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Effectiveness of an inactivated virus-based SARS-CoV-2
vaccine, BBV152, in India: a test-negative, case-control study

Devashish Desai, Adil Rashid Khan, Manish Soneja, Ankit Mittal, Shivdas Naik, Parul Kodan, Ayan Mandal, Ganesh Tarachand Maher,
Rohit Kumar, Ayush Agarwal, Naveen R Gowda, Vikas H, Parmeshwar Kumar, Shivam Pandey, R M Pandey, Arvind Kumar, Animesh Ray,
Pankaj Jorwal, Neeraj Nischal, Aashish Choudhary, Megha Brijwal, Karan Madan, Rakesh Lodha, Sanjeev Sinha, Lalit Dar, Naveet Wig,
Randeep Guleria

Summary

Background BBV152 is a whole-virion inactivated SARS-CoV-2 vaccine that has been deployed in India. The results of
the phase 3 trial have shown clinical efficacy of BBV152. We aimed to evaluate the effectiveness of BBV152 against
symptomatic RT-PCR-confirmed SARS-CoV-2 infection.

Methods We conducted a test-negative, case-control study among employees of the All India Institute of Medical
Sciences (a tertiary care hospital in New Delhi, India), who had symptoms suggestive of COVID-19 and had an
RT-PCR test for SARS-CoV-2 during the peak of the second wave of the COVID-19 pandemic in India between
April 15 and May 15, 2021. Cases (test-positives) and controls (test-negatives) were matched (1:1) on the basis of age
and gender. The odds of vaccination with BBV152 were compared between cases and controls and adjusted for level
of occupational exposure (to COVID-19), previous SARS-CoV-2 infection, and calendar time, using conditional logistic
regression. The primary outcome was effectiveness of two doses of BBV152 (with the second dose received at least
14 days before testing) in reducing the odds of symptomatic RT-PCR-confirmed SARS-CoV-2 infection, expressed as
(1-odds ratio) x 100%.

Findings Between April 15 and May 15, 2021, 3732 individuals had an RT-PCR test. Of these, 2714 symptomatic
employees had data on vaccination status, and 1068 matched case-control pairs were available for analysis. The
adjusted effectiveness of BBV152 against symptomatic COVID-19 after two doses administered at least 14 days before
testing was 50% (95% CI 33-62; p<0-0001). The adjusted effectiveness of two doses administered at least 28 days
before testing was 46% (95% CI 22-62) and administered at least 42 days before testing was 57% (21-76). After
excluding participants with previous SARS-CoV-2 infections, the adjusted effectiveness of two doses administered at
least 14 days before testing was 47% (95% CI 29-61).

Interpretation This study shows the effectiveness of two doses of BBV152 against symptomatic COVID-19 in the
context of a huge surge in cases, presumably dominated by the potentially immune-evasive delta (B.1.617.2) variant of
SARS-CoV-2. Our findings support the ongoing roll-out of this vaccine to help control the spread of SARS-CoV-2,
while continuing the emphasis on adherence to non-pharmacological measures.

Funding None.

Copyright © 2021 Elsevier Lid. All rights reserved.

Introduction

On Jan 16, 2021, India began to roll out its COVID-19
vaccination drive with two vaccines, Oxford—AstraZeneca
ChAdOx1 nCoV-19 (a chimpanzee adenoviral vector
vaccine manufactured by Serum Institute of India;
Covishield) and BBV152 (a whole-virion inactivated vaccine
manufactured by Bharat Biotech; Covaxin). Initially, only
health-care workers and front-line workers (eg, police,
paramilitary forces, sanitation workers, and disaster
management volunteers) were eligible for vaccination.
Eligibility was extended to include Indian residents older
than 60 years or aged 45-60 years with comorbidities on
March 1, 2021, and then to all residents older than 45 years
on April 1, 2021. Currently, vaccination is being offered to
all adults aged 18 years or older in India in the national
COVID-19 vaccination drive.
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Approval for BBV152 was granted on the basis of safety
and immunogenicity data from phase 1 and phase 2
trials."” Subsequently, the phase 3 trial (NCT04641481)
reported a vaccine efficacy of 77-8% (95% CI 65-2-86-4)
against symptomatic laboratory-confirmed SARS-CoV-2
infection.’ The reported efficacy against severe disease
was 93-4% (95% CI 57-1-99-8), against asymptomatic
infection was 63-6% (29-0-82-4), and against the delta
(B.1.6172) variant of concern was 65-2% (33-1-83-0).’

Assessment of vaccine effectiveness after licensure is
an essential component of any vaccine roll-out, because
performance in a real-world setting often differs from the
measured efficacy under controlled trial conditions.* As a
mass vaccination strategy is the most promising path to
an end to the pandemic, effectiveness data for BBV152
are required to guide future policy decisions.
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Research in context

Evidence before this study

We searched PubMed and medRxiv for research articles from
March 11, 2020, to Oct 10, 2021, with no language restrictions,
using the search terms “SARS-CoV-2", “effectiveness”, “B.1.617",
and "BBV152". Previous phase 1 and phase 2 studies of BBV152
suggested the vaccine was safe and immunogenic. The phase 3
trial found a vaccine efficacy of 77-8% (95% Cl 65-2-86-4)
against symptomatic laboratory-confirmed SARS-CoV-2
infection (with a median of 146 days of follow-up, after

one dose). The reported efficacy against severe disease

was 93:4% (95% Cl 57-1to 99-8), against asymptomatic
infection was 63-6% (29-0-82-4), and against the delta
(B.1.617.2) variant of concern was 65-2% (33-1-83-0).

Added value of this study

This study is, to our knowledge, the first real-world
observational study assessing vaccine effectiveness of
BBV152. We found vaccine effectiveness of 50% (95% Cl
33-62) for complete vaccination at least 14 days before

We aimed to evaluate the effectiveness of BBV152 against
symptomatic RT-PCR-confirmed SARS-CoV-2 infection.

Methods

Study design and participants

We conducted a test-negative, case-control study at the
All India Institute of Medical Sciences, New Delhi, India,
which is a tertiary care hospital and COVID-19 treatment
centre. The hospital’'s COVID-19 vaccination centre
exclusively offered the BBV152 vaccine from Jan 16, 2021,
onwards. All institute employees had equal opportunity
to access this vaccine regardless of age, comorbidity,
socioeconomic status, place of residence, nature of work,
previous SARS-CoV-2 infection, or COVID-19 serological
status. Therefore, the majority of the approximately
23000 employees of the institute who are vaccinated
have received BBV152 (figure 1). The institute’s
COVID-19 sample collection facility offers RT-PCR testing
for SARS-CoV-2 to employees and their family members
who have selfreported symptoms suggestive of
COVID-19, or have a history of high-risk exposure to a
laboratory-confirmed case of COVID-19.

We included all employees of the hospital who had
symptoms suggestive of COVID-19 and had been tested
for SARS-CoV-2 by RT-PCR at the institute’s COVID-19
sample collection facility between April 15 and May 15,2021,
the peak of the second wave of the COVID-19 pandemic in
India. We excluded people who had an invalid test result
that precluded the assignment of an outcome (RT-PCR
positive or negative), were asymptomatic at the time of
testing, had received the ChAdOx1 nCoV-19 vaccine, or
had missing data regarding dates of vaccination. Data
were retrieved from records of the institute sample
collection facility and vaccination centre and analysis was

testing, against symptomatic laboratory-confirmed
COVID-19. Considering the timing and context of the study,
the results reflect vaccine effectiveness in surge conditions
attributable to the delta variant of SARS-CoV-2, which was
the predominant variant of concern during the second wave
of the COVID-19 pandemic in India.

Implications of all the available evidence

Our findings, together with other emerging data, point to the
possible immune evasive potential of the delta variant of
SARS-CoV-2, and underscore the need to ensure complete
vaccination is done in a timely manner, while continuing to
implement and adhere to the non-pharmacological
interventions to prevent the spread of the virus, such as
physical distancing and face masks. Further real-world studies
should assess the effectiveness of BBV152 against severe
outcomes of SARS-CoV-2 infection, such as hospitalisation,
severe disease, and death.

done on a deidentified dataset. Consent was not sought
from the study participants for use of the collected data,
with due approval from the ethics committee.

The study protocol was approved by the institute
ethics committee before the study commenced
(IECPG-344/28.05.2021).

Procedures

Information was retrieved from the institute’s COVID-19
sample collection facility, which routinely records data
pertaining to demographics, symptoms at the time of
testing, occupation and location of workplace, previous
SARS-CoV-2 testing, and vaccination status by oral recall
for all employees who are tested.

Vaccination status and exact dates of receipt of the first
and second doses as reported by the participants were
verified using the records of the institute’s vaccination
centre. The same method was used to collect missing
data for participants whose vaccination status and dates
of receipt were absent from the sample collection
facility records. Participants who had missing vaccination
data despite these approaches were excluded. Data
regarding presence and dates of previous COVID-19
testing (RT-PCR, cartridge-based nucleic acid ampli-
fication test, or rapid antigen test) from the sampling
facility records were re-ascertained by searching the
participants’ electronic health record using their unique
hospital identification number. Definitions of symptoms
suggestive of COVID-19, high-risk exposure, previous
SARS-CoV-2 infection, and level of occupational exposure
are provided in the appendix 2 (p 2).

Participants were divided into two groups on the basis of
their definitive RT-PCR result: symptomatic test-positive
(cases) and symptomatic test-negative (controls). Cases
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and controls were then matched (1:1) on the basis of age
and gender. Vaccination status was compared between
cases and controls.

Statistical analysis

At the time of the conduct of the study, there was an
absence of published data on the efficacy of BBV152
(except for a few press releases). As such, a minimum
sample size of 1133 cases and 1133 controls was calculated,
assuming an effectiveness of 50% (due to absence of
definitive efficacy information, and emerging in-vitro
data about immune evasiveness of the delta variant),
vaccination coverage in the population of at least 30%
with at least one dose, a precision of plus or minus 10%,
and a type I error rate of 0-05. In practice, all participants
who met the eligibility criteria during the enrolment
period were included.

We matched one test-negative control to each case
according to age (exact matching by completed years) and
gender. The matching ratio of 1:1 was agreed upon due to
the relative paucity of the number of controls (ie, those
who were RT-PCR-negative), as the study was conducted
in surge conditions with a high test-positivity rate. Due to
the small sample size, only the most relevant matching
factors were chosen to balance the ability to reduce bias
and to enrol a sufficient number of case-control pairs to
achieve the desired power. A conditional logistic regression
model was used to estimate the odds ratio (OR) comparing
the odds of vaccination between symptomatic test-positive
and symptomatic test-negative participants in the matched
set. We estimated both unadjusted and adjusted ORs,
accounting for covariates that were selected a priori on the
basis of their known associations with SARS-CoV-2
infection and COVID-19 vaccine receipt, including
previous SARS-CoV-2 infection, level of occupational
exposure, and calendar time. To account for the influence
of changing test-positivity rates on vaccine effectiveness,
we adjusted for the calendar time by characterising the
participants as having been tested in either the first,
second, or third 10-day period within the 30 days of the
study. However, we did not choose calendar time as a
matching factor as it would have led to a substantial loss of
sample size and thus, statistical power, owing to the
differential depletion of test-positive and test-negative
participants at different timepoints in the study period
(the former at the start of the study period and the latter at
the end due to declining test-positivity rate towards the
end of the study period). Participants with previous
SARS-CoV-2 infection were included in the primary
analysis and adjusted for in accordance with emerging
literature on this matter.*® Vaccine effectiveness was
calculated using the formula: effectiveness=(1-OR) x 100%.
The reference group for vaccination status was individuals
who had not received any vaccine dose by the date of
RT-PCR testing.

Effectiveness was estimated separately for those who
received only one dose of BBV152 and those who received
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Figure 1: Daily number of employees tested for SARS-CoV-2 by RT-PCR and cumulative coverage of BBV152
vaccination among institute employees, April 15-May 15, 2021

facility between April 15 and May 15, 2021

3732 people were tested at the institute’s COVID-19 testing

604 excluded
325 not employees of the institute
> 227 invalid sample report
52 had received ChAdOx1 nCoV-19 vaccine
A4

| 3128 study participants |

| 1807 were RT-PCR positive | | 1321 were RT-PCR negative
190 excluded 224 excluded
| 97 missing vaccination data | 81 missing vaccination data
93 asymptomatic 143 asymptomatic
A 4 v

1617 were symptomatic and RT-PCR positive (cases)
399 had received only one dose of BBV152
394 had received two doses of BBV152
824 were unvaccinated

1097 were symptomatic and RT-PCR negative
(controls)
279 had received only one dose of BBV152
359 had received two doses of BBV152
459 were unvaccinated

v

v

1068 cases matched with controls
280 had received only one dose of BBV152
233 had received two doses of BBV152
555 were unvaccinated

1068 controls matched with cases
270 had received only one dose of BBV152
351 had received two doses of BBV152
447 were unvaccinated

Figure 2: Study profile

two doses, and was also calculated for different time
intervals after the administered doses.

The primary outcome was effectiveness of two doses of
BBV152 (with the second dose received at least 14 days
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before testing) in reducing the odds of symptomatic
RT-PCR-confirmed SARS-CoV-2 infection. Other out-
comes were the effectiveness of two doses administered at
least 28 days and at least 42 days before testing. Effec-
tiveness was also estimated separately for each 10-day
period within the 30 days of the study, by gender, and after
excluding those with previous SARS-CoV-2 infection.

We also performed a sensitivity analysis on the un-
matched population of test-positive and test-negative par-
ticipants using a multivariable logistic regression model
adjusted for age, gender, previous SARS-CoV-2 infection,
level of occupational exposure, and 10-day period of
testing.

A p value of less than 0-05 was considered significant
and all p values are two-sided. All analyses were conducted
using Stata version 16.

Role of the funding source
There was no funding source for this study.

Results

Between April 15 and May 15, 2021, 3732 people were
tested for SARS-CoV-2 at the institute’s COVID-19
sample collection facility. After excluding people who
were not institute employees (n=325), had invalid test
reports (n=227), had received the ChAdOx1 nCoV-19
vaccine (n=52), had missing data on vaccination status

and dates (n=178), and were asymptomatic at the time of
testing (n=236), 2714 symptomatic tested participants
remained, of whom 1617 tested positive for SARS-CoV-2
(cases) and 1097 tested negative (controls; figure 2). The
characteristics of participants who were excluded due to
missing vaccination data were broadly similar between
cases and controls, except for a higher proportion of
people working in COVID-19 areas among cases
than among controls (23 [23%] of 97 cases vs eight
[10%)] of 81 controls).

After matching by age and gender, a final set of
1068 matched case-control pairs were available for
analysis (table 1). Among participants in the control
group, 119 (11-1%) of 1068 had a documented previous
SARS-CoV-2 infection, which was significantly higher
than in the test-positive group (38 [3-6%] of 1068). The
majority of eligible participants were tested in the first
and second 10-day periods, when the test-positivity rate
was at its peak (there was a gradual decline in test-
positivity towards the end of the study period, from
May 6 to May 15, 2021). The median interval between
receipt of the last vaccine dose and the end of the study
period (May 15, 2021) for those who had received one dose
was 37 days (range 7-119) and two doses was 50 days
(5-103). Cases had a higher odds of working in a
COVID-19 area than did controls after adjusting for age,
gender, previous SARS-CoV-2 infection, calendar time,

Symptomatic Symptomatic Unvaccinated Participants Participants
SARS-CoV-2 RT-PCR-  SARS-CoV-2 RT-PCR-  participants vaccinated with  vaccinated with
positive participants negative participants (n=1002) only onedose of two doses of BBV152
(n=1068) (n=1068) BBV152 (n=550) (n=584)
Age, years
<30 473 (443%) 473 (443%) 465 (46-4%) 268 (48-7%) 213 (36:5%)
31-40 361 (33-8%) 361 (33-8%) 342 (34-1%) 177 (32:2%) 203 (34-8%)
41-50 161 (15-1%) 161 (15-1%) 136 (13-6%) 74 (13-5%) 112 (19-2%)
51-60 68 (6-4%) 68 (6-4%) 54 (5-4%) 29 (5:3%) 53(9-1%)
>60 5(0-5%) 5(0-5%) 5(0-5%) 2(0-4%) 3(0-5%)
Gender
Female 486 (45:5%) 486 (45:5%) 472 (47:1%) 279 (50-7%) 221 (37-8%)
Male 582 (54-5%) 582 (54-5%) 530 (52:9%) 271 (49-3%) 363 (622%)
Previous SARS-CoV-2 infection 38 (3:6%) 119 (11-1%) 68 (6-8%) 46 (8:4%) 43 (7-4%)
Occupational exposure
Works in COVID-19 area 175 (16-4%) 172 (161%) 181 (18:1%) 81 (14-7%) 85 (14-6%)
Works in non-COVID-19 area 893 (83:6%) 896 (83-9%) 821 (81-9%) 469 (85:3%) 499 (85:5%)
10-day period of testing
April 15-25, 2021 (first 10 days) 565 (52:9%) 450 (42:1%) 527 (52:6%) 241 (43-8%) 247 (423%)
April 26-May 5, 2021 (second 10 days) 405 (37-9%) 401 (37-5%) 345 (34-4%) 234 (42-6%) 227 (38-9%)
May 6-15, 2021 (third 10 days) 98 (9-2%) 217 (203%) 130 (13-0%) 75 (13-6%) 110 (18-8%)
Vaccination status
Vaccinated with only one dose of BBV152 280 (26-2%) 270 (25-3%)
Vaccinated with two doses of BBV152 233 (21-8%) 351(32:9%)
Unvaccinated 555 (52-0%) 447 (41-8%)
Data are n (%).
Table 1: Participant characteristics
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and number of doses of BBV152 received, although this
was not significant (adjusted OR 1-13 [95% CI 0-87-1-46];
p=0-34).

The unadjusted effectiveness of two doses of BBV152
against symptomatic RT-PCR-confirmed SARS-CoV-2,
with an interval of atleast 14 days between administration
of the second dose and day of testing, was 53% (95% CI
38-64; table 2). After adjustment, the effectiveness was
estimated to be 50% (33-62; figure 3). The adjusted
effectiveness of two doses administered at least 28 days
before testing was 46% (95% CI 22-62) and administered
at least 42 days before testing was 57% (21-76). After
excluding participants with previous SARS-CoV-2
infections, the adjusted effectiveness of two doses
administered at least 14 days before testing was 47%
(29-61). There was a trend towards better adjusted
effectiveness for two doses administered at least 14 days
before testing in women (66% [95% CI 43-80]) than in
men (38% [12-57]), although this was not significant.

The estimated effectiveness of two doses of BBV152
administered at least 14 days before testing was numerically
higher among participants who were tested in the third
10 days (75% [95% CI 124 to 97]) and second 10 days
(64% [24 to 83)) of the 30-day study period than in those
who were tested in the first 10 days (58% [10 to 80]). The
estimated adjusted effectiveness of the one dose of BBV152
administered at least 7 days before testing was 1% (95% CI
-30 to 25) and administered at least 21 days before testing
was —1% (-51 to 33).

The results were broadly consistent in the sensitivity
analysis in the unmatched population (1617 cases and
1097 controls; appendix 2 pp 3—4). In this analysis, the
adjusted effectiveness of two doses of BBV152 administered
at least 14 days before testing was 44% (95% CI 32-55).

Discussion
This test-negative, case-control study showed two doses of
BBV152 (with the second dose administered at least 14 days

least 14 days before testing
Unvaccinated 535 399

Data are n unless otherwise stated. OR=odds ratio. *Adjusted for for previous SARS-CoV-2 infection, occupational exposure, and calendar time (10-day period of testing).

Symptomatic Symptomatic Unadjusted OR Unadjusted  Adjusted OR Adjusted Vaccine effectiveness
SARS-CoV-2 SARS-CoV-2 (95% Cl) p value (95% CI)* p value* (95% C1)
RT-PCR-positive RT-PCR-negative
Unvaccinated 555 447 1 (ref) 1 (ref)
Only one dose of BBV152
Tested at least 7 days after first dose 246 235 0-91 (0-70t0 1-18) 0-46 0-99 (0-75 to 1-30) 0-95 1% (-30to 25)
Tested less than 7 days after first dose 34 35 0-75 (0-38 to 1:46) 0-40 0-60 (0-29 to1-21) 0-15 40% (-21to 71)
Tested at least 21 days after first dose 124 110 0-88 (0-60 t01-28) 049 1-00 (0-67 to 1.51) 097 -1% (-51to 33)
Two doses of BBV152
Tested at least 14 days after second dose 189 293 0-47 (036 t00-62)  <0-0001 0-50 (038 t0 0-67)  <0-0001 50% (33 to 62)
Tested less than 14 days after second dose 44 58 0-74 (0-42 t01-32) 031 0-73 (0-39 to 1-35) 032 27% (-35to 61)
Tested at least 28 days after second dose 130 192 0-49 (0-35 t0 0-68)  <0-0001 0-54 (038 to 0-78) 0-0009 46% (2210 62)
Tested at least 42 days after second dose 46 93 0-37 (0-21 to 0-64) 0-0005 0-43 (0-24 to 0-79) 0-0065 57% (21to 76)
Two doses of BBV152 with second dose at least 14 days before testing, by 10-day period of testing
Tested in April 15-25, 2021 90 100 0-44 (0-23 to 0-89) 0-023 0-42 (0-20 to 0-90) 0-026 58% (10 to 80)
Tested in April 26-May 5, 2021 78 117 039 (020 to 0-79) 0-0086 0-36 (0-17 to 0:76) 0-0071 64% (24 to 83)
Tested in May 6-15, 2021 21 76 0-50 (0-09 to272) 0-42 0-25(0-03 to 2:24) 0-22 75% (12410 97)
Unvaccinated, by 10-day period of testing
Tested in April 15-25, 2021 305 222
Tested in April 26-May 5, 2021 204 141
Tested in May 6-15, 2021 46 84
Female participants
Two doses of BBV152 with second dose at 66 118 0-36(0-22 to 0:58)  <0-0001 0-34 (0-20 to 0-57) <0-0001 66% (43 to 80)
least 14 days before testing
Unvaccinated 271 201
Male participants
Two doses of BBV152 with second dose at 123 175 0-54 (039 to 0-76) 0-0004 0-62 (0-43 t0 0-88) 0-0075 38% (12 to 57)
least 14 days before testing
Unvaccinated 284 246
Excluding those with previous SARS-CoV-2 infection
Two doses of BBV152 with second dose at 186 263 0-49 (0-37 t0 0-66)  <0-0001 0-53 (0-39 to 0-71) <0-0001 47% (29 to 61)

Table 2: Estimated vaccine effectiveness against laboratory-confirmed symptomatic SARS-CoV-2 infection

www.thelancet.com/infection Vol 22 March 2022

353




Articles

354

Two doses at least 42 days before testing —————
Two doses at least 28 days before testing ——
Two doses at least 14 days before testing (tested in May 6-15, 2021) TS
Two doses at least 14 days before testing (tested in April 26-May 5, 2021) ———
Two doses at least 14 days before testing (tested in April 15-25, 2021) —
Two doses at least 14 days before testing (excluding those with previous SARS-CoV-2 infection) ——
Two doses at least 14 days before testing (male participants) —e——
Two doses at least 14 days before testing (female participants) e
Two doses at least 14 days before testing ——
Two doses less than 14 days before testing —_—————
Only one dose at least 21 days before testing —
Only one dose at least 7 days before testing e
Only one dose less than 7 days before testing ————
T T 1
0 1 2 3
Adjusted OR for RT-PCR-confirmed symptomatic SARS-CoV-2 infection

Figure 3: Adjusted BBV152 vaccine effectiveness by subgroup
Error bars are 95% Cls. OR=odds ratio.

before RT-PCR testing) had an effectiveness of 50%
(95% CI 33-62) against symptomatic RT-PCR-confirmed
SARS-CoV-2, in a high-risk population (hospital em-
ployees), under surge conditions which were presumably
dominated by the potentially immune-evasive delta variant
of concern. The vaccine effectiveness did not appear to
vary with further increase in the duration beyond 14 days
after receiving the second dose. Although there appears to
be a trend towards better effectiveness in women than in
men, this might be attributable to differences in the roles
that men and women have in the hospital rather than any
biological differences, and needs cautious interpretation
considering the wide 95% Cls.

The vaccine effectiveness estimated in our study is lower
than the efficacy announced after completion of the
phase 3 trial, despite a similar testing strategy being used
(SARS-CoV-2 RT-PCR testing for participants with
symptoms suggestive of COVID-19 determined through
weekly telephone follow-up).’ Several factors might be
responsible for the observation of a lower effectiveness in
this study. First, the population included in our study
comprised only hospital employees, who might have been
exposed to a higher risk of SARS-CoV-2 infection than the
general population. The study was conducted during the
peak of the second wave of COVID-19 in India, with high
test-positivity rates for both hospital employees and
residents of Delhi. On April 26, 2021, the test-positivity rate
for Delhi was around 35%,” which was the highest it had
been since the beginning of the pandemic. Thus, our
results might only reflect the performance of BBV152
under such surge conditions. Second, the prevalence of
circulating variants of concern, especially the delta variant,
might have contributed to lower effectiveness of BBV152.
Although in-vitro studies have shown neutralisation of
these variants by both convalescent and post-vaccine sera,
the neutralisation titres are several times lesser against
variants, particularly the delta variant.** The phase 3 trial of
BBV152 was conducted during a period when the overall

test-positivity rate was low, and the prevalence of the delta
variant among positive cases was largely unknown. By
contrast, at the end of April, 2021, a period during which
this study was conducted, the delta variant was the
dominant strain, making up more than 80% of all
sequenced genomes as per the reports from the Indian
SARS-CoV-2 Genome Sequencing Consortia.”

Our results support the evidence showing that vaccine
effectiveness takes a few weeks (at least 14 days) to develop
and requires the full two doses to achieve maximum
effectiveness. The modest effectiveness of a single dose of
BBV152, even after intervals of 7 and 21 days, is consistent
with data from other studies on different vaccine platforms
and underscores the need for rapid vaccine roll-out in the
population, while continuing to implement and adhere to
non-pharmacological measures, such as physical
distancing and the use of face masks.""

Another inactivated whole-virus vaccine, CoronaVac,
showed mixed results for vaccine effectiveness in the
field. In the setting of high SARS-CoV-2 transmission
dominated by the gamma (B.1.1.28.1) variant in Manaus,
Brazil, the adjusted effectiveness of two doses of CoronaVac
(14 days or longer after administration of the second dose)
against symptomatic COVID-19 among health workers
was 37%.” Similarly, in another study, which was also
conducted in a surge setting (predominantly due to the
gamma variant), among the older population of S3o Paulo,
Brazil, the adjusted effectiveness of CoronaVac against
symptomatic COVID-19 was 42%." In our setting, the
impact of a surge or high-transmission reflected by test-
positivity rate and daily incidence was further magnified
by the circulating delta variant, which was the primary
variant of concern dominating the second wave of
COVID-19 in India. The notion of a reduction in vaccine
effectiveness due to the surge is further highlighted by the
higher effectiveness in the second and third 10-day periods
of testing compared with the first 10-day period, when the
test-positivity was climbing before reaching a peak on
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April 26, 2021 (although wide CIs necessitate cautious
interpretation). Despite these factors, the estimated
effectiveness for BBV152 from our study is modestly
higher than reported for CoronaVac.

When compared with emerging data from the UK on
effectiveness of the BNT162b2 and ChAdOx1 nCoV-19
vaccines against symptomatic disease due to the delta
variant, our estimates are lower at 50% (compared with
88% and 67%, respectively).” A number of factors might
explain this disparity in results, including different vaccine
platforms, different dosing intervals, and a greater surge
of cases in India than in the UK.

This study was conducted in a population that was
primarily offered the BBV152 vaccine, thus presenting a
unique opportunity to evaluate its real-world effectiveness.
Although institute employees had the opportunity to
access the ChAdOx1 nCoV-19 vaccine at other centres,
considerable efforts would have been required to access it
compared with the ease of access to BBV152 at the
institute itself. This is reflected in that only 52 employees
were excluded for having received the ChAdOx1 nCoV-19
vaccine. Also, we used a test-negative design, which
helped to control for biases which are often difficult
to account for in conventional observational studies,
including those related to health-seeking behaviour,
access to testing, and case ascertainment. First, there was
good comparability between cases and controls as both
came from the same population, thus reducing variations
normally seen in case-control studies where participants
might be from different backgrounds or communities
(selection bias). All employees had equal opportunities
and access to vaccination, as well as to testing for
SARS-CoV-2. Both cases and controls were tested for the
same reasons (symptoms or exposure history), which
minimised bias due to differences in health-seeking
behaviours between groups. Additionally, vaccination
history was recorded at the testing facility before the
specimen was collected for RT-PCR, thus preventing
differences in the recording of vaccination history between
cases and controls (recall bias).

Our study has several limitations. The exact duration of
symptoms at the time of testing was not recorded. Thus,
employees who presented late into the course of their
illness might have had false-negative results, due to low
clinical sensitivity of RT-PCR later in the course of the
illness resulting in a biased estimate of vaccine effective-
ness (outcome misclassification bias). Even during a surge,
it is expected that several symptomatic people who test
negative for SARS-CoV-2 might have had infections due to
other circulating respiratory viruses. The opposite would
have also been possible, with employees falsely having
been classified as cases due to recent infection with
persistent shedding of non-viable virus, thereby resulting
in possible outcome misclassification. Nonetheless, the
impact of both of these factors should be minimal,
considering the performance of the RT-PCR test and need
for presence of symptoms at the time of testing. The
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direction of bias introduced by the presence of false-
negatives would depend on the proportion vaccinated
versus unvaccinated among the participants with a false-
negative test. Although our sample size allowed for a
relatively precise estimate of vaccine effectiveness of
two doses of BBV152 with an interval of at least 2 weeks
between the administration of second dose and day of
testing (the primary outcome), our study was under-
powered to estimate effectiveness for different time
intervals after vaccination or to determine if effectiveness
changed over time. Another limitation was the absence
of data on comorbidities. The presence of comorbid
conditions might affect health-seeking behaviour as well
as vaccine effectiveness. However, the hospital policy
mandated that all employees receive vaccination regardless
of the presence or absence of underlying comorbid
conditions (except pregnancy and lactation, or known
severe allergy).

Another concern might be the completeness of data
regarding previous COVID-19 infection, as there was no
baseline serological testing. Given that our study was
conducted in a resource-limited setting, baseline sero-
logical testing was not feasible or not available in all
participants. The institute had a policy of providing
SARS-CoV-2 testing to all employees who either had an
influenza-like illness or a high-risk exposure to a known
COVID-19 case. This recommendation ensured that only a
small proportion of truly infected people were missed
(ie, those who were infected but were asymptomatic and
did not have a high-risk exposure). Although there remains
the possibility of employees undergoing COVID-19 testing
at other centres that might have been missed in our
dataset, the effect of this should be negligible as the
majority of previous COVID-19 tests performed by institute
employees would have been done at the institute testing
facility and thus captured in our electronic health records.
Testing at the institute was available to employees at no
cost, without delay, and with a short turnaround time,
whereas testing at other centres would have incurred costs
and was often difficult to access, with long waiting periods,
especially during surges.

We did not have data pertaining to the prevalence of
SARS-CoV-2 variants among the RT-PCR-positive
patients. Therefore, we could not definitively estimate the
vaccine effectiveness against symptomatic COVID-19 due
to specific variants of concern. Regardless, our results
were presumably influenced by the delta variant as it was
the dominant circulating strain at the time of the conduct
of the study. Future studies should examine the vaccine
escape potential of the delta variant using pseudovirus
neutralisation assays (incorporating the spike mutations
of the delta variant into the pseudovirus) with post-
vaccination sera collected from patients vaccinated with
BBV152. Finally, our study did not estimate the vaccine
effectiveness against severe disease and mortality, which
are clinically meaningful endpoints that require assess-
ment in future studies.
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In conclusion, this study showed the effectiveness of
two doses of BBV152 against symptomatic RT-PCR-
confirmed SARS-CoV-2 in the setting of a surge in cases
presumably dominated by the delta variant. The
effectiveness should be analysed in the context of the
surge conditions and the possible immune evasive
potential of the delta variant. Our findings underscore the
need for rapid roll-out to ensure complete vaccination
with two doses is done in a timely manner while con-
tinuing to implement and adhere to non-pharmacological
interventions, especially during surges in cases.
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