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vaccination; interval between two vaccine doses and vaccination against the Delta variant. We used the
random effects logistic regression model to calculate the adjusted odds ratios (aOR) with a 95% confi-
dence interval (CI) after adjusting for relevant known confounders.

Results: We enrolled 1143 cases and 2541 control patients. The VE of complete vaccination was 85% (95%
CI: 79-89%) with AZD1222/Covishield and 71% (95% CI: 57-81%) with BBV152/Covaxin. The VE was highest
for 6-8 weeks between two doses of AZD1222/Covishield (94%, 95% Cl: 86-97%) and BBV152/Covaxin (93%,

95% CI: 34-99%). The VE estimates were similar against the Delta strain and sub-lineages.
Conclusion: BBV152/Covaxin and AZD1222/Covishield were effective against severe COVID-19 among the
Indian population during the period of dominance of the highly transmissible Delta variant in the second
wave of the pandemic. An escalation of two-dose coverage with COVID-19 vaccines is critical to reduce
severe COVID-19 and further mitigate the pandemic in the country.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

India’s drugs regulator authorized emergency use
for BBV152/Covaxin (Bharat Biotech Limited, India) and
AZD1222/Covishield (ChAdOx1-Recombinant, Serum Institute of In-
dia Limited, India) in January 2021. BBV152/Covaxin was developed
using the whole virion SARS-CoV-2 vaccine strain NIV-2020-770
(spike variant Asp614Gly) inactivated with B-propiolactone, con-
taining a 6 ug vaccine dose with a toll-like receptor 7/8 agonist
molecule (imidazoquinoline; IMDG) adsorbed to alum (Algel-
IMDG) (Ella et al, 2021a). It is administered as two doses of
intramuscular injection on day 0 and day 28. AZD1222/Covishield
constitutes a recombinant, replication-deficient chimpanzee ade-
novirus vector encoding the SARS-CoV-2 Spike (S) glycoprotein
and is produced in genetically modified human embryonic kidney
293 cells. Two doses as intramuscular injections are adminis-
tered 4-12 weeks apart (Serum Institute of India, 2021). India
rolled out vaccination beginning with the healthcare and frontline
workers and cascading from those > 60 years to all aged above
18 years (The Hindu, 2021, Ministry of Health and Family Wel-
fare, 2021a). By October 2021, 88% of the total 1 billion vaccinees
had received AZD1222/Covishield (Ministry of Health and Family
Welfare, 2021b).

Vaccine effectiveness (VE) might differ in specific areas or de-
mographics against various disease outcomes and newly emerg-
ing SARS-CoV-2 variants. From the healthcare perspective, it is im-
perative to know if the vaccine is effective against severe COVID-
19 and eventual hospitalization. In the Indian context, real-world
effectiveness of AZD1222/Covishield and BBV152/Covaxin against
SARS-CoV-2 infection and/or COVID-19 with varying severity has
been reported among healthcare workers and policemen (Ghosh
et al., 2021; Jaiswal et al., 2021; Satwik et al., 2021; Victor et al.,
2021). However, vaccine evaluation in a larger population con-
text will provide post-authorization confirmation of the effec-
tiveness of conditionally approved products for regulatory bod-
ies. Hence, we conducted a multi-centric study among the gen-
eral population to estimate the effectiveness of BBV152/Covaxin
and AZD1222/Covishield vaccines against severe COVID-19 and the
Delta variant.

Methods
Study design

We conducted a hospital-based, case-control study among
individuals aged > 45 years recruited from 11 tertiary

care hospitals across India from May - July 2021. We de-
fined cases as severe COVID-19 positive (based on Reverse
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transcriptase- polymerase chain reaction [RT-PCR]/Rapid Antigen
Test [RAT]/GeneXpert/TrueNat test at admission or documented
within 14 days before hospitalization) patients hospitalized with
signs and symptoms of fever, cough, dyspnoea, fast breathing,
respiratory rate > 30 breaths/min or SpO2 < 90% on room air
anytime during hospitalization. (World Health Organization, 2020)
We defined controls as individuals attending the COVID-19 testing
facility of the same study hospital irrespective of symptom status
with a negative RT-PCR report for SARS-CoV-2. We excluded indi-
viduals who reported negative RT-PCR but were highly suggestive
of COVID-19 on CT scan or were unwilling to participate.

Sample size

We needed 1300 cases and 2600 controls assuming VE of
75%, 15% controls vaccinated with two doses, 95% confidence
interval (CI), 20% relative width of 95% CI, and a 1:2 case-
control ratio. We calculated the sample size of cases (N1) as
N1 = (z/d)?[1/A(1-A)+1/CP2(1-P2)], where C (control to case ra-
tio) was 2:1; P2 (prevalence of vaccine exposure in the con-
trol group) was assumed to be 15%; A = P2(1- VE)/[1-P2(VE)]
where VE denotes the anticipated vaccine effectiveness taken as
75%; Z = 196 (based on o = 0.05); d is determined by solving
the equation W(B,d)= exp(B)(exp(d)—(exp(—d))) whered = zo
where W(B,d) denotes the CI width; relative width of 95% CI
considered as 20% (15% absolute width) and number of controls
needed = C*N1 (O’'Neill, 1988).

Data collection

Trained investigators screened hospitalized COVID-19 patients
and individuals attending COVID-19 testing facilities for the eligi-
bility criteria. All RT-PCR negative individuals were telephonically
contacted 7 days after enrolment to confirm any change in COVID-
19 test status following the initial negative report. Data was col-
lected through face-to-face interviews with participants or their
family members and a review of hospital/laboratory/vaccination
records using a pre-tested, pre-coded standardized paper-based
form. We collected COVID-19 vaccination status based on data
from India’s COVID-19 vaccination portal (https://www.cowin.gov.
in)/vaccination certificate/text message on a mobile phone or
based on participant recall if documents were unavailable. Previ-
ous SARS-CoV-2 infection was documented based on reported his-
tory and RT-PCR/RAT report.

We collected the nasal/throat swabs from cases and controls
and transported them to ICMR-National Institute of Virology, Pune.
The swabs were processed for viral RNA screening and Next-
Generation Sequencing (NGS) of COVID-19 positive samples to de-
termine the lineages of the sequences (Supplementary appendix).
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Statistical analyses

We entered the data in Research Electronic Data Capture (RED-
Cap) software (https://www.project-redcap.org/) after the investi-
gators verified the completeness and errors of completely filled pa-
per forms. We compared the demographics, vaccination status, and
risk behaviors of cases and controls using the Chi-square test for
categorical, and median test for non-normal continuous variables.

For the primary VE analysis, we compared the proportion of
fully vaccinated (two-dose recipients, with an interval between
second dose and COVID-19 testing/hospitalization of >14 days) and
unvaccinated individuals (non-receipt of any COVID-19 vaccine)
among cases and controls. In addition, we estimated VE for par-
tial vaccination defined as one dose recipients, with an interval
between vaccination and COVID-19 testing/hospitalization of >21
days. We estimated the VE by the interval between two doses (<6,
6-8, 9-11, >12 weeks) among fully vaccinated individuals. In ad-
dition, we estimated VE for the Delta variant and its sub-lineages
as a subgroup analysis. Individuals with past SARS-CoV-2 infection
were also included in the VE analysis as vaccination was regardless
of prior infection status.

Covariates with a P-value < 0.20 for crude odds ratio (OR) were
selected for multiple logistic regression (Afifi et al., 2004). After
assessing for multi-collinearity, relevant covariates were identified
as confounders by comparing the —2 log-likelihood ratio values
of the models with and without the potential confounder(s) as
per the conceptual framework based on directed acyclic graphs
(Westreich and Greenland, 2013). To account for the heterogene-
ity of effect by study sites, we used random effect multiple logistic
regression model to calculate the adjusted odds ratio (aOR) with
95% CI after adjusting for relevant confounders. We calculated VE
as (1-aOR) x 100%. Statistical analyses were done using Stata (ver-
sion SE 17.0) software (StataCorp, Texas, USA).

Results
Background characteristics of cases and controls

We recruited 1143 cases and 2541 controls from 11 study hos-
pitals. Cases were older (61.1 [SD: 10.5] vs 56.5 [SD: 8.7] years, P
< 0.001) and included significantly more females, rural residents,
non-earning, with lower formal education and those reporting pre-
existing comorbidities than the controls (Table 1). Of the 2541
controls, 1652 (65%) were asymptomatic and the remaining were
symptomatic (fever [347, 14%], headache [161, 6%], sore throat [138,
5%], weakness [91,4%], cough [78, 3%], bodyache [32, 1.3%], breath-
lessness [25, 1%], diarrhea [11, 0.4%] and loss of smell/taste/altered
taste [6, 0.2%]).

Vaccination and other COVID-19-related behaviors among cases and
controls

Overall, 328 (29%) cases and 1425 (56%) controls reported re-
ceiving at least one dose of any vaccine (P < 0.001). The vacci-
nation history of 142 (43%) vaccinated cases and 802 (56%) vac-
cinated controls was verified using vaccination records. Majority
of the vaccinated cases (n = 257, 78%) and controls (n = 1147,
81%) had received AZD1222/Covishield. Compared to controls, a
significantly higher proportion of cases reported participation in
social/religious events (10% vs. 3%, P < 0.001), did not always use
masks (47% vs 27%, P < 0.001), and were exposed to COVID-19
individual within 14 days of testing for SARS-CoV-2 (21% vs 11%,
P < 0.001) (Table 2).
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Next generation sequencing among cases

Of the 1143 cases, nasal/throat swabs of 708 (62%) (non-
vaccinated =521, vaccinated with single dose =127, vaccinated
with two doses = 60), with Cyclic threshold (Ct) values below 30
(Range of Ct value for 1143 cases: 11.32 to 36.1) were selected
for NGS. SARS-CoV-2 sequences with a genomic coverage of >95%
were obtained for 510 (72%) samples (Supplementary Table S1). Of
the 510 samples (367 unvaccinated, 93 single dose, and 50 two
doses vaccinated individuals), 508 (99.6%) showed the presence of
the Delta variant and its sub-lineages, including B.1.617.2 (70%; 67%
unvaccinated; 63% single dose; 88% two doses), AY.26 (21%; 22%
unvaccinated; 23% single dose; 10% two doses) and others (Sup-
plementary Table S2).

The sequences having >98% SARS-CoV-2 genome coverage
(n = 448, including 319 non-vaccinated, 84 one dose, 48 two
doses) were used for the generation of a phylogenetic tree along
with 12 representative sequences. Four broader sub-lineages of the
Delta variant were observed. The majority of the AY pangolin lin-
eages (AY.7.1, AY.25, AY.24, AY.20, AY.4 and AY.33) were grouped in
the sub-lineage-I (Figure 1). We did not observe any specific dif-
ferentiation in phylogenetic tree branching between vaccinated and
unvaccinated individuals. Amino acid changes by lineages are given
in Supplementary Table S3.

Vaccine effectiveness

Overall, 94 (8%) cases and 554 (22%) controls reported com-
plete vaccination, 815 (71.3%) cases and 1116 (43.9%) controls were
unvaccinated and the remaining 201 (18%) cases and 714 (22%)
controls reported partial vaccination (Table 3). After adjusting for
age, any pre-existing comorbidities, participation in social/religious
events, frequency of mask use, and rural/urban residence, the ef-
fectiveness of partial vaccination (65%; 95% Cl: 57-71%) was sig-
nificantly lower than complete vaccination (83%; 95% CI: 78-87%).
Vaccine effectiveness was highest (94%; 95% Cl: 86-97%) for an in-
terval of 6-8 weeks between two doses of either vaccine and was
significantly higher than that for <6 weeks (P = 0.003) and >12
weeks (P = 0.034) (Table 3).

Vaccine effectiveness of AZD1222/Covishield

Of the 1073 cases and 2264 controls, 6% of cases and 17% of
controls reported complete vaccination and 16% of cases, and 28%
of controls reported partial vaccination with AZD1222/Covishield.
The effectiveness of complete vaccination with AZD1222/Covishield
was 85% (95% Cl: 79-89%), after adjusting for age, any pre-existing
comorbidities, participation in social/religious events, frequency of
mask use, and rural/urban residence. It was significantly higher
than partial vaccination (67%; 95% Cl: 59-73%). VE was highest
for an interval of 6-8 weeks for AZD1222/Covishield (94%; 95%
Cl: 86-97%). VE for an interval of >12 weeks was under-powered
(Table 3).

Vaccine effectiveness of BBV152/Covaxin

Of 887 cases and 1384 controls, 3.4% cases and 5.3% con-
trols reported complete vaccination, and 16% cases and 28.3% con-
trols reported partial vaccination with BBV152/Covaxin. The effec-
tiveness of complete vaccination with BBV152/Covaxin was 71%
(95% CI: 57-81%) after adjusting for age, any pre-existing co-
morbidities, participation in social/religious events, frequency of
mask use, and rural/urban residence. It was significantly higher
(P = 0.027) than partial vaccination [39% (95% CI: 2-62%)]. The VE
for fully vaccinated individuals with an interval of 6-8 weeks for
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Table 1
Background characteristics of cases and controls, India, May-July 2021.

Characteristics Cases (%) Controls (%) P-value

Median age in years (IQR) (n = 1143) (n = 2541) <0.001
60 (52-69) 55 (50-62)

Gender (n = 1143) (n = 2541)

Male 654 (57.2) 1590 (62.6) 0.007

Female 489 (42.8) 950 (37.4)

Residence (n = 1138) (n = 2520)

Rural 560 (49.2) 941 (37.3) <0.001

Urban 578 (50.8) 1579 (62.7)

Occupation (n = 1143) (n = 2538)

Unemployed/student/homemaker 574 (50.2) 901 (35.5) <0.001

Retired 139 (12.2) 333 (13.1)

Agriculture 121 (10.6) 262 (10.3)

Professional/technical/administrative/management 89 (7.8) 374 (14.7)

Skilled manual 85 (7.4) 272 (10.7)

Unskilled manual 65 (5.7) 158 (6.2)

Sales and services 53 (4.6) 167 (6.6)

Clerical 17(1.5) 71 (2.8)

Formal education (n = 1142) (n = 2541)

[lliterate 225 (19.7) 426 (16.8) <0.001

Primary school 195 (17.1) 248(9.8)

Middle school 210 (18.4) 347 (13.7)

Secondary school 185 (16.2) 528 (20.8)

Higher secondary school (11th and 12th std) 122 (10.7) 335 (13.2)

Graduation 152 (13.3) 467 (18.4)

Post-graduation and above 53 (4.6) 190 (7.5)

Smoking status (n =1114) (n = 2522)

Never smoked 915 (82.1) 2083 (82.6) 0.43

Former smoker 118 (10.6) 237 (94)

Current smoker 81 (7.3) 202 (8.0)

Any pre-existing comorbidities (n = 1143) (n = 2541) <0.001
781 (68.3) 1336 (52.6)

Type of pre-existing comorbidity

Hypertension (n = 781) (n = 1335) <0.001
528 (67.6) 678 (50.8)

Diabetes mellitus (n = 781) (n = 1333) <0.001
501 (64.1) 651 (48.8)

Heart disease (n = 778) (n = 1335) 0.09
135 (17.3) 195 (14.6)

Asthma (n = 780) (n = 1333) 0.004
50 (6.4) 49 (3.7)

Lung disease other than asthma® (n = 767) (n = 1335) <0.001
49 (6.4) 30 (2.2)

Any malignancy (n = 780) (n = 1336) <0.001
45 (5.8) 260 (19.5)

Liver disease (n = 780) (n = 1336) 0.04
33 (4.2) 35 (2.6)

Any immunodeficiency disorder (n = 779) (n = 1332) 0.68
29 (3.7) 45 (3.4)

Kidney disease (n = 781) (n = 1334) 0.008
63 (8.1) 69 (5.2)

Active tuberculosis (n = 780) (n = 1330) 0.23
10 (1.3) 10 (0.7)

2 Includes all conditions affecting the lungs with the exclusion of asthma

IQR = interquartile range.

BBV152/Covaxin was 93% (95% Cl: 34-99%). VE for any of the inter-
vals >6 weeks was under-powered. (Table 3)

Vaccine effectiveness against the Delta variant and sub-lineages

Vaccine effectiveness against the Delta variant and sub-lineages
was 85% (95% Cl. 77-90%) for complete dose and 74% (95% CI:
64-81%) for a partial dose of AZD1222/Covishield [P = 0.180], af-
ter adjusting for age, any pre-existing comorbidities,participation
in social/religious event, frequency of mask use, and rural/urban
residence. VE was 66% (95% Cl: 42-80%) for complete dose
and 41% (95% CI: 0-70%) for vaccination with partial dose of
BBV152/Covaxin [P = 0.261]. VE of AZD1222/Covishield against the
Delta variant was highest for interval of 6-8 weeks between the
two doses (94%, 95% Cl: 80-98%) (Table 4).
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Discussion

The results from this large multi-centric study indicate that
both AZD1222/Covishield and BBV152/Covaxin significantly re-
duced the risk of severe COVID-19 and against the Delta vari-
ant among the Indian population aged 45 years and above, more
so with two doses, albeit higher for AZD1222/Covishield than
BBV152/Covaxin. The highest reduction in risk of severe COVID-19
was documented for 6-8 week intervals between the two doses.

Our vaccine effectiveness estimates were expected to be lower
than the efficacy estimates from vaccine trials. BBV152/Covaxin
was introduced based on evidence of high safety, tolerability, and
immune responses among the Indian participants ( Ella et al.,
2021a, 2021b). Subsequently, the efficacy in the phase III trial was
estimated to be 93% against severe COVID-19 (Ella et al., 2021c).
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Table 2
Vaccination and other COVID-19-related behaviors among cases and controls, India, May-July 2021.

Vaccination status and COVID-19 related behaviour Cases (%) Controls (%) P-value

Taken any COVID=19 vaccine (n = 1143) (n = 2541) <0.001
328 (28.7) 1425 (56.1)

Vaccine type (n = 328) (n = 1425)

BBV152/Covaxin 71 (21.6) 266 (18.7) 0.14

AZD1222/Covishield 257 (78.4) 1147 (80.5)

Others 0 12 (0.8)

Vaccine doses - any vaccine (n = 1143) (n = 2541)

Unvaccinated 815 (71.3) 1116 (43.9) <0.001

One dose 226 (19.8) 813 (32.0)

2 doses 102 (8.9) 612 (24.1)

Vaccine doses - BBV152/Covaxin (n = 886) (n = 1382)

Unvaccinated 815 (92.0) 1116 (80.6) <0.001

One dose 30 (3.4) 91 (6.6)

2 doses 41 (4.6) 175 (12.7)

Vaccine doses - AZD1222/Covishield (n = 1072) (n = 2263)

Unvaccinated 815 (76.0) 1116 (49.3) <0.001

One dose 196 (18.3) 720 (31.8)

2 doses 61 (5.7) 427 (18.9)

Source of vaccination details (n = 328) (n = 1418)

Recall 186 (56.7) 616 (43.4) <0.001

Text message from vaccination centre 105 (32.0) 458 (32.3)

Vaccination certificate 26 (7.9) 282 (19.9)

Hospital records 11 (3.3) 38 (2.7)

CO-WIN registry 0 (0.0) 24 (1.7)

Participated in social/religious event within 14 days of COVID-19 testing (n = 1141) (n = 2539) <0.001
113 (9.9) 80 (3.1)

Frequency of mask use within 14 days of COVID-19 testing (n = 1142) (n = 2537)

Never 26 (2.3) 22 (0.9) <0.001

Sometimes 505 (44.2) 684 (27.0)

Always 611 (53.5) 1831 (72.2)

COVID-19 risk perception (n = 1142) (n = 2540)

Low risk 619 (54.2) 1440 (56.7) <0.001

Medium risk 409 (35.8) 725 (28.5)

High risk 114 (10.0) 375 (14.8)

Exposed to COVID-19 positive individual within 14 days of COVID-19 testing (n = 1141) (n = 2537)

No 652 (57.1) 2222 (87.6) <0.001

Yes 234 (20.5) 270 (10.6)

Don’t know 255 (22.3) 45 (1.8)

Prior RT-PCR positive for COVID-19 (n = 152) (n =1219) 0.63
32 (21.0) 278 (22.8)

RT- PCR = reverse transcriptase-PCR.

Real-world estimates of VE should be considered in the context of
programmatic issues such as storage and cold chain maintenance
and off-schedule and incomplete delivery of doses (World Health
Organization, 2021). Besides, the field performance of vaccines was
influenced by newly emerging SARS-CoV-2 variants. The VE of
two doses of Oxford-ChAdOx1-S against severe infection with the
Delta variant in the United Kingdom was 67% (Lopez Bernal et al.,
2021). Indian studies indicated reduced neutralization capability of
BBV152/Covaxin and AZD1222/Covishield vaccine against the Delta
variant (Sapkal et al., 2021; Yadav et al., 2021). Our study was con-
ducted when B.1.617 lineages dominated India (INSACOG, 2021).

Our results are consistent with the VE reports of either
AZD1222/Covishield or BBV152/Covaxin against hospitalization to
be 77% for complete and 70% for partial vaccination among health-
care workers in South India (Victor et al., 2021). Our VE estimates
for AZD1222/Covishield against severe disease are higher than 67%
(95% CI: 44-81%) for moderate to severe disease and 76% (95% CI:
37-89%) for supplemental oxygen therapy among a cohort study of
hospital employees in New Delhi (Satwik et al., 2021). The disparity
could be on account of study design, different outcome measures
between the two studies, and the fact that hospital employees, al-
though at higher risk for SARS-CoV-2 infection, are also more likely
to be vaccinated.

The interval between the two doses can also influence the
VE in programmatic conditions. We estimated maximum effec-
tiveness for a 6-8 week interval for AZD1222/Covishield, with a
gradual decline beyond 12 weeks. Unlike our observation, other
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published studies of Oxford-ChAdOx1-S indicated higher efficacy
or immunogenicity for >12 weeks intervals between two vac-
cine doses (Flaxman et al, 2021; Voysey et al., 2021). During the
high transmission period when we conducted this study, asymp-
tomatic or known SARS-CoV-2 infection a few weeks before the
first or second dose could have boosted the vaccine-induced im-
munogenicity manifesting as improved vaccine performance at a
shorter interval. Our finding has programmatic implications for
rolling out the vaccination to reach the maximum eligible In-
dian population at the earliest, where after an initial interval of
4 weeks for both BBV152/Covaxin and AZD1222/Covishield, the
interval was increased to 12-16 weeks for AZD1222/Covishield
(Perappadan, 2021). The policy on the interval between the two
doses varies across countries and needs further evidence for its
standardization (Bobdey et al., 2021).

We highlight the strengths of our study. The study sites in-
cluded 11 hospitals spread across all parts of the country, thereby
strengthening the generalizability of VE estimates. We used a ro-
bust case-control study design and an approach to multiple logis-
tic regression guided by the application of a causal framework us-
ing directed acyclic graphs to identify and adjust for appropriate
known and measured confounders. Further, we used a random ef-
fects model for multiple logistic regression to account for the vari-
ation in VE by hospital sites. Cases and controls in each study site
were recruited from the same hospital. Hence, they are likely to
belong to the same catchment area of the particular hospital and
come from the same source population. This minimizes the chance
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Figure 1. Maximum likelihood tree of the 450 SARS-CoV-2 genomes in this study: A Maximumlikelihood tree of the 448 SARS-CoV-2 sequences retrieved in this study, along
with the representative SARS-Cov-2 sequences (n = 12) from different clades. Tamura-Nei model with a bootstrap replication of 1000 cycles was used to assess statistical
robustness. Four major sub-lineages of the Delta variant and other pangolin lineages observed in this study are marked on branches in different colors. Sub-lineage-1-1IV
is marked in red, dark green, violet and orange colors on the nodes. Kappa sequence is marked in brown color. The representative pangolin lineages are also marked on
branches in different colors. FigTree v1.4.4 and Inkscape were used to visualize and edit the generated tree.

of selection bias influencing VE estimates. Although we could not
achieve the desired sample size, our study had adequate power to
estimate VE for both vaccines separately. Such power could be at-
tributed to substantially higher vaccine coverage than the assumed
coverage for calculating the sample size. Molecular characteriza-
tion of SARS-CoV-2 enabled us to estimate the VE specifically for
the Delta variant and its sub-lineages.

Our study had several limitations. Firstly, misclassification bias
could have affected the VE estimates in several ways. (1) It is pos-
sible that vaccinated individuals could have had a higher risk of
COVID-19 due to (a) potential transmission during travel for vac-
cination, (b) crowding at the vaccination centers, and (c) risky be-
haviors post-vaccination due to the self-perceived vaccine protec-
tion. This could have led to an underestimation of the VE. (2) Low
sensitivity or specificity of RT-PCR testing and asymptomatic status
of COVID-19 could have led to differential misclassification of the
control status (Tahamtan and Ardebili, 2020). To reduce such bias,
we confirmed the RT-PCR status among negative controls after a
week. However, we could not confirm all the negative controls.
Hence, we could have underestimated the VE. (3) The status of
IgG used as a surrogate marker for recent infection, though done,
could not differentiate the antibodies generated by the vaccine or
the infection. As a result, we could have misclassified the infection
status of those infected before joining the study but did not test
positive at the time of enrolment, thus leading to the underestima-
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tion of VE. (4) We anticipated differential misclassification about
the interval between two doses of vaccine, as cases might have
recalled vaccination dates better than controls- thereby causing
a biased estimate of VE by dosing interval in either direction. (5)
The vaccination status, including dates thereof, was based on recall
by nearly half of the study participants, and more so among the
cases than the controls. This could have led to differential misclas-
sification in vaccination status resulting in VE estimate biased in
either direction. The sensitivity analysis of VE estimate by mode
of ascertainment of vaccination status, record vs recall, showed a
difference in VE for partial vaccination with AZD1222/Covishield
and complete vaccination with BBV152/Covaxin (Supplementary
Table S4). Secondly, a prior SARS-CoV-2 infection and conferred
immunity thereof, could have influenced the VE estimates (Lipsitch
et al., 2020). Such prior infections could reduce the chance of re-
infection. While being aware of a prior infection can reduce the
likelihood of vaccination, unknown prior infections (e.g., asymp-
tomatic) are unlikely to have influenced the decision to vaccinate.
Although the bias in estimating VE due to unknown prior in-
fections is reported to be minimal in case-control studies, it is
unknown whether this could be true during high transmission
periods (World Health Organization, 2021). Thirdly, the sample size
could have influenced the VE estimates. Four-fifth of the study par-
ticipants had received AZD1222/Covishield hence rendering the re-
cruited study size for BBV152/Covaxin inadequate for VE estimates.
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Effectiveness of COVID-19 vaccines against severe SARS-CoV-2 infection in individuals aged > 45 years by dose and time since vaccination, and interval between two doses,

India, May - July 2021.

Crude odds ratio

Adjusted odds

Vaccine effectiveness

Vaccination status Cases® (%) Controls?(%) (95% CI) ratio®(95% CI) (%) (95% CI) Power(%)
AZD1222 (Covishield)/ BBV152 (n = 1143) (n = 2541)

(Covaxin)

Unvaccinated 815 (71.3) 1116 (43.9) 1 1

Partial vaccination® 201 (17.6) 714 (28.1) 0.34 (0.29-0.41) 0.35 (0.29-0.43) 65 (57-71) 100
Complete vaccination® 94 (8.2) 554 (21.8) 0.20 (0.16-0.26) 0.17 (0.13-0.22) 83 (78-87) 100
Interval between 2 doses ( >14 (n = 909) (n = 1670)

days after second dose) -

AZD1222(Covishield)/ BBV152

(Covaxin)

Unvaccinated 815 (89.7) 1116 (66.8) 1 1

<6 weeks 75 (8.2) 383 (22.9) 0.24 (0.18 - 0.31) 0.23 (0.17-0.31) 77 (69 - 83) 100
6-8 weeks 8 (0.9) 114 (6.8) 0.08 (0.04 - 0.18) 0.06 (0.03 - 0.14) 94 (86-97) 100
9-11 weeks 7 (0.8) 42 (2.5) 0.19 (0.09 - 0.44) 0.15 (0.06 - 0.34) 85 (66 - 94) 98.2
>12 weeks 4(0.4) 15 (0.9) 0.28 (0.09 - 0.86) 0.28 (0.09 - 0.88) 72 (12-91) 323
AZD1222/Covishield (n = 1072) (n = 2263)

Unvaccinated 815 (76.0) 1116 (49.3) 1 1

Partial vaccination® 172 (16.0) 641 (28.3) 0.32 (0.27-0.4) 0.33 (0.27-0.41) 67 (59-73) 100
Complete vaccination® 58 (5.4) 388 (17.1) 0.18 (0.13-0.24) 0.15 (0.11-0.21) 85 (79-89) 100
Interval between 2 doses ( >14 (n = 873) (n = 1504)

days after second dose) -

AZD1222/Covishield

Unvaccinated 815 (93.4)) 1116 (74.2) 1 1

<6 weeks 41 (4.7) 236 (15.7) 0.21 (0.15 - 0.30) 0.19 (0.13 - 0.28) 81 (72 - 87) 100
6-8 weeks 7 (0.8) 102 (6.8) 0.08 (0.04 - 0.18) 0.06 (0.03 -0.14) 94 (86 - 97) 100
9-11 weeks 6 (0.7) 36 (2.4) 0.19 (0.08 - 0.47) 0.15 (0.06 - 0.37) 85 (63 - 94) 95.7
>12 weeks 4 (0.5) 14 (0.9) 0.30 (0.10 - 0.93) 0.30 (0.10 - 0.95) 70 (5 - 90) 25.6
BBV152/Covaxin (n = 886) (n = 1382)

Unvaccinated 815 (92.0) 1116 (80.6) 1 1

Partial vaccination? 29 (3.3) 71 (5.1) 0.57 (0.36-0.90) 0.61 (0.38-0.98) 39 (2-62) 72.9
Complete vaccination® 36 (4.1) 156 (11.3) 0.30 (0.20-0.44) 0.29 (0.19-0.43) 71 (57-81) 100
Interval between 2 doses ( >14 (n = 851) (n = 1272)

days after second dose) -

BBV152/Covaxin

Unvaccinated 815 (95.8) 1116 (87.7) 1 1

<6 weeks 34 (4.0) 137 (10.8) 0.33 (0.22-0.49) 0.33 (0.21-0.50) 67 (50-79) 100
6-8 weeks 1(0.1) 12 (0.9) 0.11 (0.01-0.85) 0.07 (0.01-0.66) 93 (34-99) 61.4
9-11 weeks 1(0.1) 6 (0.5) 0.20 (0.02-1.70) 0.14 (0.02-1.16) 86 (0-98) 15.4
>12 weeks 0 (0.0) 1(0.1) - - - -

2 Partial vaccination: One dose with an interval between second dose and COVID-19 testing/hospitalization >21 days.

b Complete vaccination: Two doses with an interval between second dose and COVID-19 testing/hospitalization >14 days.

¢ Case: Laboratory confirmed COVID-19 patients hospitalized with severe COVID-19 (One of the following: fever, cough, dyspnoea, fast breathing plus one of
the following: respiratory rate > 30 breaths/min; severe respiratory distress; or Sp02 < 90% on room air).

d Control: RT-PCR negative individuals who remained negative up to 7 days after initial RT-PCR test.

¢ Adjusted for age, any pre-existing comorbidities, participation in social/religious events, frequency of mask use, and rural/urban residence.

Estimation of VE for an interval of more than 9 weeks was under-
powered and hence needs to be interpreted cautiously. Further, it
did not allow us to statistically compare VE across intervals. WHO
suggests that any useful COVID-19 vaccine should have VE esti-
mates with a lower bound of the 95% CI above 50% (World Health
Organization, 2021). Fourthly, although we adjusted the odds
ratio for known and relevant confounders identified based on
causal framework analysis, the bias-indicator measuring VE among
recently vaccinated individuals (within 6 and 14 days after one
dose; results not shown) indicates that our adjusted odds ratio and
the resulting VE estimates may remain biased due to unknown,
unmeasured and/or residual confounding (Hitchings et al, 2022).
However, with moderate to high background seroprevalence,
hitherto unknown prior infections may result in protection from
a single dose of vaccine during a shorter period post-vaccination
when compared to the efficacy trial results (Saadat et al, 2021).
Finally, the external validity of the VE findings beyond 45 years
needs to be considered cautiously. The younger adults (18-44
years) have recently become eligible for vaccination. However, we
expect similar VE results in the younger age group as well.

Our findings highlight significant real-world protection with
two vaccine doses against severe COVID-19 and specifically against
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the currently dominant Delta variant in India. The substantial ef-
fectiveness of only one dose, more so for AZD1222/Covishield,
supports the policy decision from a public health perspective
to initially maximize coverage with a single -dose in the coun-
try. Our study’s finding for the effectiveness of a single dose of
AZD1222/Covishield is in contrast with other studies that report
either a lack of effectiveness (Satwik et al., 2021) or significant but
lower effectiveness (Victor et al., 2021). This could be due to dif-
ferences in study design, including a difference in the primary out-
come measure of disease severity and potential difference in back-
ground seroprevalence among the study population of the studies
referenced above. Vaccine effectiveness below 100% suggests the
possibility of severe disease among vaccinated and thus further
likely transmission in the absence of adequate control measures
(Lee et al., 2022; Pritchard et al., 2021).

Our finding of high variation in the Delta lineage across the
country suggests fast mutations in Delta due to its immune escape
ability in the host genome. Further, it has been suggested that the
dominance of the Delta variant and its sub-lineages with higher
transmissibility and potential for immune escape can make achiev-
ing robust protection against infection even with near univer-
sal vaccination coverage much more difficult. (Gupta et al., 2021;
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Effectiveness of COVID-19 vaccines against severe SARS-CoV-2 infection by Delta variant in individuals aged >45 years by dose and time since vaccination, and

interval between two doses, India, May - July 2021.

Crude odds ratio

Adjuste dodds

Vaccine effectiveness

Vaccination status Cases® (%) Controlsd(%) (95% CI) ratio®(95% CI) (%) (95% CI) Power(%)
AZD1222 (Covishield)/ BBV152 (n = 511) (n = 2541)

(Covaxin)

Unvaccinated 368 (72.0) 1116 (43.9) 1 1

Partial vaccination® 75 (14.7) 714 (21.8) 0.29 (0.22-0.38) 0.29 (0.22-0.39) 71 (61-78) 100
Complete vaccination® 46 (9.0) 554 (21.8) 0.23 (0.17-0.32) 0.19 (0.14-0.28) 81 (72-86) 100
Interval between 2 doses ( >14 (n = 414) (n = 1670)

days after second dose) of

AZD1222 (Covishield)/ BBV152

(Covaxin)

Unvaccinated 368 (88.9) 1116 (66.8) 1 1

<6 weeks 35 (8.4) 383 (22.9) 0.26 (0.18-0.39) 0.24 (0.16-0.35) 76 (65-84) 100
6-8 weeks 3(0.7) 114 (6.8) 0.07 (0.02-0.23) 0.06 (0.02-0.18) 94 (82-98) 100
9-11 weeks 5(1.2) 42 (2.5) 0.30 (0.12-0.77) 0.20 (0.08-0.54) 80 (46-92) 55.6
>12 weeks 3(0.7) 15 (0.9) 0.45 (0.13-1.62) 0.41 (0.11-1.49) 59 (0-89) 34
AZD1222/Covishield (n = 476) (n = 2263)

Unvaccinated 368(77.3) 1116 (49.3) 1 1

Partial vaccination? 62 (13.0) 641 (28.3) 0.26 (0.19-0.35) 0.26 (0.19-0.36) 74 (64-81) 100
Complete vaccination® 26(5.5) 388 (17.2) 0.19 (0.12-0.29) 0.15 (0.10-0.23) 85 (77-90) 100
Interval between 2 doses( >14 (n = 394) (n = 1504)

days after second dose) of

AZD1222/Covishield

Unvaccinated 368 (93.4) 1116 (74.1) 1 1

<6 weeks 16 (4.1) 236 (15.7) 0.20 (0.12-0.34) 0.17 (0.09-0.29) 83 (71-91) 100
6-8 weeks 3(0.8) 102 (6.8) 0.08 (0.02-0.26) 0.06 (0.02-0.20) 94 (80-98) 100
9-11 weeks 4 (1.0) 36 (2.4) 0.28 (0.10-0.81) 0.19 (0.06-0.57) 81 (43-94) 47.3
>12 weeks 3(0.8) 14 (0.9) 0.49 (0.14-1.76) 0.43 (0.12-1.61) 67 (0-88) 13
BBV152/Covaxin (n = 403) (n = 1384)

Unvaccinated 368 (91.3) 1116 (80.6) 1 1

Partial vaccination® 13 (3.2) 73 (5.3) 0.60 (0.32-1.13) 0.59 (0.30-1.13) 41 (0-70) 46.7
Complete vaccination® 20 (5.0) 156 (11.3) 0.37 (0.22-0.61) 0.34 (0.20-0.58) 66 (42-80) 99.3
Interval between 2 doses ( >14  (n = 388) (n=1272)

days after second dose) of

BBV152/Covaxin

Unvaccinated 368 (94.8) 1116 (87.7) 1 1

<6 weeks 19 (4.9) 137 (10.8) 0.42 (0.25-0.70) 0.40 (0.23-0.69) 60 (31-77) 96.2
6-8 weeks 0 (0.0) 12 (0.9) - - - -
9-11 weeks 1(0.3) 6 (0.5) 0.41 (0.05-3.43) 0.28 (0.03-2.35) 72 (0-97) 3.7
>12 weeks 0 (0.0) 1(0.1) - - - -

2 Partial vaccination: One dose with an interval between second dose and COVID-19 testing/hospitalization >21 days.

b Complete vaccination: Two doses with an interval between second dose and COVID-19 testing/hospitalization >14 days.

¢ Case: Laboratory confirmed COVID-19 patients hospitalized with severe COVID-19 (One of the following: fever, cough, dyspnoea, fast breathing plus one of
the following: respiratory rate > 30 breaths/min; severe respiratory distress; or Sp02 < 90% on room air) infected with Delta variant.

d Control: RT-PCR negative individuals who remained negative up to 7 days after initial RT-PCR test.

¢ Adjusted for age, any pre-existing comorbidities, participation in social/religious events, frequency of mask use, and rural/urban residence.

Lazarevic et al., 2021) Nevertheless, acceleration of the two-dose
vaccination coverage can be critical for an effective and timely re-
duction in the burden of severe COVID-19 in India.
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