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ABSTRACT:

Background: India bears the second largest burden of SARS-CoV-2 infection. A multitude of
RT-PCR detection assays with disparate gene targets including automated high throughput
platforms are available. Varying concordance and interpretation of diagnostic results in this
setting can result in significant reporting delays leading to suboptimal disease management.
Here, we report the development of a novel ORF-1a based SARS-CoV-2 RT-PCR assay,
Viroselect, showing high concordance with conventional assays and the ability to resolve

inconclusive results generated during the peak of the epidemic in Mumbai, India.

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.
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Methods: We identified a unique target region within SARS-CoV-2 ORFla, non-structural
protein (nsp3), that was used to design and develop our assay. This hypervariable region (1933-
3956) between SARS-CoV-2, SARS-CoV, and MERS-COV was utilized to design our primers
and probe for RT-PCR assay. We further evaluated concordance of our assay with commonly
used EUA (USFDA) manual kits as well as an automated high throughput testing platform.
Further, a retrospective analysis using Viroselect on samples reported as ‘inconclusive’ during

April-October 2020 was carried out.

Results: A total of 701 samples were tested. Concordance analysis of 477 samples
demonstrated high overall agreement of Viroselect assay with both manual (87.6%; 95% CI)
as well as automated (84.7%; 95% CI) testing assays. Also, in the retrospective analysis of 224
additional samples reported as ‘inconclusive’, Viroselect was able to resolve 100% (19/19) and
93.7% (192/205) samples which were termed inconclusive by manual and automated high

throughput platform respectively.

Conclusion: We show that Viroselect had high concordance with conventional assays, both

manual and automated, as well as highlight its potential in resolving inconclusive samples.

Keywords: SARS-CoV 2; RT-PCR; inconclusive samples; Viroselect; high throughput SARS-
CoV-2 testing; reporting delay
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INTRODUCTION

The striking difference between previous SARS-CoV/MERS-CoV outbreaks and the ongoing
SARS-CoV-2 pandemic is the increased contagious nature of the latter (Yang et al., 2020).
This has resulted in over 100 million SARS-CoV-2 infections globally and ~2.2 million deaths
to date (WHO COVID-19 Dashboard, 2021). India bears the second largest burden of infected
individuals with 10 million infections and over 150,000 deaths so far (ICMR COVID-19
Testing Status, 2021). Efficient and rapid diagnosis is critical to optimal management of disease
spread as well as clinical management of COVID-19. To ensure maximum coverage (WHO
Feature Story, 2020) and accessibility to testing at economically feasible rates, Government of
India, has successfully fostered and promoted development of indigenous diagnostic kits as
well integrated cutting-edge high throughput testing facilities (Gupta et al., 2020; Poljak et al.,
2020). The availability of a range of diagnostic kits with disparate viral targets has also posed
a challenge in terms of concordance of results as well as inconclusive results (Bhattacharya et
al., 2020; Hur et al., 2020; Pujadas et al., 2020). Also, implementation of high-throughput
platform-based testing while rapidly increasing diagnostic capability, also has the potential of
generating inconclusive results. As a designated national centre of excellence for COVID-19
diagnostic kit validation as well as a high throughput testing centre and having encountered the
aforementioned issues, we developed an in-house RT-PCR assay, Viroselect, which was
evaluated for concordance with commonly used EUA (USFDA) manual kits as well as with
our high throughput COBAS 6800 testing platform. Further we assessed its utility in resolving

inconclusive tests by both testing modalities.

MATERIALS AND METHODS

1. Viroselect Assay Development
1.1 Primer and Probe Design
A novel strategy (described in results) was used to design primers for detection of SARS-CoV-
2. These sequence regions were unique to SARS-CoV-2 but had maximum variation with
SARS-CoV and MERS-CoV. The primer and probe were optimized for an in-house Viroselect
assay described below. All the primer and probes used in the study were synthesized from

Macrogen Inc., Korea.
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2. SARS-CoV-2 Detection

2.1 RNA Extraction
Oropharyngeal/ nasopharyngeal swab samples collected from suspected COVID-19 patients in
Viral Transport Medium (VTM) were used for SARS-CoV-2 detection. Viral RNA Extraction
from these VTM samples, were carried out using Maverick Magnetic Bead Based Nucleic Acid
Extraction Kit (Cat. No.: ECO0001B, MyLabs Discovery Solutions Pvt. Ltd., Lonavla,
Maharashtra, India) on Thermo Scientific KingFisher Flex Purification System and MagRNA-
IT Viral RNA Extraction Kit (Cat. No.: G2ZM030420, Genes2Me Pvt. Ltd, Gurugram, Haryana,
India) on MGISP-100 automated nucleic acid extraction and purification system (MGI Tech

Co., Ltd, Yantian, Shenzhen, China) as per the manufacturer’s instructions.

2.2 Viroselect Assay

Biplex RT-PCR assay was conducted for Viroselect assay. ORF1a (nsp3) gene for the detection
of SARS-CoV-2 Virus along with human RNase P, used as internal control, from human
patient samples. The primer and probe concentrations were the following, 0.5 pmole/L for
primers and 0.5 pmole/L of probe concentration for ORF1a (nsp3) and 0.5 umole/L for primers
and 0.2 pmole/L of probe concentration for Human RNaseP. The TagMan probe was labelled
with 6-carboxyfluroscien (6-Fam) 5> and BHQI1 3’ for ORFla and with Cy5 at 5’ end and
BHQ3 at 3’ end for the RNase P probe. Prime Script One-step First strand cDNA synthesis kit
(Catalogue number: RR6110A, Takara Bio) along with gene specific primers (ORFla and
RNaseP) was used for cDNA preparation (as per manufacturers protocol). One step RT-PCR
condition were 52° C for 5 minutes, 1 cycle (for reverse transcription), initial denaturation 95°
C for 10 seconds followed by 40 cycles (for RT-PCR) of denaturation (95° C for 05 sec), (60°

C for 90 sec) annealing/extension for PCR reaction.
23 Assay Interpretation for Viroselect

The in-house Viroselect assay was considered positive if ORFla (nsp3) and human RNase P
(Internal Control) were detected. Negative, if ORF1a (nsp3) was not detected but RNase P was
detected and invalid, if RNase P was not detected. Interpretation of STANDARD M nCoV
Real-Time Detection kit (SD Biosensor, Gyeonggi-do, Republic of Korea) and LabGun
(LabGenomics Co. Ltd., Gyeonggi-do, Republic of Korea) assays were as per manufacturers’

instructions.
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24 Interpretation for high throughput COBAS 6800 SARS-CoV-2 detection assay

As per the manufacturer, four types of interpretations were possible by the system (positive,
negative, invalid, inconclusive). If target 1 (ORF), target 2 (E) and IC (non-infectious RNA in
MS2 bacteriophage) were detected, the sample was interpreted as positive and if both targets
were not detected but IC was detected, then the sample was interpreted as negative. If the
samples showed target 1 negative, target 2 positive & IC positive, then the sample was

interpreted as inconclusive.
3. Data analysis:

Contingency Tables was constructed and positive and negative concordance along with over

all agreement between various assays was determined.

RESULTS

Development of novel in-house Viroselect assay: Primers were designed using the SARS-
CoV-2 reference genome available at NCBI genbank (Accession number: NC 045512). The
primers and probe were uniquely designed for Viroselect assay from regions which had
maximum variation with the SARS-CoV-2 and MERS-CoV-2. This hypervariable region was
identified through NCBI align2 blast (Figure 1a). As shown in Table 1 the sequence targets for
designing the primers and probe were present in ORFla (nsp3) region of the SARS-CoV-2
genome between nucleotide positions 1933-3956. The internal control primer and probe were
derived from human ribonuclease (RNase) P gene (GenBank accession number NM_ 006413)
sequence (Emery et al., 2004). As shown in Figure 1a, the unique design of the primer can aid

in differentiating between SARS-CoV and SARS-CoV-2 during mixed infection.

NCBI nBlast was performed to analyze the sequence homology of putative amplicon with more
than 250 SARS-CoV-2 isolates and 100% nucleotide sequence similarity was observed. Also,
primers were designed to ensure that the putative amplicon did not overlap with known major
mutation hotspots prevailing globally and in India (Figure 1b). Additionally, care was taken to
have minimum homology with the human genome to avoid nonspecific amplification (Table
1). Following design of primers, amplicon was generated from infected samples and verified

by agarose gel electrophoresis to be of the expected size (Figure 1c¢).


https://doi.org/10.1101/2021.02.11.21251605
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2021.02.11.21251605; this version posted February 13, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Concordance Analysis:
Viroselect with SD Biosensor assay

To assess the concordance of our in-house assay (Viroselect) with established and approved
kits used for diagnosis, we evaluated the overall agreement of our assay with an EUA (USFDA)
approved kit (SD Biosensor). RNA extraction from samples diagnosed as positive (n = 126)
and negative (n = 107) for SARS-CoV-2 infection by SD Biosensor was followed by RT-PCR
using Viroselect. Results revealed high concordance of the Viroselect assay with the SD
Biosensor Kit as summarized in Table 2. As shown in Figure 2, a total of 286 samples
(including 19 inconclusives) were tested of which 34 were invalid (not included in analysis).
A concordance of 92.9% among positive samples and (81.3%) among negative samples was
observed. An overall agreement of 87.6%, with 95% confidence interval (74.91% to 93.62%)
was observed (Table 2). Interestingly a higher rate of discordance was observed in negative

samples (20 out of 107; 18.7%) compared to that in positive samples (9 out of 126; 7.1%).

Notably, out of the 19 inconclusives by SD Biosensor kit, 7 (37%) were positive for Viroselect
assay and 12 were negative. Of the 7 positives, six were positive when tested with another EUA
(USFDA) approved RT-PCR kit, Labgun COVID-19 RT-PCR kit (LabGenomics). Further,
clinical data obtained from the ICMR specimen referral form (SRF) revealed that six
individuals out of seven that tested positive by Viroselect assay were symptomatic (Figure 2).

Thus, Viroselect was able to resolve 100% of inconclusive samples tested by SD Biosensor.
Viroselect assay with COBAS 6800 High Throughput Platform

As our centre transitioned to a high throughput testing facility, we also had the opportunity to
establish the concordance of Viroselect with SARS-CoV-2 detection assay on the COBAS
6800 High Throughput Platform (COBAS). Known COBAS positive (n= 102), negative
(n=108) were tested by Viroselect. Seven of these samples were found to be invalid and not
analysed further. Results revealed high concordance of the Viroselect assay with COBAS as
summarized in Table 3. A concordance of 89% among positive samples and 84.5% among
negative samples was observed with an overall agreement of 84.7%, with 95% confidence
interval (76.00% to 90.85%) (Table 3). Interestingly, a higher rate of discordance was observed
in negative samples (16 out of 103; 15.5%) compared to that in positive samples (11 out of

100; 11%).
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As shown in Figure 3, a total of 205 inconclusive samples were also tested of which 13 were
invalid (not included in analysis). Of these, 175 (91.2%) tested negative and 17 (8.9%) tested
positive. This indicates that 192 out of 205 (93.7%) of the COBAS inconclusive samples were

resolved.

DISCUSSION

In this study, we demonstrate the utility of using a unique, ORF-1a based SARS-CoV-2
detection assay in resolving inconclusive results obtained from a conventional manual assay as

well for those obtained from a high-throughput testing platform.

Real time PCR has been established as a gold standard for detecting SARS-CoV-2 infection.
The whole genome sequencing of SARS-CoV-2 in a very large number, and availability of free
databases (including, NCBI, GISAID) for accessing the genomes have attributed to
development of multitude of RT PCR based kits which can often provide conflicting and
inconclusive results (Fang et al., 2020). Thus, a testing strategy that would resolve these issues
would greatly enhance efficiency of diagnosis which in tun would significantly impact
transmission dynamics and allow efficient epidemiological surveillance. Also, the rapidly
accumulating mutations in SARS-CoV-2 genome pose a challenge for accurately diagnosing
the infection due to possible mispriming in assays that rely on detection of viral sequences in
these regions (Rambaut et al., 2020). Based on hypervariable sequence analysis as well as
mutation hotspot enumeration we designed unique primers capable of differentiating infection
with SARS-CoV-2, SARS-CoV and MERS-CoV. The hypervariability was observed in the
regions (1933-3956) of ORF1a and our primer/probe set spanned within the nsp3 region. This
design strategy was implemented to develop an in-house RT-PCR based assay for detection of

SARS-CoV-2.

Our unique primer and probe design were subjected to comparative analysis with 1) WHO
recommended and EUA (USFDA) approved SD Biosensor Kkits, as well as with 2) the high
throughput, automated SARS-CoV-2 detection assay on the COBAS 6800 platform. Overall
high concordance was observed for our inhouse assay with both these detection modalities.
Viroselect assay was able to resolve 100% of the inconclusive results obtained by the SD
Biosensor kit. Notably, 7 out of 19 (36.8%) of these samples were resolved to be positive by

our assay, while 6 out of 7 were resolved to be positive by another EUA (USFDA) approved
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kit, LabGun. Additionally, when corroborated clinically, 6 out of 7 inconclusive samples tested

positive by Viroselect were documented to have been obtained from symptomatic individuals.

A precise and early diagnosis and treatment is crucial in COVID-19 (Rong et al., 2020). High-
throughput diagnostic platforms, such as the COBAS 6800 are critical in addressing diagnostic
demand during fast moving epidemics such as COVID-19 and have a direct impact on
curtailing transmission as well as clinical management. Considering the similarity in
geography, disease prevalence, population dynamics and healthcare spending of all the
countries in South Asia, Ministry of Health and Family Welfare, Government of India adopted
commendable measures to tackle the COVID-19 pandemic. A major such measure was
increased accessibility to high throughput testing facilities. Our laboratory was one of these
centres where we have tested close to 100,000 samples to date from Mumbai and surrounding
areas. When dealing with such high throughput, a major challenge encountered was the rate of
inconclusives. Although the rate was relatively low at 3%, the absolute number translated into
approximately 3000 individuals (for every 100,000 individuals). Considering rapid
transmission dynamics of SARS-CoV-2, even a day’s delay in correctly diagnosing and
reporting a false negative or inconclusive sample as positive would result in significant impact
on disease transmission in a highly populated and resource setting such as India (Kretzschmar
et al., 2020; Larremore et al., 2021; Rong et al., 2020). When Viroselect was used to interrogate
a subset of inconclusive samples obtained from our COBAS 6800 platform we found that our
assay was able to successfully resolve ~94% of these samples. Most importantly, ~ 9% of these
inconclusives were resolved to be positive. Our assay would thus enable optimal intervention

in managing these cases, especially if they are assumed to be potential transmitters.
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FIGURES LEGEND

Figure 1a: Depiction of the Hypervariable region between the genomes of SARS-CoV-2,
SARS-CoV and MERS-CoV

Figure 1b: Depiction of primer position relative to major mutation hotspots of ORF1lab gene

of SARS-CoV-2.

Figure 1c: RT-PCR amplicon separated by 2% agarose gel electrophoresis after RNA
extraction and 1% strand cDNA synthesis. RNA extraction was carried out using QIAamp Viral
RNA Mini Kit by QIAGEN and 1% strand cDNA synthesis was carried out using Takara Prime
Script 1* strand cDNA synthesis kit. PCR of the cDNA product was carried out using GeNei
Taq DNA Polymerase and using the designed ORFla forward and reverse primers. The

expected amplicon size is 170bp which is observed in the figure.

Figure 2: Flowchart showing Viroselect test results of the selected sample panel tested on SD

Biosensor

Figure 3: Flowchart showing Viroselect test results of the selected sample panel tested on

COBAS 6800 platform.
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Figure 1a: Depiction of the Hypervariable region between the genomes of SARS-CoV-2,
SARS-CoV and MERS-CoV

SARS-CoV-2
1 FESSSESIEY 1 » — T
- S NV
i DR:Fla 5 orfea E/M{éraorfa ORF10
: : Orf7ab
SARS CoV | E

MERS CoV

BLAST highest scores » 200
I BLAST acceptahle scores 80 - 200

|0 Unique unmapped regions

ORFla Hyper variable sequences


https://doi.org/10.1101/2021.02.11.21251605
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2021.02.11.21251605; this version posted February 13, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Figure 1b: Depiction of primer position relative to major mutation hotspots of ORF1lab gene

of SARS-CoV-2.
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Figure 1c: RT-PCR amplicon separated by 2% agarose gel electrophoresis after RNA
extraction and 1*' strand cDNA synthesis. RNA extraction was carried out using QIAamp Viral
RNA Mini Kit by QITAGEN and 1% strand cDNA synthesis was carried out using Takara Prime
Script 1* strand cDNA synthesis kit. The PCR of the cDNA product was carried out using
GeNei Taqg DNA Polymerase kit and using the designed ORF1a forward and reverse primers.
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200bp
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The expected amplicon size is 170bp which is observed in the figure.

Lane 1: 100bp DNA Ladder (Marker)
Lane 2: Blank Well

Lane 3: Reagent Control

Lane 4: COVID-19 Positive sample
Lane 5: COVID-19 Negative sample
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Figure 2: Flowchart showing Viroselect test results of the selected sample panel tested on SD

Biosensor.
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Figure 3: Flowchart showing Viroselect test results of the selected sample panel tested on

COBAS 6800 platform.
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TABLES LEGEND

Table 1: Primer sequences for SARS-CoV-2 detection (RT-PCR). Homology of ORF1a (nsp3)

RT-PCR primers and Probe with Human Genome sprovided using nBLAST ,highly similar

sequences (megablast).

Homology | e
Primer
Seq | Primer Map Strand with Value | Amplicon
Sequence Description
ID. | Name 5'—3) Location binding | Human Size
(QC+ID)
ORF1 80%QC,1 | 1.3
TTCTGCT
(nsp3) 00% ID
1 GCTCTTC | 3160-3180 | (-)
QPCR_F
AACCTGA
P
ORF1 ATAGTCT 79%QC,1 | 2.2
(nsp3) GAACAAC 00% ID
2 3310-3330 | (+)
QPCR_R | TGGTGTA Unique to
P AGT 174 SARS-
GTTGGTC No NA CoV-2
AACAAGA significant
ORF1_P
CGGCAGT similarity
robe
3 GAGGACA | 3230-3257 | ()
(TagMan
) ATC 5
Tamra-
3’BHQ1)
Human Chromosom
AGATTTG
RNase P e 10:
4 GACCTGC -)
QPCR_F 90872002-
GAGCG
P 90872020 (Emery et
Human Chromosom al., 2004)
GAGCGGC
RNase P e 10:
5 TGTCTCC (+)
QPCR_R 908722047-
ACAAGT
P 90872066
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TTCTGAC | Chromosom
Human
CTGAAGG | e 10:
RNase )
CTCTGCG | 90872023-
P_ Probe
CG 90872045

QC: Query coverage, ID: Percentage Identity
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Table 2: Concordance of SD Biosensor positive and negative samples with Viroselect assay

SD Biosensor Concordance Concordance | Overall
Viroselect | Positive | Negative | Total among among agreement
results positives negatives (%) (95% CI)
Positive 117 20 137 | 92.85% 81.31% 87.55%
Negative | 9 87 96 (74.91 to
Total 126 107 233 93.62)
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Table 3: Concordance of COBAS positive and negative samples with Viroselect assay

COBAS results Concordance | Concordance @ Overall
Viroselect | Positive | Negative | Total | among among agreement
results positives negatives (%) (95% CI)
Positive 89 16 105 | 89% 84.47% 84.7% (76.00%
Negative | 11 87 98 t0 90.85%)
Total 100 103 203
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