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ABSTRACT

India approved COVID-19 vaccine called Covaxin, developed by the Indian Council of Medical Research
and Bharat Biotech Ltd. The primary objective of the study was to estimate the effectiveness of Covaxin in
preventing breakthrough SARS-CoV-2 infection in healthcare workers (HCWs). A test-negative matched
case-control study was conducted among HCWs of tertiary care hospital in Eastern India. Any HCW who
tested positive for COVID-19 using RT-PCR during April and May 2021 was taken as the case. The HCWs
who tested negative for COVID-19 by RT-PCR were considered as controls after matching with the date of
testing and profession of the cases. Vaccination data were collected from the institution’s vaccine
database and recall. In case of discrepancy, it was confirmed from the CoWIN portal (cowin.gov.in). The
sample size was 670 participants (335 pairs). Conditional logistic regression models were used to calculate
the adjusted odds ratio for breakthrough SARS-CoV-2 infection. Vaccine effectiveness was calculated
using the following formula: VE = (1-aOR) x 100%. Sensitivity analysis was done for effectiveness of
Covaxin, excluding Covishield vaccination. The mean age of participants was 29.1 years (SD = 7.1), and the
majority were males (55.2%). Among the study participants, 60% were completely vaccinated, 18.51%
were partially vaccinated, and 21.49% were unvaccinated. After adjusting for age, gender, type of house-
hold and past history of COVID-19 disease in conditional logistic models, the vaccine effectiveness was
22% (aOR 0.78, 95% Cl: 0.52-1.17; p = .233). Sensitivity analysis with Covaxin showed an effectiveness of
29% (aOR 0.71, 95% Cl: 0.47-1.08; p = .114) for preventing breakthrough SARS-CoV-2 infection.
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Introduction 19 vaccines approved for use were Covaxin and Covishield.
Covaxin is an indigenously developed vaccine by the joint
venture of Indian Council of Medical Research (ICMR),
National Institute of Virology and Bharat Biotech.'* As of
December 2, 2021, 83.5% of the adult population of India
(117 million doses) are vaccinated with at least a single dose
and 46.7% with a double dose of vaccine. Among the vaccine
doses administered, 11.1% were Covaxin."

Covaxin uses time-tested Whole-Virion Inactivated Vero
cell-derived platform technology that used Alhydroxiquim-II
as adjuvant. On 16™ January 2021, it was given emergency use
authorization in a clinical trial mode. The interim analysis
showed it to have an efficacy of 81%."'® Covaxin-induced anti-
bodies were also found to neutralize the variants B.1.1.7,

The COVID-19 pandemic, which was declared in early
2020, is still going on since its origin." Worldwide, millions
of people have died due to the pandemic, with hundreds of
millions being infected.>” The COVID-19 cases in India are
not increasing and a third wave is yet to hit.*® The emer-
gence of mutant strains of the virus has further complicated
the situation.® As per the World Health Organization
(WHO) reports, the strain B.1.617 found in India is now
a variant of global concern.”

The primary prevention and control measures against
COVID-19 are wearing face masks, hand hygiene, and social
distancing. With the reports emerging that the virus is air-
borne, the impact of these measures in COVID-19 preven-

tion and control is likely to be lower than previously
thought.®>® Similarly, many drugs that were repurposed to
be used for COVID-19 have been shown to have a low to
almost nil effect.'®! At this point, a vaccine is the real
game-changer. Vaccines were developed and approved with
unprecedented speed and deployed with emergency use
authorization.'> New vaccine technologies like m-RNA were
developed and approved in record time."? In India, COVID-

B.1.1.28, B.1.1.28, B.1.617, B.1.351 & B.1.617.2 of the SARS-
CoV-2 virus.'®"” Subsequently, the interim results from Phase
3 trials showed an overall interim clinical efficacy of 81% and
100% efficacy against SARS-CoV-2 infection and severe
COVID-19 disease, respectively.'® It is crucial now to under-
stand the effectiveness of these vaccines in the real-world
scenario.'®'” The effectiveness of a vaccine may differ from
its efficacy based on the disease outcome studied, population
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administered, and the characteristics of the new strains of the
virus. The primary objective of the study was to estimate the
effectiveness of Covaxin in preventing breakthrough SARS-
CoV-2 infection in healthcare workers (HCW3s).

Methodology

This was a hospital-based test-negative case-control study con-
ducted among the HCWs at the All India Institute of Medical
Sciences (AIIMS), Bhubaneswar during February 2021 to
July 2021. AIIMS Bhubaneswar is a tertiary care hospital
from eastern India, which provides both COVID and non-
COVID care. The institute started vaccination of HCWs from
16™ January 2021. The HCWs of the institute were given
Covaxin. However, some HCWs who took vaccine outside
the institute received Covishield. The institute had a robust
policy in place related to COVID-19 appropriate behavior
(CAB) in the workplace (including office orders, sensitization
programs, and financial penalties). The primary objective was
to estimate the vaccine effectiveness of the COVID-19 vaccine
(Covaxin) in protecting against RT-PCR positive SARS-CoV-2
infection. We followed the methods recommended by WHO to
evaluate vaccine effectiveness.”’ Assuming vaccine effective-
ness of 70% and expected COVID-19 vaccine coverage
among controls as 75% with a desired precision-width of 20%
with a case-control ratio of 1:1, a sample size of 670 partici-
pants (335 pairs) was calculated. Assuming the non-response
rate as 15%, the final sample size required was 385 pairs (770
participants). In order to estimate the sample size, the WHO
sample size calculator for the evaluation of COVID-19 vaccine
effectiveness was used.”'

Any HCW who tested positive for COVID-19 using RT-
PCR during April and May 2021 was taken as the case. HCWs
who tested negative for COVID-19 by RT-PCR were consid-
ered as controls and selected after matching with date of testing
and profession of the cases. When more than one controls were
available, the control with the closest age was selected. The
severity of COVID-19 disease was classified based on the Govt.
of India and AIIMS, New Delhi guidelines.”* Vaccine break-
through infection for COVID-19 is defined as the detection of
SARS-CoV-2 RNA or antigen in a respiratory specimen col-
lected from a person >14 days after receipt of all recommended
doses of authorized COVID-19 vaccine.”> The vaccination
status of the participants was classified as “completely vacci-
nated” if they have taken two doses of vaccine and completed
14 days before getting tested. A partially vaccinated individual
was defined as one who completed 14 days after the first dose of
vaccine and does not fulfil the criteria of complete immuniza-
tion. Those who had not received any vaccine dose or had not
completed 14 days after first dose of vaccination were defined
as “not immunised.” Vaccination data were collected from the
institution’s vaccine database and self-report of the study par-
ticipants. In case of any discrepancy, it was confirmed from the
CoWIN portal (cowin.gov.in) and another verification call to
the participants. A telephonic interview was done for each
participant. The participants who could not be contacted
even after three attempts were labeled as non-responders and
excluded from the study. A semi-structured questionnaire

prepared in Epicollect5 was used to collect the information
on age, gender, designation, family type (alone/nuclear/
extended), symptoms of COVID-19, RT-PCR test details, dis-
ease status (mild, moderate, and severe) if COVID-19 positive,
type of isolation, involvement in patient care, contact history,
and past history of COVID-19 disease.

Data was analyzed using STATA 15.0 software after data
cleaning in MS Excel. Categorical variables were presented as
proportion and continuous variables as mean and standard
deviation. The association of breakthrough SARS-CoV-2 infec-
tion and vaccination status was calculated using odds ratio.
Conditional logistic regression models were used to estimate
adjusted odds ratio. In model 1, age, gender, and family type
were included. In model 2, the past history of COVID-19
disease was added along with other variables of model 1. In
model 3, the vaccination status was included along with vari-
ables of model 2. Vaccine effectiveness was calculated using the
following formula: VE = (1-aOR) x 100%. The sensitivity
analysis was done for vaccine effectiveness of Covaxin, exclud-
ing the Covishield vaccination.

Ethical approval was taken from the Institute Ethics
Committee of All India Institute of Medical Sciences,
Bhubaneswar (Reference no: AIIMS/CMFM/IM-NF/156).
Informed consent (Telephonic) was taken from the partici-
pants after explaining the details of the study in the language
they understood. The ethical committee approved this consent
procedure considering the COVID-19 situation.

Results

From April 1, 2021 till May 31, 2021, 1822 HCWs of AIIMS
Bhubaneswar were tested for COVID-19 by RT-PCR as per
Govt. of India testing guideline.** Out of 1822, 402 HCW's were
positive for COVID-19. After matching the date of diagnosis
and profession, 390 matched pairs were prepared from the
hospital database. Ten HCWs did not give consent for partici-
pation, and there were 45 non-responders. Finally, 335 pairs
(670 participants) were included in the analysis (Figure 1).
Mean (SD) age of our study participants was 29.1 (7.1)
years. A majority of the participants, i.e., 408 (60.90%), were
below 30 years of age. Out of all the participants, 370 (55.22%)
were male. Half of the participants 321 (47.91%) lived in the
nuclear family, followed by those living alone 217 (32.39%).
More than one-third of participants i.e., 244 (36.42%) were
nursing staff, followed by 196 (29.25%) supporting staff, 98
(14.63%) doctors and 76 (11.34%) students. Out of the 670,
375 (55.97%) had symptoms suggestive of COVID-19 at the
time of testing. Out of 670 participants, 52 (7.76%) had past h/o
of COVID-19 disease. Of the 52 participants, who had past h/o
of COVID-19 disease, 21 participants had breakthrough SARS-
CoV-2 infection. Of the 21 participants, 15 received Covaxin,
13 were completely immunized, and two were partially immu-
nized. Among the 21 participants, two received Covishield.
One of them was partially immunized, and the other was
completely immunized. Data regarding the severity of past
COVID-19 disease was not collected. A large proportion, i.e.,
402 (60.00%) of the participants, had completed vaccination,
144 (21.49%) were unvaccinated, and the remaining 124
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During 15t April 2021 to 31st May 2021, RT-PCR for COVID-19 was conducted among 1822 healthcare workers
(HCWs) of AIIMS Bhubaneswar

y

Out 1822 HCWs, who were tested by RT-PCR for COVID-19, 402 HCWs were positive

\ 4

After matching with date of diagnosis and profession 390 matched pairs could be prepared

v

390 matched pairs (760 HCWs), were called telephonically for the interview

Non-responders (unable to contact after 3
attempts) = 45 HCWs, were excluded

\4

Ten HCWs did not give consent and were
excluded from the study

335 matched pairs (670 HCWs) were included in analysis

Figure 1. The flow diagram of study participants selection, data collection and analysis.

(18.51%) were partially vaccinated (Table 1). Out of 670 parti-
cipants, most had received Covaxin, i.e., 554 (82.69%), only 25
(3.73%) participants had received Covishield. Out of 335 cases,
330 (98.5%) had mild COVID-19 disease, 5 (1.5%) had mod-
erate and there were no severe cases. Among the 335 cases, 320
(95.5%) had undergone home isolation, 9 (2.69%) had under-
gone institutional isolation, while 6 (1.79%) cases got admitted
to the hospital. Out of 335 cases, 228 HCWs could not identify
the source of infection. Of those who could give contact his-
tory, 77 (22.1%) had workplace contact, 22 (6.6%) had social
contact, and 11 (3.3%) had household contact (Table 2).

After adjusting for age, gender, type of household and past
h/o COVID-19 disease in conditional logistic models, the vac-
cine effectiveness was found to be 22% (p = .233) (Table 3). In
sensitivity analysis, the vaccine effectiveness for Covaxin was
found to be 29% (p = .114) (Table 4). The participants with age
group 40-49 years [aOR 0.44, 95% CI: 0.13-1.45] and
=50 years [aOR 0.58, 95% CI: 0.11-3.13] had a lower risk of
SARS-CoV-2 infection compared to less than 30 years partici-
pants; however, it was not statistically significant. Female had
similar risk [aOR 0.94, 95% CI: 0.61-1.43] of SARS-CoV-2
infection compared to male. Living in nuclear family [aOR
0.43, 95% CI: 0.17-1.08], living with friends [aOR 0.47, 95%
CL: 0.17-1.27] and living alone (in hostels or outside) [aOR
0.69, 95% CI: 0.27-1.75] had lower risk of SARS-CoV-2 infec-
tion compared to participants living in extended family; how-
ever, none of the association was statistically significant.
Similarly, the past history of COVID-19 disease [aOR 0.64,
95% CI: 0.35-1.15] and completely immunized status [aOR
0.78, 95% CI: 0.52-1.17] had less risk of SARS-CoV-2 infection
without statistical significance (Table 3).

Discussion

The primary purposes of any vaccine are disease prevention and
reduction in disease severity.”>>® The present study found low
effectiveness of COVID-19 vaccine (Covaxin) in prevention of
breakthrough SARS-CoV-2 infection. However, our study had
not studied the effectiveness of vaccination for preventing severe
COVID-19 disease due to absence of severe COVID-19 cases
among the study participants. Bharat Biotech announced the
interim results from the phase three trials of Covaxin which
claimed as the first indigenous COVID-19 vaccine developed by
the Indian Council of Medical Research (ICMR) and the Bharat
Biotech, having an efficacy of 81% for prevention of SARS-CoV
-2 infection. However, this was reported in March 2021, before
the peak of second wave of COVID-19 in India during which
the study was conducted.(16) In addition, the COVID mutant
strains from India have been announced as “Variants of
Concern’ (VoC) by the World Health Organization, meaning
that these mutant strains are global public health risks.”*~>!
These mutant strains might not be susceptible to the currently
available vaccines, although few studies have claimed immuno-
genicity against the mutant strains too.”>>* Covaxin-induced
antibodies were found to neutralize against beta and delta
variants in-vitro, and its effect on real world vaccine effective-
ness is unknown.'””* This may be a possible reason for the low
effectiveness of COVID-19 vaccine (Covaxin) in preventing
breakthrough SARS-CoV-2 infection in the vaccinated health
care workers as found in our study. Our finding is also consis-
tent with literature from India and other parts of the world that
the development of breakthrough infections after vaccination is
a major concern,’®>’
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Table 1. Characteristics of study participants (n = 670).

Control Case Total

(n = 335) (n=335) (n=670) P-value
Mean age in years (Mean * SD) 292 +7.2 289+ 7.1 291+ 7.1 647
Age groups (in years)
<30 205 (61.19) 203 (60.60) 408 (60.90) 797
30-39 98 (29.25) 106 (31.64) 204 (30.45)
40-49 22 (6.57) 17 (5.07) 39 (5.82)
=50 10 (2.99) 9 (2.69) 19 (2.84)
Gender
Male 184 (54.93) 186 (55.52) 370 (55.22) 877
Female 151 (45.07) 149 (44.48) 300 (44.78)
Type of household
Extended family 8(2.39) 15 (4.48) 23 (3.43) 273
Nuclear family 169 (50.45) 152 (45.37) 321 (47.91)
With friend or roommate 56 (16.72) 53 (15.82) 109 (16.27)
Living alone 102 (30.45) 115 (34.33) 217 (32.39)
Profession
Nursing staff 122 (36.42) 122 (36.42) 244 (36.42) 1.000
Supporting staff 98 (29.5) 98 (29.5) 196 (29.25)
Doctors 49 (14.63) 49 (14.63) 98 (14.63)
Students 38 (11.34) 38 (11.34) 76 (11.34)
Others* 24 (7.16) 24 (7.16) 48 (7.16)
Administrative staff 4(1.19) 4 (1.19) 8 (1.19)
Do you have symptoms** suggestive of COVID-19 at the time of diagnosis?
Yes 117 (34.93) 258 (77.01) 375 (55.97) .000
No 218 (65.07) 77 (22.99) 295 (44.03)
Whether you are involved in direct patient care***?
Yes 171 (51.04) 171 (51.04) 342 (51.04) 1.000
No 164 (48.96) 164 (48.96) 328 (48.96)
Do you have ****past h/o of COVID-19 disease?
Yes 31 (9.25) 21 (6.27) 52 (7.76) 149
No 304 (90.75) 314 (93.73) 618 (92.24)
Vaccination status
Completely immunized 208 (62.09) 194 (57.91) 402 (60.00) 468
Partial immunized 61 (18.21) 63 (18.81) 124 (18.51)
Not immunized 66 (19.70) 78 (23.28) 144 (21.49)

*QOther profession includes Electrical engineer, audiologist, cashier, clerk, cook, CSSD helper, data entry operator, Dietician, fire safety department staff, health educator,
lab technician, lift technician, plumber, psychologist, pump operator and swasthya Mitra.
**Symptoms for COVID-19 as per WHO guideline (https://www.who.int/health-topics/coronavirus#tab=tab_3).

***doctors and nurses were involved direct patient care.
****Within last 12 months.

Our findings suggest that even natural infections may not
protect against SARS-CoV-2 infection for a year in view of the
emergence of mutant strains of SARS-CoV-2. The SARS-CoV
-2 infection is associated with a variable immune response in
the infected population. The maximum number of SARS-CoV
-2 infected persons (87.9%) had positive IgG antibodies after 2
months of infection; however, it declined to 50% after 4
months which explained short-lived protective immunity and
the possibility of reinfection.*” In contrast to our findings,
a study from Italy suggests that reinfections are rare events
and patients who have recovered from COVID-19 have a lower
risk of reinfection for a year.*!

Vaccine can reduce COVID-19 related hospitalization, severe
disease and death.*” In a recent multicentric study by ICMR, the
vaccine effectiveness of Covaxin for preventing severe COVID-19
disease was 69% (95% CI: 54%-79%).* The number of severe
COVID-19 cases in our study was nil, and only five had moderate
COVID-19 disease. Majority of our participants were from
younger age-groups and had received the vaccination which may
explain the findings. Notably, the majority of the participants were

Table 2. Profile of the COVID-19 cases (n = 335).
Number of participants

Variables (n = 335) %
COVID-19 disease

Mild 330 98.5
Moderate 5 1.5
Severe 0 0
Type of isolation opted

Home Isolation 320 95.5
Institutional Isolation 9 2.7
Admitted to hospital 6 1.8
Testing reason

Symptoms suggestive of COVID-19 257 76.7
High risk contact* 49 14.6
Traveling purpose 21 6.3
Others** 8 24
Types of contact

Workplace 74 22.1
Social 22 6.6
Home 1 33
Contact h/o cannot be identified 228 68.0

*High risk contact (https://aiimsbhubaneswar.nic.in/writereaddata/upload/
Documents/COVID.pdf).

**QOther for a reason for testing COVID-19 RT-PCR includes-as a requirement for
undergoing a surgical procedure and joining the institute.
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Model-1 Model-2 Model-3

Unadjusted odds ratio Adjusted odds ratio Adjusted odds ratio Adjusted odds ratio
Variable (95% Cl) p-value (95% Cl) p-value (95% Cl) p-value (95% Cl) p-value
Age groups (in years)
<30 Reference Reference Reference Reference
30-39 1.10 (0.65-1.88) 719 1.07 (0.61-1.86) .809 1.06 (0.61-1.85) .836 1.08 (0.61-1.89) .782
40-49 0.53 (0.17-1.69) 285 0.46 (0.14-1.52) 204 0.44 (0.13-1.44) 173 0.44 (0.13-1.45) 176
>50 0.59 (0.11-3.08) 534 0.49 (0.09-2.64) 407 0.51 (0.09-2.72) 428 0.58 (0.11-3.13) 522
Gender
Male Reference Reference Reference Reference
Female 0.95 (0.64-1.44) 837 0.96 (0.63-1.45) 833 0.94 (0.62-1.43) 776 0.94 (0.61-1.43) 779
Type of household
Extended family Reference Reference Reference Reference
Nuclear family 0.45 (0.18-1.09) .079 0.42 (0.17-1.03) .058 0.41 (0.17-1.01) .052 0.43 (0.17-1.08) .072
With friend or roommate 0.49 (0.19-1.26) 137 0.45 (0.17-1.17) 101 0.44 (0.16-1.15) .094 0.47 (0.18-1.27) 136
Living alone (either hostels or outside) 0.69 (0.28-1.72) 429 0.65 (0.26-1.63) .358 0.62 (0.25-1.58) 322 0.69 (0.27-1.75) 431
Do you have past h/o of COVID-19 disease*?
No Reference Reference Reference
Yes 0.66 (0.37-1.17) 152 0.63 (0.35-1.15) 133 0.64 (0.35-1.15) 135
Vaccination status
Not immunized Reference Reference
Partial immunized 0.87 (0.53-1.42) 577 0.88 (0.53-1.46) 631
Completely immunized 0.79 (0.53-1.15) 220 0.78 (0.52-1.17) 233

*The h/o of COVID-19 disease within last 12 months was considered.
Table 4. Conditional logistic regression models for associated factors of SARS-CoV-2 infection for COVAXIN vaccination (n = 624).
Model-1 Model-2 Model-3

Unadjusted odds ratio Adjusted odds ratio Adjusted odds ratio Adjusted odds ratio
Variable (95% Cl) p-value (95% Cl) p-value (95% Cl) p-value (95% Cl) p-value
Age groups (in years)
<30 Reference Reference Reference Reference
30-39 1.22 (0.70-2.13) 492 1.19 (0.67-2.13) 553 1.17 (0.65-2.10) .596 1.22 (0.68-2.20) .508
40-49 0.58 (0.17-1.93) 372 0.48 (0.14-1.67) 247 0.45 (0.12-1.56) .206 0.44 (0.12-1.57) .208
>50 0.40 (0.06-2.60) 335 0.29 (0.04-1.97) 207 0.31 (0.05-2.05) 222 0.35 (0.05-2.35) .280
Gender
Male Reference Reference Reference Reference
Female 0.98 (0.64-1.49) 914 0.99 (0.64-1.55) 982 0.98 (0.63-1.52) 936 0.98 (0.62-1.53) 917
Type of household
Extended family Reference Reference Reference Reference
Nuclear family 0.34 (0.13-0.89) .028 0.30 (0.11-0.80) .017 0.29 (0.11-0.80) .016 0.31 (0.11-0.85) .023
With friend or roommate 0.35 (0.12-1.01) .051 0.31 (0.11-0.91) .034 0.31 (0.10-0.91) .033 0.33 (0.11-1.00) .050
Living alone (either hostels or outside) 0.54 (0.20-1.48) 231 0.49 (0.18-1.36) 170 0.48 (0.17-1.34) 160 0.53 (0.19-1.50) 231
Do you have past h/o of COVID-19 disease*?
No Reference Reference Reference
Yes 0.61 (0.33-1.11) 105 0.60 (.32-1.12) .108 0.60 (0.33-1.12) 112
Vaccination status
Not Immunized Reference Reference
Partial immunized 0.82 (0.50-1.37) 450 0.82 (0.49-1.39) 470
Completely immunized 0.72 (0.48-1.08) 116 0.71 (0.47-1.08) 114

*The h/o of COVID-19 disease within last 12 months was considered.

nursing staff and support staff, and most were symptomatic at the
time of diagnosis with no previous history of COVID-19. The
previous studies have also found that healthcare workers, medical
support staff and nursing professionals are at the highest risk of
getting infected with COVID-19. Other studies conducted on the
factors associated with COVID-19 vaccines effectiveness have
reported variable findings. A quantitative synthesis of COVID-
19 vaccine efficacy trials found that the type of vaccine, age and sex
of the participants, and the rate of COVID-19 transmission in the
population were not associated with vaccine eftectiveness against
SARS-CoV-2 infection.** On the other hand, there is a rising
concern due to vaccine hesitancy among the public; however, it
is lower in the lower-middle-income countries.**®

Our study’s strengths are adequate sample size, verifica-
tion of vaccination status from multiple sources (institute
vaccine database, CoWIN and recall) and RT-PCR con-
firmed all the COVID-19 cases. Our study had several
limitations. Vaccine effectiveness for prevention of severe
COVID-19 disease could not be studied due to the absence
of severe COVID-19 disease in the study sample. We did
not do genomic sequencing to study the strain of SARS-
COV-2 virus. Anti-SARS-COV-2 antibodies titers were not
measured and its association with vaccine effectiveness
could not be studied. Since the study design is observa-
tional, there can be unknown risk factors that cannot be
factored in and controlled in analysis. A further sizable
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multicentric study is required to understand the vaccine
effectiveness of COVID-19 vaccine, overcoming these
limitations.

One of the key messages conveyed by our study is that
vaccination did not prevent breakthrough SARS-CoV-2 infec-
tion, i.e., infection after 14 days of vaccination. Various recent
national and international guidelines have mentioned the
exemption of travelers who are vaccinated against COVID-19
from home quarantine following travel, besides other
exemptions.*”"* Such policies might further increase the
transmission of SARS-CoV-2 infection, especially the variant
strains. However, they might significantly affect the impact of
the pandemic by reducing hospitalization, and deaths.
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