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ABSTRACT
The RNA purification is the gold standard for the detection of SARS-CoV-2 in swab samples, but it is dependent on the
availability of chemical reagents. In this study, we evaluated the heat treatment method without RNA extraction as a
reliable option to nucleic acid purification.
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From December 2019, several pneumonia cases of
unknown etiology were reported in Wuhan city,
Hubei Province, China, and were epidemiologically
linked to the Huanan Seafood Wholesale Market
where live animals were also sold [1]. In January
2020, the infectious agent was identified by gene
sequencing and named provisionally 2019-nCoV [2].
Subsequently, the International Committee on Taxon-
omy renamed as SARS-CoV-2 the virus responsible for
the coronavirus disease 19 (COVID-19), because it was
found closely related to severe acute respiratory syn-
drome coronavirus (SARS-CoV) [3,4]. The SARS-
CoV-2 sequence shared in the GISAID platform,
allowed the development of several molecular diagnos-
tic tests through specific primers and probes design for
the rapid detection by reverse transcription (rt) Real-
time PCR [5,6]. In the course of infection, SARS-
CoV-2 is usually detectable in upper and lower respir-
atory specimens and nasopharyngeal secretions col-
lected using swabs are the clinical samples of choice
for diagnostic testing [7,8]. Emergency response to
the COVID-19 pandemic has highlighted the critical

need of making reliable diagnostic ascertainment
widely available, in order to favour the rapid detection
and isolation of cases and investigation, monitoring
and quarantine of their close contacts. These measures
in turn are aimed at reducing the risk of onward trans-
mission within communities [9].

In this perspective, to overcome a possible health
crisis, different commercial diagnostic kits were
promptly developed and introduced into the market
before their analytical and clinical validation (https://
www.finddx.org/covid-19/pipeline). As these kits are
routinely used in clinical laboratories, there is a risk
of generating false-negative or false-positive results.
On the other side, demand for commercial RNA
extraction kits, especially for robotic platforms, has
increased enormously worldwide creating a serious
problem of shortage. Whit the pandemic spread of
SARS-CoV-2, in the absence of effective drugs and vac-
cines, the “test, track, trace” strategy will be foremost
global public health response option for several
months. As this approach pivots on broad testing
capacity, it is critical to develop alternative diagnostic
workflows, as current ones that are dependent on diag-
nostic reagents that are prone to stock outs. In this
study, we evaluated the performance of the heat treat-
ment approach against currently recognized gold stan-
dards for RNA purification for laboratory confirmation
of COVID-19 cases in order to assess its sensitivity and
specificity. By testing a method that does not require
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RNA extraction, the overall aim of our work was to
provide a feasible alternative to current method that
requires chemical reagents that are in increased
demand as many countries approach the phase 2 of
the COVID-19 pandemic.

Positive SARS-CoV-2 nasopharyngeal swabs
(Copan Diagnostics, Brescia, Italy) in Universal Trans-
port Medium (UTM) were used to set up the method.
Undiluted and diluted samples in H2O (1:5, 1:10, 1:20)
were thermally treated in dry bath at different combi-
nation of temperature (70°C, 80°C, 90°C, 95°C and
98°C) and time of incubation (3, 5, 10 and 15 min).
Samples were then placed in ice for 5 min, centrifuged
at 1000g for 1 min and the supernatant was used for
molecular assays. Comparably, the same undiluted
and diluted samples were subjected to RNA extraction
using QIAamp viral RNA mini kit (Qiagen, Hilden,
Germany), eluted in H2O in the original sample
volume and kept in ice. Samples (5 µl/reaction) were
analysed for N1, N2 and RP genes by in-house rt-
Real-time PCR through the LC480 II instrument
(Roche) using reagents and protocol from CDC (Div-
ision of Viral Diseases, Centers for Disease Control
and Prevention-USA) [10]. Subsequently, 30 negative
and 60 positive samples, randomly selected and distrib-
uted in different Cycle threshold (CT) ranges, were
molecular tested for the presence of SARS-CoV-2
using the heat protocol vs. purified RNA extraction
by in-house rt-Real-time PCR and with the commercial
2019-nCoV TaqMan RT-PCR Kit (Norgen Biotek
Corp., Canada), according to the manufacturer’s proto-
col. Thermal treated and purified RNA samples were
also stored at −20°C. All rt-Real-time PCR reactions
were run in triplicate and in two independent runs,
for intra- and inter-assay reproducibility, respectively.
Finally, to evaluate the performance of molecular
assays a standard curve was generated by 10-fold
dilutions of SARS-CoV-2 RNA, isolated and extracted
at Istituto Superiore di Sanità in Rome, Italy, and quan-
tified by a well-established copy number of RNA syn-
thetic E gene (Wuhan coronavirus, EVAg, www.
european-virus-archive.com) [11].

The evaluation of several temperature and time of
incubation provided evidence that the best combi-
nation was the treatment at 95°C for 10 min with a
dilution of 1:10 of sample. Molecular analyses showed
no statistically significant difference regard the ΔCT
value among N1, N2 and RP target genes (P > 0.5).
In contrast, rt-Real-time PCR indicated a ΔCT of
9.62 (range 10.5−9.0 ± SD 5.22) for undiluted samples,
and a ΔCT of 5.3 (range 6.6−4.3 ± SD 3.01), 0.6 (range
1.1−0.0 ± SD 0.42) and 0.4 (range 0.9−0.3 ± SD 0.41)
for 1:5, 1:10 and 1:20 H2O diluted swabs, respectively.
These findings demonstrated that the direct and 1:5
diluted samples are not suitable for PCR analyses,
probably due to the presence of inhibitors in the
UTM medium such as gelatin or sucrose. No

significant difference was observed between 1:10 and
1:20 diluted samples, guiding the choice for the 1:10
dilution.

The heat treatment protocol was applied to 30 nega-
tive and 60 positive samples with recorded CT values.
All specimens were also manually extracted and tested
for the presence of SARS-CoV-2 by in-house rt-Real-
time PCR and the 2019-nCoV TaqMan RT-PCR Kit.
In particular, we investigated the RNA availability
and virus detection using both the purified and ther-
mal/non-extractive procedures also with this commer-
cial kit because it is based on the same primers, probes
and assays developed by the CDC and used in the in-
house molecular method.

Both molecular approaches were assessed by a stan-
dard curve generated by SARS-CoV-2 RNA, using 10-
fold serial dilutions of the viral RNA ranging from
1 ×106–10 copies/µl. An inverse linear relationship (y
=−3.427× + 41.87; R2 = 0.0309) was generated by plot-
ting crossing points values against artificial E gene con-
centration. The linear range spanned CT values
ranging from 20.5 ± SD 0.1 to 36.9 ± SD 0.5, corre-
sponding to concentrations of 106 to 10 copies per μl,
respectively. No difference was found among gene tar-
gets and results from in-house and commercial rt-Real
Time PCR were reported for N2 gene (Table 1). Com-
pared with purified RNA, the in-house protocol
showed a 100% of sensitivity and specificity for heat-
treated samples, whereas the commercial Kit exhibited
a 100% of sensitivity and specificity for extracted
method and 86.67% of sensitivity and 100% specificity
for the heat protocol (Table 1). The positive detection
of the in-house system ranged from 4.5 × 106 to 15
copies/reaction and from 3.1 × 106 to 40 copies/reac-
tion for extracted RNA and in inactivated samples,
respectively. A lower efficiency was observed with the
commercial kit where it was registered a range of 1.2
× 106 to 70 copies/reaction for purified samples and
4.5 × 105 to 80 copies/reaction for heat samples. It
should be noted that the preliminary 10−1 dilution fac-
tor might influence the tendency for increased CT
values and the copy number detection. This obser-
vation is stressed especially in heat-treated samples
with CT≥ 35 and may generate false-negative results
in low viral load specimens (Table 1). All purified
and heat-treated samples maintained at −20° C were
tested again after 96 h with both rt-Real Time protocols
to investigate a possibly less sensitivity with regard to
samples directly processed after storage. No significant
variation was observed (data not shown), suggesting a
feasible preservation of specimens before the molecular
assay.

The proposed heat approach protocol could also
produce similar results using the E gene test described
by Corman et al. Moreover, comparing the perform-
ance of SARS-CoV-2 protocols described by Corman
et al. and developed from CDC, N2 and E primer/
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probe sets were found to be more sensitive than others
[12,13]. A recent study described a similar heat-pro-
cessed protocol (98°C for 5 min) directly from swab
saline/transport solution without any dilution. This
study corroborates our results for in-house rt-Real
Time PCR, showing a lower sensitivity of the heat
treatment (range ΔCT value of 0.5-1.0) when com-
pared with purified samples, but, dissimilar to our
findings, a total inhibition was found by the commer-
cial kit RealStar SARS-CoV-2 RT-PCR (Altona Diag-
nostics, Hamburg, Germany), where all positive
samples failed in the detection of Sars-CoV-2 [14].
Probably, in our study, the 1:10 dilution before the
thermal approach might decrease the concentration
of inhibitors allowing the PCR amplification of specific
target.

Compared to the extraction method, the heat
treatment assay allows the testing of clinical samples
within a very short time (3–3.30 h vs. 5.30–6 h), but
more importantly it does not require RNA extraction
and is viable if chemical extraction kits are not avail-
able. Moreover, it is possible with this method to
store samples at −20°C without affecting the per-
formance of the molecular test, if testing needs to
be deferred.

The main limit of this method is that the lack of
concentration reduces its sensitivity and might not
detect subject with very low viral loads. Therefore, it
is best applied to testing samples from patients with
active infection during which high viral loads are
expected. In this context, it is an easy, rapid and
most of all universally available alternative procedure.
This molecular test should be performed by trained
laboratory personnel who are proficient in carrying

out Real-Time PCR assays. With respect to negative
results, in general it should be considered that those
samples must be processed by a viral extraction
method. Future experiments will be need to examine
whether the heat protocol can be applied to other
specimen types and should be compared with other
commercial kit tests.
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Table 1. Distribution of CT value results generated by N2 gene target from extracted and heat-treated samples.

Extracted samplesab
Heat-treated samplesb

n (mean CT ± SD)d
Extracted samplesc

n (mean CT ± SD)d
Heat-treated samplesc

n (mean CT ± SD)d

Positive (n = 60)
CT range (n/mean CT ± SD)d Positive Negative Positive Negative Positive Negative
15–20
(5/19.6 ± 0.3)

5 (19.6 ± 0.3) 0 5 (19.5 ± 0.3) 0 5 (19.9 ± 0.2) 0

20–25
(12/23.2 ± 1.2)

12 (24.2 ± 1.2) 0 12 (22.9 ± 1.3) 0 12 (24.5 ± 1.1) 0

25–30
(18/27.6 ± 1.4)

18 (28.6 ± 1.3) 0 18 (27.0 ± 1.9) 0 18 (32.1 ± 1.0) 0

30–35
(15/33.2 ± 1.3)

15 (33.8 ± 1.1) 0 15 (32.4 ± 1.3) 0 15 (34.4 ± 1.0) 0

>35
(10/36.3 ± 0.8)

10 (37.2 ± 1.1) 0 10 (35.7 ± 0.6) 0 2 (35.7 ± 0.2) 0

Negative (n = 30) 0 30 0 30 8 30

Sensitivity (%) [95% CI]
100% [100%–100%]
Specificity (%) [95% CI]
100% [100%–100%]
PPVe (%) [95% CI]
100% [100%–100%]
NPVe (%) [95% CI]
100% [100%–100%]

Sensitivity (%) [95% CI]
100% [100%–100%]
Specificity (%) [95% CI]
100% [100%–100%]
PPVe (%) [95% CI]
100% [100%–100%]
NPVe (%) [95% CI]
100% [100%–100%]

Sensitivity (%) [95% CI]
86.67% [79.64%–93.69%]
Specificity (%) [95% CI]
100% [100%–100%]
PPVe (%) [95% CI]
100% [100%–100%]
NPVe (%) [95% CI]

78.95% [70.52%–87.37%]
aMethod chosen as reference.
bIn-house rt-Real Time PCR.
c2019-nCoV TaqMan RT-PCR Kit (Norgen Biotek Corp., Canada).
dOnly positive results are included in the calculation of mean CT.
e(PPV) Positive predictive value; (NPV) Negative predictive value.

EMERGING MICROBES AND INFECTIONS 1395

http://orcid.org/0000-0002-0664-9375


References

[1] WHO. Disease outbreak news. Emergencies prepared-
ness, response. Pneumonia of unknown origin –
China. Word Health Organization. 2020. Available
from: https://www.who.int/csr/don/05-january-2020-
pneumonia-of-unkown-cause-china/en.

[2] Wang C, Horby PW, Hayden FG, et al. A novel coro-
navirus outbreak of global health concern. The Lancet.
2020;395(10223):470–473. doi:10.1016/S0140-6736
(20)30185-9.

[3] Gorbalenya AE, Baker SC, Baric RS, et al. Severe acute
respiratory syndrome-related coronavirus: the species
and its viruses—a statement of the coronavirus study
group. bioRxiv. 2020.02.07.93786. doi:10.1101/2020.
02.07.937862

[4] Coronaviridae Study Group of the International
Committee on Taxonomy of Viruses. The species
severe acute respiratory syndrome-related coronavirus:
classifying 2019-nCoV and naming it SARS-CoV-2.
Nat Microbiol. 2020;5:536–544. doi:10.1038/s41564-
020-0695-z.

[5] WHO. Molecular assays to diagnose COVID-19. Word
Health Organization. 2020. Available from: https://
www.who.int/docs/default-source/coronaviruse/
whoinhouseassays.pdf?sfvrsn=de3a76aa_2.

[6] Wang Y, Kang H, Liu X, et al. Combination of RT-
qPCR testing and clinical features for diagnosis of
COVID-19 facilitates management of SARS-CoV-2
outbreak. J Med Virol. 2020. doi:10.1002/jmv.25721.

[7] WangW, Xu Y, Gao R, et al. Detection of SARS-CoV-2
in different types of clinical specimens. JAMA. 2020.
doi:10.1001/jama.2020.3786

[8] Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load
in upper respiratory specimens of infected patients. N
Engl J Med. 2020. doi:10.1056/NEJMc2001737.

[9] WHO. Strategies, plans and operations. Word Health
Organization; 2020. Available from: https://www.
who.int/publications-detail/strategic-preparedness-
and-response-plan-for-the-new-coronavirus.

[10] CDC. (2019). Novel Coronavirus (2019-nCoV) Real-
time rRT-PCR Panel Primers and Probes. Centers for
Disease Control and Prevention. 2020. Available at
https://www.cdc.gov/coronavirus/2019-ncov/
downloads/rt-pcr-panel-primer-probes.pdf.

[11] Stefanelli P, Faggioni G, Lo Presti A, et al. Whole gen-
ome and phylogenetic analysis of two SARS-CoV-2
strains isolated in Italy in January and February 2020:
additional clues on multiple introductions and further
circulation in Europe. Euro Surveill. 2020;25:2000305.
doi:10.2807/1560-7917.ES.2020.25.13.2000305.

[12] Corman VM, Landt O, Kaiser M, et al. Detection of
2019 novel coronavirus (2019-nCoV) by real-time
RT-PCR. Euro Surveill. 2020;25:2000045. doi:10.
2807/1560-7917.ES.2020.25.3.2000045.

[13] Nalla AK, Casto AM, Huang MLW, et al. Comparative
performance of SARS CoV-2 detection assays using
seven different primer/probe sets and one assay kit. J
Clin Microbiol. 2020:JCM.00557-20. doi:10.1128/
JCM.00557-20.

[14] Fomsgaard AS, Rosenstierne MW. An alternative
workflow formolecular detectionof SARSCoV-2– escape
from the NA extraction kit-shortage, Copenhagen.
Denmark. March 2020:Euro Surveill. 2020;25:2000398.
doi:10.2807/1560-7917.ES.2020.25.14.2000398

1396 F. MANCINI ET AL.

https://www.who.int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en
https://www.who.int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1101/2020.02.07.937862
https://doi.org/10.1101/2020.02.07.937862
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1038/s41564-020-0695-z
https://www.who.int/docs/default-source/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2
https://www.who.int/docs/default-source/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2
https://www.who.int/docs/default-source/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2
https://doi.org/10.1002/jmv.25721
https://doi.org/10.1001/jama.2020.3786
https://doi.org/10.1056/NEJMc2001737
https://www.who.int/publications-detail/strategic-preparedness-and-response-plan-for-the-new-coronavirus
https://www.who.int/publications-detail/strategic-preparedness-and-response-plan-for-the-new-coronavirus
https://www.who.int/publications-detail/strategic-preparedness-and-response-plan-for-the-new-coronavirus
https://www.cdc.gov/coronavirus/2019-ncov/downloads/rt-pcr-panel-primer-probes.pdf
https://www.cdc.gov/coronavirus/2019-ncov/downloads/rt-pcr-panel-primer-probes.pdf
https://doi.org/10.2807/1560-7917.ES.2020.25.13.2000305
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.1128/JCM.00557-20
https://doi.org/10.1128/JCM.00557-20
https://doi.org/10.2807/1560-7917.ES.2020.25.14.2000398

	Abstract
	Acknowledgments
	Disclosure statement
	Ethical statement
	Funding 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


