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Objectives. To establish and evaluate the analytical and clinical performance of the Flash20 SARS-CoV-2 nucleic acid rapid
detection system free of RNA extraction.Methods. Te limit of detection (LoD) was determined using a negative nasopharyngeal
swab matrix spiked with diferent concentrations of SARS-CoV-2 virus; a total of 734,337 reference sequences of viral genomes
from GenBank were used for the in-silico analysis to assess the inclusivity of the assay. Te specifcity of the system was evaluated
by testing 27medically relevant organisms. A total of 115 clinical specimens were collected and tested on the Flash20 SARS-CoV-2
detection system and with an FDA-approved comparator test to assess the clinical performance of the system. Results. Te LoD of
the Flash20 SARS-CoV-2 detection system is 250 copies/mL with a positive rate ≥90% (n� 20); alignments results showed that
over 99% identity of the primer and probe of the Flash20 SARS-CoV-2 nucleic acid rapid detection system to the available SARS-
CoV-2 sequences; the omicron samples tested 100% positive. None of the 27 organisms showed cross-reactivity with the Flash20
SARS-CoV-2 nucleic acid rapid detection system. Among all the 215 clinical samples, the Flash20 SARS-CoV-2 nucleic acid rapid
detection system exhibits a high sensitivity of 99.24% (131/132) and 100% (83/83) specifcity. Conclusion. Te nucleic acid rapid
detection system provides sensitive and accurate detection of SARS-CoV-2 free of RNA extraction. Te high sensitivity and short
time to results of approximately 35minutes may impact earlier infection control and disease management.

1. Introduction

In December 2019, a cluster of patients with pneumonia of
unknown cause was found in Wuhan, Hubei province in
China. A novel betacoronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), was identifed as
the causative agent and caused coronavirus disease 2019
(COVID-19) [1]. SARS-CoV-2 can be person-to-person
transmitted efectively through aerosols or fomites [2, 3].
With transmission capabilities before symptom onset [4],
this disease has rapidly spread across the world [5]. On 7th
September, 2021, over 220 million of confrmed cases of
COVID-19 had been reported globally and the cumulative

number of deaths over 4.5 million [6]. Te global public
health issue caused serious economic losses worldwide. Te
World Health Organization (WHO) recommends a combi-
nation of measures to control the spread of COVID-19,
including rapid diagnosis and immediate isolation of cases,
rigorous tracking, and precautionary self-isolation of close
contacts [7]. A fast, reliable, and accurate diagnostic test
would play an extremely important role in SARS-CoV-2
infection prevention and control.

Nucleic acid amplifcation tests (NAATs), such as real-
timereverse-transcription polymerase chain reaction (RT-
qPCR), are the gold standard for diagnosing SARS-CoV-2
infection [8–10]. Te National Medical Products
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Administration (NMPA) in China has approved RT-qPCR
technology as detection method for COVID-19 [11]. Con-
ventional RT-PCR is a multistep process that involves the
isolation and purifcation of nucleic acids from a clinical
sample and detects the viral RNA. It is tedious, time-
consuming, labor-intensive, and requires highly skilled
technicians. In this case, the SARS-CoV-2 tests have re-
quired turnaround times of nearly 6–8 hours or more
[12, 13]. Te use of testing with a rapid turnaround may
allow for an earlier detection isolation of confrmed cases,
facilitate earlier infection control, and disease management
[13, 14].

In this study, we developed a real-time RT-PCR-based
SARS-CoV-2 POCT (Point of Care Test) (Coyote Bioscience
Co., Ltd., Beijing, China) that can be performed without the
need for RNA extraction and uses one-step, real-time
RT-PCR directly on a fast real-time PCR cycler (Fig-
ure 1). Te entire process of sample to result can be com-
pleted within 35minutes, which is much quicker than the 3-
4 hours required for conventional real-time RT-PCR. Te
rapid SARS-CoV-2 detection system is evaluated for the
analytical performance, including the limit of detection
(LoD), inclusivity, cross-reactivity, and interference. Te
clinical performance of the system was assessed by testing
115 clinical samples and compared with the DiaCarta
QuantiVirus™ SARS-CoV-2 Test Kit, which is FDA EUA-
authorized.

2. Materials and Methods

2.1. Reagent and Instrument. Flash20 SARS-CoV-2 nucleic
acid rapid detection system is developed based on the technical
of molecular parallel reaction. Te nucleic acid of the virus is
released by the lysis agent prior to or during the process of
reverse transcription amplifcation in parallel with deoxy-
ribonucleic acid (DNA) amplifcation. Te system is RNA
extraction-free, includes inhibition-resistant reverse transcrip-
tase and DNA polymerase, and includes the addition of a PCR
enhancer, which improves amplifcation efciency and leads to
the overall higher sensitivity of the assay. Briefy, a 15μL
oropharyngeal or nasopharyngeal swab sample in Coyote’s
VTM is treated by 15μL of respiratory sample bufer. Te
treated sample can be tested by adding to RT-PCR reaction
directly. Te thermal cycles are as follows: 42°C for 3min, 94°C
for 10 s (94°C for 3 sec and 55°C for 10 sec)∗ 15 cycles, (94°C for
3 sec, 55°C for 10 sec, and reading)∗ 30 cycles.Te entire testing
time from sample to answer is about 35min.

DiaCarta QuantiVirus™ SARS-CoV-2 Test Kit was used
as a reference reagent in the clinical evaluation. DiaCarta kit
is conducted on ABI7500 real-time PCR instrument.

2.2. Limit of Detection (LoD). Te LoD was determined by
evaluating diferent concentrations of SARS-CoV-2 virus
from BEI Resources spiked into SARS-CoV-2 negative
nasopharyngeal matrix.Te negative nasopharyngeal matrix
is mixed with 10 negative nasopharyngeal swabs eluted with
Coyote viral transport medium. A total of 6 concentrations,
including 2000 copies/mL, 1000 copies/mL, 500 copies/mL,

400 copies/mL, 300 copies/mL, and 200 copies/mL were
tested. Te lowest concentration at which all 4 replications
were positive was designated as the tentative LoD. A panel of
5 concentrations around the tentative LoD, including 300
copies/mL, 250 copies/mL, 200 copies/mL, 150 copies/mL,
and 100 copies/mL were further tested in replicates of 20 to
determine the LoD.Te LoD is the lowest concentration that
can be reproducibly detected ≥90% of the time.

2.3. Inclusivity Analysis. Evaluation of the reactivity of the
Flash20 SARS-CoV-2 nucleic acid rapid detection system
was performed by sequence alignment of the assay oligo-
nucleotide primer and probe sequences with all publicly
available nucleic acid sequences for SARS-CoV-2 in Gen-
Bank as of March 29, 2021, to demonstrate the predicted
inclusivity of the Flash20 SARS-CoV-2 nucleic acid rapid
detection system.Te genomes enrolled for in-silico analysis
met the following criteria: (1) genome length> 29,000 bp; (2)
N proportion (not specifc A, T, C, and G) <5% of the
genome; (3) isolated from a human source.

Te cultured Omicron variant was validated for inclu-
sivity by spiking the variant into negative nasopharyngeal
matrix to the concentration of 750 copies/mL. Te Omicron
variant samples were tested by the Flash20 SARS-CoV-2
nucleic acid rapid detection system for three replicates.

2.4. SpecifcityAnalysis. A total of 27 organisms were obtained
and tested to evaluate the specifcity of the kit. Human coro-
navirus 229E, human coronavirus NL63, MERS-coronavirus
(irradiated), adenovirus, human metapneumovirus (hMPV),
human parainfuenza virus 1, human parainfuenza virus 2,
human parainfuenza virus 3, human parainfuenza virus 4a,
human parainfuenza virus 4b, infuenza B, enterovirus, and
respiratory syncytial virus A were from BEI resource, and
human coronavirus OC43, infuenza A, Rhinovirus, Haemo-
philus infuenzae, Streptococcus pneumoniae, Streptococcus
pyogenes, pooled human nasal wash, Bordetella pertussis, My-
coplasma pneumoniae, Chlamydia pneumoniae, Legionella
pnuemophila, Staphylococcus aureus, Staphylococcus epi-
dermidis, and Candida albicans were obtained from ATCC.
Tree replicates of each organism stock were tested.

2.5. Interference Study. SARS-CoV-2 negative nasopharyn-
geal swabs were collected in triplicate and spiked with
potential interferent, including nasal secretion, dexameth-
asone, zanamivir, tobramycin, adrenalin, menthol, and
blood (human). Additional negative nasopharyngeal swabs
were collected and spiked with SARS-CoV-2 inactive virus
(CoA NR-52287 BEI resource, lot number 70039068) at 3X
LoD in addition to the potential interfering substances.
Tree concentration levels of the interference substances
were tested in triplicates.

2.6. Clinical Evaluation. Te clinical performance study was
conducted with 179 leftover samples and 36 fresh samples
collected and tested by PacGenomic CLIA Lab (Part I),
DiaCarta CLIA Lab (Part II), and the China-Japan
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Friendship Hospital. A consent form was signed by the
patients of these samples that agreed their sample can be
used for investigational studies. Among these patients, 108
were male and 105 were female and the gender of the other 2
was unknown. Te number of patients aged between 25 and
64 were 139 in total. 115 samples were collected at Pac-
Genomic lab and DiaCarta CLIA Lab and tested for their
SARS-CoV-2 infection status with the TaqPath RT-PCR
assay. Te samples were kept frozen for up to 8weeks. 100
samples were collected at the China-Japan Friendship
Hospital. 64 of these samples were kept frozen for up to
6weeks, and 36 of these samples were fresh sample. Te
samples were chosen randomly and blinded to the operators
to be tested on the new system. Tese leftover samples were
split into two parts, one part was tested on the Flash20
FlashDetect™ SARS-CoV-2 Detection system and second on
the comparator test (DiaCarta QuantiVirus™ SARS-CoV-2
Test Kit, which is FDA-authorized EUA with the LoD of
600NDU/mL. Te sample information is provided in Ta-
bles 1 and 2.

2.7. Statistical Analysis. A two-by-two table was constructed
to assess the agreement between the Flash20 SARS-CoV-2
nucleic acid rapid detection system and the DiaCarta
QuantiVirus™ SARS-CoV-2 Test Kit. Te level of agreement
between assays was determined by Cohen’s kappa, the
sensitivity (positive percent agreement) and specifcity
(negative percent agreement) with two-side 95% confdence
interval (CI).

3. Results

3.1. Te LoD for Nasopharyngeal/Oropharyngeal Swabs.
LoD studies were performed to determine the lowest detectable
concentration of SARS-CoV-2 at which approximately 95% of

all (true positive) replicates are tested positive.Tedetection rate
of the system for virus samples no less than 300 copies/ml is
100%. When the virus concentration is more than 250 copies/
ml, the detection rate of the Flash20 SARS-CoV-2 nucleic acid
rapid detection system for positive samples is more than 95%
(95%-ORF1ab, 90%-N). Te results of the LoD confrmation
study are shown in Table 3.Te Ct values of the LoD estimation
are provided in Appendix-1.Tese results demonstrate that the
LoD of the Flash20 SARS-CoV-2 nucleic acid rapid detection
system is 250 copies/mL for nasopharyngeal/oropharyngeal
swabs, which is 1.875 copies/reaction. Te amplifcation curves
for ORF1ab and N genes of SARS-CoV-2 with a concentration
of 250 copies/mL are shown in Figure 2.

3.2. Inclusivity Evaluation Results. A total of 4,086,522
isolates that met enrollment criteria were enrolled. Te
4,086,522 viral genomes were aligned against the primer/
probe sets used.

1 min 35 mins
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Traditional
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loading
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Figure 1: SARS-CoV-2 POC test processing. (a) Schematic diagram of real-time RT-PCR-based SARS-CoV-2 POC test without the need for
RNA extraction. (b) Extraction-free technology reduced a normally 6- to 8-step procedure down to a 2-step process.

Table 1: Patients’ age distribution.

Patient age groups All subjects (n� 215)
<14 years of age 29
14–24 years of age 38
25–64 years of age 139
≥65 years of age 9

Table 2: Genders of the patients.

Sex All subjects (n� 215)
Male 108
Female 105
Unknown 2
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All of the alignments showed over 99% identity of the
Flash20 SARS-CoV-2 nucleic acid rapid detection system to
the available SARS-CoV-2 sequences. Te sequences con-
taining more than 2 mismatches in primer and probe and
more than 1 mismatch in the 3′ end of primer and probe are
listed in Figure 3.

Te Omicron variant sample with the concentration of
750 copies/mL was tested 100% positive. Te amplifcation
curve for ORF1ab andN gene of the Omicron variant sample
is listed in Figure 4.

3.3. Specifcity Analysis. All 27 organisms evaluated gave
negative results for the detection of the SARS-CoV-2 virus,
which demonstrates that the Flash20 SARS-CoV-2 nucleic
acid rapid detection system assay design does not react with
related pathogens or other highly prevalent disease agents.
Te results of the specifcity analysis are shown in Table 4.

3.4. Interference Study Results. None of these potential in-
terferences were found to inhibit the performance of the
assay, as all swabs, with and without the potential in-
terferences were found to have the expected results. Te
results of the interference study results are shown in Table 5.

3.5. High Sensitivity and Specifcity for Clinical Samples.
Among the total of 115 clinical samples, 63 were tested at the
PacGenomic site, 52 were tested at DiaCarta site, and the
rests were tested at the China-Japan Friendship Hospital.
Te positive percent agreement and negative percent
agreement between the FDA Emergency Use Authorized
RT-PCR test and the Flash20 SARS-CoV-2 nucleic acid
rapid detection system were calculated using all the valid
results. As indicated in Table 6, the Flash20 SARS-CoV-2
nucleic acid rapid detection system exhibits a high sensitivity
and specifcity of 99.24% (131/132) and 100% (83/83),

Table 3: LoD determination study results.

Titer SARS-CoV-2 virus
(copies/mL) Replicates ORF1ab gene positive

result (%)
N gene

positive result (%)
Percentage of positive

rate (%)
2000 4 100 (4/4) 100 (4/4) 100 (4/4)
1000 4 100 (4/4) 100 (4/4) 100 (4/4)
500 4 100 (4/4) 100 (4/4) 100 (4/4)
400 4 100 (4/4) 100 (4/4) 100 (4/4)
300 4 100 (4/4) 100 (4/4) 100 (4/4)
200 4 75 (3/4) 75 (3/4) 75 (3/4)
300 20 100 (20/20) 100 (20/20) 100 (20/20)
250 20 95 (19/20) 90 (18/20) 95 (19/20)
200 20 80 (16/20) 85 (17/20) 95 (19/20)
150 20 80 (16/20) 80 (16/20) 90 (18/20)
100 20 50 (10/20) 60 (12/20) 70 (14/20)
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Figure 2: PCR amplifcation curve of SARS-CoV-2 LoD sample by spiking the SARS-CoV-2 virus into the negative matrix to 250 copies/
mL. (a) Te ORF1ab amplifcation curve for 20 replicates. (b) N gene amplifcation curve for 20 replicates.
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(a)

(b)

Figure 3: In-silico analysis of primer and probe of ORF1ab and N gene with SARS-CoV-2 sequence from GISAID database. (a) In-silico
analysis result of primer and probe of ORF1ab. (b) In-silico analysis result of primer and probe of N gene. Te symbol. presents the
consistent sequence, and ∗ presents the mismatch base pair. Te forward primer is marked by red box, probe marked by green box, and
reverse primer marked by blue box.
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respectively. Individual sample results on the Flash20
FlashDetect™ SARS-CoV-2 Detection kit and the DiaCarta
QuantiVirus™ SARS-CoV-2 are provided in Appendix-2.

3.6. Comparison with Other COVID-19 Nucleic Acid System.
Te performance of Flash20 SARS-CoV-2 detection system
was compared with three SARS-CoV-2 detection systems
approved by the U.S. Food and Drug Administration (FDA),
and the information is listed in Table 7.

4. Discussion

In this study, we showed a rapid detection system for nucleic
acid from the SARS-CoV-2 virus, with high sensitivity and
specifcity. Te Flash20 SARS-CoV-2 system is an easy-to-
use, on-demand format that generates results in about
35min.

Current routine PCR products for diagnostics for SARS-
CoV-2 can perform high-throughput processing, but the
turnaround time limits their usability in patient
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Figure 4: PCR amplifcation curve of Omicron variant sample with the concentration of 750 copies/mL.

Table 4: Cross-reactivity analysis.

Organism Titer Cross-reaction
Human coronavirus 229E 1.4×105 TCID50/mL No
Human coronavirus OC43 1.4×105 TCID50/mL No
Human coronavirus NL63 1.4×105 TCID50/mL No
MERS-coronavirus (irradiated) 1.4×105 TCID50/mL No
Adenovirus 1.4×105 TCID50/mL No
Human metapneumovirus (hMPV) 1.4×105 TCID50/mL No
Human parainfuenza virus 1 1.4×105 TCID50/mL No
Human parainfuenza virus 2 1.4×105 TCID50/mL No
Human parainfuenza virus 3 1.4×105 TCID50/mL No
Human parainfuenza virus 4 a 1.4×105 TCID50/mL No
Human parainfuenza virus 4 b 1.4×105 TCID50/mL No
Infuenza A 1.4×105 TCID50/mL No
Infuenza B 1.4×105 TCID50/mL No
Enterovirus 1.4×105 TCID50/mL No
Respiratory syncytial virus A 1.4×105 TCID50/mL No
Rhinovirus 1.4×105 TCID50/mL No
Haemophilus infuenzae 1.0×106 cells/mL No
Streptococcus pneumoniae 1.0×106 cfu/mL No
Streptococcus pyogenes 1.0×106 org/mL No
Pooled human nasal wash N/A No
Bordetella pertussis 1.0×106 cells/mL No
Mycoplasma pneumoniae 1.0×106 cfu/mL No
Chlamydia pneumoniae 1.0×106 IFU/mL No
Legionella pnuemophila 1.0×106 cfu/mL No
Staphylococcus aureus >104 cfu/vial No
Staphylococcus epidermidis 1.0×106 cfu/mL No
Candida albicans 1.0×106 cfu/mL No
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management and infection control. Te use of rapid di-
agnostic tests with sensitivity and specifcity comparable
with current standard molecular diagnostic because of the
reduced time spent by uninfected individuals in health-care
settings where they may be at increased risk of infection.
Lessons learned from the recent Ebola virus and Zika virus
epidemics are that delay in developing the right diagnostic
for the right population at the right time has been a costly
barrier to disease control and prevention [15]. If rapid tests
had been available throughout the Ebola epidemic, one study
estimate, for Sierra Leone, fast detection testing might have
reduced the scale of the epidemic by over a third [16].

Key advantages of rapid molecular diagnostic products
are simple operation procedures and rapid detection, which
is signifcantly faster than the seven hours currently required
by traditional molecular testing. High-speed detection re-
duces turnaround time (TAT) for the diagnosis of COVID-
19, thus allowing prompt decision making regarding the

isolation of infected patients [17]. Multiple rapid molecular
diagnostic products have received FDA emergency use
authorization (EUA), including Cepheid Xpert Xpress
SARS-CoV-2 (Xpert Xpress) and Abbott ID NOW
COVID-19 (ID NOW) [18]. Xpert Xpress is easy to use and
the run-time is 45min, which include loading the sample
and the cartridge. ID NOW has the sample-to-answer time
at about 17min to result. Marie et al. compared Xpert Xpress
and ID NOW to the Roche Cobas SARS-CoV-2 assay for
samples with low, medium, and high viral concentrations
[19].Te Xpert Xpress showed a very high level of agreement
with the cobas assay, but ID NOW did not detect most
specimens with Ct value ≥30. Tese fndings confrm those
published by Hogan et al. [20–22]. In this study, we assess
the analytical and clinical performance of Flash20 SARS-
CoV-2 system. Flash20 SARS-CoV-2 system is a rapid,
sensitive, and accurate platforms with results available in
35min, and hands on time about 1-2min. Flash20 SARS-
CoV-2 nucleic acid rapid detection system is developed
based on direct RT-qPCR with simple sample treatment.
Proper specimen collection and storage are critical to the
performance of this test. PCR inhibitors should be avoided
in RT-qPCR reactions. Synthetic fber swabs with thin plastic
or wire shafts were recommended by the Centers for Disease
Control and Prevention (CDC). Calcium alginate swabs or
swabs should not be used with wooden shafts, as they may
contain substances that inactivate some viruses and may
inhibit molecular tests. As guanidine-contained VTM is
incompatible with RT-qPCR, VTM without guanidine
should be used with the Flash20 SARS-CoV-2 nucleic acid
rapid detection system. Coyote’s VTM is validated and
recommended to be use with the system. Insert a swab into

Table 5: Potential interfering testing results.

Potential
interfering substance Concentration Positive results (detected

X/3)
Negative results (detected

X/3)

Nasal secretion
2.5% 3/3 0/3
5% 3/3 0/3
10% 3/3 0/3

Dexamethasone
0.05mg/L 3/3 0/3
0.1mg/L 3/3 0/3
0.15mg/L 3/3 0/3

Zanamivir
2.5mg/L 3/3 0/3
5mg/L 3/3 0/3
10mg/L 3/3 0/3

Tobramycin
50mg/L 3/3 0/3
100mg/L 3/3 0/3
150mg/L 3/3 0/3

Adrenalin
0.1mg/L 3/3 0/3
0.2mg/L 3/3 0/3
0.25mg/L 3/3 0/3

Menthol
20mg/L 3/3 0/3
25mg/L 3/3 0/3
50mg/L 3/3 0/3

Blood (human)
0.5% 3/3 0/3
1% 3/3 0/3
1.5% 3/3 0/3

Table 6: Test results compared to DiaCarta QuantiVirus™
SARS-CoV-2.

Flash20 SARS-CoV-2 nucleic
acid rapid detection
system

DiaCarta QuantiVirus™
SARS-CoV-2

Positive Negative Total
Positive 131 0 131
Negative 1 83 84
Total 132 83 215

Sensitivity 99.24% (95% CI: 95.85% to
99.98%)

Specifcity 100% (95% CI: 95.65% to
100.00%)

International Journal of Analytical Chemistry 7



Ta
bl

e
7:

C
om

pa
ri
so
n
w
ith

ot
he
r
C
O
V
ID

-1
9
nu

cl
ei
c
ac
id

sy
st
em

1)
.

N
am

es
Fl
as
h2

0
SA

RS
-C

oV
-2

de
te
ct
io
n

sy
st
em

X
pe
rt

X
pr
es
s
SA

RS
-C

oV
-2

te
st

V
isb

y
m
ed
ic
al

C
O
V
ID

-1
9
po

in
t
of

ca
re

te
st

D
ia
C
ar
ta

Q
ua
nt
iV
ir
us
™

SA
RS

-C
oV

-2
Te
st

K
it

Te
st

ty
pe

PO
C
T

PO
C
T

PO
C
T

C
on

ve
nt
io
na
lP

C
R

M
et
ho

d
RT

-P
C
R

RT
-P
C
R

RT
-P
C
R

RT
-P
C
R

Sa
m
pl
e
ty
pe

N
as
op

ha
ry
ng

ea
la

nd
or
op

ha
ry
ng

ea
l

N
as
op

ha
ry
ng

ea
l,
or
op

ha
ry
ng

ea
l,
na
sa
l,
m
id
-t
ur
bi
na
te

sw
ab
,a

nd
na
sa
lw

as
h/
as
pi
ra
te

sp
ec
im

en
s

N
as
op

ha
ry
ng

ea
l,
an
te
ri
or

na
sa
l,
an
d

m
id
-t
ur
bi
na
te

sw
ab
s

U
pp

er
re
sp
ir
at
or
y
sp
ec
im

en
sp
ut
um

Ti
m
e
fr
om

sa
m
pl
e
to

an
sw

er
30

m
in

45
m
in

30
m
in

>2
ho

ur
s

Lo
D

25
0
co
pi
es
/m

L
0.
02
00

PF
U
/m

L
43
5
co
pi
es
/s
w
ab

20
0
co
pi
es
/m

L
or

10
0
co
pi
es
/

m
L1

)

Se
ns
iti
vi
ty

98
%

97
.8
0%

10
0%

10
0%

Sp
ec
if
ci
ty

10
0%

95
.6
0%

95
%

10
0%

Ta
rg
et

ge
ne

O
RF

1a
b
an
d
N

N
2
an
d
E

N
O
RF

1a
b,

N
,a

nd
E

1)
T

e
Lo

D
of

D
ia
C
ar
ta

Q
ua
nt
iV
ir
us
™

SA
RS

-C
oV

-2
Te
st

K
it
is
di
fe
re
nt

in
de
te
ct
in
g
in
st
ru
m
en
t,
20
0
co
pi
es
/m

L
fo
r
A
BI

Q
ua
nt
St
ud

io
5
an
d
A
BI

75
00

Fa
st

D
x,

an
d
10
0
co
pi
es
/m

L
fo
r
Bi
o-
Ra

d
C
FX

38
4.

8 International Journal of Analytical Chemistry



the nostril, parallel to the palate, and leave the swab in place
for a few seconds to absorb secretions. Place swab imme-
diately into a sterile tube containing sample storage solution.

Te LoD of the Flash SARS-CoV-2 system, established
with SARS-CoV-2 virus in the nasopharyngeal matrix was
250 copies/mL. Fifty-four out of 55 positive samples detected
by the reference kit (DiaCarta QuantiVirus™ SARS-CoV-2)
were confrmed with the Flash20 SARS-CoV-2 nucleic acid
rapid detection system, with a diagnostic sensitivity of
98.18%. Te Flash20 SARS-CoV-2 system detected 18 low-
level positive samples with Ct value >30, with the highest of
Ct value equal 36.32. But it did not detect 1 low-level positive
sample with Ct value of 34.03. Te Flash SARS-CoV-2
system is for use on nasopharyngeal swabs in Coyote vi-
ral transport medium. Te current evaluation on clinical
samples was done using both DiaCarta and Coyote VTM, as
choice of transport medium is limited during the current
pandemic. Moreover, a 100% of analytical and clinical
specifcity was observed against other viruses, such as human
coronavirus 229E, human coronavirus OC43, human
coronavirus NL63, and MERS-coronavirus. Te number of
specimens included in the clinical trial is only 115, but these
specimens were chosen to span the positivity range of
clinical specimens, including those specimens with a low
viral load.

Te limitation of the Flash20 SARS-CoV-2 system is the
small number of testing ports per instrument, since each
instrument can support 4 positions. Tis limitation can be
ofset by the rapidity of the assay, and/or adding modules/
bays for more capacity.
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