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ARTICLE INFO ABSTRACT

Keywords: Background: The recent emergence of new SARS CoV-2 variants (variants of concern, VOC) that spread rapidly
SARS-CoV-2 and may lead to immune escape has emphasized the urgent need to monitor and control their spread.
COVID-19 Methods: We analyzed 2018 SARS-CoV-2 positive specimens collected between February 9 and March 22, 2021
5:3;?; of concern (VOC) using the Thermofisher® TaqPath™ COVID-19 CE-IVD RT-PCR kit (TagPath) and the ID solutions® ID™ SARS-
TaqPath CoV-2/UK/SA Variant Triplex RT-PCR (ID triplex) assay to screen for VOCs.

ID triplex Results: The ID triplex assay identified 62.8% of them as VOCs: 61.8% B.1.1.7 and 0.9% B.1.351/P.1. The

agreement between the ID triplex results for B.1.1.7 and the TaqPath S gene target failure (SGTF)/ S gene target
late detection (SGTL) profile for this variant agreed very well (k = 0.86). A low virus load was the main cause of
discrepancies. Sequencing discordant results with both assays indicated that the TaqPath assay detected the
B.1.1.7 lineage slightly better. Both assays suggested that the virus loads of B.1.1.7 variants were significantly
higher than those of non-B.1.1.7 strains. Only 10/20 B1.351/P.1 strains detected with the ID triplex assay were
confirmed by sequencing.

Conclusions: We conclude that the SGTF/SGTL profiles identified using the TaqPath assay and ID triplex results
are suitable for detecting the B.1.1.7 lineage. The ID triplex assay, which rapidly determines all three current
VOCs simultaneously, could be a valuable tool for limiting virus spread by supporting contact-tracing and

Genome sequencing

isolation.

1. Introduction

Several SARS-CoV-2 variants of concern (VOCs) have emerged in
recent months. The alpha variant, also referred as B.1.1.7 lineage,
appeared in December 2020, in the United Kingdom [1-4]. Its increased
transmissibility ensured that it quickly became the dominant strain in
England and other countries [5-9]. The emergence of this VOC has been
associated with a rapid increase in case numbers and hospitalization
rates in several countries [7,10,11] but there is some debate as to its link
with disease severity and mortality [12-14]. The B.1.1.7 variant is
defined by multiple mutations in the spike protein including a deletion
at position 69-70 that leads to a loss of detection of the S gene target in
some SARS-CoV-2 detection assays, including the Thermo Fisher®
TaqPath™ COVID-19 CE-IVD RT-PCR kit (TaqPath) [15,16]. This assay
was widely used in the United Kingdom and the increased S gene target
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failure (SGTF) results helped discover the B.1.1.7 strain.

The other two major variants, the B.1.351 (beta) variant first
detected in South Africa, and the P1 (gamma) variant first detected in
Brazil share with the B.1.1.7 variant the N501Y mutation in the S protein
receptor binding domain involved in virus entry. Evidence suggests that
other mutations in these variants might confer not only increased
transmissibility but might reduce the susceptibility of the virus to
neutralizing antibodies [17-19]. It is essential to monitor these variants
because of their increased transmissibility and potential resistance to
host immunity and vaccination.

Many countries have consequently increased their sequencing ca-
pacity of the whole SARS-CoV-2 genome. Unfortunately, whole genome
sequencing is slower than PCR testing and so is not suitable for contact
tracing to limit virus spreading. Alternative methods for rapid VOC
detection and contact tracing, such as RT-PCR-based screening assays
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have been developed; these generate results in just a few hours [6,
20-22]. The ID™ SARS-CoV-2/UK/SA Variant Triplex (ID triplex) assay
is a multiplex RT-PCR assay that detects the B.1.1.7, B.1.351, and P1
variants by targeting the 69-70 deletion and the N501Y mutation [23].
Both targets are detected in the B.1.1.7 variant, while only the N501Y
mutation is present in B.1.1351 and P.1 variants.

This study was done to evaluate the capacity of the ID triplex assay to
detect VOCs and to determine its correlation with the TaqPath assay
used as first line screening RT-PCR assay. We also assessed the virus
loads of each variant.

2. Material and methods

All nasopharyngeal specimens sent to the Toulouse university hos-
pital for SARS-CoV-2 detection between February 9 and March 22 were
tested within 24 h of collection. Each positive specimen was then
screened for the presence of VOCs.

2.1. SARS-CoV-2 detection

RNA was extracted on an MGI SP-960 instrument, a high-throughput
fully automated workstation, using the MGIEasy Nucleic Acid Extraction
kit (MGI™) and amplified on the QuantStudio™ 5 Real-Time PCR Sys-
tem (Applied Biosystems) using the Thermo Fisher® TagPath™ COVID-
19 CE-IVD RT-PCR kit. The TaqPath assay targets three sequences in the
virus ORFlab, N and S genes. The internal control for nucleic acid
extraction was an MS2 phage. Results were interpreted using the COVID-
19 Interpretive Software version v.2.5 on QuantStudio™ Design and
Analysis Desktop Software v.1.5.1.

Positive results were classified according to cycle threshold (Ct) data
obtained for all three targets in S gene target failure (SGTF), S gene
target late detection (SGTL) and non SGTF/SGTL as described below.

SGTF SGTL NON SGTF/ Uninterpretable®
SGTL
Targets N +(<33)  + + +/-(>33)
ORFlab + + + +/-
S - Late +$ +/-
L

*At least 5 Ct values higher than N and ORF1lab; $Not meeting the criteria of
SGTL; *At least two positive targets

2.2. SARS-CoV-2 voc screening

All TagPath positive samples were re-extracted using the MGIEasy
Nucleic Acid Extraction kit (MGI™) and amplified using the ID triplex
assay. This assay is a multiplex RT-PCR assay that targets several SARS-
COV-2 sequences further detected in 3 different channels. The first
channel allows the detection of two common SARS-CoV-2 genes, N gene
and RNA-dependant RNA polymerase gene (further referred as N), used
as an internal control. The two others enable the detection of two single
nucleotide polymorphisms (SNP) in the S gene allowing the discrimi-
nation between B.1.1.7 and B.1.351/P.1 VOC. The two targeted S gene
sequences are the 69-70 deletion and the N501Y mutation. The results
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for each sample were interpreted as described below.
SARS-CoV-2 variants

B.1.1.7  B.1.351/P1 NON VOC Uninterpretable*
Targets  NS501Y + + - +/-
Del69-70  + - +/- +/-
N + +(Ct<33) +(Ct<33) +(Ct>33)

*At least one target is missing between N501Y and Del69-70

2.3. Next-generation sequencing (NGS), data processing and
phylogenetic analysis

SARS-CoV-2 genomes were sequenced according to the Illumina
CovidSeq Test instructions (Illumina Inc, USA) [24]. RNA was extracted
using the MGIEasy Nucleic Acid extraction kit. Librairies were then
prepared with CovidSeq Kit (Illumina Inc, USA) according to the
manufacturer instructions. Briefly, cDNA was synthetized with random
hexamers. This cDNA was amplified by multiplex PCR (98 amplicons)
and the PCR amplified products were then processed for tagmentation
and adapter ligation using IDT for Illumina Nextera UD Indexes Set A, B,
C and D. Finally, all samples were sequenced with a 100 bp read length
on the NovaSeq 6000 platform. Three hundred eighty four samples were
multiplexed in a single S4 flow cell.

The sequence data were processed using DRAGEN COVID Lineage
(v3.5.1) (Illumina Inc.). Analysis included the SARS CoV-2 consensus
sequence, plus generation of Nextclade and Pangolin lineage.

Samples for which genome coverage was at least 75% and spike
coverage was at least 85% were further analyzed. The consensus se-
quences were aligned on the SARS-CoV-2 Wuhan-Hu-1 reference
genome (NC_045512.2) and 109 GISAID sequences of different Pangolin
lineages detected in France using MAFFT (v.7.475) [25]. We used
phylogenetic analysis of this alignment to confirm Nextclade and
Pangolin analyses.

2.4. Statistical analysis

The ability of the two assays to detect B.1.1.7 variant was evaluated
using Cohen’s kappa coefficient (), the overall agreement, the positive
percent agreement, and the negative percent agreement. Confidence
intervals (CI: 95%) were calculated by the Clopper and Pearson method
using GraphPad Prism. The percentages of uninterpretable results for
the two assays were compared using Fisher’s exact tests. Statistically
significance was defined as p < 0.05. The N gene Ct values for all sam-
ples obtained with the two assays were compared using the Wilcoxon
matched-pairs signed rank test. We compared the TaqPath Ct values for
the N and ORF1ab targets for SGTF/SGTL and non-SGTF/SGTL samples
using the Mann-Whitney U test. Only samples in which the N gene Ct was
< 33 were included. The ID triplex assay N Ct values (Ct < 33) were
compared between B.1.1.7 and non B.1.1.7 samples using the Mann-
Whitney U test. The virus loads for each variant detected using the ID
triplex were compared using the median Ct value (< 33) for N with the
Kruskal-Wallis test and Dunn’s multiple comparison test.
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Table 1
Screening results of positive samples with the ID triplex and TagPath assays.
ID triplex
B.1.1.7 B.1.351/P1 NON VOC Uninterpretable M
TagPath SGTF 1177 4 38 120 1339
SGTL 10 0 1 8 19
NON SGTF/SGTL 20 16 236 120 392
Uninterpretable 41 0 10 217 268
Y 1248 20 285 465 2018

SGTF: S gene target failure; SGTL: S gene target late detection.

50_ *k k%
404
o
o 301
c
(3]
D 20+
=
101
0 T T
o
X0 <
> .
o&z;&@ Ko
N A

N

Fig. 1. Box plot of Ct values for the N gene in all positive specimens. Com-
parison of both assays. P < 0.0001 (Wilcoxon matched-pairs signed rank test).

3. Results

We screened 2018 nasopharyngeal samples that tested positive in the
TaqPath assay for VOCs with the ID triplex assay. TheTaqPath assay
detected 1339 (66.3%) samples with SGTF profiles, 19 (0.9%) with
SGTL profiles, and 19.4% with non-SGTF-SGTL profiles. Analysis using
the ID triplex assay identified 1268 (62.8%) VOCs, including 1248
(61.8%) B.1.1.7 variants and 20 (0.9%) B.1.351 or P.1 VOC, but no
VOCs were detected in 14.1% (285) of specimens (Table 1). The ID
triplex assay gave significantly more uninterpretable results (23%) than
the TaqPath assay (13.3%; p < 0.001). Similarly, analysis of N gene Ct
values indicated that the ID triplex assay showed significantly higher Ct
values (25.6) than the TaqPath assay (23.2; p < 0.001) (Fig. 1).

3.1. B.1.1.7 detection

Only 1502/2018 specimens (74.4%) gave interpretable results in
both the ID triplex and the TaqPath assays for detecting the B.1.1.7
variant. Agreement between the assays was very good (kx = 0.86 [95%
CI: 0.83 - 0.90]), with only 63/1502 (4.2%) discordant results(Table 2).
Overall agreement was 95.8% [95% CI: 94.7% — 96.8%], positive

percent agreement was 98.3% [95% CI: 97.4% — 99.0%], and negative

percent agreement was 85.4% [95% CI: 80.9% — 89.2%]. Those samples

that gave discordant results in the two assays had significantly higher Ct

values than the concordant ones (median difference: 11 Ct; p < 0.001).
Discordant results:

- The ID triplex assay detected no B.1.1.7 variant in 43 specimens
whereas the TaqPath assay found they had an SGTF/SGTL profile.
The SARS-CoV-2 genome was successfully sequenced in 12/43
(27.9%) of them. 10 were confirmed to be B.1.1.7 variants (including
4 specimens screened B.1.351/P1) and 2 were sequenced as B.1.525;
they had the 69-70 deletion but no N501Y mutation.

The ID triplex assay detected 20 specimens as B.1.1.7 variant while
the TaqPath assay indicated they were non-SGTF-SGTL. Only one of
them had a Ct value suitable for sequencing, it was confirmed to be a
B.1.1.7 variant.

Thus NGS confirmed the TaqPath results for 10/13 (76.9%) samples
and the ID triplex for 3/13 (23.1%).

3.2. B.1.351/P1 variant detection with the id triplex assay

The ID triplex assay detected the B.1.351/P1 variant in 20 specimens
and the genomes of 16/20 were sequenced. Of these, NGS confirmed 10
as B.1.351 variants. Two samples were not confirmed as VOC and
belonged to a lineage with a N501Y mutation but no associated 69-70
deletion (variant A27 (19B/501Y)). The remaining 4 samples were
B.1.1.7 variants with a TaqPath assay SGTF/SGTL profile.

3.3. Comparison of viral load between variant

We compared viral loads between variant by using Ct values as
surrogates. Comparison of the Ct values for N and ORFlab targets in
SGTF/SGTL and non-SGTF-SGTL samples analysed with the TaqPath
assay showed that the Ct values for N and ORF1ab targets in SGTF/SGTL
were significantly lower than those for non-SGTF/SGTL; median Ct
value difference: 4.5 (p < 0.0001) for the N gene and 3.4 (p = 0.0009) for
ORF1lab (Fig. 2A, 2B). Analysis using the ID triplex results to compare N
gene Ct values for B.1.1.7 and non-B.1.1.7 variants indicated that the
median N gene Ct value for B.1.1.7 was lower than that for non-B.1.1.7
(median N gene Ct value difference: 3.1) (Fig. 2C). We also compared
the N Ct values obtained for each variant category screened with the ID
triplex assay (B.1.1.7, B.1.351/P1 and non-VOC). The B.1.1.7 and non-
VOC Ct values (p < 0.0001) differed significantly but the B.1.351/P1
and B.1.1.7 (p > 0.99), or non-VOC (p = 0.46) values did not (Fig. 3).
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Fig. 2. Box plot of virus loads of B.1.1.7 and non-B.1.1.7 variants. (Mann-Whitney U test). A. Using TaqPath N gene Ct values for SGTF/SGTL and non-SGTF/SGTL
samples as surrogates (p < 0.0001). B. Using TagPath ORF1ab Ct values for SGTF/SGTL and non-SGTF/SGTL samples as surrogates (p = 0.0009). C. Using ID triplex N

gene Ct values for B.1.1.7 and non-B.1.1.7 variants as surrogates (p < 0.0001).

4. Discussion

From February 2021, the French health surveillance program records
all cases of SARS-COV-2 detected and the corresponding VOC screening
results to adapt quarantine and contact tracing measures to the specific
variant. Several multiplex RT-PCR assays targeting SNP have been
developed to screen specific mutations of interest but few data are
available on their performance. We compared the results of screening for
VOCs by two assays, a first line SARS-CoV-2 diagnosis assay which was
subsequently found to detect the B.1.1.7 variant (TaqPath assay) and
one developed for VOC screening (ID triplex). The two assays gave
similar results for detecting B.1.1.7, with the TagPath assay performing
slightly better according to sequencing results. However, the ID triplex
assay, which rapidly detected B.1.1.7 and B.1.351/P1 promises to be a
valuable VOC monitoring system. We also found that the loads of the
B.1.1.7 variant virus were significantly greater than those of other
strains, which is compatible with its greater transmissibility.

Our results highlight how widely the B.1.1.7 variant has spread in
the south of France. The B.1.1.7 variant accounted for an estimated 2.9%
of infections in our region of Occitanie in early January 2021, and for the
majority of them between February and March [8]. The two assays
agreed well for detecting the B.1.1.7 variant. This is somewhat sur-
prising as the association of the 69-70 deletion and N501Y mutations
detected by the ID triplex assay is specific for B.1.1.7, while the 69-70
deletion detected by the TagPath COVID-19 assay is shared by other
variants, including the B.1.525, and B.1.620 variants. This good corre-
lation could be because B.1.1.7 has rapidly replaced other strains to
become the prevalent variant in the South of France. It confirms earlier
data showing that the probability for the B.1.1.7 lineage using the S gene
dropout depends on the local epidemiology [6], being highly correlated
when the circulation of this variant is predominant [7,16]. Moreover,
with all SGTL results confirmed B.1.1.7 variants either by the ID triplex
assay or by NGS, our data confirm that in addition to the S gene target
failure, the S gene late detection can be a useful tool for evaluating the
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Fig. 3. Box plot of virus loads of B.1.1.7, B.1.351/P1 and non-VOC variants
using ID triplex N gene Ct values as surrogates. (Kruskal-Wallis test with
Dunn'’s correction).

Table 2
Concordance evaluation of B1.1.7 detection between assays.
ID triplex
B.1.1.7 Non B.1.1.7 Y
TagPath B.1.1.7 1187 43 1230
Non B.1.1.7 20 252 272
Y 1207 275 1502

spread of B.1.1.7[7].

Analysis of the sequences of discordant results indicates that the
TaqPath assay is better at detecting B.1.1.7 than the ID triplex assay,
although the agreement between assays was very good. The sequencing
data highlighted the few weaknesses of the ID triplex assay; problems
with detecting the 69-70 deletion lead to the misclassification of B.1.1.7
variants as B.1.351/P1 strains. There were also problems with the
detection of N501Y leading to the misclassification of B.1.1.7 variants as
non VOC. As the majority of discrepancies observed concerned samples
with low viral loads, it could be explained by the delayed detection of
del 69-70 and N501Y targets compared to N target in ID triplex assay
(data not shown). It emphasises the importance of applying a N Ct cut-
off above which variants should not be identified when all targets are
not detected.

Whereas the TaqPath assay only detects the B.1.1.7 variant, the ID
triplex assay allowed the detection of 20 possible B.1.351/P1 infections.
However, the positive predictive value of B.1.351/P1 screening is
imperfect, as only 10/16 were confirmed by sequencing, perhaps
because this was a minor variant at the time and this screening strategy
is not very specific. Nevertheless, this strategy is worth considering for
effective contact tracing, as long as other strains with the same profile
remain minor components.

Despite higher N gene Ct values, the ID triplex assay was not less
sensitive than the TaqPath assay. As it detected all 2018 positive samples
tested, it could be used as a first line assay despite its commercialization
as a second line assay for VOC screening. This would reduce costs and
speed up VOC screening.

We investigated the relationship between virus load and the trans-
missibility of the B.1.1.7 and B.1.351 variant using Ct values as surro-
gates, as these variants both spread rapidly [11,26]. The Ct values for
B.1.1.7 and non-B.1.1.7 samples differed significantly, regardless of the
assay used, which corroborates reports of SGTF/SGTL strains having
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higher virus loads than non-SGTF/SGTL specimens. This may account
for the greater transmissibility and rapid spread of B.1.1.7 [7,12,16,27].
However, while the B.1.351 virus loads were greater than those of
non-VOC, the difference was not statistically significant. The sample
could have been too small; if so, a larger study should be undertaken.
The B.1.351 variant has not spread as widely as the B.1.1.7, although it
too is said to be highly transmissible [28,29]; it remains a relatively
minor variant. Whether the difference in the spread of B.1.1.7 and
B.1.351 is due to differences in virus entry, replication, viral fitness or
the host immune response is not clear.

Our study has several limitations. First, only viruses’ strains from
samples with discordant results or with B.1.351/P1 screening results
were sequenced. Therefore, sequence analysis results could not be used
as gold standard to evaluate the sensitivity and the specificity of both
assay to detect VOCs. Second, these VOC screening assays do not identify
new mutations of interest such as the E484K/Q and L452R mutations.
Third, the study was realized in a context of high prevalence of B.1.1.7
lineage and relatively low circulation of other VOCs. We can’t assume
that these results could be generalized to different epidemiological
contexts.

We conclude that both the TagqPath and ID triplex assays are useful
tools for detecting B.1.1.7 variants. The ID triplex assay, which can
rapidly determine all three current VOCs could be invaluable for
limiting their spread by enhancing contact-tracing measures.
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