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Abstract

Aim: This study aimed to compare the performance of four RNA recovery approaches—two silica column-
based kits, an extraction-free VNAT method, and an automated magnetic bead-based extraction system—
for the recovery of SARS-CoV-2 RNA from nasopharyngeal, oropharyngeal, and intubated samples.
Materials and Methods: Samples collected from 29 patients under biosafety conditions were processed
within 12 hours. RNA yield and purity were quantified using A260/280 and A260/230 ratios measured by
NanoDrop spectrophotometry. IBM SPSS 21.0 were used for statistical analyses. Normality was assessed
with the Shapiro—Wilk test, Wilcoxon signed-rank and Friedman tests were applied. p<0.05 were considered
as statistically significant. Results: Silica Column—Based Extraction Kit 1 showed low RNA isolation and
low purity indices. Silica Column—Based Extraction Kit 2 produced the highest RNA yields but reflected
by high A260/280 and low A260/230 ratios. The automated magnetic bead-based extraction method
provided the most consistent purity profile with moderate RNA yield; notably, A260/280 ratios were closest
to ideal values, although A260/230 ratios remained below optimal levels. Conclusion: RNA yield and
purity differed significantly among the four workflows. The automated magnetic bead-based isolation
method was the most suitable for obtaining high-quality RNA for research applications, whereas the

extraction-free VNAT method was appropriate only for rapid RT-qPCR—based diagnostic use.
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1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), which emerged in Wuhan, China, in late
2019 and caused a global pandemic called Coronavirus
Disease 2019 (COVID-19), is a single-stranded RNA
virus belonging to the coronaviridae family [1]. SARS-
CoV-2, which has a genome encoding spike (S),
envelope (E), membrane (M), nucleocapsid (N), and non-
structural proteins, binds to angiotensin-converting
enzyme 2 (ACE2) in the host cell via the S protein, and
its entry into the host cell is mediated by TMPRSS2, a
protease [5]. The expression of ACE2 in respiratory
epithelial cells, particularly in the lower respiratory tract,
contributes to the tropism of SARS-CoV-2 for lung tissue
[6]. Following SARS-CoV-2 infection, the clinical
course may remain asymptomatic or present with
symptoms such as fever, cough, fatigue, anosmia, and
dyspnea within the first few days. In more severe cases,
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the disease may progress to acute respiratory distress
syndrome (ARDS) and multiorgan failure [7]. It has been
reported that the severity and damage of SARS-CoV-2
infection may increase with advanced age,
immunodeficiency, cardiovascular disease, and diabetes
[8, 9]. As part of the fight against the epidemic, mRNA
and inactivated vaccines have been developed and have
significantly reduced the rates of serious illness and death
[10].

Although serological and antigen tests are used in the
diagnosis of SARS-CoV-2, the gold standard method for
direct and early detection of infection is real-time reverse
transcription polymerase chain reaction (RT-qPCR) [11].
During the SARS-CoV-2 pandemic,
nasopharyngeal/oropharyngeal swab samples were
transported in viral transport media (VITM) and initially
analyzed by RT-qPCR after classical RNA isolation.
Later, to expedite the process, direct RT-qPCR protocols
without an extraction step were developed [12, 13]. In
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our study, we aimed to compare four sample-processing
workflows for SARS-CoV-2 from swab specimens in
terms of spectrophotometric RNA yield and purity
parameters.

2. Materials and Methods
2.1. Sample Collection

Nasopharyngeal (n=12) and oropharyngeal (n=12) swab
and intubated (n=5) samples were obtained from 29
patients admitted to Sancaktepe Sehit Professor Ilhan
Varank Training and Research Hospital (Istanbul,
Tiirkiye). The study protocol was reviewed and approved
by the Republic of Tiirkiye, Ministry of Health, General
Directorate of Health Services, COVID-19 Scientific
Research Evaluation Commission (Approval form
number: 2020-10-30T12_52 33). Ethical approval was
obtained from the Clinical Research Ethics Committee of
Istanbul Medeniyet University (IMU), Goztepe Prof. Dr.
Siileyman Yal¢in City Hospital (Date: 18.11.2020;
Approval No: 2020/06/56). Informed consent to
participate was obtained from all individual participants
included in the study. All procedures involving human
participants were conducted in accordance with the
ethical standards of the institutional and national research
committees and with the principles outlined in the
Declaration of Helsinki (as revised in 2013).

2.2. Sample Processing and RNA Preparation

Collected samples were placed in iNADx Viral Transport
Kit (SACEM ® Catalog Number: M2001-30), and
VvNAT™ Transfer Tube (Bio-Speedy ® Catalog Number:
BS-NA-513), transported under cold-chain conditions,
and stored at +4 °C until processing. All procedures were
conducted under biosafety conditions in a laminar flow
cabinet with appropriate personal protective equipment
(apron, N95 respirator, gloves, and face shield). Because
the VNAT solution enabled RNA extraction, it was
treated as an independent extraction method and
designated as the extraction free group. RNA extraction
was performed within 12 hours of sampling from VTM.
The RNeasy Mini Kit (Qiagen ® Catalog Number:
74104) as silica column—based extraction kit 1, and
Nucleic Acid Purification Kit (SACEM ®) as silica
column—based extraction kit 2 were used according to the
manufacturer's instructions. Maxwell® RSC system
(Promega ® Application Protocol: ER60) ise 300 pL of
sample-containing medium was mixed with 300 pL lysis
buffer, vortexed, and incubated at 56°C for 20 minutes.
The lysed material was loaded into cartridges, 60 pL of
elution buffer was dispensed into 0.5 mL elution tubes,
and the AS1400 protocol was initiated. The extracted
RNA was treated with RQI RNase-Free DNase
(Promega) and RNA were assessed
spectrophotometrically using a NanoDrop™ system.
Extracted RNA was stored at —80°C and this group called
as the automated magnetic bead-based extraction.
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2.3. Statistical analyses

Statistical analyses were conducted using IBM SPSS
Statistics v21.0. The distribution of continuous variables
was evaluated with the Shapiro—Wilk test. For variables
that did not meet normality assumptions, nonparametric
methods were applied. Comparisons of total RNA yield
and A260/280 and A260/230 ratios obtained from
different RNA recovery methods within the same sample
groups were performed using the Wilcoxon signed-rank
test. The Friedman test was used to compare three or
more groups. A p-value <0.05 was considered as
statistically significant.

3. Results and Discussion

According to the Shapiro Wilk test, RNA yields obtained
using different extraction kits did not follow a normal
distribution (p < 0.001). Therefore, the Wilcoxon signed
rank test was applied, and total RNA quantities were
found to differ significantly across all groups (p < 0.01).
Statistically significant differences were observed in the
260/230 values in all groups except the extraction free
group and silica column-based extraction kit 1 (p <0.01).
Statistically significant differences were determined in
the 260/280 values in all methods except the automated
magnetic bead-based extraction and silica column-based
extraction kit 1 (p <0.01).

When RNA yields obtained from nasopharyngeal swab
samples were compared, the total RNA amounts differed
significantly across all extraction groups (p < 0.01). The
260/230 ratios showed significant differences among all
pairwise comparisons except silica column—based
extraction kit 2 vs. silica column—based extraction kit 1,
automated magnetic bead-based extraction vs. silica
column-based extraction kit 1, and silica column—based
extraction kit 2 vs. automated magnetic bead-based
extraction (p < 0.05). The 260/280 ratios were
significantly different among all groups, with the
exception of the comparison between automated
magnetic bead-based extraction and silica column—based
extraction kit 1 (p <0.01).

Comparison of RNA yields from oropharyngeal swab
samples revealed significant differences among the four
workflows (p < 0.01). The 260/230 ratios were
significantly different across groups, with the exception
of the silica column—based extraction kit 1 vs. extraction
free group comparison (p < 0.05). The 260/280 ratios
differed significantly among all groups (p < 0.01).

Comparison of RNA yields from intubated samples
showed significant differences among the workflows,
except for the comparisons between automated magnetic
bead-based extraction and silica column—based
extraction kit 2, and between automated magnetic bead-
based extraction and the extraction-free group (p < 0.01).
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The 260/230 ratios differed significantly across groups,
with the exception of extraction free group vs. silica
column—based extraction kit 1, automated magnetic
bead-based extraction vs. silica column—based extraction
kit 2, and automated magnetic bead-based extraction vs.
extraction free group (p < 0.05). The 260/280 ratios were
significantly different among all groups except for the
comparison between automated magnetic bead-based
extraction and silica column-based extraction kit 1 (p <
0.01).

When the Friedman test was applied to nasopharyngeal,
oropharyngeal, and intubated samples, all RNA yield
values were found to be statistically significant across
groups (p < 0.01). Examination of the 260/280 ratios
revealed a significant difference in all groups (p < 0.01).

Analysis of the 260/230 ratios showed that all extraction
groups, differed significantly from one another (p <
0.05).

The relatively high standard deviations observed in some
groups likely reflect heterogeneity among clinical
specimens, including differences in sample type, cellular
content, viral burden, and matrix-related effects;
therefore, these findings should be interpreted with
appropriate caution. This issue was particularly relevant
for the intubated subgroup, where the limited sample size
may also have amplified variability. Figure 1 shows the
case-based measurement values according to RNA
recovery workflows.
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Figure 1. Comparison of case-based measurement values according to RNA recovery workflows. The case-by-
case distribution of measurement values obtained using four different nucleic acid extraction approaches in
oropharyngeal, nasopharyngeal, and intubated patient samples is shown. Case number is on the x-axis, and

measurement value is on the y-axis.

Table 1. Comparison of RNA Yield and Purity Ratios (A260/230 and A260/280) Across Manual, Automated, and

Extraction-Free Workflows

Isolation N Quantity (ng)

260/230 260/280

kit/method Min | Max | Median, IQR

Min Max | Median, IQR | Min | Max

Total

Silica 29 1 0.3 13.3
column—
based

extraction

kit 1

1.8, 3.85%*

0.01 0.11 | 0.03,0.04** | 1.56 | 7.39 | 1.8, 0.39**

Silica 29 | 89.1 623
column—
based

extraction

kit 2

228.7, 82.2%*

0.39 3.14 | 1.83,1.29%* | 2.04 | 3.63 | 3.43, 0.25**

Extraction 29 | 8.3 139.7

free

16, 10.8**

-2.58 6.01 | -0.24,1.3** | 0.66 | 1.14 | 0.82,0.16%*
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Automated 29 | 6.1 354.3 | 9.3,4.80** 0.65 2.11 | 1.11,0.17%* | 1.6 2.04 | 1.82,0.2%*
magnetic
bead-based
extraction

Nasopharyngeal

Silica 12 | 0.3 5.2 1.6, 1.42%* 0.01 0.08 | 0.025,0.01* | 1.6 7.39 | 1.83, 0.44%*
column—
based
extraction
kit 1

Silica 12 | 224.1 | 623 236.6, 62.43%* 0.69 3.14 | 2,0.8* 3.23 | 3.63 | 3.485, 0.14**
column—
based
extraction
kit 2

Extraction 12 | 13 47.9 | 20.45, 14.85%* -2.58 6.01 | 0.375,1.69* | 0.77 | 1.11 | 0.87,0.2%*
free

Automated 12 | 6.1 344 | 10.15,12.42%* 0.97 1.71 | 1.155,0.18% | 1.64 | 1.99 | 1.795, 0.24**
magnetic
bead-based
extraction

Oropharyngeal

Silica 12 | 0.4 6.8 1.4, 0.98** 0.01 0.11 | 0.025,0.04* | 1.58 | 2.25 | 1.85,0.52%*
column—
based
extraction
kit 1

Silica 12 | 89.1 | 318.3 | 167.05, 89.07** | 0.71 3.14 | 1.69, 1.76* 2.04 |35 |3.4,031%*
column—
based
extraction
kit 2

Extraction 12 | 8.3 22.5 11, 3.78 -0.76 1.09 | -0.39,0.29* | 0.66 | 0.97 | 0.755, 0.15%*
free

Automated 12| 6.4 109 | 8.15,1.45 0.65 1.18 | 1.025,0.11* | 1.6 2.04 | 1.86,0.14%*
magnetic
bead-based
extraction

Intubated

Silica 5 149 13.3 | 8.4,6.15%* 0.04 0.1 0.07, 0.05* 1.56 | 1.91 | 1.66, 0.2%*
column—
based
extraction
kit 1

Silica 5 199.8 | 251.9 | 212.6,100.25%* | 0.39 1.75 | 0.97,1.08* 2.97 | 3.48 | 3.31,0.42%*
column—
based
extraction
kit 2

Extraction 5 15.1 139.7 | 16.5, 68.1** 0.46 2.01 | 1.04,1.01% 0.75 | 1.14 | 0.82, 0.25%*
free

Automated 5 10.7 | 354.3 | 24.9,210.3** 1 2.11 | 1.57,1.01% 1.65 | 1.84 | 1.79, 0.18%**
magnetic
bead-based
extraction

N, Number; Min, Minimum; Max, Maximum; SD, Standard deviation; *, p<0.05, **, p<0.01
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The diagnosis of viral infections by culture depends on
the collection of appropriate clinical specimens and the
use of transport media capable of preserving viral
integrity against environmental degradation. Sucrose-
based and broth-based viral transport media are
commonly employed, and multiple studies have
demonstrated that many viruses remain stable in these
media for up to three days. In most circumstances,
specimens can be maintained at +4 °C during transport,
thereby reducing or eliminating the requirement for a
strict cold-chain system [14]. Viral transport media
sterilized by autoclaving, filtration, or gamma irradiation
have been shown to preserve SARS-CoV-2 infectivity,
with samples stored either at room temperature or at +4
°C exhibiting comparable infectious viral titers over a 24-
hour period [15]. Although previous work indicates that
specimens transported under cold-chain conditions or
kept at ambient temperature provide similar viral stability
within the first 24 hours, our study implemented cold-
chain transport, storage at +4 °C, and completion of RNA
extraction within the first 12 hours to minimize
degradation risk, given the inherent instability of single-
stranded RNA.

Swabs used for collecting samples are flexible plastic
swabs with Dacron, rayon, or polyester fiber tips. These
swabs, including cotton-tipped and wooden swabs
treated with calcium alginate, may contain substances
that inhibit some viruses and molecular tests (such as
PCR), and are therefore not recommended for use in the
diagnosis of wviral infections [16]. For virological
examinations, a sterile swab with a plastic handle is used
to collect samples by vigorously rubbing the swab against
the tonsils and posterior pharynx and placing it in a tube
containing viral transport medium (TC, SB, HSGM). For
SARS-CoV-2, it is recommended to collect first an
oropharyngeal swab and then a nasopharyngeal swab
with the same swab and place it in VTM [17].

The Bio-Speedy® vNAT™ Transfer Tube (Catalog
Number: BS-NA-513), used in Turkey, was used as a
buffer for the rapid detection of SARS-CoV-2.
Nasopharyngeal and oropharyngeal swab samples are
transferred to the vNAT Transfer Tube containing 2 mL
of formalin. Within five minutes, viral and bacterial
pathogens in the sample are inactivated, and this fluid can
be used in quantitative PCR (qPCR) reactions without
requiring  any  additional  processing. = While
polyethyleneimine-coated tetradecyl dimethyl benzyl
ammonium chloride-based nanoparticles (NP) and
Tween-20 mediate the destruction of the SARS-CoV-2
membrane and nucleocapsid structure and the release of
the genome, guanidinium thiocyanate prevents the
degradation of nucleic acids by inhibiting RNase and
DNase, and helps preserve the integrity of the SARS-
CoV-2 genome with sodium azide (NaN3) [18]. The
RNeasy Mini Kit (®Qiagen), widely used for RNA
isolation, releases RNA, and purifies it through a silica
membrane. The resulting high-purity RNA is suitable for
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downstream RT-qPCR analyses [19]. The Nucleic Acid
Purification Kit (®SACEM) which, like the other brand,
consists of lysis, RNA binding, washing, and elution
steps, enables RNA isolation from samples. Promega®
Maxwell Automated RNA Extraction, on the other hand,
provides automated, machine-assisted RNA isolation
[20].

The COVID-19 pandemic, which disrupted laboratory
supply chains and material production, leading to sudden
shutdowns, prompted rapid adaptation and the
development of diagnostic kits that enable early
diagnosis. Because the quantity of epithelial cells and
viral particles collected from nasopharyngeal and
oropharyngeal swabs is limited, placing these swabs into
the VTM sample causes significant dilution, leading to a
significant decrease in SARS-CoV-2 concentration in the
samples and low RNA/DNA vyields. In our study, the
highest RNA concentrations were obtained using Silica
Column-Based Extraction Kit 2. This was followed by
the extraction free workflow, automated magnetic bead-
based extraction, and Silica Column-Based Extraction
Kit 1. Evaluation of RNA purity (260/280 ratio) observed
that automated magnetic bead-based extraction gave
purity values closest to the ideal ratio in all sample
groups, followed by Silica Column-Based Extraction Kit
1. The expected value of the 260/230 ratio, which
provides  information  about purification and
contamination, is approximately 2.0-2.2; however, no
extraction kit in our study achieved values in this range.
Silica Column-Based Extraction Kit 2 yielded 260/230
ratios closest to the ideal range; however, values below 2
suggest the presence of salts, phenol, or other organic
contaminants. Furthermore, the elevated A260/280 ratios
observed in this group should be interpreted cautiously,
as they may reflect possible impurities,
spectrophotometric  bias, or limitations of the
measurement conditions rather than unequivocally
indicating RNA degradation. The relatively high RNA
concentrations obtained despite the limited presence of
cells in the swab samples suggest that VTM components
may not have been sufficiently removed during
extraction. In conclusion, while Silica Column-Based
Extraction Kit 2 can perform effectively for RNA
isolation from blood, our findings indicate that it does not
provide sufficient RNA purification for the isolation of
SARS-CoV-2 from swab samples containing VTM.

In Silica Column-Based Extraction Kit 1, RNA
concentrations (ng/ulL) were significantly lower, with
260/280 ratios ranging from 1.7 to 2.3. Low absorbance
values at both 260 nm and 230 nm support the presence
of excess salt and phenolic residues. For the automated
magnetic bead-based extraction method, 260/280 ratios
were generally within the acceptable range (1.75-1.84)
indicating minimal protein contamination, while 260/230
values between 0.99 and 1.56 indicated salt or phenol
contamination. RNA concentrations were highest in
intubated samples and lowest in oropharyngeal swabs,
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which is an expected result, supporting the conclusion
that automated magnetic bead-based extraction performs
best overall for SARS-CoV-2. Although the extraction
free method yielded relatively high RNA concentrations,
the A260/A280 and A260/A230 ratios were significantly
suboptimal, given the composition of the extraction
chemical. While this rapid method is particularly suitable
for diagnostic applications because it does not interfere
with qPCR amplification, it is unlikely to be considered
a suitable isolation strategy for research applications
requiring high-purity RNA.

4. Conclusion

Our findings are consistent with recent evidence
demonstrating that VITM has a significant impact on
RNA isolation and RT-qPCR sensitivity due to extraction
reagents [21]. Studies comparing manual and automated
extraction systems have reported that automated
magnetic bead-based systems provide more consistent
RNA isolation and better RT-qPCR performance,
particularly in low viral load samples [22, 23]. These
findings are consistent with our results showing purer
concentration values in automated magnetic bead-based
extraction compared to silica column kits. In contrast,
extraction free approaches, which are advantageous for
rapid diagnosis, have been shown in several studies to
result in lower RNA integrity and lower analytical
sensitivity [24, 25]. This is in line with our findings that
vNAT facilitates rapid diagnosis but may not provide
suitable RNA for studies requiring good-quality viral
RNA. Current literature supports the idea that automated
extraction platforms provide more reliable SARS-CoV-2
RNA isolation from VTM-containing swab specimens,
while rapid extraction-free systems remain clinically
useful.

This study has several limitations that RNA quality
assessment relied exclusively on spectrophotometric
measurements and RNA Integrity Number (RIN) or RNA
Quality Number (RQN) generated by microfluidic
electrophoresis systems were not obtained. This is
limiting the accuracy of purity and degradation
assessments. Furthermore, no downstream functional

validation was performed such as RT-qPCR
amplification efficiency or cycle threshold (Ct) values for
each  extraction method. Consequently, direct

comparison of VNAT, which is an extraction free
inactivation buffer rather than a true isolation kit, with
silica column—based or automated magnetic bead-based
extraction procedures may bias conclusions regarding
extraction efficiency. Lastly, the limited sample size—
particularly for intubated specimens—may have reduced
statistical power and increased variability in the
measured parameters. Therefore, future studies should
also evaluate RIN/RQN values, RT-qPCR performance
for each extraction method, including cycle threshold
values, amplification efficiency.

388

Acknowledgement

The author would like to thank Prof. Dr. Giiler Oztiirk
and Prof. Dr. Sadrettin Penge for their administrative and
institutional support during the original sample collection
process. The experimental design, laboratory work, data
analysis, interpretation, and manuscript preparation of
the present study were performed independently by the
author.

Author’s Contributions

Drafted and wrote the
performed the experiment and result

Burcu Caykara Peran:
manuscript,
analysis.

Ethics

Ethical approval was obtained from the Clinical Research
Ethics Committee of Istanbul Medeniyet University
(IMU), Goztepe Prof. Dr. Siileyman Yal¢in City Hospital
(Date: 18.11.2020; Approval No: 2020/06/56). Informed
consent to participate was obtained from all individual
participants included in the study. All procedures
involving human participants were conducted in
accordance with the ethical standards of the institutional
and national research committees and with the principles
outlined in the Declaration of Helsinki (as revised in
2013).

References

[1]. Zhu, N., Zhang, D., Wang, W., Li, X., Yang, B., Song, J., Zhao,
X., Huang, B., Shi, W., Lu, R., Niu, P., Zhan, F., Ma, X., Wang,
D., Xu, W., Wu, G., Gao, G. F., Tan, W., & China Novel
Coronavirus Investigating and Research Team (2020). A Novel
Coronavirus from Patients with Pneumonia in China, 2019. The
New England journal of medicine, 382(8), 727-733.
https://doi.org/10.1056/NEJM0a2001017.

[2]. Wu, F., Zhao, S., Yu, B., Chen, Y. M., Wang, W., Song, Z. G., Hu,
Y., Tao, Z. W., Tian, J. H., Pei, Y. Y., Yuan, M. L., Zhang, Y. L.,
Dai, F. H,, Liu, Y., Wang, Q. M., Zheng, J. J., Xu, L., Holmes, E.
C., & Zhang, Y. Z. (2020). A new coronavirus associated with
human respiratory disease in China. Nature, 579(7798), 265-269.
https://doi.org/10.1038/s41586-020-2008-3.

[3]. Kim, D., Lee, J. Y., Yang, J. S., Kim, J. W., Kim, V. N., & Chang,
H. (2020). The Architecture of SARS-CoV-2 Transcriptome. Cell,
181(4), 914-921.e10. https://doi.org/10.1016/j.cell.2020.04.011.

[4]. Walls, A. C., Park, Y. J., Tortorici, M. A., Wall, A., McGuire, A.
T., & Veesler, D. (2020). Structure, Function, and Antigenicity of
the SARS-CoV-2 Spike Glycoprotein. Cell, 181(2), 281-292.¢6.

https://doi.org/10.1016/j.cell.2020.02.058.

[5]. Hoffmann, M., Kleine-Weber, H., Schroeder, S., Kriiger, N.,
Herrler, T., Erichsen, S., Schiergens, T. S., Herrler, G., Wu, N. H.,
Nitsche, A., Miiller, M. A., Drosten, C., & Pohlmann, S. (2020).
SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is
Blocked by a Clinically Proven Protease Inhibitor. Cell, 181(2),

271-280.¢8. https://doi.org/10.1016/j.cell.2020.02.052

[6]. Zou, X., Chen, K., Zou, J., Han, P., Hao, J., & Han, Z. (2020).
Single-cell RNA-seq data analysis on the receptor ACE2

expression reveals the potential risk of different human organs


https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1016/j.cell.2020.04.011
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.1016/j.cell.2020.02.052

/

)

Celal Bayar University Journal of Science
Volume 22, Issue 2, 2026, p 383-389
Doi: 10.18466/cbayarfbe.1852257

B. Caykara Peran

vulnerable to 2019-nCoV infection. Frontiers of medicine, 14(2),
185-192. https://doi.org/10.1007/s11684-020-0754-0.

[7]. Guan, W.J,,Ni, Z. Y., Hu, Y., Liang, W. H,, Ou, C. Q., He, J. X.,
Liu, L., Shan, H., Lei, C. L., Hui, D. S. C., Du, B., Li, L. J., Zeng,
G., Yuen, K. Y., Chen, R. C., Tang, C. L., Wang, T., Chen, P. Y.,
Xiang, J., Li, S. Y., ... China Medical Treatment Expert Group for
Covid-19 (2020). Clinical Characteristics of Coronavirus Disease
2019 in China. The New England journal of medicine, 382(18),
1708-1720. https://doi.org/10.1056/NEJM0a2002032.

[8]. Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., Xiang, J., Wang,
Y., Song, B., Gu, X., Guan, L., Wei, Y., Li, H., Wu, X., Xu, J., Tu,
S., Zhang, Y., Chen, H., & Cao, B. (2020). Clinical course and risk
factors for mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet (London, England),
395 (10229), 1054-1062.  https://doi.org/10.1016/S0140-
6736(20)30566-3.

[9]. Guan, W. J., Liang, W. H., Zhao, Y., Liang, H. R., Chen, Z. S., Li,
Y. M, Liy, X. Q., Chen, R. C,, Tang, C. L., Wang, T., Ou, C. Q.,
Li, L., Chen, P. Y., Sang, L., Wang, W., Li, J. F., Li, C. C., Ou, L.
M., Cheng, B., Xiong, S., ... China Medical Treatment Expert
Group for COVID-19 (2020). Comorbidity and its impact on 1590
patients with COVID-19 in China: a nationwide analysis. The
European respiratory journal, 55(5), 2000547.
https://doi.org/10.1183/13993003.00547-2020.

[10]. Polack, F. P., Thomas, S. J., Kitchin, N., Absalon, J., Gurtman,
A., Lockhart, S., Perez, J. L., Pérez Marc, G., Moreira, E. D.,
Zerbini, C., Bailey, R., Swanson, K. A., Roychoudhury, S., Koury,
K., Li, P., Kalina, W. V., Cooper, D., Frenck, R. W., Jr, Hammitt,
L. L., Tireci, O., ... C4591001 Clinical Trial Group (2020). Safety
and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. The
New England journal of medicine, 383(27), 2603-2615.
https://doi.org/10.1056/NEJMo0a2034577.

[11]. Corman, V. M., Landt, O., Kaiser, M., Molenkamp, R., Meijer,
A., Chu, D. K., Bleicker, T., Briinink, S., Schneider, J., Schmidt,
M. L., Mulders, D. G., Haagmans, B. L., van der Veer, B., van den
Brink, S., Wijsman, L., Goderski, G., Romette, J. L., Ellis, J.,
Zambon, M., Peiris, M., ... Drosten, C. (2020). Detection of 2019
novel coronavirus (2019-nCoV) by real-time RT-PCR. Euro
surveillance : bulletin Europeen sur les maladies transmissibles =
European communicable disease bulletin, 25(3), 2000045.
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045.

[12]. World Health Organization. (2020). Laboratory testing for
coronavirus disease (COVID-19) in suspected human cases:
Interim guidance. https://apps.who.int/iris/handle/10665/331501
(accessed at 19 March 2020).

[13]. Bruce, E. A., Huang, M. L., Perchetti, G. A., Tighe, S., Laaguiby,
P., Hoffman, J. J., Gerrard, D. L., Nalla, A. K., Wei, Y., Greninger,
A. L., Diehl, S. A., Shirley, D. J., Leonard, D. G. B., Huston, C. D.,
Kirkpatrick, B. D., Dragon, J. A., Crothers, J. W., Jerome, K. R.,
& Botten, J. W. (2020). DIRECT RT-qPCR DETECTION OF
SARS-CoV-2 RNA FROM PATIENT NASOPHARYNGEAL
SWABS WITHOUT AN RNA EXTRACTION STEP. bioRxiv :
the preprint server for Dbiology, 2020.03.20.001008.
https://doi.org/10.1101/2020.03.20.001008.

[14]. Johnson, F. B. (1990). Transport of viral specimens. Clinical
microbiology reviews, 3(2), 120-131.
https://doi.org/10.1128/CMR.3.2.120.

[15]. McAuley, J., Fraser, C., Paraskeva, E., Trajcevska, E., Sait, M.,
Wang, N., ve digerleri. (2021). Optimal preparation of SARS-
CoV-2 viral transport medium for culture. Virology journal, 18(1),
53. https://doi.org/10.1186/s12985-021-01525-z.

[16]. Zafer, E. I. (2016). Béliim 7: Solunum Yolu Enfeksiyonlarinda
Mikrobiyolojik Tani. In Tana Aslan, A, ve Kiper, N (Eds.). Cocuk
Gogiis Hastaliklarinda Tani Yontemleri (pp: 95-11). Tiirkiye

389

Solunum Arastirmalar1 Dernegi. Probiz Ltd. Sti (Content Ed Net
Tiirkiye). e-ISBN: 978-605-66161-2-9. Retrieved April 19, 2022
from
https://solunum.org.tr/TusadData/Book/535/3011201611466-

01 Giris Cocuk Gogus.pdf.

[17]. Tirkiye Cumhuriyeti, Saglik Bakanligi, Halk Sagligi Genel
Miidiirliigii, Mikrobiyoloji Referans Laboratuvarlar1 ve Biyolojik
Uriinler Dairesi Baskanlig1, Numune Alma El Kitab1 (2022, April
19). Retrieved April 19, 2022 from
https://hsgm.saglik.gov.tr/depo/kurumsal/plan-ve-
faaliyetler/numune-alma-el-kitabi.pdf.

[18]. FDA. Adresss: https:/www.fda.gov/media/141823/download,
(accessed at 06.10.2025).

[19]. Qiagen. https://www.qiagen.com/us/products/discovery-and-
translational-research/dna-rna-purification/rna-purification/total-
rna/rneasy-kits?catno=74104 (accessed at 16.11.2025).

[20]. Promega. https://worldwide.promega.com/products/lab-
automation/automated-dna-rna-extraction-purification-
maxwell/maxwell-rsc-48-instrument/?tabset0=0, (accessed
17.11.2025).

at

[21]. Kirkland, P. D., & Frost, M. J. (2020). The impact of viral
transport media on PCR assay results for the detection of nucleic
acid from SARS-CoV-2. Pathology, 52(7), 811-814.
https://doi.org/10.1016/j.pathol.2020.09.013.

[22]. Dimke, H., Larsen, S. L., Skov, M. N., Larsen, H., Hartmeyer, G.
N., & Moeller, J. B. (2021). Phenol-chloroform-based RNA
purification for detection of SARS-CoV-2 by RT-qPCR:
Comparison with automated systems. PloS one, 16(2), €0247524.
https://doi.org/10.1371/journal.pone.0247524.

[23]. Lazaro-Perona, F., Rodriguez-Antolin, C., Alguacil-Guillén, M.,
Gutiérrez-Arroyo, A., Mingorance, J., Garcia-Rodriguez, J., &
SARS-CoV-2 Working Group (2021). Evaluation of two
automated low-cost RNA extraction protocols for SARS-CoV-2
detection. PloS one, 16(2), ¢0246302.
https://doi.org/10.1371/journal.pone.0246302.

[24]. Yalley, A. K., Ahiatrogah, S., Moro, 1. I., Gmagna, P., Yankson,
I. K., Kafintu-Kwashie, A. A., & Nii-Trebi, N. I. (2024). Utility of
Extraction-Free SARS-CoV-2 Detection by RT-qPCR for COVID-
19 Testing in a Resource-Limited Setting. Diseases (Basel,
Switzerland), 12(9), 198.
https://doi.org/10.3390/diseases 12090198.

[25]. Smyrlaki, I., Ekman, M., Lentini, A., Rufino de Sousa, N.,
Papanicolaou, N., Vondracek, M., Aarum, J., Safari, H.,
Muradrasoli, S., Rothfuchs, A. G., Albert, J., Hogberg, B., &
Reinius, B. (2020). Massive and rapid COVID-19 testing is
feasible by extraction-free SARS-CoV-2 RT-PCR. Nature
communications, 11(1), 4812. https://doi.org/10.1038/s41467-
020-18611-5.



https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://apps.who.int/iris/handle/10665/331501
https://doi.org/10.1101/2020.03.20.001008
https://doi.org/10.1128/CMR.3.2.120
https://doi.org/10.1186/s12985-021-01525-z
https://solunum.org.tr/TusadData/Book/535/3011201611466-01_Giris_Cocuk_Gogus.pdf
https://solunum.org.tr/TusadData/Book/535/3011201611466-01_Giris_Cocuk_Gogus.pdf
https://hsgm.saglik.gov.tr/depo/kurumsal/plan-ve-faaliyetler/numune-alma-el-kitabi.pdf
https://hsgm.saglik.gov.tr/depo/kurumsal/plan-ve-faaliyetler/numune-alma-el-kitabi.pdf
https://www.fda.gov/media/141823/download
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/rna-purification/total-rna/rneasy-kits?catno=74104
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/rna-purification/total-rna/rneasy-kits?catno=74104
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/rna-purification/total-rna/rneasy-kits?catno=74104
https://worldwide.promega.com/products/lab-automation/automated-dna-rna-extraction-purification-maxwell/maxwell-rsc-48-instrument/?tabset0=0
https://worldwide.promega.com/products/lab-automation/automated-dna-rna-extraction-purification-maxwell/maxwell-rsc-48-instrument/?tabset0=0
https://worldwide.promega.com/products/lab-automation/automated-dna-rna-extraction-purification-maxwell/maxwell-rsc-48-instrument/?tabset0=0
https://doi.org/10.1016/j.pathol.2020.09.013
https://doi.org/10.1371/journal.pone.0247524
https://doi.org/10.1371/journal.pone.0246302
https://doi.org/10.3390/diseases12090198
https://doi.org/10.1038/s41467-020-18611-5
https://doi.org/10.1038/s41467-020-18611-5

