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ABSTRACT
Knowledge of SARS-CoV-2 variants is essential for formulating effective control policies. Currently, variants are only
identified in relatively small percentages of cases as the required genome sequencing is expensive, time-consuming,
and not always available. In countries with facilities to sequence the SARS-CoV-2, the Delta variant currently
predominates. Elsewhere, the prevalence of the Delta variant is unclear. To avoid the need for sequencing, we
investigated a RT-FRET-PCR that could detect all SARS-CoV-2 strains and simultaneously identify the Delta variant.
The established Delta RT-FRET-PCR was performed on reference SARS-CoV-2 strains, and human nasal swab samples
positive for the Delta and non-Delta strains. The Delta RT-FRET-PCR established in this study detected as few as ten
copies of the DNA target and 100 copies of RNA target per reaction. Melting points of products obtained with SARS-
CoV-2 Delta variants (around 56.1°C) were consistently higher than products obtained with non-Delta strains (around
52.5°C). The Delta RT-FRET-PCR can be used to diagnose COVID-19 patients and simultaneously identify if they are
infected with the Delta variant. The Delta RT-FRET-PCR can be performed with all major thermocycler brands
meaning data on Delta variant can now be readily generated in diagnostic laboratories worldwide.
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Introduction

Detection of SARS-CoV-2 variants is essential for
monitoring the COVID-19 pandemic and developing
appropriate control policies [1]. Detecting variants,
however, requires genome sequencing which is expens-
ive and time-consuming and thus only infrequently
performed [2]. This is the case even in developed
countries where, for example, under 1% of positive
cases in the US are sequenced [3]. We recently reported
a reverse transcription fluorescence resonance energy
transfer-polymerase chain reaction (RT-FRET-PCR)
that can be performed with all major brands of PCR
machines to detect mutations in the SARS-CoV-2
strains rapidly and conveniently [3]. Here, we establish
a Delta RT-FRET-PCR that can be readily used by diag-
nostic laboratories around the world to detect SARS-
CoV-2 infections and, simultaneously, the presence of
the Delta variant (B.1.617.2).

Method

Analysis of the available whole-genome SARS-CoV-2
sequences in GISAID (www.gisaid.org) confirmed

previous reports that the C22995A (T478K) mutation
is one of the most common mutations present in the
SARS-CoV-2 Delta variant [4–6]. The C22995A
mutation is present in 99.73% (320,730 / 321,061) of
the Delta variant, but in only 0.006% (62 / 962,990)
of classical isolates, three other variants of concern
(VOC), and six variants of interest (VOI) (Table S1).

Also using the whole-genome SARS-CoV-2
sequences from GISAID, upstream and downstream
primers were designed to target the spike gene with
the amplicon size of 235 bp and amplify all SARS-
CoV-2 strains we examined in GISAID. The 6-carbox-
yfluorescein (6-FAM)-labeled probe was specifically
designed to contain the unique C22995A mutation:
upstream primer: 5′-CAGGCTGCGTTATAGCTT-3′;
downstream primer: 5′-TATGGTTGGTAACCAA-
CACC-3′; 6-Fam-probe: 5′-CCGGTAGCAAMCCT
TGTAAT-6-FAM-3′; LCRed 640 probe: 5′-LCR640-
GTGTTGAAKGWTTTAWTTGTTACTTT -phos-
phate-3′.

The Delta RT-FRET-PCR was performed on a
Roche Light Cycler 480 II system (Roche Molecular
Biochemicals, Indianapolis, IN) as described [3].
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Thermal cycling was preceded by a 15-minute reverse
transcription reaction at 55°C followed by 4 min incu-
bation at 95°C. Thermal cycling consisted of 18 high-
stringency step-down cycles followed by 30 relaxed-
stringency fluorescence acquisition cycles. The 18
high-stringency step-down thermal cycles were 6 ×
10 sec at 95°C, 10 sec at 70°C, 10 sec at 72°C; 9 × 10
sec at 95°C, 10 sec at 68°C, 10 sec at 72°C; 3 × 10 sec
at 95°C, 10 sec at 66°C, 10 sec at 72°C. The relaxed-
stringency fluorescence acquisition cycling consisted
of 30 × 10 sec at 95°C, 10 sec at 55°C followed by fluor-
escence acquisition, and 30 sec at 72°C.

The melting curve analysis that assessed the dis-
sociation of the PCR product and the 6-FAM probe
was determined by monitoring the fluorescence from
35°C to 75°C with a temperature transition rate of 0.2°
C per second as described [3]. The first derivatives of
F2/F1 were evaluated to determine the Tm of the

probe (Figure 1). The PCRproducts of all tested samples
and controls were sent to ELIM Biopharmaceuticals
(Hayward, CA, USA) for DNA sequencing.

DNA standards for the quantitative analysis of the
Delta RT-FRET-PCR were generated using the PCR
products of the 2019-nCOV/USA-WA1/2020 (pur-
chased from ATCC), and a Delta variant confirmed
by whole-genome sequencing [provided by Kansas
State Veterinary Diagnostic Laboratory (KSVDL),
College of Veterinary Medicine, Kansas State Univer-
sity, USA]. The PCR products were purified with the
QIAquick PCR purification kit (QIAGEN, Hilden,
Germany) and quantified with the PicoGreen DNA
fluorescence assay (Molecular Probes, Eugene, OR)
to generate quantitative standards. Standards for
RNA quantification analysis studies consisted of 10-
fold dilutions of the Quantitative Synthetic SARS-
CoV-2 RNA (ATCC, USA).

Figure 1. Differential melting temperatures of PCR products with non-Delta SARS-CoV-2 and the Delta variant. (A) With the 6-FAM
probe designed to match the area incorporating the C22995A mutation exactly, dilutions of a control SARS-CoV-2 Delta variant
(positive control from Kansas State Veterinary Diagnostic Laboratory) used in the Delta RT-FRET-PCR had a Tm of around 56.1°C.
With the SARS-CoV-2 strains that did not have the mutation (2019-nCOV/USA-WA1/2020), the A to C mismatch with the probe
resulted in a lower Tm of around 52.5°C. The Tm values did not vary significantly with the copy number. The negative control was
RNA from a human nasal swab negative for SARS-CoV-2 by routine diagnostic PCR. (B) Tm analysis of representative Delta RT FRET-
PCR products from controls and human nasal swab samples with non-Delta variant SARS-CoV-2 (blue lines) and Delta variants (red
lines), all confirmed by DNA sequencing. The Tm values for the non-Delta strains were around 52.5°C, while those of the Delta
variant were clearly different at around 56.1°C.
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Samples used to evaluate the Delta RT-FRET-PCR
consisted of a positive and negative control SARS-
CoV-2 sample used during routine screening of
samples at KSVDL. The lab also provided 30 human
nasal swab samples collected in March 2021 that were
positive in SARS-CoV-2 PCR tests. Seventeen of the
30 positive nasal swabs were found to be the Delta var-
iant by whole genome sequencing, with the remainder
not having the C22995A mutation. Finally, we also
tested two non-Delta controls purchased from the
ATCC (2019-nCOV/USA-WA1/2020; 201/501Y.V1).

Comparison of the melting temperatures between
SARS-CoV-2 viruses with and without C22995A
mutation was analyzed by the T test (Statistica, Stat-
Soft, Tulsa, USA). Differences at P≤ 0.05 were con-
sidered significant.

Results

The Delta RT-FRET-PCR established in this study
was very sensitive, detecting as few as ten copies of
the DNA target and 100 copies of RNA target per
reaction.

The Delta RT-FRET-PCR was positive for the posi-
tive control sample from KSVDL, the reference SARS-
CoV-2 strains from ATCC, and the 30 PCR positive
human nasal swab samples provided by KSVDL that
had been confirmed positive by whole genome
sequencing. When the Delta RT-FRET-PCR was per-
formed on the seventeen nasal swab samples from
KSVDL that were confirmed positive for the SARS-
CoV-2 Delta variant, each had a Tm of 56.1°C (Figure
1). In contrast, when the Delta RT-FRET-PCR was
performed on the SARS-CoV-2 nasal swab strains
that were not the Delta variant, the mismatch between
the 6-FAM-probe and the strains resulted in a dis-
tinctly lower Tm value of 52.5°C. The clear difference
in the Tm between the Delta variant and non-Delta
strains enabled the convenient differentiation of
strains with and without the C22995A mutation.
The Tm did not change with target copy numbers
(Figure 1).

Due to the additional nucleotide mismatch between
FRET probes and non-Delta SARS-CoV-2, the
amplification fluorescence curves are less smooth in
non-Delta SAR-CoV-2 than the Delta variant (Figure
S1). However, the distinctive melting curves remain
sharp for SARS-CoV-2 with and without C22995A
mutations (Figure 1).

DNA sequencing of the Delta RT-FRET-PCR pro-
ducts verified the presence and absence of the
C22995A mutation as indicated by melting curve
analysis. The delta variant with C22995A mutation
demonstrated significant higher melting temperatures
than those of non-Delta strains (56.13 ± 0.27 SD vs.
52.50 ± 0.23 SD; p<10−4).

Discussion

The SARS-CoV-2 Delta variant has recently been
classified as a variant of concern (VOC) by Public
Health England (PHE), the World Health Organiz-
ation (WHO), and the U.S. Centers for Disease Con-
trol (CDC) (https://www.cdc.gov/coronavirus/2019-
ncov/variants/variant-info.html). Since its first detec-
tion in India in December 2020, the Delta variant
has been identified in more than 130 counties [7]
(https://gvn.org/covid-19/delta-b-1-617-2/). It is
more than twice as transmissible as the original strain
of SARS-CoV-2, and has become the major variant in
many countries worldwide where genome sequencing
is available to determine its presence [8].

Data on the distribution and prevalence of the
Delta variant in countries with limited access to gen-
ome sequencing would enable a more global picture
of the variant to be developed. Similarly, more detailed
data on the epidemiology of the Delta variant in devel-
oped countries would enable a finer-scale analysis of
the dynamics and public health implications of the
strain [9].

A limitation of using the RT-FRET-PCR is that the
C22995A mutation which it detects is also present in
other variants, but these are only very rarely reported
in GISAID (0.006%; 62 / 962,990), and false-positive
results would be expected to be very unusual in symp-
tomatic people. The Delta variant is just one of several
SARS-CoV-2 variants that have been prevalent, so
ongoing monitoring of strains from around the
world will still be necessary to detect the evolution
of new variants [1]. However, new RT-FRET-PCRs
can rapidly be designed for these to readily enable
widespread and detailed monitoring of their spread,
epidemiology and characteristics. The sequence data
we used to develop the primers for the Delta RT-
FRET-PCR indicate the assay will detect all SARS-
CoV-2 strains based on high-quality sequence data
recorded in GISAID. Although the Delta RT-FRET-
PCR detected all SARS-COV-2 strains against which
it was tested in our study, further studies are indicated
to more precisely define the sensitivity and specificity
of the test in the diagnosis of COVID-19.

In conclusion, the Delta-RT-FRET-PCR we
describe above proved to be very sensitive in detecting
all the SARS-CoV-2 strains we tested, while simul-
taneously identifying those that were the Delta variant.
Further, it can readily be performed with the thermo-
cyclers supplied by the major vendors which are
widely used in COVID-19 diagnostic laboratories
around the world. The Delta-RT-FRET-PCR could,
then, add considerably to the available knowledge on
the spread of the Delta variant around the world,
and facilitate the development of public health inter-
vention programmes to counter the COVID-19
pandemic.

16 S. Barua et al.

https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html
https://gvn.org/covid-19/delta-b-1-617-2/


Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Chengming Wang http://orcid.org/0000-0001-7874-8340

References

[1] Janik E, Niemcewicz M, Podogrocki M, et al. The emer-
ging concern and interest SARS-CoV-2 variants.
Pathogens. 2021;10:633.

[2] Helmy M, Awad M, Mosa KA. Limited resources of
genome sequencing in developing countries: challenges
and solutions. Appl Transl Genom. 2016;9:15–19.

[3] Barua S, Hoque M, Kelly PJ, et al. High-resolution melt-
ing curve FRET-PCR rapidly identifies SARS-CoV-2
mutations. J Med Virol. 2021;93:5588–5593.

[4] Aleem A, Akbar Samad AB, Slenker AK. Emerging var-
iants of SARS-CoV-2 and novel therapeutics against
coronavirus (COVID-19). Treasure Island (FL):
StatPearls; 2021.

[5] Cherian S, Potdar V, Jadhav S, et al. SARS-CoV-2 spike
mutations, L452R, T478K, E484Q and P681R, in the
second wave of COVID-19 in Maharashtra, India.
Microorganisms. 2021;9:1542.

[6] Kim S, Liu Y, Lei Z, et al. Differential interactions
between human ACE2 and Spike RBD of SARS-CoV-
2 variants of concern. bioRxiv 2021.

[7] Washington NL, Gangavarapu K, Zeller M, et al.
Genomic epidemiology identifies emergence and
rapid transmission of SARS-CoV-2 B.1.1.7 in the
United States. medRxiv 2021.

[8] Raman R, Patel KJ, Ranjan K. COVID-19: unmasking
emerging SARS-CoV-2 variants, vaccines and thera-
peutic strategies. Biomolecules. 2021;11:993.

[9] Cyranoski D. Alarming COVID variants show vital
role of genomic surveillance. Nature. 2021;589:337–338.

Emerging Microbes & Infections 17

http://orcid.org/0000-0001-7874-8340

	Abstract
	Introduction
	Method
	Results
	Discussion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


