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Abstract 

In the last year, COVID-19, rapidly evolved in a 

global pandemic. Clinical diagnosis is fundamental 

for the restriction of pandemic spread and different 

approaches have been proposed. Since large-scale 

laboratory screening takes time to ensure sensitivity 

of diagnostic tests, aim of this study was to suggest a 

fast and sensitive viral nucleic acids’ detection system 

from nasopharyngeal swabs collected in Universal 

Transport Media (UTM). We compare the common 

qRT-PCR technique with the innovative SWM-01 

method to detect viral RNA from 20 samples 

collected in UTM. We also provide a new qRT-PCR 

protocol based on the use of lower amount of reagents 
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in the reaction mix useful to avoid waste of material 

in pandemic time. We demonstrate that results 

obtained with two different detection systems and 

different amount of reagents are comparable. 

Moreover, we demonstrate that strong positive 

samples are correctly detected with the new system 

and with higher sensitivity than the classic qRT-PCR 

which detects samples with a delay. Weakly positive 

samples, instead, are incorrectly assigned with the 

new analyzer possibly due to a detection limit of the 

instrument itself. We propose the SHINEWAY 

SWM-01 Nucleic Acids Analyzer (SWM-01) as a 

promising diagnostic system suitable for routine 

diagnosis process. 

 

Keywords: COVID-19; SARS-CoV-2; Pandemic; 

Swabs; qRT-PCR; SWM-01 Analyzer 

 

1. Introduction 

Coronavirus disease-19 (COVID-19) is a pneumonia 

caused by Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS-CoV-2). During the last year, 

after the outbreak of SARS-CoV-2 in China, COVID-

19 rapidly evolved in a global pandemic [1, 2]. The 

virus is part of the Coronaviridae family, which 

include enveloped, positive-sense single-stranded 

RNA viruses. Its genome shows similarities with the 

genome of SARS-CoV and MERS-CoV and encodes 

for sixteen nonstructural proteins including RNA-

dependent RNA polymerase (RdRp), four structural 

proteins: spike (S), envelope (E), membrane (M), 

nucleocapsid (N), and nine accessory proteins 

involved in replication processes [2-6]. With a very 

short incubation period of 5-6 days, SARS-CoV-2 

cause a flu-like disease with common symptoms 

including fever, cough, fatigue, dyspnea, shortness of 

breath, acute respiratory failure and, occasionally, 

gastrointestinal dysfunctions [5, 7-10]. Clinical 

diagnosis of COVID-19 is fundamental for the 

restriction of pandemic spread and many different 

approaches have been approved as nucleic acids 

isolation and detection, CT scan, Biosensor, immune 

identification technology, Point-of-care Testing 

(POCT) of IgM/IgG, enzyme-linked immunosorbent 

assay (ELISA), indirect fluorescent antibody 

techniques, electrochemical sensors and blood culture 

too [5, 8, 11, 12]. Usually, specimens for diagnostic 

test are obtained through oropharyngeal swabs or 

alternatively through nasopharyngeal swabs [13]. 

RNA genome extraction allows detection and 

eventually quantification of viral charge. The most 

common techniques for nucleic acids detection are the 

quantitative Real Time RT-PCR (qRT-PCR) and 

high-throughput sequencing. Several qRT-PCR test 

kits have been commercialized, based on the use of 

specific primers and probes for SARS-CoV-2 gene 

regions that encode for the nucleocapsid (N), 

envelope (E), spike (S), and RNA-dependent RNA 

polymerase proteins (RdRP) [10]. Although qRT-

PCR provides adequate sensitivity for the detection of 

early infection, one of the most important clinical 

aspects for the pandemic spread is the risk of false-

negative or false-positive results [14]. In case of low 

concentration of the virus, the sensitivity of analysis 

could not be enough to detect viral nucleic acids, 

especially in asymptomatic or weakly positive 

patients [5]. Moreover, the timing of diagnosis is 

crucial to prevent incorrect results [15]. In addition, as 
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large-scale laboratory screening takes time to ensure 

reliability and sensitivity of diagnostic tests, and the 

increased request for laboratory analysis has led 

companies to lack of diagnostic products; several new 

approaches and instruments have been proposed 

during this time. 

 

Here we report the new SHINEWAY SWM-01 

Analyzer (SWM-01) (Simitecno, IT) as a possible 

solution for easier and faster analysis. The innovative 

SWM-01 PCR Nucleic Acids Analyzer performs 

qualitative detection of nucleic acids, both DNA and 

RNA, by single fluorescence PCR. The product can 

be used in various scenarios including CDC, medical 

treatment emergency, specialist visit, primary care 

and blood screening. The analyzer is made up of the 

instrument and the power supply, while the tool is 

comprised of the control system, the power supply 

system, the photoelectric system, the temperature 

control system, the case component, the reaction chip, 

and software modules. The device uses optical 

detection and has three fluorescence channels. The 

microfluidic chip is made up of three parallel 

channels and sits on top of a temperature-controlled 

heater. The microfluidic chip's pooling technology 

allows it to analyze up to 9 samples at the same time, 

in 45 minutes, excluding the execution of the swab 

and the RNA extraction. Recently, microfluidic 

technology has been applied in several research field 

including high throughput screening. Microfluidic 

devices are useful not only for saving space but also 

because miniaturization offers different superiorities 

[16]. Differently from a classical qRT-PCR System, 

the SWM-01 Analyzer with the pooling technology 

can test a minimum of 3 patients in 50 minutes and a 

maximum of 18 patients in 90 minutes. This item 

offers an advanced optical path design to eliminate 

external light interference and further increase 

detection reliability; moreover an accurate and 

efficient data processing system with an artificial 

intelligence image segmentation algorithm is 

available. The timing required for the process is less 

than traditional technologies which usually take from 

2 to 3 hours. A micro-heater is used as a rapid heating 

component, and the microfluidic chip is used as a 

support for PCR amplification. The PCR 

amplification system use a fluorescent probe specific 

for the detection of SARS-CoV-2 viral RNA. During 

the PCR detection, the fluorescence of positive 

samples accumulates and the signal is collected as 

images from a CMOS camera. Finally, the control 

system completes the data collection and provide, as a 

final result, the positivity or negativity of samples. 

The system also provides a quantification of the viral 

RNA detected expressed as cycle threshold (Ct). 

 

Aim of this study was to optimize a new quantitative 

Real-Time PCR protocol based on the use of the 

SWM-01 Analyzer with lower amount of reagents, to 

compare results between the most common Real-

Time PCR and the innovative SWM-01 method and 

to suggest a faster and easier approach to detect viral 

RNA from nasopharyngeal swabs. 

 

2. Materials and Methods 

2.1 RNA extraction 

RNA from nasopharyngeal swabs collected in UTM 

have been extracted with the automated benchtop 
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nucleic acids extraction system NUCLISENS® 

EASYMAG® (Biomérieux, IT) according to 

manufacturer’s specifications. 20 samples were 

extracted as described above and analyzed, including 

8 negative samples, 11 positive samples, one synthetic 

COVID-19 positive control and one synthetic 

negative control. This study was developed on 

existing samples collected during standard diagnostic 

test for SARS-CoV-2 RNA detection. Synthetic 

positive and negative controls were provided with the 

Novel Coronavirus 2019-nCoV nucleic acid Detection 

kit (BioFlux) used in the qRT-PCR reaction. 

 

2.2 Quantitative Real Time PCR 

The Real-Time PCR was performed using the SARS-

CoV-2, Novel Coronavirus 2019-nCoV nucleic acid 

Detection kit (BioFlux). In this assay we used a 

standard reaction mix volume of 25 µL (12.5 µL RT-

PCR Buffer Master Mix, 1.3 µL RT-PCR Enzyme 

Mix, 6.2 µL Probe Mix with 5 μL of extracted RNA) 

and a reduced reaction mix volume of 15 µL (6.1 µL 

RT-PCR Buffer Master Mix, 0.8 µL RT-PCR Enzyme 

Mix, 3.1 µL Probe Mix with 5 µL of extracted RNA). 

The Real-Time PCR protocol included 10 minutes at 

50°C, 1 minute at 95°C and 30 seconds at 60°C 

repeated for 45 cycles. The one-step fluorescence RT-

PCR reaction system allowed us to perform 

retrotrascription of viral RNA directly during the 

qRT-PCR amplification. Two detection channel, 

TEXAS RED 610 and FAM, were used to amplify 

ORF1ab and N gene respectively. Ct values has been 

recorded for each sample. Ct<40 correspond to 

positive samples and Ct>35 correspond to weak 

positive ones. To perform this analysis, the CFX96™ 

Real-Time PCR Detection System (Bio-Rad 

Laboratories, Hercules, CA, USA) has been used. 

 

2.3 SWM-01 quantitative Real Time PCR 

As previously described for the classical qRT-PCR, 

the reaction was performed using the SARS-CoV-2, 

Novel Coronavirus 2019-nCoV nucleic acid Detection 

kit (BioFlux), comparing results from two reaction 

mix volume of 25 µL (12.5 µL RT-PCR Buffer 

Master Mix, 1.3 µL RT-PCR Enzyme Mix, 6.2 µL 

Probe Mix with 5 μL of extracted RNA) and 15 µL 

(6.1 µL RT-PCR Buffer Master Mix, 0.8 µL RT-PCR 

Enzyme Mix, 3.1 µL Probe Mix with 5 µL of 

extracted RNA), the volume of the microchip is 12 μL 

in both cases. The Real-Time PCR protocol included 

10 minutes at 50°C, 1 minute at 95°C and 10 seconds 

at 95°C, 30 seconds at 60°C (ON) repeated for 45 

cycles. Ct values has been recorded for each sample. 

Ct<40 correspond to positive samples and Ct>35 

correspond to weak positive ones. To perform this 

analysis the on-site PCR System SHINEWAY SWM-

01 PCR Nucleic Acids Analyzer (Simitecno, IT) has 

been used. 

 

3. Results and Discussion 

3.1 Optimization of SWM-01 qReal-Time PCR 

protocol 

In the first part of this work, we tried to optimize the 

qRT-PCR protocol in order to reduce the amount of 

reagents used in the reaction. We tested the same 

COVID-19 positive and negative controls, both with a 

standard reaction mix volume of 25 µL and reduced 

reaction mix volume of 15 µL, in order to assess if 

this parameter could interfere with the reaction 
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efficiency. Additionally, we performed qRT-PCR 

with two different instruments, comparing results 

obtained from a classical CFX96™ Real-Time PCR 

Detection System and from the new SWM-01 

Analyzer. We demonstrate that the Ct values recorded 

for the samples processed with the standard reaction 

mix volume of 25 µL are comparable with the ones 

recorded for the same samples with the decreased 

reaction mix volume of 15 µL; same results were 

obtained with both instruments (Figure 1). 

 

 

 

Figure 1:  Optimization of Real Time-PCR protocol. (A) Real Time-PCR of one synthetic COVID-19 positive control (blue and 

orange) and one synthetic COVID-19 negative control (green) with two different reaction mix volumes of 15 µL (blue) and 25 

µL (orange) performed with a classical detection system. RFU is the Relative Fluorescence Unit. (B) Real Time-PCR of one 

COVID-19 positive control (blue and orange) and one COVID-19 negative control (green) with two different reaction mix 

volumes of 15 µL (blue) and 25 µL (orange) performed with the SWM-01 Analyzer. C+ is the synthetic positive control, C- is the 

synthetic negative control. C+ mix 15 uL is the synthetic positive control processed with a mix of 15 uL. C+ mix 25 uL is the 

synthetic positive control processed with a mix of 25 uL. Ct is the Cycle Threshold value. 
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Our data demonstrate that the outcomes obtained from 

two different detection systems and with different 

amount of reagents are comparable, suggesting the 

opportunity to avoid useless waste of materials. 

 

3.2 Comparison between common qRT-PCR and 

innovative SWM-01 method 

Since the results obtained in the first part of our work 

demonstrate that the SWM-01 analyzer provides same 

outcomes as a classical RT-PCR Detection System, it 

was investigated if it was possible to use this new 

instrument with an advantage for the sensitivity and 

for the timing of large scale COVID-19 screening. 

 

3.2.1 Synthetic COVID-19 positive sample: Firstly, 

in order to verify the sensitivity of the instrument, we 

tested a synthetic COVID-19 positive sample at two 

different dilutions (1:2 and 1:5), comparing results 

obtained from classical CFX96™ Real Time PCR 

Detection system and from the SWM-01 Analyzer 

(Figure 2) with a reaction mix volume of 15 ul. 

 

 

 

Figure 2: Real-Time PCR with dilute samples. (A) Real-Time PCR of one synthetic COVID-19 positive control at 

initial concentration (blue) and 1:2 (orange), 1:5 (green) dilutions performed with a classical detection system. The 

table shows the relative Ct values for each sample. (B) Real-Time PCR of one synthetic COVID-19 positive control 

at initial concentration (blue) and 1:2 (orange), 1:5 (green) dilutions performed with the SWM-01 Analyzer and 

relative Ct values for each sample. 
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Our data show that the new SWM-01 Analyzer could 

perform Real-Time PCR with higher sensitivity for 

the viral nucleic acids detection in dilute samples than 

the traditional qRT-PCR techniques, since samples 

analyzed with the classical CFX96™ Real-Time PCR 

Detection system exhibit Ct values with a ‘delay’ of 

two and four cycles compared to the Ct values 

recorded for the samples analyzed with the new 

method. Moreover, the 1:2 diluted sample analyzed 

with the SWM-01 instrument, show the same Ct 

values of the sample at the initial concentration and 

after the 1:5 dilution, same sample is detected with a 

‘delay’ of 1.5 cycles. 

 

3.2.2 UTM samples 

 

 

Table 1: Summary of samples derived from nasopharyngeal swabs and collected in UTM, analyzed with the SWM-

01 Analyzer and with CFX96™ Real-Time PCR Detection system. 

 

In order to confirm these data, we performed a RT-

PCR with 20 samples (12 positive and 8 negative 

samples) obtained from nasopharyngeal swabs and 

collected in UTM (Table 1) with a reaction mix 

volume of 15 uL. 

3.2.2.1 Positive samples in UTM: In this first part 

we report data from three positive samples as 

example. The assay was performed with both 

instruments to compare their viral RNA detection 

sensitivity (Figure 3). 

Sample Bio-rad (Bioer kit)  

Ct 

SWM-01 (Bioer kit) 

 Ct 

28320 25 28 

28169 24 27 

28314 28 NA 

28196 30 34 

13194 31 NA 

13195 32 38 

56182 26 28 

13196 25 29 

13153 29 32 

13155 26 28 

13178 36 NA 

C+ 28 26 

Negative samples=8 NA NA 
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Figure 3: Comparison between common Real-Time PCR amplification and innovative SWM-01 method on samples 

collected in UTM. (A) Real-Time PCR of three positive samples collected in UTM performed with CFX96™ Real-

Time PCR Detection System and relative Ct values for each sample. (B) Real-Time PCR of same three samples 

collected in UTM performed with SWM-01 Analyzer and relative Ct values for each sample. 

 

The results obtained in this analysis suggest that both 

techniques are useful and experimentally reproducible 

for strongly positive samples since we recorded 

similar Ct values for each of them. Interestingly, two 

samples (13191 and 13153) analyzed with the SWM-

01 instrument, are detected with a ‘delay’ of five and 

three cycles respectively, compared with the results 

obtained with the standard detection system. The 

reaction system of CFX96™ is 25 μL, which is about 

2 times of SWM-01. Hence, the difference of sample 

capacity between two devices may result in the gap of 

the Ct value with different fluorescent intensity. 

 

3.2.2.2 Weak positive samples in UTM: From 

previous outcomes, we tried to investigate the 

detection sensitivity even for weakly positive 

samples. We report results from RT-PCR of five 

weakly positive samples obtained from 

nasopharyngeal swabs and collected in UTM and one 

synthetic positive control with both detection systems 

(Figure 4). 
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Figure 4: Sensitivity of different detection systems on weakly positive samples collected in UTM. (A) Real-Time 

PCR of four (13178, 19194, 13195 and 13196) weakly positive samples, one (13192) positive sample and one 

COVID-19 positive control performed with CFX96™ Real-Time PCR Detection System and Ct values for each 

sample. (B) Real-Time PCR of four (13178, 19194, 13195 and 13196) weakly positive samples, one (13192) 

positive sample and one COVID-19 positive control performed with SWM-01 Analyzer and Ct values for each 

sample. 
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We observed that positive samples (13192), including 

the positive control, are correctly detected with both 

detection systems and that the SWM-01 Analyzer can 

detect them earlier than the other instrument.  

 

Otherwise, weakly positive samples are only partially 

detected. Samples with a low amount of viral RNA 

(13195 and 13196) are correctly detected with both 

instruments although the SWM-01 Analyzer detect 

them with a ‘delay’ of three cycles, while samples 

with a very low amount of viral RNA (13178 and 

19194) are detected exclusively with a standard RT-

PCR Detection System and not with the SWM-01 

Analyzer. We assumed that the detection limit for the 

new instrument is about Ct<36. 

 

In order to clarify the detection limits for samples 

with a limited amount of viral RNA, we performed a 

Real-Time PCR comparing results from both 

detection systems on three diluted samples (1:10 and 

1:20 dilution) collected in UTM and on a positive 

control at same dilutions (Table 2). 

 

  Bio-rad  

Ct 

SWM-01  

 Ct 

Sample C+ 27 26 

13188 18 19 

13192 27 28 

Dilute sample 1:10 C+ 30 27 

13188 24 26 

13192 33 NA 

Dilute sample 1:20 C+ 36 32 

13188 31 30 

13192 NA NA 

 

Table 2: Summary of Ct values from Real-Time PCR of two positive samples in UTM and one positive control at 

initial concentration and at 1:10, 1:20 dilutions performed with both instruments. 

 

Our data demonstrate that samples at 1:10 dilution are 

detected with both methods and results are 

comparable, conversely results obtained from samples 

at 1:20 dilution are not experimentally reproducible. 

The synthetic positive control is detected with a delay 

of 9 and 6 cycles with both instruments and the 

positive samples collected in UTM are both detected 

with a substantial delay compared to the sample at 

initial concentration. 

 

4. Conclusions 

In the last year COVID-19 rapidly evolved in a global 

pandemic causing clinical and diagnostic difficulties 

in several affected countries. Among different 
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analytical approaches proposed in literature for large-

scale laboratory screening [8, 10-12], we described a 

SWM-01 PCR Nucleic Acids Analyzer as a useful 

instrument for qRT-PCR and sensitive SARS-CoV-2 

detection in nasopharyngeal swabs. The SWM-01 

Analyzer combines the “microfluidic chip" 

technology with the sensitivity of a single-channel 

fluorescence PCR, allowing the simultaneous viral 

detection from 3 to 9 samples in a single microchip 

with 3 channels. The time required for the analysis is 

45 minutes and considering that a classic qRT-PCR 

usually takes from 2 to 3 hours and allows the 

analysis of a smaller number of samples, it could 

represent an advantage for those laboratories that 

manage a large number of swabs every day or to 

manage cases of urgency. Comparing results with a 

standard qRT-PCR we analyzed 20 samples derived 

from nasopharyngeal swabs and collected in UTM, 

including both negative and positive samples, and we 

defined a detection limit for the new instrument as 

Ct<36. Weakly positive samples, with a limited viral 

charge, are not correctly assigned with the SWM-01 

PCR Nucleic Acids Analyzer. We supposed that the 

detection limits are affected by the instrument itself 

[16]. Table 3 summarizes the comparison between 

this two methods (Table 3). 

 

 

Table 3: Performance comparison between SWM-01 and conventional qPCR. 

 

From the table, is evident that these two methods have 

different strengths, SWM-01 is more rapid but the 

number of targets and samples are minor that 

conventional qPCR. On the other hand SWM-01 may 

find application in point of care because is easy used 

and moved. Finally, SWM-01 seems less sensitive 

that qPCR. 

Technology 

 

SHINEWAY SWM-01 

Analyzer (SWM-01) 

Conventional Real-Time PCR 

Detection System (as CFX96™ ) 

Assay to results time 

(excluded RNA isolation) 

42 minutes 

 

122 minutes 

 

Number of max targets 

simultaneously 

1 

 

5 

 

Number of sample for run 

 

9 

 

96 

 

Sensitivity 

 

Ct<36 

 

Ct<40 

 

Point of care 

 

Possible 

 

No 
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Weakly positive sample can cause the false-negative 

result due to the low concentration of targeted nucleic 

acid. During the PCR process, the fluorescent signal 

generated from amplification of positive sample 

should reach the detection limit so that the device can 

make correct determination. 

 

Hence, positive sample in low concentration reduce 

the fluorescence intensity of reaction product at each 

cycle, which may result in uncertain detection 

outcome for PCR assay. On the one hand, to enhance 

the detection sensitivity, we could increase the sample 

capacity of the microchamber so that higher amount 

of viral DNA could be loaded. Instead, we could 

enhance the detection limit of the device by 

optimizing the fluorescent collection module and 

image analysis software. 

 

Highly positive samples are correctly assigned with 

the innovative method and also with higher 

sensitivity. Moreover, since the global pandemic has 

left laboratories in difficulty due to the availability of 

diagnostic products, we also provide a new qRT-PCR 

protocol with the use of a smaller amount of reagents 

useful to avoid waste of material in the PCR reaction. 

This methods may be useful in case of urgent case or 

in specific laboratory condition, as samples that must 

be rerun in a short time or in a point of care. 

 

In conclusion we can propose the SWM-01 PCR 

Nucleic Acids Analyzer as an interesting diagnostic 

tool suitable for routine diagnosis and for easier and 

faster laboratory screening. 
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