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ABSTRACT 
Coronavirus Disease-2019 (COVID-19) belongs to the large family of SARS-CoV viruses, initially emerging 
in 2002-2003. In humans, this virus triggers respiratory infectious diseases. COVID-19, a new variant of 
SARS-CoV, was identified in humans following an unprecedented incident in Wuhan, China, in December 
2019. This virus typically manifests mild symptoms, including a runny nose, sore throat, cough, and fever. 
The Nucleic Acid Amplification Test (NAAT), specifically the realtime Reverse Transcription Polymerase 
Chain Reaction (rRT-PCR) examination, is recommended by the World Health Organization (WHO) for di-
agnosing COVID-19. This study assessed potential differences in Threshold Cycle results during RNA ex-
traction using magnetic beads compared to spin columns in the SARS-CoV-2 rRT-PCR method. The popula-
tion for this study was selected through accidental sampling from nasopharyngeal and oropharyngeal swabs 
of COVID-19 patients obtained between December 2022 and April 2023, with Threshold Cycle values 
<30,000. The samples were stored at -80°C. The findings revealed that the average N (VIC) was 23.359, and 
RdRP (FAM) was 25.558 in the Magnetic Beads method, indicating a lower value compared to the average N 
(VIC) of 29.200 and RdRP (FAM) of 29.661 in the Spin Column method. This suggests that the Magnetic 
Beads method exhibited greater sensitivity than the Spin Column method. The statistical analysis confirmed 
these differences, with a P value of 0.003 in N (VIC) and the P value of 0.000 in RdRP (FAM). Consequently, 
it can be concluded that there is a significant 19.5% difference in the Threshold Cycle during RNA extraction 
using Magnetic Beads and Spin Column in the examination of the SARS-CoV-2 rRT-PCR method. 
 
Keywords: Sars-CoV-2; rRT-PCR; Magnetic Beads; Spin Column; Threshold Cycle. 
 
 
 
 

http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/
https://orcid.org/%200000-0002-5334-9850
https://orcid.org/%200000-0002-8400-9509
https://orcid.org/%200000-0002-6235-7086
https://orcid.org/%200000-0002-2563-4611
https://orcid.org/%200000-0002-0162-3651


Bionatura 2024, 10.21931/RB/2024.09.01.64                                         2 
 

 
Clinical Biotec, Universidad Católica del Oriente (UCO) and Universidad Nacional Autónoma de Honduras (UNAH) 
 

 
INTRODUCTION 
Coronavirus Disease-2019 (COVID-19) is part of the large family of SARS-CoV viruses that initially emerged 
between 2002 and 2003. In humans, this virus leads to respiratory infectious diseases 1,2. This virus causes 
mild symptoms such as a runny nose, sore throat, cough, and fever. About 80% of cases can be recovered 
without specialized treatment. Patients with comorbidities and the elderly are at a higher risk of developing 
severe, potentially fatal diseases 3. 
The Nucleic Acid Amplification Test (NAAT), specifically the realtime Reverse Transcription Polymerase 
Chain Reaction (rRT-PCR) examination, is recommended by the World Health Organization (WHO) for di-
agnosing COVID-19. The PCR technique amplifies the genetic material of the virus, SARS-CoV-2, making 
it a susceptible, specific, and rapid method 4,5. Before entering the PCR stage, specimen preparation is neces-
sary, involving the extraction of nucleic acids from clinical specimens obtained from nasopharyngeal and 
oropharyngeal swabs 6,7. 
The process of extracting DNA and RNA genetic material follows the principle of breaking cells and separat-
ing the genetic material within the cells—DNA and RNA—from other cellular components like fats, proteins, 
carbohydrates, and other substances. These additional components can affect the purity and integrity of the 
extracted genetic material. After extraction, storing the RNA base in the appropriate medium is essential to 
preserve its integrity and quality 8–11. 
The spin column extraction method employs a silica membrane to capture DNA released from the cell. DNA-
containing samples are introduced into a column containing silica gel or silica beads, along with chaotropic 
salts. These salts disrupt the hydrogen bonds between strands, facilitating DNA binding to silica by rendering 
the nucleic acid hydrophobic 12,13. The DNA binds to the silica, while the remaining solution undergoes etha-
nol wash to remove chaotropic salts and other extraneous elements. One limitation of this approach is its 
relatively extended timeframe, spanning approximately 2 to 24 hours from the initiation of cell lysis to the 
completion of DNA extraction 14,15. 
The Magnetic Beads method employs magnet-assisted separation in nucleic acid purification. It is based on 
the modified alkaline lysis principle, with subsequent binding of nucleic acids to magnetic particles 16–18. A 
magnetic instrument captures nucleic acids bound to magnetic particles, and impurity contaminants are re-
moved through a wash with the provided buffer. The nucleic acid is then eluted from the magnetic particles 
using a designated elution buffer. Despite its high effectiveness and efficiency, it may pose a challenge for 
small to medium-sized laboratories due to the associated costs of reagent kits and instruments 19–21. 
RT-PCR serves as a technique for the amplification (multiplication) of viral nucleic acids. This amplification 
process is initiated by binding specific primers and probes to the target segment of the gene 22–24. The poly-
merase enzyme facilitates the multiplication process. In rRT-PCR, the detection of amplification products can 
be directly observed, eliminating the need for post-amplification stages such as gel reading or electrophoresis 
7,25,26. 
In 2021, the number of COVID-19 cases continued to increase by 27. This surge in cases overwhelmed the 
UPTD Jambi City Regional Health Laboratory due to the substantial volume of samples, reaching up to 450 
per day. Currently, the Spin Column and Magnetic Beads Extraction methods are employed to examine SARS-
CoV-2 at the UPTD Jambi City Regional Health Laboratory. A laboratory assistant performs The Spin Col-
umn method manually, while the Magnetic Beads method is conducted using an Automated DNA and RNA 
Extraction System tool. However, it remains to be seen whether there is a difference in the extraction results 
between these two methods 16,28,29. 
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Cecilia Ambrosi et al. 30 research demonstrated that nasopharyngeal and oropharyngeal swab samples, when 
extracted using the Spin Column method with the Qiamp DSP Virus Spin kit, exhibited higher sensitivity and 
maintained RNA purity. Similarly, the research by Zhen Zhao et al. 31 indicated that extraction using the 
Magnetic Nano Particle method, whether done manually or with automatic machines, proved more time-effi-
cient. This method eliminated the need for toxic reagents and allowed for manual or automated (robotic) exe-
cution, ensuring high purity and productivity. 
The literature review findings indicate a scarcity of studies comparing the two methods. Notably, more re-
search must be applied to both methods to examine the SARS-CoV-2 rRT-PCR method. 
Based on the findings of several studies highlighting the advantages of each RNA extraction method, the 
author is interested in conducting a study to determine which RNA extraction method is more effective and 
efficient by comparing the Threshold Cycle results of the two extraction methods. 
 
 
MATERIALS AND METHODS 
Study design 
The type of research used in this study is analytical experimental by comparing the results of 2 types of Sars-
CoV-2 RNA extraction methods by looking at the Threshold Cycle results from reading the rRT-PCR tool. 
The research design employs a post-test-only control group design, a specific experimental design designed 
to assess and compare the effectiveness of two interventions 32.  
 
Samples 
This study was conducted from March to May 2023 at the Molecular Biology Laboratory of the UPTD Health 
Laboratory of Jambi City. Samples were collected from nasopharyngeal and oropharyngeal swabs of COVID-
19 patients from December 2022 to April 2023, with a Threshold Cycle value < 30,000. The samples were 
stored in a refrigerator at -80°C. The study included a sample size of 30 individuals meeting the criteria of 
having Acute Respiratory Infection (ARI) and, in the 14 days preceding symptom onset, having been in con-
tact with confirmed COVID-19 patients, selected through simple randomization. 
 
Data collection 
Data were obtained from the results of the Magnetic Beads Method and the Spin Column Method by analyzing 
the same 30 samples with 2 different extraction methods and continued with the reading of RNA Amplification 
on the rRT-PCR tool.  
 
Variables 
The dependent variable is the Threshold Cycle of RNA Extraction using the Spin Column Method, measured 
through the realtime PCR method with the rRT-PCR measuring instrument. The independent variable is the 
Threshold Cycle of RNA Extraction using the Magnetic Beads Column Method, measured through the 
realtime PCR method with the rRT-PCR measuring instrument. 
Realtime Reverse Transcription Polymerase Chain Reaction (rRT-PCR) propagates DNA templates or Com-
plementary DNA (cDNA) using the Taq Polymerase enzyme in vitro 6. 
 
Manual Extraction Procedure (Spin Column Method) 
First, dilute the Reagent Kit, prepare the Micro Tube, VNE Column, and Elution Tube and Label the microtube 
to avoid swapping samples. Vortex the sample until it is homogeneous. Pipette 560 ul VNE Buffer into the 
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Microtube, add 140 ul sample, then vortex until homogeneous, then Incubate for 10 minutes. Add 560 ul 
Absolute Ethanol, then vortex again; transfer into the spin column, then centrifuge for 10 seconds at 5000 X.g; 
prepare a vacuum Manifold, then attach the spin column to the vacuum manifold hole. Add wash buffer 1 as 
much as 500 ul, then suck until the liquid is wasted into the vacuum manifold, then add wash buffer 2 as much 
as 1000 ul, then suck until the liquid is wasted into the vacuum manifold, put it back into the Elution Tube. 
Centrifuge the spin column for 1 minute at 10,000 X.g to remove residual liquid. Discard the elution tube and 
replace it with the microtube. Add 50 ul of RNase - Freewater and incubate for 1 minute. Centrifuge again at 
10,000 X.g for 1 minute. Finally, discard the spin column and store the Microtube that contains RNA, then 
hand it over to the clerk in the Template room. 
 
Automated Extraction Procedure (Magnetic Beads Method)  
Turn on the Automated DNA & RNA Extraction System tool. Before use, use UV first for 15 minutes. Prepare 
the Plate/Cartridge Extraction Kit and the Automated DNA and RNA Extraction System sample map. Ho-
mogenize the Cartridge Extraction Kit and sample using a Vortex Mixer. Add 200µ sample to each well in 
the 1st and 7th column series according to the sample map, and work inside the BSC. Open the glass front 
cover of the device. Place the plate/Cartridge in the device. Put the mixing sleeve in place. Select the desired 
type of examination, here selected for Sars-CoV-2 (Covid-19) examination, then press OK. After the extrac-
tion, open the Automated DNA & RNA Extraction System, then discard the Mixing Sleeve into the infectious 
waste container. Take the plate/cartridge and place it on the BSC. Pipette the extraction results in as much as 
45µ in column 6 and column 12, and save the RNA into a microtube. Hand over the RNA to the clerk in the 
template room. Notes: The sample pipetting and extraction process is carried out in the biosafety cabinet  
 
Buffer Mix Preparation Procedure (Master Mix Room) 
Prepare the MasterMix Kit. Prepare plate, aluminum foil, tips, waste container, ice pack, and alcohol tissue. 
Put Pipette Universal Probes Reaction Mix as much as 10 ul into Microtube. Pipette Reverse Transcriptase as 
much as 0.2 ul into the microtube. Pipette RNase Inhibitor as much as 0.4 ul into the microtube. Pipette Primer-
Probes Mix of 1.5 ul into the microtube. Pipette 2.9 ul of nuclease-free water into the microtube. Vortex the 
microtube until the reagents are homogeneous at 1700 RPM. Pipette 15 ul into each healthy plate (depending 
on the number of samples examined). Submit to the Template Note clerk: The above volume is for 1 sample, 
and the above process is done in Laminar flow.  
 
Mixing Procedure of Buffer Mix and RNA (Template Chamber)  
Prepare the extracted RNA. Vortex the microtube containing RNA. Pipette 5 ul of RNA into the well contain-
ing MasterMix reagent. Pipette positive control into column (12 H). Close the plate using Optical Seal, then 
hand it over to the PCR Application room clerk. Note: The above process is carried out in the BSC. 
 
PCR Amplification Procedure  
Turn on RT-PCR Quant Studio 5 and connect to the PC. Open the DA1 Application and input data from the 
MasterMix Reagent Kit into the application. Input target channels FAM (Helicase), HEX (RdRP), and Cy5 
(RPP30) in the application for each well to be read. Insert the plate from the template room into the QuantStu-
dio 5 RT-PCR tool and then run from the PC with the input data. After running is complete, open the DA2 
application to read the results. 
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Statistical Data 
Analysis of this research data to determine the comparison of CT Value results on RNA Extraction using 
Magnetic beads and Spin Column on Sars-CoV-2 Examination RT-PCR Method. Statistical unpaired T-tests 
were calculated using the SPSS version 16.0 application program. The unpaired t-test compares means be-
tween two independent groups, utilizing interval or ratio data scales. 
 
RESULTS 
The disparity in results between the Magnetic Beads method and the Spin Column method is depicted in 
Figure 1. Notably, the average Threshold Cycle values differ for each target, with 5.841 for target N (VIC) 
and 4.102 for target RdRP (FAM). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Average RRT-PCR examination results 

 
 
 
Figure 1. Average RRT-PCR examination results 

 
 
Target Method Mean±SD Min Max p 
N (VIC) Magnetic Beads 23.36±5.66 14,863 36,862 0.003 

Spin Column 29.20±6.19 14,613 36,465  
RdRP  
(FAM) 

Magnetic Beads 25.59±5.59 16,473 37,215 0.000 

 Spin Column 29.66±6.20 16,757 38,234  
Table 1: Threshold Cycle Differences in RNA Extraction using Magnetic Beads and Spin Column in the Examination of 
Sars-CoV-2 rRT-PCR Method. 
 

Table 1 shows that the average N (VIC) 23.359 and RdRP (FAM) 25.558 in the Magnetic Beads method has 
a lower value than the average N (VIC) 29.200 and RdRP (FAM) 29.661 in the Spin Column method, which 
value indicates the Magnetic Beads method is more sensitive than the Spin Column method. The results of the 
paired t-test showed a p-value <0.05 in N (VIC) and RdRP (FAM), so it can be concluded that there is a 
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significant difference from the Threshold Cycle in RNA extraction using Magnetic Beads and Spin Column 
in the examination of Sars-CoV-2 rRT-PCR method. 
 
DISCUSSION 
This study involved 30 nasopharyngeal and oropharyngeal swab samples using Magnetic Beads and Spin 
Column in the examination of the rRT-PCR method for Sars-CoV-2 at the UPTD Regional Health Laboratory 
of Jambi City. The results of the Magnetic Beads and Spin Column extraction methods showed different 
Threshold Cycle values. The average Threshold Cycle for the Magnetic Beads method on the N (VIC) target 
was 23.359, and on the RdRP (FAM) target was 25.558, while the average Threshold Cycle for the Spin 
Column method on the N (VIC) target was 29.200, and on the RdRP (FAM) target was 29.660. According to 
the interpretation of the results using the Tianlong bufferMix Reagent kit used in this study, higher Threshold 
Cycle values indicate lower patient infection rates. Samples with Threshold Cycle values above 40,000 were 
declared as Negative. 
Instruments such as micropipettes and rRT-PCR tools must be calibrated yearly to ensure testing quality 33. 
Based on the results of this study, the Magnetic Beads method is more efficient and effective, as it maintains 
RNA purity and minimizes contamination. This aligns with the findings of Zhen Z 31, which pointed out one 
of the drawbacks of column-based extraction: the difficulty in automation. In contrast, the Magnetic Nano 
Particle (MNP) method allows comprehensive nucleic acid purification, which is crucial for SARS-CoV-2 
diagnosis. Overall, the improved Magnetic Beads-based extraction method exhibits high extraction efficiency 
and PCR amplification compatibility across various patterns, simplifying sample processing quickly and mak-
ing it highly suitable for SARS-CoV-2 rRT-PCR testing. 
Instruments such as micropipettes and rRT-PCR tools should undergo annual calibration to ensure the 
accuracy of testing33. The study's results conclude that the Magnetic Beads method is more efficient and ef-
fective, maintaining RNA purity while minimizing contamination. This finding aligns with the observations 
of Zhen Z 31, who highlighted a limitation of column-based extraction—precisely, the automation challenge. 
In contrast, the Magnetic Nano Particle (MNP) method enables comprehensive nucleic acid purification, cru-
cial for SARS-CoV-2 diagnosis. Overall, the enhanced Magnetic Beads-based extraction method demonstrates 
high efficiency in extraction and compatibility with PCR amplification across various patterns. This simplifi-
cation of sample processing makes it highly suitable for SARS-CoV-2 rRT-PCR testing. 
According to research by Ni'mah D 34, the filter-based kit (FBK) was developed from the silica-gel approach, 
evolving into the silica membrane spin column method. However, a drawback of the silica membrane is its 
inability to effectively purify DNA in the presence of phenolic compounds and humic substances, which can 
bind to the membrane intended for DNA binding. Moreover, the potential for RNA contamination arises due 
to suboptimal RNAse handling. The Spin Column method entails numerous steps, such as replacing 4-6 mi-
crocentrifuge tubes, multiple stages of incubation, precipitation, elution, washing, and drying. This often re-
quires specialized equipment and results in suboptimal purity. Additionally, the Spin Column method can be 
wasteful, necessitating changing microtubes and transferring supernatant to glass containers multiple times 
during extraction. In contrast, the Magnetic Beads method eliminates the need to change microtubes, contrib-
uting to its overall efficiency 17. 
Sodium polyanethole sulfonate (SPS) is an anti-coagulant and an inhibitor in the PCR process. DNA, a poly-
anion molecule, can readily bind to the silica column. During the DNA extraction process, SPS binds to silica 
owing to the presence of chaotropic molecules, leading to the entrapment of both DNA and SPS in the silica 
column. Unfortunately, the centrifugation process proves ineffective in removing SPS from the column since 
the molecule is too large to pass through the membrane. 
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SPS, co-trapped with DNA on the column, hinders DNA escape during the elution step. SPS's large molecules 
effectively clog the silica membrane, impeding DNA release in the final extraction stage. Consequently, the 
DNA extraction results obtained through the spin column method lack DNA. Subsequent steps involving PCR 
and electrophoresis proved unsuccessful since the extraction results did not contain the necessary DNA. 
 
CONCLUSIONS 
The results of RNA extraction using the Magnetic Beads and Spin Column methods exhibit a notable disparity. 
Through statistical and average calculations, we have determined that the Magnetic Beads method is 19.5% 
more sensitive than the Spin Column method when extracting SARS-CoV-2 virus RNA. 
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