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1 Product overview
1.1 Product introduction
1.1.1 PCR Nucleic Acid Analyzer SWM-01
PCR Nucleic Acid Analyzer SWM-01 performs qualitative detection of nucleic acid
samples (DNA/RNA) derived from human body by single fluorescence PCR, including nucleic
acid detection and gene analysis of pathogens. The product can be used under various scenarios
including CDC, emergency medical treatment, specialist examination, primary care and blood
screening. PCR Nucleic Acid Analyzer SWM-01 consists of the instrument and power adaptor.
The instrument consists of the control system, power system, photoelectric system, temperature
control system, case component, reaction chips, software modules (including control software,
version 1.0).

Figure 1 Product appearance（SWM-01）

1.1.2 2019-nCoV Nucleic Acid Detection Kit (SW-nCoV-01)
The RT-PCR detection reagent for the new coronavirus is designed based on the ORF1ab
and N gene regions provided in the "Technical Guide for the Detection of Novel Coronavirus
Infected Pneumonia." The kit employ FAM and ROX fluorophores as the fluorescence signal
acquisition, containing RNA virus detection enzyme and Buffer system. The kit uses PCR
method with fluorescent probe amplification technology that could quickly detect the new type
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of coronavirus (2019-nCoV) RNA in the sample. The reaction is performed continuously in the
same tube, which is simple to operate and can effectively prevent contamination.

Figure 2 Product appearance（SW-nCoV-01）

1.2 Specification, model and life time
1.2.1 PCR Nucleic Acid Analyzer SWM-01
Table 1

Technical Index

Parameters

Temperature Control Range

40-105℃

Heating Rate

≥1.5℃/s

Cooling Rate

≥1.5℃/s

Temperature Accuracy

±0.5℃

Temperature Uniformity

±1℃

Chip Reaction Volume Range

2 μL

Fluorescence Channel

FAM

Input Voltage

AC100~240V（50/60Hz）

Net Weight

2.5kg

Dimension

330mm×250mm×180mm（exclude packaging）
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Operating Software

PCR Nucleic Acid Analyzer control system 1.0

Hardware version

PCR Nucleic Acid Analyzer hardware system V1.0

Operating System

Linux system

Signal Interface

USB, Ethernet

1.2.1.1Model: SWM-01
1.2.1.2Version: I
1.2.2.3Life time: 5 years
PCR Nucleic Acid Analyzer SWM-01 does not adversely affect the health or the safety of
the patients, the user and other persons within the lifetime of the product.
1.2.2 2019-nCoV Nucleic Acid Detection Kit (SW-nCoV-01)
Table 2

Technical Index

Parameters

Sensitivity

1000 copies / ml

CV Between Batches

≤3%

CV Within Batch

≤2%

Specificity

100%

Contents

Nucleic acid amplification reaction solution, 2019 nCoV
reaction solution, RT-PCR enzyme mix, Positive
reference, Sterile water and etc.

Sample

Throat

swabs,

nasal

swabs,

nasopharyngeal

or

respiratory extracts, deep cough sputum, bronchial
lavage fluid, alveolar lavage fluid, blood specimens,
serum specimens, fecal specimens, and conjunctival
swab Specimens, etc.
Fluorescence Signal

FAM and ROX

1.2.1.1Model: SW-nCoV-01
1.2.1.2Version: I
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1.2.2.3Life time:1 years
2019-nCoV Nucleic Acid Detection Kit (SW-nCoV-01) does not adversely affect the
health or the safety of the patients, the user and other persons within the lifetime of the product.

1.3Mechanism
A silicon-based thin film microheater is used as a rapid heating component, and a
microfluidic chip is used as a carrier for the PCR reaction. The PCR reaction system uses a
fluorescent probe as an indication of the reaction signal. As the PCR reaction progressed, the
fluorescence of the positive reaction will accumulate, and the signal is collected as images by a
CMOS camera. Finally, the control system completes data collection and makes digital image
processing.
1.3.1 Control Systems: Embedded Control Systems
1.3.2 Temperature Control: Based on Joule heating principle, a silicon thin film micro-heater
with metal coating is used as a heating element, which has high thermal conductivity and good
temperature-resistance linear curve, thereby achieving rapid and accurate temperature rise. In
addition, the cooling system is equipped with a high-speed and small fan and an optimized duct
was designed to effectively increase the cooling rate.
1.3.3Reaction Carrier: The silicon-based microfluidic chip can be used as a disposable carrier
for the PCR reaction. The internal reaction chamber has a volume of 2 μL. The silicon substrate
is tightly contacted with the thin film micro-heater, which is beneficial to improve heat transfer
efficiency and temperature uniformity. Covering the silicon substrate with a glass wafer to form
a PCR reaction chamber can effectively avoid sample contamination.
1.3.4 Fluorescence signal detection: The reaction system of PCR utilize a fluorescent probe or
a general dye as an indication of the signal. As the PCR reaction proceeds, the fluorescence of
the positive reaction will accumulate and the signal is collected as images by the CMOS camera.
At last, the control system completes data collection and processing.
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2 Product Performance Study
2.1 Comparison experiment between Reference reagent and self-designed
experimental reagent
1. Purpose
The experimental reagent is the HBV nucleic acid detection kit independently developed
by Shenzhen Shineway Technology Corporation. SWM-01 PCR Nucleic Acid Analyzer should
be used together with the nucleic acid detection kit (optimal compatibility). The reference
reagent was the Daan gene HBV nucleic acid detection kit (hypersensitive type) of Sun Yat-sen
University, which was certified by CFDA (national instrument registration certificate
20173404069). In order to meet the compatibility between the detection reagent and the
machine type, the self-developed experimental reagent will be used in the subsequent
performance verification test of SWM-01 PCR Nucleic Acid Analyzer. Therefore, the purpose
of this experiment is to verify whether the experimental reagent and the reference reagent with
CFDA certification have the same detection performance when used on the registered
instrument, so as to ensure the effectiveness of the experimental reagent.
Clinical serum samples of HBV stored in the Eighth Affiliated Hospital, Sun Yat-sen
University (Shenzhen Futian District People's Hospital) were used to test the reference reagent
and experimental reagent.

2. Materials and Instruments
2.1Instruments
LightCycler 480 System for real-time PCR （ Roche Diagnostics GmbH, national
instrument registration certificate for import instrument 20163402935）、Mini Centrifuge、
micro pipette，All the above instruments are provided by laboratory of laboratory medicine of
the eighth affiliated hospital, Sun Yat-sen University.
2.2Reagent kit materials：
2.2.1 Daan gene HBV nucleic acid detection kit (hypersensitive type)（national instrument
registration certificate 20173404069，Lot No. 201903001）；
2.2.2 Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit (batch
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number 201812001)
2.3Samples
HBV clinical serum samples from the Eighth Affiliated Hospital, Sun Yat-sen University
were extracted manually with Xi'an Tianlong Magnetic Beads Nutrient Extraction Kit. The total
Sample number is 95, and the samples were numbered from 1 to 95.
2.4 Xi'an Tianlong Magnetic Beads Nutrient Extraction Kit：Contains all materials required for
nucleic acid extraction.
2.5 Others：reaction chip，pipet tips，gloves，masks，bechtop（provided by laboratory of
laboratory medicine of the Eighth Affiliated Hospital, Sun Yat-sen University）.

3. Methods
3.1Nucleic acid extraction
3.1.1 Add 25 µl magnetic beads (mixed before use), 20 µl protease K, 500 µl lysate
solution and 200 µl samples into 1.5 ml enzyme-free centrifuge tube, and take water bath at
60 ℃ for 15 minutes, mixing several times during the water bath;
3.1.2 Place the centrifuge tube on the magnetic rack for 3 minutes to attract the magnetic
beads in the tube, and then remove the liquid in the tube, and take off the centrifuge tube；
3.1.3 Add 700 µl washing buffer A to make the magnetic beads re-suspended. Use the
magnetic rack to attract the magnetic beads for 3 minutes, and then remove the liquid in the
tube. Keep the centrifuge tube on the magnetic rack；
3.1.4 Add 700 µl washing buffer B, try not to blow away the magnetic beads. Use the
magnetic rack to attract the magnetic beads, and remove the liquid in the tube after 3 minutes,
then take off the centrifugal tube；
3.1.5 Add 50 µl ~ 100 µl elution buffer, so that the magnetic beads were re suspended.
Take a water bath of 65 ℃for 5 minutes, during which gently shaking the tube to get nucleic
acid eluted from the magnetic beads；
3.1.6 Place the centrifuge tube on the magnetic rack for 3 minutes to attract the magnetic
beads, and then transfer the liquid with nucleic acid to a new 1.5 ml nuclease-free centrifuge
tube, and store it at -20 ℃.
3.2 Preparation of reaction reagent
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3.2.1 Take out the frozen kit, defrost it naturally at room temperature, mix all the reagent
materials in the kit gently and centrifuge at a low speed for later use.
3.2.2 The preparation method of Daan gene HBV nucleic acid detection kit (hypersensitive
type) is as shown in the table below（prepare as the user guide of the detection kit）
Table 3 Recipe of Daan gene HBV nucleic acid detection kit (hypersensitive type)
Component

HBV reaction

HBV

buffer A

buffer B

2 μL

Dosage

reaction

HBV

reaction

buffer C
3 μL

Total Volume （ Test
Buffer µl）

15 μL

20 μL

3.2.3 The preparation method of Shenzhen Shineway Technology Corporation HBV
nucleic acid detection kit is as shown in the table below.
Table 4 Recipe of Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit

Component

Dosage

2×Fast Advanced Master Mix

12.5 μL/T

HBV P.mix

2 μL/T

ddH2O

5.5 μL/T

Template

5 μL/T

Total Volume

25μL/T

3.2.4Explanation
The preparation methods of the two HBV kits were consistent, and samples from number
1 to number 95 were detected.
3.3Sample mixing
5 μL extracted purified sample was added to each reaction solution.
3.4PCR amplification procedure
- Daan gene HBV nucleic acid detection kit：50 ℃，2 min；95 ℃，15 min；
（94 ℃，
15 s；55 ℃，45 s）×45cycle；40 ℃，20 S.
- Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit：95 ℃，
3 min；（95 ℃，10 s；55 ℃，40 s）×45cycle；40 ℃，20 S.
3.5Data Analysis
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The KAPPA consistency evaluation method is used for statistics and analysis.

4. Results
4.1 Amplification Fluorescence Curve
4.1.1 Results of sample number 1-95, using Daan gene HBV nucleic acid detection kit
(hypersensitive type)：

Figure 3 The Amplification Fluorescence Curve of Reference Reatent detecting sample number 1-95

4.1.2 Results of sample number 1-95, using Shenzhen Shineway Technology Corporation
HBV nucleic acid detection kit：

Figure 4 The Amplification Fluorescence Curve of Experimental Reatent detecting sample number 1-95

4.2 Ct Value
Comparison of CT values of amplification results between reference reagent and
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experimental reagent：
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Figure 5 CT values’ line graph of the amplification results of reference reagent and experimental reagent

5. Data Analysis
According to the detection results of no. 1-95 samples in the Eighth Affiliated Hospital of
Sun Yat-sen University, there is no significant difference between the results of no. 1-95
samples amplified with kits from Daan gene and Shenzhen Shineway.
There is no difference between the two reagents in the determination of negative and
positive samples. According to KAPPA consistency analysis, there is no difference between the
experimental reagent (Shenzhen Shineway Technology Corporation HBV nucleic acid
detection kit) and reference reagent (Daan gene HBV nucleic acid detection kit).
According to the KAPPA consistency test method, the consistency of the experimental
reagent and the reference reagent is the strongest. As follows:

Table 5 Amplification results of reference reagent and experimental reagent

Experimental
Reagent

Reference Reagent
Total
Positive
9

Negative

KAPPA 

Positive

87

0

87

Negative

2

6

8

Total

89

6

95

87  89  6  8
 0.863
95 2

KAPPA values and consistency strength analysis are as follows:
Table 6 KAPPA of consistency strength analysis

KAPPA

Consistency strength

0-0.20

Poor

0.20-0.40

General

0.40-0.60

Medium

0.60-0.80

Strong

0.81 以上

Strongest

6. Conclusion
Comparison tests were conducted between the reference reagent and the experimental
reagent. KAPPA analysis of these results showed that the consistency strength of the two kits
was the strongest, indicating that there was no difference in amplification effect and positive
and negative judgment between the reference reagent and the experimental reagent.

2.2 Comparison of the performance of SWM-01 with the marketed
instrument (Plasmid sample)
1. Purpose
The synthetic HBV plasmid fragment was used as sample to compare the difference of
amplification effect and sensitivity between the SWM-01 PCR Nucleic Acid Analyzer and the
Bioer real-time PCR detection system FQD-48A.
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2．Materials and Instruments
2.1 The HBV plasmid sequence was provided by Shenzhen Shineway Technology Corporation,
and synthesized by GenScript Biotech Corporation；
2.2 Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit (batch
number 201812001)；
2.3 SWM-01 PCR Nucleic Acid Analyzer，the Bioer real-time PCR detection system FQD48A（National Instrument Registration Certificate 20153400273）；
2.4Others：reaction chip，pipet tips，gloves，masks，benchtop（provided by laboratory of
laboratory medicine of the Eighth Affiliated Hospital, Sun Yat-sen University）.

3. Methods
3.1 Take out the frozen kit, defrost naturally at room temperature, mix all the reagent materials
lightly and centrifuge at a low speed for later use.
3.2 Prepare different concentrations of synthetic HBV plasmid samples
Synthetic HBV plasmids were stored in EP tubes, in a status of powder、microscale
(invisible to the naked eye), the specification is 4 μg every tube. First, all materials were
centrifuged at 12,000 RPM for 20 min, and then 400 μL of 1×TE solution (pH=8.09) was added
to the tube for dissolution of plasmid. Flick the tube for 30 times to mix homogeneity. The
materials were centrifuged at 3,000 RPM for a short time. The plasmid concentration was 10
ng/ μL.
The plasmid solution of 10 ng/ μL was diluted in accordance with 10 times gradient,
resulting in 7 plasmid solutions of 1 ng/ μL, 0.1 ng/ μL, 0.01 ng/ μL, 1 pg/ μL, 0.1 pg/μL, 0.01
pg/ μL and 1 fg/ μL, respectively.
3.3 Prepare Reaction Soluiton
Prepare as the following tabel.

Table 7 Recipe of Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit

Component

Dosage

2×Fast Advanced Master Mix

12.5 μL/T
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HBV P.mix

2 μL/T

ddH2O

5.5 μL/T

Template

5 μL/T

Total volume

25 μL/T

3.4Load Sample
According to the operation process of Shenzhen Shineway Technology Corporation HBV
nucleic acid detection kit, 5 μL extracted and purified sample was added to each reaction
solution. After mixing homogeneity, draw the corresponding volume of mixed solution for
machine reactions according to the different material consumptions (SWM- 01 PCR Nucleic
Acid Analyzer is 2 μL /hole, the Bioer real-time PCR detection system FQD-48A is 25 μL /tube),
three parallel experiments were performed at each concentration.
3.5 PCR amplification procedure
- the Bioer real-time PCR detection system FQD-48A：50 ℃，2 min；95 ℃，15 min；
（94 ℃，15 s；55 ℃，45 s）×45cycle；40 ℃，20 S.
- PCR Nucleic Acid Analyzer SWM-01：95 ℃，3 min；
（95 ℃，10 s；55 ℃，40 s）
×45cycle；40 ℃，20 S.

4. Results and Analysis
4.1 The Bioer real-time PCR detection system FQD-48A
4.1.1Amplification curves are as follows：The results are as follows：
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Figure 6 Amplification results of synthesized HBV plasmids at different concentrations（FQD-48A from Bioer）

4.1.2 Results of amplification Ct value（System default threshold）
Table 8 Ct values of synthesized HBV plasmids at different concentrations（FQD-48A from Bioer）

Conce
ntrati
on

0.01 ng/μL

1 pg/μL

0.1 pg/μL

0.01 pg/μL

1 fg/μL

Ct
Value

17.43

20.96

24.01

27.25

31.12

4.1.3 Linear correlation analysis between different sample concentrations and their CT
values
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Figure 7 Linear correlation analysis between different sample concentrations and their CT values
（FQD-48A from Bioer）

4.1.4 Data Analysis
As can be seen from the above amplification curve, the synthetic HBV plasmid with
different concentrations had a good amplification curve with obvious gradient. The stable
detection limit of the HBV plasmid samples was 10-8（1 fg/μL）, and the Ct value was about
34. The linear regression coefficient r2 of each concentration’s Ct value and logarithm of the
concentration was 0.9984, indicating that the the correlation of the Bioer real-time PCR
detection system FQD-48A of sample concentration detection is good.
4.2 PCR Nucleic Acid Analyzer SWM-01
4.2.1Amplification curve as follows：
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Figure 8 Amplification results of synthesized HBV plasmids at different concentrations
（PCR Nucleic Acid Analyzer SWM-01）

4.2.2 Results of Ct Values
Table 9 Ct values of synthesized HBV plasmids at different concentrations
（PCR Nucleic Acid Analyzer SWM-01）

Concen
trations

1 ng/μL

Average
Ct of
three
holes

9.937

0.1 ng/μL 0.01 ng/μL

13.763

18.1

1 pg/μL

21.373

0.1 pg/μL 0.01 pg/μL

25.7

29.587

4.2.3 Linear correlation analysis between different sample concentrations and their CT
values

15

35
30

y = -3.9238x + 33.477
R2 = 0.9992
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Figure 9 Linear correlation analysis between different sample concentrations and their CT values
（PCR Nucleic Acid Analyzer SWM-01）

4.2.4 Date Analysis
As can be seen from the above amplification curve, the synthetic HBV plasmid with
different concentrations had a good amplification curve with obvious gradient. The stable
detection limit of the HBV plasmid samples was 10-7（0.01 pg/μL or 10 fg/μL）,While the Bioer
real-time PCR detection system FQD-48A has a detection limit of 1 fg/μL. The main reason of
the different detection limits is that, the reaction system of PCR Nucleic Acid Analyzer SWM01 is 2 μL, while the reaction system of Bioer real-time PCR detection system FQD-48A is 25
μL, the latter is 12.5 times of the former. When the concentration of samples to be tested is very
low, the sampling error will affect the detection limit of the equipment. Therefore, when the
concentration of rare samples is very low, the target nucleic acid molecules may not be added
to the PCR reaction system during the sampling process. The ratio of the reaction systems
between SWM-01 and FQD-48A is about 1:10, and the ratio of their detection limits is also
1:10. So when the reaction system of SWM-01 become 25 μL, the detection limit can decrease
to 1 fg/μL theoretically, equally to the detection limit of FQD-48A. However, considering the
demand of clinical rapid qualitative screening, in most cases the concentrations of nucleic acid
molecule of the clinical samples will not surpass 10 fg/μL. The PCR Nucleic Acid Analyzer
SWM – 01 can satisfy the needs of clinical diagnosis right now (in this paper, the eighth national
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standard plate of nucleic acid testing and the ninth clinical samples test can provide evidences).
Furthermore, after meeting the detection limit requirements of clinical samples, the 2 μL
reaction system can significantly improve the PCR thermal cycle speed, significantly reduce
the PCR detection time, and meet the requirements of rapid detection.
On the other hand, the correlation between sample concentration and Ct value could be
reflected successfully in SWM-01 with 0.9891 r2.

5. Conclusion
When using the same kit and samples, the sensitivity the PCR Nucleic Acid Analyzer
SWM-01 from Shenzhen Shineway Technology Corporation, is inferior to the Bioer real-time
PCR detection system FQD-48A by one order of magnitude. However, considering the
differences of the PCR reaction system (SWM - 01 is 2 μL, while FQD - 48 is 25 μL), the two
theoretically have the same detection sensitivity.
The PCR Nucleic Acid Analyzer SWM-01 from Shineway can significantly reduce the
PCR reaction time and improve the detection timeliness on the premise of meeting the
requirement of rapid clinical detection. At the same time, there was no significant difference in
the linear comparison between the two instruments. It indicates that there is no significant
difference in detection performance between SWM-01 and FQD-48A using synthetic plasmid
standard sample.

2.3 Comparison of the performance of SWM-01 with the marketed
instrument（National Standard Reference Materials）
1. Purpose
The national standard Reference Materials of HBV nucleic acid with different
concentrations was used to test the two instruments, and the same standard sample and detection
reagent were used to compare the detection sensitivity and stability of the two instruments.

2. Materials and Instruments
2.1 Beijing Zhongke quality inspection Biotechnology Co., Ltd：National standard plate sample
17

of hepatitis b virus serum nucleic acid（Approved by the CFDA，batch number 201812007），
Nucleic acid needs to be purified by nucleic acid extraction；The concentration of National
standard plate sample（Sample extraction loss is not included）is 4.6×106 IU/ml；
2.2 Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit (batch
number 201812001)；
2.3 Xi'an Tianlong Magnetic Beads Nutrient Extraction Kit：Contains all materials required for
extraction，extraction efficiency is about 4%（Details of the experiment are shown in annex
I）. That is, the concentration of serum nucleic acid national standard plate sample after
purification is 1 为 1.84×105 IU/ml；
2.4 SWM-01 PCR Nucleic Acid Analyzer，（National Instrument Registration Certificate
20153400273）；
2.5 Others：reaction chip，pipet tips，gloves，masks，benchtop（provided by laboratory of
laboratory medicine of the Eighth Affiliated Hospital, Sun Yat-sen University）.

3. Methods
3.1 Nucleic Acid Extraction of the Standard HBV Sample
3.1.1 Add 25 µl magnetic beads (mixed before use), 20 µl protease K, 500 µl lysate solution
and 200 µl samples into 1.5 ml enzyme-free centrifuge tube, and take water bath at 60 ℃ for
15 minutes, mixing several times during the water bath;
3.1.2 Place the centrifuge tube on the magnetic rack for 3 minutes to attract the magnetic beads
in the tube, and then remove the liquid in the tube, and take off the centrifuge tube；
3.1.3 Add 700 µl washing buffer A to make the magnetic beads re-suspended. Use the magnetic
rack to attract the magnetic beads for 3 minutes, and then remove the liquid in the tube. Keep
the centrifuge tube on the magnetic rack；
3.1.4 Add 700 µl washing buffer B, try not to blow away the magnetic beads. Use the magnetic
rack to attract the magnetic beads, and remove the liquid in the tube after 3 minutes, then take
off the centrifugal tube；
3.1.5 Add 50 µl ~ 100 µl elution buffer, so that the magnetic beads were re suspended. Take a
water bath of 65 ℃for 5 minutes, during which gently shaking the tube to get nucleic acid
18

eluted from the magnetic beads；
3.1.6 Place the centrifuge tube on the magnetic rack for 3 minutes to attract the magnetic beads,
and then transfer the liquid with nucleic acid to a new 1.5 ml nuclease-free centrifuge tube
3.1.7 Dilute the extracted standard sample of high concentration by a certain multiple gradient，
obtain number 1~7 samples with different concentrations（1.84×105 IU/ml，1.84×104 IU/ml，
1.84×103 IU/ml，1.84×102 IU/ml，1.84×10 IU/ml，1.84 IU/ml and 0.92×103 IU/ml（the sample
extraction loss is included）），stored at -20 ℃.Samples no. 1, no. 2 and no. 6 were used for
stability test of swm-01.
3.2 Prepare Reaction Solution
Prepare as the following table.
Table 10 Recipe of Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit

Component

Dosage

2×Fast Advanced Master Mix

12.5 μL/T

HBV P.mix

2 μL/T

ddH2O

5.5 μL/T

Template

5 μL/T

Total Volume

25μL/T

3.3Load Sample
3.3.1 The Sensitivity and Sample Linearity comparison between SWM-01 and the marketed
instrument
According to the operation process of Shenzhen Shineway Technology Corporation HBV
nucleic acid detection kit, 5 μL extracted and purified sample was added to each reaction
solution. After mixing homogeneity, draw the corresponding volume of mixed solution for
machine reactions according to the different material consumptions (SWM- 01 PCR Nucleic
Acid Analyzer is 2 μL /hole, the real-time PCR detection system FQD-48A from Bioer is 25 μL
/tube), three parallel experiments were performed at each concentration.
3.3.2 Stability Test of PCR Nucleic Acid Analyzer SWM-01
According to the operation process of Shenzhen Shineway Technology Corporation HBV
19

nucleic acid detection kit, 5 μL extracted and purified sample was added to each reaction
solution. After mixing homogeneity, draw 2 μL /hole reaction solutions to the reaction chip for
machine reactions. Every concentration was repeated 20 times.

3.4 PCR amplification procedure
- the Bioer real-time PCR detection system FQD-48A：50℃，2min；95℃，15min；
（94℃，15s；55℃，45s）×45cycle；40℃，20S.
-the PCR Nucleic Acid Analyzer SWM-01：95℃，3min；（95℃，10s；55℃，40s）
×45cycle；40℃，20S.

4. Results and Analysis
4.1 The Bioer real-time PCR detection system FQD-48A
4.1.1 Amplification curves are as follows：The results are as follows：

Figure 10 Amplification results of standard HBV samples at different concentrations
（FQD-48A from Bioer）

4.1.2 Results of amplification Ct value（System default threshold）
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Table 11 Ct values of standard HBV sample at different concentrations（FQD-48A from Bioer）
2

Sample number

3

4

5

6

Negative
Control

Concentration of the standard

1.84×104

1.84×103

1.84×102

1.84×10

1.84

-

21.23

25.25

27.31

31.68

35.28

none

sample（IU/ml）
（ the sample extraction loss is

included）
CtValue

4.1.3 Linear correlation analysis between different sample concentrations and their CT values
40

y = -3.453x + 38.509
R2 = 0.9911
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Absolute logarithmic dilution of standard HBV nucleic acid samples

Figure 11 Linear correlation analysis between different sample concentrations and their CT values
（FQD-48A from Bioer）

4.1.4 Data Analysis
As can be seen from the above amplification curve, the standard HBV sample with
different concentrations had a good amplification curve with obvious gradient. If the extraction
loss is not included, the instrument has a stable detection limit of 46 IU/ml（the standard sample
dilution is 10-5）； The linear regression coefficient r2 of each concentration’s Ct value and
logarithm of the concentration was 0.9911, indicating that the correlation of the Bioer real-time
PCR detection system FQD-48A of sample concentration detection is good.
According to Tianlong Magnetic Beads Nutrient Extraction Kit’s experiment result, the
extraction efficiency of the kit is about 4% (validation results see appendix a, " verification
experiment of nucleic acid extraction efficiency of Tianlong Magnetic Beads Nutrient
21

Extraction Kit "). If the extraction efficiency is included, after the extraction, the actual
concentration of dilute concentrations of 46 IU/ml of HBV serum standard material is about
1.84 IU/ml, so the detection limit of Bioer real-time PCR detection system FQD-48A is1.84
IU/ml.

4.2 PCR Nucleic Acid Analyzer SWM-01
4.2.1 Amplification curve as follows：

Figure 12 Amplification results of standard HBV sample at different concentrations
（PCR Nucleic Acid Analyzer SWM-01）

4.2.2 Results of Ct Values
Table 12 Ct values of standard HBV samples at different concentrations
（PCR Nucleic Acid Analyzer SWM-01）
1

Sample number

2

3

4

5

Negative
control

Standard

sample

1.84×10

5

1.84×10

4

1.84×10

3

1.84×10

2

1.84×10

-

31.73

none

concentration（IU/ml）
（Sample loss included）
Ct value

16.9

20.57

24.48
22

27.88

4.2.3 Linear correlation analysis between different sample concentrations and their CT values
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y = -3.687x + 35.393
R2 = 0.9997
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6

Logarithm of HBV standard sample
dilution
Figure 13 Linear correlation analysis between different sample concentrations and their CT values
（PCR Nucleic Acid Analyzer SWM-01）

4.2.4 Data Analysis
As can be seen from the above amplification curve, the standard HBV sample with
different concentrations had a good amplification curve with obvious gradient. If the extraction
loss is not included, the instrument has a stable detection limit of 460 IU/ml（the standard
sample dilution is 10-4, about 460 IU/ml）. According to Tianlong Magnetic Beads Nutrient
Extraction Kit’s experiment result, the extraction efficiency of the kit is about 4% (validation
results see appendix a, " verification experiment of nucleic acid extraction efficiency of
Tianlong Magnetic Beads Nutrient Extraction Kit "). If the extraction efficiency is included,
after the extraction, the actual concentration of dilute concentrations of 460 IU/ml of HBV
serum standard material is about 18.4 IU/ml, so the detection limit of PCR Nucleic Acid
Analyzer SWM-01 is18.4 IU/ml.
The sensitivity the PCR Nucleic Acid Analyzer SWM-01 from Shenzhen Shineway
Technology Corporation, is inferior to the Bioer real-time PCR detection system FQD-48A by
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one order of magnitude. Again, we think this is due to the differences between PCR reaction
systems.（SWM-01is 2 μL，while FQD-48Ais 25 μL）. If the SWM-01 has a reaction system
of 25 μL，it will have the same detection limit as FQD-48A’s theoretically. But considering the
demand of clinical rapid qualitative screening, in most cases the concentrations of nucleic acid
molecule of the clinical samples will not surpass 18.4 IU/ml, the PCR Nucleic Acid Analyzer
SWM – 01 can satisfy the needs of clinical diagnosis right now (in this paper, the ninth clinical
samples test can provide evidences). Furthermore, after meeting the detection limit
requirements of clinical samples, the 2 μL reaction system can significantly improve the PCR
thermal cycle speed, significantly reduce the PCR detection time, and meet the requirements of
rapid detection. On the other hand, the linear regression coefficient r2 of each concentration’s
Ct value and logarithm of the concentration was 0.9947，indicating that the the correlation of
PCR Nucleic Acid Analyzer SWM-01 of sample concentration detection is good.
4.3 Stability test of the PCR Nucleic Acid Analyzer SWM-01
4.3.1 Results of amplification Ct value
Table 13 Statistical table of the Ct values of nucleic acid amplification analyzer swm-01 in the stability test

1

2

7

1.84×10

1.84×10

0.92×103

5

4

22.57

26.1

29.17

22.41

26.01

28.86

22.75

26.2

28.69

22.02

26.26

29.31

21.26

26.51

30.42

21.24

25.82

28.97

21.4

26.06

30.28

21.57

25.89

29.76

21.24

25.97

30.66

Sample Number
Standard

sample

concentration（IU/ml）
（ The sample loss is
included）
Ct value

24

21.96

26.05

29.9

21.89

25.36

29.58

22.11

25.26

28.98

22.32

25.87

30.79

22.54

25.1

29.78

22.5

25.84

30.53

22.29

26.15

29.55

22.15

26.25

29.97

22.15

26

29.63

22.42

25.52

29.36

22.31

25.73

29.59

Average value

22.055

25.8975

29.689

STD

0.4766

0.3567

0.6136

CV

0.02161

0.01377

0.02067

4.3.2 Amplification curve
Only one reaction chip’s results were shown below.

Double dilution
Ct value：22.29, 22.15, 22.15

Figure 14 Amplification curve of PCR Nucleic Acid Analyzer SWM-01（Sample No.1）

25

10 times dilution
Ct value：25.97, 26.05, 25.36

Figure 15 Amplification curve of PCR Nucleic Acid Analyzer SWM-01（Sample No.2）

200 times dilution
Ct value：29.9, 29.58, 28.98

Figure 16 Amplification curve of PCR Nucleic Acid Analyzer SWM-01（Sample No.7）

4.3.3 Data Analysis
As can be seen from the above amplification curve, the standard HBV sample with
different concentrations had a good amplification curve with obvious gradient. The CV of the
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Ct values of high concentration、 medium concentration and low concentration is：2.16%，
1.38%，2.07%.The CV is lower than 3%，it indicates that swm-01 has a good stability in
detecting different sample concentrations.

5. Conclusion
When using the same kit and samples, the sensitivity the PCR Nucleic Acid Analyzer
SWM-01 from Shenzhen Shineway Technology Corporation, is inferior to the Bioer real-time
PCR detection system FQD-48A by one order of magnitude. However, considering the
differences of the PCR reaction system (SWM - 01 is 2 μL, while FQD - 48 is 25 μL), the two
devices mentioned above theoretically have the same detection sensitivity. The PCR Nucleic
Acid Analyzer SWM-01 from Shenzhen Shineway Technology Corporation can significantly
reduce the PCR reaction time and improve the detection timeliness on the premise of meeting
the requirement of rapid clinical detection（qualitative）；At the same time, there was no
significant difference in the linear comparison between the two instruments. This indicates that
there is no significant difference in detection performance between SWM-01 and FQD-48A
using national standard sample.
National standard HBV serum sample with three concentrations of high, medium and low
were used as the nucleic acid sample. Every concentration was tested 20 times using the PCR
Nucleic Acid Analyzer SWM-01 from Shenzhen Shineway Technology Corporation.
After statistical analysis of the Ct values, it was concluded that the variation coefficients
of the Ct value of the SWM-01 from Shenzhen Shineway Technology Corporation were 2.16%,
1.38% and 2.07% respectively (all less than 3%). The results showed that SWM-01 was in line
with the relevant technical standards and had good stability for the detection of different sample
concentrations.

2.4 Comparison with Listed Instruments (Clinical Samples)
1. Purpose
Using the same PCR reagent, the SWM-01 and Roche 480 real-time PCR instrument
(reference instrument) were used to compare the consistency of test results, which proves that
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our product has the same detection performance as the clinical samples.
2. Materials and Instruments
2.1 Instruments
Agilent 34970A data acquisition instrument, temperature sensor dedicator
2.1.1 PCR Nucleic Acid Analyzer SWM-01
2.1.2 Roche Diagnostics GmbH - Real-time PCR instrument, LightCycler 480 (National
Machinery Note 20163402935)
2.1.3 Palm centrifuge, micro pipette, etc.
2.2 Materials
2.2.1 Shenzhen Shineway Technology Corporation HBV nucleic acid detection kit (batch
number 201812001)
2.2.2 Sample
HBV clinical serum samples from the Eighth Affiliated Hospital of Sun Yat-sen University, the
sample size is 125, sample number 1-125.
2.2.3 Xi'an Tianlong Magnetic Beads Nutrient Extraction Kit
3. Method
3.1 Nucleic acid extraction
3.1.1 Add 25 μl magnetic beads (mixed before use), 20 μl proteinase K, 500 μl lysate and 200
μl sample in a 1.5 ml enzyme-free centrifuge tube, and bath for 60 minutes at 60 °C for several
minutes;
3.1.2 Place the centrifuge tube on the magnetic stand for 3 minutes, so that the magnetic beads
in the tube are adsorbed, remove the liquid in the tube, and remove the centrifuge tube;
3.1.3 Add 700 μl of washing solution A, and use magnetic frame to adsorb the magnetic beads.
After 3 minutes, remove the liquid in the tube and keep the centrifuge on the tube magnetic
grate;
3.1.4 Add 700 μl of washing solution B, try not to blow away the magnetic beads, use magnetic
grate to adsorb the magnetic beads, remove the liquid in the tube after 3 minutes, and remove
the centrifuge tube;
3.1.5 Add 50 μl～100 μl of eluent, resuspend the magnetic beads, and bath at 65 °C for 5
minutes, while gently shaking to elute the nucleic acid from the magnetic beads;
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3.1.6 Place the centrifuge tube on the magnetic grate for 3 minutes to adsorb magnetic beads.
Transfer the liquid to a new 1.5 ml nuclease-free centrifuge tube and store at -20 °C.
3.2 Reaction Solution Preparation
Table 14 Reaction solution formula

Component

Dosage

2×Fast Advanced Master Mix

12.5 μL/T

HBV P.mix

2 μL/T

ddH2O

5.5 μL/T

Template

5 μL/T

Total Volume

25μL/T

3.3 Mixed sample
According to the operation procedure of HBV Nucleic Acid Detection Kit, 5 μL of purified
sample is added to each reaction solution. After mixing. The loading amount of the mixed
solution is based on the sample capacity of different instruments. (2 μL/well for the PCR
Nucleic Acid Analyzer SWM-01 and 25 μL/tube for the Roche 480 real-time PCR machine).
3.4 Amplification reaction procedure
- Roche 480 real-time PCR machine：50℃，2min；95℃，15min；
（94℃，15s；55℃，
45s）×45cycle；40℃，20S.
- PCR Nucleic Acid Analyzer SWM-01：95℃，3min；
（95℃，10s；55℃，40s）×45cycle；
40℃，20S.
3.5 Data analysis
The KAPPA consistency evaluation method is used for statistics and analysis.
4. Results and Analysis
According to the KAPPA consistency test method, the consistency of the experimental
instrument and the reference instrument is the strongest.
Table 15 Amplification results of reference instrument and experimental instrument

PCR Nucleic
Acid Analyzer
SWM-01

Roche 480 real-time
Total

PCR machine
Positive
29

Negative

KAPPA 

Positive

118

0

118

Negative

4

3

7

Total

122

3

125

122 118  3  7
 0.923 ， The consistency strength is the strongest in
125 2

accordance with the table below.
KAPPA values and consistency strength analysis are as follows [1]:
Table 16 KAPPA of consistency strength analysis

KAPPA

Consistency strength

0-0.20

Poor

0.20-0.40

General

0.40-0.60

Medium

0.60-0.80

Strong

0.81 以上

Strongest

5. Conclusion
In the case of using the same kind of PCR reagent, the clinical serum samples of hepatitis
B virus were detected on SWM-01 and Roche 480. The KAPPA between our product and the
Roche 480 fluorescence PCR instrument is 0.923, indicating that there is no significant
difference in the clinical sample detection.
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2.5 Sensitivity of 2019-nCoV nucleic acid detection kit
1. Materials and Instruments
1.1 Materials
2019-nCoV Nucleic Acid Detection Kit (batch number 20200120) from Shenzhen Shineway
Technology Corporation
1.2 Instruments
1 ml, 200 μl, and 10 μl pipette tips, 1.5 ml EP tube, Axygen PCR tube; equipment: Eppendorf
pipette, Bioer real-time PCR detection system FQD-48A
2. Method
2.1 Reaction Solution Preparation
25 μl system: 5 μl template + 20 μl reaction solution;Use water as template for blank control.
Positive reference (10 ng/μl) is a synthetic plasmid template, which is diluted by 10 times. We
could get 8 plasmid solutions of 1 ng/ μL, 0.1 ng/ μL, 0.01 ng/ μL, 1 pg/ μL, 0.1 pg/μL, 0.01
pg/ μL, 1 fg/ μL and 0.1 fg/μL, respectively.

Table 17

template

5 μl

RT-PCR buffer

16 μl

nCoV reaction solution -

2 μl

N（or ORF）
2 μl

RT-PCR enzyme

2.2Amplification reaction procedure
Table 18

1

Reverse transcription

50 ℃，15 min

2

Initial denaturation

95 ℃，3 min

Denaturation

95 ℃，10 s

Annealing+ Elongation

55℃，40 s

3
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3. Result
3.1 N gene

Figure 17 Amplification curve of 2019-nCoV (N gene)

The detection sensitivity of the kit for N gene was about 10-6 ng / μl (about 40 copies / μl), and
the CT value was about 36.6.
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3.2 ORF gene

Figure 18 Amplification curve of 2019-nCoV (ORF gene)

The detection sensitivity of the kit for ORF gene was about 10-6 ng / μl (about 40 copies / μl),
and the CT value was about 35.96.

4. Conclusion
The detection sensitivity of primer probes (N and ORF) were both 10-6 ng / μl (about 40 copies
/ μl), which achieved high detection rate for new coronaviruses.

33

2.6 Specificity of 2019-nCoV nucleic acid detection kit
The kit for nucleic acid detection of 2019-nCoV were designed based on nCoV-specific
sequences. The primer probe sequences compares to NCBI and the designed sequences do not
cross with other coronaviruses such as SARS and MERS. Other common respiratory viruses
such as influenza A virus, influenza B virus, syncytial virus, rubella virus, and
metapneumovirus do not interfere with specific test for 2019-nCoV. It was verified that the
specificity of the 2019-nCoV primer probe was consistent with the comparison result, and only
the novel coronavirus nucleic acid could be specifically detected.
1. Materials and Instruments
1.1 Materials
1.1.1 2019-nCoV Nucleic Acid Detection Kit (batch number 20200120) from Shenzhen
Shineway Technology Corporation;
1.1.2 The genomic nucleic acids of influenza A virus, influenza B virus, syncytial virus,
rubella virus, metapneumovirus, and 2019-nCoV are provided by the cooperative units.
1.2 Instruments
1 ml, 200 μl, and 10 μl pipette tips, 1.5 ml EP tube, Axygen PCR tube; equipment: Eppendorf
pipette, Roche 480 real-time PCR machine
2. Method
2.1 Reaction Solution Preparation
25 μl system: 5 μl template + 20 μl reaction solution; Use water as template for blank control.
4 parallel experiments.

Table 19

template

5 μl

RT-PCR buffer

16 μl

nCoV reaction solution -

2 μl

N（or ORF）
2 μl

RT-PCR enzyme

2.2Amplification reaction procedure
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Table 20

1

Reverse transcription

50 ℃，15 min

2

Initial denaturation

95 ℃，3 min

Denaturation

95 ℃，10 s

Annealing+ Elongation

55℃，40 s

3

3. Result

Figure 19 Specificity test for 2019-nCoV nucleic acid detection kit

It can be shown that nucleic acids of 2019-nCoV could be amplified specifically (red curvein
the figure). The results of influenza A virus, influenza B virus, syncytial virus, rubella virus,
and metapneumovirus were all negative (shown in the green curve) throughout the reaction.
The experimental result indicated that the kit have strong specificity for the 2019-nCoV.

4. Conclusion
The 2019-nCoV nucleic acid detection kit shows good sensitivity and specificity for novel
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coronavirus pneumonia, which is suitable for the detection of this epidemic.

REFERENCES
1.Landis JR, Koch GG .The measurement of observer agreement for Gategorical data.
Biometrics , 1977 , 33 :159-174.

36

