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Abstract
Background The new SARS-CoV-2 variant VOC (202012/01), identified recently in the United Kingdom (UK), exhibits 
a higher transmissibility rate compared to other variants, and a reproductive number 0.4 higher. In the UK, scientists were 
able to identify the increase of this new variant through the rise of false negative results for the spike (S) target using a 
three-target RT-PCR assay (TaqPath kit).
Methods To control and study the current coronavirus pandemic, it is important to develop a rapid and low-cost molecular 
test to identify the aforementioned variant. In this work, we designed primer sets specific to the VOC (202012/01) to be used 
by SYBR Green-based RT-PCR. These primers were specifically designed to confirm the deletion mutations Δ69/Δ70 in 
the spike and the Δ106/Δ107/Δ108 in the NSP6 gene. We studied 20 samples from positive patients, detected by using the 
Applied Biosystems TaqPath RT-PCR COVID-19 kit (Thermo Fisher Scientific, Waltham, USA) that included the ORF1ab, 
S, and N gene targets. 16 samples displayed an S-negative profile (negative for S target and positive for N and ORF1ab 
targets) and four samples with S, N and ORF1ab positive profile.
Results Our results emphasized that all S-negative samples harbored the mutations Δ69/Δ70 and Δ106/Δ107/Δ108. This 
protocol could be used as a second test to confirm the diagnosis in patients who were already positive to COVID-19 but 
showed false negative results for S-gene.
Conclusions This technique may allow to identify patients carrying the VOC (202012/01) or a closely related variant, in 
case of shortage in sequencing.
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Abbreviations
CDC  Centre for Disease Prevention and Control
N  Nucleocapsid
NSP6  Non-structural protein 6

RdRP  RNA-dependent RNA polymerase
RT-PCR  Reverse transcriptase polymerase chain 

reaction
SARS CoV-2  Severe acute respiratory syndrome corona-

virus 2
S  Spike
VUI  Variant under investigation

Introduction

As the pandemic of SARS-CoV-2 continues to affect the 
planet, researchers around the world are monitoring the 
virus and detecting acquired mutations that may lead to 
higher threats of spreading COVID-19 [1]. A new variant 
was recently reported in the UK as a VOC 202012/01 or 
B.1.1.7 lineage [2]. Its rate of transmission is estimated to 
be >70%, and its reproductive number (Ro) seems to be up 
to 0.4 higher [3]. This variant harbors 14 non-synonymous 
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mutations, 6 synonymous mutations and 3 deletions [2, 
3]. A wide variety of diagnostic tests have been used by 
high-throughput national testing systems around the world, 
to monitor the SARS-CoV-2 infection [4]. The arising 
prevalence of new SARS-CoV-2 variants such as B.1.1.7 
has become of great concern, as most of the existing RT-
PCR tests will not be able to specifically distinguish these 
new variants because they were not designed for such a 
purpose. Therefore, public health officials most rely on 
their current testing systems and their sequencing results 
to draw conclusions on the prevalence of new variants in 
their territories [2, 5]. An example of such cases has been 
seen in the UK. In fact, scientists were able to identify the 
augmentation of the B.1.1.7 SARS-CoV-2 variant infection 
in the population through an increase in the S-gene target 
failure in their three target gene assay (N+, ORF1ab+, 
S−) when using the Applied Biosystems TaqPath RT-PCR 
COVID-19 kit (Thermo Fisher Scientific, Waltham, USA) 
that included the ORF1ab, S, and N gene targets [1, 6, 7].

In 24 December 2020, Thermo Fisher Scientific con-
firmed that the S deletion Δ69/Δ70 was in the area targeted 
by the TaqPath Kit. Whilst other variants with Δ69/70 are 
also circulating worldwide, the absence of detection of the 
S gene target increasingly appears to be a highly specific 
marker for the new variant [2, 7]. In addition, the Euro-
pean CDC recommended that multi-target RT-PCR assays 
that included an S gene target affected by the deletions 
could be used as a signal for the presence of the Δ69/Δ70 
mutation for further investigations and could be helpful to 
keep tracking these mutant strains [8].

Genome sequencing is the gold method to confirm 
the new variant, but observational studies provide also 
stronger evidence if similar models are observed in mul-
tiple countries, especially when randomized studies are 
not possible. In Lebanon, surveillance data from Beirut 
Medical Center and Bahman Hospital showed a rapid and 
dramatic increase in S-negative profile in PCR testing for 
SARS-CoV-2 in the first twelve days in January, reaching 
approximately 60% of positive cases and 95% in February 
[9, 10].

In 15 January 2021, in GISAID we found 374,613 SARS-
CoV-2 sequences, among them 17,473 sequences belonged 
to the new variant (VOC 202012/01). It is important to 
notice that the co-occurrence of mutations Δ69/Δ70 in the 
spike and Δ106/Δ107/Δ108 in the NSP6, was present in 
this new variant. We then decided to use these two dele-
tions as targets for our rapid and low-cost protocol, perform-
ing SYBR Green-Based RT-PCR. In this work, we propose 
primer sets that can be applied as a second step to confirm 
the diagnosis in cases that were already detected as posi-
tive to SARS-CoV-2 when using the Applied Biosystems 
TaqPath RT-PCR COVID-19 kit (Thermo Fisher Scientific, 
Waltham, USA).

It is well known that confirmatory diagnosis based on 
specific diagnostic biomarkers remains a great challenge 
allowing the further control and eradication of infections 
including COVID-19 [11]. Therefore, this novel method may 
lead to specifically identify individuals carrying the Δ69/
Δ70 and the Δ106/Δ107/Δ108 mutations.

Materials and methods

Clinical specimens

20 clinical samples for SARS-CoV-2 positive patients, with 
Ct (cycle threshold) value < 32, were selected for this study. 
All samples were previously tested positive by the Applied 
Biosystems™ TaqPath™ COVID-19 assay which targeted 
the RdRP, N and Spike genes in the Molecular Laboratories 
at Bahman Hospital and Beirut Cardiac Institute in the city 
of Beirut. 16 of these samples were S-negative and 4 were 
S-positive.

All patients provided written and signed informed 
consents.

RNA extraction and cDNA synthesis

RNA was extracted from the clinical samples using Qiamp 
viral RNA mini kit (Qiagen). Total RNA was converted to 
cDNA using iScript cDNA synthesis kit (BioRad), following 
the manufacturer’s recommended procedures.

Primer design

Primers were designed based on the recently available full 
sequence of the new variant VUI (202012/01) from the 
NCBI Reference Sequence Database (https:// www. ncbi. nlm. 
nih. gov/ nucco re/ NC_ 045512). We utilized NCBI-Primer 
BLAST (https:// www. ncbi. nlm. nih. gov/ tools/ primer- blast/) 
to design specific primers (Fig. 1). The specificity of the 
primers was verified using in silico prediction analyses with 
the online Basic Local Alignment Search Tool (BLAST) 
(https:// blast. ncbi. nlm. nih. gov/ Blast. cgi). None of our 
designed primers showed genomic cross-reactivity with 
other viruses, the human genome, or other probable inter-
fering genomes in the BLAST database analysis. The primer 
sets were synthesized and delivered by Macrogen (Republic 
of Korea), they are listed in Table 1.

Genome sequencing and lineage analysis

Genomic sequencing was performed for the 20 samples, col-
lected between 03/01/2021 and 04/04/2021. Samples were 
sequenced using the ARTIC network methodology (https:// 
artic. netwo rk/) with the V3 amplicon scheme, V3-LoCost 

https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://artic.network/
https://artic.network/
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library prep method (Quick 2020) and consensus sequences 
were generated using the bioinformatics SOP (https:// artic. 
netwo rk/ ncov- 2019/ ncov2 019- bioin forma tics- sop. html) in 
Nano polish mode. 8,9 Consensus sequences were assigned 
a lineage using pangolin v2.0 (github.com/cov-lineages/
pangolin).

SARS‑CoV‑2 rRT‑PCR

Quantitative RT-PCR was carried out using iTaq universal 
SYBR Green super mix (Bio Rad). In brief, each reaction 
consisted of a total volume of 20 µL containing 2 µL of each 
primer [10 pM/µL], 5 µL of cDNA, 10 µL SYBR Green super 
mix and 1 µL of Rnase free Water.

Real-time PCR was performed using Bio Rad CFX96 Real-
Time PCR Machine. The thermal cycling conditions used were 
as follows: 94 °C for 2 min, followed by 40 cycles of ampli-
fication at 94 °C for 10 s, and 60 °C for 1 min. The reaction 
was completed by determining the dissociation curve of all 
amplicons.

Results

In order to validate our method, we re-tested 20 samples 
that had been tested as positive for SARS-CoV-2 with Ct 
< 32, by the TaqPath kit. 16 samples with S-negative pro-
file and four samples with S-positive profile (Table 2). N 
primer pairs were used as a control of cDNA synthesis and 
integrity of the sample, spike WT and NSP6 WT primer 
pairs were used to detect the variants not harboring the 
deletion mutations Δ69/Δ70 in the spike nor the Δ106/
Δ107/Δ108 in the NSP6, respectively. Spike del 69/70 
primer pairs were designed to detect the deletions Δ69/
Δ70 in the spike protein (Fig. 1).

Our results showed that the N-gene amplicons were 
detected in both, S-negative and S-positive profiles 
(Table 2; Fig. 2), whereas the spike del 69/70-gene ampli-
cons were detected only in the S-negative profile confirm-
ing the absence of the amino acids 69 and 70 in the spike 
protein of these samples (Fig. 2B). For the spike WT and 

Fig. 1  The Localization of the selected primers. Deleted nucleotides are written in bold

Table 1  List of primer sets

Deleted nucleotides are in bold and underlined

Target gene Primer name Forward sequence (5′–3′) Reverse sequence (5′–3′)

Spike Spike WT GGT TCC ATG CTA TACA TGT CTC GGT CTT CGA ATC TAA AGT AGT ACC A
Spike Spike del 69/70 GTT CCA TGC TAT CTC TGG GGG ACT GGG TCT TCG AAT CT
NSP6 NSP6 WT GGT TGA TAC TAG TTTG TCT GGT TTT AAC GAG TGT CAA GAC ATT CAT AAG 
N WH-NIC CGT TTG GTG GAC CCT CAG AT CCC CAC TGC GTT CTC CAT T

https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html
https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html
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NSP6 WT primers, amplicons of both, were detected only 
in the S-positive profile confirming the presence of the 
two amino acids 69 and 70 in the spike protein and the 
three amino acids 106, 107 and 108 in the NSP6 protein 
of S-positive samples (Fig. 2A).

The results of spike del 69/70 primers were fully con-
cordant with spike WT and NSP6 WT primers, 100% of 
the S-negative profile had the Spike deletions Δ69/Δ70 
(Fig. 3A), while 100% of the S-positive profile did not 
contain the deletions Spike Δ69/Δ70 and NSP6 Δ106/
Δ107/Δ108 (Fig. 2A).

To confirm the lineage present in these 20 patient sam-
ples, genomic sequencing was performed and the obtained 
sequences were deposited in Genbank under NCBI acces-
sion number MZ772870 to MZ772873, MZ772924, 
MZ772926, MZ772929, MZ772933, MZ772935, 
MZ772973 to MZ772975, MZ773014, MZ773900, 
MZ773902, MZ773903, MZ773924 and MZ773926 to 
MZ773928. Genomic sequencing revealed that all the 20 
samples belonged to the B.1.1.7 lineage (Table 3).

Analytical sensitivity and limit of detection

The analytical sensitivity of the assays was determined with 
5 serials tenfold dilutions using an isolated sample having 
Ct values 25 by TaqMan RT-PCR (TaqPath kit) and 28 by 
our SYBR Green- based protocol. All diluted samples were 
tested in triplicate by gold standard TaqMan RT- qPCR 
(TaqPath kit) and by our SYBR Green- based protocol. The 
unamplified dilution by SYBR Green-based RT-PCR has 
Ct value 37.55 by the TaqMan RT-qPCR. Thus, the tested 
RT-PCRs could detect positive samples with maximal Ct 
of 34.45 by TaqMan RT-PCR or with Ct value of 37.67 by 
SYBR Green RT-PCR. All results generated by the serials 
tenfold dilution are shown in Table 4.

The limit of detection of TaqPath kit is 250 copies/mL 
(according to the manufacturer). Starting with the same 
RNA concentration, the Ct values of both TaqPath kit and 
SYBR Green-based RT-PCR were similar to a difference 
in Ct of 2.1 on average (Table 2). This difference means a 
decrease of 4.2-folds in the limit of detection for the SYBR 

Table 2  The Ct values from the 
TaqPath Kit and SYBER Green-
Based assay

Ct cycle threshold, ND not detected

Samples Probe based (TaqPath 
Kit) Ct values

SYBER Green-based Ct values

ORF1 N Spike (S) N (positive 
control) 

NSP6 
(ORF1) 

Spike (S) Spike 
del 
69/70 

S-negative samples 1 15 16 ND 15 ND ND 16
2 25 25 ND 27 ND ND 28
3 17 17 ND 19 ND ND 20
4 15 16 ND 25 ND ND 23
5 15 17 ND 21 ND ND 22
6 23 22 ND 23 ND ND 24
7 15 16 ND 21 ND ND 21
8 22 23 ND 18 ND ND 17
9 20 19 ND 26 ND ND 26
10 19 21 ND 22 ND ND 24
11 13 14 ND 18 ND ND 19
12 14 14 ND 17 ND ND 20
13 32 31 ND 33 ND ND 31
14 20 21 ND 19 ND ND 22
15 20 22 ND 25 ND ND 27
16 17 17 ND 19 ND ND 18

S-positive samples 17 24 24 24 25 26 27 ND
18 19 19 18 21 19 19 ND
19 23 23 25 26 27 28 ND
20 20 20 21 19 21 22 ND
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Fig. 2  Real time PCR results, from SYBR Green-Based assay, with 
primers targeting the non-mutated N, Spike and NSP6 genes in 
S-positive and S-negative samples (N-gene is used as a positive con-
trol). Panel A show the amplification curves of the targeted regions 
in N, S and NSP6 genes in the S-positive samples. Panel B show the 

amplification curves of the targeted region in N gene in the S-nega-
tive samples. Panel C and D show the melting curves of the targeted 
regions in S-positive and S-negative samples, respectively. In panel D 
only one melting peak in S-negative samples, corresponding to the N 
gene

Fig. 3  SYBR Green-based PCR with primers targeting the mutated 
Spike del 69/70 genes in S-negative samples (N-gene is used as a 
positive control). Panel A show the amplification curves of the tar-
geted regions in N, and Spike genes in the S-negative samples using 

three primer sets corresponding to N, Spike WT and Spike del 69/70. 
Panel B show the melting curves for the products amplified in S-neg-
ative samples by N and Spike del 69/70 primers only
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Green-based RT-PCR (~ 1050 copies/mL) compared to 
TaqPath kit.

One drawback of the SYBR Green assay is that the dye is 
nonspecific, and this lack of specificity can generate false-
positive signals if nonspecific products or primer-dimers 
are present in the sample. However, including a melting 
curve analysis at the end of each PCR assay to determine 
the specificity and efficiency of each RT-PCR reaction will 
ensure the accuracy of the results when multiple peaks or 
primer-dimers are not observed. Our primer set “spike del 

69/70” gave specific melt peak at 79.5 °C C in S-negative 
samples (Fig. 3B), while primers “spike” and “NSP8” gave 
melt peaks at 79 and 79.5 °C, respectively, in S-positive 
samples (Fig. 2C, D).

Discussion

Sequencing is the current gold standard diagnostic method 
to confirm the presence of any new variant, its efficient but 
a time consuming method and not accessible to all laborato-
ries especially in developing countries based on the elevated 
costs and the present global demands for supplies and rea-
gents. In this study, we have developed a rapid, low-cost, 
large-scale screening protocol for the detection of the dele-
tions Δ69/Δ70 and Δ106/Δ107/Δ108. We adopted SYBR 
Green-based RT-PCR method over Taqman-based RT-PCR 
method. Taqman-based diagnosis is accepted in the field 
as more accurate method but also it’s not accessible to all 
laboratories especially in developing countries. In the pre-
sent work we are dealing with samples already confirmed 
SARS-CoV-2 positive by TaqPath Kit (ThermoFisher), so 
even if SYBR Green-based RT-PCR method is less accurate 
it will be very useful since we need just to confirm the pres-
ence of the two mutations Δ69/Δ70 in the spike and Δ106/
Δ107/Δ108 in the NSP6.

Conclusions

We hope that our efforts will be helpful and can contribute 
to the early detection of the new variant (VOC 202012/01) 
belonging to the B.1.1.7 lineage, for the prevention of trans-
mission and early intervention. This protocol should not be 
limited to this variant, but also for any other future variant 
to come, just by designing the appropriate primers.
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Table 3  Genome sequence recovered per sample and Pangolin 
defined lineage

Presence of the 17 B.1.1.7 lineage SNPS in each consensus sequen-
cePresence of the 17 B.1.1.7 lineage SNPS in each consensus 
sequence

NCBI acces-
sion number

Percentage of 
genome recovered

Pangolin 
defined line-
age

B1.1.7 defining 
SNPS con-
firmed

MZ772871 95.66 B1.1.7 17/17
MZ772872 98.11 B1.1.7 17/17
MZ772873 93.6 B1.1.7 17/17
MZ772924 94.27 B1.1.7 17/17
MZ772926 98.1 B1.1.7 17/17
MZ772929 97.93 B1.1.7 17/17
MZ772933 98.09 B1.1.7 17/17
MZ772935 96.74 B1.1.7 17/17
MZ772973 98.15 B1.1.7 17/17
MZ772974 98.15 B1.1.7 17/17
MZ772975 98.1 B1.1.7 17/17
MZ772975 98.08 B1.1.7 17/17
MZ773014 96.74 B1.1.7 17/17
MZ773900 94.4 B1.1.7 17/17
MZ773902 97.99 B1.1.7 17/17
MZ773903 98.11 B1.1.7 17/17
MZ773924 98.11 B1.1.7 17/17
MZ773926 98.12 B1.1.7 17/17
MZ773927 95.93 B1.1.7 17/17
MZ773928 94.3 B1.1.7 17/17

Table 4  Determination of the sensitivity by 5 serials ten-fold dilu-
tions

Dilution Probe based (TaqPath Kit) 
Ct values

SYBER Green-
based Ct values

1 25 27
1/10 27.92 30.64
1/100 31.34 34.04
1/1000 34.45 37.67
1/10,000 37.55 ND
1/100,000 ND ND
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