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ABSTRACT

Introduction: The COVID-19 pandemic continues to impact
livelihoods worldwide, and in the absence of specific antivirals,
the vaccine remains the main weapon against it. Assessing the
effectiveness of vaccines against Coronovirus Disease 2019
(COVID-19) in practice is crucial as COVID-19 variants continue
to emerge, and public health decisions must be supported by
scientific risk-benefit considerations.

Aim: To determine the Vaccine Effectiveness (VE) of two doses
of the ChAdOx1 nCoV-19 (Covishield) vaccine in preventing
laboratory-confirmed COVID-19.

Materials and Methods: A test negative case control design
was used to determine the VE in total of 702 individuals which
included 351 laboratory confirmed cases using Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR) and 351
controls who tested negative among those who attended the
testing sites of the Urban Family Health Centre of Government
Medical College Kottayam, Kerala, India from July 2021
to September 2021. Details regarding vaccination status,
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sociodemographic factors, symptoms, and co-morbidities were
collected from consented and eligible participants. The collected
information was entered into a proforma, which was later entered
into MS Excel and analysed using R software version 4.1.3.
The groups were compared using binary logistic regression
to calculate the adjusted Odds Ratio (aOR) with adjustment
for gender, age group, education, occupation, presence of
symptoms, and co-morbidity status. VE% was calculated as
100 * (1-aOR).

Results: The median age (interquartile range) of cases and
control was 44 (33-57) years and 50 (35-60) years, respectively.
The VE of two doses of the ChAdOx1 nCoV-19 vaccine in
protecting against laboratory-confirmed COVID-19 was 87%
(95% CI 78-92), with an aOR of 0.13. A separate analysis
was conducted to determine the VE among symptomatic
individuals, which showed a VE of 89% (95% CI 79-94), with
an aOR of 0.11.

Conclusion: Two doses of the ChAdOx1 nCoV-19 vaccine are
protective against laboratory-confirmed cases of COVID-19.

Keywords: Antivirals, Coronavirus disease 2019, Covishield vaccine,

Reverse transcriptase polymerase chain reaction

INTRODUCTION

The COVID-19 pandemic has overwhelmed healthcare systems
worldwide [1]. The social and economic disruption associated with
it was unprecedented, ultimately pushing millions into poverty [2].
India adopted a containment strategy in the early stages of the
pandemic by enforcing a phased lockdown. However, with the
rapid spread of infections, the government shifted to vaccination
as its primary strategy to mitigate COVID-19. The Delta variant
(B.1.617.2), first identified in Maharashtra, India in December 2020,
caused the epidemic to rebound [3]. The relaxation of restrictions,
followed by the assembly elections held across five states, including
Kerala, India in May 2021, accelerated the rate of infection. By
the month of June 2021, Delta became the predominant variant,
overtaking the Alpha variant (B.1.1.7) [4]. Since then, India has been
recording around three lakh cases of COVID-19 per day [5].

The first vaccine to receive emergency use approval in India
was the ChAdOx1 nCoV-19 vaccine from Astra Zeneca [6]. At
first, vaccination was prioritised for healthcare workers, frontline
workers, and the elderly, and by May 2021, the government issued
a directive to expand eligibility for all individuals aged 18 years or
older. The phase 2/3 clinical trial demonstrated an overall vaccine
efficacy of 70.4% after two doses and protection of 64.1% after at
least one standard dose against symptomatic disease [7]. Literature
has emerged that offers contradictory findings. Recent evidence

suggests that the protection against symptomatic disease is mixed,
with some studies reporting reduced effectiveness, whereas others
suggest very high levels of over 88% [8,9]. What has been known
about the effectiveness is largely based on observational studies
that report lower effectiveness against infection for the Delta variant
compared with the original strain among both partly and fully
vaccinated individuals [10,11]. However, these results were based
on hospitalisation data, and it is unclear if factors like healthcare-
seeking behaviours, population heterogeneity, socio-economic
status, etc., played a role.

In general, establishing the real-world effectiveness of mass vaccination
programs helps in informed benefit-risk considerations [12]. As Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) variants
are emerging, debate continues about the best strategies for the
management of the pandemic. The immune escape potential of
the Variants of Concern (VoC) and the need for booster doses have
become central issues. A key policy priority should, therefore, be to
measure VE in real-world settings so that policy makers can decide
which vaccination strategies are most appropriate to implement in
their context. In Kerala, timely pandemic preparedness and the trace-
test policy in the early stages of the pandemic limited outbreak size
[13]. This, along with high primary vaccination coverage, makes the
southern state’s containment strategy a different story. To inform
policy on vaccination and focused containment measures in Kerala,
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the present study attempts to examine the field level of real-world
effectiveness of the ChAdOx1 nCoV-19 vaccine against laboratory-
confirmed infection.

MATERIALS AND METHODS

A test negative case control design was used to determine VE in
total of 702 individuals which included 351 laboratory confirmed
cases using Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR) and 351 controls who tested negative among those
who attended the testing sites of the Urban Family Health Centre
of Government Medical College, Kottayam, Kerala, India from
July 2021 to September 2021. The study was approved by our
Institutional Review Board (IRB No: 66/2021 dated 30-4-2021), and
all participants provided oral informed consent.

Sample size calculation: The sample size was calculated using
the formula for a case-control test-negative design as per the World
Health Organisation (WHO) document [15]. N1=(z/d)? {1/A(1-A)+1/
CP2 (1-P2)} Where C is the control-to-case ratio; P2 denotes the
prevalence of vaccine exposure in the control group (i.e., vaccine
coverage in the population being studied); A=P2 (1-VE)/{1-P2
(VE)} where VE denotes the anticipated VE; z denotes the (1-a)
percentage point of the standardised normal distribution (normally
this is based on an a=0.05 and thus z=1.96); and d is determined by
solving the equation W(B,d)=exp(B)exp(d)-(exp(-d)) where d=zc and
W(B,d) denotes the Cl width, i.e., the difference between the upper
and lower limits. The number of controls needed is then calculated
as C*N1 [15]. Considering a vaccine coverage of 50%, VE of 70%,
precision of 10%, and type | error of 5%, and a case-control ratio of
one, the minimum number of cases and controls in a case-control
design was calculated as 346 each [15]. As the study was based
on a test-negative case-control design, cases and controls were
selected from these testing sites.

Inclusion criteria: Individuals aged 18 years and above, reporting
with Influenza-like lliness (ILI) or Severe Acute Respiratory Infection
(SARI) in the area, or primary contacts of cases on quarantine
who have done RT-PCR tests in the Urban Family Health Centre
testing sites.

Exclusion criteria: Individuals residing outside the study setting,
individuals with unknown vaccination status, and individuals who
received vaccines other than the ChAdOx1 nCoV-19 vaccine were
excluded.

Study Procedure

The Urban Family Health Centre caters to a population of 51,029
spread over 35 wards. As part of surveillance against COVID-19
disease, this Centre has been conducting regular RT-PCR and
Antigen testing. A Rapid Response Team (RRT) was functional in
each ward, which comprises health workers, voluntary workers,
ward councilors, and members from social organisations. Anyone
suffering from fever, cough, breathlessness, or any symptom that
falls under the case definitions of COVID-19 was traced and brought
to a testing facility. Tracing and testing were also done for those who
were primary contacts of cases. Vaccination started in institution on
January 16, 2021, based on guidelines issued by the Government
of India [14], in a phased manner prioritising healthcare workers and
frontline workers initially, which extended to those aged 60 years
and above and those aged 45-60 years with co-morbidities (since,
March 1, 2021), then to all aged 45 years and above (April 1, 2021),
and finally to all adults above 18 years (since May 1, 2021).

Cases were defined as participants who tested positive for active
SARS-CoV-2 infection by RT-PCR test conducted from July 2021
to September 2021, and controls were defined as those who tested
negative for SARS-CoV-2 by RT-PCR test during the same period.
The specimen for testing was collected within 10 days of the onset
of symptoms or 10 days of quarantine.
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Data on vaccination status, presence of symptoms, co-morbidities,
and socio-demographic factors were collected through telephonic
interviews with each case and control.

A total of 3,225 tests were conducted at the Urban Health Centre
from July to September 2021. Out of these, 838 tested positive. To
recruit 351 cases and 351 controls, authors contacted 525 cases
(response rate 66.8%) and 990 controls (response rate 35.45%), as
shown in [Table/Fig-1]. Data on vaccination status was confirmed
by verifying the message received in the beneficiary’s phone number
or the vaccination certificate sent by the participants. Vaccination
status was categorised as fully vaccinated, vaccinated with one
dose (partially vaccinated), and unvaccinated. Fully vaccinated
was defined as individuals who had received a second dose of the
ChAdOx1 nCoV-19 vaccine 14 days before RT-PCR testing. Partially
vaccinated individuals had received the first dose of the vaccine
14 days before RT-PCR testing. Unvaccinated individuals had not
received the vaccine at the time of RT-PCR testing. Individuals who
underwent RT-PCR testing within 14 days of the first dose were
considered unvaccinated, and those who underwent RT-PCR
testing within 14 days of the second dose were considered partially
vaccinated. A separate subgroup analysis was conducted for
symptomatic individuals to assess the VE in that group. This group
comprised 176 cases and 170 controls.

3225 tests were done at Urban Health Centre,
GMC Kottayam, Kerala, India

!—‘ﬁ

209 excluded -
Residing outside
the study setting

838 individuals tested
positive

2387 individuals tested
negative

597 excluded
-Residing outside
the study setting

629 individuals 1790 individuals

104 individuals
WECTELERG) |
trace

800 excluded
-Tested for travel
related purposes

525 individuals 990 individuals

174 individuals
were

-below 18
-took other
vaccines
-not willing to

participate

639 individuals were
-below 18
-took other vaccines
-not willing to
participate
- vaccination status

351 cases — 351 controls

- vaccination status
unknown

unknown

[Table/Fig-1]: Flowchart showing the recruitment of study participants.

STATISTICAL ANALYSIS

The information collected was entered into a proforma and later
transferred to MS Excel for analysis using R software version 4.1.3.
The Chi-square test was used to compare baseline characteristics
between cases and controls. Univariate analysis and multivariate
logistic regression were conducted to calculate crude and aORs.
Crude and aORs were calculated for the fully vaccinated group
versus the unvaccinated group, as well as the partially vaccinated
group versus the unvaccinated group. The odds ratio was obtained
by taking the exponential function of the regression coefficient from
the binary regression model. A multivariate model was developed to
account for potential confounding variables, including age, gender,
occupation, and socio-economic status. Vaccine Effectiveness
percentage (VE%) was calculated as 100%(1-aOR). A subgroup
analysis was performed on 346 symptomatic individuals to
calculate the crude and aOR for VE% in the fully vaccinated versus
unvaccinated group.

RESULTS

A total of 702 individuals, consisting of 351 cases and 351 controls,
were included in the study from July to September 2021. A total of
3,225 tests were conducted during this period, with 838 positive
results. After exclusions and obtaining consent, 351 patients were
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selected for the study [Table/Fig-1]. The median age (interquartile
range) of cases and controls was 44 (33-57) and 50 (35-60)
respectively. The distribution of gender and co-morbidity was similar
between cases and controls (p>0.05) [Table/Fig-2]. Among cases,
323 (92.02%) had mild symptoms and only required outpatient care
and home isolation. One death was reported among cases, and
Intensive Care Unit (ICU) admission was required for four cases
and one control.

Cases Controls

Characteristic n=351 | n (%) n=351 n (%) | p-value

Age categories (in years)

18-44 178 50.7 137 39

45-59 97 27.6 120 34.2

Above 60 76 21.7 94 26.8

Gender

Male 173 49.3 166 47.3 )
0.28

Female 178 50.7 185 52.7

Co-morbidity

Yes 131 37.3 124 35.3 )
0.871

No 220 62.7 227 64.7

COVID-19 symptoms at the time of the RT-PCR test

Yes 324 92.3 206 58.7 )
0.001

No 27 7.7 145 41.3

Time of COVID-19 RT-PCR test

July 31 8.8 31 8.8

August 76 21.7 76 21.6

September 244 69.5 244 69.5

[Table/Fig-2]: Baseline characteristics of study participants.

$Chi-square test; *p<0.05 is considered as significant
RT-PCR: Reverse transcriptase polymerase chain reaction

The binary logistic regression model estimated the VE for COVID-19
as 26% and 87% for one and two doses of the vaccine, respectively,
after adjusting for age, gender, socio-economic status, education,
occupation, and co-morbidity [Table/Fig-3]. In the subgroup analysis
of symptomatic individuals, the VE associated with two doses of the
vaccine was found to be 89% after adjustment for various factors
[Table/Fig-3]. Age-stratified VE was also calculated, and the results
are presented in [Table/Fig-4].

Vaccine
Vaccination Crude OR (95% Adjusted OR* | effectiveness
status Cases Controls Cl) (95% CI) % (95% Cl)
For all cases and controls (N=702)
Unvaccinated | 93 (26.5) | 36 (10.3) Ref Ref
Partially
. 157 (44.7) | 78 (22.2) 0.78 (0.48-1.24) | 0.74 (0.46-1.19) | 26 (-0.19-54)
vaccinated
Full
. y' 101 (28.8) | 237 (67.5) | 0.16(0.06-0.26) | 0.13(0.08-0.22) 87 (78-92)
vaccinated
For symptomatic cases and controls (n=346)
Unvaccinated | 84 (47.7) | 21 (12.3) Ref Ref
Full
5 y' 92 (52.3) | 149(87.7) | 0.154(0.09-0.266) | 0.11(0.06-0.21) 89 (79-94)
vaccinated

[Table/Fig-3]: Comparison of Vaccine Effectiveness (VE) among cases and controls.

*Adjusted for age, gender, socio-economic status, education, and co-morbidity

Age Vaccine
group Vaccination Crude | Adjusted | effectiveness
(in years) status Cases | Controls OR OR* %
) 31 17
Unvaccinated (70.5) 7.9 Ref Ref
18-35 90.4
Fully 13 44
vaccinated | (©9.5) | (r2.1) | 0162 | 00%
. 43 12
Unvaccinated 67.2) (19) Ref
35-50 90.1
Fully 21 51
vaccinated (32.8) (81) 0115 0.099

www.jcdr.net

: 13 6

Unvaccinated (26.5) 5.9 Ref

50-65 84.3
Fully 36 93
vaccinated (73.5) 94.2) 0.17 0.157
Unvaccinated 6 1 Ref

Above (16.2) 2.2

65 90.3
Fully 31 44
vaccinated | (83.8) | (7.8 | 017 | 0097

[Table/Fig-4]: Age-stratified VE of two doses of ChAdOx1 nCoV-19 vaccine

against COVID-19.

Furthermore, two other factors were found to be significant in the
multivariate model. Participants with lower educational status (@aOR
2.51) and those belonging to below-poverty-line families (@OR 1.56)
had a two-fold higher risk of testing positive for COVID-19 [Table/Fig-5].

Adjusted
Cases Controls | Odds Ratio | Confidence
Factors n=351 n=351 (@aOR) interval
<65 305 (86.9%) | 293 (83.5%) 1.33
Age (years) 0.32-1.71
>65 46 (13.1%) | 58 (16.5%) Ref
Male 173 (49.3%) | 166 (47.3%) 1.01 0.683-
Gender 1'
Female 178 (50.7%) | 185 (52.7%) Ref -506
. ngr']%vglh'gh 185 (52.7%) | 101 (28.8) 2.51
Eduoational | — 1.16-33.3"
High school | 456 473y | 250 (71.2) Ref
and above
Socio- BPL 197 (56.2%) | 165 (47%) 1.56
economic 1.01-2.27*
status APL 154 (43.8%) | 186 (53%) Ref
Co- VYes 131 (37.3%) | 124 (35.3%) 1.53
. 0.96-2.56
morbidity | N 220 (62.7%) | 227 (64.7%) Ref

[Table/Fig-5]: Other socio-demographic factors associated with COVID-19 infection.

BPL: Below poverty line; APL: Above poverty line; *Significant

DISCUSSION

The present study was the first of its kind to explore real-world VE in
Kerala. The VE for two doses of the vaccine was generally consistent
with findings from studies conducted elsewhere [Table/Fig-6] [7,16-
19]. The VE for two doses of the vaccine in this study was consistent
with findings from other studies conducted in India. Singh C et al.,
reported a VE of 83% (95% CI 75-89) in Patna [19]. Ghosh S et
al., and Bhatnagar et al., found VE of 91.8% (95% CI 88.7-94.02)
and 85% (95% Cl 79-89%), respectively [16,18]. Tsundue T et
al., reported a VE of 80% for two doses of the ChAdOx1 nCoV-
19 vaccine in Himachal Pradesh [17]. A pooled analysis of four
randomised controlled trials by Voysey M et al., also showed a VE
of 81.3% (95% CI 60.3-91.2) [7].

Study

Singh C et al., [19]
Ghosh S et al., [16]
Bhatnagar T et al., [18]

Vaccine effectiveness (95% ClI)
83% (95% Cl 75-89)
91.8% (95% Cl 88.7-94.02)
85% (95% Cl 79-89%)
80% (95% Cl 0.09 to 0.44)
81.3% (95% Cl 60.3-91.2)
63:1% (95% Cl 51-5-72-1)
54% (95% Cl 27%-71%)
61.3% (95% Cl 43.6-73.4)
65% (95% Cl 61%-68%)

Tsundue T et al., [17]

Voysey M et al., [7]

Thiruvengadam R et al., [11]
Pramod S et al., [20]
Murali S et al., [21]

Victor PJ et al., [22]

[Table/Fig-6]: Comparison of Vaccine Effectiveness (VE) from various studies

[7,11,16-22].

In contrast, certain observational studies conducted in India reported
lower VE [Table/Fig-6] [11,20-22]. For example, a study of 10,232
individuals among middle-aged individuals reported an overall VE
of 61.3% [21], and a study in Vellore, Tamil Nadu, India observed
a pooled VE of 54% [20]. A population-based study conducted in
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England using a similar design and methodology also reported lower
VE compared to the present study [23]. There are several possible
explanations for the relatively higher VE observed in present study.
The strict adherence to COVID-19 appropriate behaviours by the
people of Kerala and the government’s decentralised containment
strategy may have contributed to the high VE [24]. The correlation
between health literacy and vaccine uptake is well established, and
adherence to health-related behaviours such as wearing masks and
social distancing among the population in Kerala may have resulted
in an overestimation of VE [25,26]. Additionally, the relatively better
coverage of the COVID-19 vaccination drive across different age
groups and social strata in Kerala may have contributed to the higher
VE [27]. However, it is important to note that the emergence of the
Omicron variant and waning vaccine immunity over time have resulted
in a decline in VE, as indicated by recent research [28-31].

The vaccine effectiveness for a single dose in present study was
found to be 26%, which is consistent with findings by Murali S et
al., from Chennai, Tamil Nadu (VE 28.7%, 95% CI 2.3-50.3) [21].
Although vaccination status is the most important determinant of VE,
sociodemographic factors such as being below the poverty line and
having a low educational status may provide valuable insights into
the population-level effectiveness of the COVID-19 vaccine. Similar
findings have been reported by Gaur K et al., [32]. The present study
also demonstrated increased VE among symptomatic individuals,
which is supported by evidence from diverse populations, geographic
regions, and emerging strains [33-36]. Strengths of the current
study include the use of a WHO-recommended test-negative case-
control design, which takes into account variations in health-seeking
behaviour and vaccine accessibility in the community. Additionally,
a multivariate statistical model was used to adjust for potential
confounders.

Limitation(s)

Firstly, data about the study participants’ previous COVID-19
infection status were not collected. Secondly, inherent biases in
retrospective studies, such as recall bias, may have been present.
Efforts were made to minimise these errors through phone calls by
expert doctors and thorough cross-verification of testing results
and vaccination status. Finally, it is possible that the voluntary
selection of controls has led to an overrepresentation of vaccinated
individuals, which may have resulted in an overestimation of vaccine
effectiveness.

CONCLUSION(S)

The results of the present study showed that two doses of the
ChAdOx1 nCoV-19 vaccine provide protection against laboratory-
confirmed cases of COVID-19, with higher protection observed
among symptomatic individuals. The finding of high field-level
effectiveness after the second dose would enable public health
systems to promote two-dose vaccine uptake among vulnerable
groups, particularly in the context of emerging variants of concern.
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