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ARTICLE INFO ABSTRACT

Keywords: The current COVID-19 pandemic constitutes a threat to the population worldwide with over 21 million infected
SARS-CoV-2 people. There is an urgent need for the development of rapid and massive detection tools as well as the iden-
2019-nCoV tification and isolation of infected individuals. we sought to evaluate different RT-gPCR kits and protocols to
EgXH;tlriction evaluate the best approach to be used omitting an RNA extraction step. We have investigated the sensitivity and
RT-PCR performance of different commercially available RT-qPCR kits in detecting SARS-CoV-2 using 80 extracted RNA

and NSS from COVID-19 diagnosed patients. We evaluated the ability of each kit to detect viral RNA from both
kit-extracted or directly from a pre-boiled NSS observing that direct RNA detection is possible when Ct values are
lower than 30 with the three kits tested. Since SARS-CoV-2 testing in most locations occurs once COVID-19
symptoms are evident and, therefore, viral loads are expected to be high, our protocol will be useful in sup-
porting SARS-CoV-2 diagnosis, especially in America where COVID-19 cases have exploded in the recent weeks
as well as in low- and middle-income countries, which would not have massive access to kit-based diagnosis. The
information provided in this work paves the way for the development of more efficient SARS-CoV-2 detection
approaches avoiding an RNA extraction step.

The ongoing COVID-19 pandemic constitutes a threat to the popu-
lation worldwide with over 21 million cases of the disease (Dong et al.,
2020). The rapid spread of SARS-CoV-2 is explained by an important
fraction of asymptomatic individuals that can transmit the virus (Li
et al., 2020). There is an urgent need for the development of rapid and
massive detection tools as well as the identification and isolation of
COVID-19 cases of the disease. Both measures together with social
distancing remain as the most powerful ways to avoid the appearance of
new COVID-19 cases. Currently, there are several challenges associated
with ramping up testing capacity, including a shortage in the chain of
supplies for RNA extraction reagents. Based on this, we sought to eval-
uate different RT-qPCR kits and protocols to evaluate the best approach
to be used omitting an RNA extraction step.

We selected eighty SARS-CoV-2 positive samples obtained from in-
dividuals visiting health care at Santiago, Chile. Nasopharyngeal swabs
samples (NSS) were resuspended in 2 mL of phosphate buffer saline
(PBS) and 150 pL were used to carry out RNA extraction with the Norgen
Biotek CORP RNA extraction kit (cat. 24,380). A 5 puL aliquot of the
extracted RNA was used to perform RT-PCR assays using the TagMan™
2019-nCoV Assay (cat. A15300). We confirmed the presence of viral
RNA using this kit following the protocols provided by the manufacturer
in a QuantStudio3 Real Time PCR System 96 wells (Thermo Fisher
Scientific) showing the presence of the SARS-CoV-2 genes Orflab, S and
N (data not shown). RNA extracted under similar conditions described
above was tested with three different FDA approved and commercially
available detection kits: namely SARS-CoV-2 RdRp plus EAV control
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Fig. 1. SARS-CoV-2 RNA can be detected in direct nasopha-
ryngeal swabs with less sensitivity in RNA simples with >30 Ct
values. A. RT-qPCR amplification of SARS-CoV-2 RNA (light
blue) and direct nasopharyngeal swab samples preserved in
PBS (NSS, light red) using Roche, BGI and SunYat-Sen Uni-
versity as commercial diagnosis kits. Statistical analysis was
done using a t-test with Welch’s correction. Each dot corre-
sponds to individual data points. B. A positive percentage
agreement between RNA (reference) and NSS RT-PCR Bars
represent the 95 % confidence intervals computed by the
hybrid Wilson/Brown method. C. Total positive percentage
agreement between RNA (reference) and NSS RT-qPCR results
separated as Ct <30 and >30 in RNA amplification. Bars
represent the 95 % confidence intervals computed by the
hybrid Wilson/Brown method (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to
the web version of this article).
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(cat. 40—0777-10, Roche), Real-time fluorescent RT-PCR kit for
detecting 2019-nCoV (cat. MFG030011, BGI) and Detection kit for 2019-
nCoV RNA (PCR-Fluorescence Probing) (Sun Yat-sen University, cat.
DA0930, Da An Gene Co., Ltd). Roche kit detected 73 out of 80 RNA
samples (91 %) declared positive by the TagMan™ 2019-nCoV Assay
from ThermoFisher. Similar results were obtained with the SunYat-Sen
kit (93 %). Although this kit detects 2 viral genes in the same reac-
tion, its sensibility is similar for both genes (74 out 80). In the case of the
BGI kit, we observed that 77 of 80 (96 %) were positive at the RNA level
being the best results obtained in comparison with the gold standard
TagMan™ 2019-nCoV kit (Fig. 1A).

Then, we evaluated whether the different kits would be able to detect
SARS-CoV-2 without a prior RNA extraction step. For this, 100 pL from
each NSS were incubated 5 min at 95 °C and then centrifuged at 3000 g
for 5 min, the supernatant was collected in a new tube. Finally, 5 pL of

each supernatant was used to perform direct SARS CoV-2 RT-PCR
detection. The results showed that a significantly lower number of
positive samples was detected when the RNA extraction step was
omitted (p < 00,001; Fig. 1A). The three SARS-CoV-2 detection kits
evaluated in this work presented lower efficiency than the protocol
including RNA extraction reaching only 37 out 73 (51 %), 48 out 77 (62
%) and 41 out 74 (45 %) positive detections for SARS-CoV-2 RdRp plus
EAV control (Roche), Real-time fluorescent RT-PCR kit for detecting
2019-nCoV (BGI) and Detection kit for 2019-nCoV RNA (PCR-Fluores-
cence Probing) (Sun Yat-sen University), respectively (Fig. 1A).
Furthermore, the clinical test showed a 51-62 % range of sensitivity
which is considerably lower than the sensitivity reported by each
manufacturer being over 90 % sensible (Fig. 1B). It is noteworthy that
the differences in terms of sensitivity observed here could lead to a high
percentage of false negatives that would affect the identification of
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infected individuals. The internal control of each kit does not show
differences between extracted RNA or NSS, which may be explained by
the high amount of cellular RNA present in the samples (Fig. 1B).

To better understand whether the amount of viral RNA present
within the sample is associated with results obtained when using
directly the NSS for RT-PCR, we split the samples into two positivity
groups based on Ct values obtained with extracted RNA: those with Ct
values under 30 (<30 Ct) and those with Ct values over 30 (>30 Ct)
(Fig. 1C). A sensitivity greater than 90 % was observed with samples
presenting Ct values lower than 30 with any of the 3 kits evaluated. On
the other hand, the sensitivity decreases abruptly with samples having a
Ct value higher than 30 with detection ranging between 19-40 %. These
data strongly suggest that this technique is strongly dependent on the
amount of viral RNA present in the sample, showing that it is a very
efficient method at Ct values lower than 30.

Importantly, the results are also independent of the detected gene
(RdRp, ORF1la or N genes) and therefore, on the kit used. Besides, the
median (IQR) difference between RNA and NSS in SARS-CoV-2 Ct values
(ACtrna-Nss) obtained with Roche, BGI and SanYut-Sen kit were 6.2
(4.0-7.3), 2.7 (0.0-4.2) and 4.1 (2.3-5.2), respectively (Supplementary
Table 1).

In summary, we extended our preliminary observations using a RNA
extraction-free SARS-CoV-2 detection protocol (Beltran-Pavez et al.,
2020) using nasopharyngeal swab samples from eighty COVID-19
diagnosed individuals using three commercially available and broadly
used RT-PCR kits. Our data confirm that RNA would be omitted from the
protocol at least for rapid screening purposes as we observed that
samples with Ct values <30 were detected independent of the Rt-PCR kit
thus, allowing rapid detection of SARS-CoV-2 directly from nasopha-
ryngeal swabs samples for screening to obtain faster results. Still, it is
important to notice that a high percentage of false negatives could be
envisioned using this strategy (those with lower viral loads). Never-
theless, some discrepancies in the detection of positive samples are also
evident when comparing the sensitivity of detection of the different kits
using the same RNA extracted samples. Therefore, this method may need
improvements to increase the sensibility in all tested kits.

We have investigated the sensitivity and performance of different
commercially available RT-PCR kits in detecting SARS-CoV-2 using 80
extracted RNA and NSS from COVID-19 diagnosed patients. We evalu-
ated the ability of each kit to detect viral RNA from both kit-extracted or
directly from a pre-boiled NSS observing that direct RNA detection is
possible when Ct values are lower than 30 with the three kits tested.
Since SARS-CoV-2 testing in most locations occurs once COVID-19
symptoms are evident and, therefore, viral loads are expected to be
high (To et al.,, 2020), our protocol will be useful in supporting
SARS-CoV-2 diagnosis, especially in America where COVID-19 cases
have exploded in the recent weeks as well as in low- and middle-income
countries, which would not have massive access to kit-based diagnosis.
This protocol will also help to avoid the bottleneck in SARS-CoV-2
diagnosis exerted by the RNA extraction step as it reduces at least by
2h the time required for sample processing thus, accelerating the
obtention of the results. The information provided in this work paves the
way for the development of more efficient SARS-CoV-2 detection ap-
proaches avoiding an RNA extraction step.
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