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Objectives: To describe Delta/Omicron SARS-CoV-2 variants co-infection detection and confirmation
during the fifth wave of COVID-19 pandemics in France in 7 immunocompetent and epidemiologically
unrelated patients.
Methods: Since December 2021, the surveillance of Delta/Omicron SARS-CoV-2 variants of concern (VOC)
circulation was performed through prospective screening of positive-samples using single nucleotide
polymorphism (SNP) PCR assays targeting SARS-CoV-2 S-gene mutations K417N (Omicron specific) and
L452R (Delta specific). Samples showing unexpected mutational profiles were further submitted to
whole genome sequencing (WGS) using three different primer sets.
Results: Betweenweeks 49-2021 and 02-2022, SARS-CoV-2 genome was detected in 3831 respiratory sam-
ples, of which 3237 (84.5%) were screened for VOC specific SNPs. Unexpected mutation profiles suggesting a
dual Delta/Omicron populationwere observed in 7 nasopharyngeal samples (0.2%). These co-infections were
confirmed byWGS. For 2 patients, the sequence analyses of longitudinal samples collected 7 to 11 days apart
showed that Delta or Omicron can outcompete the other variant during dual infection. Additionally, for one of
these samples, a recombination event between Delta and Omicron was detected.
Conclusions: This work demonstrates that SARS-CoV-2 Delta/Omicron co-infections are not rare in high
virus co-circulation periods. Moreover, co-infections can further lead to genetic recombination which
may generate new chimeric variants with unpredictable epidemic or pathogenic properties that could
represent a serious health threat. Patricia Combes, Clin Microbiol Infect 2022;28:1503.e5e1503.e8
© 2022 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and

Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

In Europe, as elsewhere, emergence of the Omicron Variant of
Concern (VOC) of SARS-CoV-2, characterised by a significant
growth advantage and potential immune escape, occurred while
the Delta VOC was the most common variant, which it rapidly
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displaced after a 2months-period of intense viral co-circulation [1].
Co-infection with different SARS-COV-2 lineages was only rarely
reported during the precedent epidemic waves [2e5]. To detect and
investigate co-infection is important as it is the prerequisite for
genetic recombination event, a widespread evolutionary mecha-
nism among RNA viruses including coronaviruses [6e8], which can
generate new variant with unpredictable properties. Here, we
report Omicron/Delta co-infection in 7 immunocompetent and
epidemiologically unrelated patients. We also aimed to provide
insights to ease the detection and the confirmation of SARS-CoV-2
dual infections.

Methods

Detection of positive samples and VOC screening by RT-PCR

After RNA extraction (MGI-SP960 platform, BGI, Shenzhen,
China), SARS-CoV-2 was detected in respiratory samples by RT-
PCR with the TaqPath™ COVID-19 RT-PCR-Kit (ThermoFisher-
Scientific, Massachusetts, USA), according to the manufacturer's
instructions. SARS-CoV-2 positive samples were further screened
for VOC-specific amino acid substitution by targeting the single
nucleotide polymorphisms (SNPs) S:L452R and S:K417N with the
TaqMan™ SARS-CoV-2 mutation panel molecular assay (Ther-
moFisher-Scientific) to rapidly detect 21I/J-Delta and 21K/L-Omi-
cron, respectively. Amplification curves and genotyping results
were analysed with the QuantStudio Design and Analysis 2.4
software which discriminates between wild type and mutated
samples.

Whole genome sequencing (WGS)

All samples underwent WGS using the COVIDSeq-Test™ using
the Artic v3 and v4 primer sets (Illumina, San Diego, USA) as
detailed in supplementary data. The proportion estimations of
each population were assessed by the VAF at the genomic
position 23604 (S:P681) which differs between Omicron
(23604A; S:P681H) and Delta (23604G, S:P681R), and the
average of the VAF clade-defining mutations. The relevance of
low frequency clade-defining mutations was verified on the
Integrative-Genomics-Viewer (IGV) for all samples. Raw reads
were deposited in the Sequence Read Archive database (reference
PRJNA809680).
Fig. 1. Screening profiles for VOC-specific amino-acid substitution S:L452R and S:K417N
CoV-2 mutation panel molecular assay (ThermoFisher Scientific, Massachusetts, USA). F
(WT) and the mutated sequence, respectively. WT samples are represented as red dots alo
is suspected by intermediate mutation profile with detection of WT and mutated sequen
Nucleotide Polymorphismcreening profiles for VOC-specific amino-acid substitution S:L
TaqManÔ SARS-CoV-2 mutation panel molecular assay (ThermoFisher Scientific, Massachuse
type (WT) and the mutated sequence, respectively. WT samples are represented as red dots a
suspected by intermediate mutation profile with detection of WT and mutated sequence
Nucleotide Polymorphism
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Results

Co-infection delta/omicron detection

The 21K-Omicron, first detected at the university hospital of
Clermont-Ferrand on week 49-2021, co-circulated with Delta, and
their respective proportions have varied inversely since
(Supplementary Figure S1). Between weeks 49-2021 and 02-2022,
SARS-CoV-2 was detected in 3831 respiratory samples, of which
3237 (84.5%) were screened for VOC specific SNPs. Unexpected
mutation profiles suggesting a dual Delta/Omicron population
(detection of both S:K417N and S:L452R mutations) were observed
in 7 nasopharyngeal samples (0.2%) (Fig. 1).

Clinical characteristics of patients with suspected co-infection delta/
omicron

The seven patients were immunocompetent adults. Six were
outpatients under 35 years old presenting with mild (n ¼ 5) or
asymptomatic (n ¼ 1) infection; all but one had received 2 or 3
doses of vaccine. The patient P6 was over 70 years old, unvacci-
nated and required hospitalisation for hypoxemic respiratory fail-
ure 9 days after diagnosis infection (Supplementary Table 1).
Follow-up samples collected 11 (D11) and 7 days (D7) after the
initial diagnosis (D1 samples) were obtained for patients P1 and P5,
respectively and were analysed by the same methods.

Confirmation of co-infections by whole genome sequencing

Co-infection was confirmed for 6/7 D1 samples, with both Delta
and Omicron being detected in varying proportions
(Supplementary Table 1). The distribution of VAF defining muta-
tions of both variants was homogenous over the whole genome
except for P6, which had predominant VAF Omicron mutations in
the 5'part of the genome (Fig. 2). WGS results for patients P1, P5 and
P6 were confirmed with another WGS method using independent
suggestive of a dual population Screening was performed with the TaqMan™ SARS-
or each mutation of interest, probes labelled with VIC or FAM detect the wild type
ng the x-axis and mutated samples as blue dots along the y-axis. A dual population
ces in the same sample and is represented by green dots. Abbreviations: SNP, Single
452R and S:K417N suggestive of a dual population. Screening was performed with the
tts, USA). For each mutation of interest, probes labelled with VIC or FAM detect the wild
long the x-axis and mutated samples as blue dots along the y-axis. A dual population is
s in the same sample and is represented by green dots. Abbreviations: SNP, Single



Fig. 2. Representation of variant allele frequency clade-defining mutations for 21J Delta and 21K Omicron along the SARS-CoV-2 genome. All 21J and 21K clade defining
mutations along the genome are presented for P1-D1 (A) and P1-D7 (B), P5-D1 (C) and P5-D7 (D) and P6-D1 (E). Mutations are represented with the variant allele frequency on the
first Y axis and the depth of each genomic position on the secondary Y axis. If the mutation was not present in the vcf file, the value was set at zero. The black arrows indicate clade
defining mutations or deletions excluded for the proportion’s estimation of co-infection (no more than 13 per sample for the artic v4). P6-D1 recombination points were confirmed
by Single Molecule Real Time sequencing.
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RNA extraction and xGen™ SARS-CoV-2-Midnight-1200-Amplicon
(IDT) sequencing on an Illumina Platform (Supplementary
Figure S2).

Detection of a delta/omicron recombinant

IGV analysis of read pairs in the S gene of P6 sample showed 70
individual DNA fragments carrying both Delta and Omicron clade-
defining mutations suggesting a recombination event between the
genomic deletions 22029_22034 (Delta) and 22194_22196 (Omi-
cron) (Supplementary Figure S3). Additionally, P6 was sequenced in
the spike-region using the Pacific-Biosciences Single Molecule Real
Time (SMRT) as previously described [9]. Three haplotypes were
detected including two Delta-Omicron recombinant variants (R1
and R2) with distinct breaking points: R1 at positions 22035-22193
(51%), R2 at positions 22218-22586 (29%) and one Delta variant
(20%) (Supplementary Figure S4).

Evolution of the co-infection

For P1-D11 (collected 11 days after the first detection), SNP
screening suggested the presence of Delta only. WGS showed a
proportion of Delta-defining mutations at 96% with a low propor-
tion of Omicron-defining mutations while at D1 proportions of
Delta and Omicron were equivalent. For this patient, Delta out-
competed Omicron at D11. For P5-D7, SNP screening and WGS
showed the presence only of Omicron (L452L/K471K) while at D1,
Delta accounted for 80% of the co-infection. These two follow-up
samples showed no divergence neither in the number or the per-
centage of definingmutations all along the genome, suggesting that
no recombination occurred.
Discussion

This work shows that co-infection with two SARS-CoV-2 can
occur, particularly during a major epidemic wave marked by a co-
circulation of two highly transmissible variants in the same re-
gion as in December 2021 in France [10]. Few cases of SARS-CoV-2
co-infections have been reported [2e5]. A recent study performed
on 15,253 samples during the co-circulation of Delta and Omicron
estimated the prevalence of such co-infection at 0.18% (28/15,523),
similarly to the rate we observed [11]. The frequency of co-
infections is rare but probably underestimated, as dual infection
is difficult to detect. The use of specific RT-PCR assays targeting SNP
is an efficient strategy for rapid detection of circulating SARS-CoV-2
but can detect co-infection only if SNPs of different variants are
simultaneously screened and if the allele discrimination plots are
carefully analysed. In our study, Nextclade assigned a clade from
consensus sequences for all sequenced D1 samples but reported the
presence of additional mutations as shown by high private muta-
tion scores. Although this score lacks specificity to detect co-
infections, it could be a warning to prompt a careful analysis of
WGS data. The number and prevalence of low-frequency variants
for clade-defining mutations can be used to detect co-infection but
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their determination is not systematically implemented in pipelines
currently used in diagnostic laboratories [11].

The clinical presentation and vaccination status of co-infected
patients were unremarkable although this has been previously
reported that co-infections could lead to a more severe or longer
disease [3]. Analysis of follow-up samples showed that Delta or
Omicron can outcompete each other, as previously reported but
only in immunocompromised patients [12]. Complementary ana-
lyses, such as neutralizing antibody levels against both variants,
could help to better understand if the ability of variants to evade
immunity after vaccination could explain why one variant out-
competes the other after co-infection.

Our study is monocentric which could be a limitation. However,
it relied on prospective, systematic and homogeneous screening of
positive samples for SNPs, independently of the immune status of
patients. The detection of co-infections throughmulticentre studies
might have beenmore difficult because of the heterogeneity in VOC
screening strategies and methods between laboratories and
countries.

The evidence of Delta/Omicron co-infections makes it possible
for recombination events to occur. The presence of recombination
for P6 was confirmed by SMRT which identified two breaking
points in the spike-region. A native Delta haplotype was also
detected. The presence of native Delta and recombinant fragments
suggests that the recombination was under selection at the sam-
pling date. Within host recombination of Delta and Omicron ge-
nomeswas reported in a recent study [13]. Similarly, the breakpoint
was localised at the 50 end of the spike-region between positions
22,036 and 22,193 suggesting that this region could be a hot spot
for recombination events. Genetic recombination may generate
new variants with unpredictable epidemic or pathogenic proper-
ties, especially in the case of Delta-Omicron recombinants as these
VOC are each characterised by the capacity to cause severe disease
or by a higher transmissibility and immune escape, respectively.
This underlines the need for continuous efforts to maintain an
effective genomic surveillance of SARS-CoV2 infections. Moreover,
a re-enforced attention to whole genome data beyond the
consensus genome sequence is essential to improve detection of
emerging variants co-infection and recombinants.
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