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Abstract: Background: the devastating outbreak of COVID-19 poses serious challenges for the diag-
nostics laboratories, which are often facing global shortage of reagents and equipment. With the aim
of increasing the diagnostic throughput for SARS-CoV-2 molecular test, the purpose of this study
was to validate an additional RNA extraction method respect to those already recommended by
WHO and the US Centers for Disease Control and Prevention (CDC). Methods: a new protocol for
RNA extraction from nasopharyngeal swab was set up, adapting the Qiagen RNeasy 96 plate and
validated on a set of 100 clinical samples analyzed in parallel by Roche-Magnapure method (already
recommended by CDC guidelines). Results: the internal control and target genes analysis showed a
good agreement between the two extraction methods indicating that the two methods can be
considered equivalent and that the RNeasy-adapted method can be applied for the SARS-CoV-2
diagnostics. The addition of this new extraction method resulted in a throughput increase for SARS-
CoV-2 molecular test of about 2000 samples/month during the initial months of the pandemic emer-
gency in which the lack of reagents for the extraction led to an insufficient sample processing
throughput of the analysis of the swabs.
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1. Introduction

From the beginning of the epidemic in January 2020, the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) reached almost every country worldwide, causing
to date 159,188,745 global confirmed cases of COVID-19, and 3,308,588 deaths [World
Health Organization (WHO) dashboard data, at 10™ May 2021, https://covid19.who.int/].
The devastating outbreak tragically overwhelmed health-care systems in most countries,
with serious challenges also for the diagnostics laboratories, due to a global shortage of
reagents and equipment, which is still a problem as demonstrated in a recent survey con-
ducted by the American Society for Microbiology (https://asm.org/Articles/2020/Septem-
ber/Clinical-Microbiology-Supply-Shortage-Collecti-1). Currently, the most accurate di-
agnostic test to confirm Coronavirus Disease 2019 (COVID-19) clinical evaluation is real-
time reverse transcription polymerase chain reaction (rRT-PCR) test on respiratory speci-
mens (notably nasopharyngeal swab, sputum, broncho alveolar lavage fluid). Both WHO
and the US Centers for Disease Control and Prevention (CDC) produced general guide-
lines with several different recommended protocols for specimens handling, RNA extrac-
tion and rRT-PCR for SARS-CoV-2 molecular test [1,2]. Notwithstanding the recent devel-
opment of extraction-free protocols [3-6], due to the presence of inhibitory agents in the
starting material [7], methods with RNA extraction still maintain the highest sensitivity,
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and are the recommended methods for SARS-CoV-2 molecular diagnosis
[https://www.cdc.gov/coronavirus/2019-ncov/lab/testing.html]. Currently, the different
rRT-PCR available for diagnostic purposes are targeting six genes of SARS-CoV-2 RNA:
ORFla/b, ORF1b-nsp14 (50-UTR), RNA-dependent RNA polymerase (RdRp), spike pro-
tein (5), envelope (E), nucleocapsid protein (N) and RNA-dependent RNA polymer-
ase/helicase (RdRp/Hel). Notably, nucleocapsid N2 and E genes were found to be the most
sensitive singleplex reactions and no significant change in cycle threshold (Ct) was noted
when both assays were combined [8-10]. FDA-approved CDC 2019-Novel Coronavirus
(2019-nCoV) rRT-PCR Diagnostic Panel, targets two regions of the N gene (N1 and N2)
[https://www.fda.gov/media/134922/download].

Despite the recommendation on a set of validated methods for RNA extraction and rRT-
PCR, due to the serious emergency conditions and lack of reagents, the Food and Drug
Administration (FDA) admitted the use of alternative methods, in addition to the Emer-
gency Use-Authorized (EUA) test, where the modified test was validated using a bridging
study to the EUA test.

Italy has been one of the most severely hit countries by the COVID-19 [11]. Since the
beginning of the outbreak, the Department of Infectious, Tropical Diseases and Microbi-
ology (DITM) of the IRCCS Sacro Cuore Don Calabria Hospital was involved in a massive
diagnostic analysis of respiratory specimens from COVID-19 suspected patients. Despite
the medium size of the Hospital, from March 2020 to April 2021, DITM analyzed about
120000 samples, not only from patients coming to the emergency room of our hospital but
also from subjects of the local province. As for many other hospitals, our laboratory faced
the problem of reagents scarcity, in particular for RNA extraction procedure, which is still
a critical issue for the current diagnostic need.

A new protocol for RNA extraction from nasopharyngeal swab was set up, using an alter-
native method respect to the routinely used method, with the aim of increasing the diag-
nostic throughput for SARS-CoV-2 molecular test. The new method was not included
among the EUA tests recommended by CDC. For this reason, the aim of the described
study was to validate the additional extraction method on clinical samples, through a
comparison with the routinely used EUA-diagnostic method.

2. Results and Discussion

During the pandemic emergency, due to reagent scarcity, our laboratory decided to validate an alternative method for
RNA extraction to support SARS-CoV-2 molecular diagnostics. Among the extraction kits recommended by the CDC
for viral RNA extraction to diagnose SARS-CoV-2 infection, the Qiagen RNeasy kit was not included. The only study
reporting the possible application of this kit for SARS-CoV-2 diagnosis, was a pre-print paper of Bruce and colleagues
[4], in which the kit was analytically compared to the QIAamp Viral Mini (Qiagen) kit by a spiking experiment but the
paper lacks of a validation on clinical samples.

In the present study, a comparison between the Magnapure LC RNA isolation kit (already included in the CDC panel),
used as reference, and the RNeasy 96 kit, applied as alternative method, has been performed. The new alternative pro-
tocol for RNA extraction was adapted from the RNeasy protocol utilized for cell lines. Differently from the routinely
used method, it is based on column absorption instead of magnetic beads separation and the procedure is mainly man-
ual instead of being an automated method. The alternative method, adapted for the nasopharyngeal swab matrix, was
validated on a set of 96 clinical samples (18 positive and 78 negative samples to SARS-CoV-2 detection using the routine
method). A sample was considered positive when at least one of the two SARS-CoV-2 specific targets (N1 or N2) was
detected. Full data set is reported in supplementary table S1.

Quantitative RT-PCR analyses were performed on both CFX96 Touch (Biorad) and 7900HT (Applied Biosystems) de-
tection systems (both already recommended by CDC guidelines), using the CDC 2019-nCoV rRT-PCR Diagnostic Panel.
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The two systems were analytically validated using the 2019-CoV plasmid control (Integrated DNA Technologies, Inc.),
containing the complete nucleocapsid gene (data not reported).

In order to evaluate the RNA extraction efficiency, the internal amplification control (IC) gene (3-Actin) was used, com-
paring data obtained with the adapted-RNeasy method and the validated Roche-Magnapure extraction method on the
clinical samples set.

All analyzed samples resulted positive for the internal amplification control (table S1) and the Ct showed a good corre-
lation between the two methods (Fig.1).
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Figure 1. Correlation plot between the raw data signal (Ct) of the S-Actin control from the two different methods.

The comparison of the mean difference in B-Actin control was performed to assess how and if the Ct distribution of the
samples influences this parameter. As shown in Figure 2 we observed lower variation in the raw data at the lowest Ct
value (left) and higher at highest Ct value (right). Overall, we observed about 1 Ct of difference between samples from
adapted-RNeasy method and the validated Roche-Magnapure.
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Figure 2. Enhanced Bland-Altman Plot shows the mean differences of f-Actin between the two methods in the overall

raw data (Ct) distribution. The table shows simple statistics of the raw data analyzed.

Data obtained from the difference between the two methods were also plotted on a bar graph that showed the normal

distribution of the f-Actin (Kolmogorov-Smirnov p >0.150, Figure 3).
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Figure 3. Bar graph showing the distribution of the difference in means of #-Actin control of the two different methods:

as shown here the distribution resembles the Gaussian curve.

The evaluation of the N1 target gene, reported in table 2, showed that the RNeasy-adapted method was able to detect 3
additional positive samples (with high Ct, indicating a low viral load, confirmed by subsequent repeted analysis). Refer
to table S1 for the full data set. The mean Ct observed between the two methods was very similar (Delta Ct<1). When
evaluating the N2 target gene, the RNeasy-adapted method was able to detect 3 additional positive samples with respect
to the magnapure method (with high Ct, indicating a low viral load confirmed by subsequent repeted analysis). Refer
to table S1 for the full data set. For N2 target the difference was about 3 Ct, indicating an even higher sensitivity for the
RNeasy compared to the Magnapure method.

Simple Statistics Simple Statistics

Variable N | Mean | Std Sum Min | Max Variable N | Mean | Std Sum Min | Max
Dev Dev

N1_ 19 | 3094 | 5.67 587.81 | 19.43 | 37.09 N2_ 17 | 30.09 | 6.13 51153 | 17.94 | 36.57

RNeasy- RNeasy-

adapted adapted

N1_ 17 | 31.54 | 6.04 536.23 | 17.16 | 38.47 N2_ 14 | 33.86 | 6.70 47397 | 18.46 | 40.16

Magnapure Magnapure

Table 1. Summary table with simple statistics of N1 and N2 raw data from positive samples obtained with both methods.
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Finally, the analysis performed using the Cohen's kappa coefficient to assess the agreement in the ratings using positive

samples for N1 or N2 genes shows accuracy with an estimate value of 0.90.
3. Conclusions

Despite the differences in the technology on which the two RNA extraction methods are based (magnetic beads vs
columns) and in the processing (automated vs manual), the agreement we obtained for the IC and target genes on the
analyzed set of clinical samples demonstrated that the two methods can be considered equivalent and that the RNeasy-
adapted method can be applied for the SARS-CoV-2 diagnostics. The addition of this new extraction method resulted
in a throughput increase for SARS-CoV-2 molecular test of about 2000 samples/month in our laboratory during the
initial months of the pandemic emergency in which the lack of reagents for the extraction led to an insufficient and slow
throughput of the analysis of the swabs. The addition of this extraction method can help in support diagnostic labs,

even in reagent scarcity condition and low automation settings.

4. Materials and Methods
Setting and participants

A total of 100 nasopharyngeal swabs samples were used for the new method validation. Samples were collected at the
Department of Infectious, Tropical Diseases and Microbiology (DITM) of the IRCCS Sacro Cuore Don Calabria Hospital
from subjects referring to the Hospital Emergency Room for COVID-19 suspect. Nasopharyngeal swabs (e-swab, Copan)
were stored at 4°C till analysis. Each sample was processed in parallel for both the routinely used diagnostic protocol
and the new alternative protocol. For each sample, full informed consent was collected from patients/subjects for the
use of human biological materials and for data treatment for research purpose and the study was approved by the
competent Ethics Committee for Clinical Research of Verona and Rovigo Provinces (Prot n 46404/2020).

RNA extraction and rRT-PCR

DITM was qualified for SARS-CoV-2 molecular diagnosis by the Regional Reference laboratory (Department of
Microbiology, University Hospital of Padua). The routinely used diagnostic protocol, performed on nasopharyngeal
swabs, was based on Roche-Magnapure kit (an EUA recommended test) and standardized following the WHO
guidelines [12]. Briefly, RNA extraction was performed by an automated method (Magnapure LC RNA isolation kit-
High performance, Roche) according to the manufacturer’s instructions. RNA was eluted in elution buffer and rRT-
PCR test was executed using the CDC 2019-nCoV rRT-PCR Diagnostic Panel assay (Integrated DNA Technologies, Inc.,
USA) and protocol (https://www.fda.gov/media/134922/download) with a LOD of 10 copies/well, using a CFX96 Touch
Real-Time PCR Detection System (Bio-Rad). As internal control the human fActin target was used [13]. As positive

control, the 2019-CoV plasmid control (Integrated DNA Technologies, Inc.), containing the complete nucleocapsid gene,
was used. A non-template control (NTC) was used as negative control for the reaction. Thermal cycling conditions were
5 min at 50°C for reverse transcription, 20 sec at 95°C for RT inactivation/initial denaturation/Taq activation, and 45
cycles of 3 sec at 95°C and 30 sec at 58°C for the amplification phase. The threshold for the cycle threshold (Ct) analysis
was arbitrarily set at 200 (in the exponential amplification phase) for all the runs. A positive result was defined as a
curve that crossed the threshold within 45 cycles (Ct <45).

For the adapted-RNeasy method, the same samples extracted with the Magnapure method were distributed in deep-
weel plates and RLT buffer was added. Then the inactivation was completed at 56°C for 15 minutes [14]. Plates were
maintained at room temperature for the following steps. Briefly, 250 uL of 96% ethanol was added to each sample in
the working plate and carefully mixed by pipetting. Samples were successively loaded onto the RNeasy 96 plate and
centrifuged at 5600 xg for 4 minutes at room temperature. 350 uL of buffer RW1 was added and samples were
centrifuged again at 5600 xg for 4 minutes at room temperature. 80 uL of DNAse I mix (prepared following
manufacturer’s instructions) was added to each sample and then the plate was incubated for 15 minutes at room

temperature. After DNAse I step the regular procedure for extraction was followed, and RNA was finally eluted using
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80 uL of nuclease free water after 1 minute of incubation. The amplification was performed in 96-well plates on an
Applied Biosystems 7900HT PCR Instrument (Thermo Fisher Scientific), replicating the routinely used protocol for the
CDC 2019-nCoV rRT-PCR Diagnostic Panel assay and the human f-Actin target as internal control [13]. The threshold
for the 7900HT PCR Instrument was set at 0.05 in the exponential amplification phase in Log view. A positive result
was defined as a curve that crossed the threshold within 45 cycles (Ct<45). Analytical sensitivity of up to a LOD of 10
copies/well was verified using the 2019-CoV plasmid control (Integrated DNA Technologies, Inc.).

Table 2 compares volumes used for the two extraction methods applied to nasopharyngeal swabs.

Adapted-RNeasy (Qiagen) Magnapure (Roche)
Input (Nasopharyngeal Swab) 100 uL 200 uL
Dilution Reagent 350 uL RLT + 1% DTT +1% DTT
Final Elution Volume 80 puL 100 pL

Input For The rRT-PCR Analysis 10 pL / 80 pL (or 5 uL for the IC | 10 uL /100 pL (or 5 pL for the IC

analysis) analysis)

Heat Inactivation 56°C for 15 minutes None

Table 2. Summary table of samples input, dilution and elution volumes of both extraction methods.

Statistical analysis

We compared laboratory methods using an enhanced version of Bland-Altman plots to analyze means differences. The
association between results was also visually inspected using Scatterplots by evaluating their distance from the identity
line. We also computed simple statistics and Cohen’s kappa coefficient to analyze the distribution of the data and the
agreement in the ratings, respectively. The data analysis was performed using SAS software (SAS Institute Inc 2013.
SAS/STATA® 9.4).

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1: Data set.
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