S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Clinical Virology 128 (2020) 104433

Contents lists available at ScienceDirect

Journal of Clinical Virology

journal homepage: www.elsevier.com/locate/jcv

Short communication

Real-time PCR-based SARS-CoV-2 detection in Canadian laboratories R

Jason J. LeBlanc™™*, Jonathan B. Gubbay“®<, Yan Li’, Robert Needle®, Sandra Radons Arneson’,
Dionne Marcino', Hugues Charest”, Guillaume Desnoyers', Kerry Dust/, Ramzi Fattouh®,
Richard Garceau', Gregory German', Todd F Hatchette®”, Robert A. Kozak®™, Mel Krajden”,
Theodore Kuschak’, Amanda L.S. Lang®, Paul Levett”, Tony Mazzulli“?, Ryan McDonald®,
Samira Mubareka“™, Natalie Prystajecky”, Candy Rutherford?, Marek Smieja‘, Yang Yu®,
George Zahariadis?, Nathan Zelyas™', Nathalie Bastien’, on behalf of the COVID-19 Pandemic
Diagnostics Investigation Team of the Canadian Public Health Laboratory Network (CPHLN)
Respiratory Virus Working Group

2 Division of Microbiology, Department of Pathology and Laboratory Medicine, Nova Scotia Health Authority (NSHA), Room 404B, MacKenzie Building, 5788 University
Avenue, Halifax, Nova Scotia B3H 1V8, Canada

® Departments of Pathology, Medicine, and Microbiology and Immunology, Dalhousie University, Halifax, Nova Scotia, Canada
¢ Department of Laboratory Medicine and Pathobiology, Faculty of Medicine, University of Toronto, Toronto, Ontario, Canada
9 public Health Ontario Laboratories, Toronto, Ontario, Canada

€ Hospital for Sick Children, Toronto, Ontario, Canada

f National Microbiology Laboratory (NML), Public Health Agency of Canada (PHAC), Winnipeg, Manitoba, Canada

& public Health and Microbiology Laboratory, St. John’s, Newfoundland, Canada

b Laboratoire De Santé Publique Du Québec/INSPQ, Sainte-Anne-de-Bellevue, Quebec, Canada

i Centre Hospitalier Universitaire Dr. Georges L. Dumont, Moncton, New-Brunswick, Canada

3 Cadham Provincial Laboratory, Winnipeg, Manitoba, Canada

X Department of Laboratory Medicine, St. Michael’s Hospital, Toronto, Ontario, Canada

! Queen Elizabeth Hospital, Charlottetown, Prince Edward Island, Canada

™ Sunnybrook Research Institute, Toronto, Ontario, Canada

" Public Health Laboratory, British Columbia Centre for Disease Control (BCCDC), Vancouver, British Columbia, Canada

° Roy Romanow Provincial Laboratory (RRPL), Saskatchewan Health Authority (SHA), Regina, Saskatchewan, Canada

P Department of Microbiology, Mount Sinai Hospital, Toronto, Ontario, Canada

98t Joseph’s Healthcare, Hamilton, Ontario, Canada

¥ Provincial Laboratory for Public Health (ProvLab), Calgary, Alberta, Canada

ARTICLE INFO ABSTRACT

Keywords: With emergence of pandemic COVID-19, rapid and accurate diagnostic testing is essential. This study compared

COVID-19 laboratory-developed tests (LDTs) used for the detection of SARS-CoV-2 in Canadian hospital and public health

Coronavirus laboratories, and some commercially available real-time RT-PCR assays. Overall, analytical sensitivities were

SARS-CoV-2 equivalent between LDTs and most commercially available methods.

Molecular

PCR
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1. Introduction coronaviruses (229E, NL63, OC43, and HKU1) are causes of the

common cold, and serious outcomes are rare. Some human B-cor-

Coronaviruses are part of a large family of viruses that infect hu- onaviruses have been associated with high morbidity and mortality,

mans and animals, and are classified into 4 genera (a, f3, y, and ). such as severe acute respiratory syndrome coronavirus (SARS-CoV) and

Human coronaviruses belong to a and 3 genera. [1] Most human Middle East respiratory syndrome coronavirus (MERS-CoV)] [1]. In
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December 2019, novel B-coronavirus now termed SARS-CoV-2 [2-5]
emerged from China, and was associated with high morbidity and
mortality in older adults or individuals with underlying medical con-
ditions. [6-10]. Due to the severity and spread, the disease caused by
SARS-CoV-2 (i.e. 2019 coronavirus disease, or COVID-19) was declared
a pandemic on March 11, 2020 [6-12].

Laboratory testing for COVID-19 is an essential component of con-
tainment and mitigation strategies, as it allows the appropriate clinical
management and public health interventions. [13-15] Nucleic acid
amplification tests (NAAT) such as real-time reverse transcription
polymerase chain reaction (rRT-PCR) are the methods of choice for
SARS CoV-2 diagnostic testing. With the rapid availability of genome
sequences [4,16], laboratory-developed tests (LDTs) for the detection of
the SARS-CoV-2 were quickly developed. The first LDTs relied primarily
on the detection of SARS-CoV-2 envelope (E), RNA-dependent RNA
polymerase (RdRp), and nucleocapsid (N) genes [17,18], but more re-
cent rRT-PCR method targets include open reading frame 1 a/b (Orfla/
b) and the gene encoding spike (S) protein. Recognizing the perfor-
mance characteristics of PCR methods can vary with reagents, PCR, and
instrumentation [19,20], this study compared the analytical sensitivity
of LDTs used in hospital and provincial public health laboratories across
Canada, as well as some commercially available NAATs that are
available in Canada.

2. Methods

The lower limit of detection (LoD) of each method was determined
by testing serial dilutions of RNA extracted from a cultured stock of
SARS-CoV-2/Canada/VIDO-01/2020 [originally cultured by VIDO-
Intervac at the University of Saskatchewan from a clinical specimen
originating from Sunnybrook Health Sciences Centre, and propagated at
the National Microbiology Laboratory (NML)]. To reduce inter-labora-
tory variability, specimen preparation, nucleic acid extraction and di-
lutions were carried out at the NML in Winnipeg (Manitoba, Canada).
The viral stock was extracted using the QIAamp Viral RNA Mini kit
(Qiagen Inc.), as recommended by the manufacturer. Ten-fold dilution
of RNA was prepared in 10 mM Tris (Invitrogen, ThermoFisher) as a
single batch. Five replicates of each dilution were shipped on dry ice to
participating sites in sufficient volumes to ensure there would be only a
single freeze thaw for each of the five independent experiments. Viral
RNA was maintained at —70 °C until tested. The viral RNA used for the
relative method comparison was quantified using a standard curve
generated with in vitro transcribed RNA (Doc S1). All commercial as-
says were performed as recommended by the respective manufacturers
and the various LDT were performed using reagents, instrumentation,
and conditions summarized in Table 1. Results of each laboratory’s tests
were collated, and the LoD estimated using a Probit analysis (https://
biostats.shinyapps.io/LOD_probit/) at a probability of 95%. The LoD of
each method was expressed as log;o copies/mL in the PCR reaction,
with 95% confidence intervals (CI) (Table 1).

3. Results

Our data shows that there is a wide spectrum of instruments, re-
agents, PCR targets, and reaction conditions between the different di-
agnostic and commercial rRT-PCR methods for the identification of
SARS-CoV-2 (Table 1). Despite this variability, the LoD of the various
LDTs were between 3.4 and 4.5 log;o copies/mL. Most commercial
methods were equivalent to LDTs, with only a few assays that showed
reduced sensitivity (Table 1).

4. Discussion

When COVID-19 first emerged in Canada, method validation in
provincial public health and hospital laboratories was challenged by the
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lack or limited availability of control material for SARS-CoV-2, and
limited data to help guide the choice of SARS-CoV-2 real-time PCR
methods. Given the novelty of the virus, initial Public Health Agency of
Canada (PHAC) case definitions for COVID-19 required laboratory de-
tection of SARS-CoV-2 by real-time RT-PCR with confirmation from
either sequencing, or rRT-PCR using a second genetic target. As such,
many LDTs were performed in sequential algorithm, or using multiplex
rRT-PCRs that enabled simultaneous detection of at least two SARS-
CoV-2 targets (Table 1). Most methods were LDTs derived from those
developed by the Centers for disease Control and Prevention (CDC), or
from published literature. [17,18] While LDTs for COVID-19 testing
were quickly implemented in Canadian laboratories, different instru-
ments, reagents, and genetic targets were used.

Despite these differences, this study showed that the analytical
sensitivity of LDTs were consistent between laboratories, and few ex-
ceptions noted in commercial assays. Most LDTs had LoDs between 3.4
and 4.5 log;( copies/mL, which is fairly consistent with those reported
by others. [17,20] Corman et al. [17] reported analytical sensitivities
for E gene at RdRp targets at 3.9 [95% CI: 2.8-9.8] and 3.6 copies/
reaction [95% CI: 2.7-11.2] copies/reaction, which correlates to 2.9
[95% CI: 2.7-3.3] and 2.9 [95% CI: 2.7-3.4] log;o copies/mL, respec-
tively. In another recent publication, Chan et al. [21] reported analy-
tical sensitivity of 11.2 [95% CI: 7.2-52.6] copies/reaction for RARp
and 21.3 [95% CI: 11.6-177.0] copies/reaction for N gene. These va-
lues represent 3.4 [95% CI: 3.2-4.0] log;, copies/mL and 3.6 [95% CI:
3.4-4.5] logyo copies/mL, respectively, which is consistent with values
from this study. Only a limited number of methods showed reduced
sensitivity. For example, unlike the E gene target in the LightMix 2019-
nCoV Real-time RT-PCR kit, the RdARp and N gene targets showed re-
duced sensitivity. This observation had previously been noted for N
gene detection. [17]

It should be noted that the most recent case definition for COVID-19
requires detection of a single genetic target for laboratory detection of
SARS-CoV-2. [22] While dual- or multi-target real-time RT-PCRs were
initially developed to ensure specificity, sensitivity can in some cases be
enhanced when the sum of all results from individuals targets in a
multiplex PCR are considered. For example, the Allplex 2019-nCoV
assay considers detection in any of its three SARS-CoV-2 targets as a
positive result. Individually, each target showed LoD between 3.6 and
3.8 log;o copies/mL, whereas a LoD of 2.6 log;o copies/mL was ob-
served with the sum of all results. As detection of SARS-CoV-2 can be
variable at the LoD, relying on more than one target could increase the
chances of identifying the virus in specimens with low viral loads. Low
viral loads can occur in asymptomatic individuals, during the early or
late stages of COVID-19 disease, or they could be attributed to improper
specimen collection. [13,14] Such variables could greatly affect the
performance of any laboratory method, and falls outside the scope of
this study.

A noted limitation for this study includes the use of an RNA-based
panel to assess the LoD of the various PCR methods. As such, evaluation
of automated instrumentation with a paired nucleic acid extraction and
nucleic acid amplification were excluded from the study. Using serial
dilutions of cultured virus, future studies are underway to compare
automated methods capable of SARS-CoV-2 detection.

As pandemic COVID-19 continues to spread, laboratory testing is
essential, and understanding the limits of SARS-CoV-2 detection using
rRT-PCR is fundamental. This study provided the first head-to head
comparison of LDTs and commercial real-time methods used for the
detection of SARS-CoV-2 in Canada. These findings could help guide the
choice of molecular methods in diagnostic laboratories looking at in-
troducing COVID-19 testing, or, given the challenges in procuring re-
agents during the pandemic, these data may provide a list of suitable
alternatives for laboratories already offering COVID-19 testing.
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Table 1 (continued)

LoD (log copies/mL; 95%

SARS-CoV-2
CID

Target

Positivity cutoff (Ct

value)

Template vol.

(uL)

Reaction vol.

(uL)

RT-PCR reagents

Thermocycler

Laboratory

Orfla/b 4.243 (3.472-5.013)

20 ND!

Tagpath RT-PCR COVID-19 Kit with TaqPath 1-Step
Multiplex Master Mix (Applied Biosystems)

ABI 7500 Fast (Applied Biosystems)

4.434 (4.002 —4.866)
4.434 (4.002 —4.866)

3.776 (3.122—-4.430)
3.901 (3.048—-4.755)
4.712 (3.837 —5.587)
3.901 3.048—-4.755)

Any3

ND'!
307
40

20
15
20

RIDA GENE SARS-CoV-2 (r-Biopharm AG)
Lyra SARS-CoV-2 assay (Quidel Corp.)

ABI 7500 Fast (Applied Biosystems)
ABI 7500 Fast (Applied Biosystems)
ABI 7500 Fast (Applied Biosystems)

Orfla/b

DiaPlexQ Novel Coronavirus (2019-nCoV) Detection Kit

(SolGent Co., Ltd)

3.809 (2.886—4.732)
3.809 (2.886—4.732)
4.516 (3.677 —5.354)
3.776 (3.122—-4.430)
3.776 (3.122—-4.430)
3.632 (2.670—4.594)
5.591 (4.769—-6.412)
5.523 (4.636—6.410)
3.632 (2.670—4.594)

Orfla
Any®

40 42

20

New Coronavirus Nucleic Acid Detection Kit (Perkin—-Elmer)

ABI 7500 Fast (Applied Biosystems)

in Standard mode

Orflab
Any®

N/A
36
39

10

20

LightMix 2019-nCoV Real-time RT-PCR kit (Tib Molbiol)

LighCycler 2.0

RdRp

with Lightcycler Multiplex RNA Master (Roche Diagnostics)

(Roche Diagnostics)

37

Any®

N/A

1 Not defined (ND).

2 Amplification using Lyra SARS-CoV-2 assay (Quidel Corp.) on the ABI 7500 Fast includes 10 “blind" cycles where fluorescence is not capture, and therefore, the cutoff for positivity is set after the 30 cycles where

florescence was captured.

3 For multiplexed assays, LoD were assessed for individual targets; however, the LoD was also considered for the sum of results where any target detected would be considered a positive results. Note: Indeterminate

results were characterizes as positive for the Probit analysis. An indeterminate result on an rRT-PCR assay is defined as a late amplification signal, below the predetermined Ct value for positivity.
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