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Vaccine breakthrough infections with SARS-CoV-2 Alpha
mirror mutations in Delta Plus, Iota, and Omicron
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Replication of SARS-CoV-2 in the human population is defined by distributions of mutants that are present at different
frequencies within the infected host and can be detected by ultra-deep sequencing techniques. In this study, we examined
the SARS-CoV-2 mutant spectra of amplicons from the spike-coding (S-coding) region of 5 nasopharyngeal isolates derived
from patients with vaccine breakthrough. Interestingly, all patients became infected with the Alpha variant, but amino acid
substitutions that correspond to the Delta Plus, Iota, and Omicron variants were present in the mutant spectra of the resident
virus. Deep sequencing analysis of SARS-CoV-2 from patients with vaccine breakthrough revealed a rich reservoir of mutant
types and may also identify tolerated substitutions that can be represented in epidemiologically dominant variants.

Introduction

SARS-CoV-2 continues its diversification worldwide, and a new variant termed Omicron (B.1.1.529), carrying a large number of mutations, was recently described in South Africa and classified as a potential variant of concern (VOC) by the WHO [https://www.who.int/
news/item/26-11-2021-classification-of-omicron-(B.1.1.529)-sarscov-2-variant-of-concern]. As compared with other VOCs, current
evidence suggests an increased risk of reinfection with this variant.
It has been reported that distribution of mutants are found
during SARS-CoV-2 replication in infected hosts (1–3), as was also
previously described for other coronaviruses (4, 5) and in general
for RNA viruses. This implies that a consensus sequence of an isolate determined for diagnostic purposes in reality hides a mixture
of different variants present in different proportions within the
same population (6).
Despite vaccination being highly effective in preventing severe
COVID-19, vaccine breakthrough infections have been observed
(7, 8). Little is known about the composition of the mutant spectra
of SARS-CoV-2 that infect fully vaccinated individuals. This raises
the question of whether a vaccine failure could be associated with
an ensemble of variant genomes that can facilitate replication in
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the face of an effective anti–SARS-CoV-2 immune response (9, 10).
Here, we show that the virus replicating in vaccinated individuals
who developed COVID-19 as a consequence of infection with the
Alpha variant included signature mutations of Delta Plus, Iota, and
Omicron SARS-CoV-2.

Results and Discussion

We studied 5 patients who had been fully vaccinated (2 doses) with
BNT162b2 (Pfizer-BioNTech) and who mounted an effective antiviral response (>2000 AU/mL). They were subsequently infected
with SARS-CoV-2 in April 2021 and developed COVID-19 clinical
symptoms. Nasopharyngeal swabs were collected between April
6, 2021 and April 14, 2021, a time frame that corresponds to the
fourth pandemic wave in Madrid, Spain, associated with the Alpha
variant. RNA extracted from the diagnostic samples from these
vaccinated and infected patients was used to amplify 6 overlapped
amplicons of the genomic region of the spike (S) protein (covering nucleotides 21,424 to 23,666; residue numbering is according
to the genomic nucleotide sequence of the Wuhan-Hu-1 isolate,
NCBI reference NC_045512.2) that were analyzed by ultra-deep
sequencing (UDS), with a cutoff value of 0.1%. Two deletions
(Δ69–70 and Δ144) and 4 amino acid substitutions (N501Y,
A570D, D614G, and P681H), characteristic of the Alpha variant,
were dominant variations (termed “divergence” mutations) relative to the reference sequence (Wuhan-Hu-1 isolate) (Figure 1).
Interestingly, in addition to these “divergence” mutations, we also
found amino acid substitutions representative of the Delta Plus,
Iota, and Omicron variants in the mutant spectra of the 5 patients
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