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ARTICLE INFO ABSTRACT

Keywords: To increase the repertoire of PCR based laboratory developed tests (LDTs) for the detection of SARS-CoV-2, we
SARS-CoV-2 describe a new multiplex assay (SORP), targeting the SARS-CoV-2’s, Spike and ORF8 genes. The widely used
Spike human RNaseP internal control was modified to specifically co-amplify the RNaseP mRNA. The SORP triplex
gﬁzip assay was tested on a cohort (n = 372; POS = 144/NEG = 228) of nasopharyngeal flocked swab (NPFS) spec-

Variants of concern

imens, previously tested for the presence of SARS-CoV-2 using a PCR assay targeting E and RdRp genes. The

LDT overall sensitivity and specificity of the SORP assay was: 99.31% (95% CI: 96.22-99.98%), 100.0% (95% CI:
98.4-100%) respectively. The SORP assay could also detect a panel of variants of concern (VOC) from the B1.1.7
(UK) and B1.351 (SA) lineage. In summary, access to a repertoire of new SARS-CoV-2 LDT’s would assist
diagnostic laboratories in developing strategies to overcome some of the testing issues encountered during high-

throughput SARS-CoV-2 testing.

1. Introduction

From the first reports of infections in Wuhan, China leading to its
genetic identification and designation as “Wuhan-Hu-1” (GenBank Acc
No: MN908947; [1,2], the SARS-CoV-2 virus has spread globally,
infecting millions of people worldwide. With the publication of the
Wuhan-Hu-1 genome sequence, research groups were able to quickly
develop reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) protocols [3-7] for specific and sensitive detection of the
SARS-CoV-2 RNA. These laboratory-developed tests (LDT’s) were
openly shared with the World Health Organization (WHO), enabling
large scale deployment of SARS-CoV-2 testing [8]. These RT-qPCR based
LDT protocols, have become a major part of the global testing
SARS-CoV-2 strategy, to quickly detect the virus and develop appro-
priate containment strategies. Based on recent meta-analyses of current
published literature, the most common SARS-CoV-2 genetic targets for
these LDT’s include, the open reading frame 1a or 1b (ORF1a or 1b) [4,5,
9], RNA dependent RNA polymerase (RdRp)/helicase (Hel) [6], Spike
[10], envelope (E) [3], 5-untranslated region (5-UTR) [11], and

nucleocapsid (N) genes [7]. The choice of these gene targets was largely
based on previous experience in detecting SARS-CoV-1 [12] and
MERS-CoV [13].

Early in the outbreak, the British Columbia Center for Disease Con-
trol (BCCDC) public health laboratory, developed an in-house triplex
RT-qPCR assay for detecting SARS-CoV-2 [14,15]. This multiplex LDT-,
targeted the RARp and E-genes [3] of the SARS-CoV-2 virus, with the
human RNaseP gene [7], co-amplified as an internal control for sample
quality. Henceforth referred to as the “BCCDC Triplex”, this assay is now
being used in many clinical laboratories in British Columbia, including
ours and some other laboratories facilities in Canada [14].

As pandemics evolve, random nucleotide substitution occurs in the
viral genome, a genetic event which is increasingly being observed in
the SARS-CoV-2’s genome [16-18]. From a diagnostic point of view,
such nucleotide substitution(s) can negatively affect the binding ability
of any validated primer/probe to its target [19,20]. For example, the
GISAID data indicates that the last five nucleotides (3’ end) of the
RT-qPCR primers developed for SARS-CoV-2 detection commonly
contain some form of mutation (range between 0.2% and 3.5%) (www.
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epicov.org/epi3). Such mutation events can compromise the sensitivi-
ty/specificity of any validated RT-qPCR assay, leading to false negative
results [21-23] which can compromise both patient care and infection
control practices [24]. Such scenarios can be mitigated by (a.) regular
genomic surveillance of new SARS-CoV-2 genomes, to verify the binding
fidelity of validated primer/probe and (b.) development of new
RT-qPCR assays, targeting different conserved genes of the SARS-CoV-2
genome.

Concurrent with the development of SARS-CoV-2 specific LDTs, the
global research community also put into place sequencing strategies, to
rapidly sequence the SARS-CoV-2 virus and to make those sequences
publicly available in near real-time. As a result, as of January 20,20™
January 2021, >51,000 and > 400,000 whole genome sequences of
SARS-CoV-2, are now available on the NCBI and GISAID databases
respectively. The availability of these high-quality whole genome se-
quences, from a diverse set of geographical locations, have resulted in an
enhanced understanding of genetic variation amongst SARS-CoV-2’s
genomes. The recent reports of a new lineages and potentially highly
transmissible variants, commonly referred to as variants of concerns
(VOC’s) of the SARS-CoV-2 virus, namely the B.1.1.7 and 501Y.V2 in the
United Kingdom [25] and Republic of South Africa [26] respectively, is
the result of such parallel genomic surveillance programs. Discovery of
new strains of SARS-CoV-2 is not surprising as SARS-CoV-2, similar to
other RNA respiratory viruses, can mutate quickly [27], and is estimated
to accumulate mutations at a rate of about 1-2 mutations per month
[28].

To increase the limited repertoire of SARS-CoV-2 specific qRT-PCR
assays, we here present a new multiplex SARS-CoV-2 RT-qPCR LDT
targeting two conserved regions of the viral genome-the Spike (S) and
ORF8 genes. Henceforth, referred to as the SORP (Spike ORF8 mRNaseP)
triplex assay, this LDT was validated against the BCCDC reference assay
[14] and the US-CDC N1/N2 Nucleocapsid assay [7].

2. Materials & methods
2.1. Clinical specimens

Clinical specimens submitted for routine SARS-CoV-2 testing, at the
microbiology & virology laboratories of BC Children’s Hospital (BCCH)
were used to validate the SORP triplex assay. Nasopharyngeal flocked
swabs (NPFS) in universal transport medium (Copan Diagnostics, Mur-
rieta, CA) or NPFS in viral transport medium (YOCON, Beijing, China)
were used. The testing population included symptomatic children and
adults. Residual total nucleic acid (TNA) extracts, remaining from the
primary testing, were anonymized and used for parallel testing on the
SORP triplex and US-CDC’s N1/N2 Nucleocapsid assay. Because the
study involved secondary use of anonymous human biological materials,
it was exempted from review by the BC Children’s Hospital Research
Ethics Board.

2.2. Design of the spike, ORF8, mRNaseP (SORP) triplex assay

SARS-CoV-2 sequences were downloaded from the NCBI GenBank’s
SARS-CoV-2 data hub on January 20, 2021. Of the original 52,237
downloaded sequences, only 49,812 and 49,426 sequences had the
complete sequence information for the ORF8 and S sequences respec-
tively. Truncated and poor-quality sequences were omitted from anal-
ysis. These S/ORF8 open reading frames (ORF) were extracted and
aligned using the Geneious Prime 2020.2.3 (Biomatters, Auckland, New
Zealand) software suite. TagMan™ primer and probes were designed
using the Primer Express 3.0 software (ThermoFisher, USA). The
“Wuhan-Hu-1” sequence (RefSeq:NC_045512.2) was used as the refer-
ence SARS-CoV-2 sequence in the alignment. BLAST analysis of the
candidate primer pairs was done to ensure in silico specificity to SARS-
Cov-2 sequences prior to clinical testing. Candidate primers and
probes were examined manually against the currently known SARS-Cov-
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2, Spike and ORF8 variants, deposited in the GISAID (www.gisaid.org)
database. If required, degeneracy was incorporated into the primer/
probe sequences to account for single nucleotide polymorphisms/
deletions.

A modified version of the US CDC’s human RNaseP (RNaseP) control
(Table 1) was designed for the SORP triplex assay (Fig. 1A_Suppl). This
modified RNaseP control PCR, henceforth referred to as “mRNaseP”,
amplified human RNaseP mRNA and not RNaseP genomic DNA. A new
reverse primer (RNaseP-R8) was designed using the Primer Express™
software, on exon 2 of the RNaseP transcript (Ref GenBank Acc:
NM_001104546.2) (Fig. 1B_Suppl). Purified human genomic DNA
(TagMan™ Control Genomic DNA human; ThermoFisher, Cat No:
4312660) and purified total nucleic acid (gDNA + mRNA) from human
clinical samples, were used as templates to test the performance of the
mRNaseP TagMan™ assay. For multiplexing, Spike, ORF8 and RNaseP
probes were labelled with FAM, Cy5 and NED fluorophores respectively.
All primer/probes were custom synthesized from IDT (Coralville, IA)
and ThermoFisher (Carlsbad, CA).

2.3. Total nucleic acid (TNA) extraction

Total nucleic acid (TNA) was extracted from NPFS samples on the
QIAsymphony (Qiagen, Hilden, Germany) automated extraction plat-
form, using the DSP Virus/Pathogen kit (Qiagen). The volume of eluate
per sample was 80 pL.

2.4. SARS-CoV-2 RT-qPCR assays

All of the RT-qPCR assays were performed using the 4X TagMan Fast
Virus 1-step Master Mix (ThermoFisher: cat No 4444434) on the ABI
Fast 7500 real-time PCR system (ThermoFisher, CA). The total reaction
volume was 20 pL which included 5 pL of the TNA template. The cycling
conditions used were 50 °C for 5 min (Reverse Transcription), 95 °C x
20 s (Enzyme Activation) followed by 45 cycles of 95 °C at 3 s and 60 °C
at 30 s, as recommended by the manufacturer.

2.4.1. BCCDC-triplex assay (“reference assay”)
The BCCDC’s SARS-CoV-2 triplex assay was used as described earlier
[14]. This assay targets the SARS-CoV-2’s RdRp and E-gene, with the

Table 1

Sequence of forward and reverse primers and TagMan™ probes used for the
SORP assay. Position of the Spike and ORF 8 primers and probes based on the
alignment to the Wuhan-Hu-1 SARS-CoV-2 sequence (RefSeq:NC_045512.2).

PRIMER/ SEQUENCE Nucleotide Ref
PROBE Position
Spike-F1 =~ CCACTAGTCTCTAGTCAGTGTGTTAATY  21568-21595 Present
Spike-R1  AAACTGAGGATCTGAAAACTTTGTC 21618-21647 work
Spike-P1  FAM-CAACCAGAA/ZEN/ 21690-21716
CTCAATTACCCCCTGCATACA-IABIKFQ/
ORF8-F1 GGAGCTAGAAAATCAGCACCTTTAA 28041-28065 Present
ORF8-R  TCGATGTACTGAATGGGTGATTTAG 28093-28117 work
ORF8-P Cy5-TGAATTGTG/TAO/ 28067-28090
CSTGGATGAGGCTGG-IABIKRQ/
RNaseP- AGATTTGGACCTGCGAGCG Us-CDC
F
RNaseP- NED-TTCTGACCTGAAGGCTC-MGBNFQ BCCDC in
P house
design
(Lee)
Modified
from US-
CDC for
MGB
RNaseP- GAGCGGCTGTCTCCACAAGT Us-CDC
R
RNaseP- TCAACGATATGATTGATAGCAACAAC Present
R8 work
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human RNaseP as the internal control. Henceforth referred to as the
“Reference Assay”, this is the primary assay used to test for the presence
of SARS-CoV-2 in clinical samples submitted at our BCCH laboratory.

2.4.2. N1/N2/RNaseP US-CDC'’s assay

The US-CDC’s N1 (2019-nCoV_N1)/N2 (2019-nCoV_N2)/RNaseP
primer-probe sets were purchased from IDT (Cat No: 10006713) and
used as per the US-CDC’s testing guidelines [29].

2.4.3. SORP (spike, ORF8, mRNaseP) triplex assay

The SORP RT-qPCR assay reaction consisted of (20 pL) with the
following concentrations of the primers and probes: Spike-F1/R1 (0.3
pM), Spike-P1 (0.2 uM), ORF8-F1/ORF8-R (0.4 uM), ORF8-P (0.2 pM),
RNaseP-F/R8 (0.05 pM) and RNaseP-P (0.15 pM). The primers and
probes used for SORP are listed in Table 1.

2.5. Interpretation algorithm of SARS-CoV-2 assay results & discrepant
analysis

2.5.1. BCCDC-triplex assay (“reference assay”)

As per the current clinical reporting guidelines for the use of the
BCCDC’s triplex assay, a patient sample was considered negative for
SARS-CoV-2, if the RdRp and E-gene assays were negative and the
RNaseP control gene was positive with a Cr <40. A negative RNaseP
signal indicated improper sample collection or failed extraction, and
was reported as “invalid”. Samples positive for both the RdRp and E-
gene with Cr values =< 40 were considered positive. Single target
positive (RdRp or E-gene), were clinically resolved by testing the orig-
inal patient sample on the Xpert Xpress SARS-CoV-2 (Cepheid, Sunny-
vale, CA, USA). The Xpert Xpress’s result algorithm was used to guide for
the presence/absence of the SARS-CoV-2 in such cases.

2.5.2. SORP triplex assay

The SORP assay was interpreted in the same fashion as described for
the BCCDC reference assay, substituting the Spike and ORF8 genes for
RdRp and E-gene. Discrepant or weakly positive results for S or ORF8
targets were also resolved on Xpert Xpress SARS-CoV-2 as described
above.

2.5.3. US-CDC nucleocapsid singleplex assay
US-CDC’s assay Nucleocapsid assay results were interpreted as per
the US-CDC’s testing guidelines [29].

2.6. Analytical sensitivity and specificity of the SORP triplex assay

Limit of detection (LOD) of the SORP triplex assay was determined
using AmpliRun™ Total SARS-CoV-2 control (Vircell, Granada, Spain),
an inactivated (swab) SARS-CoV-2 viral control preparation (4.3 x 10*
copies/mL). Post-reconstitution in sterile water as per the manufac-
turer’s instructions, the SARS-CoV-2 inactivated virus control was
extracted on the QIAsymphony (Qiagen) automated extraction platform,
using the DSP Virus/Pathogen kit (Qiagen). Probit regression analysis to
determine the 95% detection limit was carried out using the MedCalc
Software package (MedCalc Software Ltd, Ostend, Belgium).

The analytical specificity of the SORP assay was evaluated using two
methods: in silico analysis using BLAST analysis with common non-target
organisms in the NCBI GenBank database (Table. 1_Suppl) and RT-qPCR
analysis on a panel of non-target microorganisms. These non-target
microorganisms were either positive patient specimens (nasopharyn-
geal/oropharyngeal swabs, bronchoalveolar lavage fluid, urine, saliva,
and nasal washes), type strain cultures or commercial standards (Table.
2_Suppl). Nucleic acid was extracted from each individual organism
using the QIAsymphony (Qiagen, Hilden, Germany) automated extrac-
tion platform.
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3. Results
3.1. SORP primer and probes & genomic alignment

The TagMan™ primer and probes designed for the Spike and ORF8
gene targets showed 100% homology with the SARS-CoV-2 RefSeq
(NC_045512.2; Fig. 1_Suppl). Random mismatches were however
observed for both the S and ORF8 amplicons, when it was aligned to ca.
52,237 SARS-CoV-2 sequences, (downloaded on Jan 20, 2021, from the
NCBI SARS-CoV-2 hub). These mismatches appeared random in nature
suggesting either point mutation or sequencing base call errors. Based
on the ca. 52,237 SARS-CoV-2 downloaded sequences, a 99% consensus
sequence was generated using the Geneious Software. To incorporate
nucleotide variations, degenerate nucleotide(s) was incorporated to
account for single nucleotide polymorphism (L18F) detected in the
recently reported B1.1.7 and 501Y.V2 SARS-CoV-2 variants
(Fig. 2_Suppl). Similarly, the ORF8-F1/-R primers also showed 100%
match to the ORF8 consensus sequence except for one C/G substitution
in the middle of the ORF-8 probe (Fig. 3_Suppl). To prevent this sub-
stitution affecting the probe binding kinetics, a degenerate base (S—=C/
G) was incorporated in the ORF8-probe.

3.2. Amplification of human mRNA RNaseP (mRNaseP assay)

The RNaseP assay, containing the modified reverse primer RNaseP-
R8, specifically amplified the human RNaseP mRNA and not RNaseP
gDNA (Table 2). When the reverse transcription (RT) step was omitted
or the template consisted of a purified human gDNA (TagMan™ Control
Genomic DNA human; ThermoFisher, Cat No: 4312660), no positive
RNaseP amplification was observed (Table 2). Prior to its implementa-
tion as a control in the SORP triplex assay format, the performance of
this newly developed mRNA-specific RNaseP TagMan™ was evaluated
on total nucleic acid (mRNA + gDNA), extracted from a cohort (n = 40)
of clinical samples that tested negative for SARS-CoV-2. The regular US-
CDC’s RNaseP which amplified both gDNA and mRNA, was tested on
these same samples in parallel. The average Cr difference between these
two assays (ACt = Cy mRNaseP - Cy RNaseP) was found to be ACy = 4.18
(Fig. 1). For SARS-CoV-2 positive clinical samples (n = 40), the average
Cr difference between mRNaseP and RNaseP assay was ACt = 3.95.
(Fig. 1).

3.3. Diagnostic performance of BCCDC-Triplex, SORP and N1/N2 assay

3.3.1. BCCDC-triplex assay

Of the total of 372 NPFS samples tested on the BCCDC-RdRp/E/
RNaseP triplex assay, 142 were found to be positive for both the RdRp
and E gene targets while two samples, S46 (RdRp = undetermined
[und]/E = 37.1/mRNaseP = 27.5) and S60 (RdRp = 37.31/E = und/
mRNaseP = 31.43) were single gene positives. None of these samples in
this cohort tested negative for RNaseP, indicating proper sample
collection. To resolve these single gene target positives, the original
samples were tested on Xpert Xpress SARS-CoV-2 assay. The S46 sample
gave the following results: E = Neg/N2 = 42.3 which as per Xpert Xpress
SARS-CoV-2 reporting algorithm, was reported as “presumptive posi-
tive”. Interestingly, the S46 sample, when re-tested subsequently on the
BIOFIRE® Respiratory Panel 2.1 assay (RP2.1; BioFire Diagnostics, LLC,
Salt Lake City, UT) gave a negative result. The other single target patient
positive sample S60, when tested on Xpert Xpress SARS-CoV-2, gave the
following results: E = 35.4/N2 = 39.0. This as per Xpert Xpress SARS-
CoV-2 reporting algorithm, classified the S60 sample as “SARS-CoV-2
positive”.

3.3.2. N1/N2 US-CDC nucleocapsid assay

Parallel testing of the 372 samples previously tested on the BCCDC-
Triplex assay, gave the following results-142 positive (N1/N2 positive),
228 negatives (N1/N2 negative). The sample S46 (RARp = und/E =
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Table 2
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Cr values obtained by individual RNAseP and mRNAseP assays, for two different template types-purified human gDNA and total nucleic acid (gDNA + mRNA). The
TNA template was used with reverse transcription (+RT) and without reverse transcription (-RT).

RNaseP TagMan™ Assay RT-qPCR Primer/Probes

Amplicon Size

TagMan™ control Human gDNA SARS-CoV-2 NEGATIVE

(0.1 ng/pL) Total Nucleic Acid
Cr (mRNA + gDNA)
Cr
Forward Probe Reverse mRNA gDNA +RT -RT
RNaseP RNaseP-F RNase-P Probe RNase-P-R 65 bp 65 bp 32.88 27.25 28.3
mRNaseP RNaseP-F RNase-P Probe RNase-P-R8 105 bp 2.8 kb und 30.14 und
gene targets. The two samples, S46 and S60 which were single gene
45+ positives on the reference assay were negative (S/ORF8 = und; mRNa-
seP = 29.87) and positive (S = 36.09/0RF8 = 37.36/mRNaseP = 33.85)
40 respectively, on the SORP triplex assay. No S/ORF8 positives were
detected from the 227 (RdRp = und/E = und) negatives when the same
227 negative NPFS samples, were parallel tested on the SORP Triplex
35— assay. The overall sensitivity and specificity of the SORP triplex assay
- were: 99.31% (95% CI: 96.22-99.98%) and 100.0% (95% CI:
© 98.4-100%) respectively (Table 3). In addition, the SORP triplex assay
30 detected both the S and ORF8 targets when tested on a panel of VOC’s
consisting of SARS-CoV-2 of the B.1.1.7 (UK) and B.1.351 (SA) lineages
(Table.3_Suppl).
25+ Overall, a high degree of concordance was observed between the
SORP triplex assay and the BCCDC triplex assay as seen by the strong
correlation in Ct values (R2:0.99; Spearman’s p = 0.96; P < 0.0001)
20 1 I I ! (Fig. 2a). Similarly, a strong correlation was also observed between the
& & & o)
Q® 5 Q\Q <Z(2
& & & & 50
< é& < 6& Y=0.9968x A
R'=0.9968
Fig. 1. Distribution of Cr’s recorded between the RNaseP and mRNaseP Tagq-
Man™ assays for a cohort (n = 40) of SARS-CoV-2 negative and positive NPFS - 4071 =096 e I
samples. ACr = Cr (mRNaseP)-Cr (RNaseP). A two-sided paired-sample t-test C & . 5 ;E 5- B
found statistically significant difference between (***P < 0.001) the CT values T O —_ °
obtained between RNaseP and mRNaseP TagMan™ assays, as shown by P o) 30 g0 &
values. Dotted line indicates the assay cut-off at Cy < 40 as defined in materials -
and methods. ',’P >
a2
20 s, &
37.1/RNaseP = 27.5) which was single gene positive on the reference sl
assay and “presumptive positive” on the Xpert Xpress SARS-CoV-2 assay, ”
was negative for both N1/N2 targets. Sample S60, which was single gene 10
target positive (RdRp = 37.31/E = und/RNaseP = 31.43) on the refer- 10 20 30 40 50
ence assay, was positive for only N2 positive (N1 = und/N2 = 37.46),
classifying it as “Inconclusive” (N1 = und/N2 = 37.46), as per US-CDC’s CT (BCCDC-Triplex)
reporting algorithm for the N1/N2 assay. The overall analytical sensi- 50 Y=1.0701xx B
tivity and specificity of the N1/N2 assay therefore was: 99.30% (95% R’=0.9964
CI:96.2-99.9%), 100.0% (95% CI:98.4-100%) respectively (Table 3). 40 020,97
- e . .
3.3.3. SORP triplex assay C E ..j.‘:. s
Of the 144 SARS-CoV-2 positives detected on the reference BCCDC- TO sl
Triplex assay, 143 samples were positive for both the S and ORF8 2 30 M._a: *
*
’; =
Table 3 20 ,,.-:3‘2-"
Sensitivity and Accuracy analysis of 144 Positive and 227 Negatives, tested on o %d
SORP Triplex and US-CDC N1/N2 Singleplex assay. * = sample No. S60 classi-
fied as “inconclusive” and was excluded from the final analysis. 10
10 20 30 40 50
SARS-CoV-2 Positive (n =  Negative (n = Sensitivity Accuracy
0,
Assay 144) 227) (95% CI) CT (N1/N2)
SORP 143 0 99.31% 99.73% Fig. 2. Correlation between Cr values obtained between (A.) SORP triplex
Triplex (96.19-99.98)  (98.51-99.99) assay and BCCDC triplex assay (R%:0.99; Spearman’s p = 0.96; P < 0.0001) (B.)
US-CDCN1/ - 142 0 99.30% 99.73% SORP triplex assay and N1/N2 US-CDC Nucleocapsid singleplex assay. (R%:0.99;
N2 (96.17-99.98) (98.51-99.99)

Spearman’s p = 0.97; P < 0.0001).
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SORP triplex assay values and the US-CDC’s Nucleocapsid (N1/N2)
singleplex assay (R2:0.99; Spearman’s p = 0.97; P < 0.0001). (Fig. 2b).

3.4. Analytical sensitivity & specificity

Using a quantified SARS-CoV-2 template, the lowest concentration
(95% probability) of the ORF8 and S gene targets detected were: 222.33
c/mL (CL:88.4-1625.9) and 206.69 c/mL (CI:97.14-1294.9) respec-
tively as per Probit regression analysis. On a copies per reaction basis,
this was: 1.98 (CI:0.78-14.71) and 1.82 (CI:0.85-11.475) for the ORF8
and S gene targets respectively.

In silico BLAST analysis of the S and ORF8 amplicon sequence did not
show any homology to other coronaviruses including human coronavi-
ruses (229E/HKU1/NL63/NO/0OC43), SARS-CoV (ExoN1/Tor2/HSE 1/
HKU-39849/Urbani), bat coronaviruses and MERS-CoV (Table.
1_Suppl). Also, no homology was observed for both the S and ORF8
amplicon sequences, when tested in silico on common respiratory viruses
like human adenovirus, RSV A/B, influenza virus A/B, human meta-
pneumovirus, human parainfluenza virus and human rhinovirus (Table.
1_Suppl). Empirical testing of the candidate Spike and ORF8 TagMan™
sets on a panel of clinically positive non-target specimens, which
included viral targets like Adenovirus, cytomegalovirus, Epstein Barr
virus, human bocavirus and common bacterial targets like Escherichia
coli, Bordetella pertussis and Streptococcus pneumoniae, also showed no
cross-reactivity, indicating high degree of target specificity (Table.
2_Supp)).

4. Discussion

In this study, we developed a highly sensitive and specific TagMan™
multiplex assay, to detect SARS-CoV-2, targeting the Spike and ORF8
genes of this virus. Based on the availability of >51,000 high-quality
SARS-CoV-2 whole genome sequences, two highly conserved region
(s), specific for SARS-CoV-2, were identified for both these genes.
Incorporation of nucleotide degeneracy in the Spike forward primer and
ORF8 probe, accounted for single nucleotide polymorphisms in the
SARS-CoV-2 genomes currently deposited in the NCBI and GISAID da-
tabases. In silico analysis of the candidate primer and probes designed
for these two genetic targets showed no cross-reactivity with other
human coronaviruses, including SARS-CoV-1 and MERS-CoV, and other
common respiratory viruses. Empirical testing of the candidate Spike
and ORF8 TagMan™ sets on a panel of clinically positive, non-target
specimens, showed no cross-reactivity, confirming a high degree of
target specificity (Table. 2_Suppl). The newly developed SORP triplex
assay, detected with 99.73% accuracy the 144 positives nasopharyngeal
SARS-CoV-2 swab samples, previously tested on the reference BCCDC
triplex assay. No single gene target positives were detected amongst the
144 positive samples, nor false positives from the cohort of 227 negative
NPFS samples. Overall, a high degree of concordance was observed
between the SORP and the BCCDC triplex assays (Spearman’s p = 0.96)
and the widely used FDA licenced, US-CDC’s Nucleocapsid assay
(Spearman’s p = 0.97) (Fig. 2). Interestingly, the SORP triplex assay was
also able to detect with 100% sensitivity a panel of SARS-CoV-2 VOC’s
belonging to the B.1.1.7 and B1.135 lineage (Table.3_Suppl).

Getting a single-gene positive can be disruptive to a testing workflow
and have to be resolved separately using for example, Xpert Xpress
SARS-CoV-2 assay used in our laboratory test setting. Having an assay
which gives high rate of dual (S/ORF8) gene positives, results in mini-
mal workflow disruption due to repeat testing and enhances the overall
confidence of using it for clinical testing. While no single gene S/ORF8
gene targets were detected in our study, reports of ORF8 deletion in
certain SARS-CoV-2 strains [30-32], could potentially result in lack of
ORF8 signal when using the SORP triplex assay. Under these circum-
stances, the end-user would have to resolve it on a separate confirmatory
assay which does not target either the S or ORF8 genes for e.g., Xpert
Xpress SARS-CoV-2 (Cephid, USA).

Molecular and Cellular Probes 58 (2021) 101744

In the present work, we attempted to develop a more “contextual”
relevance for the human RNaseP internal control widely used in SARS-
CoV-2 assays. Alignment of the RNaseP forward (RNaseP-F) and
reverse (RNaseP-R) primer sequences, showed that both these primers
had binding site on exon 1 (Fig. 1_Suppl_A). This in theory would result
in the co-amplification of both mRNA and gDNA, which was also
empirically verified in our study (Table 2). The amplification of RNaseP
gDNA however, cannot account for the highly sensitive reverse tran-
scription process - a key enzymatic step, required for the amplification of
the RNA viral target i.e., SARS-CoV-2 acknowledged to be extremely
vulnerable to chemical inhibition [33]. In other words, the lack of
US-CDC’s defined RNaseP primer/probe set, does not capture the fi-
delity of the reverse transcription process, which in our opinion, rep-
resents a limitation of this highly versatile and widely used control for
SARS-CoV-2 testing.

Using the classical exon-spanning strategy, the RNaseP reverse
primer (RNaseP-R) was re-designed such that it exclusively amplified
RNaseP mRNA (mRNaseP) (Fig. 1_Suppl_B). As a result, amplification of
the mRNA-specific RNaseP internal control could now be interpreted to
also account for reverse transcription in addition, to improper specimen
collection and/or sample nucleic acid extraction failure. In our study, of
the >350 samples tested, we did not record any instances of mRNaseP
control failure, indicating both proper sample collection and high
quality (inhibitor-free) of total nucleic acid extracted on the QIAsym-
phony extraction platform.

5. Conclusion

In summary, a new SARS-CoV-2 specific LDT assay was designed to
improve the resiliency of our COVID-19 testing program. Ready avail-
ability of a new SARS-CoV-2 specific LDT, could help diagnostic labo-
ratories, to overcome challenges posed by supply chain limitations [34]
and detection of new variants of SARS-CoV-2 [25,26]. Moreover, ready
availability of a repertoire of SARS-CoV-2 LDT’s, could facilitate the
development of a more “panel-centric” testing approach, whereby
multiple LDT’s are used, to test the presence of SARS-CoV-2 in a clinical
sample. This panel-based approach is now being increasingly realized to
be more prudent testing approach than the current single LDT approach
[20,36].
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