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Abstract
The coronavirus infectious disease (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
viruses. The pandemic has emerged as a global public health crisis, and the threat of fast-spreading of the latest variants of the 
coronavirus (such as omicron, delta) is rampant. Therefore, a fast and reliable diagnostic assay is needed to make the clinical 
decision for further treatment. The study aims to develop a Centers for Disease and Prevention (CDC)–modified qualitative 
real-time reverse transcriptase PCR (RT-qPCR) assay and parallel assessment of commercially available RT-qPCR assay 
(Altona, Seegene, BD, and GBC) to detect SARS-CoV-2. Two hundred nine samples were chosen randomly out of around 
two hundred thousand samples. The panel consisted of SARS-CoV-2-positive (n = 156) and SARS-CoV-2-negative (n = 52) 
nasopharyngeal swab specimens for a primary clinical evaluation. Furthermore, 29 positive samples were sequenced using 
Oxford Nanopore Minion technology. Two hundred nine patient sample data of the cycle threshold (Ct) readings for target 
genes of five assays are 100% sensitive for Ct values. Mean Ct values for N1, N2, RdRp, S, and E of the positive controls in 
CDC assay,  RealStar®, Allplex, GBC, and SD Biosensor were 17.5 ± 0.49, 16.9 ± 0.51, 20 ± 0.49, 21.7 ± 0.38, and 23.1 ± 0.43, 
respectively. F test value shows ≥ 1, which was statistically significant. All assays showed an efficiency of < 120% and R 
squares were < 0.99, which is well above the required threshold value. Thus, when taking the CDC-modified assay as a gold 
standard, the other four assays demonstrated a p value of 0.0000, concordance at 100%, and a Kappa at 1.000. A maximum-
likelihood (ML) tree was constructed and compared based on full-length SARS-CoV-2 with Wuhan isolate. These isolates 
are closely related to the B.1.617 lineage and reference sequences. Therefore, we conclude that all RT-PCR kits assessed in 
this study shall be used for routine diagnostics of COVID-19 in patients.
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Introduction

The highly pathogenic and virulent lineage B-betacoronavirus(B-
ßCoV) is responsible for viral pneumonia (Huang et al. 2020). 
Later, it was officially named coronavirus disease 2019 (COVID-
19) by the World Health Organization (WHO 2020a). The 
virus causes severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2). It is an enveloped virus with a non-segmented 
positive-sense RNA genome size of ~ 29 kb belonging to the  
family Coronaviridae, and the order Nidovirales was first isolated 
in Wuhan (Knipe and Howley 2013; Zhu et al. 2020a, b; de Groot 
et al. 2011; Fehr and Perlman 2015), China, in December 2019. 
It has become a quickly evolving virus and resulted in delta and 
omicron variants with the ongoing pandemic (Wu et al. 2020). 
As we all know, the first SARS-CoV-2 patient in India is reported 
from Kerala (Andrews et al. 2020). The B.1.617.1 and B.1.617.2 
variants of the concern, first identified in India, have been  
named “kappa” and “delta,” respectively (Vaidyanathan 2021). 
However, some asymptomatic COVID-positive individuals 
could act as carriers of the infection (Lai et al. 2020). One of 
the main challenges in containing SARS-CoV-2 is diagnosing 
many infected individuals within a population. The majority  
of the asymptomatic cases may remain undetected due to the 
limited resources for diagnosis. The outbreak was followed by the  
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characterization of the SARS-CoV-2 whole viral genome, which 
allowed the development of molecular diagnostic assays. The 
implementation of in-house molecular diagnostics nationwide 
was previously slower than the emergence of the pandemic. 
However, two beta coronaviruses causing severe acute respiratory 
syndrome (SARS) and the Middle East respiratory syndrome 
(MERS) were responsible for widespread epidemics, with a case  
fatality rate of 10% for SARS (Cheng et al. 2007) and 35% for 
MERS-CoV (Chan et al. 2015; Zhou et al. 2020; Zhu et al. 2020a, 
b). The WHO recommended the RT-qPCR diagnostic panel to 
detect the 2019 novel coronavirus (WHO 2020b). Laboratories 
are conducting a diagnosis of COVID-19, and a non-invasive 
diagnosis involves the detection of viral RNA. Real-time reverse 
transcription (RT-qPCR) is employed to diagnose COVID-19 
by detecting the presence of viral RNA in a clinical specimen 
obtained through oropharyngeal swab (OS) and nasopharyngeal 
swab (NS). The comparative analysis focused on the results of 
serology-based testing such as enzyme-linked immunoassay 
(ELISA) and nucleic-acid-based molecular testing has shown that 
PCR has better sensitivity and specificity (La Marca et al. 2020).

RT-qPCR kits have been approved to test SARS-CoV-2 in 
India under Emergency-Use-Authorization (EUA) by the CDC. 
SARS-CoV-2 qualitative rRT-PCR is the most effective test-
ing system to counter the pandemics by isolating the infected 
individual when potent treatments and vaccines are unavailable. 
rRT-PCR is the present gold standard method for COVID-19 
diagnosis. Countries across the globe rely primarily upon or 
entirely on real-time qPCR for testing. However, scaling this up 
and delivering the results quickly to patients might not be pos-
sible. Though rapid antigen tests for SARS-CoV-2 are available, 
they have very low sensitivity and specificity, and test results 
are to be confirmed with real-time qPCR. Therefore, commer-
cial SARS-CoV-2 real-time PCR kits have been approved by 
the EUA without clinical validation (Park et al. 2017), because 
measures are needed to counteract the COVID-19 pandemic that 
requires urgent deployment. Therefore, understanding the effi-
ciency of clinical performance of different molecular assays is 
essential for correctly interpreting the results and defining clini-
cal sensitivity. Thus, it is essential to evaluate and validate their 
performance timely as the COVID-19 is less likely to end soon.

In this work, we compare our laboratory findings with 
CDC-modified qRT PCR as a gold standard assay and four 
commercially available real-time RT-PCR assays, which 
may be used for routine diagnostics of COVID-19 by dif-
ferent molecular diagnostic laboratories.

Material and methods

Study site and ethics

This study was performed in the Laboratory Medicine and 
Molecular Diagnostics (LMMD), Rajiv Gandhi Centre for 

Biotechnology, an Autonomous Institute under the Depart-
ment of Biotechnology, Government of India. The Indian 
Council of Medical Research (ICMR) and National Accredi-
tation Board for Testing and Calibration Laboratories 
(NABL) recognized LMMD as a testing facility for SARS-
CoV-2 clinical samples and testing kits validation center and 
also recognized by the Indian SARS-CoV-2 Genomics Con-
sortium (INSACOG) for genome sequencing. The patient’s 
clinical history was obtained using the ICMR specimen 
referral form (SRF form). The ethics committee of RGCB 
approved the study. All assays performed in this study were 
strictly complied with NABL ISO15189-2012 guidelines, 
strictly adhering to ICMR protocols.

Patient samples

A total of 170,942 patient samples were tested for SARS-
CoV-2 from March 2020 to September 2021, showing a pos-
itivity of 7.4% (12,789/170942). Among which, two hundred 
nine samples were randomly selected and analyzed simulta-
neously with CDC-modified in-house assay and four com-
mercial assays. These samples used were nasopharyngeal or 
oropharyngeal swabs, sputum, and bronchial lavage in a viral 
transport medium (HiMedia Laboratories Pvt. Ltd, Nashik, 
India. Catalog No: 0000431084)) and had previously tested 
for SARS-CoV-2 as per the WHO guidelines (WHO 2020c).

Viral RNA extraction from clinical specimens

All the specimens were processed in BSL-2 using BSL-3 
biosafety measures. According to the manufacturer’s instruc-
tions, the viral RNA is extracted using QIAamp Viral RNA 
Mini Kit, (Catalogue No: 52906, QIAGEN, USA) as per 
CDC guideline (CDC 2019). A 50 µL of RNA was extracted 
post isolation.

CDC‑modified in‑house assay and qualitative 
real‑time reverse transcription (real‑time RT‑PCR) 
commercial assays

RT-PCR was performed in-house using the primers, and CDC 
suggested probes. Sigma-Aldrich India synthesized primers and 
probes. Primers and probes for SARS-CoV-2 virus nucleocapsid 
(N1 & N2) gene and human RNase P gene (RP) were taken from 
the source of the Division of Viral Diseases, National Center 
for Immunization and Respiratory Diseases, CDC, USA (Lu 
et al. 2020; Vogels et al. 2020) (Supplementary Table 1). Posi-
tive SARS-CoV-2 RNA was contributed by the Translational 
Health Science and Technology Institute (THSTI) Faridabad. 
The master mix was prepared using 10  µl of TaqPath™ 
1-Step RT-qPCR Master Mix (4x) (A15299, Life Technolo-
gies, Thermo Fisher, USA), 3 µl of combined primer/probe 
mix (500 nM and 125 nM final concentration of primers and 
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probes, respectively), and 27 µl of nuclease-free water and 10 µl 
of eluate (RNA). A no-template water control (NTC) and 2019-
nCoV N positive control (nCoVPC) were prepared. The real-
time reverse transcriptase PCR (rRT-PCR) was performed in 
Rotor-Gene Q 5plex HRM (QIAGEN, Hilden, Germany Product 
No. R1020172, Software version 2.3.5) as follows: 55 °C for 
25 min, 95 °C for 5 min, followed by 45 cycles of 95 °C for 10 s 
and 55 °C for 30 s with fluorescence (FAM) detection during 
the 55 °C incubation step. A sample was considered as positive 
for SARS-CoV-2 if at least one of the two targets (N1, N2) was 
detected regardless of whether RP was amplified, the sample 
was considered negative if none of the targets was detected and 
RP was detected, and the test will be invalid if RP and the two 
targets were not detected.

All commercial PCR assays were performed according to 
the respective manufacturer’s instructions. During the evalu-
ation phase, the threshold was set automatically (Rotor gene 
HRM Real-Time PCR Detection System) (Table 1; Supple-
mentary Tables 2 and 3).

Each commercially available kit has its specificity and tar-
geted gene. Four commercially available kits were used for this 
study. The Real Star® SARS-CoV-2 RT-PCR Kit 1.0 is from 
Altona Diagnostics GmbH (821,015, Mörkenstr. 12, D-22767 
Hamburg, Germany). This kit detects both B-βCoV-specific 
RNA (E gene) and SARS-CoV-2-specific RNA (S gene). All-
plex™ 2019-nCoV Assay ((Cat no. RP10250X/RP10252W, 
Seegene Inc., Taewon Bldg., 91. Ogeum-ro, Songpa-gu, Seoul, 
Republic of Korea, 05,548), which targets envelope gene (E) of 
sarbecovirus, and RNA-dependent RNA polymerase (RdRp), 
and nucleocapsid (N) genes of SARS-CoV-2, was used for 
SARS-CoV-2 RNA detection according to the manufacturer’s 
instructions (Farfour et al. 2020). StandardM nCoV Real-Time 
Detection kit (M-NCOV-01, SD Biosensor, C-4th&5th, 16, 
Deogyeong-daero 1556beon-gil, Yeongtong-gu, Suwon-si, 
Gyeonggi-do, 16,690, Republic of Korea) targets regions of an 
envelope (E) and RNA-dependent RNA polymerase (RdRp) 
(Wu et al. 2020). GB SARS-CoV-2 Real-Time RT-PCR Kit 
(Catalog No 4PCO052E, General Biological Corporation 
(GBC), No.6, Innovation First Road, Hsinchu Science Park, 
Taiwan, R.O.C) targets e and Orf1ab genes.

Specificity of the CDC‑modified assay

To determine the specificity of the SARS-CoV-2 CDC assay, 
cross-reactivity was analyzed using RNA of other respira-
tory viruses (H1N1, RSV A and B, HMPV, SARS-CoV-1 
and MERS).

Whole‑genome sequencing and phylogenetic 
analysis

The overall accuracy of the four assays was compared using 
the clinical specimens of the patients, and the reproducibility 

was studied. Furthermore, twenty-nine SARS-CoV-2-positive 
samples were analyzed using Oxford Nanopore Minion tech-
nology for whole-genome sequencing. Finally, the alignment 
and consensus calling was done using the ARTIC pipeline. A 
maximum likelihood (ML) tree was constructed and compared 
based on full-length SARS-CoV-2 with Wuhan Isolate.

Statistical analysis

Compare two tests degrees of freedom and the  p values  
obtained when comparing the commercial assays using epitol. 
Linear regression was performed in GraphPad Prism (version 7) to 
obtain the slope and R2. The percentage efficiency was calculated 
from the slope using the formula E = 100

∗(−1 + 10
−1∕slope) . F 

test has performed the variance of Ct values of the positive control 
and compared with CDC modified assay.

Results

Detection and clinical agreement of the CDC 
modified assay versus commercial assays

Out of 170,942 samples for SARS CoV‐2, two hundred nine ran-
domly selected samples with high viral loads with a low cut‐off 
threshold (≤ 30) and low viral loads with a high Ct value (≥ 30) 
(n = 156), negative(n = 52), and inconclusive (n = 1) were included 
in this study. CDC modified assay was used as the gold standard 
and compared with commercial assays. Two hundred nine patient 
samples of the Ct readings for target genes of five assays were 
100% sensitive for Ct values regardless of sample type (Table 1 
and Supplementary Table 2). By contrast, one sample is incon-
clusive sample showing discrepancies between all the five assays.

All positive and negative controls consistently showed 
expected results, indicating that the precision of qualitative 
tests was 100%. Mean Ct values for N1, N2, RdRp, S, and 
E of the positive controls in CDC assay, RealStar®, All-
plex, GBC, and SD Biosensor were 17.5 ± 0.49, 16.9 ± 0.51, 
20 ± 0.49, 21.7 ± 0.38, and 23.1 ± 0.43, respectively. F test 
value shows ≥ 1, which was statistically significant (Table 2).

Among the five assays, the smallest coefficient of varia-
tion of Ct values was observed for the target genes (Table 2). 
Ct values were compared between N1, N2, E, RdRp, and 
ORf1ab within the assays and tabulated in Table 2. There-
fore, the sensitivity for detecting positive samples in 5 assays 
was 75.0% (156/209) with good agreement, respectively.

Sensitivity of CDC‑modified in‑house qualitative 
real‑time reverse transcription (real‑time RT‑PCR) 
assay versus four commercial assays

We first assessed PCR efficiency for each target gene assay 
by running a four replicate (1-, 10-, 100-, 1000-fold) dilution 
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series of SARS-CoV-2 viral RNA (Fig. 1A; Supplementary 
Figs. 1 and 2; Supplementary Table 5). All assays showed 
an efficiency of < 120%, and R squares < 0.99, well above 
the required threshold.

Among the 209 clinical samples tested in this study, 
156/209 and 52/209 were identified as positive and nega-
tive with five assays methods. Thus, when taking the CDC-
modified assay as a gold standard, the other four assays dem-
onstrated a p value 0.000, concordance at 100% and a Kappa 
at 1.000 (Table 3) (Supplementary Table 6).

Specificity

The specificity of the CDC-modified assay was evaluated  
using five human respiratory pathogens. Specificity  
testing revealed no unspecific signals for the targeted  
genes N1 and N2 in the SARS-CoV-2 genome, not  
even SARS-CoV (Supplementary Table  4). Positive  

amplification signals originated solely from the  
respective RNA isolated from SARS-CoV-2 provided by 
THSTI, Faridabad, Haryana.

Whole‑genome sequencing and phylogenetic 
analysis

Sequencing of SARS-CoV-2 plays a vital role in genomic sur-
veillance, such as predicting the course of the virus for public 
health response. Twenty-nine whole-genome sequences were 
deposited in the GISAID database (Supplementary Table 7). 
As a preliminary, maximum likelihood (ML) tree SARS-
CoV-2 with Wuhan isolate, we found that these isolates are 
closely related to the B.1.617 lineage and reference sequences. 
Mutations such as Spike L452R, Spike D614G, and Spike 
D950N were observed in most samples. These mutations are 
prevalent in B.1.617 lineage, which is commonly reported 
from India (Fig. 1B).

Table 2  Agreement between the controls of five real-time RT PCR assays based on the Ct (cycle threshold) values range. Data shown for 208 
patients. F values were calculated with CDC N1 and N2 Vs Altona E, S; Seegene E, RdRp; SDB E, RdRp; GBC E,ORF1ab

** Data showed for 208 patients
*** F values were calculated with CDC N1 and N2 Vs Altona E, S; Seegene E, RdRp; SDB E, RdRp; GBC E, ORF1ab

Run no Modified CDC assay Altona, Germany Seegene, Korea SD Biosensor, Korea GBC, Taiwan

Positive 
control

Negative
Control

Positive 
control

Negative
Control

Positive 
control

Negative
Control

Positive 
control

Negative
Control

Positive  
control

Negative
Control

N1 N2 E S E RdRp E RdRp E ORF1ab

1 17.4 18.9 ND 16.5 17.2 ND 19.9 20.5 ND 21.5 22.6 ND 23.2 24.1 ND
2 18.1 18.1 ND 16.9 18.0 ND 20.6 21.2 ND 21.9 22.8 ND 22.5 23.4 ND
3 17.9 18.6 ND 17.1 18.1 ND 20.4 20.5 ND 22.0 22.0 ND 23.0 23.9 ND
4 17.5 19.0 ND 16.1 17.5 ND 19.9 21.0 ND 21.0 21.6 ND 22.6 23.9 ND
5 16.9 19.5 ND 16.9 17.5 ND 20.0 21.2 ND 21.8 22.9 ND 22.7 23.5 ND
6 17.5 19.0 ND 17.5 18.2 ND 19.5 20.4 ND 22.1 23.0 ND 22.9 23.8 ND
7 17.2 19.4 ND 17.8 18.6 ND 19.6 20.3 ND 22.3 23.1 ND 22.7 23.5 ND
8 17.1 18.6 ND 16.5 17.8 ND 19.9 20.4 ND 22.5 22.9 ND 23.2 24.6 ND
9 16.8 18.6 ND 16.6 17.6 ND 20.5 21.0 ND 21.6 22.3 ND 23.2 24.5 ND
10 18.0 18.3 ND 16.8 17.5 ND 20.8 21.2 ND 21.7 22.4 ND 23.6 24.7 ND
11 18.1 18.1 ND 17.3 18.3 ND 20.7 21.0 ND 21.5 22.6 ND 23.8 24.3 ND
12 17.8 18.8 ND 17.6 18.6 ND 20.2 21.3 ND 21.6 22.9 ND 23.9 24.6 ND
13 17.6 17.9 ND 17.8 18.9 ND 19.6 20.5 ND 21.9 22.7 ND 23.1 24.8 ND
14 17.1 18.1 ND 16.5 17.3 ND 19.4 20.4 ND 22.0 22.2 ND 23.6 24.4 ND
15 18.5 18.4 ND 16.9 17.9 ND 19.3 20.6 ND 21.3 22.6 ND 22.9 23.5 ND
Mean 17.5 18.6 16.9 17.9 20 20.7 21.7 22.5 23.1 24.1
SD 0.49 0.48 0.51 0.51 0.49 0.36 0.38 0.41 0.43 0.49
CV(%) 2.83 2.60 3.07 2.87 2.46 1.77 1.78 1.83 1.89 2.04
F value *** 0.86 0.75 0.90 0.88 1.01 1.74 1.64 1.37 1.28 0.96
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Discussion

Amid the ongoing COVID‐19 resurgence, the world has 
gone through the throes of physical, mental, economic, and 
social disruption caused by the pandemic. The COVID-19 
pandemic, caused by the new SARS-CoV-2 virus, has led 
to a wide range of diagnostic assays, which are RT-PCR-
based real-time detection. In the meantime, the WHO has 
emphasized the importance of the molecular diagnosis of 
SARS CoV‐2 globally (Tang et al. 2020; Corman et al. 
2020). A primary challenge for public health laboratories 
is to deliver reliable results according to ISO 15189 2012 
for emerging pathogens like SARS-CoV-2, categorized as a 
Risk Group 3 organism. We are at a critical juncture since 
there is no sign of slowing down the COVID-19 infection 
but instead spreading aggressively more than ever before 
in India, as observed during the second and third waves 
(Ren et al. 2020; Wu et al. 2020). There is a limitation in 
the literature on evaluating the efficacy of various commer-
cially available real‐time PCR assays. This report aimed to 
compare the modified CDC assay with four commercially 
available RT‐PCR kits to detect SARS‐CoV‐2 (Vogels et al. 
2020; van kasteren et al. 2020; Garg et al. 2021; Uhteg et al. 
2020). Internal lab assessment is fundamental in ensuring 
reliable test results, especially when using EUA diagnostic 
kits for newly emerging pathogens (Pas et al. 2015; Sung 
et al. 2020; Hanson et al. 2021). In the present study, we 
assessed the performances of four commercially available 
qualitative rRT-PCR assays on clinical samples to detect 
SARS-CoV-2 in comparison to the currently recommended 
modified CDC assay. We compared the assays by testing the 
same quantified RNA dilution series in four replicates for 
parallel evaluation (Binnicker 2020). Therefore, based on 

the study results and previously published data, the Ct value 
difference between the modified CDC assay and the four 
commercial assays suggests no significant difference (van 
Kasteren et al. 2020; Eberle et al. 2021; Lima et al. 2020; 
Uhteg et al. 2020).

Although the main limitation of our study is the sample 
size (209 clinical specimens, including 156 positive and 
52 negatives), the results support that the modified CDC 
assay had a great clinical performance compared with four 
commercial assays, with concordance values up to 100% 
and kappa values of 1.00% (Table 3). As described in the 
“Results” section, we could estimate agreement between 
the five real-time RT PCR assays based on the Ct (cycle 
threshold) values’ range using clinical specimens and con-
trols (Tables 1 and 2). Moreover, we could assess PCR effi-
ciency for each target gene assay by running four replicates 
of SARS-CoV-2 viral RNA (Fig. 1A). Importantly, none of 
the assays showed cross-reactivity towards a panel of other 
respiratory viruses, except for the expected cross-reactivity 
with the SARS-CoV-2 NS1, 2 genes. Therefore, we consider 
this cross-reactivity acceptable (Supplementary Table 4).

We compared the results with CDC-modified assay and 
found them statistically significant. All assays showed an 
efficiency of < 120%, and R squares were < 0.99, which  
is well above the required threshold. The standardization 
methods may have influenced the analytical performance of 
the tested primer–probe sets, and our results may not directly 
apply to other PCR kits or thermocyclers (Svec et al. 2015). 
This study offered a parallel comparison using the same 
extraction methodology (the four assays SARS-CoV-2  
and the CDC-modified assays) and viral RNA for better 
analytical performance. The overall agreement between our 
results shows that the analytical performance of the four 
SARS-CoV-2 assays (RealStar®, Allplex, GBC, and SD 
Biosensor assay) are comparable and showed 100%. The 
results are in line with previous publications by comparing  
the performances of the CDC-modified assay (Lima 
et al. 2020; Uhteg et al. 2020). Thus, we strongly urge that 
laboratory should internally validate analytical sensitivities 
and positive–negative cut-off values when establishing these 
assays.

Fig. 1  A PCR efficiency for five commercially available RT-PCR kits 
for the detection of SARS-CoV-2 RNA. PCR efficiency (E) for each 
target gene was assessed using four replicates with dilution series of 
SARS-CoV-2 viral RNA. Linear regression was performed in Graph-
Pad Prism. The percentage efficiency was calculated from the slope 
using the formula E = 100*(−1 + 10 − 1/slope). B A whole-genome 
maximum likelihood phylogenetic tree of 29 clinical isolates (depos-
ited in GISAID) and the Wuhan isolate (labeled red)

◂

Table 3  Comparative analysis 
of CDC RT-qPCR versus 4 
commercial assays. p value less 
than 0.05 (typically ≤ 0.05) is 
statistically significant. Total 
no. of samples were 209; one 
sample was inconclusive for all 
assays was not included in this 
analysis

* p value less than 0.05 (typically ≤ 0.05) is statistically significant
# Total no. of samples were 209; one sample was inconclusive for all assays and was not included in this 
analysis

Sample results modified CDC assay versus to other assays Concordance 
(%)

Kappa p value

 + / +  ± -/ + -/- Total

Altona, Germany 156 0 0 52 208 100 1.000 0.000
Allplex, Korea 156 0 0 52 208 100 1.000 0.000
Standard M, Korea 156 0 0 52 208 100 1.000 0.000
GBC, Taiwan 156 0 0 52 208 100 1.000 0.000
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Conclusion

In conclusion, this study summarizes that the assay perfor-
mance of SARS-CoV-2 molecular testing is critical to their 
performance characteristics before use in routine laboratory 
diagnosis. In addition, it is recommended to use assays with 
at least two different target regions to have a more robust 
assay for a fast-evolving pathogen. Mutations such as Spike 
L452R, Spike D614G, and Spike D950N were identified 
in most samples. These mutations are prevalent in B.1.617 
lineage, which is commonly observed in India. Further 
investigations are recommended using more comprehensive 
methods and larger sample sizes. The surge in SARS-CoV-2 
infections, primarily driven by novel variants, continues to 
be a threat globally. The methodology used in this study 
will also help other countries to evaluate their assays for 
SARS-CoV-2 testing. It could be an essential tool to track 
the global spread of SARS-CoV-2 and design disease miti-
gation strategies.
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