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A B S T R A C T   

In order to detect the SARS-CoV-2 variants of concern (VOCs), five real-time reverse transcriptase PCR (rRT-PCR) 
assays were designed to target the critical discriminatory mutations responsible for the following amino acid 
changes in the spike protein: two Δ69–70 + N501Y + E gene triplexes (one optimized for Alpha [B.1.1.7] and 
one optimized for Omicron [B.1.1.529]), a K417N + 242–244 wild-type duplex, a K417T + E484K duplex, and a 
L452R + P681 + E484Q triplex. Depending on the assay, sensitivity was 98.97–100% for the detection of known 
VOC-positive samples, specificity was 97.2–100%, limit of detection was 2–116 copies/reaction, intra- and 
interassay variability was less than 5%, and no cross-reactivity with common respiratory pathogens was observed 
with any assay. A subset of rRT-PCR- positive VOC samples were further characterized by genome sequencing. A 
comparison of the lineage designation by the VOC rRT-PCR assays and genome sequencing for the detection of 
the Alpha, Beta, Gamma, Delta and Omicron variants showed clinical sensitivities of 99.97–100 %, clinical 
specificities of 99.6–100 %, positive predictive values of 99.8–100%, and negative predictive values of 
99.98–100 %. We have implemented these rRT-PCR assays targeting discriminatory single nucleotide poly-
morphisms for ongoing VOC screening of SARS-CoV-2 positive samples for surveillance purposes. This has 
proven extremely useful in providing close to real-time molecular surveillance to monitor the emergence of 
Alpha, the replacement of Alpha by Delta, and the replacement of Delta by Omicron. While the design, validation 
and implementation of the variant specific PCR targets is an ever-evolving approach, we find the turn-around- 
time, high throughput and sensitivity to be a useful complementary approach for SARS-CoV-2 genome 
sequencing for surveillance purposes in the province of Alberta, Canada.   

1. Introduction 

The World Health Organization (WHO) case definition for SARS- 
CoV-2 variants of concern (VOCs) includes lineages with increased 
transmissibility or detrimental change in COVID-19 epidemiology, 
increased virulence or change in clinical disease presentation, or 
decreased effectiveness of public health and social measures or available 
diagnostics, vaccines, and therapeutics (World Health Organization, 
2021). As VOCs continue to emerge, rapid detection combined with the 

implementation of public health measures are imperative to control 
their spread. The current lineages declared by the WHO as VOCs include: 
Alpha (B.1.1.7), which was first documented in the United Kingdom in 
September 2020 and declared as a VOC on December 18, 2020 (Public 
Health England, 2020); Beta (B.1.351), which was first documented in 
South Africa in May 2020 and was declared as a VOC on December 18, 
2020 (Tegally et al., 2021); Gamma (P.1), which was first detected in 
Brazil in November 2020 and declared as a VOC on January 11, 2021 
(Faria et al., 2021); Delta (B.1.617.2), which was initially detected in 
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India in October 2020 and declared as a VOC on May 11, 2021 (https:// 
www.who.int/en/activities/tracking-SARS-CoV-2-variants/, accessed 
March 17, 2022); and Omicron (B.1.1.529), which was first reported in 
multiple countries in southern Africa in November 2021 and declared as 
a VOC on November 26, 2021 (World Health Organization, 2021a; 
Viana et al., 2022). Based on the WHO epidemiological update on March 
30, 2021, Alpha had been reported in 130 countries, Beta in 80 coun-
tries, and Gamma in 45 (World Helath Organization, 2021c) countries; 
the spread of Delta was faster than prior VOCs and it was reported in 54 
countries by June 1, 2021 (World Health Organization, 2021b). The rate 
of spread for Omicron surpassed all previous VOCs and as of Jan 6, 2022, 
Omicron had been identified in 149 countries across all six WHO Re-
gions (World Health Organization, 2022). 

Alpha has 13 mutations in the spike (S) protein with the Δ69–70, 
N501Y and P681H mutations contributing to its increased trans-
missibility (Davies et al., 2021). Gamma displays additional critical 
mutations including L18F, T20N, P26S, D138Y, R190S, K417T, E484K, 
N501Y, and H655Y (amino acids located in the receptor-binding, 
N-terminal or furin cleavage domains of the spike protein), and has 
been shown to be more resistant to multiple neutralizing monoclonal 
antibodies and vaccine antisera (Wang et al., 2021a). Beta also displays 
mutations at the same three receptor-binding domain residues as 
Gamma with K417N, E484K, and N501Y, which could reduce mono-
clonal antibody or vaccine efficacy (Tegally et al., 2021; Wang et al., 
2021b). These residues are also associated with increased affinity to the 
human ACE2 receptor that can impact host cell entry and virus trans-
mission (Lan et al., 2020). Important changes in the spike protein for 
Delta include T19R, Δ157–158, L452R, T478K, D614G, P681R, and 
D950N (ECDC, 2021); L452R and E484Q can cause enhancement of 
ACE2 binding, transmission and immune evasion (Augusto et al., 2022; 
Ozono et al., 2021). The Omicron variant has 35 non-synonymous mu-
tations in the spike protein and 22 mutations in other viral pro-
tein–encoding genes. Among the nonsynonymous mutations in the S 
protein, only 11 mutations have been described in the previous VOCs 
(Gu et al., 2022) and this likely leads to the markedly different pheno-
type of Omicron in terms of transmission and escape from prior 
immunity. 

Numerous assays and strategies to rapidly detect VOCs have been 
described (Wang et al., 2021c,d; Takemae et al., 2022; Matic et al., 2021; 
Phan et al., 2022; Vega-Magana et al., 2021). We had previously 
described assays for the detection of Alpha using real-time reverse 
transcriptase PCR (rRT-PCR) assays that specifically targeted the N501Y 
mutation and the Δ69–70 in the spike gene (Zelyas et al., 2021). In this 
study, we improve upon that original assay design by multiplexing the 
targets and optimizing it for the detection of Omicron. We also describe 
three additional rRT-PCR assays that target key single nucleotide poly-
morphisms (SNPs) found in the spike gene of the recognized VOCs. 
These assays were initially validated using samples with known lineage 
status. A further analysis was carried out where lineage designation 
based on these assays was compared with genome sequencing 
prospectively. 

The implementation of these high throughput variant screening as-
says promptly after the identification of VOCs worldwide has helped in 
the identification of circulating genotypes and emerging trends to guide 
public health policies. 

2. Materials and methods 

2.1. Population and samples 

Molecular testing for SARS-CoV-2 in the province of Alberta (popu-
lation 4.4 million) is carried out for symptomatic patients and, in some 
cases, asymptomatic patients who are close contacts of cases or involved 
in outbreaks. Upper respiratory tract samples included nasopharyngeal 
(NP) aspirates, throat or NP swabs collected and transported in Uni-
versal Transport Medium (COPAN Diagnostics (Murrieta, CA), Remel™ 

(Lenexa, KS), Yocon Biology (Beijing, China), Phoenix Airmid Biomed-
ical (Ontario, Canada)), 0.85% saline (Dalynn Biologicals (Calgary, 
Canada)), or modified liquid Amies (COPAN Diagnostics). Lower res-
piratory tract samples included sputa, bronchoscopy specimens, or 
endotracheal tube suctions. Testing data from April 3, 2021, to Jan 15, 
2022, was included in this study. When resources were available, all 
SARS-CoV-2 positive samples were tested for the VOCs based on the 
number of cases and testing capacity. During the interim periods from 
May 1–31, 2021, September 10-November 24, 2021, and December 24, 
2021-January 15, 2022, only targeted populations including patients 
involved in outbreaks, hospitalized/emergency room cases, inbound 
international travelers, and healthcare workers were screened because 
of increased numbers of positive cases and strain on available resources. 
As of April 3, 2021, all samples were screened for Alpha, Beta and 
Gamma lineages. Assays for the detection of SARS-CoV-2 and Alpha 
were multiplexed and this modification was implemented on April 14, 
2021. A screening assay for the detection of the Delta variant was 
implemented on June 1, 2021, this assay was subsequently modified to 
include the E484Q target for the specific detection of B.1.617.2 on July 
19, 2021. With the detection of the Omicron variant in late November 
2021, it was noted that there were mutations for this lineage in our 
Δ69–70 deletion detection probe, N501Y forward primer and N501Y 
probe. As a result, these nucleotide positions were modified to accom-
modate for the detection of Omicron and a new triplex assay incorpo-
rating the modified Δ69–70 and N501Y oligonucleotides and the E gene 
marker was implemented on Dec 13, 2021 to replace the previous 
Δ69–70 + N501Y + E gene triplex. Fig. 1 shows the timeline for the 
implementation of the different VOC assays. This study was approved by 
the University of Alberta Human Research Ethics Board (reference 
number Pro00108722). 

2.2. Assays for SARS-CoV-2 VOC screening and interpretation of VOC 
assays 

Five assays incorporating 10 separate markers were designed during 
the time period of this study. A triplex assay incorporating previously 
reported primers and probes to detect N501Y, Δ69–70, and an E gene 
target was developed to test all samples for Alpha (the E gene target 
acted as a surrogate marker of viral load in a sample, as the VOC assays 
are reliable only for samples of sufficient viral load); this assay is 
referred to as the N501Y+ Δ69–70 + E gene (Alpha) assay (Zelyas et al., 
2021; Pabbaraju et al., 2021). Two duplex assays to detect 242–244 WT 
+ K417N and E484K + K417T were also devised to detect Beta and 
Gamma as a second step for samples that resulted N501Y positive but 
Δ69–70 negative by the N501Y + Δ69–70 + E gene (Alpha) assay. 
Finally, a duplex assay for B.1.617 (detecting L452R + P681 WT) was 
developed as another second step in the testing process for samples 
negative for N501Y, once this parent lineage was recognized as signifi-
cant. Conversion of this assay into a triplex (L452R + P681 WT +
E484Q) was undertaken when B.1.617.2 (Delta) was recognized as a 
VOC rather than B.1.617. 

If the defined constellation of mutations was detected by the variant 
assays, the sample was reported as belonging to the corresponding 
specific lineage. If the complete set of defining mutations was not 
detected or if additional changes were noted, the results were reported 
as “presumptive variant” and genome sequencing was performed for 
lineage confirmation. With the arrival of the Omicron variant in 
November 2021, the N501Y + Δ69–70 + E gene (Alpha) assay was 
modified for the detection of this variant (hence referred to as the N501Y 
+ Δ69–70 + E gene [Omicron] assay) and was run alongside the 
242–244 WT + K417N assay to identify Omicron-positive samples 
(those that were positive for all five markers). The E484K + K417T assay 
was discontinued since neither Beta nor Gamma were circulating in 
Alberta by that time. The N501Y + Δ69–70 + E gene (Omicron) assay 
was implemented on December 13, 2021, subsequent to which only 
Omicron and Delta were reported as VOCs and samples with all other 
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mutation patterns were subjected to genome sequencing. See Fig. 2 for a 
summary of how the VOC assays were interpreted based on the evolu-
tion of VOCs. 

All primers and probes used are summarized in Table 1. These were 
purchased either from Applied Biosystems (ABI, Foster City, California) 
or from LGC Biosearch Technologies (Petaluma, CA, USA). The VOC 
assays were performed using TaqMan® Fast Virus One-Step RT-PCR 
Master Mix (ABI) with the following primer/probe concentrations in µM: 
E484K and E484Q = 0.4/0.08; K417T = 0.5/0.08; 242–244 WT, K417N, 
L452R, E gene, Δ69–70 (both Alpha and Omicron versions) = 0.8/0.2; 
P681 WT and N501Y (both Alpha and Omicron versions) = 0.8/0.07. 
Each reaction contained 5 µL of template nucleic acid. The reverse- 
transcription step was performed at 50 ◦C for 5 min followed by incu-
bation at 95 ◦C for 20 s. Amplification included 45 cycles of denatur-
ation at 95 ◦C for 3 s, followed by annealing, extension and data 
acquisition at 60 ◦C for 30 s on the 7500 Fast Real-Time PCR system 
(ABI). 

2.3. Extraction of viral nucleic acid 

Viral RNA from the different specimen types was extracted on one of 
two platforms according to manufacturers’ instructions: easyMAG® 
(BioMerieux, Quebec, Canada) with associated reagents or the MagMAX 
Express 96 or KingFisher Flex automated extraction and purification 

systems (Thermo Fisher Scientific) with either the MagMAX™-96 Viral 
RNA Isolation Kit (ABI) or the LuminUltra RNA Isolation Kit (Lumi-
nUltra Technologies Ltd., New Brunswick, Canada) in combination with 
the MagDx® AQM magnetic beads from Applied Quantum Materials Inc. 
(Alberta, Canada). The validated specimen types included throat swab, 
nasal swab, NP swab and aspirate, auger suction, bronchoalveolar 
lavage, endotracheal secretion, and lung tissue. The sample input and 
output volumes were 200 µL and 110 µL for all the respiratory sample 
types, and 60 µL and 200 µL for the tissue samples, respectively. 

2.4. VOC assay analytical sensitivity/specificity, reproducibility, and 
accuracy 

Regions of the spike gene including the targets for the VOC assays 
were PCR-amplified and cloned into a vector using the TOPO® TA 
Cloning Dual Promoter Kit (Life Technologies, California, USA). The 
plasmid DNA was linearized using restriction enzymes and the T7 
RiboMAX™ Express (Promega, Madison, WI, USA) or RiboMAX™ SP6 
RNA Production System (Promega, Madison, WI, USA) were used for the 
transcription of the plasmid DNA to generate in vitro RNA. The tran-
scribed RNA was spectrophotometrically quantified for the calculation 
of copy numbers. The analytical sensitivity for the assay was determined 
by testing ten-fold serial dilutions of quantified in-vitro RNA in triplicate 
on three independent runs. The 95% limits of detection (95% LOD) were 

Fig. 1. Timeline for implementation of the VOC assays. Targeted VOC testing included outbreaks, hospitalized/ER patients, travelers and healthcare workers; outside 
of these time periods all SARS-CoV-2 positive samples were tested for VOCs. 

Fig. 2. Interpretation of VOC assays.  
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calculated by probit analysis. Analytical specificity (cross-reactivity) of 
each assay was determined by testing a panel of pathogens which 
included coronaviruses (NL63, OC43, 229E, HKU1, MERS-CoV, SARS- 
CoV-1), influenza A H3N2, influenza B, respiratory syncytial virus, 
parainfluenza virus, rhinovirus 1b, enteroviruses (coxsackievirus B6), 
adenovirus, bocavirus, human metapneumovirus, Streptococcus pneu-
moniae, Mycoplasma pneumoniae, Chlamydia pneumoniae, Legionella 
pneumophila, Bordetella pertussis, Haemophilus influenzae, and Neisseria 
meningitidis. The intra- and inter-assay variability were determined using 
high (Ct value of ~20) and low (Ct value of ~30) viral load samples for 
the Alpha, Beta, Gamma, Delta and Omicron lineages, with all samples 
being tested in triplicate on three independent runs. 

To assess the accuracy of detection of the Alpha, Beta, Gamma, Delta 
and Omicron lineages, a panel of samples positive for the mentioned 
lineages and wild-type non-VOC lineages were tested by all assays. The 
lineages were identified based on whole-genome sequence analysis 
carried out at Alberta Precision Laboratories – Provincial Public Health 
Laboratory (ProvLab). A total of 77 Alpha-positive and 144 Alpha- 
negative samples were tested by the Δ69–70 + N501Y + E-gene 
(Alpha) assay, 16 Beta-positive and 72 Beta-negative samples were 

tested by the 242–44 WT + K417N assay, 18 Gamma-positive and 70 
Gamma-negative samples were tested by the K417T + E484K assay; 20 
Delta-positive and 75 Delta-negative samples were tested by the P681H 
WT + L452R + E484Q assay, and 24 Omicron-positive and 136 
Omicron-negative were tested by the Δ69–70 + N501Y + E-gene (Om-
icron) assay for validation. 

2.5. Genome sequencing (GS) and prospective comparison with the VOC 
assays 

The full genome of SARS-CoV-2 was amplified by multiplex PCR 
using the Freed primer scheme (Freed et al., 2020) as 1200 bp amplicons 
or the Resende primer scheme as 2000 bp amplicons (Resende et al., 
2020). The Nanopore libraries were prepared using the ARTIC LoCost 
protocol (Tyson et al., 2020) and the Ligation sequencing kit 
(SQK-LSK109) where 15–20 ng of the library was loaded on the 
FLO-MIN 106D flow cells from Oxford Nanopore Technologies (ONT). 
Alternatively, Illumina libraries were made using the DNA Prep Kit 
(Illumina), and sequenced on an Illumina MiSeq or MiniSeq using the 
300 cycle MiSeq Reagent Kit V2 Micro or MiniSeq Mid Output Cycle Kit 
respectively (Illumina). 

Consensus genomes from data generated with ONT were compiled 
through the artic 1.1.3 pipeline (https://github.com/artic-network/fi 
eldbioinformatics). The Illumina data was processed with the OICR 
fork (https://github.com/oicr-gsi/ncov2019-artic-nf) of the ncov2019- 
illumina-nf pipeline (https://github.com/connor-lab/ncov2019 
-artic-nf), this pipeline was further updated to use freebayes as the 
variant caller (https://github.com/jts/ncov2019-artic-nf). The quality 
of the sequencing runs was assessed ncov-qc (https://github.com/jts/n 
cov-tools); pangolin was used to assign lineages (https://www.nature. 
com/articles/s41564–020–0770–5) and nextclade was used to detect 
mutations (github.com/nextstrain/nextclade). 

A subset of COVID-19 positive samples tested by the VOC assays 
underwent GS for lineage determination and VOC confirmation. This 
permitted the calculations of clinical sensitivity, clinical specificity, 
positive predictive value (PPV), and negative predictive value (NPV) for 
the VOC assays in comparison to WGS. 

2.6. Statistical analysis 

Accuracies of the VOC assays were calculated as (true positives +
true negatives)/(true positives + true negatives + false positives + false 
negatives) x 100%. Inter- and intra-assay variability for the VOC assays 
were determined by calculating and percent coefficients of variation (% 
CV) using Ct values for high and low viral load samples run as replicates. 
Seven-day rolling averages were determined for specimens testing pos-
itive for any of the VOCs using the VOC assays. The percent positivity for 
all VOCs was calculated as a proportion of these lineages to the total 
number of SARS-CoV-2 positive samples that were tested by the VOC 
assay each day including samples with and without successful screen 
results. Using genome sequencing as the reference method, clinical 
sensitivity (true positives/[true positives + false negatives] × 100%), 
clinical specificity (true negatives/[true negatives + false positives] ×
100%), PPV (true positives/[true positives + false positives] × 100%), 
and NPV [true negatives/[true negatives + false negatives] × 100%) of 
the VOC assays were calculated. 

3. Results 

3.1. Performance of the VOC real-time RT-PCR assays 

Diagnostic characteristics of the VOC assays such as analytical 
sensitivity, analytical specificity, reproducibility and accuracy are 
summarized in Table 2. The analytical sensitivities using quantified in- 
vitro RNA ranged from 2 to 116 copies/reaction based on probit anal-
ysis. The assays did not react non-specifically with other pathogens 

Table 1 
Primers and probes for the detection of the Δ69–70, N501Y, K417T, K417N, 
E484K, 242–244 WT, L452R, E484Q and P681 WT mutations in variants of 
concern for SARS-CoV-2.  

Target Primer/probe name Primer/probe sequence (5′ − 3′) 

K417T K417N_For ATGAAGTCAGACAAATCGCTCCAG 
K417N_Rev AACGCAGCCTGTAAAATCATCTG 
K417T_probe VIC/AAACTGGAACGATTGCTGAT/MGB- 

NFQ 
E484K E484K_Fora CTATCAGGCCGGTAGCACA 

E484K_Reva GCTGGTGCATGTAGAAGTTCA 
E484K_probea FAM/ 

CCTTGTAATGGTGTTAAAGGTTTTAAT/ 
BHQ1 

E484Q E484Q_For CTATCAGGCCGGTAGCACA 
E484Q_Rev GCTGGTGCATGTAGAAGTTCA 
E484Q_probe NED/ 

CCTTGTAATGGTGTTCAAGGTTTTAAT/QSY 
K417N K417N_For ATGAAGTCAGACAAATCGCTCCAG 

K417N_Rev AACGCAGCCTGTAAAATCATCTG 
K417N_probe VIC/AAACTGGAAATATTGCTGAT/MGB- 

NFQ 
242–44 

deletion 
242/44_For GGCTTTAGAACCATTGGTAGATTTG 
242/44_Rev CCTGAAGAAGAATCACCAGGAGTC 
242/44_WT_Probe FAM/AACTTTACTTGCTTTACATAGAAG/ 

MGB-NFQ 
L452R L452R_For TAACAATCTTGATTCTAAGGTTGGTGG 

L452R_Rev TACCGGCCTGATAGATTTCAGTTG 
L452R_probe VIC/AATTATAATTACCGGTATAGATTGT/ 

QSY 
P681 P681H_For GGTATATGCGCTAGTTATCAGACTCAG 

P681H_Rev ATGGATTGACTAGCTACACTACGTG 
P681H_WT_ probe FAM/ACTAATTCTCCTCGGCGGG/MGB-NFQ 

69–70 
deletion 

69–70_For AGTTTTACATTCAACTCAGGACTTGTTC 
69–70_Rev GACAGGGTTATCAAACCTCTTAGTACC 
6970_Del_Probe VIC/CATGCTATCTCTGGGACC/MGB-NFQ 
Spk69–70_DelA67V HEX/GTTCCATGYTATCTCTGGGACC/BHQ1 

N501Y N501Y_Fora GAAGGTTTTAATTGTTACTTTC 
SpkN501Y For2 ACACCTTGTAATGGTGTTGMAGG 
N501Y_Reva AAACAGTTGCTGGTGCATGT 
N501Y_Probea FAM/CCAACCCACTTATGGTGTTG/BHQ1 
N501Y- 
Mut_PHOLv2 

FAM/CCRACCCACTTATGGTGTTG/BHQ1 

E-gene E_For_V2 GAGACAGGTACGTTAATAGTTAATAGCG 
E_Rev_V2 CAATATTGCAGCAGTACGCACAC 
E_Probe NED/CTAGCCATCCTTACTGCG/MGB-NFQ  

a Primers and probes for N501Y were designed by Ontario Agency for Health 
Protection and Promotion [PHOL, Ontario, Canada, (Abdulnoor et al., 2022)], 
the E484K assay was developed at PHOL by Alireza Eshaghi (publication 
pending) and shared with Alberta Precision Laboratories. All other primers and 
probes were designed in-house. 
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included in the specificity panel, demonstrating 100% analytical speci-
ficity. The %CV representing assay variability was calculated based on 
one high and one low viral load sample each for Alpha, Beta, Gamma, 
Delta and Omicron positives tested in triplicate on three independent 
runs. Variability calculations for the assays targeting each of the muta-
tions show that the intra-assay variability ranges from 0.03% to 3.93% 
and the inter-assay variability ranges from 0.21 % to 3.86 %. Table 2 
outlines the analytical sensitivity and specificity with their corre-
sponding confidence intervals for the panels of samples described in the 
Materials and Methods. Sensitivity and specificity for the 242–244WT 
+ K417N, L452R + P681WT + E484Q, and Δ69–70 + N501Y + E-gene 
(Omicron) assays were 100 %. The sensitivity and specificity for the 
E484K + K417T was 100 % and 98.57 % respectively, one sample that 
was positive for the Gamma lineage by the TaqMan assay was assigned 
to the B.1.1 lineage (parent lineage of Gamma) by WGS because of low 
genome coverage at 72 % resulting in a discordant result with the VOC 
assay. The sensitivity and specificity for the Δ69–70 + N501Y + E-gene 
(Alpha) assay was 98.97% and 97.18% respectively, two samples with 
average E-gene Ct values of 33.89 and 34.03 tested negative by the 
N501Y assay. 

3.2. Detection of VOCs and comparison with genome sequencing 

Results of the VOC assays were compared to the genome designation 
based on genome sequencing, only samples with greater than 85% 
genome coverage were used in order to avoid samples with incorrect 
lineage designation as a result of lower genome coverage. A total of 9494 
samples were compared for Alpha, 3730 for Gamma, 3730 for Beta, 
3349 for Delta, and 193 for Omicron. Table 3 includes the total number 
of positive and negative samples compared and the performance of the 
VOC assays in terms of clinical sensitivity and specificity including the 
95% confidence intervals; also included are details on the mutations 
encountered in the oligonucleotide binding regions that resulted in false 
negative results. 

3.3. Screening the Alberta population for variants of concern 

The timeline for the implementation of the screening assays for the 
different VOCs is shown in Table 1. Fig. 3 shows data for the detection of 
the Alpha, Beta, Gamma, Delta and Omicron variants from April 3, 2021 
to January 15, 2022 including the total numbers of VOCs detected and 
the percentage of these VOCs among the screened samples. As previ-
ously reported, the detection rate of Alpha ranged from 0.67 % to 2.16 % 
in January with a rise to 59.5 % on April 2, 2021 (Zelyas et al., 2021), 
and a continued rise to about 80 % of the positives by mid-May 2021. 
After the appearance of Delta, a steady decline was noted in the Alpha 
lineage to less than 10 % by mid-July 2021. Beta was first seen in early 
April 2021 and circulated at a low level of around 1 % until the end of 
June 2021, with the last detection in our population on July 27, 2021. 
For Gamma, the percent positivity increased from 3 % on April 3, 2021 
to a maximum of 11 % on July 3rd, 2021, and then continued to decline 
to approximately 1 % by the beginning of August 2021, with the last 
detection in our population on September 4, 2021. The rate of increase 
in specimens positive for the Delta lineage was much more remarkable, 
with the first detection in a sample collected on April 6, 2021 and 
escalating from 4 % in early June 2021–30 % by the end of the month, 
this further increased to 90 % by early August 2021. The prevalence of 
Delta continued to remain high at approximately 90 % until December 
11, 2021, followed by a rapid decline to less than 10 % by December 22, 
2021 after the introduction of Omicron. The first case of Omicron was 
detected in a sample collected on November 23, 2021; the VOC assay for 
the detection of this lineage was implemented on December 13, 2021, 
when 20 % of the samples belonged to this lineage. A dramatic increase 
to greater than 80 % was noted by December 22, 2021. Currently there is 
almost exclusive circulation of Omicron in Alberta. Ta
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4. Discussion 

Variants of concern pose a threat to the population because these 
strains can change the epidemiology in terms of transmission, severity of 
disease, vaccine efficacy and treatment options. Mutations in the spike 
(S) glycoprotein can alter the domain that recognizes the host cell ACE2 
(angiotensin-converting enzyme 2) receptor and the targets for 
neutralizing antibodies. These mutations can also change the confor-
mational B-cell epitopes leading to potential reductions in vaccine effi-
cacy (Salleh et al., 2021). There is evidence that all VOCs are more 
transmissible than the wild-type virus (Curran et al., 2021; Campbell 
et al., 2021; Funk et al., 2021). A meta-analysis conducted on studies 
from June 1, 2020 to October 15, 2021 showed that Alpha, Beta, 
Gamma, and Delta cause more severe disease than the wild-type virus in 
terms of hospitalization, intensive care unit (ICU) admission, and mor-
tality, and Beta and Delta carried a higher risk than Alpha and Gamma 

(Lin et al., 2021). Study of a large cohort in Ontario, Canada, showed 
that compared with the wild-type SARS-CoV-2 strains, the adjusted 
elevation in risk for hospitalization, ICU admission and death was higher 
for Alpha, Beta and Gamma, and the increased risk with Delta was even 
more pronounced (Fisman and Tuite, 2021). 

Public health labs have needed to respond to the VOCs in a manner 
similar to the original SARS-CoV-2 by having the ability to detect and 
differentiate the VOCs in a high-throughput fashion with a quick turn- 
around-time. In response to these evolving variants, rRT-PCR assays 
targeting constellations of mutations characteristic for a particular VOC 
were designed, validated, and implemented in our jurisdiction for 
testing high volumes of specimens that were positive for SARS-CoV-2. 
The VOC testing and reporting algorithm evolved as the number of 
cases and prevalence of different VOCs fluctuated in our population. 
When the number of cases was low, all positive samples were tested for 
VOCs; however, when the cases were high, laboratories were under 

Table 3 
Prospective comparison of genome sequencing with the VOC assays.    

VOC assay resulta Sensitivity (95 % CI) Specificity (95 % CI) PPV (95 % CI) NPV (95 % CI)   

Positive Negative       

Alpha 
Genome sequencing result Positive 3174 6b 99.97 % (99.8–100 %) 99.9 % (99.8–100 %) 99.8% (99.6–99.9 %) 99.98 % (99.9–100 %) 

Negative 1c 6313  
Beta 

Positive 60 0 100 % (94–100 %) 100 % (99.9–100 %) 100% (100 %) 100 % (100 %) 
Negative 0 3670  

Gamma 
Positive 517 1d 100.00 % (99.3–100 %) 99.97 % (99.8–100 %) 99.8 % (98.7–100 %) 100.00 % (100 %) 
Negative 0 3212  

Delta 
Positive 2893 2e 100 % (99.9–100 %) 99.6 % (98.4–100 %) 99.9 % (99.7–100 %) 100 % (100 %) 
Negative 0 454  

Omicron 
Positive 151 0 100 % (97.6–100 %) 100 % (84.5–99.4 %) 100% (95.1–99.7 %) 100 % (100 %) 
Negative 0 42  

a In this comparison, VOC assay results were categorized in the following ways: Alpha-positive samples were positive for Δ69–70 deletion and N501Y alone; Beta- 
positive samples were positive for N501Y, E484K, K417N and negative for 242–244 WT; Gamma-positive samples were positive for N501Y, E484K and K417T; Delta- 
positive samples were positive for L452R, P681 WT and negative for E484Q; and Omicron-positive samples were positive for Δ69–70, N501Y, and K417N. 

b Four samples showed the C21709T mutation in the Δ69–70 probe and two samples showed G23069T in the N501Y probe binding leading to false-negative results. 
c Sample initially tested negative for the N501Y target, but tested positive on repeat. 
d Low viral load sample with an E gene Ct= 30.45, E484K= 34.16 and negative for K417T. 
e Mutation in probe binding region at G22918A and T22917A causing failure of L452R assay. 

Fig. 3. Seven-day rolling average for the total numbers for VOCs (Alpha, Beta, Gamma, Delta and Omicron) and the percentage of all positives screened by the VOC 
assays from April 3, 2021 to Jan 15, 2022*. *See Fig. 1 for periods of targeted VOC testing. 
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intense pressure to focus on performing high volumes of diagnostic 
COVID-19 testing and thus VOC testing was narrowed to only certain 
populations where it was deemed to be of a higher impact. This real-time 
surveillance of VOCs was used by public health personnel to control the 
spread of the virus in multiple settings, such as outbreaks in schools, 
congregate living facilities, and hospitals. After the initial detection of 
VOCs by the rRT-PCR assays, a proportion of the circulating VOCs and 
non-VOCs were further characterized by genome sequencing for sur-
veillance. This allowed the monitoring of VOC sub-lineages if present 
and a comparison of the sequences circulating in our community to the 
globally circulating lineages. This strategy was also designed to detect 
the arrival of new lineages by preferentially characterizing all the non- 
VOC lineages (as determined by the VOC assays) by genome 
sequencing. For example, once Delta became the predominant lineage, 
all the samples that tested as non-Delta were characterized by NGS and 
the same strategy is in current use with the dominance of Omicron. 

Comparison of the lineage designation using the VOC assays to 
genome sequencing shows that the VOC assays provide reliable results 
but with a much faster-turn-around time with suitable clinical sensitivity 
and specificity. An additional benefit of rRT-PCR assays is that samples 
with lower viral load that cannot be characterized by genome 
sequencing can be successfully tested for a VOC. Full genome 
sequencing of a significant proportion of samples that are interpreted as 
non-VOCs by the VOC assays also allows the detection of nucleotide 
changes in the primer and probe binding regions that could result in 
false-negative results by the VOC assays. As outlined in the results, four 
samples showed the C21709T mutation in the Δ69–70 probe, two 
samples showed G23069T in the N501Y probe and two samples had 
G22918A and T22917A changes in the L452R probe leading to false- 
negative results. This combined use of rRT-PCR assays and genome 
sequencing represents a powerful approach whereby large numbers of 
samples can have their VOC status determined rapidly while simulta-
neously prioritizing samples for a more complete characterization when 
they may represent an emerging lineage of medical and public health 
importance. This approach also focuses genome sequencing resources on 
high-priority samples so that reagents and labor are not needlessly used 
to sequence samples that can be genotyped using more routine rRT-PCR 
reagents and resources. 

As reported in the literature, we noted limited transmission of the 
Beta lineage in Alberta, with increased spread of the Gamma lineage in 
comparison. The enhanced transmissibility of the Delta and Omicron 
lineages was evident with the sharp rise and near-complete dominance 
of the lineage in our population. Comparison of the five VOCs with 
respect to the reproductive number and growth rate from ten countries 
with the highest number of analyzed sequences for the five VOCs 
showed that the transmissibility was highest for the omicron variant 
followed by Delta, Alpha, Gamma and Beta respectively. The highest 
estimated growth rates and reproduction numbers were due to the 
Omicron variant indicating the highest transmissibility (Manathunga 
et al., 2022). Data from another Canadian province of Ontario indicates 
similar trends in the rise of VOCs, after the initial detection of B.1.17 in 
Dec 2020, and increase to more than 90 % was noted (Tuite et al., 2021) 
and an increase for Delta from 2.2 % in early April to 83 % in late May 
was noted (Brown et al., 2021). Estimates of VOC prevalence between 
Mar 1, 2021 to Nov 15, 2021 in Ontario show that 99.3 % of COVID-19 
were of the Delta variant, 0.2 % of the cases were estimated to be Alpha 
and 0.2 % were estimated to be Beta, Gamma or Mu (Ontario, 2021). 

The implementation of high throughput variant screening assays 
promptly after the identification of VOCs worldwide, has helped to 
guide public health policies. Information on circulating VOCs by the 
screening assays has helped to prioritize samples for genome sequencing 
in our population resulting in optimal use of genome sequencing re-
sources and robust surveillance of circulating genotypes and emerging 
trends to monitor the evolution of SARS-CoV-2 in the province. Thus the 
provincial strategy adopted was a combined approach to rapidly detect 
known VOCs while continuously monitoring for evolving mutations. 
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