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Introduction

Coronaviruses (CoVs) are a group of RNA viruses able to cause 
infections primarily in birds and mammals. In 1960, it was 
discovered that coronaviruses can also infect humans, 
causing mild to severe respiratory infections. Particularly, in 
the last two decades, these viruses have provoked lethal 
diseases in humans such as SARS in 2003, MERS in 2012, 
and COVID-19 in 20191,2. 

COVID-19 was identified for the first time in Wuhan, China, in 
December 2019, and it is a disease of the respiratory tract 
caused by a novel coronavirus named SARS-CoV-2. In contrast 
to SARS and MERS, SARS-CoV-2 has spread faster leading to a 
pandemic situation that counts globally more than 
25,000,000 of infected people and more than 850.000 
deaths as of September 2020, according to Coronavirus 
Resource Center at Johns Hopkins University.

In absence of a specific therapy, both early diagnostic and 
monitoring at population level have been proven to be the 
most effective method to counteract the spread of COVID-19. 

The gold standard for early detection of SARS-CoV-2 worldwide 
is RT-qPCR. Therefore, the RNA extraction represents a key 
pre-analytical step. However, the large number of diagnostic 
tests required caused a shortage of reagents, including RNA 
extraction kits. In addition, conventional RNA extraction 
methods such as columned and beads-based can be costly 
and time consuming. Therefore they are not always adequate 
to respond timely to the high-throughput extraction required 
during this COVID-19 pandemic1,2.

In order to provide a fast and cost-effective RNA extraction 
method, we tested whether RNAGEM V can extract rapidly viral 
RNA from SARS-CoV-2 grown in cultured Vero E6 cells. 
RNAGEM V (#RTV1000) is a Research Use Only 
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Extraction of SARS-Cov-2 virus from the su-
pernatant of infected Vero E6 cells using 
RNAGEM V 

(RUO) product that allows a simple and rapid RNA extraction 
leveraged by a temperature-driven, single-tube approach. 
Activated at 75°C and inactivated at 95°C, this broad-
specificity, thermophilic proteinase simultaneously lyses cells 
and eliminates RNases, thereby stabilizing the RNA and 
maintaining its integrity. The single-tube extraction protects 
precious samples, ensuring all RNA is preserved. In addition, 
RNAGEM V has already been utilized for research use to 
extract viral RNA SARS-COV-2 collected from nasopharyngeal 
swab and analysed via microarray in comparison to the 
traditional spin-column extraction and analysis via qRT-PCR 
(Damin et al. 2021). Besides SARS-COV-2, RNAGEM V has 
been successfully utilized to extract viral RNA fromfrom other 
viruses such as Canine distemper virus (CDV; DFE-CE strain), 
HCV, Equine H3N8, and H7N7 viruses. In agreement with the 
successful extraction of viral RNA from the mentioned viruses, 
RNAGEM V was able in this work to extract RNA from 
SARS-CoV-2.

Methods and Results

Preparation and collection of the samples

7 x 105 Vero E6 cells were seeded in DMEM into a 25 cm2 
tissue culture flask. After 24 hours, the Vero E6 cells were 
infected with 0.01 MOI of SARS-CoV-2. The virus was a clinical 
isolate hCoV-19/Italy/UniSR1/2020 (GISAID accession ID: 
EPI_ISL_413489). The cells were incubated with the virus for 
72 hours, and subsequently two samples each constituted by 
50µl of supernatant were collected to be analysed. The viral 
particles contained in the collected infected supernatant were 
inactivated by incubation at 65°C for 1 hour prior the RNA 
extraction.

RNA extraction

The viral RNA was extracted from the inactivated 50µl of 
infected supernatant by using RNAGEM V (#RTV1000). The 
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extraction was carried out by mixing in a 0.2µl PCR tube, the 
50µl of infected supernatant with 38µl saline solution (0.9% 
NaCl), 2µl of RNAGEM V enzyme, and 10 µl of BLUE Buffer. 
Subsequently, the reaction mix was incubated in a 
thermocycler at 75°C for 5 min and 95°C for 2 min.

Reverse Transcription

After the extraction, the 8µl of RNA were converted in cDNA 
using SuperScript™ First-Strand Synthesis System (III) from 
Thermo Fisher Scientific. The reverse transcription step was 
carried out according to the manufacturer’s instructions. The 
obtained cDNA was diluted 1:10.

Real-time PCR

In order to evaluate whether the extraction of the SARS-CoV-2 
RNA was efficient, 5µl of the 1:10 diluted cDNA was used to 
perform a qPCR to detect x gene. The primer sequences are: 
2019-nCoV_N2-F: TTA CAA ACA TTG GCC GCA AA, 
2019-nCoV_N2-R: GCG CGA CAT TCC GAA GAA. The qPCR was 
performed using SYBR® Green dye–based PCR (Applied 
Biosystem) according to the manufacturer’s instructions. A 
NTC (non-template-control) was included, and each sample 
was analyzed in duplicate.

Results

The COVID-19 pandemic has led to shortage of diagnostic kits, 
and RNA extraction kits in particular, delaying the diagnosis of 
the disease and promoting its spread. 

In order to overcome this problem and to speed up diagnostic 
of SARS-CoV-2, we tested whether RNAGEM V is suitable to 
extract viral RNA from SARS-CoV-2 contained in the 
supernatant of infected cultured Vero E6 cells. To evaluate 
whether the RNAGEM V extraction can extract viral RNA from 
this enveloped virus, the expression levels of nucleocapsid N 
protein gene (N gene), a SARS-CoV-2 marker, were analysed by 
RT-qPCR. The qPCR results showed that N gene was 
successfully detected. This data indicated that RNAGEM V kit 
is able to extract viral RNA also from enveloped viruses, such 
as SARS-CoV-2, providing a faster and more affordable 
alternative to the conventional extraction methods.
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