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Due to the coronavirus disease 2019 pandemic, the demand for an easily accessible high-throughput screening
test is increasing. We aimed to evaluate the usefulness of the extrac-tion-free polymerase chain reaction (PCR) as
a screening test to detect severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Real-time reverse
transcription PCR was performed in 300 samples (260 SARS-CoV-2 positives and 40 negatives), using both the
conventional nucleic acid extraction method (standard method) and the direct method without nucleic acid
extraction (direct method). The overall agreement between the standard and direct methods was 86.8 % (kappa

0.60), and the sensitivity of the direct method compared to the standard method was 85.4 %. When the cycle
threshold (Ct) value was less than 35, the sensitivity was approximately 90 %-98 %, and when Ct exceeded 35, it
decreased to approximately 60 %-65 %. The extraction-free PCR could be useful as a screening test that processes

many samples in a short time.

1. Introduction

The outbreak of coronavirus disease 2019 (COVID-19) caused by the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) began
in Wuhan, China, in December 2019 (Guan et al., 2020). Various clinical
symptoms ranging from asymptomatic and mild to fatal progression
often appear as respiratory symptoms but are usually associated with
nonspecific symptoms such as diarrhea and headache. Therefore, it
cannot be diagnosed only by symptoms; thus, real-time reverse tran-
scription polymerase chain reaction (rRT-PCR) test to detect RNA of
SARS-CoV-2 is a widely used diagnostic method (Tang et al., 2020).

The ongoing COVID-19 pandemic has put an exceptional strain on
public health laboratories, hospital laboratories, and commercial labo-
ratories as they attempt to keep up with demands for SARS-CoV-2 testing
(Babiker et al., 2020). The current standard assay for diagnosis requires
two steps: an RNA extraction from patient nasopharyngeal (NP) swab
materials followed by one-step rRT-PCR. This standard procedure usu-
ally takes 3.5-4.0 h, considering the manual interventions. Recently,
extraction-free PCR has been studied as an alternative that can reduce
the time required for testing and solve the shortage of reagents or
equipment by skipping the nucleic acid extraction process (Alcoba--
Florez et al., 2020; Hasan et al., 2020; Liibke et al., 2020; Merindol et al.,
2020). We aimed to evaluate the usefulness of the extraction-free PCR as
a screening test to detect SARS-CoV-2.

2. Materials and methods

Nasopharyngeal swabs were collected in the universal viral transport
medium (Becton, Dickinson and Company, Maryland, USA) from
COVID-19 suspected patients. All samples were determined as positive
and negative by nucleic acid extraction using the Real-Prep Viral DNA/
RNA kit (BioSewoom Inc., Seoul, Korea) and rRT-PCR by Allplex 2019-
nCoV assay (Seegene, Seoul, Korea). rRT-PCR was performed on each of
the selected 300 (260 SARS-CoV-2 positives and 40 negatives) samples,
using both the conventional nucleic acid extraction method (standard
method) and the direct method without nucleic acid extraction (direct
method) (Fig. 1).

2.1. Sample preparation for the extraction-free method (direct method)

A 15 pL specimen was heated at 98°C for 6 min and then cooled at
4°C for 5 min. For rRT-PCR testing, 5 pL of pretreated samples and 1 pL
IC were added to the One-step RT-PCR Mastermix. One-step RT-PCR
Mastermix and IC were included in the Allplex SARS-CoV-2 Assay kit
(Seegene).

2.2. Nucleic acid extraction for the standard method

A 200 pL specimen was first spiked with 10 pL of IC, and then nucleic
acids were extracted with the automated system of Real-Prep
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(BioSewoom) using the Real-Prep Viral DNA/RNA kit (BioSewoom)
according to the methods described by the manufacturers. 5 pL of the
extracted nucleic acid was added to the One-step RT-PCR Mastermix to
prepare PCR.

2.3. SARS-CoV-2 rRT-PCR

SARS-CoV-2 rRT-PCR was performed by the Allplex SARS-CoV-2
Assay (Seegene) kit using the CFX96 Real-time PCR System (Bio-Rad
Lab. Inc., Hercules, CA, USA). Allplex SARS-CoV-2 assay was designed to
detect four target genes (E, RdRP, S, and N) in a single tube. Four target
genes were detected in three channels (FAM, CalRed 610, and Quasar
670), and RARP and S shared the same channel (CalRed 610). Thermal
cycling was performed with 1 cycle of polymerase activation at 50°C for
20 min and 95°C for 15 min, followed by 45 amplification cycles each
consisting of 95°C (10 s), 60°C (15 s) and 72°C (10 s).

2.4. Statistical analysis

The overall agreement between the direct method and the standard
method was evaluated using the Cohen’s kappa coefficient. The paired t-
test was used to compare the cycle threshold (Ct) value of the direct and
standard methods. We determined the correlation between the direct
and standard methods using Pearson’s correlation coefficient. All sta-
tistical analyses were performed using SPSS software ver. 22.0 (IBM,
Armonk, NY, USA).

3. Results
3.1. Test agreement rate of the direct method and standard method

When using the standard method, of the 260 positive samples, 258
were positive, 1 was presumptive positive, and 1 was negative. In the
direct method, out of 260 positive samples, 212 were positive, 5 were
presumptive positive, and 37 were negative. Forty negative samples
showed negative results in both the standard and direct methods
(Table 1). To calculate the test agreement and sensitivity, the pre-
sumptive positives were considered positive and five samples showing
invalid results in the direct method were excluded. The overall agree-
ment between the standard and direct methods was 86.8 % (kappa
0.60), and the sensitivity of the direct method compared to the standard
method was 85.4 %.

The gene detection cycle threshold (Ct) value of the standard method
was divided into three sections to determine whether there was a dif-
ference in the direct method’s sensitivity according to the Ct value.
When the Ct value was less than 35, the sensitivity was approximately
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89 %-98 %, and when Ct exceeded 35, it decreased to approximately 60
%-65 % (Fig. 2).

3.2. Comparison of the cycle threshold (Ct) values of the direct method
and standard method

To compare the Ct of the direct method and the standard method, we
selected the results detected with both methods for each gene (Table 2).
The Ct values of the E gene (N = 180), RdRP/S gene (N = 176), N gene
(N = 200), and internal control (N = 295) in the direct method were all
significantly high compared to the standard method (Table 3). When
analyzing the Ct value correlation between the direct method and the
standard method, the correlation coefficients of the E gene, RARP/S
gene, and N gene were 0.8872, 0.8729, and 0.8229, respectively. In
internal control, there was no correlation between the standard method
and the standard method (Fig. 3).

4. Discussion

Several microbial studies using molecular technology have been
conducted omitting the nucleic acid extraction process, even before the
COVID-19 pandemic (Herraez-Hernandez et al., 2013; Kang et al., 2014;
Nishimura et al., 2010). Regarding the detection of the RNA virus,
RT-PCR was performed without RNA extraction when detecting nor-
ovirus in human fecal samples or porcine reproductive and respiratory
syndrome virus in pig serum. In those studies, researchers reported that
it was possible to reduce time and cost or perform high-throughput tests
by omitting the RNA extraction process (Herraez-Hernandez et al., 2013;
Nishimura et al., 2010).

With the prolonged COVID-19 pandemic, there is a growing demand
for easily accessible high-throughput screening. As part of that, several
studies have been published that omit the nucleic acid extraction process
from PCR testing (Alcoba-Florez et al., 2020; Hasan et al., 2020; Liibke
et al., 2020; Merindol et al., 2020). In the present study, we evaluated
the usefulness of extraction-free PCR with more positive samples (N =
260) compared with previous studies. Excluding the IC, the Ct values of
the detected genes were highly correlated between the two methods. In
the standard method, 10 pL of IC was added to the sample and extracted
together, whereas, in the direct method, only 1 pL was added to the
reaction tube. For this reason, it was thought that the direct method
could be affected more by the technique of handling the specimen. As a
result, the standard deviation (SD) of IC values in the direct method (SD
2.39) was more prominent than in the standard method (SD 1.39), and
there was no correlation between the two methods of IC. Meanwhile, the
overall agreement between the standard and direct methods was 86.8 %
(kappa 0.60) and the sensitivity of the direct method compared to the

300 nasopharyngeal swabs in UTM
260(+) and 40(-) for SARS-CoV-2 PCR

1501 Direct
UTM method

Preparation
heated at 98°C for 6 minutes
cooled at 4°C for 5 minutes

1pL
IC

Standard 10uL 2004L
method Ic UTM

RNA extraction
Real-Prep Viral DNA/RNA kit

Real-time RT-PCR
Allplex SARS-CoV-2 Assay

Fig. 1. Study design and sample selection.
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Table 1
SARS-CoV-2 rRT PCT results of the standard and direct methods.
Standard method
Positive Presumptive positive* Negative Invalid Total
Positive 211 0 1 0 212
Presumptive positive* 5 0 0 0 5
Direct method Negative 37 1 40 0 78
Invalid 5 0 0 0 5
Total 258 1 41 0 300
" Considered positive when calculating agreement rate.
120
o
S = RdRP/S N
3
o 978  9g1 974  gs3 983
c .
< 894
e 907
+—
|9)
(]
=
©
- 630 607
- 60
= n=73 n=39 n=128 n=141
2
=
%)
o
g 0

Ct<30 30<Ct<35 35<Ct

Ct<30 30<Ct<35 35<Ct

Ct<30 30<Ct<35 35<Ct

Fig. 2. The sensitivity of the direct method according to the cycle threshold (Ct) of E, RARP/S, and N gene. The direct method’s sensitivity was calculated by dividing

each gene detection Ct value of the standard method into three sections.

Table 2
Detection results of each gene in the standard and direct methods.

Standard method

Positive sample (N = 260)

Negative sample (N = 40)

E gene RdARP/S gene N gene Internal control Internal control
D ND Total D ND Total D ND Total D ND Total D ND Total
D 180 3 183 176 4 180 200 2 202 255 0 255 40 0 40
Direct method ND 70 7 77 70 10 80 53 5 58 5 0 5 0 0 0
Total 250 10 260 246 14 260 253 7 260 260 0 260 40 0 40

D, detected; ND, not detected.

Table 3
Comparison of the cycle threshold (Ct) values of the direct and standard
methods.

Gene N Cycle threshold (Ct) values P value*
Direct method Standard method
Mean SD Mean SD
E 180 34.14 3.69 31.62 3.70 <0.01
RARP/S 176 34.47 3.55 31.84 3.62 <0.01
N 200 33.79 3.69 31.27 3.41 <0.01
Internal control 295 25.13 2.10 24.02 1.32 <0.01

" P-values were determined with the paired t-test.

standard method was 85.4 %. The sensitivity differed according to the Ct
value; when the Ct value was less than 35, the sensitivity was approxi-
mately 89 %-98 %. The viral load of patients withCOVID-19 generally
reaches a peak within a few days before and after symptoms appear
(Walsh et al., 2020). Since many of the positive samples included in this
study were follow-up samples after the initial diagnosis, Ct values often

exceeded 35. In other words, if only the samples for initial diagnosis
were included, the sensitivity of the extraction-free PCR would also in-
crease. Another limitation of this study is that the viral load of
SARS-CoV-2 was not directly measured and was indirectly estimated by
the Ct value.

We reported that 258 out of 260 positive samples were detected with
the standard methods. Since have been used two different rRT-PCR Kkits,
"Allplex 2019-nCoV" for samples selection and "Allplex SARS-CoV-2" for
the comparison between workflows with and without nucleic acid
extraction, this discrepancy could be due to a low amount of viral RNA
in these samples (n = 2) and/or the differences between the two rRT-
PCR kits (Blairon et al., 2021).

The advantage of extract-free PCR in our study is that the amount
required for testing is small (15 pL). Besides, the nucleic acid extraction
process can be omitted, eliminating the need for a nucleic acid extrac-
tion kit or equipment. If there is a problem with the supply of equipment
or Kkits, the direct PCR without nucleic acid extraction could be a useful
replacement test. Additionally, the number of samples when using
automatic nucleic acid extraction equipment is limited. The extraction-
free PCR does not have this limitation and can process a relatively larger
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Fig. 3. Correlations of Ct values obtained by the direct versus standard method.

number of samples.

In conclusion, the extraction-free PCR was significantly correlated
with standard methods using nucleic acid extraction. The sensitivity of
the extraction-free PCR was excellent, except for the cases where the
amount of nucleic acid was small. Therefore, the authors thought that
the extraction-free PCR could be useful as a screening test that processes
many samples in a short time.
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