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ABSTRACT

Objectives: Recently, the Omicron strain of SARS-CoV-2 has spread and replaced the previously dominant
Delta strain. Several Omicron sublineages (BA.1, BA.1.1, and BA.2) have been identified, with in vitro and
preclinical reports showing that the pathogenicity and therapeutic efficacy differs between BA.1 and BA.2.
We sought to develop a TagMan assay to identify these subvariants.
Methods: A TagMan assay was constructed for rapid identification and genotyping of Omicron sublineages
with 171 samples. We analyzed three characteristic mutations of the spike gene, A69-70, G339D, and
Q493R, by TagMan assay. The accuracy of the TagMan assay was examined by comparing its results with
the results of whole genome sequencing (WGS) analysis.
Results: A total of 171 SARS-CoV-2 positive samples were analyzed by WGS and TagMan assay. The 127
samples determined as BA.1/BA.1.1 by WGS were all positive for A69-70, G339D and Q493R by TagMan
assay. A total of 42 samples, determined as BA.2 by WGS, were negative for A69-70 but positive for
G339D and Q493R by TagMan. Two samples with G339N were determined to be inconclusive by the
TagMan method. Except for these two samples, the concordance rate between WGS and the TagMan
assay was 100% (169/169).
Conclusion: TaqMan assays targeting characteristic mutations are useful for identification and discrimi-
nation of Omicron sublineages.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

to continuously monitor viral evolution through genomic epidemi-
ologic analysis (Munnink et al., 2021).

SARS-CoV-2 has mutated continuously, which affected the
transmissibility of the virus and the efficacy of antiviral drugs and
vaccines. To control the emergence of new strains, it is important
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Recently, a new strain, designated as B.1.1.529, was detected
and isolated in Gauteng Province, South Africa (World Health Or-
ganization, 2021). The World Health Organization designated the
B.1.1.529 lineage as a variant of concern (VOC) on November 26,
2021 (World Health Organization, 2021), naming it Omicron, in line
with the naming convention adopted for previous VOCs using the
Greek alphabet, and it has since spread to a number of countries to
become a globally dominant strain (Desingu and Nagarajan, 2022).
Omicron contains more than 30 nonsynonymous mutations in the
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spike protein; therefore, Omicron viruses may reduce the efficacy
of antibody therapy and evade vaccine-induced immunity.

Omicron viruses are classified into several sublineages, includ-
ing BA.1, BA.1.1, BA.2, and BA.3, which have been observed world-
wide. In the early period after Omicron emergence, BA.1 was the
dominant sublineage; however, in Denmark, the United Kingdom,
India, the Philippines, and South Africa, BA.2 became dominant
(Hodcroft, 2021; Fonager et al., 2022; Yamasoba et al., 2022), with
BA.2 reported to be more transmissible than BA.1 (Ito et al., 2022).

Omicron contains numerous mutations compared with other
VOCs (Gangavarapu, et al. 2022; Saxena et al., 2022; Wang and
Cheng, 2022). A total of 33 mutations have been identified in
the spike protein in BA.1, 34 in BA.11, and 29 in BA.2. BA.1 and
BA.1.1 share 33 mutations, but BA.1.1 has an additional mutation in
R346K compared with BA.1. Compared with BA.1 and BA.l1, the
spike protein mutations in BA.2 are very different. Unique mu-
tations in BA.1/BA.1.1 are A67V, A69-70, T95I, A143-145, N211],
A212, S371L, G466S, G496S, T547K, N856K, and L981F. Conversely,
unique mutations in BA.2 are T19], L24S, A25-27, V213G, S371F,
T376A, D405N, and R408S.

In this study, we present a TagMan assay to discriminate be-
tween BA.1/BA.1.1 and BA.2. This method is feasible for any labora-
tory equipped to perform quantitative real-time polymerase chain
reaction (PCR).

Methods
Samples

The study includes patients who are SARS-CoV-2 positive
(n = 294) who were collected from all areas of Yamanashi Pre-
fecture in Japan and tested positive at our hospital. The sample
collection period was from January 12 to March 10, 2022. During
this period, 294 positive samples were subjected to whole genome
analysis (Hirotsu et al., 2022), and 171 of them were randomly se-
lected to evaluate the performance of the TagMan assay.

SARS-CoV-2 diagnostic testing

Nasopharyngeal swab samples were collected using cotton
swabs and placed in viral transport media (Copan Diagnostics,
Murrieta, CA, USA). Multiple molecular diagnostic testing plat-
forms, including SARS-CoV-2 quantitative reverse transcriptase-PCR
in accordance with the protocol developed by the National Insti-
tute of Infectious Diseases in Japan (Shirato et al., 2020), FilmArray
Respiratory Panel 2.1 with the FilmArray Torch system (bioMérieux,
Marcy-I'Etoile, France) (Hirotsu et al., 2020a), Xpert Xpress SARS-
CoV-2 test using Cepheid GeneXpert (Cepheid, Sunnyvale, CA, USA)
(Hirotsu et al., 2022), and Lumipulse antigen test with the LU-
MIPULSE G600II system (Fujirebio, Inc., Tokyo, Japan) were used
to identify positive samples for this study (Hirotsu et al., 2021;
Hirotsu et al., 2020b).

Whole genome sequencing (WGS)

WGS analysis was performed as previously described
(Hirotsu and Omata, 2021a; Hirotsu and Omata, 2021b; Hirotsu and
Omata, 2021c). In brief, SARS-CoV-2 genomic RNA was reverse
transcribed into cDNA and amplified by using the Ion AmpliSeq
SARS-CoV-2 Insight Research Assay (Thermo Fisher Scientific,
Waltham, MA, USA) on the Ion Torrent Genexus System. Sequenc-
ing reads and quality were processed using Genexus software
with SARS-CoV-2 plugins. The sequencing reads were mapped and
aligned using the torrent mapping alignment program. Assembly
was performed with the Iterative Refinement Meta-Assembler
(Shepard et al., 2016).
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Table 1
Comparison of results between WGS and TagMan assay.

WGS TagMan assay
Lineage n Spike A69-70 Spike G339D Spike Q493R
Pos | Neg | Inc Pos | Neg | Inc Pos | Neg | Inc
BA.1/BA.1.1 127 127 /0/0 127/0/0 127 /0/0
BA.2 44 0/44/0 42/0/2° 440/ 0

Inc, inconclusive; Neg, negative; Pos, positive; WGS, whole genome sequencing.

2 Two samples with spike G339N were included, and a TagMan probe targeting
spike G339D showed only low amplification in Figure 2. These samples were deter-
mined to be inconclusive.

To determine the viral clade and lineage classifications, the
consensus FASTA files were downloaded and processed through
Nextstrain (Hadfield et al., 2018) and Phylogenetic Assignment
of Named Global Outbreak Lineages (PANGOLIN) (Rambaut et al.,
2020). The FASTA files were deposited in the Global Initiative on
Sharing Avian Influenza Data (GISAID) EpiCoV database (Shu and
McCauley, 2017). All GISAID Accession IDs are noted in Table S1.

TagMan assay

To distinguish BA.1/BA.1.1 from BA.2, we constructed a TagMan
assay system to analyze the spike protein mutations that charac-
terize the Omicron sublineages. Thus, we used a predesigned Taq-
Man SARS-CoV-2 Mutation Panel (Thermo Fisher Scientific) to dis-
tinguish A69-70, G339D, and Q493R. The TagMan probe detected
both wild-type and variant sequences of SARS-CoV-2, with the Tag-
Man minor groove binder probe for the wild-type allele labeled
with VIC dye and the variant allele with FAM dye fluorescence.
TagPath 1-Step RT-qPCR Master Mix CG was used as master mix
and the qPCR was performed on the Step-One Plus Real-Time PCR
System (Thermo Fisher Scientific). The allelic discrimination soft-
ware (Thermo Fisher Scientific) was used to analyze data and iden-
tify variant and wild-type alleles. The amplification curves of each
data set were visually confirmed.

According to the GISAID database, as of March 11, 2022, the fre-
quency of mutations targeted in this study detected in each sub-
lineage were as follows. A69-70 in 96.1%, 95.7%, and 0.1% of BA.1,
BA.1.1, and BA.2, respectively; G339D in 87.9%, 99.3%, and 96.3% of
BA.1, BA.1.1, and BA.2, respectively; Q493R in 88.3%, 91.2%, and 92%
of BA.1, BA.11, and BA.2, respectively (Gangavarapu, et al. 2022).
The spike A69-70 mutation was also used to distinguish sublin-
eages because it was detected in BA.1/BA.1.1 but not in BA.2 (Sup-
plemental Figure 1a). Spike G339D and Q493R mutations are de-
tected in BA.1/BA.1.1 and BA.2 but not in other VOCs (Supplemental
Figure 1b).

Results
Construction of a TagMan assay to distinguish Omicron sublineages

When we analyzed using nucleic acids extracted from nasopha-
ryngeal swabs, G339D and Q493R mutations were specifically de-
tected in Omicron-infected patients (Figure 1a and 1b). In addition,
the A69-70 mutation was distinct between BA1/BA.1.1 and BA.2
(Figure 1c). These results showed that TagMan assays could detect
Omicron strains and distinguish between Omicron sublineages.

Comparison of TagMan assay and WGS data

To examine whether the TagMan assay could accurately distin-
guish Omicron sublineages, we compared WGS data and TagMan
assay results using 171 SARS-CoV-2-positive samples (Table 1 and
Table S1). WGS analysis determined 127 samples to be BA.1/BA.1.1
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Figure 1. Genotyping of Omicron sublineages by TagMan assay. (a-c) Samples were analyzed with a TagMan assay that detects mutations in Omicron spike proteins. Spike
protein mutations G339D (a), Q493R (b), and A69-70 (c) were targeted. G339D and Q493R indicated Omicron (including BA.1/BA.1.1 and BA.2), while A69-70 was used to
distinguish BA.1/BA.1.1 from BA.2. Blue circles indicate variant alleles (FAM dye) and red circles indicate wild-type alleles (VIC dye). The results were plotted on a scatterplot
of wild-type alleles (x axis) versus variant alleles (y axis) using the allelic discrimination software.

and 44 samples to be BA.2 (Table 1). In these samples, TagMan
assay analysis showed that all BA.1/BA.1.1 samples were positive
for A69-70, G339D, and Q493R, whereas BA.2 samples were nega-
tive for A69-70 and positive for G339D and Q493R (Table 1). Two
samples were determined to be inconclusive because of equivo-
cal results in the G339D assay. Excluding these two samples, the
TagMan assay data were consistent with WGS data, demonstrating
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100% (169/169) agreement. Therefore, the TagMan assay represents
a useful technique for distinguishing Omicron sublineages.

Mutations in TagMan assay target sites

In the two samples determined to be inconclusive aforemen-
tioned, WGS analysis results revealed these samples had the spike
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Figure 2. Analysis of samples with mutations in the TagMan probe site. Two samples were classified by WGS analysis as BA.2 containing a G339N mutation. (a) The mutation
site occurred at codon 339, from wild-type (GGT, glycine [G]) to the variant form (GAT, aspartic acid [D] or AAT, asparagine [N]). (b) Most BA.2 lineage viruses carry the
G339D mutation, but two samples showed a G339N mutation by WGS. Compared with BA.2 G339D, the fluorescent signal (blue line) was lower in the BA.2 G339N samples.

G339N mutation (position 22577-22578: ¢.1015_1016delGGGinsAA)
(Accession ID: EPI_ISL_11018144 and EPI_ISL_11018145) (Figure 2a).
Analysis with PANGOLIN classified these samples as BA.2. The mu-
tation that occurred at codon 339 overlapped with the target site
of the TagMan probe. Therefore, we examined whether the TagMan
probe targeting G339D could efficiently amplify the target in the
samples with G339N. In both BA.2 G339D and BA.2 G339N sam-
ples, sufficient amplification signals were obtained for A69-70 and
Q493R. However, compared with BA.2 G339D, BA.2 G339N showed
a lower amplification efficiency of the variant allele-specific signal
(blue line in Figure 2b). In conclusion, the TagMan assay used in
this study specifically detected characteristic mutations related to
Omicron sublineages in clinical samples.

Discussion

In this study, we present data regarding the use of a TagMan as-
say to distinguish between Omicron strains and their sublineages.
WGS analysis is the most standard method to determine these
sublineages. However, WGS analysis of all specimens is restricted
by limited resources and is difficult to apply under conditions of
rapid spread of infection. In this regard, we have established a Tag-
Man assay that more conveniently and rapidly identifies Omicron
strains and distinguishes the sublineages. BA.1/BA.1.1 and BA.2 are
reported to differ in transmissibility and treatment response and
so, the World Health Organization recommends monitoring BA.2
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as a separate sublineage (World Health Organization, 2022). There-
fore, assay systems that distinguish these subtypes will be im-
portant in determining preventive measures, infection control, and
treatment strategies.

Each viral lineage has its own characteristic mutations. By tar-
geting these mutations, it is possible to distinguish mutant strains
and sublineages. On the basis of the accumulating WGS data dur-
ing surveillance, we consider the TagMan assay to be a suit-
able approach to detect characteristic mutations that occur fre-
quently among viral lineages. In this study, we subjected SARS-
CoV-2-positive samples collected from all areas of Yamanashi Pre-
fecture in Japan between January 12, 2022 and March 10, 2022. To
evaluate the performance of the TagMan assay, 171 randomly se-
lected samples of the 294 samples that completed the WGS anal-
ysis were also analyzed by the TagMan assay in this study. The
main prevalent mutant strain during this period was the Omicron
strain (Hirotsu et al., 2022), which was in the process of replacing
BA.1/BA.1.1 with BA.2. The TagMan assay and WGA results were
consistent in almost all samples, thus TagMan assay results re-
flected the viral genome epidemiology of the region at the time.

Of the total 171 tested samples, two samples harbored the
D339N mutation, which was revealed by WGS. These two sam-
ples were determined to be negative when the results of a TagMan
probe targeting D339D were analyzed using automated assay soft-
ware. However, a weak but low signal amplification was observed
by visual confirmation; therefore, these samples were considered



Y. Hirotsu, M. Maejima, M. Shibusawa et al.

as inconclusive in this study for convenience. On the basis of these
results, it should be noted that if a mutation occurs in the Taq-
Man probe sequence, it will not be amplified efficiently due to in-
sufficient annealing. Mutations in primer sequences can also cause
similar problems. Therefore, visual examinations of the results may
help to avoid missing subtle changes caused by mutations around
the primers and TagMan probe.

To determine each lineage, it is efficient to know which mu-
tant strain is prevalent at a given time and analyze the char-
acteristic mutations of that strain. In this analysis, spike AG69-
70 was used to distinguish between BA.1/BA.1.1 and BA.2. There
are other mutations that are also useful for distinguishing Omi-
cron strains (Erster et al, 2022; Lee et al, 2022). For example,
Q493R is a useful site to distinguish BA.1, BA.2, and BA.3 from
BA.4 and BA.5. Q493R is found in BA.1, BA.2, and BA.3 but wild-
type in BA.4 and BA.5 (Gangavarapu, et al. 2022). On the other
hand, BA.4 and BA.5 have spike L452R and F486V mutations, which
can be analyzed to distinguish them from BA.1, BA.2, and BA.3.
The TagMan method could be adapted to identify any such newly
emerging mutant strains. Analysis of multiple characteristic muta-
tions is expected to improve the accuracy of classification of virus
lineage.

The TagMan assay has a shorter turnaround time and lower cost
than WGS. TagMan assays require 2-3 hours until results are avail-
able. However, WGS generally requires 1-2 days due to the labor-
intensive procedures, such as reverse transcription reactions from
RNA to cDNA, library preparation, purification, and library quantifi-
cation. In addition, facilities and laboratories with limited analyti-
cal equipment and resources cannot perform WGS analysis. Alter-
natively, TagMan assays are useful to distinguish VOCs and their
sublineages quickly and easily in any laboratory with qualitative
PCR facilities. In addition, the TagMan assay costs only a few thou-
sand Japanese yen (JPY) per specimen, whereas WGS costs tens of
thousands of JPY. Therefore, the TagMan assay is considered useful
for rapid screening of other samples.

There are, however, several limitations. TagMan assays do not
always accurately determine the sublineages in some situations.
WGS analysis may be necessary when the characteristic mutations
of newly emerging strains or sublineages remain under investiga-
tion. It should also be noted that if mutations occur at the TagMan
probe or primer locations, the PCR amplification efficiency will be
reduced and the signal will be attenuated, which may make inter-
pretation difficult (Figure 2b).

Our study showed that the TagMan assay can be used to specif-
ically detect Omicron viruses and classify subvariants. By apply-
ing this method to SARS-CoV-2-positive specimens, it is possi-
ble to analyze multiple specimens rapidly. Although accumulated
data are still needed (lketani et al., 2022; Takashita et al., 2022;
Yamasoba et al., 2022; Zhou et al., 2022), BA.1 and BA.2 show dif-
ferent susceptibilities to antibody and antiviral therapy (Takashita
et al., 2022). Rapid classification of Omicron sublineages may be
clinically critical in providing appropriate treatment to patients
with COVID-19.
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