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ABSTRACT
Introduction: Coronavirus Disease-2019 (COVID-19) vaccines 
are a crucial tool in controlling and ultimately ending the pandemic, 
complementing other preventive measures. India launched 
its vaccination campaign on January 16, 2021, initially using 
two vaccines that received emergency authorisation: Covaxin 
(BBV152) and Covishield (ChAdOx1 nCoV-19). The vaccination 
effort began with elderly individuals (60+ years) and frontline 
workers, eventually expanding to include various age groups. 
During this period, India faced a severe second wave of COVID-
19, marked by a notable rise in postvaccination breakthrough 
infections throughout 2021, driven by more transmissible and 
potentially more immune-evasive variants. To date, no study is 
available that details the rate of these breakthrough infections 
and the variants responsible in our region.

Aim: To determine the rate of breakthrough infections in our 
region and identify which Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) variants are responsible for these 
infections. 

Materials and Methods: This cross-sectional study was 
conducted in a tertiary care hospital in Northern India over one 
year, from January 2021 to December 2021. Nasopharyngeal 
swabs from suspected COVID-19 patients were collected 
and subjected to Ribonucleic acid (RNA) extraction, followed 
by Reverse Transcription-Polymerase Chain Reaction (RT-

PCR) testing. The breakthrough infection rate was defined as 
infections occurring in individuals who were fully vaccinated 
with two standard doses of the AZD1222/Covishield vaccine. 
Genome sequencing was performed to identify the SARS-
CoV-2 variants responsible for postvaccination breakthrough 
infections. Data analysis was conducted using Microsoft Excel 
Software 16.

Results: Between January 2021 and December 2021, 
513,197 nasopharyngeal swabs were analysed, with a total 
of 32,952  (6.42%) samples testing positive for SARS-CoV-2 
by RT-PCR. Out of these, 2,043 (6.2%) samples were from 
cases in which individuals had been vaccinated with two 
doses of the vaccine. Genome sequencing of 11 such samples 
revealed that eight of the patients were infected with the Delta 
variant (Pango Lineage:  B.1.617.2). One sample showed 
the Eta variant (Lineage B.1.575) with the E484K mutation. 
Unfortunately, two samples could not be processed due to 
inadequate quality.

Conclusion: A breakthrough infection rate of 6.2% was 
recorded, with the Delta variant (Pango Lineage: B.1.617.2) of 
SARS-CoV-2 being commonly associated with these infections. 
This study underscores the need for continued and rigorous 
genomic surveillance of emerging SARS-CoV-2 variants to 
assess their potential to evade immune responses.

INTRODUCTION
The SARS-CoV-2 infection is an acute respiratory disease 
that can  lead to severe illness and potentially fatal pneumonia. 
Originating in Wuhan, Hubei Province, China, in December 
2019, it rapidly escalated into a global pandemic. To mitigate the 
catastrophic waves of COVID-19, there was a growing imperative 
for vaccine development. Among the vaccines developed 
and approved in India were AZD1222 (ChAdOx1-S, known as 
Covishield) and BBV152 (Covaxin). Covishield was produced by 
the Serum Institute of India under a licence from AstraZeneca-
Oxford, while Covaxin was an indigenous vaccine created by 
Bharat Biotech in collaboration with the Indian Council of Medical 
Research (ICMR) [1,2].

In January 2021, India launched the world’s largest COVID-19 
vaccination campaign, implementing it in phases. After China, 
India became the second nation to reach the milestone of more 
than two billion doses of the COVID vaccine delivered [3]. The initial 
phase targeted healthcare workers, sanitation staff and essential 
frontline workers, followed by the elderly, individuals with co-
morbidities, those over 45 years of age and eventually the entire 
adult population [4,5]. The efficacy of AZD1222 (ChAdOx1-S), 
following two doses, was reported to be 63.1% with potentially 
higher efficacy observed with longer intervals between doses [1]. 

It was anticipated that vaccination would decelerate the pandemic 
and significantly reduce hospitalisations, as the vaccines were 
proven to lessen disease severity, if not the transmission of the virus 
[5]. Despite this, no vaccine offers complete immunity and cases 
among fully vaccinated individuals were reported. Additionally, 
reinfections among those previously infected suggested either 
waning natural immunity or immune evasion by mutant strains of 
the virus.

As COVID-19 vaccines became a cornerstone in managing the 
pandemic, breakthrough infections- defined as infections occurring 
at least 14 days after the second vaccine dose-emerged as a 
notable  concern [6,7]. Globally, postvaccination breakthrough 
COVID-19 infections were documented. By April 2021, the Centres 
for Disease Control and Prevention (CDC) had reported 10,262 
breakthrough infections [8]. The ICMR noted that infection rates 
postvaccination were below 0.05% [9]. In April 2021, Hacisuleyman 
E et al., identified 417 breakthrough cases among individuals 
vaccinated with Pfizer and Moderna mRNA vaccines [7]. In 
India, breakthrough infections were reported in specific regions, 
including Kerala [10], Chennai [11] and Delhi [1]. Notably, Vaishya 
R et al., found that approximately 76% of healthcare workers in 
a New Delhi hospital who contracted the virus had breakthrough 
infections [12].
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Studies regarding breakthrough infections from this region are not 
available; therefore, present study aimed to investigate SARS-CoV-2 
infections among fully vaccinated individuals to determine the rate 
of breakthrough infections in this region and to understand which 
variants are responsible for these breakthrough cases. This study is 
the first of its kind from this region and will serve as a reference for 
future research in this area.

MATERIALS AND METHODS
This cross-sectional study was conducted in the Department of 
Microbiology at the Sher-i-Kashmir Institute of Medical Sciences, 
a tertiary care hospital in Northern India, over a period of one year, 
from January 2021 to December 2021. The study was approved by 
the Institutional Ethics Committee (IEC) under IEC/SKIMS Protocol 
# RP 179/2021.

Inclusion criteria: Symptomatic cases that fulfilled the case 
definition and were fully vaccinated with two standard doses of the 
AZD1222/Covishield vaccine were included in the study.

Exclusion criteria: Asymptomatic individuals, unvaccinated 
individuals, or those who had received only a single dose of the 
vaccine were excluded from the study.

Sample size: The sample size was calculated using the proportion 
method, based on a reported breakthrough infection prevalence of 
13.3% from Maulana Azad Medical College, Delhi, India. Assuming 
a 95% confidence level and 80% power, the required sample size 
was determined to be 154 [13,14]. All participants were included 
who fulfilled the inclusion criteria within the study period of one 
year.

RESULTS
Between January 2021 and December 2021, we analysed 513,197 
nasopharyngeal swabs were analysed, with 32,952 (6.42%) 
testing positive for SARS-CoV-2 via RT-PCR. Of these positive 
cases, 2,043 (6.2%) occurred in individuals who had received both 
doses of the vaccine, indicating a breakthrough infection rate of 
6.2%. Only the samples with a Cycle Threshold (Ct) value of <30 
were recommended for genome sequencing and due to financial 
constraints, 11 such samples to the NCDC and IGIB for whole-
genome sequencing. These samples were from male military 
personnel who had received two standard doses of the AZD1222/
Covishield vaccine. The mean age of these patients was 40.36±11 
years. Eight individuals received their first dose in February and 
the second in March, while the remaining three received their first 
dose in March and their second dose in April 2021. Five of these 
individuals had a history of contact with COVID-19-positive patients, 
while the other six had no known exposure. All 11 were referred for 
SARS-CoV-2 testing after developing mild influenza-like symptoms 
and tested positive on RT-PCR.

Sequencing results revealed the Delta variant (Pango Lineage: 
B.1.617.2) in eight of the eleven patients. One sample exhibited the 
Eta variant (Lineage B.1.575) with the E484K mutation. Two samples 
could not be processed due to poor quality. Eleven patients were 
vaccinated with an interval of 4-6 weeks between doses, and all 
experienced only mild COVID-19 symptoms following the second 
dose. Notably, none of the patients required hospitalisation or 
experienced severe illness. Demographic details and sequencing 
results are summarised in [Table/Fig-1].

Case definition: A breakthrough COVID-19 infection was defined 
as an individual testing positive for SARS-CoV-2 by rRT-PCR more 
than 14 days after receiving one dose of any of the licensed COVID-
19 vaccines.

Study Procedure
Nasopharyngeal swab samples from symptomatic patients were 
taken as part of routine COVID-19 testing. The samples were 
aliquoted and RNA extraction was performed using a fully automated 
RNA extractor (Genetix). RT-PCR was conducted on a Bio-Rad 
machine following standard protocols with the Real-Q 2019-nCoV 
detection kit from BioSewoom, Seoul, Republic of Korea [15-17]. 
Positive samples were stored at -80°C until they were dispatched 
for sequencing to the National Centre for Disease Control (NCDC) 
in New Delhi and the Institute of Genomics and Integrative Biology 
(CSIR-IGIB) for whole-genome sequencing.

STATISTICAL ANALYSIS
Data analysis was performed using Microsoft Excel 2016 software.

S. 
No. District Age Gender

Type of vaccine 
received

Date of first 
dose

Date of second 
dose Date of testing

Report for 
SARS-CoV-2

VoC or mutation 
of interest
detected?

(Y/N)
Name of the 
variant if any

01 Srinagar 32 Male Covishield 11/02/2021 23/03/2021 25/05/2021 Positive Y B.1.617.2

02 Srinagar 42 Male Covishield 19/02/2021 23/03/2021 25/05/2021 Positive Y B.1.617.2

03 Srinagar 51 Male Covishield 12/02/2021 13/03/2021 25/05/2021 Positive Y B.1.617.2

04 Bandipora 27 Male Covishield 08/02/2021 13/03/2021 26/05/2021 Positive N Poor quality

05 Srinagar 39 Male Covishield 11/02/2021 14/03/2021 30/05/2021 Positive Y B.1.617.2

06 Srinagar 26 Male Covishield 15/02/2021 15/03/2021 31/05/2021 Positive Y B.1.617.2

07 Budgam 65 Male Covishield 05/03/2021 30/04/2021 03/06/2021 Positive Y B.1.617.2

08 Srinagar 43 Male Covishield 27/02/2021 30/03/2021 04/06/2021 Positive Y B.1.617.2

09 Srinagar 45 Male Covishield 12/02/2021 16/03/2021 05/06/2021 Positive N Poor quality

10 Srinagar 36 Male Covishield 03/03/2021 08/04/2021 09/06/2021 Positive Y B.1.575

11 Srinagar 38 Male Covishield 17/03/2021 16/04/2021 09/06/2021 Positive Y B.1

[Table/Fig-1]:	 Demographic characteristics and genome sequencing results of the SARS-CoV-2 positive cases.

DISCUSSION
Globally, COVID-19 vaccines were granted Emergency Use 
Authorisation (EUA) and rapidly integrated into public health 
initiatives to prevent SARS-CoV-2 infections and reduce disease 
transmission, thereby protecting lives and livelihoods. However, 
the emergence of SARS-CoV-2 Variants Of Concern (VOCs) 
has heightened public health concerns due to their increased 
transmissibility and potential to evade the humoural immune 
response. Consequently, several countries have reported 
breakthrough infections in vaccinated individuals, even after 
completing their full vaccination regimen [7,18,19]. In the USA, over 
10,000 breakthrough infections have been reported following full 
vaccination, although such cases represent a small fraction of the 
overall vaccinated population [8]. Recent studies have also noted 
mild symptomatic breakthrough infections in Kerala and Delhi, India 
[9,10,11]. Present study reported a breakthrough infection rate of 
6.2%, which was lower than that observed in a study conducted by 
Singh CM et al., in Bihar [20]. This study identified that breakthrough 
infections were predominantly caused by the Delta variant (Pango 
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Lineage: B.1.617.2), followed by the Eta variant (Lineage B.1.575), 
which carries the E484K mutation. This suggests a period of 
significant community transmission of the Delta variant. Notably, 
none of the patients required hospitalisation, indicating that 
vaccination effectively mitigates disease severity, the need for 
hospitalisation, and mortality. According to the WHO classification, 
the Delta variant is categorised as a variant of concern due to its 
enhanced transmission and greater potential for immune evasion, 
while the other two sub-lineages of B.1.617- namely, B.1.617.1 
and B.1.617.3, which carry the E484Q mutation- are classified as 
Variants Under Investigation (VUI) [12]. The B.1.617 variant and its 
lineage B.1.617.2 were largely responsible for the surge in COVID-
19 cases in Maharashtra. During January and February 2021, 
Delta (B.1.617.2) and Kappa (B.1.617.1) were detected in 60% of 
clinical specimens collected in Maharashtra [19]. In India, there was 
a rapid rise in daily infections, with the Delta variant dominating, 
accounting for over 99% of all sequenced genomes in April 2021 
[21]. A recent study in the UK showed that the Delta variant had a 
higher transmission rate compared to the Alpha variant [22]. The 
results of all these studies are in concordance with present study 
findings.

Postvaccination breakthrough infections have been reported globally, 
across various vaccines. Nevertheless, vaccination clearly provides 
significant protection against severe disease, hospitalisations and 
death. Therefore, ongoing monitoring of breakthrough infections 
and the clinical severity of these cases should be an integral 
part of vaccine deployment strategies in all countries. It remains 
unclear whether these breakthrough infections may be related to 
vaccine efficacy, immune evasion, or other factors. The findings 
from this study have significant clinical implications, particularly for 
understanding the real-world effectiveness of COVID-19 vaccines 
in the face of emerging variants. The identification of breakthrough 
infections, particularly those caused by variants such as Delta and 
Eta, underscores the importance of continued monitoring and 
vigilance regarding vaccine efficacy.

This study highlights the necessity of genomic surveillance for 
emerging SARS-CoV-2 variants to monitor their potential to 
bypass immunity. This can guide timely policy decisions and 
updates to vaccine formulations to ensure continued protection 
against evolving strains of the virus. Future research should 
explore the long-term efficacy of vaccines against breakthrough 
infections, especially in individuals who were vaccinated early in 
the campaign. Longitudinal studies can also examine the duration 
of immunity and factors influencing breakthrough infections, such 
as age, underlying health conditions and the presence of mutations 
in emerging variants.

Limitation(s)
Present study overlooked asymptomatic or mildly symptomatic 
cases, potentially leading to an underestimation of breakthrough 
infections. Only 11 samples were analysed for genome sequencing 
and these were from male patients residing in similar settings, which 
may limit the generalisability of the findings.

CONCLUSION(S)
A breakthrough infection rate of 6.2% was recorded in present 
study.  The Delta variant (Pango Lineage: B.1.617.2) was most 
commonly identified as the cause of these breakthrough infections. 
Present study demonstrates that vaccines confer substantial 
protection and mitigate the severity of infections, thereby reducing 
morbidity, mortality and the need for hospitalisation.
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