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Abstract
Emerging reports of SARS-CoV-2 breakthrough infections entail methodical geno-
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Email: drurvashi@gmail.com mic surveillance for determining the efficacy of vaccines. This study elaborates
genomic analysis of isolates from breakthrough infections following vaccination with
AZD1222/Covishield and BBV152/Covaxin. Variants of concern B.1.617.2 and

B.1.1.7 responsible for cases surge in April-May 2021 in Delhi, were the pre-

Funding information

Council of Scientific and Industrial Research
(CSIR India) through grants CODEST and

MLP2005 . . . .
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1 | INTRODUCTION

postnatural COVID-19 infections, as well as vaccine breakthrough

infections, are not uncommon.’® The recent evidence from the

Vaccines have been one of the most powerful weapons against in-
fectious diseases. The emergence of COVID-19 as a global pandemic
has seen accelerated development as well as regulatory approvals for
a variety of vaccines across the world. Immunity acquired from nat-

ural COVID-19 infection or vaccines is not absolute and reinfections

United States suggests vaccine breakthrough infections to be ap-
proximately 0.01% in fully vaccinated populations.* One of the initial
surveillance reports from a chronic care medical facility in India re-
ported out of a total of 113 employees, 19 experienced vaccine

breakthrough infections.®
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Genomic surveillance of vaccine breakthrough infections can
provide useful insights into the genetic variants of SARS-CoV-2
that caused the infection.”® In this study, we describe the
genomic analysis of a cohort of COVID-19 vaccine breakthrough
infections in a tertiary health care centre in Delhi, India. The
samples included in the study coincided with a COVID-19 cases
surge in the state during the months of April and May 2021.

2 | MATERIALS AND METHODS

2.1 | Study approval

Samples were collected as part of routine testing for patients re-
porting to the Emergency Department at the All India Institute of
Medical Sciences, with symptoms of high-grade fever, shortness of
breath, and headache. The samples were subjected to whole-genome
sequencing following the IEC approvals (IEC-679/03.07.2020,
RP-32/2020).

All individuals who completed the schedule of vaccine and
tested positive for SARS-CoV-2 on quantitative real-time poly-
merase chain reaction test (Genexpert SARS-CoV-2, Cepheid and
TRUNAT Beta-CoV, Molbio India), were included in the analysis.
The cohort was subdivided into two groups depending on whe-
ther they received only one dose or both doses as per the vac-
cination schedule. Additional metadata, including the dates of
vaccination, type of vaccine received, dates of testing positive
and clinical information, such as symptoms and history of forward
transmission as well as occupation were elicited. All samples
which did not satisfy the criteria or patients who could not be
reached were duly excluded.

The daily COVID-19 cases in Delhi were retrieved from an
open resource.” Genomic data sets covering the period were also
retrieved from Global Initiative on Sharing All Influenza Data
(GISAID)'® (Supporting Information Data 1) for comparison on
variant profiles.

Whole-genome sequencing was performed on the SARS-CoV-2
positive RNA samples, using the COVIDSeq Test (lllumina Inc.) assay
in NovaSeqg. 6000 platform adopting a paired-end sequencing ap-
proach with 50*2 read length 12 and analysed as per published
protocol.**

3 | RESULTS AND DISCUSSIONS

Our analysis included 63 cases of vaccine breakthrough infec-
tions for which the dates of vaccines could be ascertained, of
which 36 patients received two doses, while 27 had received one
dose of vaccine. Ten patients received AZD1222/Covishield
while 53 received BBV152/Covaxin. The timeline for vaccination
and infection in the context of the surge in cases in Delhi is

summarised in Figure 1A. The patients had a mean age of 37
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(21-92), of which 41 were males and 22 were females. None of
the patients had any comorbidities which could act as a predis-
posing factor for breakthrough infections.

The mean depth of coverage of the genome sequences for the
63 viral isolates was 3953X (108.7X-17,435.5X) and it correlated
with the viral load as reflected by the C; values. The patient details
and genomic data are summarised in Table S1. A phylogenetic tree
was constructed following a previously published protocol® using
B.1.617.1 and B.1.617.2 genomes from India submitted to GISAID.
Genome sequences of 16 of the 63 viral isolates that had <2000
ambiguous bases were included in the phylogenetic analysis. The
clustering of the 16 samples on the phylogenetic tree is suggestive of
multiple independent sources of infection for the patients analysed.
The phylogenetic context of the samples sequenced is summarised in
Figure 1B.

Lineages were systematically assigned to the genomes ana-
lysed in this study using pangolin 2.4 (pangoLEARN version
2021-04-28).” SARS-CoV-2 lineages could be assigned for a total
of 36 (57.1%) samples, 19 (52.8%) in patients who completed
both doses and 17 (47.2%) in patients who completed only a
single dose. B.1.617.2 was found to be the predominant lineage
with 23 samples (63.9%) out of which 12 were fully vaccinated
and 11 in partially vaccinated groups, 4 (11.1%) and 1 (2.8%)
samples were assigned the lineages B.1.617.1 and B.1.1.7,
respectively. The B.1.617.2 lineage was first described in India
and associated with increased transmissibility as well as immune
escape and has grown to become one of the predominant
lineages in India.

Additional samples covering the respective period (March 28,
2021-April 30, 2021) from Delhi with no prior vaccination in-
formation, deposited in GISAID were used as the control data set.
As lineage B.1.617.2 was also prevalent in this group, any sig-
nificant differences in lineages among fully and partially vacci-
nated samples were analysed. The difference was not found to be
significant in both double-dose vaccinated and single-dose
vaccinated groups (Vaccine-double dose: x? corrected = 0.0112,
pval = 0.9159; Vaccine-single dose: x? corrected = 3.2441, pval =
0.0717). The proportions of lineages are summarised in
Figure 1C. In addition, differences in the prevalence of
lineages based on the type of vaccines were also checked. There
was no significant difference observed (x? corrected = 0.0586,
pval =0.8087).

Of the breakthrough infection cases analysed, 10 patients (eight
with double doses of vaccine and two with single vaccine dose) ad-
ditionally had total Immunoglobulin G (IgG) antibodies assessed by
Chemiluminescent Immunoassay (Siemens), of which six patients had
IgG antibodies a month before the infection, while four had anti-
bodies after the disease episode.

Viral load at the time of diagnosis was high in all the patients
irrespective of vaccination status or type of vaccine received. The
initial course of disease with high-grade nonremitting fever lasted

for 5-7 days in the vaccinated group, similar to the clinical
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FIGURE 1 (A) Clinical timeline of the samples used in the study in context with the daily surge of cases in Delhi. (B) Phylogenetic context of
the SARS-CoV-2 isolates analysed in the study. (C) Proportions of lineages in categories of samples with double, single vaccine doses and in
controls from a period of March 28, 2021 to April 30, 2021
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presentation in unvaccinated patients. During the subsequent
course of illness, neither disease worsening (stable biomarkers)
nor mortality was reported in the present group, confirming the
previous observations.

The patients included health care workers (24, 13 of which were
from the same hospital) and close analysis of the genomic sequences
suggests that the samples clustered separately with origins closely
clustering with lineages from different states, suggesting the disease
transmission happened most likely from different and independent
sources.

Reinfections and vaccine breakthrough infections are rare
occurrences and genomic sequencing of vaccine breakthrough
infections can provide useful insights. In the present group of
vaccine breakthrough infections investigated using genome se-
qguencing, closely overlapping and mirroring the COVID-19 cases
in the state of Delhi, the variants of concern B.1.617.2 and
B.1.1.7 comprised the majority, but the proportions were not
significantly different in comparison with the population pre-
valence of the variants during this period with high community
transmission. Breakthrough infections reported to CDC have
primarily been attributed to variants of concern and the propor-
tion was similar to the prevalence throughout the United States,
again during a period of high transmission.” While a number of
vaccine breakthrough infections have been reported previously, it
has been largely associated with nonsevere symptoms. Mortality
due to COVID-19 was ascribed to 2% cases (primarily older po-
pulation, average age =82 years).” Of the 63 cases of vaccine
breakthrough infections in the current study, including 36 who
received full doses, there are no reports of mortality even though
almost all cases presented with high-grade unremitting fever for
5-7 days. While total antibody levels for a subset of patients
were high, they became infected nevertheless and presented to
the emergency just like other patients, putting in doubt the
protection offered and or clinical relevance of total IgG as a
surrogate of COVID-19 immunity.

The present report is unique in many aspects. This is one of
the first reports of symptomatic vaccine breakthrough infections,
and breakthrough infections in a tertiary care setting apart from
being the earliest reports of breakthrough infections with
BBV152/Covaxin and B.1.617.2 variant of SARS-CoV-2. This
report brings forth the role of highly transmissible variants of
concern in causing breakthrough infections in the vaccinated
population.>® We hope this early report of genomic analysis of
breakthrough infections could provide guidance to further sys-
tematic cohort analysis on the efficacy of vaccines with respect
to genetic variants of SARS-CoV-2.
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