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ABSTRACT

On 26 November 2021, the World Health Organization (WHO) classified variant B.1.1.529,
reported earlier by the South African authorities as “Variant of Concern” with the name
Omicron. The decision was taken because Omicron is bearing a number of mutations with a
potential impact on its transmissibility, severity of disease following infection, as well as on
the effectiveness of immune protection resulting from both vaccines and natural infection. In
this paper, we present an in silico developed RT-PCR based detection method (named
OmMet) that was designed to be highly specific for the detection of the Omicron variant.
Bioinformatic prediction tests demonstrate that the sequences in the primer sets are highly
accurate, and do not match with genetic sequences of other viruses, including other
coronaviruses or SARS-CoV-2 variants. The methodology presented does not rely on S-gene
target failure (SGTF) of existing RT-PCR assays, widely used currently, but allows the direct
specific identification of the variant B.1.1.529 (Omicron).



INTRODUCTION

The B.1.1.529 variant was first reported to the World Health Organization (WHO) from
Republic of South Africa on 24 November 2021. First identified in countries in the southern
part of Africa, the variant was then quickly detected in a growing number of countries in the
rest of the world. On 26 November 2021, WHO classified variant B.1.1.529 as Variant of
Concern (VOC) and named it “Omicron”, after the 15 letter of the Greek alphabet [1].
Omicron is characterised by more than 50 nucleic acid changes (including deletions) as
compared to the reference SARS-CoV-2 sequence. The majority of these are found in the gene
encoding for the spike glycoprotein [2]. The spike protein is a key structure that facilitates the
viral entry to human cells through interacting with the human ACE2 receptor [3,4], and is also
the target of mRNA- and viral vector-based vaccines [5-8].

At the time of writing (2 December 2021), 329 SARS-CoV-2 genomic sequences have been
deposited in GISAID [9], 305 of them were flagged as complete and with less than 5%
undetermined bases. By inspecting the spike protein encoding regions of all Omicron-flagged
complete sequences, we identified a target region with a unique and Omicron-specific cluster
of nucleic acid sequence. Using this region, we designed a variant-specific set of primers to
be used as real-time polymerase chain reaction (RT-PCR) Omicron detection method, called
OmMet that we propose here.

METHODOLOGY

1. SARS-CoV-2 genomic sequences deposited in GISAID, flagged “complete” and with less
than 5% undetermined bases have been downloaded and analysed with Nextclade [10].
Only mutations present in at least 80% of the analysed sequences were retained to define
a set of commonly shared mutations.

2. The S gene, in which most of these mutations occur, was manually inspected to look for
genomic regions not longer than 250 bp and with at least 6 mutations. The National
Center for Biotechnology Information (NCBI) Reference Sequence [11] NC_045512.2 was
used as reference [12]. A region (NC_045512.2:22950-23150) was identified with these
features and fed into Primer3Plus [13] to design in silico primers and probes methods
(program run with pre-loaded qPCR settings).

3. A candidate method, specific for the genomic region NC_045512.2:22991-23128, was
selected. We call this method OMicron METhod (OmMet).

4. OmMet has been tested in silico by using the thermonucleotideBLAST software [14] with
the following parameters: -e 20 -E 20 -/ 200 on the selected set of SARS-CoV-2 genomic
sequences.

5. A set of Pango lineages [15] consensus sequences was obtained by running an in-house
developed script that parses data retrieved from the Broad Institute COVID CG [16]
application programming interface (used consensus_threshold=0.9). This set was used to
check in silico the OmMet specificity.

6. Sequence alignments were produced by using MAFFT online service [17].

7. Alignments’ representations were obtained by running the showseq tool of EMBOSS
package [18].




RESULTS

OmMet specifications

The proposed sequences for the forward primer, the reverse primer and the probe are
summarised in Table 1, where Omicron-specific nucleic acid base changes are highlighted in
red.

Table 1. Forward primer, the reverse primer and the probe sequences.

. Length GC Tm Position
Name Code oligo (bp) (3) (°c) | (wc_045512.2)
Omt-F 5’ -AACAAACCTTGTAATGGTGTTGC-3" 23 39.1 58.6
Omt-R 5’ -TGCTGGTGCATGTAGAAGTTC-3" 21 47.6 58.8
OmMet Omt-P 5’-FAM- 22991-23128
GATCATATAGTTTCCGACCCACTTATGGTGTTGGTC 28 50 60.6
-Qsy-3’ size: 138bp
Amplicon AACAAACCTTGTAATGGTGTTGCAGGTTTTAATTGTTACTTTCCTTTACGATCATATAGTTTCCGACCCA
CTTATGGTGTTGGTCACCAACCATACAGAGTAGTAGTACTTTCTTTTGAACTTCTACATGCACCAGCA

The overview of the OmMet target amplicon compared to the SARS-CoV-2 homologous
sequence (from NC_045512.2) is shown in Figure 1, together with the alignment of the
corresponding protein regions (477-522) of the spike Omicron and of reference proteins.

Figure 1. Visual comparison of SARS-CoV-2 reference and Omicron amplicons targeted by OmMet, together with
the alignment of the two corresponding translated regions. Differences are highlighted in red.
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YP_009725295.1 477-STPCNGVEGFNCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPA-522
Omicron 477-NKPCNGVAGFNCYFPLRSYSFRPTYGVGHQPYRVVVLSFELLHAPA-522

In silico validation

OmMet was tested in silico and found with perfect matching on the selected set of Omicron
sequences retrieved from GISAID (data not shown). Additionally, OmMet was tested in silico
on the consensus sequences of all known Pango lineages. In all of the analysed sequences,
differences were found in the regions of annealing of both the forward primer and the
hybridisation oligo sequences (see Supplementary file).

These results confirm in silico OmMet’s capacity to detect the Omicron sequences with very
high specificity.

DISCUSSION AND CONCLUSIONS

The epidemic potential of the new SARS-CoV-2 B.1.1.529 variant is of concern due to its
apparent higher transmissibility and the likely negative effect that many of the mutations it
features might have upon natural or vaccine-induced immunity and on the ability to detect
the virus. To our knowledge, no other sequence-specific RT-PCR tests which are capable to
distinguish this new VOC from other SARS-CoV-2 variants have been published to date.

Currently, public health officials mostly rely on the so-called S-gene target failure (SGTF)
phenomenon to quickly identify Omicron in patient samples. SGTF occurs in commercial
assays designed to detect sequences from three SARS-CoV-2 genes — S, N and ORFlab. Due




to the large number of mutations in the S gene of Omicron, in the presence of Omicron, these
assays give positive signal only for N and ORF1lab targets, but negative for S. This differential
result is interpreted as corresponding to a SARS-CoV-2 positive sample containing the
Omicron variant. Although much more rapid than sequencing identification, SGTF suffers
from lower specificity. For example, the S gene of a number of rare SARS-CoV-2 variants
features a genetic sequence that is not recognised by the assays. In addition, swab samples
with lower virus concentration may fail to detect S. Furthermore, the S gene of some actual
Omicron subvariants can in fact be detected by the tests, resulting in a lack of discrimination
with the SGTF approach. The method we propose allows for a very high accuracy, typical for
the sequencing approaches, while allowing much shorter turn over times needed for public
health response and decision making.

This study describes the design of primers and probe to identify the Omicron variant by a RT-
PCR. RT-PCR is simple to set up in any biotech laboratory that can conduct PCR assays and
should aid in globally monitoring the spread of the Omicron variant. The method was
validated in silico and is recommended for the specific the detection of the Omicron variant.
We feel its immediate sharing with the scientific community is critical and invite control
laboratories in the world to validate it in vivo on clinical samples and to report results back to
authors in order to improve the test if needed.
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