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Background: A cross-sectional study was carried out in urban area. The primary outcome of
the study was the proportion of breakthrough infection in vaccinated subjects, which was
defined as any COVID-19 infection occurring =30 days after receiving both the doses of either
of the vaccine(s). Aims and Objectives: The aims of this study were to determine prevalence
of COVID-19 breakthrough infection among COVID 19 vaccinated patients, (1) to study
demographic factors affecting breakthrough infection and (2) to compare the proportion of
breakthrough infection among Covishield and Covaxin recipients. Materials and Methods: The
subjects were selected by systematic random sample method from available vaccination
record. A questionnaire was administered in local language containing demographic
information and COVID-related information. Nasopharyngeal swab was taken by trained
Interns with all necessary precautions, RT-PCR swab was labeled and sent to PCR laboratory
in cold chain for testing. Results: A total 445 subjects were tested for COVID-19. Subjects
included 290 (65.2%) males and 155 (34.8%) females. Maximum cases were from age group
of 21-30 year (23.4%). The mean age was found to be 43 year. About 8.85% subjects test
result came positive despite taking two doses of either COVID vaccine. Breakthrough infection
was more among males than females. Covaxin recipient subjects showed marginally higher
percentage of breakthrough infection (9.1%) than Covishield. Out of the 39 breakthrough
infections, 16 subjects were having comorbidities. Maximum breakthrough infection was seen
in subjects having diabetes mellitus and hypertension both and hypertension alone (1.6%).
Conclusion: A prevalence of 8.8% of COVID-19 breakthrough infection was reported in
our study among fully vaccinated subjects after 30 days of last vaccine dose. Males are at
higher risk of getting infection. People with comorbidities are at higher risk of breakthrough
infection and hospitalization.
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INTRODUCTION

The mRNA coronavirus disease 2019 (COVID-19) vaccines,
Covaxin/Covishield, were 94-95% effective in preventing
symptomatic COVID-19 in phase 11l studies, showing
similar efficacy in different age groups, including persons
older than 75 years, and persons with comorbidities."?
In India, 4,25,54,416 discharged COVID-19 cases and
5,24,024 deaths were reported due to COVID-19 by the
end of April 2022.” The Indian vaccination campaign began
on 16 January 2021 and relied exclusively on Covaxin and
Covishield vaccine. By August 30, 2021, 100,46,40,761 had

received first dose of COVID vaccination, and 89,54,54,221
benefisheries received second dose of COVID vaccination
in India by April 2022 end.* The vaccine effectiveness
for the prevention of hospitalization due to COVID-19
was found to be 87% after the second dose in an eatly
case—control study, and 96% in a later comparison of
person-time incidence rates from a national registry.” At
present, reports from other countries include a US study
showing 94% effectiveness after two doses of any mRNA
vaccine,®” and two UK studies that measured an 80-91%

effectiveness for prevention of hospitalization of a single
dose of BNT162b2.'%!!
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Data are lacking on the nature of breakthrough infections
with COVID-19 vaccines. No data were published on
the clinical characteristics and serological correlates of
protection of the study participants who were hospitalized
with COVID-19 after vaccination. Immunocompromised
individuals were not included in those pivotal studies.

The reproduction rate of COVID infection in India has
dropped below 1 implying that 100 infected people are
spreading the infection to less than 100 people, to 89 people
as the R-value at present stands at 0.89. The COVID-19
situation in the country is improving with the active
cases declined to around 3.6 lakh, the lowest in 150 days.
However, the country is witnessing a considerable number
of breakthrough infections and a very high proportion of
the Delta variant is responsible for breakthrough infection
after either one of two doses of vaccination according to the
Indian SARS-CoV2 Genomics Consortium (INSACOG).'2"

As of July 6, the Centers for Disease Control and
Prevention in the United States had received reports of
5,186 patients with COVID-19 vaccine breakthrough
infection who were hospitalized or had died. By that day,
more than 157 million people in the US had been fully
vaccinated, making the breakthrough rate for severe disease
a minuscule 0.003 per cent."*" Such large scale data are not
available in India leading to huge gap in knowledge about
breakthrough infections in community. Using a sample of
vaccinated patients, we aimed to characterize vaccinated
patients with breakthrough COVID-19.

Aims and objectives

To determine prevalence of COVID-19 breakthrought
infection among COVID 19 vaccinated patients, to study
demographic factors affecting breakthrough infection,
and to compare the proportion of breakthrough infection
among COVISHIELD and COVAXIN recipients.

MATERIALS AND METHODS

A cross-sectional study was carried out in urban area.
The primary outcome of the study was the proportion of
breakthrough infection in vaccinated subjects, which was
defined as any COVID-19 infection occurring 230 days
after receiving both the doses of either of the vaccine(s).
The independent variables included age, sex, education,
occupation, type of vaccine, and hospitalization.

Sample Size Calculation

The sample size was calculated considering the prevalence
of breakthrough infection among general population
as 50% as no specific prevalence is available at 95%
confidence level, 4% precision, and 10% non-response.
The sample size was estimated as 445.
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The subjects were selected by systematic random sample
method from available vaccination record. The subjects
were contacted through telephone, study objective was
explained to them and subjects were invited to urban
health center.

Ethical clearance

At Urban Health Training Center written informed consent
was taken from each individual after explaining the study
purpose and procedure. Ethical clearance was taken
from the Institutional Ethical Committee (letter number
GMCD/IEC/Comm.med/08/2021, dated 25/08/2021).
A questionnaire was administered in local language
containing demographic information and COVID-related
information. Nasopharyngeal swab was taken by trained
Interns with all necessary precautions, RT-PCR swab was
labeled and sent to PCR laboratory in cold chain for testing.
Test results were communicated to subjects. If RT-PCR
test is found positive for COVID-19, necessary action such
as to quarantine the patient and appropriate treatment
for the same was advised. SPSS version 22 was used for
statistical analysis using proportion, central tendencies, and
Chi-square test to find significance. Chi-square < 0.05 was
considered significant at 95% confidence interval.

RESULTS

A total 445 subjects were contacted and tested for
COVID-19. Subjects included 290 (65.2%) males and
155 (34.8%) females. Maximum cases were from age group
of 21-30 year (23.4%) followed by 41-50 year (19.1%) and
51-60 year (18.2%) (Table 1). The mean age was found to
be 43 year (SD = 16.27 variance = 2065).

Maximum cases were from Hindu religion 385 (86.5%).
About 90% subjects were educated with most of the
subjects studied up to HSC (27.4%) followed by graduation
(21.3%). About 10.3% subjects were illiterate. About 28.3%
subjects were in involved in sales followed by professionals

(19.6%).

Out of 445 subjects, 24 subjects showed some form of
comorbidities. The distribution of subjects showed that
combine diabetes mellitus and hypertension were most
common followed by only hypertension.

Figure 1 shows that 80.25% subjects received Covishield
vaccine while 18.95 subjects received Covaxin as a
preventive measure against COVID-19 disease.

Figure 2 shows RT-PCR rest results for the all 445 subjects.
About 8.85% subjects test result came positive despite
taking two doses of either COVID vaccine.
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Table 2 shows distribution of COVID-positive cases
in different age group. Maximum positive cases were
seen in 61-70 year age group (1.8%), followed by
51-60 year (1.6%). No significant association was

N %
Age Group
11-20 23 5.2
21-30 104 23.4
31-40 70 15.7
41-50 85 19.1
51-60 81 18.2
61-70 67 15.1
71-80 13 2.9
81-90 2 0.4
Total 445 100.0
Sex
Male 290 65.2
Female 155 34.8
Total 445 100.0
Religion
Buddhist 1 0.22
Hindu 385 86.5
Muslim 58 13.0
Other 1 0.2
Total 445 100.0
Education
Diploma 13 29
Graduate 95 21.3
HSC 122 27.4
llliterate 46 10.3
Primary 93 20.9
SSC 76 171
Total 445 100.0
Occupation
Agriculture 54 121
Clerical 7 1.6
Craft 23 5.2
Professional 87 19.6
Sales 126 28.3
Student 60 13.5
Technician 13 29
Unemployed 75 16.9
Total 445 100.0

7 covishield

M Covaxin

Figure 1: Vaccine received by subjects
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seen between age group and COVID-19 breakthrough
infection.

Table 3 shows distribution of breakthrough infection
among males and females. About 51% male and 48.7%
temales came COVID-positive. Breakthrough infection rate
was more among males than females (Chi-square=3.631,
P=0.04).

Table 4 shows distribution of breakthrough infection
among Covaxin and Covishield recipient. Covaxin
recipient subjects showed marginally higher percentage
of breakthrough infection (9.1%) than Covishield. No
significant association was seen in type of vaccine and
breakthrough infection (Chi-square=0.015 P=0.521).

Out of 445 subjects, 24 had one or more comorbidities.
Out of the 39 breakthrough infections, 16 subjects
were having comorbidities. Maximum breakthrough
infection was seen in subjects having diabetes mellitus
and hypertension both and hypertension alone (1.6%).
Higher chances of breakthrough infection were seen in
subjects suffering from comorbidities (Chi-square=153.61,
P=0.000). (Table 5) (Figure 3)

Table 6 shows distribution of hospitalization required in
breakthrough infection. Around 92.3% of breakthrough
infection required hospitalization. Higher chances of
hospitalization were seen among breakthrough infection

(Chi-square=2.7534, P=0.000).

DISCUSSION

Four hundred and forty-five subjects which have
completed two doses of either Covaxin or Covishield
were enrolled in the study, to find out prevalence of
COVID-19 breakthrough infection. Both the vaccine
showed 91.2% protection in preventing the disease, while

M POSITIVE

B NEGATIVE

Figure 2: RT-PCR test results for subjects
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RT-PCR result distribution against age group

Negative Positive Total Chi-square value DF P value
11-20 19 4 23 11.319 7 0.124
4.3% 0.9% 5.2%
21-30 95 9 104
21.3% 2.0% 23.4%
31-40 68 2 70
15.3% 0.4% 15.7%
41-50 79 6 85
17.8% 1.3% 19.1%
51-60 74 7 81
16.6% 1.6% 18.2%
61-70 59 8 67
13.3% 1.8% 15.1%
71-80 11 2 13
2.5% 0.4% 2.9%
81-90 1 1 2
0.2% 0.2% 0.4%
TOTAL 406 39 445
91.2% 8.8% 100.0%

Breakthrough infection

Negative Positive Chi-square DF P value
value
Male 270 20 3.631 1 0.04
66.5% 51.3%
Female 136 19
33.5% 48.7%
Total 406 39
100.0% 100.0%
10
9
8
7
6
5
4
3
2
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DM, HTN DM HTN, OBESITY OBESITY,
OBESITY ASTHMA,
HEART
DISEASE

Figure 3: Comorbidities among subjects

prevalence of breakthrough infection was 8.8%. A study
by Sharma et al.,'® in healthcare workers, indicate higher
prevalence of breakthrough infection 11.3%." Although
the population was different as health care workers are
more exposed to infected individuals, there was not much
difference in the prevalence. Arora et al., in her study
also reported prevalence of breakthrough infection as
7.91%." Furthermore, similar to our study, the prevalence
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was higher among males than females. The rationale
behind it can be associated with several factors including
physiological, genetic, and behavioral.

No significant association was seen in type of vaccine
used and occurrence of breakthrough infection. (Chi-
square=0.015, P=0.521). This suggest both the vaccines
are equally effective and other factors play major role in
contracting COVID-19 breakthrough infection. In a study
by Suri et al., they compared in-hospital outcomes between
patients who had received the Covishield (n=181) or
Covaxin vaccines. The in-hospital mortality did not differ
between the recipients of Covishield or Covaxin in either
the fully vaccinated (2 deaths [11.8%)] vs. 0 deaths [0%],
respectively, P=0.08) or the partially vaccinated cohorts (31
deaths [20%] vs. 28 deaths [17.9%], respectively, P=0.65)."®
The hospitalization rate for breakthrough infection was
much higher (92%), but comorbidity was also higher
among breakthrough patients. Out of 39 breakthrough
case, 16 were suffering from comorbidities such as diabetes
mellitus, hypertension, obesity, and COPD. Comorbidities
can be the reason behind higher hospitalization among
breakthrough cases; in our study, a significant relation
was seen in breakthrough infection with comorbidity and
hospitalization (Chi-square=2.7534, P=0.000). A study
by Sun et al., conducted a cohort study and found that
full vaccination was associated with reduced risk of
COVID-19 breakthrough infection, regardless of the
immune status of patients. Despite full vaccination, persons
with immune dysfunction had substantially higher risk for
COVID-19 breakthrough infection than those without such
a condition.” So for persons with immune dysfunction
and comorbidities, continued use of non-pharmaceutical
interventions (e.g., mask wearing) and alternative vaccine

11
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Breakthrough infection in different vaccine

Negative Positive Total Chi-square value DF P value
Covaxin 80 8 0.015 1 0.521
90.9% 9.1% 100.0%
Covieshield 326 31
91.3% 8.7% 100.0%

Breakthrough infection and comorbidities

Negative Positive Total Chi-square DF P value
value
DM 5 0 5
1.1% 0.0% 1.1% 153.61 6 0.00
DM, HTN 2 7 9
0.4% 1.6% 2.0%
DM, HTN, Obesity 0 1 1
0.0% 0.2% 0.2%
HTN 0 7 7
0.0% 1.6% 1.6%
No Comorbidities 398 23 421
89.4% 5.2% 94.6%
Obesity 1 0 1
0.2% 0.0% 0.2%
Obesity, Asthma, Heart 0 1 1
Disease 0.0% 0.2% 0.2%
Total 406 39 445
91.2% 8.8% 100.0%

Hospitalization among breakthrough infection

No Yes Total Chi-square DF P

value value
2.7534 1 0.00

Negative 391 15 406

96.3% 3.7% 100.0%
Positive 3 36 39

7.7% 92.3% 100.0%
Total 394 51 445

88.5% 11.5% 100.0%

strategies (e.g., additional doses or immunogenicity testing)
are recommended even after full vaccination.

Limitations of the study

The number of documented COVID-19 vaccination
breakthrough cases may be significantly underestimated
of all SARS-CoV-2 infections among fully vaccinated
persons; second, these data are based on passive and
voluntary reporting of individuals and might not be a
complete representation of breakthrough cases as most
of the individuals being asymptomatic or with mild illness
post-vaccination might have not got tested; and finally,
sequencing of the samples was not conducted, which
could have identified the virus lineage that had caused
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these breakthrough cases. It is anticipated that even
with the administration of effective authorized vaccines,
breakthrough cases are expected to happen, until the
immunity reaches sufficient levels among the population
to further decrease transmission.

CONCLUSION

The current study concludes that a prevalence of 8.8% of
COVID-19 breakthrough infection was reported in our
study among fully vaccinated subjects after 30 days of last
vaccine dose. Males are at higher risk of getting infection.
People with presence of comorbidities are found to be at
higher risk of breakthrough infection and hospitalization
due to impaired immunity. In such cases the use of non-
pharmaceutical interventions(e.g., mask wearing and safe
distancing is recommended to avoid transmission of
infection in them.

ACKNOWLEDGMENT

We are thankful to the department of Community
Medicine, Department of Medicine, Department of
Microbiology for their support in accessing patients data,
laboratory results and its analysis. We are also thankful

Asian Journal of Medical Sciences | Jul 2022 | Vol 13 | Issue 7



Chavan, et al.: COVID-19 breakthrough infection among vaccinated individuals

to the institutional COVID reporting team for their
cooperation in the research. We are thankful to the Dean
of the institute and Professor and head of the department
of Community Medicine for their guidance.

REFERENCES

10.

India’s “Covaxin” Vaccine Shows High Efficacy against
COVID-19 Infections in Phase 3 Trial. Available from: https://
www.gavi.org/vaccineswork/indias-covaxin-vaccine-shows-
high-efficacy-against-covid-19-infections-phase-3 [Last
accessed on 2021 Aug 21].

https://doi.org/10.1136/bmj.m4777

Admin. Covaxin vs Covishield which One is Better? Efficacy
Rate, Side Effects. My Personal News for Recruitment and
Counselling MPNRC. Available from: https://www.mpnrc.org/
covaxin-vs-covishield [Last accessed on 2021 Aug 21].

MoHFW Home. Available from https://www.mohfw.gov.in/. [Last
accessed on 07 May 2022]

MoHFW Home. Available from: https://www.mohfw.gov.in/
covid_vaccination/vaccination/index.html [Last accessed on
07 May 2022]

BNT162b2 mRNA Covid-19 Vaccine in a Nationwide Mass
Vaccination Setting NEJM. Available from: https://www.nejm.org/
doi/10.1056/NEJM0a2101765 [Last accessed on 2021 Aug 21].

Ferdinands JM. Waning 2-Dose and 3-Dose Effectiveness of
mRNA Vaccines Against COVID-19 Associated Emergency
Department and Urgent Care Encounters and Hospitalizations
Among Adults During Periods of Delta and Omicron Variant
Predominance VISION Network, 10 States, August 2021-January
2022. MMWR Morb Mortal Wkly Rep. 2022;71(7):255-263.
https://doi.org/10.15585/mmwr.mm7037e2

Haas EJ, Angulo FJ, McLaughlin JM, Anis E, Singer SR, Khan F,
et al. Nationwide Vaccination Campaign with BNT162b2 in Israel
Demonstrates High Vaccine Effectiveness and Marked Declines
in Incidence of SARS-CoV-2 Infections and COVID-19 Cases,
Hospitalizations, and Deaths. Available from: https://papers.
ssrn.com/sol3/papers.cfm?abstract_id=3811387 [Last accessed
on 2021 Aug 21].

https://doi.org/10.2139/ssrn.3845367

Tenforde MW. Effectiveness of Pfizer-BioNTech and moderna
vaccines against COVID-19 among hospitalized adults aged
265 years United States, January-March 2021. MMWR Morb
Mortal Wkly Rep. 2021;70(18):674-679.
https://doi.org/10.15585/mmwr.mm7002e1

Evans SJ and Jewell NP. Vaccine effectiveness studies in the
field. N Engl J Med. 2021;385(7):650-651.

Interim Findings from First-dose Mass COVID-19 Vaccination

1.

12.

13.

14.

15.

16.

17.

18.

19.

Roll-out and COVID-19 Hospital Admissions in Scotland:
A National Prospective Cohort Study ScienceDirect. Available
from: https://www.sciencedirect.com/science/article/pii/
S0140673621006772 [Last accessed on 2021 Aug 21].

Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA,
et al. BNT162b2 mRNA Covid-19 vaccine in a nationwide mass
vaccination setting. N Engl J Med. 2021;384(15):1412-1423.

https://doi.org/10.1056/nejmoa2101765

Breakthrough Covid Infections Expected in India; Reproduction
Rate Drops Below 1. Hindustan Times. Available from:
https://www.hindustantimes.com/india-news/breakthrough-
covid-infections-expected-in-india-reproduction-rate-
drops-below-1-101629458711386.html [Last accessed on
2021 Aug 21].

Singh UB, Rophina M, Chaudhry R, Senthivel V, Bala K,
Bhoyar RC, et al. Variants of concern responsible for SARS-
CoV-2 vaccine breakthrough infections from India. J Med Virol.
2022;94(4):1696-1700.

https://doi.org/10.1002/jmv.27461

10% “breakthrough” Cases Hospitalised, but O2, ICU not
Needed: ICMR Study. The Indian Express2021. Available
from: https://indianexpress.com/article/india/icmr-study-
post-vaccination-cases-covid-hospitalisation-7408600 [Last
accessed on 2021 Aug 21].

CDC. COVID-19 Vaccination. Centers for Disease Control
and Prevention 2020. Available from: https://www.cdc.gov/
coronavirus/2019-ncov/vaccines/effectiveness/why-measure-
effectiveness/breakthrough-cases.html [Last accessed on
2022 Mar 29].

Sharma P, Mishra S, Basu S, Tanwar N and Kumar R.
Breakthrough infection with SARS-CoV-2 and its predictors
among healthcare workers in a medical college and
hospital complex in Delhi, India. Public Glob Health.
2021;2021:21258447.

https://doi.org/10.1101/2021.06.07.21258447

Arora G, Taneja J, Bhardwaj P, Goyal S, Naidu K, Sunita KY,
et al. Adverse events and breakthrough infections associated
with COVID-19 vaccination in the Indian population. J Med Virol.
20221-8

https://doi.org/10.1002/jmv.27708

Suri TM, Ghosh T, Arunachalam M, Vadala R, Vig S,
Bhatnagar S, et al. In-hospital Mortality Due to Breakthrough
COVID-19 among Recipients of COVISHIELD (ChAdOx nCoV-
19) and COVAXIN (BBV152); 2021.

https://doi.org/10.1101/2021.12.07.21267398

Sun J, Zheng Q, Madhira V, Olex AL, Anzalone AJ, Vinson A,
et al. Association between immune dysfunction and COVID-19
breakthrough infection after SARS-CoV-2 vaccination in the US.
JAMA Internal Med. 2022;182(2):153-162.

https://doi.org/10.1001/jamainternmed.2021.7024

Authors Contribution:
SPP- Acquisition, analysis, or interpretation of data for the work; MK- Accountable for all aspects of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately investigated and resolved; SSC- Drafting the work or revising it critically for important intellectual content;

VSP- Analysis of data. Final approval of the version to be published

Work attributed to:
Department of Microbiology and Community Medicine, SBH Government Medical College, Dhule, Maharashtra, India

Orcid ID:
Dr. Sushant S Chavan -
Dr. Madhuri Suryawanshi -
Dr. Sarika P Patil -
Dr. Vikrant S Pagar -
Dr. Amol D Kinge -

https://orcid.org/0000-0001-5883-433X
https://orcid.org/0000-0001-9012-4346

https://orcid.org/0000-0001-8466-897X
https://orcid.org/0000-0001-5870-7613

https://orcid.org/0000-0003-3615-838X

Source of Support: Nil, Conflict of Interest: None declared.

Asian Journal of Medical Sciences | Jul 2022 | Vol 13 | Issue 7

13



