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ABSTRACT

Introduction: The emergence of a novel Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted
in a pandemic. Rapid and accurate diagnosis method is crucial to reduce the disease burden and to improve early
diagnosis approaches to control of the disease. Real time Reverse transcriptase PCR (qRT-PCR) has been identified by
the World Health Organization as the most sensitive and specific method of detection. However, the success of this
assay relies on the quantity and quality of the extracted viral RNA. Methods: Various methods have been developed
for nucleic acid extraction however, the methods have not been assessed. RNA extraction was performed from 24
nasopharyngeal swab samples using a manual extraction kit (GF-1) and an automated extraction kit (Genolution).
The concentration and purity of the extracted RNA samples were measured, and its performance were tested using
gRT-PCR. Results: The average concentration and purity of the RNA samples extracted using GF-1 kit was higher
compared to Genolution. Similarly, the qRT-PCR assay using the RNA samples extracted using manual extraction
was better compared to automated kit. Conclusion: Both the manual and automated extraction kits have its advan-
tages and disadvantages in terms of yield and purity. However, with proper optimization, both methods may be used

for routine molecular diagnostic of COVID-19 in laboratories.
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INTRODUCTION

The coronavirus disease 2019 or known as COVID-19 is
caused by a novel virus called severe acute respiratory
syndrome coronavirus 2 (SARS- CoV-2). The virus first
emerged in December 2019 in Wuhan, China and has
now spread worldwide posing a serious issue to public
health (1). Till date, more than 100 million confirmed
cases of COVID-19 were reported, with 2.2 million
deaths reported to the World Health Organization
(WHO) (2). As the coronavirus pandemic spreads
across the world rapidly, there are great effort to identify,
delay and stop its spread. As the potential therapies and
vaccine candidate are still underway, diagnostic testing
becomes an essential tool. Timely and accurate virus
testing is a vital prerequisite for the early identification,
reporting, isolation and treatment. Real-time technology
has considerably expanded and is suitable to detect
transcript levels of any genes. It is therefore a technique
which assures high sensitivity, specificity and reliability.
The WHO recommends the use of real time reverse

transcription—polymerase chain reaction (qRT-PCR), as
one of the most accurate and sensitive laboratory method
for detecting SARS- CoV-2 (3-4). Though the qRT-PCR is
a gold standard in diagnosis, there are still limitations.
Techniques for nucleic acid extraction could affect the
sensitivity of qRT-PCR method. As the quality and the
amount of nucleic acid influences any downstream
assay, the isolation technique used plays a vital role (5).
The extracted RNA needs to be inhibitors free and highly
purified to be used in a sensitive and specific method
such as qRT-PCR (6). Accurate quantification of the
extracted RNA samples is certainly an important step as
it is necessary to determine the quality and quantity of
the RNA sample being used in the qRT-PCR assay.

The traditional RNA extraction methods from clinical
nasopharyngeal swab samples using phenol/chloroform
or Guanidine Isothiocyanate are time consuming and are
prone to cross contamination among samples. On the
other hand, the conventional methods are labor-intensive
as it requires multiple extraction steps such as washing
and centrifugation. These are not suitable in clinical
diagnostic settings where rapid and accurate diagnosis
are intensely needed. In addition, false negative results
could be obtained due to PCR inhibition or insufficient
template, these protocols are therefore not suitable for
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high-throughput routines (7). The conventional methods
were later replaced by commercially available manual
column-based purification kits. The manual column
purification technique starts with the use of denaturing
agents for cell lysis and denaturation of proteins to release
the viral RNA. This is followed by capture of the RNA
onto a glass filter membrane spin column using specific
buffers provided in the kit (8). Though these commercial
kits are modified to overcome the conventional method
of extraction, it still holds many drawbacks such as the
requirement of large elution volume, the need of bench
top centrifuges which can only spin 24 samples at one
time and manual pipetting which leads to inconsistent
yield.

Recently, several automated extraction platforms were
introduced to improve the extraction time and efficiency.
Studies comparing the performance of manual and
automated extraction systems in pathogen detection
have been reported (9-11). RNA isolation by automated
are reported to perform better than manual extraction
methods which provides high-throughput solutions.

Advancement in biotechnological field has established
a novel method of extraction using the magnetic bead
or referred as magnetic nanoparticles separation system.
The magnetic beads were introduced to solve the
scalability concerns with respect to RNA isolation (12).
The most beneficial characteristic of the magnetic beads
is the ability to strongly immobilise (bind) nucleic acids
throughout multiple manipulation steps. The extraction
process is also independent of bench top centrifuges and
therefore has higher through put. In addition, increasing
number of samples in clinical diagnosis increases the
need for rapid and efficient method of extraction such as
automated platforms (13). Nextractor is a fully automated
extraction system from Genolution (South Korea) for
rapid extraction of DNA or RNA from a various clinical
sample. It provides a high throughput processing with
minimum time. However, the comparative performance
of Nextractor in viral RNA isolation for qRT-PCR assay
to detect infectious diseases has not been previously
reported.

The goal of this study was to evaluate the performance
of COVID 19 RT- PCR assay using RNA extracted using
two different methods, manual column-based extraction
kit, GF-1 (Vivantis) and with automated magnetic beads
extractions, Nextractor (Genolution). The analyses
included, comparison of extraction time, RNA quantity,
RNA quality, reagent costs and qRT-PCR performance
with clinical specimens.

MATERIALS AND METHODS

Samples

Nasopharyngeal swab samples were obtained from
adult patients presented with COVID 19-like symptoms
or the person under investigation (PUI). The study was

carried out from 24 swab samples in viral transport
media (VTM) sent to the Hospital Pengajar Universiti
Putra Malaysia by the Ministry of Health, Malaysia from
March to May 2020. This study was granted exemption
from Ethics Committee of Universiti Putra Malaysia
(JKEUPM) review (JKEUPM-2020-428).

Manual column-based extraction

The column based, GF-1 Viral Nucleic Acid Extraction
kit (Vivantis, Malaysia) was used to extract the viral RNA
from nasopharyngeal swab samples. The samples were
extracted based on the manufacturer’s recommendations
with some modification. The VTM samples were
vortexed for 10 seconds to mix and 190 pL of the sample
was transferred to a microcentrifuge tubes containing 50
pL proteinase K, 10 pL of internal control (IC) was added
individually into each sample tube and vortexed. This is
followed by adding 215 pL of lysis buffer (VL) containing
Carrier RNA and the tubes were mixed by vortexing. The
samples were then incubated at 72 C for 10 minutes in
the heating block. After incubation, 280 pL of molecular
grade absolute ethanol was added to each sample and
the samples were thoroughly vortexed. The samples
were transferred to filter column and were centrifuged
at 10,000 Y g for 1 minute. Then, the columns were
washed by spinning at 10,000 Y g for 1T minute with 500
pL of wash buffer 1 solution. The columns were washed
twice using wash buffer 2 for 1 minute at 10,000 Y g
and for 3 minutes at 14,000 4 g. The flow through were
discarded and the column were spun at 14,000 Y g
for 10 minutes. Lastly, the columns were air dried for
5 minutes and the RNA samples were eluted using 50
pL elution buffer. Eluted RNA samples were analysed
with a Nanodrop spectrophotometer (Thermo Fischer
Scientific, U.S) for sample concentration and purity.

Automated magnetic beads extraction

The VTM samples were vortexed for 10 seconds to mix
and 190 pL of the sample was transferred to the sample
wells in the cartridge (1st, 5th, and 9th columns). This is
followed by adding 10 pL of IC individually into each
well containing sample. The cartridge was then loaded
into Nextractor® NX-48S and start extraction. The
elution (40 pL) were collected from the elution wells
(4th, 8th and 12th columns). Eluted RNA samples were
analysed with a Nanodrop spectrophotometer (Thermo
Fischer Scientific, U.S) for sample concentration and

purity.

Specific detection of target COVID 19 virus RNA

The gRT-PCR amplification process of the RNA samples
obtained through both manual and automated extraction
methods was conducted in the CFX 96 thermal cycler
(Bio-Rad, USA) using commercialized kit, AllplexTM
2019-nCoV (Seegene, Korea) containing primers for E
gene of Sarbecovirus in FAM channel, N gene of SARS-
CoV 2 in Cal Red 61, RdRP gene in Quasar 670 and IC
in HEX respectively. The PCR reaction mixture (25 pL)
comprised of 5x Real-time One-step Buffer (5 pL), 2019-
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nCoV MOM (5 pL), Real-time One-step Enzyme (2 pL),
RNase-free Water (5 pL) and RNA template (8 pL). The
reactions start with reverse transcription at 50 °C for 20
minutes and the amplification cycles were performed as
follows: 95°C for 15 minutes, 45 cycles of 94°C for 15
s, 58°C for 30 s.

Data analysis

Statistical analysis was performed using the SPSS
software (version 20.0, SPSS Inc., Chicago, IL, USA). The
differences between the different isolation techniques
were obtained using paired t-test and a p<0.05 was
considered to be statistically significant.

RESULTS

The different RNA extraction method shows an impact
on the RNA yield. From the equal volume of the samples
(n=24) used for extraction, the quantity of RNA isolated
using the manual extraction kit GF-1 was significantly
higher compared to Genolution the automated extraction
kit (Figure 1). The concentration of RNA extracted using
GF-1 was 44.8-114.5-ng/uL (average: 92.26 +17.16)
compared to the yield from Genolution, 2.7- 30.0-ng/uL
(average: 16.38 +6.75).

RNA Amount

RNA Concentration (ng/ul)
N

1

m Genolution mGF-1

Figure 1: Mean total amount of RNA extracted using manual
(GF-1 kit) and automated (Genolution kit) extraction meth-
ods. Total RNA was measured by Nanodrop spectrophotome-
ter. The RNA concentration was higher with manual extraction
(average: 92.26 +17.16) compared to the yield from automat-
ed extraction, (average: 16.38 +6.75).

Comparison of RNA quality metrics

Purity of the extracted RNA samples was measured using
nano spectrophotometer prior to qRT-PCR. A successful
qRT-PCR amplification requires template RNA without
contaminants such as proteins. The RNA purity is often
tabulate using the A260/280 and A260/230 absorbance
ratios. The average A260/280 ratio of RNA samples
extracted using GF-1 was comparable (2.99 +0.08)
to Genolution kit (2.94 *=1.5) (Table I). However, the
average A260/230 absorbance ratios were significantly
different in value for Genolution (1.095 +1.0) compared
to GF-1 (3.15 +0.16). The amount of time needed for
sample processing by automated extraction platform is
much shorter compared to manual extraction.

Table I: Comparison of RNA extraction methods

Extraction method

Automated Manual (GF-1)

(Genolution)

Time 17 minutes 45 minutes
Samples per run 48 samples 24 samples
A260/A280 (mean + SD) 2.94 (x1.5) 2.99 (x0.08)
A260/A230 (mean + SD) 1.095 (+1.0) 3.15 (x0.16)

qRT-PCR amplification of SARS CoV-2 genes and
Internal Control

Another relevant indicator of RNA quality is the
performance of the extracted RNA samples in the
downstream applications such as gRT-PCR. Of the 24
samples tested, IC from all the samples extracted using
automated kit (Genolution) were amplified, in contrast,
4 samples were not amplified from the RNA samples
extracted manually (Figure 2). However, the number
of genes detected was higher in manual extraction
compared to automated extraction system (Table II).
To ensure the viral RNA is efficiently extracted, we
compared the internal control (IC) recovery based on
the different method of extraction. The differences
between IC value obtained using automated and
manual extraction were obtained using paired t-test and
the p value was 0 (p<0.05) therefore the differences is
considered to be statistically significant.

45

40

e ®

= 35 « * * %, o . et ®
©
2

30
S L ® . L)
® 5 e® %o ®e e g0 - eegeg o0
5]
2
S  Manual
o
E ® Automated
w 15
>
=
Y ag

5

0 -ee . .

0 5 10 15 20 25
Samples

Figure 2: RT PCR performance comparing the ct values of the
internal control from samples (n=24) extracted using manual
and automated RNA extraction kits.

DISCUSSION

Since early of this year, there has been great challenge
diagnose of COVID-19 patients. To prevent and control
this pandemic, an early rapid diagnosis is necessary.
As such, gRT-PCR is of great attention today in the
detection of SARS-CoV-2 (14). As the number of samples
to be tested increases tremendously, the need of high
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Table I1: SARS CoV-2 genes detection in clinical specimens extracted using automated and manual extraction methods

Allplex™ 2019-nCoV RT-PCR assay results

Samples Genolution-Automated (Ct value) GF-1 Viral Nucleic Acid
Extraction Kit-Manual (Ct value)
E gene RdRP gene N gene E gene RdRP gene N gene
1 - _ R - _ R
2 - _ R - _ R
3 - _ R - _ R
4 - _ R - _ R
5 - - R - - R
6 - _ R - _ R
7 - - R - - R
8 _ _ R _ _ R
9 - _ R - _ R
10 - - - - - -
11 - - 36.33 31.26 33.25 33.02
12 - - - 35.05 - 37.92
13 30.76 - 33.04 29.86 32.52 31.97
14 . . 35.66 34.20 39.33 35.76
15 - - - - 39.85 .
16 . . . . . .
17 - - - 37.55 - 36.90
18 - - 38.68 . 39.50 36.72
19 - - - - - -
20 - - - - - -
21 . . 37.39 35.67 37.42 38.69
22 - . 39.03 34.24 36.79 36.41
23 . . 37.41 38.56 . .
24 - - - - - -
“77 Not amplified

throughput RNA extraction method has increased. Yet,
the quality and quantity of the nucleic acid extracted
should not be compromised in downstream assays such
as qRT-PCR. The goal of this study was to compare the
performance of COVID 19 qRT-PCR assay with the RNA
samples extracted using two different methods, manual
(GF-1) and automated (Genolution). The yield and
purity of the extracted RNA samples were compared.
The Genolution automated platform was chosen for
this comparison study with column based manual
extraction method because it uses the latest extraction
technology with magnetic nanoparticles. Isolation using
magnetic beads provides a particularly distinctive ability
that allows the binding nucleic acid. The absence of
magnetic components in biological samples, makes the
separation highly selective (9). The results suggest that
the two kits with different extraction method produce
RNA samples with comparable purity, amplification
and vyield. Though the Genolution kit is capable of
processing more samples in much shorter time, the yield
is relatively lower than manual extraction. This could
be due to the multiple optimization steps of manual
RNA isolation methods. It is also noted that the RNA
yield using manual extraction shows higher variation

compared to automated, which proves that automated
extraction is more standardized and consistent (15).

The RNA samples extracted using both the Genolution
and GF-1 kits produced A260/A280 absorbance ratios
indicative of relatively higher than the expected ratio
of 2.0 for RNA samples. The variation could be due to
the carryover of magnetic beads or contaminant during
elution step. However, higher A260/A280 purity ratios
do not necessarily indicate problems in extraction and
most of the time would not affect the downstream assays.
Similarly, another indicator for purity is the A260/A230
ratio, the values for a pure RNA samples would be in the
range of 2.0-2.2 (16-17).

In this comparison study, the average A260/A230 ratio
obtained from the automated extraction is significantly
lower (1.095) but the average value for the manual
extraction was higher (3.15). It was therefore observed
that the manually extracted RNA samples has the
higher purity. Although purity values are an important
measurement of sample quality, the greatest indicator is
its functionality in the downstream assays. Therefore, to
monitor the viral RNA extraction process, the IC is often
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used as a control for the sample isolation procedure
and is added into the sample during the nucleic acid
extraction step. Failure to amplify IC most of the time
implies failure in extraction process. A sample is
considered negative if the internal control is amplified
but the viral genes are not. A specimen is considered
invalid when there is no amplification of the internal
control, this is to avoid reporting false negative results.
In fact, in this study, all the extracted RNA samples
were successfully amplified in automated extraction
compared to only 20/24 samples were amplified in
manual extraction despite the high concentration and
purity of viral RNA using the manual extraction method.
This could be due to the presence of inhibiting factors
such as alcohol in the eluent (18).

Automated nucleic acid extraction has many advantages
such as less hands-on time and reduces cross-
contamination and technical error (19). With some
optimization, they have the potential to improve all the
problems posed by manual extraction.

CONCLUSION

To obtain a good quality RNA from the target sample,
different RNA extraction methods or kits have to be
carefully examined prior to their use. The establishment
of automated extraction is an alternative method to
the labor-intensive manual extraction method. The
technology allows high throughput of samples with
reproducibility and scalability. However, differences in
the quality and quantity of RNA extracted via each of the
extraction kits indicate that these kits may differ in their
ability to yield RNA. Overall, the findings of this study
demonstrate that there are practical differences between
commercially available RNA extraction kits. This should
be taken into account when selecting extraction methods
to be used for isolating RNA designated for subsequent
downstream processes, analyses or applications.

ACKNOWLEDGEMENTS

We would like to thank the Director of Hospital
Pengajar Universiti Putra Malaysia and the members of
the Department of Microbiology for their contribution to
complete this work

REFERENCES

1. Gorbalenya AE, Baker SC, Baric RS, de Groot R},
Drosten C, Gulyaeva AA, et al. The species Severe
acute respiratory syndrome-related coronavirus:
classifying 2019-nCoV and naming it SARS-CoV-2.
Nat Microbiol. 2020;5(4):536-44.

2. World Health Organization. (2020). Novel
Coronavirus (2019-nCoV): situation report, 10.
World Health Organization. https://apps.who.int/
iris/handle/10665/330775

3.  Tahamtan A, Ardebili A. Real-time RT-PCR in

10.

11.

12.

13.

14.

COVID-19 detection: issues affecting the results.
Expert Rev Mol Diagn. 2020;20(5):453-4.

World Health Organization. (2020). Laboratory
testing for coronavirus disease 2019 (COVID-19)
in suspected human cases: interim guidance, 2
March 2020. World Health Organization. https://
apps.who.int/iris’handle/10665/331329.

Carter LJ, Garner LV, Smoot JW, Li Y, Zhou Q,
Saveson CJ, Sasso JM, Gregg AC, Soares D], Beskid
TR, Jervey SR, Liu C. Assay Techniques and Test
Development for COVID-19 Diagnosis. ACS Cent
Sci. 2020; 27;6(5):591-605.

Ali N, Rampazzo RDCP, Costa ADIT, Krieger MA.
Current Nucleic Acid Extraction Methods and Their
Implications to Point-of-Care Diagnostics. Biomed
Res Int. 2017;2017:9306564.

de Paula VS, Villar LM, Coimbra Gaspar AM.
Comparison of four extraction methods to detect
hepatitis A virus RNA in serum and stool samples.
Braz ] Infect Dis. 2003;7(2):135-41.

Yang G, Erdman DE, Kodani M, Kools J, Bowen
MD, Fields BS. Comparison of commercial
systems for extraction of nucleic acids from DNA/
RNA respiratory pathogens. ] Virol Methods.
2011;171(1):195-199.

Borlido L, Azevedo AM, Roque ACA, Aires-Barros
MR. Magnetic separations in biotechnology.
Biotechnol Adv. 2013;31(8):1374-85.
McGaughey KD, Yilmaz-Swenson T, Elsayed
NM, Cruz DA, Rodriguez RM, Kritzer MD,
et al. Correction: Comparative evaluation of
a new magnetic bead-based DNA extraction
method from fecal samples for downstream next-
generation 16S rRNA gene sequencing. PLoS ONE.
2018;13:8 (e0202858). DOI: 10.1371/journal.
pone.0202858). PLoS One. 2019;14(2):1-16.
Kasteren PB Van, Veer B Van Der, Brink S Van
Den, Wijsman L, Jonge ) De, Brandt A Van Den,
et al. Comparison of seven commercial RT-PCR
diagnostic kits for COVID-19. J Clin Virol [Internet].
2020;128:104412.

Oberacker P, Stepper P, Bond DM, et al. Bio-
On-Magnetic-Beads (BOMB): Open platform
for high-throughput nucleic acid extraction and
manipulation. PLoS Biol. 2019;17(1):e3000107.
doi:10.1371/journal.pbio.3000107

Mengelle C, Mansuy JM, Da Silva I, Davrinche C,
Izopet ). Comparison of 2 highly automated nucleic
acid extraction systems for quantitation of human
cytomegalovirus in whole blood. Diagn Microbiol
Infect Dis. 2011;69(2):161-166. doi:10.1016/].
diagmicrobio.2010.08.011

Waller )V, Kaur P, Tucker A, Lin KK, Diaz
MJ, Henry TS, Hope M. Diagnostic Tools for
Coronavirus Disease (COVID-19): Comparing
CT and RT-PCR Viral Nucleic Acid Testing. AJR
Am ] Roentgenol. 2020 Oct;215(4):834-838. doi:
10.2214/AJR.20.23418. Epub 2020 May 15. PMID:
32412790.

Mal ] Med Health Sci 18(1): 14-19, Jan 2022 18



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

15.

16.

19

Kalmar A, Péterfia B, Wichmann B, Patai AV,
Bartak BK, Nagy ZB, Furi I, Tulassay Z, Molnér
B. Comparison of Automated and Manual
DNA Isolation Methods for DNA Methylation
Analysis of Biopsy, Fresh Frozen, and Formalin-
Fixed, Paraffin-Embedded Colorectal Cancer
Samples. ] Lab Autom. 2015;20(6):642-51. doi:
10.1177/2211068214565903. Epub 2015 Jan 9.
PMID: 25576093.

Zora, Piskata., Eliska, Pospisilova., Gabriela,
Borilova. (2017) Comparative study of DNA
extraction methods from fresh and processed
yellowfin tuna muscle tissue, International Journal
of Food Properties. 2017;20. https://doi.org/10.108
0/10942912.2017.1297953.

17.

18.

19.

Wilfinger, WW., Mackey, K., Chomczynski, P. Effect
of pH and ionic strength on the spectrophotometric
assessment of nucleic acid purity. Biotechniques.
1997;22(3):474-481. doi:10.2144/97223st01.

Jue, E., Witters, D. & Ismagilov, R.F. Two-phase
wash to solve the ubiquitous contaminant-
carryover problem in commercial nucleic-acid
extraction kits. Sci Rep 10. 2020;1940. https://doi.
org/10.1038/s41598-020-58586-3.
Sathiamoorthy, S., Malott, R.J., Gisonni-Lex, L. et
al. Selection and evaluation of an efficient method
for the recovery of viral nucleic acids from complex
biologicals. npj Vaccines. 2018;3:31. https://doi.
org/10.1038/s41541-018-0067-3

Mal J Med Health Sci 18(1): 14-19, Jan 2022



