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Abstract

A novel coronavirus associated with acute respiratory disease (named SARS‐CoV‐2)
is recently identified in Wuhan city, China, spread rapidly worldwide. Early identi-

fication of this novel coronavirus by molecular tools is critical for surveillance and

control of the epidemic outbreak. We aimed to establish a simple method for the

detection of SARS‐CoV‐2 in differentiating with SARS‐CoV. Primers of our in‐house

reverse transcription polymerase chain reaction (RT‐PCR) assays were designed to

target conserved regions of the RdRP gene and E gene, selected restriction enzymes

EcoRI, Tsp45I, and AluI to distinguish between SARS‐CoV‐2 and SARS‐CoV. In this

report, a 396‐bp fragment of the RdRp gene and 345‐bp fragment of the E gene

were amplified by one‐step RT‐PCR. Enzyme Tsp45I cuts the RdRP‐amplified pro-

duct of SARS‐CoV‐2 generating three fragments of 45, 154, and 197 bp, but it did

not cut the amplicon of SARS‐CoV. In contrast, the amplified product of SARS‐CoV
was digested with EcoRI producing two fragments of 76 and 320 bp, whereas the

amplicon of SARS‐CoV‐2 was undigested by Tsp45I help to distinguish clearly

SARS‐CoV‐2 from SARS‐CoV on gel electrophoresis. In addition, AluI cut the

amplicon of the E gene of SARS‐CoV‐2 generating two fragments of 248 and 97 bp

without cutting to SARS‐CoV. The accuracy of the assay was confirmed by

sequencing and phylogenetic analysis. When evaluated on clinical samples showed a

high sensitivity of 95%, specificity of our assay was 100% and clinical performance

for detection of SARS‐CoV‐2 in comparison with other reference assays. In

conclusion, in the present study, we successfully developed a simple method for

molecular detection of SARS‐CoV‐2 in differentiating with SARS‐CoV.
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1 | INTRODUCTION

An outbreak of an acute respiratory disease caused by a 2019 novel

coronavirus (2019‐nCoV) in Wuhan, a central city of Hubei, China, has

spread rapidly worldwide and posed a global challenge for public health.1

So far, there were more than 78000 people infected with 2019‐nCoV
confirmed and 2445 death have been reported in 28 countries and ter-

ritory regions.2 The transmission from human to human through close

contact confirmed among infected cases, but secondary spread has been

limited in returning travelers from epidemic region.3,4 Based on complete

genome sequence and phylogenetic analysis indicated that this nCoV is

associated with human severe acute respiratory syndrome coronavirus

(SARS‐CoV) and Middle East respiratory syndrome coronavirus (MERS‐
CoV),5 and recently, it was designated as SARS‐CoV‐2.6 It shares 79%

identity with SARS‐CoV and might also use angiotensin‐converting en-

zyme 2 as a cell receptor.7 Similar to SARS‐CoV and MERS‐CoV, SARS‐
CoV‐2 is an enveloped RNA coronavirus belonging to betacoronavirus

subfamily, sarbecovirus subgenus of Coronaviridae family, but it appears

the less pathogenic and more contagious and the mortality rate of SARS‐
CoV‐2 is lower than that of MERS‐CoV (∼35%) and SARS‐CoV (∼10%).8

To respond at the potential risk of pandemic outbreak spread worldwide,

the World Health Organization (WHO) declared the outbreak of SARS‐
CoV‐2 in China as “Public health emergency of international concern” and

called substantial global response for the control of this epidemic. There

has been no available vaccine or specific antiviral drugs for prevention

and treatment of COVID‐19.5 An important point of SARS‐CoV‐2 infec-

tion has a long period of incubation up to 14 days, longer than SARS‐CoV
that may lead to a high rate of asymptomatic cases and it may also

facilitate the rapid spread of SARS‐CoV‐2 around the world.9 Therefore,

early detection of suspected cases plays a critical role for management,

surveillance, and control of this deadly epidemic. WHO and Centers for

Disease Control and Prevention recommended the use of real‐time re-

verse transcription polymerase chain reaction (RT‐PCR) assay for con-

firmatory detection of SARS‐CoV‐2 in clinical virology laboratory.10,11

However, commercial real‐time RT‐PCR kits approved by the FDA are

not available, whereas isolation and viral culture method must be per-

formed under Biosafety level 3 (BSL‐3) facility and RNA‐based metage-

nomic next‐generation sequencing analysis require modern equipment

and technical expertise.12,13,14 Therefore, a simple, rapid assay with af-

fordable cost in resource‐limiting countries is very essential for the early

F IGURE 1 The location cut by restriction enzymes on the RdRp gene, including Tsp45I and EcoRI

F IGURE 2 The location cut by restriction enzymes AluI on the E gene
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detection of suspected cases on inactivated clinical specimens. This study

aims to establish a simple method for detection of SARS‐CoV‐2 using

one‐step RT‐PCR followed by restriction fragment length polymorphism

for detection of SARS‐CoV‐2 in Vietnam.

2 | MATERIALS AND METHODS

For assay design, sequences of SARS‐CoV (AY508724.1), bat‐SARS‐like
coronavirus strains (MG772933.1 and MG772934.1) retried from

GenBank, SARS‐CoV‐2 sequences released on GISAID (https://www.

gisaid.org/EPI_ISL_402119; 402120; 402125; 402128; 402132;

403932; 403962; 404228; 406844; 406596; 406597) and SARS‐CoV‐2
sequences from Genbank (MN908947.3, MN985325.1; MN988713.1;

LC522975.1) for alignment using BioEdit 7.0 and Clustal W to select

highly conserved regions for design primer to amplify a part of the RdRP

gene and the E gene of SARS‐CoV‐2 and SARS‐CoV using Primer3

(http://bioinfo.ut.ee/primer3-0.4.0/). Primer sequences were: Forward

Pr‐GGCCTCACTTGTTCTTGCTC; Reverse Pr‐CACACAACAGCATCGT
CAGA for the RdRP gene; Forward primer‐E: CACACAATCGACG

GTTCATC; Reverse primer‐E: CGTTTAGACCAGAAGATCAGGAA for

the E gene. Primers were purchased from IDT (Coralville, IA).

F IGURE 3 RFLP patterns for

differentiating SARS‐CoV‐2 with SARS‐CoV.
RFLP, restriction fragment length
polymorphism; SARS‐CoV, severe acute
respiratory syndrome coronavirus
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The viral RNA was extracted from 140 μL of cell culture super-

natant of infected cells inactivated with AVL buffer and Ethanol (each

560 µL) using QIAamp Viral RNA Mini Kit (Qiagen GmbH, Hilden,

Germany) according to the manufacturer's instruction. The RNA was

finally eluted in a final volume of 60 μL of AE buffer and was stored at

−80°C until use. These materials including SARS‐CoV and SARS‐CoV‐2
RNA samples were provided as kind gifts by Prof Dang Duc Anh,

National Institute of Hygiene and Epidemiology, Hanoi, Vietnam, and

coronavirus RNA specificity panel obtained by the European virus

archive global (EVAg), https://www.european-virus-archive.com. In

addition, SARS‐CoV‐2 RNA in vitro transcripts of the RdRP gene and

the E gene were synthesized from plasmid containing a part of the E

and the RdRp gene using Transcript Aid T7 High Yield Transcription

Kit (Thermo Fisher Scientific, Waltham, MA). The synthetic viral RNA

transcripts were purified using the GeneJET RNA Purification Kit

(Thermo Fisher Scientific) according to the manufacturer's instruc-

tions. The RNA transcript concentrations were measured by a

Nanodrop ND1000 spectrophotometer (Thermo Fisher Scientific) then

converted to the number of copies per μL according to the

concentrations and sizes of each single‐stranded RNA fragment.

Transcribed RNAs were estimated as 4.23 × 1012 copies/μL for the

E gene and 2.7 × 1012 copies/μL for the RdRp gene. Then, a serial

dilution from 100 to 106 copies/μL of purified viral RNA transcripts

were used as positive controls for development and validation of our

molecular assays to identify SARS‐CoV‐2.
One‐step RT‐PCR reaction was optimized in a total volume of

30 μL using One‐Step RT‐PCR Kit (QIAGEN, Germany) containing

6 μL of RNA template, 3 μL of each primer, 12.6 μL of molecular grade

water, 1.2 μL RT enzyme, 1.2 μL dNTPs, and 6 μL of ×5 Buffer. Cycling

conditions were: 50°C for 30minutes, 95°C for 15minutes, followed by

35 cycles of 94°C for 30 seconds, 50°C for 30 seconds, and 72°C for

20 seconds) and a final extension at 72°C for 10minutes. All reactions

were run on the Eppendorf Mastercycler pro PCR System (Eppendorf,

Hamburg, Germany). Amplified products were separated by electro-

phoresis on 1.2% agarose gel and visualized under UV light after

staining with ethidium bromide for expected sizes of 396 and 344 bp for

the fragments of the RdRp gene and the E gene, respectively.

Restriction fragment length polymorphism (RFLP) analysis: the

digestions were performed separately in a total volume of 10 µL

containing 5 µL of the purified amplification products were added to

3.5 µL water, 1 µL Buffer (×10), and 0.5 µL of each enzyme EcoRI and

Tsp45I for digestion of RdRP gene fragment; besides, the amplified

fragment of E gene was digested with AluI (New England BioLabs,

Hitchin, UK). The reactions were incubated at 37°C for 2 hours, after

which digested products were run on 3% agarose gel electrophoresis.

Real‐time RT‐PCR: WHO RT‐PCR targeting E gene was

performed as the protocol published by Corman et al.15 Realstar

F IGURE 4 Agarose gel electrophoresis of one‐step RT‐PCR on in
vitro transcribed RNAs. Lanes 1 and 2: amplicons of E and RdRp gene

of SARS‐CoV; lane M: DNA ladder 100 bp; lanes 3 and 4: amplicons of
E and RdRp gene of SARS‐CoV‐2. RT‐PCR, reverse transcription
polymerase chain reaction; SARS‐CoV, severe acute respiratory

syndrome coronavirus

TABLE 1 Reference sequences used in this study

Access. No Species
Reference
source

AY508724.1 SARS‐CoV Genbank

AY394997.1 SARS‐CoV Genbank

MG772933.1 bat‐SARS like coronavirus Genbank

MG772934.1 bat‐SARS like coronavirus Genbank

MN908947.3 SARS‐CoV‐2 Genbank

MN985325.1 SARS‐CoV‐2 Genbank

MN988713.1 SARS‐CoV‐2 Genbank

LC522975.1 SARS‐CoV‐2 Genbank

NC019843.3 Middle East respiratory

syndrome coronavirus

Genbank

NC005831.2 Human Coronavirus NL63 Genbank

NC002645.1 Human Coronavirus 229E Genbank

AY391777.1 Human Coronavirus OC43 Genbank

NC006577.2 Human Coronavirus HKU1 Genbank

EPI_ISL_402119 SARS‐CoV‐2 GISAID

EPI_ISL_402120 SARS‐CoV‐2 GISAID

EPI_ISL_402125 SARS‐CoV‐2 GISAID

EPI_ISL_402128 SARS‐CoV‐2 GISAID

EPI_ISL_402132 SARS‐CoV‐2 GISAID

EPI_ISL_403932 SARS‐CoV‐2 GISAID

EPI_ISL_403962 SARS‐CoV‐2 GISAID

EPI_ISL_404228 SARS‐CoV‐2 GISAID

EPI_ISL_406844 SARS‐CoV‐2 GISAID

EPI_ISL_406596 SARS‐CoV‐2 GISAID

EPI_ISL_406597 SARS‐CoV‐2 GISAID
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SARS‐CoV‐2 RT‐PCR 1.0 (RUO) was provided by Altona Diagnostics

(Hamburg, Germany).16 Briefly, the RT‐PCR containing 5 µL of Mas-

ter A, 15 µL of Master B, 1 µL of internal control, and 10 µL of RNA

template for a final volume of 30 µL. Cycling conditions were ac-

cording to the manufacturer's instructions. All PCRs were run on a

LightCycler 480 II (LC480II; Roche).

Statistical analyses were done with SPSS 20.0 (IBM, Armonk,

NY). The diagnostic accuracy was analyzed to estimate confidence

intervals (95% confidence interval) for sensitivity, specificity. Cohen's

κ values were calculated for evaluating overall agreement and com-

paring assays. P values of <.05 were considered statistically

significant.

3 | RESULTS

In our method, we designed primer sets to amplify the RdRp gene

fragment of 396 bp of both SARS‐CoV‐2 and SARS‐CoV. Similarly, a

345‐bp fragment of the E gene was amplified simultaneously for both

SARS‐CoV and SARS‐CoV‐2. Results are as shown in Figure 4 and

there was no nonspecific amplification detected with primer sets

used in this study.

The restriction enzymes are selected with the aid of NEBcutter

V2.0 (www.tools.neb.com/NEBcutter2), which are able to distinguish

between SARS‐CoV‐2 and SARS‐CoV by restriction fragments. RFLP

strategy for RdRP product is illustrated in Figure 3.

As described above, for the RdRP gene, enzyme Tsp45I cut PCR

amplification of SARS‐CoV‐2 generating three fragments of 45, 154,

and 197 bp, and it did not cut RT‐PCR product of SARS‐CoV. In
contrast, amplified product of SARS‐CoV was digested with EcoRI

producing two fragments of 76 and 320 bp, whereas amplified pro-

duct of SARS‐CoV‐2 was undigested by EcoRI. Analysis results are

illustrated in Figures 1‐3 and 7.

Furthermore, for more reliable identification of SARS‐CoV‐2, the
amplified product of the E gene for coronavirus was cut by AluI.

Theoretically, there was only a restriction site on the E gene of SARS‐
CoV‐2 recognized by AluI producing two fragments of 248 and 97 bp.

The E gene amplicons of SARS‐CoV, on the contrary, was not cut by

AluI (Figures 3 and 7).

To confirm the method proposed, PCR products were purified

and cloned in pGEM‐T Easy vector (Promega, Madison, WI) and then

sequenced using a 3130xl sequencer. Sequences obtained were

F IGURE 5 Specificity evaluation of one‐step RT‐PCR using
coronavirus specificity panel. (A) Amplicons of E gene; lane 1: DNA ladder
100bp; lane 2: negative control; lane 3: SARS‐CoV‐2; lane 4: SARS‐CoV;
lane 5: MERS‐CoV; lane 6: HCOV‐OC43; lane 7: HCOV‐229E; lane 8:

HCOV‐NL63. (B) Amplicons of RdRp gene; lane 1: DNA ladder 100bp;
lane 2: negative control; lane 3: SARS‐CoV‐2; lane 4: SARS‐CoV; lane 5:
MERS‐CoV; lane 6: HCOV‐OC43; lane 7: HCOV‐229E; lane 8: HCOV‐
NL63. HCOV, human coronavirus; MERS, Middle East respiratory
syndrome; RT‐PCR, reverse transcription polymerase chain reaction;
SARS‐CoV, severe acute respiratory syndrome coronavirus

TABLE 2 Comparative performance of molecular assays on clinical samples

Molecular assays

WHO RT‐PCR

κ (SE) PPA (%) NPA (%)Positive Negative

Realstar SARS‐CoV‐2 Positive 20 0 1 (<0.001) 100 100

Negative 0 30

RT‐PCR Positive 19 0 .958 (0.042) 95 96.77

Negative 1 30

Abbreviations: NPA, negative percent agreement; PPA, positive percent agreement; RT‐PCR, reverse transcription polymerase chain reaction;

SARS‐CoV, severe acute respiratory syndrome coronavirus; SE, standard error; WHO, World Health Organization.
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aligned with reference sequences as presented in Table 1 using

Bioedit 7.0 and MEGA 7.0 to construct a phylogenetic tree and

identified by the BLASTn tool with default parameters at NCBI. The

study results showed PCR‐RFLP was concordant with PCR‐
sequencing phylogenetic analysis.

Next, we evaluated the analytical sensitivity of our method and

optimized WHO RT‐PCR were run simultaneously using serial

10‐fold dilutions of in vitro transcribed RNA ranging from 100 to

106 copies/µL. The limit of detection (LOD) was defined as the lowest

RNA concentration detected at which 95% of all runs of the tripli-

cates for RT‐PCR and eight replicates for WHO RT‐PCR by probit

analysis. The result calculated the LOD of RT‐PCR for the E and the

RdRp genes were at 204 copies/reaction and 70 copies/reaction,

respectively, whereas LOD of WHO RT‐PCR estimated at 10.15 co-

pies/reaction for the RdRp gene and 9.2 copies/reaction for the

E gene in our conditions. We also evaluated the specificity of the

assay on the coronavirus RNA specificity panel of four human cor-

onaviruses (MERS‐CoV, human coronavirus [HCOV]‐OC43, HCOV‐
229E, and HCOV‐NL63) obtained by the EVAg (https://www.

european-virus-archive.com).17 None of these coronaviruses were

detected by our method, found to be 100% specific (Figure 5).

To assess the diagnostic sensitivity and clinical performance of

our assay, we tested on 20 specimens of patients with COVID‐19
and 50 specimens of suspected cases infected with SARS‐CoV‐2. All
specimens were run simultaneously with both three methods in-

cluding WHO RT‐PCR, Realstar SARS‐CoV‐2, and our assay.

The results showed the diagnostic sensitivity of 95% and positive

percent agreement of 95.8% when tested on clinical samples.

Results are presented in Table 2. There was a sample negative with

our method, but it was positive with both WHO RT‐PCR and

Realstar SARS‐CoV‐2 assay at the Ct values of 38.56 and 31.76,

respectively (Figures 6‐8).

4 | DISCUSSION

Acute respiratory disease caused by a nCoV (SARS‐CoV‐2) has been
recently discovered in China (December 2019). It posed a public

health emergency, affecting both socioeconomic issues and global

security. Until now, there is no vaccine and specific antivirals for the

treatment of SARS‐CoV‐2. Therefore, it is crucial to establish a di-

agnostic method for suspected cases identification and surveillance

of SARS‐CoV‐2. Several studies have shown that SARS‐CoV‐2 shares

79% to 82% identical to SARS‐CoV genome sequence.7,18 This is a

challenging problem for the selection of highly conserved regions to

design primers and probes of molecular diagnostic assays of SARS‐
CoV‐2. Recently, molecular assays based on real‐time RT‐PCR were

developed by authors, but they were optimized on synthetic tran-

scribed RNAs of SARS‐CoV‐2.15,19 Therefore, it needs to be validated

on sample panels of RNA extracted from the inactivated cell culture

supernatant of SARS‐CoV‐2 or clinical specimens collected of con-

firmed patients before launching for clinical virology laboratories.

In this study, based on sequences analysis retrieved from Gen-

Bank, GISAID (Table 1) using bioinformatics tools to design primers

and analysis restriction enzymes, we established a simple method for

molecular detection of SARS‐CoV‐2 in differentiating with SARS‐CoV

F IGURE 6 Agarose gel electrophoresis of one‐step RT‐PCR on

clinical samples. Lanes 1 and 15: negative control; lanes 2 to 7:
amplicons of E gene of SARS‐CoV‐2; lane 8: DNA ladder 100 bp;
lanes 9 to 14: amplicons of RdRp gene of SARS‐CoV‐2. RT‐PCR,
reverse transcription polymerase chain reaction; SARS‐CoV, severe
acute respiratory syndrome coronavirus

F IGURE 7 Restriction fragments for differentiating SARS‐CoV‐2
with SARS‐CoV on agarose gel electrophoresis. (A) Lanes 1 and 3:
amplicons of E gene of SARS‐CoV and SARS‐CoV‐2 were digested

with AluI; lane 2: DNA ladder 100 bp. (B) Lanes 1 and 3: amplicons of
RdRp gene of SARS‐CoV and SARS‐CoV‐2 were digested with Tsp45I;
lane 2: DNA ladder 100 bp. (C) Lanes 1 and 3: amplicons of RdRp

gene of SARS‐CoV and SARS‐CoV‐2 were digested with EcoRI; lane 2:
DNA ladder 100 bp. SARS‐CoV, severe acute respiratory syndrome
coronavirus
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using RNA extracted from inactivated cell culture supernatant of SARS‐
CoV‐2 and SARS‐CoV. This technique is rapid, effective‐cost, and does

not require gene sequencing or real‐time RT‐PCR. In addition, it is a

specific and definitive discriminatory test for SARS‐CoV‐2 and SARS‐CoV,
providing a useful molecular tool for screening of suspected cases.

When assessed on clinical samples in comparison with other

reference assays demonstrated a high sensitivity of 95% and clinical

diagnostic performance for detection of SARS‐CoV‐2 with high

κ values observed, confirming a high concordance with reference

assays (Table 2). Interestingly, the specificity of the assay was 100%

and no false‐positive results observed with other coronaviruses were

tested in this study (Figure 5). To the best of our knowledge, this is

the first report presented an in‐house RT‐PCR allowed for differ-

ential detection of SARS‐CoV‐2 with SARS‐CoV in Vietnam at the

LOD of 70 copies/reaction for E gene and 204 copies/reaction for the

RdRp gene, but it had higher LOD values as compared with the WHO

RT‐PCR assay were 10.15 copies/reaction for the RdRp gene and 9.2

copies/reaction for the E gene. However, when evaluated on clinical

specimens, there was only one discordant result observed, but this

sample had the highest Ct values of 38.56 and 31.76 for WHO RT‐
PCR and Realstar SARS‐CoV‐2 assays, respectively. This could be

explained that this specimen had a low concentration of SARS‐CoV‐2
and it could be below the LOD of our assay. Recently, there was a

publication that introduced an RT‐PCR assay for the detection of

coronaviruses from four genera with the LOD ranged from 4 to

4 × 102 copies/reaction, depending on the CoV species tested. This

assay detected all previously known CoVs, including SARS‐CoV‐2,
but it could not distinguish SARS‐CoV with SARS‐CoV‐2.20

In conclusion, in the present study, we successfully developed a

simple and effective‐cost method for molecular detection of SARS‐
CoV‐2 in differentiating with SARS‐CoV. This helps us to effectively

control of COVID‐19 in resource‐challenged settings.
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