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Summary

The new SARS-CoV-2 Omicron variant (B.1.1.529) has
been recently declared a Variant of Concern due to a se-
ries of important mutations in the viral spike protein and
especially in the receptor-binding domain. While investiga-
tions into the spread of this new variant are ongoing, the
first cases have been detected in Switzerland. Important
questions have been raised: (1) Will the PCR assays com-
monly used to detect SARS-CoV-2 still work for the Omi-
cron variant? (2) Can specific PCR features, e.g. S-gene
dropout, be used to identify potential Omicron samples?
In this minireview we provide current knowledge on the
Omicron variant and guidance on its PCR validation.

Introduction

Over the past 24 months, SARS-CoV-2 has continuously
evolved into various defined viral lineages. Each lineage is
characterized by a combination of specific nucleotide poly-
morphisms (SNPs) [1]. Some SNPs result in amino acid
changes and may lead to functional adaptations that are
beneficial for the virus in its interaction with the host, e.g.
by increasing the affinity of the receptor-binding domain
(RBD) of the viral spike protein (S protein) to the host en-
try point, the angiotensin-converting enzyme 2 (ACE2) re-
ceptor [2], resulting in a higher infectivity and a greater
likelihood of successful transmission. A second important
adaptation, also resulting in increased transmission, is im-
mune evasion towards neutralizing antibodies [3, 4]. How-
ever, many polymorphisms remain silent and do not
change the amino acid sequence (so-called synonymous
mutations). Nevertheless, synonymous mutations may also
have consequences for viral transmission: as rapid recog-
nition of SARS-CoV-2 infection is a cornerstone of infec-
tion control measures, viral evolution in genomic regions
used as diagnostic target sites may occur. This is often ne-
glected, but is an important selective pressure for viruses
[5]. To avoid PCR assay failure, highly conserved sites are

often chosen as PCR targets, but these can be challenging
to identify for novel pathogens. To offset this risk, multi-
ple PCR targets can be used within a single assay to com-
pensate for single target failures [6]. In this minireview, we
discuss the consequences of viral evolution on the perfor-
mance of commonly used SARS-CoV-2 diagnostic assays
in the context of the newly discovered Omicron SARS-
CoV-2 variant. We provide guidance on how to diagnose
and process suspected cases of the Omicron variant.

Major steps in viral evolution

In summer 2020, a new variant, B.1.177 (Nextstrain 20E),
emerged and spread rapidly in Europe [7]. This was fol-
lowed by an even more efficient displacement by the Alpha
variant (Pango Lineage B.1.1.7, Nextstrain 20I) in Decem-
ber 2020 to January 2021, driven by a higher binding affin-
ity towards the ACE2 receptor [8]. The Alpha variant was
rapidly declared a Variant of Concern (VOC). This lineage
shows a series of important adaptations in the viral S pro-
tein, resulting in the previously mentioned increased bind-
ing affinity towards the host cell. From a diagnostic point
of view, the del69/70 mutation was especially interesting
as it resulted in S-gene dropout due to failure of the diag-
nostic target in some commercial PCR assays, such as the
TaqPath assay by Thermo Fisher Scientific. This S-gene
dropout could be used, during this period, to screen for
potential Alpha variants prior to the development and im-
plementation of further virus lineage-specific PCR assays
and broad scale whole genome sequencing [9]. In Switzer-
land, the Federal Office of Public Health (FOPH) and the
National Reference Centre for Emerging Viral Infections
(CRIVE) coordinated the introduction of screening with
lineage-specific PCR assays followed by whole genome
sequencing for confirmation between December 2020 and
March 2021. Backward contact tracing was used, with the
intention of reducing and slowing down the spread of the
Alpha variant [10]. In May 2021, the Delta variant, again
with higher transmission rates, replaced Alpha within a
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Table 1:

few weeks [11] and has since been the dominant viral lin-
eage around the globe [12].

The introduction of Omicron

On 26™ November 2021, the World Health Organization
(WHO) declared the emerging SARS-CoV-2 Omicron
variant (Pango Lineage B.1.1.529 and Nextstrain Clade
21K) as another VOC [13]. The European Centre for Dis-
ease Prevention and Control (ECDC) rapidly published a
threat assessment briefing [14]. This new member of the
VOC family has an unusually high number of amino acid
changes and deletions in the S protein, particularly in the
RBD. Table 1 summarizes the key mutations found in the
Omicron variant [17]. These mutations may potentially re-
sult in immune evasion, favourable transmission character-
istics, and diagnostic evasion. The exact effects on immune
evasion and favourable transmission are currently being
evaluated. Probable transmission between two fully vacci-
nated persons has been reported in Hong Kong [15] and
matches our own experience. New data from the Sigal lab
suggest a 40-fold reduction in neutralizing capacity against
the Omicron variant after the Pfizer vaccine [16].

The new Omicron variant was detected in 13 samples in
the Basel region (since 30" October 2021). Notably, three
sequence-confirmed cases in Basel occurred in fully vac-
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cinated people via a fully vaccinated index patient. Omi-
cron was also found in six samples in the Geneva region
(since 1% December 2021), Switzerland. As of December
8" 2021, more than 15 sequences of the Omicron lineage
have been detected in Switzerland (personal communica-
tion with FOPH) with community transmission and 595 se-
quences have been detected globally since its identification
[17].

Knowledge on effects on PCR targets

Concern has been raised about the performance of com-
mercial and in-house developed SARS-CoV-2 specific
PCR assays with this new variant due to its high number of
mutations [18]. In addition, the potential partial detection
failure of some assays (that is, when a multiple target assay
returns a positive result for only a few targets and a low or
negative result for other targets) may be used to detect po-
tential Omicron cases, as was the case with the Alpha vari-
ant.

In general, molecular diagnostic assays should target con-
served sites (i.e. the genomic sequences least likely to ac-
cumulate mutations over time). At this stage in the SARS-
CoV-2 pandemic, an unprecedented number of genomes
are available and candidate conserved sites suitable for di-
agnostics can be readily identified. The chosen diagnos-

Summary of the commonly found mutations in Omicron and % of presence (based on 127 sequences; outbreak.info). New sublineages BA.1 and BA.2 are available at
https://github.com/cov-lineages/pango-designation/issues/361.

Protein ORF1a; % ORF1b; % S; % E; % M; % N; %
Position 1 K856R; 99% P314L; 100% AB7V; 99% T91, 97% D3G, 97% P13L; NA
Position 2 S2083l; 89% 11566V; 91% Del69/70; 89%* Q19E, 96% ERS31del; NA
Position 3 Del2084; 89% T95I; 98% A63T, 93% R203K, 98%
Position 4 A2710T; 100% G142D; 84% G204R, 98%
Position 5 T32551; 100% Del143/145; 84%

Position 6 P3395H; 99% N2111; 87%

Position 7 Del3674/3676; 88% Del212/212; 87%

Position 8 13758V; 100% G339D; 98%

Position 9 P4715L; NA (B.1) S371L; 98%

Position 10 15967V; NA S373P; 98%

Position 11 S375F; 92%

Position 12 K417N; NA

Position 13 N440K; NA

Position 14 S477N; 91%

Position 15 T478K; 91%

Position 16 E484A; 91%

Position 17 Q493R; 94%

Position 18 G496S; 94%

Position 19 Q498R; 94%

Position 20 N501Y; 93%

Position 21 Y505H; 91%

Position 22 T547K; 100%

Position 23 D614G; 100% (B.1)

Position 24 H655Y; 100%

Position 25 N679K; 93%

Position 26 P681H; 92%

Position 27 N764K; NA

Position 28 D796Y; 98%

Position 29 N856K; 98%

Position 30 Q954H; 98%

Position 31 N969K; 97%

Position 32 L981F; 95%

* Deletion 69/70 does not occur in the BA.2 sublineage. Mutations marked in bold are conserved sites between the two different sublineages (as of December 8", 2021).
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tic targets should be reviewed on a regular basis by manu-

facturers and by laboratories to ensure continued efficient
primer binding in currently circulating variants.

Unfortunately, companies rarely or never disclose detailed

information on their assays’ diagnostic targets due to intel-
lectual property concerns. Especially in an emerging situ-
ation such as the spread of a new VOC like Omicron, this
has important consequences. The diagnostic laboratories
do not have immediate information on the diagnostic per-
formance of the commercial assays in use and critical cases
early in the transmission chain may be missed. When com-
panies rapidly make target information available, early ac-

tion to ensure continued proper detection of VOCs can be

taken. Incentives to promote such essential, rapid collab-
oration between manufacturers, laboratories and govern-
mental bodies should be implemented in times of excep-

tional crisis such as the current pandemic. In cases where

there is a critical need to understand the exact structure

of the targets, a system of disclosure to a predetermined
governmental body tasked with the in silico confirmation
of diagnostic performance as an intermediary may be a
promising avenue to consider, as this would ensure that
companies’ intellectual property is protected.

Swiss Med Wkly. 2021;151:w30120

We previously collected information on the PCR assays
most commonly used by laboratories throughout Switzer-
land and Liechtenstein and determined which assays may
be subject to target dropout or hindered performance with
the Alpha variant [19]. In the context of the Omicron vari-
ant, we have re-examined previously obtained information
and contacted the relevant manufacturers of the SARS-
CoV-2 PCR assays available in Switzerland and Liechten-
stein to obtain statements regarding PCR functionalities.
Currently, the 39 most frequently used SARS-CoV-2 PCR
tests in Switzerland and Liechtenstein target many genom-
ic loci, including the ORF1ab region (N = 16), the RdRp
gene (N = 13), the S gene (N = 8), the E gene (N = 11),
the N gene (N = 32) and, in one case, the M gene. Figure
1 provides the PCR target analytes of SARS-CoV-2 specif-
ic assays commonly used in Switzerland and Liechtenstein
and the currently available information concerning the im-
pact of the Alpha and Omicron variants on the successful
detection of the target analytes. Only two of the eight as-
says targeting the S gene appear to show S-gene dropout
with the Omicron variant.

Given the many SNPs localized on the sequence encoding

for the S protein, and concentrated on the RBD in particu-
lar, it is likely that some of the serology assays utilizing the

Figure 1: Selection of available PCR assays and the impacts on their performance of the Alpha and Omicron variants. * PCR-Kit no longer
available on the Swiss market. ** Mismatch not detectable because both the S gene and the RdRp gene targets are detected using the same
fluorescence channel.

Targets Reported impact of VOC u:1a rs;g:;nal detection of the S-gene
Supplierin
Switzerland and Test-kit ORF1ab | RdRp | S |E| M| N Alpha (B.1.1.7) Omicron (B.1.1.529)
Liechtenstein
Abbott Abbott RealTime SARS-CoV-2 (#09N77-095) 0 1 0j0|0|1 No S-gene target No S-gene target
Abbott ALINITY m SARS-COV-2 ASSAY (#09N78-095) 0 1+ Jololol1 No S-gene target No S-gene target
Altona Altona "RealStar® SARS-CoV-2 RT-PCR" (#821005) 0 0 1/1/0]|0 No impact No impact
Axon Lab / Cepheid | Gene Xpert® Xpress SARS-CoV-2 (#12039255) 0 0 oj1(0]1 No S-gene target No S-gene target
Axon Lab BioGX SARS-CoV-2 kit (#444213) 0 0 0j0|0]|2 No S-gene target No S-gene target
Axon Lab EASY® SARS-CoV-2 Kit (#RT020) 0 1 ojofo|1 No S-gene target No S-gene target
‘Axon Lab Hi-PCR® Coronavirus (SARS-CoV-2) Probe PCR Kit (FMBPCR242) 3 1 lolololol| NoSgenetarget No S-gene target
Axon Lab g}ggefzgwhiple Real-Time PCR kit for Detection of ; . slwl s I No S-gens target No S-gene target
Axon Lab Progenie Coronavirus 2019-nCoV Assay (#CORO-UX 5.2) 0 0 ololol1 No S-gene target No S-gene target
Becton Dickinson ViaSure SARS-CoV-2 (N1+N2) Real Time PCR (#444215) 0 0 0j0|0|2 No S-gene target No S-gene target
Becton Dickinson ViaSure SARS-CoV-2 S gene Real Time PCR (#444212)* 0 0 1/]0(0|0 conDﬂz:)cr:iﬂlsgd' Not available in EU/CHE*
BetonDisdnson | RS SURSICOVIE FIU(ASE) & HeY Real Time RCR Detection 0 0 |o|o|0|2| NoSgenetarget No S-gene target
bioMerieux BIOFIRE® COVID-18 test (#423744) 1 0 ojojo0|0 No S-gene target No S-gene target
bioMerieux BIOFIRE® FILMARRAY® Respiratory Panel 2.1+ (RP2.1+) (#423740) 0 o [1]ol1]o0 No impact No impact
bioMerieux SARS-COV-2Z R-GENE® (#423720) 0 1 oj1{0]1 No S-gene target No S-gene target
Buhimann Seegene Allplex™ 2019-nCov (#RP10243X) (older Kit) 0 1 o[1{0|1 No S-gene target No S-gene target
Bihimann Seegene Allplex™ SARS-CoV-2 (#RV10248X) (newer kit) 0 1 111] 0| 1| 2x1-mer mismatch** No impact
Bohimann ;e:g:ag;sgllcp)lex"“ SARS-CoV-2/Flu A/Flu B/RSV Assay 0 1 1lo0lo0l1 i 1omet mismaleht® Mismatch (iljjglsz)il;gjct.’dmp out
DiaSorin Simplexa™ COVID-19 Direct (#M0OL4150) 1 0 1/0[0]|0 No impact No impact
Ender diagnostics Ender MASS 1 0 ojo0oj0|0 No S-gene target No S-gene target
Hologic Panther® Fusion SARS-CoV-2 (#AW-21158-001) 2 0 ojoj0 |0 No S-gene target No S-gene target
Hologic Aptima® SARS-CoV-2 Assay (#PRD-06419) 2 0 oj0j0]|O No S-gene target No S-gene target
Hyris SARS-CoV-2 human diagnostics (#bKTH-SCV2.02) 0 ] o|joj0 |2 No S-gene target No S-gene target
FRIZ Biochem COVID-19 direct RT-PCR (#FBC101) o e loli1lola No S-gene target No S-gene target
Lubioscience 2019-nCoV CDC EUA Kit (#10006606) 0 0 ojoj0|2 No S-gene target No S-gene target
gi!‘“j‘%‘:‘ik ampliCube Coronavirus SARS-CoV-2 (#50143, #50144) 1 o |o olo No S-gene target No S-gene target
Qiagen QiaStat-Dx R y SARS-CoV-2 Panel (#681223) 0 1 Jo[1]0]0] MNoSgenetargst No S-gene target
Qiagen NeuMoDx SARS-CoV-2 Assay (#300800) 1 0 0ojof0|1 No S-gene target No S-gene target
Qiagen SARS-CoV-2 N1+N2 Assay Kit (#222015 or #222017) 0 0 ojojo|2 No S-gene target No S-gene target
Roche Diagnostics | cobas® 6800/8800 SARS-CaoV-2 (#09175431190) ) 0 0|1({0]|0 No S-gene target No S-gene target
Roche Diagnostics cobas® 6800/8800 SARS-CoV-2 & Influenza A/B (#09233474190) 1 0 oj1/0]0 No S-gene target No S-gene target
Roche Diagnostics cobas® Liat SARS-CoV-2 & Influenza A/B (¥09211101190) 1 0 ojof0|1 No S-gene target No S-gene target
Sanstns (\:f:gvae‘l&né;mawus (2019-nCoV) Nucleic Acid Diagnostic Kit 1 0 ololol1 No S-gene target No S-gene target
?‘*’me"s FTD SARS-CoV-2 gPCR Test (#11416302) 1 o |ofofol1 No S-gene target No S-gene target
TECOmedical f;p“;‘u’?;fg%ea'“w“’a'em Quadruplex SARS-CoV-2 PCR Kit 0 1 [0|0o| 0|1 NoS-genetarget No S-gene target
TECOmedical 1E:£t;h\o Scientific EurobioPlex SARS-CoV-2 Multiplex (#EBX-041- 0 2 ololol1 No S-gene target No S-gene target
Thermo Fisher TagPath™ COVID-19 Combo Kit (#A48067) 1 0 11001 S-gene drop out S-gene drop out
Thermo Fisher TagPath™ COVID-19, FluA/B, RSV (#A49867) 0 0 1/0/0]1 No impact No impact
TibMolBio LightMix® Modular Sarbecovirus SARS-CoV-2 (#50-0776-96) 0 1 oj1]0|1 No S-gene target No S-gene target
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wildtype S protein may exhibit decreased sensitivity. How-
ever, precise data are still lacking.

Surveillance and confirmation of Omicron

Due to the high demand for SARS-CoV-2 PCR testing
throughout Switzerland and Liechtenstein caused by the
ongoing epidemic surge with the currently dominating
Delta variant, additional testing of all SARS-CoV-2 PCR
positive cases seems unrealistic. Although systematic spe-
cific retesting would be ideal for surveillance of the spread
of the new Omicron variant, the burden for most labora-
tories currently appears too high for this to happen. Al-
though some laboratories already use assays with the po-
tential for S-gene dropout (notably, this is how the first
two Swiss cases, in the region of Basel, were detected), the
majority of laboratories use different assays. With only a
few laboratories using PCR assays which can indicate the
Omicron variant through S-gene dropout, this would not
generate a tight enough screening net. Notably, a new sub-
lineage of Omicron, BA.2 (for more details see below),
does not show S-gene dropout. Additional testing of tar-
geted cases with epidemiological risk factors, such as trav-
el history to high endemic areas or recent contact with an
Omicron positive patient, could be implemented until the
case load grows too large and community transmission is
known to be widespread. This testing strategy would in-
volve either a variant-specific PCR, in laboratories where
this is already in use or has been accredited, or an initial
diagnostic SARS-CoV-2 PCR without variant-specific fea-
tures, followed by a variant-specific PCR. A commonly
used target for the specific detection of the Alpha variant in
the past was the N501Y-specific PCR. As Omicron shares
the same N501Y mutation that allowed the detection of Al-
pha and the Alpha variant’s prevalence has become negli-
gible, this is an option which should be considered (see fig-
ure 2). All such tests would need to be re-validated, as the
number of mutations in this region of the Omicron genome
may prevent primer binding in some assays or lead to re-
duced efficacy, preventing the detection of samples with
low viral loads. Several alternative targets, such as L417N-
or E484 A-specific PCR assays, may also prove to be valu-
able options, as these targets are specific to Omicron. Re-
cently, Erster and colleagues published a comparison of

Swiss Med WKkly. 2021;151:w30120

four RT-PCR assays specifically for the Omicron variant
which target the deletion in the spike gene at positions
22194-22196 and the deletion in the N gene at positions
28362-28371 [20].

For definitive confirmation of the Omicron variant, we rec-
ommend whole genome sequencing on one of the plat-
forms by Oxford Nanopore Technology, Thermo Fisher
Scientific or Illumina. Whole genome sequencing allows
not only the confirmation of all mutations and clear lineage
identification, but also provides valuable molecular epi-
demiological information. As an example, the first two
cases recently detected in the region of Basel already show
slight diversity. Whole genome sequencing therefore pro-
vides valuable epidemic intelligence information. Phyloge-
netic analysis of all the Omicron VOC sequences available
in GISAID’s (www.gisaid.org) EpiCoV database indicates
that similar ancestral sequences have been detected in sev-
eral countries [14, 17]. Notably, this similarity suggests a
low diversity of the Omicron variants in circulation and
therefore a rapid spread.

Sanger sequencing of the S gene (and additional viral
genes) may also be used to confirm the new variant. Sanger
sequencing is more cost efficient than whole genome se-
quencing, but less efficient for generating molecular epi-
demiological connections as only parts of the genome are
sequenced. Both Sanger and next generation sequencing
approaches use PCR primers, which need to be tested for
functional gaps, especially in heavily altered lineages such
as the new Omicron variant.

Whole genome sequencing also relies on a set of primers.
The ARTIC protocol is a commonly used set of primers
which allows the viral genome to be sequenced. In silico
analysis showed that amplicon 76 of the ARTIC v4 pro-
tocol could fail for the Omicron VOC due to primer-tem-
plate mismatches. This can lead to missed calls at spike
protein residues 417, 440 and 446. If this region is not cov-
ered, other characteristic mutations can be used to iden-
tify the variant [14]. Updated ARTIC v4.1 primers, de-
signed to more effectively cover amplicon 76 and a few
other regions of the Omicron variant, have just been re-
leased [21]. However, based on our experience, we con-
clude that the Artic v4 protocol allows sequencing and
confirmation of the Omicron variant. We strongly recom-

Figure 2: Workflow for screening and confirmation of the SARS-CoV-2 Omicron variant. “Surveillance” indicates the routine workflow for how
Omicron variants could be detected by the sequencing surveillance program coordinated via CRIVE and the FOPH. “Targeted” indicates a
suspected case of an Omicron variant which should be confirmed via sequencing.
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mend that sequencing data is immediately shared via the
Swiss Pathogen Surveillance Platform (www.spsp.ch) and
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