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Since late 2020, the World Health Organization
(WHO) has classified the emergence of SARS-CoV-2
variants that have the potential to increase the risk to
global public health as variants of concern (VOCs)
and variants of interest (VOIs). Some VOCs, such as
Alpha, Delta, and Omicron variants, rapidly spread
across the entire globe and contributed to the
COVID-19 pandemic (1). SARS-CoV-2 genetic surveil-
lance is essential to track SARS-CoV-2 variants and pro-
tect against the spread of high-risk variants, including
VOCs and VOIs.

Specimens from COVID-19 patients were used to
determine the viral whole-genome sequences (30 kilo-
bases) using a next-generation sequencer (NGS) (2).
Therefore, high-income countries should continue to
track the evolution of SARS-CoV-2 using NGS data.
However, NGS analysis requires expensive equipment
and bioinformatics skills. Additionally, this process takes
a few days to identify viral whole-genome sequences.
Some SARS-CoV-2 mutations lead to higher mortality
rates and increased disease severity of COVID-19 (3).
Screening tests can detect SARS-CoV-2 mutations with-
in a day, thereby helping us decide the appropriate treat-
ment for individual COVID-19 patients.

Several screening assays for detecting SARS-CoV-2
mutations have been reported (4, 5), among which not
every assay can identify the variants in specimens con-
taining low-copy viruses. The reverse transcription
(RT)-polymerase chain reaction (PCR) method is wide-
ly adopted to identify SARS-CoV-2 variants because of
its high sensitivity and detection specificity. The WHO
declared that PCR-based approaches, combined with
whole-genome sequencing, provide several advantages:
PCR is readily available and less resource-intensive;
PCR provides information rapidly; and a single PCR as-
say is performed on many samples (6). The TaqMan
probe assay is the gold-standard PCR method for detect-
ing single-nucleotide polymorphisms and many
TaqMan probe kits for SARS-CoV-2 mutations are

commercially available (7). The TaqPath COVID-19
assay kit (Thermo Fisher Scientific), one of the most
popular TaqMan probe kits, supplies various probes
and primer sets for SARS-CoV-2 mutations. These
kits determine SARS-CoV-2 variants in clinical samples
based on mutational spectra. Thus, multiplex PCR amp-
lifies and detects various SARS-CoV-2 mutations, allow-
ing the development of a high-throughput screening for
each variant. Additionally, multicolor fluorometric
probes lead to the development of multiplex PCR and
improve assays’ throughput. Realistically, up to 4-color
multiplex PCR based on the TaqMan probe assay can
be performed using a real-time PCR instrument. It is,
hence, difficult to detect over 5 SARS-CoV-2 mutations
simultaneously.

In this issue of Clinical Chemistry, Clark et al. (8)
describe a study to validate an 8-plex fragment analysis
assay, namely CoVarScan. This assay analyzes
fluorescent-labeled RT-PCR amplicons by capillary
electrophoresis and detects 8 mutational regions: 3 re-
currently deleted regions (RDR: RDR1, RDR2, and
RDR3-4), 3 receptor-binding domain mutations
(N501Y, E484K, and L452R), and 2 open reading
frames (ORF: ORF1A and ORF8). This assay also can
identify at least 8 variants, such as Alpha, Beta,
Gamma, Delta, Lambda, Mu, Iota, and Omicron, based
on these mutational spectra. This 8-plex assay exhibited
95% sensitivity and 98% specificity compared to whole-
genome sequencing. Variants were identified in 95% of
samples with threshold cycle (CT) values ,30, 75% of
them with CT values from 34 to 35. These results
suggest that this assay provides rapid, cost-effective,
high-throughput screening with enough sensitivity and
specificity to identify SARS-CoV-2 variants in clinical
samples, indicating that CoVarScan is a powerful tool
for identifying various VOCs and VOIs.

Multiplex PCR assays are affected by many factors
such as PCR conditions, primer pair specificity, and
PCR buffer composition. Optimization of these factors
and method validation is essential for developing multi-
plex PCR assays. Clark et al. optimized various multi-
plex PCR factors and validated them for clinical use
on 3238 respiratory specimens. Thus, the development
of multiplex PCR requires substantial time and effort.
Our group and others developed assays to detect
SARS-CoV-2 mutations based on high-resolution
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melting (HRM) analysis, a post-PCR technique for
genotyping based on the melting behavior of amplicons
(9–12). Our HRM-based assay can detect 2
SARS-CoV-2 mutations using single-plex PCR. The de-
velopment of the HRM-based assay requires little time
since we designed only primer sets without specific
probes. This simple assay distinguished not only Delta
and Omicron variants (13) but also Omicron subli-
neages BA.1 and BA.2 (14). However, our
HRM-based assay needs 2-step nested PCR to improve
the detection limit. Additional work is required to make
our assay more valuable as a one-step PCR assay.

What is the best way to adopt the screening tests to
identify SARS-CoV-2 variants? Clark et al. developed
one of the ultimate screening tests, CoVarScan, which
can identify almost all VOCs and VOIs using a single
assay. Interestingly, the assay uses a traditional capillary
sequencer, ABI 3730XL (Thermo Fisher Scientific), for
capillary electrophoresis, indicating that the convention-
al sequencer helps the next-generation sequencer rapidly
diagnose SARS-CoV-2 variants. Additionally,
CoVarScan can be a universal method since capillary se-
quencers, such as ABI 3730XL, have been widely used
for Sanger sequencing in various clinical cases. We pro-
pose a 3-step model of screening tests combined with
different assays to detect SARS-CoV-2 variants. First,
quick-build and straightforward tests, such as the
HRM assay, pick up the emergent variants. Second,
the gold-standard TaqMan assay identifies the main-
stream variants. Third, the multiplex assay, such as
CoVarScan, classifies almost all variants simultaneously.
It is hoped that combinations of these PCR-based meth-
ods will detect the newly emerging SARS-CoV-2 var-
iants. Moreover, some new PCR instruments have
been developed and these have helped to save human re-
sources and reduce the time needed for PCR amplifica-
tion. Based on these technologies, a quicker and more
cost-effective screening test should be developed using
CoVarScan and other PCR methods.

Nonstandard Abbreviations: VOC, variant of concern; VOI, variant
of interest; HRM, high-resolution melting.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 4 require-
ments: (a) significant contributions to the conception and design, acquisi-
tion of data, or analysis and interpretation of data; (b) drafting or revising

the article for intellectual content; (c) final approval of the published art-
icle; and (d) agreement to be accountable for all aspects of the article thus
ensuring that questions related to the accuracy or integrity of any part of the
article are appropriately investigated and resolved.

Authors’ Disclosures or Potential Conflicts of Interest: No authors
declared any potential conflicts of interest.

References

1. Magazine N, Zhang T, Wu Y, McGee MC, Veggiani G, Huang W.
Mutations and evolution of the SARS-CoV-2 spike protein.
Viruses 2022;14:640.

2. Harilal D, Ramaswamy S, Loney T, Suwaidi HA, Khansaheb H,
Alkhaja A, et al. SARS-CoV-2 whole genome amplification and se-
quencing for effective population-based surveillance and control
of viral transmission. Clin Chem 2020;66:1450–8.

3. Mendiola-Pastrana IR, Lopez-Ortiz E, de la Loza-Zamora JG R,
Gonzalez J, Gomez-Garcia A, Lopez-Ortiz G. SARS-CoV-2 variants
and clinical outcomes: a systematic review. Life (Basel) 2022;12:170.

4. Zhang T, Zhao W, Zhao W, Si Y, Chen N, Chen X, et al. Universally
stable and precise CRISPR-LAMP detection platform for precise
multiple respiratory tract virus diagnosis including mutant
SARS-CoV-2 spike N501Y. Anal Chem 2021;93:16184–93.

5. Jian MJ, Chung HY, Chang CK, Lin JC, Yeh KM, Chen CW, et al.
SARS-CoV-2 variants with T135I nucleocapsidmutationsmay affect
antigen test performance. Int J Infect Dis 2022;114:112–4.

6. World Health Organization. Guidance for surveillance of
SARS-CoV-2 variants: interim guidance, 9 August 2021. https://
apps.who.int/iris/handle/10665/343775 (Accessed April 2022).

7. Migueres M, Lhomme S, Tremeaux P, Dimeglio C, Ranger N,
Latour J, et al. Evaluation of two RT-PCR screening assays for iden-
tifying SARS-CoV-2 variants. J Clin Virol 2021;143:104969.

8. Clark A, Wang Z, Ostman E, Zheng H, Yao H, Cantarel B, et al.
Multiplex fragment analysis for flexible detection of all
SARS-CoV-2 variants of concern. Clin Chem 2022;68:1042–52.

9. Miyoshi H, Ichinohe R, Koshikawa T. High-resolution melting ana-
lysis after nested PCR for the detection of SARS-CoV-2 spike pro-
tein G339D and D796Y variations. Biochem Biophys Res Commun
2022;606:128–34.

10. Aoki A,Mori Y, Okamoto Y, JinnoH. Development of a genotyping
platform for SARS-CoV-2 variants using high-resolution melting
analysis. J Infect Chemother 2021;27:1336–41.

11. Aoki A, Adachi H, Mori Y, Ito M, Sato K, Okuda K, et al. A rapid
screening assay for L452R and T478K spike mutations in
SARS-CoV-2 Delta variant using high-resolution melting analysis.
J Toxicol Sci 2021;46:471–6.

12. Ferreira B, da Silva-Gomes NL, Coelho W, da Costa VD, Carneiro
VCS, Kader RL, et al. Validation of a novel molecular assay to the
diagnostic of COVID-19 based on real time PCR with high reso-
lution melting. PLoS One 2021;16:e0260087.

13. Aoki A, Mori Y, Okamoto Y, Jinno H. Simultaneous screening of
SARS-CoV-2 Omicron and Delta variants using high-resolution
melting analysis. Biol Pharm Bull 2022;45:394–6.

14. Aoki A, Adachi H, Mori Y, Ito M, Sato K, Okuda K, et al.
Discrimination of SARS-CoV-2 Omicron sub-lineages BA.1 and
BA.2 using a high-resolution melting-based assay: a pilot study.
Preprint at https://www.biorxiv.org/content/10.1101/2022.04.11.
487970v1.abstract (2022).

Editorial

Clinical Chemistry 68:8 (2022) 1001

https://apps.who.int/iris/handle/10665/343775
https://apps.who.int/iris/handle/10665/343775
https://www.biorxiv.org/content/10.1101/2022.04.11.487970v1.abstract
https://www.biorxiv.org/content/10.1101/2022.04.11.487970v1.abstract

	Nonstandard Abbreviations
	References

