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Abstract 
Introduction: The coronavirus disease 2019 (COVID-19) wave has fluctuated erratically around the globe over the past three years of the 
pandemic, sometimes declining and at other times surging. The cases of infection in India have remained low, despite the continued surge of 
Omicron sub-lineages reported in a few countries. In this study, we determined the presence of the circulating severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) strains in the population of Kangra District, Himachal Pradesh, India.  
Methodology: In vitro diagnostic real-time reverse transcriptase polymerase chain reaction (RT-qPCR) was performed using Tata MD CHECK 
RT-PCR Omisure kit (Tata Medical and Diagnostics Limited, Maharashtra, India), to detect the presence of Omicron in target samples. A total 
of 400 samples were analyzed in this study; 200 each for the second and third waves, respectively. The S gene target failure (SG-TF) and S 
gene mutation amplification (SG-MA) primer-probe sets were used.  
Results: Our results corroborated that during the third wave, SG-MA amplification was noted, while amplification of SG-TF was not, and vice 
versa in the case of the second wave, indicating that all the tested patients were infected with the Omicron variant during the third wave, while 
Omicron was absent during the second wave.  
Conclusions: This study added more information about the prevalence of Omicron variants during the third wave in the chosen area, and it 
projected a use of in vitro RT-qPCR method for rapid prospective determination of the prevalence of the variant of concern (VOC) in developing 
countries with limited sequencing facility. 
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Introduction 

The first SARS-CoV-2 (severe acute respiratory 
syndrome coronavirus-2) infection case was detected in 
Wuhan, China in late 2019. Within two months, the 
viral infection had spread over the world, and in March 
2020 the World Health Organization (WHO) classified 
the illness as a pandemic. A variety of therapy options 
arose over time and were implemented globally to 
combat the novel coronavirus [1-3]. Despite 
vaccination drives worldwide, instances are still being 
recorded globally, and this is because new "Omicron 
sub-lineage" variants are emerging [4].  

The Omicron (B.1.1.529) variant was first reported 
in South Africa in November 2021 [5]. Within a month 
of its emergence, this variant was the most prevalent 
strain around the world. The third wave of the COVID-
19 pandemic across all states in India is being driven by 
the fast-spreading Omicron variant [6]. Genome 

sequencing of SARS-CoV-2 demonstrated that point 
mutations, insertions, and deletions resulted in the 
emergence of variants. Several SARS-CoV-2 variants 
emerged during community transmission, with a few 
exhibiting high transmissibility, disease severity, 
immune invasion, breakthrough infections, and were 
highly lethal. These were classified as variants of 
concern (VOC) by the WHO. To date, a total of five 
VOC, Alpha, Beta, Gamma, Delta, and Omicron, have 
been reported [4]. All VOC caused rapid surge of 
infection worldwide at the time of onset, resulting in 
disease waves. In India, the first wave was primarily 
driven by the Alpha variant, second wave by the Delta 
variant, and third wave by the Omicron variant [7]. 
Omicron contains many variations in the SARS-CoV-2 
genome. More than 60 variations 
(substitutions/deletions/insertions) have been reported 
and a few of them are alarming [8]. Different sub-
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lineages of Omicron variants (BA.1, BA.2, BA.3, BA.4, 
BA.5) have evolved over time, but apart from a few 
specific changes, all share the same changes in spike 
proteins. The spike proteins in BA.4 and BA.5 are 
identical to those in BA.2, apart from L452R, F486V, 
R493Q, and 69-70 deletion [4,9]. Omicron has a much 
higher transmission rate than Delta, and the capability 
to neutralize antibodies gained through vaccination or 
prior infection, resulting in community transmission 
much more quickly than the Delta variant [10]. 

Omicron outperformed Delta during the third wave 
and became the most prevalent strain globally, 
including in India [7,10,11]. A timely detection of the 
prevalent VOC in a region is required in order to 
determine the extent of transmission as well as to 
strengthen public health and social measures, such as 
infection prevention and control (IPC) measures, to 
reduce the risk of disease transmission to other regions 
and for better patient care management [12]. The 
presence of variations in a population can only be 
identified through genomic sequencing [13]. However, 
it is expensive, time-consuming, and requires trained 
personnel. The sequencing of the SARS-CoV-2 
genome has been delayed during the pandemic; all 
isolates cannot be sent for sequencing or sequenced 
during disease waves. However, due to Omicron's high 
transmissibility and based on a few variant-specific 
sequencing data from different locations, it can be 
assumed that Omicron is most likely to be the reason 
for a sudden surge of infection in those states during the 
third wave.  

Mutation-specific polymerase chain reaction (PCR) 
- based techniques can be employed for detection of the 
SARS-CoV-2 strain for experimental confirmation in 
this case. These techniques are affordable and enable 
rapid high-throughput screening of SARS-CoV-2-
positive samples [14]. Therefore, in the present study, 
SARS-CoV-2 positive samples from the Kangra 
District of Himachal Pradesh, India, were subjected to 
an in-vitro real time reverse-transcriptase polymerase 
chain reaction (RT-qPCR) analysis during the third 
wave to add more information about the prevalence of 
Omicron without the use of the genome sequencing 
technique. 

 
Methodology 
Study population and ethical clearance 

Swab samples of patients were collected for routine 
COVID-19 testing at Palampur, Kangra district, 
Himachal Pradesh, India. Swab samples were collected 
in Viral Transport Media (VTM) (TRIVITRON 
Healthcare System, Chennai, India) at collection 

centers and transported to the COVID-19 Testing 
Facility, CSIR-Institute of Himalayan Bioresource 
Technology. A total of 400 swabs that were positive for 
SARS-CoV-2 (200 each from second and third waves) 
were included in the study. This included infected 
patients' swab samples from the second wave (n = 200) 
that were tested for SARS-CoV-2 infection between 1 
June 2021 and 31 August 2021, and samples from the 
third wave (n = 200) that were collected between 1 July 
2022 and 31 August 2022.  

The collection of human swab samples was 
approved by the institute ethical committee of the 
CSIR-Institute of Himalayan Bioresource and 
Technology, Palampur, India. The Indian Council of 
Medical Research and the Indian Government's Ethical 
Guidelines for Biomedical Research on Human 
Subjects were followed in all the experiments. All 
required safety protocols were followed and all 
experiments were performed in B2 cabinet Esco 
Labculture® Class II Type B2 biosafety cabinet (ESCO 
Life Sciences, Singapore) in BSL-2+ facility. 

 
Isolation of RNA 

RNA was isolated from the samples using a 
column-based nucleic acid isolation kit (TRIVITRON 
Healthcare System, Chennai, India) according to the 
manufacturer's protocol. Briefly, the VTM-swabs were 
vortexed for a moment, and 200 µL of sample were 
added to 500 µL of lysis buffer (provided with the kit) 
and gently vortexed again and incubated for 15 minutes 
at room temperature. Then, 600 µL of absolute ethanol 
was added to the lysis-sample mixture and vortexed for 
30 seconds. A total of 650 µL of solution was loaded 
into the spin column and centrifuged at 12000 rpm for 
1 minute. The spin column capturing nucleic acid was 
washed with Wash 1 and Wash 2 buffers (supplied with 
the kit), and then dried. Elution buffer was added to the 
spin column and RNA was collected in Eppendorf tubes 
(Genaxy Scientific Pvt Ltd, Solan, India). 

 
Reverse transcriptase-real time-polymerase chain 
reaction (RT-qPCR) 

Reactions were carried out using a commercial MD 
CHECK RT-PCR Omisure (Tata Medical and 
Diagnostics Limited, Maharashtra, India), which 
contains both reverse transcription and DNA-
polymerase enzyme activities. All reactions were 
carried out in 96-well plates in a CFX-96 Real-Time 
System (BioRad, Hercules, USA) and each plate 
included RNA samples as positive controls, and a non-
template (negative control). Each 17 µL reaction 
consisted of 12.5 µL of 2X Master mix, 1.25 µL of 
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primer probe mix [spike gene-target failure (S-Gene 
TF) 5′-FAM, spike gene-mutation amplification (S-
Gene MA) 5′- HEX, RdRp- CY5 (positive control), and 
internal control (RNase P)-Texas Red] and 3.25 µL of 
water as needed; 8 µL of isolated RNA was added in 
the final reaction mix. The cycling profile PCR was 
performed on an automated system that involved 
reverse transcription at 50 °C for 15 min, initial 
activation at 95 °C for 2 min, followed by 40 cycles of 
95 °C for 15 sec and 58 °C for 30 sec. AT combined 
annealing-extension steps fluorescence was measured, 
and the data were analyzed using the Bio-Rad CFX 
Maestro program (supplied with the thermocycler) 
[BiORAD, Hercules, USA]. The results were analyzed 
and interpreted in accordance with the manufacturer's 
guidelines (Table 1) 

 
Results 

During the third wave of COVID-19 in India, there 
was a sudden surge of SARS-CoV-2 infections. We 
analyzed the presence of Omicron in the region through 
in vitro diagnostic real-time RT-PCR. A total of 200 
clinically diagnosed COVID-19 samples from the third 
wave were included in this study. The 
sociodemographic data of the patients included in this 
study are given in Table 2. A total 121 males and 79 
females, across all age groups, were included. In vitro 
diagnostic RT-qPCR results showed that no signal of 
SG-TF (S gene drop out or target failure) was detected 
in the third wave samples. The SG-MA (S gene 
mutation amplification) signal, on the other hand, was 
detected in all cases, with mean CT values of 25.3, 

indicating the presence of Omicron in the target 
samples. The signals of RNase P and RdRp (RNA-
dependent RNA polymerase) genes were detected in all 
tested samples, which showed that the clinical samples 
were valid and positive for SARS-CoV-2 agonist. The 
mean CT value for RdRp and RNase P were 24.5 and 
28.0, respectively (Figure 1A, B). 

Overall, our finding confirmed that Omicron was 
detected in all 200 samples, which showed the 
prevalence of the dominant Omicron variant in India 
during the third wave (Figure 1C). Omicron mutations, 
which indicate the presence of the Omicron variant in a 
specific tested sample, can be detected using S-Gene 
mutation amplification (SG-MA). RdRp signal allowed 
the detection of SARS-CoV-2 virus in a sample 
regardless of variants. The RNase P signal indicated the 
presence of human swabs in clinical specimen.  

During the second wave, the Delta and Delta+ 
variants were the dominant strains in India. A total of 
200 clinically diagnosed COVID-19 samples from the 
second wave were included for a comparative study. A 
total of 121 males and 79 females, across all age groups, 
were included in this study. The results showed that the 
SG-TF signal was detected in all the second wave 
samples. The mean CT value for SG-TF was 25.0. In 
contrast, no SG-MA signal was reported, indicating that 
the Omicron was not present during the second wave. 
The signals of RNase P and RdRp genes were detected 
in all tested samples with mean CT values of 24.0 and 
29.0, which showed that the clinical samples were valid 
and positive for SARS-CoV-2 agonist of variants 
(Figure 2).  

Table 1. Amplification signal for the three targets SARS-CoV-2 genes, demonstrating the presence of omicron in clinically diagnosed samples. 
S-gene TF S-gene MA RdRp RNase P Interpretation of results 

(-) (+) (+/-) (+/-) Omicron present; SARS-CoV-2 detected 
(+) (-) (+/-) (+/-) Omicron absent; SARS-CoV-2 detected 
(+) (+) (+) (+/-) Omicron present; SARS-CoV-2 detected 

 

Table 2. Sociodemographic characteristics of the patients included from the period of 3rd and 2nd disease waves. 

Characteristics Percentage of SARS-CoV-2 infected patients (COVID-19) 
3rd wave 2nd wave 

Number of patients included (n) 200 200 
Gender   
Male 121 (60.50%) 121 (60.50%) 
Female 79 (39.50%) 79.0 (39. 5%) 
Age   
0 month to 17 years 36 (18.00%) 29 (14.50%) 
18 to 35 years 65 (32.50%) 61 (30.50%) 
36 to 53 years 56 (28.00%) 58 (29.00%) 
54 to 71 years 34 (17.3%) 41 (20.50%) 
72- 89 years 9.0 (4.50%) 11 (5. 50%) 
Occupation   
Business/Farming/Professional 149 (74.5%) 157 (78.5) % 
Others 51 (25. 5) % 43 (21.5) % 
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The comparative sociodemographic data of the 
patients included in the second and third waves clearly 
indicated that the age group 18-53 years was most 
affected, accounting for 60.94% of the samples during 
the third wave and 59.33% of the samples during the 
second wave. When analysing the incidence rate for the 
age group 0-17 years, an interesting observation was 
made during the third wave. The 0 to 17-year-old age 
groups were comparatively more affected, accounting 
for 17.36% of the total samples for the third wave, 
compared to 14.52 % for the second wave (Table 2).  

 
Discussion 

The WHO categorizes the VOC of SARS-CoV-2 
based on transmission, hospitalisation, and mortality. 
Among all the reported VOC, the Omicron (B.1.1.529) 
variant was the most transmissible, contributing to new 

COVID-19 waves in many countries [15]. Sub-lineages 
of Omicron have evolved and spread rapidly over the 
last six months. The infections caused by the Omicron 
sub-lineage is still causing widespread panic due to 
breakthrough infections and COVID-19 waves [16,17]. 
The most effective way of keeping track of SARS-CoV-
2 variations during a pandemic is whole genome 
sequencing (WGS). However, limited sequencing 
facilities make it challenging to use WGS to track every 
infection during a pandemic. In vitro RT-qPCR offers a 
high throughput method for rapid surveillance of VOC, 
allowing for better management of infection control and 
prompt treatment. In this study, we describe the use of 
in vitro diagnostic RT-qPCR for the rapid identification 
of Omicron, a highly infectious VOC of SARS-CoV-2. 

Genome sequencing of the Omicron variant shows 
numerous mutations, including deletions and 

Figure 1. The SG-TF (S gene drop out or target failure), SG-MA 
(S gene mutation amplification), RdRp (RNA-dependent RNA 
polymerase), and RNaseP (Ribonuclease P) amplification 
signals from the samples of the third wave. 

A: Amplification signals (Ct values) of SG-TF and SG-MA, which 
showed that the signal of SG-TF was not detected, while amplification 
of SG-MA was observed. B: RdRp amplification signal demonstrating 
the infection agonist of VOCs. RNase P amplification as an internal 
control, which shows valid sampling. (C) Prevalence of Omicron in 
tested samples; all samples tested positive for Omicron variant during 
the third wave. Ct values ≤ 32 was taken for demonstrations, signal 
considered negative for the value ≥ 36. 

Figure 2. Amplification signals of samples of the 2nd wave. 

A: Amplification signals (Ct values) of SG-TF (S gene drop out or target 
failure) and SG-MA (S gene mutation amplification), which showed that 
the signal of SG-TF was recorded in each tested samples, while 
amplification of SG-MA was not detected. B: RdRp (RNA-dependent 
RNA polymerase) amplification signal demonstrating the infection 
agonist of VOCs. RNase P amplification as an internal control, which 
shows valid sampling. C: Prevalence of non-Omicron in tested samples; 
all samples tested negative for the Omicron variant during 2nd wave. Ct 
values ≤ 32 was taken for demonstrations, signal considered negative for 
the value ≥ 36. 



Kumar et al. – Surveillance of omicron variants      J Infect Dev Ctries 2023; 17(4):448-453. 

452 

substitutions. These variants can be recognised by the 
proxy marker of S-gene target failure due to the deletion 
in spike, and a specific mutation that enables the 
identification of the definite signal for a particular VOC 
[18-22]. Biomarker S gene target failure in SARS-CoV-
2 testing was used in several studies to distinguish the 
VOC from non-VOC [18,19]. The two targets method 
offer a better sensitivity for the detection of VOC in a 
population. A specific region of the S gene drop-out or 
target failure (SG-TF) is absent in Omicron (including 
its sub-lineages BA.1 and BA.2) and our results showed 
a negative signal in the FAM channel, indicating 
Omicron. In contrast, this region is present in all other 
variants, such as Alpha, Beta, Gamma, or Delta, and 
resulted in a positive signal in the FAM channel with 
the 2nd wave human swab samples. Our findings are 
consistent with the study of Bal et al. They used the 
TaqPath RT-PCR COVID-19 kit (Thermo Fisher, 
Massachusetts, US) which has three target probes, 
including SG-TF, to determine the transmissibility of a 
deletion mutant (H69/V70) [18]. In order to explore the 
trend of VOC frequency over time, Volz et al. 
employed SG-TF data to distinguish between VOC and 
non-VOC [19]. Similarly, a specific spike gene 
mutation was also included in various studies to 
determine the presence of VOC in a target population 
[20-22]. Our study corroborated that the Omicron was 
the prevalent strain during the third wave, as shown by 
the signal unique to an S-gene mutation during the third 
wave and an undetectable signal during the second 
wave. Overall, this study clearly showed that the 
Omicron variant was the cause of the third wave, and 
all tested cases were found to be infected with Omicron. 
Omicron cases were not detected during the 2nd wave. 
The comparative second and third wave study clearly 
demonstrate that the current strategy can be employed 
to rapidly determine the prevalence of Omicron in the 
target community.  

However, the current study also has some 
limitations. This strategy cannot differentiate the 
different sub-lineages of Omicron that have evolved 
over time globally.  

Sociodemographic data collected during the period 
of study clearly indicated that the younger age groups 
were comparatively highly affected during the third 
wave. The data, however, can be validated further by 
employing a larger sample size and considering 
different age groups. 

 
Conclusions 

It is difficult to sequence all infected samples during 
COVID-19 waves. According to the findings of this 

study, in vitro diagnostic RT-qPCR can quickly 
determine the prevalence of VOC. The SG-TF and SG-
MF signals were used to distinguish Omicron from 
other VOC using in vitro diagnostic RT-qPCR. Our 
results clearly demonstrated that the Omicron strain 
was the prevalent strain during the third wave. This 
diagnostic method enables rapid retrospective and 
prospective assessments of Omicron prevalence, even 
in nations with subpar sequencing infrastructure. This 
study demonstrated that in vitro real time PCR detection 
of VOC offers rapid results at or near the time of 
diagnosis assisting in better patient care. This study also 
highlights the use or development of in vitro diagnostic 
RT-qPCR methods to detect the presence of prevalent 
VOC for countries having limited sequence facility.  

 
 
Acknowledgements 
The authors dully acknowledge CSIR, New Delhi and 
Department of Biotechnology, India for providing financial 
assistance for the COVID-19 testing facility [OLP0043]. The 
authors would like to express their heartfelt gratitude to all 
COVID warriors around the world for their unwavering 
support in the fight against this deadly bug. 
 
Funding 
The authors dully acknowledge CSIR, New Delhi and 
Department of Biotechnology, India for providing financial 
assistance for the COVID-19 testing facility [OLP0043]. 
 
Authors’ Contributions 
SuK, SH and ST: performed the experiments, Ark: designed 
and performed the experiment, and wrote the manuscript, SK: 
devised the project, scientific suggestions, and conceived this 
study. 
 
 
References 
1. Cascella M, Rajnik M, Aleem A, Dulebohn SC, Di Napoli R 

(2022) Features, evaluation, and treatment of coronavirus 
(COVID-19). In StatPearls [Internet]. Treasure Island (FL). 
StatPearls Publishing. Available: 
https://www.ncbi.nlm.nih.gov/books/NBK554776/. Accessed: 
30 June 2022.  

2. Kumar A, Sharma A, Tirpude NV, Thakur S, Kumar S (2023) 
Combating the progression of novel coronavirus SARS-CoV-
2 infectious disease: current state and future prospects in 
molecular diagnostic and drug discovery. Curr Mol Med 23: 
127-146.  

3. Kumar A, Sharma A, Tirpude NV, Sharma S, Padwad YS, 
Kumar S (2022) Pharmaco-immunomodulatory interventions 
for averting cytokine storm-linked disease severity in SARS-
CoV-2 infection. Inflammopharmacology 30: 23-49.  

4. Kumar A, Sharma A, Tirpude NV, Padwad Y, Sharma S, 
Kumar S (2022) Perspective chapter: emerging SARS-CoV-2 
variants of concern (VOCs) and their impact on transmission 
rate, disease severity and breakthrough infections. In: 



Kumar et al. – Surveillance of omicron variants      J Infect Dev Ctries 2023; 17(4):448-453. 

453 

Rodriguez-Morales AJ, editor. Current topics in SARS-CoV-
2/COVID-19. IntechOpen Publisher, London 7: 1-21. 

5. World Health Organization (2021) Classification of Omicron 
(B.1.1.529): SARS-CoV-2 variant of concern. Available: 
https://www.who.int/news/item/26-11-2021-classification-of-
omicron-(b.1.1.529)-sars-cov-2-variant-of-concern.Accessed: 
3 December 2021. 

6. Hindustan Times (2021) India's first Omicron cases detected in 
Karnataka. Available: https://www.hindustantimes.com/india-
news/indias-first-Omicron-cases-detected-in-karnataka-
101638445884205.html. Accessed: 21 October 2022.  

7. Ranjan R (2022) Omicron Impact in India: analysis of the 
ongoing COVID-19 third wave based on global data. medRxiv. 
https://www.medrxiv.org/content/10.1101/2022.01.09.222689
69v2. Accessed: 22 October 2022. 

8. He X, Hong W, Pan X, Lu G, Wei X (2021) SARS-CoV-2 
Omicron variant: characteristics and prevention. Med Comm 
2: 838-845. 

9. Tegally H, Moir M, Everatt J, Giovanetti M, Scheepers C, 
Wilkinson E, Subramoney K, Makatini Z, Moyo S, Amoako 
DG, Baxter C, Althaus CL, Anyaneji UJ, Kekana D, Viana R, 
Giandhari J, Lessells RJ, Maponga T, Maruapula D, Choga W, 
Matshaba M, Mbulawa MB, Msomi N; NGS-SA consortium, 
Naidoo Y, Pillay S, Sanko TJ, San JE, Scott L, Singh L, Magini 
NA, Smith-Lawrence P, Stevens W, Dor G, Tshiabuila D, 
Wolter N, Preiser W, Treurnicht FK, Venter M, Chiloane G, 
McIntyre C, O'Toole A, Ruis C, Peacock TP, Roemer C, 
Kosakovsky Pond SL, Williamson C, Pybus OG, Bhiman JN, 
Glass A, Martin DP, Jackson B, Rambaut A, Laguda-Akingba 
O, Gaseitsiwe S, von Gottberg A, de Oliveira T (2022) 
Emergence of SARS-CoV-2 Omicron lineages BA.4 and BA.5 
in South Africa. Nat Med 28: 1785–1790.  

10. Shervani Z, Bhardwaj D, Hasan S, Qazi UY, Purang M, 
Ibbrahim A, Vuyyuru VPSR, Siddiquie A, Sherwani A, Khan 
AA, Fatma K, Siddiqui S, Jamal N, Khan S (2022) The 
Omicron wave in India, Mumbai, and Delhi: prevalence and 
pathogenicity. European Journal of Medical and Health 
Sciences 4: 123–130.  

11. Chavda VP, Bezbaruah R, Deka K, Nongrang L, Kalita T 
(2022) The Delta and Omicron variants of SARS-CoV-2: what 
we know so far. Vaccines 10: 1926.  

12. Colijn C, Earn DJ, Dushoff J, Ogden NH, Li M, Knox N, Van 
Domselaar G, Franklin K, Jolly G, Otto SP (2022) The need 
for linked genomic surveillance of SARS-CoV-2. Can 
Commun Dis Rep 48: 131-139.  

13. Nasereddin A, Golan Berman H, Wolf DG, Oiknine-Djian E, 
Adar S (2022) Identification of SARS-CoV-2 variants of 
concern using amplicon next-generation sequencing. 
Microbiol Spectr 10: e0073622.  

14. Wang H, Jean S, Eltringham R, Madison J, Snyder P, Tu H, 
Jones DM, Leber AL (2021) Mutation-specific SARS-CoV-2 
PCR screen: rapid and accurate detection of variants of concern 
and the identification of a newly emerging variant with spike 
L452R mutation. J Clin Microbiol 59: e0092621.  

15. World Health Organization (2022) One year since the 
emergence of COVID-19 virus variant Omicron. Available: 
https://www.who.int/news/item/27-10-2022-tag-ve-statement-
on-Omicron-sublineages-bq.1-and-xbb. Accessed: 27 October 
2022. 

16. Parums DV (2022) Editorial: World Health Organization 
(WHO) variants of concern lineages under monitoring (VOC-
LUM) in response to the global spread of lineages and 
sublineages of Omicron, or B.1.1.529, SARS-CoV-2. Med Sci 
Monit 28: e937676. 

17. Xia S, Wang L, Zhu Y, Lu L, Jiang S (2022) Origin, virological 
features, immune evasion and intervention of SARS-CoV-2 
Omicron sublineages. Signal Transduct Target Ther 197: 241.  

18. Bal A, Destras G, Gaymard A, Stefic K, Marlet J, Eymieux S, 
Regue H, Semanas Q, d'Aubarede C, Billaud G, Laurent F, 
Gonzalez C, Mekki Y, Valette M, Bouscambert M, Gaudy-
Graffin C, Lina B, Morfin F, Josset L; COVID-Diagnosis HCL 
Study Group (2021) Two-step strategy for the identification of 
SARS-CoV-2 variant of concern 202012/01 and other variants 
with spike deletion H69-V70, France, August to December 
2020. Euro Surveill 26: 2100008.  

19. Volz E, Mishra S, Chand M, Barrett JC, Johnson R, Geidelberg 
L, Hinsley WR, Laydon DJ, Dabrera G, O'Toole Á, Amato R, 
Ragonnet-Cronin M, Harrison I, Jackson B, Ariani CV, Boyd 
O, Loman NJ, McCrone JT, Gonçalves S, Jorgensen D, Myers 
R, Hill V, Jackson DK, Gaythorpe K, Groves N, Sillitoe J, 
Kwiatkowski DP; COVID-19 Genomics UK (COG-UK) 
consortium, Flaxman S, Ratmann O, Bhatt S, Hopkins S, 
Gandy A, Rambaut A, Ferguson NM (2021) Assessing 
transmissibility of SARS-CoV-2 lineage B.1.1.7 in England. 
Nature 593: 266-269.  

20. Borillo GA, Kagan RM and Marlowe EM (2022) Rapid and 
accurate identification of SARS-CoV-2 variants using real time 
PCR assays. Front Cell Infect Microbiol 12: 894613.  

21. Wang H, Miller JA, Verghese M, Sibai M, Solis D, Mfuh KO, 
Jiang B, Iwai N, Mar M, Huang C, Yamamoto F, Sahoo MK, 
Zehnder J, Pinsky BA (2021) Multiplex SARS-CoV-2 
genotyping reverse transcriptase PCR for population-level 
variant screening and epidemiologic surveillance. J Clin 
Microbiol 59: e0085921.  

22. Lind A, Barlinn R, Landaas ET, Andresen LL, Jakobsen K, 
Fladeby C, Nilsen M, Bjørnstad PM, Sundaram AYM, 
Ribarska T, Müller F, Gilfillan GD, Holberg-Petersen M 
(2021) Rapid SARS-CoV-2 variant monitoring using PCR 
confirmed by whole genome sequencing in a high-volume 
diagnostic laboratory. J Clin Virol 141: 104906.  

 
Corresponding author 
Arbind Kumar, PhD. 
COVID-19 Testing facility, CSIR-Institute of Himalayan 
Bioresource Technology (IHBT),  
Palampur, India.  
Tel: +91 9417235692 
Email: arbind.tripathi01@gmail.com 
  
Sanjay Kumar, PhD. 
CSIR-Institute of Himalayan Bioresource Technology (IHBT),  
Palampur, India.  
Tel: +91-1894-230411 
Fax: +91-1894-230433 
Email: sanjaykumar@ihbt.res.in 
 
Conflict of interests: No conflict of interests is declared. 

 


	Introduction
	Methodology
	Study population and ethical clearance
	Isolation of RNA
	Reverse transcriptase-real time-polymerase chain reaction (RT-qPCR)

	Results
	Discussion
	Conclusions
	Acknowledgements
	Funding
	Authors’ Contributions
	References
	Corresponding author


