0.20 (95% CI 0.10-0.39,
I? = 98%),”%** respectively. Similarly, VE of BIBP-CorV
and CoronaVac against death was OR 0.13 (95% CI
0.11-0.15, I* = 37%)** and HR 0.20 (95% CI 0.09-0.45,
I> = 100%),”* respectively. All studies available for
subgroup analysis of this outcome specified only early
variants (Alpha, Delta).

Effectiveness against severe COVID-19
There were too few studies to conduct meta-analysis for
severe infection. In total, there were two case-control

Favours [experimental] Favours [control]

of VE against SARS-COV-2-related death.

studies,”>?* two cohort studies,”* and three RCTs>?%4
which examined this outcome. One case-control,” two
cohort studies,”"* and two RCTs** reported 100% VE,
making them ineligible for meta-analysis, while other
studies reported very high VE against severe COVID-19.
These studies included Delta-dominant periods but one
also included the Alpha variant.

Discussion

This systematic review which included 28 studies with
over 32 million individuals showed significantly different
real-world effectiveness of inactivated vaccines against
symptomatic disease and infection. It is evident that
observational studies are heavily affected by confounding
factors such as dominant variant, vaccine brand, and
population. This also led to high heterogeneity among
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them. Few studies reported variant-specific effectiveness,
and many had multiple dominant strains present during
the study period, further limiting the interpretability of
subgroup analysis.

However, evidence supporting moderate to high
effectiveness of inactivated vaccines against severe out-
comes of COVID-19 was also found. Despite high het-
erogeneity for each individual meta-analysis, pools
across case-control and cohort studies for VE against
ICU admission and death outcomes yielded more
consistent estimates. However, for hospitalization, there
remains significant difference between VE estimates of
case-control and cohort studies.

It was not feasible to generate estimates on variant-
specific pooled VE for all outcomes, as many studies
had included multiple dominant variants during the
study period, and/or did not specify the dominant
variant. Several studies, particularly the early RCTs,
were conducted prior to the emergence of VoC. How-
ever, in view of the discrepancy between VE against
symptomatic disease and infection from early RCTs and
more recent observational studies, as well as the
reduction in VE for these two outcomes against the
Omicron and Gamma variants,*”*>* there is evidence to
suggest waning of protection from inactivated vaccines.
However, these findings may be driven by the brand-
specific effectiveness of CoronaVac and BIBP-CorV as
recent research on inactivated vaccines have been
heavily focused on these two brands.

Analysis for the pediatric subgroup was not con-
ducted due to the small number of studies. Moderate to
high VE of inactivated vaccines against symptomatic
infection and infection among the adult subgroup was
found. This was ascertained from four RCTs for the
primary outcome. However, VE among older adult
populations for the primary outcome remains uncertain
due to its wide 95% CI with the upper bound being >1.
On the other hand, VE against infection among older
adults was IRR 0.42 (95% CI 0.23-0.80) from two cohort
studies and OR 0.56 (95% CI 0.56-0.57) from two case-
control studies, compared to IRR 0.16 (95% CI
0.11-0.22) among adults. This is consistent to findings
of decreasing seropositivity with age among immuno-
genicity research,”* and is further supported by cur-
rent findings on severe COVID-19 outcomes. However,
the wide 95% CI for VE among older adults creates
uncertainty in whether the trend is consistent with the
results of existing research.

Vaccine-specific effectiveness estimates were only
available for CoronaVac and BIBP-CorV due to a lack of
published research on the other approved inactivated
vaccines. Our study pool is largely represented by studies
on the VE of CoronaVac and BIBP-CorV, hence overall
estimates are highly similar to brand-specific estimates
for these two vaccines. Only five studies investigated
VE of other approved inactivated vaccines, specifically
QazCovid-In, Covaxin, Covlran, and WIBP-CorV.

www.thelancet.com Vol = m, 2023

However, this representation could also reflect the
global use of inactivated vaccines, with CoronaVac and
BIBP-CorV accounting for over half of all COVID vac-
cine doses delivered globally,”’ demonstrating the cur-
rent global VE of inactivated vaccines.

To our best knowledge, this is the first study to sys-
tematically review and evaluate the protective effects of
the inactivated vaccine platform on the COVID-19
pandemic. Many included studies drew data from
population-based sources such as national databases,
providing large sample sizes and increasing external
validity for the current findings. Furthermore, the pools
included studies conducted in various geographic loca-
tions where inactivated vaccines were used, including
Asia, the Middle East, Europe and South America. Only
one observational study was rated as of low quality un-
der the NOS, and we have high confidence in our esti-
mates on the efficacy of inactivated vaccines against
symptomatic SARS-CoV-2 infection and infection. We
were also able to extensively study VE among adult and
older adult subgroups and obtained brand-specific VE
estimates for the two most widely used inactivated vac-
cines (i.e., CoronaVac and BIBP-CorV).

This study has several limitations. Firstly, we were
unable to use follow-up periods to evaluate waning
effectiveness due to inconsistent reporting, and a vast
majority of our pool consisted of case-control studies.
We were only able to assess changes in VE by
comparing studies published during different time
points/dominant variants in the pandemic, which
showed decrease in VE for symptomatic infection and
infection outcomes against more recent variants
(Gamma, Omicron). Secondly, the high heterogeneity
(I* > 75%) in all observational pools significantly
reduced the precision of our estimates according to
GRADE guidelines. Pooled studies often differed by
vaccine of interest, variant present, and population
characteristics. For severe outcomes, heterogeneity
could also have been caused by varying definitions of
“COVID-19 related” hospitalization, ICU admission, or
death. Furthermore, the evaluation of publication bias
was not possible as no pool had 10 or more studies.
Symptomatic disease and infection outcomes are prone
to underrepresentation due to surveillance bias resulting
from factors such as reluctance to test for COVID-19.%
Thirdly, this study only included peer-reviewed publi-
cations. It excluded some of the earliest evidence on
inactivated vaccines, many of which were RCTs pub-
lished as pre-prints for emergency approvals during the
early stage of the pandemic.”> Finally, this study only
examined the efficacy and effectiveness of complete
vaccination, that is, completing the primary vaccination
series. It did not examine the efficacy and effectiveness
of booster doses for those who completed a primary
series of inactivated vaccines, as the data were scarce
when this study was completed. However, the findings
shed light on the strengths and weaknesses of
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inactivated vaccines before boosters became widely
available. Two of the included studies investigated the
effectiveness of booster doses to those already fully
vaccinated with inactivated vaccines (BIBP-CorV and
CoronaVac). Their findings suggest that a homologous
or heterologous booster dose led to greater VE against
later VoCs compared to the primary series only.”*
More recent studies show that heterologous boosting
appears to be superior in effectiveness compared to
homologous boosting.”***

In conclusion, while observational studies and clin-
ical trials reported high VE of inactivated vaccines
against infection and symptomatic disease for early
SARS-CoV-2 VoC (Alpha, Delta), there is evidence to
suggest waning of vaccine effectiveness with more
recent VoCs (Gamma, Omicron), although this finding
may be driven by brand-specific effectiveness due to
differences in the volume of research for different
inactivated vaccines. On the other hand, effectiveness
has remained relatively robust against COVID-19
related ICU admission and death, although VE esti-
mates against hospitalization are inconsistent. These
findings highlight the need for further research
regarding booster vaccination and heterologous dosing,
especially for those who were initially given inactivated
vaccines. They also raise questions about the robustness
of inactivated vaccines against new SARS-CoV-2 vari-
ants. Further evidence on the safety of inactivated vac-
cines is also needed to assess the risks and benefits of
inactivated vaccines in the SARS-CoV-2 pandemic and
to inform vaccination policies.
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