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ABSTRACT
Objective: The aim of this study is to evaluate the effectiveness of three commercial nucleic acid extraction kits (kit A, B and C) in

isolating SARS-CoV-2 viral RNA from wastewater samples.

Method: In this study, water samples were collected in March 2021 from three wastewater treatment plants located in different
parts of Istanbul, and it was confirmed that they were negative for SARS-CoV-2. Different concentrations of the SARS-CoV-2 virus,
previously inactivated at the BSL-3 laboratory of the Pendik Veterinary Control Institute, were added to the wastewater samples.
RNA extraction and quantification were performed using commercial nucleic acid extraction kits and and RT-qPCR kit specific to
SARS-CoV-2.

Results: At the end of the study, it was determined that kit C yielded the highest total RNA and produced more consistent results,
significantly outperforming the other two kits in terms of RNA yield and purity. Statistical analysis revealed significant differences in
RNA concentrations (p < 0.05) and gene copy numbers (p < 0.01) between the kits, and kit C demonstrated superior linearity and
reproducibility.

Conclusion: According to the findings, although all three evaluated kits are suitable for detecting SARS-CoV-2 RNA in wastewater
samples, kit C provides the most efficient and reliable performance, especially for high-throughput studies. Additionally, this study
highlights the importance of selecting appropriate nucleic acid extraction methods for wastewater surveillance, which serves as an
early warning system for outbreaks that threaten public health.
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oz
Amag: Calismanin amaci, atik su numunelerinden SARS-CoV-2 virus RNA'sini izole etmek amaciyla g ticari nikleik asit ekstraksiyon
kitinin (kit A, B ve C) etkinligini degerlendirmektir.
Yéntem: Calismada, 2021 yili Mart ayinda istanbul ilinde farkli lokasyonlardaki ti¢ atik su aritma tesisinden su numuneleri toplandi
ve SARS-CoV-2 virusu yéniinden negatif oldugu teyit edildi. Pendik Veteriner Kontrol Enstitlisi'ndeki BSL-3 laboratuvarinda daha
once inaktive edilmis olan SARS-CoV-2 virusunun farkl konsantrasyonlari atik su numunelerine eklendi. Ticari nuikleik asit
ekstraksiyon kitleri ve SARS-CoV-2 RT-gPCR kiti kullanilarak sirasiyla RNA ekstraksiyonu ve kantitasyonu gergeklestirildi.
Bulgular: Calisma sonunda, kit C’'nin en yuksek toplam RNA'yl verdigi ve daha tutarli sonuglar Urettigi, RNA verimi ve safligi
acisindan diger iki kitten 6nemli 6lgiide daha iyi performans gosterdigi belirlendi. istatistiksel analiz, kitler arasinda RNA
konsantrasyonlarinda (p < 0,05) ve gen kopya sayilarinda (p < 0,01) énemli farkhlklar oldugunu ortaya koydu. Kit C’'nin Ustlin
dogrusallik ve tekrarlanabilirlige sahip oldugunu gosterdi.
Sonug: Elde edilen bulgular, degerlendirilen Gg ticari kitin de atik su numunelerinde SARS-CoV-2 RNA'sini tespit etmek igin uygun
oldugunu gostermektedir. Ancak 6zellikle kit C, yiiksek verimli galismalar igin en etkili ve giivenilir performansi sunmaktadir. Ayrica
bu calisma, halk saghgini tehdit eden salginlar igin erken uyari sistemi islevi géren atik su gozetiminde, uygun nukleik asit
ekstraksiyon yontemlerinin segilmesinin 6nemini vurgulamaktadir.

Anahtar Kelimeler: Atiksu, Nikleik Asit Ekstraksiyonu, SARS-CoV-2, Siirveyans.
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Introduction

As of January 31, 2020, the World Health Organization (WHO) designated COVID-19 as a Public Health
Emergency of International Concern. Conducting extensive testing, both among individuals with and
without symptoms, is essential for mitigating the ongoing pandemic and preventing potential future
outbreaks. Several diagnostic testing methods exist to determine whether individuals are infected with
COVID-19." The polymerase chain reaction (PCR) is a powerful technology increasingly used for diagnosing
both infectious and non-infectious diseases.”® Ensuring high yield, purity, and integrity of genomic material
is critical for the success of PCR-based studies. Therefore, an efficient genomic material extraction method
is a prerequisite for optimal PCR assay performance.“’s"lo Compared to DNA, RNA is more fragile. PCR assays
initiated with low-quality and low-quantity RNA may produce suboptimal results, particularly given the

labor-intensive, time-consuming, and expensive nature of these assays.™* ™

Wastewater-based diagnosis of infectious diseases, such as COVID-19, is a rapidly emerging field because

14-16 Actively monitoring SARS-CoV-2 RNA in wastewater is

samples can be collected easily and safely.
valuable for identifying critical areas and has proven to be an effective early warning system for potential
new outbreaks.'” Prior to its use in PCR assays, it is essential to verify the specifications of the extracted
genomic material. In reverse transcription polymerase chain reaction (RT-PCR) studies, the extraction
process must adhere to specific parameters to ensure proper RNA quality. For instance, the final eluate
should be free of proteins, genomic DNA, enzyme inhibitors, or any phenol or alcohol carryover, as these

could impair RT-PCR processes.'®*®

RT-PCR reactions heavily depend on purification and clean-up methods. Three widely used RNA extraction
methods include organic extraction, silica-membrane-based spin column technology, and paramagnetic

101920 These methods have specific advantages and drawbacks. RNA extracted via

particle technology.
organic extraction often contains proteins, cellular debris, organic solvents, salts, and ethanol. In contrast,
silica column and paramagnetic particle-based RNA extraction techniques are known for their practicality,
efficiency, and cost-effectiveness. Additionally, these methods yield intact RNA with minimal contamination

from proteins and other biological components.****

Although several methods are available for RNA isolation and purification, studies comparing extraction
methods specifically for wastewater samples are limited.'”??* Selecting the appropriate nucleic acid
isolation kit is critical for sample processing and significantly impacts the results obtained. This study aims
to provide a thorough evaluation of the effectiveness and efficiency of three frequently employed
commercial nucleic acid isolation kits. The assessment includes detecting viral RNA through RT-gPCR
analysis and offering a qualitative comparison of the methods.

Materials and Methods
Sampling

Wastewater samples were collected from the influent streams (after grit removal) of three wastewater
treatment plants (WWTPs) in Istanbul, Tarkiye, in March 2021. The influent samples (n = 3) were obtained
as 24-hour composite samples, each comprising 5 liters. The temperature and pH of the samples at the
time of collection were 9°C + 3°C and 7.36 £ 1.52, respectively, and were logged. Within two hours, the
samples were transported to the laboratory at 4°C. On the same day, all samples underwent triplicate
testing and were confirmed negative for SARS-CoV-2 before use. Wastewater samples verified as negative
by RT-gPCR were pooled and stored at 4°C for virus inoculation.
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Virus Inoculation into Wastewater

SARS-CoV-2 was cultured and inactivated in the BSL-3 laboratory at Pendik Veterinary Control Institute. The
inactive virus stock solution (32 x 10° gene copies/pL) was separated from residual cell debris by
centrifugation, and the resulting supernatant was stored at —80°C for further analysis. Dilutions of the
inactive virus stock solution were prepared in 50 mL of untreated wastewater (6 replicates), with
concentrations of 25, 50, 100, 150, and 200 uL/50 mL (equivalent to 4 x 10°, 8 x 10°, 16 x 10°, 24 x 10°, and
32x10° GC/uL) in a BSL-2 cabinet.

Filtration and Concentration of the Virus Using Polyethylene Glycol (PEG)

The samples were gently shaken at 4°C and 100 rpm for 30 minutes to facilitate the transfer of attached
viruses to the aqueous phase. Microorganisms and large particles were removed from the samples by
centrifugation at 7471G for 30 minutes at 4°C. The supernatant (250 mL) was filtered through 0.45 um and
0.2 um filters to remove any remaining particles and cell debris. The filtrate was thoroughly mixed with
10% w/v polyethylene glycol 8000 (PEG 8000) by shaking for 1 minute and incubated at 4°C and 100 rpm
overnight. After incubation, the mixture was divided into six 50 mL Falcon tubes. Viruses were precipitated
by centrifugation at 7471G for 120 minutes at 4°C. The supernatant was carefully removed without
disturbing the pellets. The pellets from each Falcon tube were re-suspended with 200 uL of RNA-free water.
For total nucleic acid extraction, 1 mL of the virus concentrate was used, with the remaining concentrate
stored at -80°C (Figure 1).

Incubation Centrifuge Filtrate Extraction Methods

with PEG Concentration Step 1
= cn \ = InOfuliJm | @

b:“V L Ve :
/V \,,] = RT-gPCR Isolate  Total RNA Lzl IS,OIat?
- ~\ (/ " Quantification Quantification —

Figure 1. Workflow diagram illustrating all steps from virus concentration to the PCR stage. 1) Kit A for manual extraction, 2) Kit B
for automated extraction, and 3) Kit C for automated extraction.

/

Extraction of Total Nucleic Acids

Total nucleic acid extraction was performed using three different commercial kits: 1) Kit A used for manual
extraction employs the spin column principle. In this method, virus lysis is achieved by incubating the
sample with a specialized Lysis/Binding Buffer in the presence of Proteinase K. This process allows nucleic
acids to bind specifically to the surface of glass fibers in the presence of a chaotropic salt. The binding
reaction occurs rapidly as the organized structure of water molecules is disrupted, facilitating the
interaction of nucleic acids with the glass fiber surface. Since this binding process is selective for nucleic
acids, a washing step removes salts, proteins, and other impurities, and the purified nucleic acids are eluted
in a low-salt buffer or water. 2) Kit B, designed for automated extraction, utilizes the magnetic particle
principle. In this method, samples are lysed in a single step with chaotropic salts and Proteinase K, allowing
nucleic acids to bind to the silica surface of magnetic particles. The bound DNA and RNA are then
thoroughly washed, air-dried, and finally eluted in an elution buffer to obtain high-quality nucleic acids. 3)
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Kit C, designed for automated extraction, utilizes the magnetic glass particle (MGP) principle. This nucleic
acid isolation process is based on the well-established MGP technology. The key steps of the procedure
include lysis of the sample material, release of nucleic acids, and denaturation of nucleases. Under
chaotropic salt conditions and the high ionic strength of the lysis/binding buffer, nucleic acids bind to the
silica surface of the added MGP. The MGP with bound nucleic acids are then magnetically separated from
the residual lysed sample. Unbound substances, such as proteins, cell debris, and PCR inhibitors, are
removed through multiple washing steps. Finally, the purified nucleic acids are eluted from the MGP. All
procedures followed the manufacturer’s instructions (Figure 1). Two hundred microliters of each sample
were used for extraction, and the resulting 100 uL elution was stored at +4°C. Quantifications for all
samples were performed on the same day.

Quantitation of Total RNA

Total RNA was measured using a UV/VIS spectrophotometer (ND-1000, NanoDrop, Thermo Fisher Scientific,
USA). Before and after each measurement, the upper and lower optical surfaces of the micro-
spectrophotometer were cleaned with 2 pL of sterile deionized water, followed by wiping with a Kimwipe
(Kimberly-Clark Professional, USA). Nucleic acid samples (six replicates) of 1 puL were used to measure total
RNA, with sterile DNAse/RNAse-free water employed for the blank. The absorption ratios of 260/280 were
verified to ensure the quality of the measurements.

RT-qPCR Analysis

Detection of SARS-CoV-2 RNA in wastewater samples was performed using a one-step RT-gPCR method
with a commercial IVD-certificated kit. The SARS-CoV-2 one-step RT-qPCR diagnostic kit (Ref: KRM-136-002,
V2, KrosQuanT, Krosgen Biotechnology, Turkiye) targeted two gene regions (N1 and N2) of the SARS-CoV-2
virus. Primer and probe sequences were based on US-CDC recommendations (US Centers for Disease
Control and Prevention, Respiratory Virus Branch, 2020) and are listed in Table 1. Reactions were prepared
following the manufacturer’s instructions, with a final PCR reaction volume of 20 pL, including 15 uL of
Master Mix and 5 pL of extracted RNA. Positive controls and negative controls with distilled water were
included in each run. RT-qPCR reactions were performed in six replicates for each sample using the Rotor-
Gene Q machine (QIAGEN, Hilden, Germany). PCR conditions were as follows: reverse transcription at 45°C
for 10 minutes, denaturation and Taq polymerase activation at 95°C for 2 minutes, followed by 45 cycles at
95°C for 10 seconds and 55°C for 30 seconds (data collection). Fluorescence signals were measured in the
FAM channel for viral genes N1 and N2.

Table 1. 2019-Novel Coronavirus (2019-nCoV) Real-time rRT-PCR Panel Primers and Probes

Name Description Oligonucleotide  Sequence (5’-3’)

2019-nCoV_N1-F Forward Primer  5’-GAC CCC AAA ATC AGC GAA AT-3’
2019-nCoV_N1-R Reverse Primer 5’-TCT GGT TAC TGC CAG TTG AAT CTG-3’
2019-nCoV_N1-P Probe 5’-FAM-ACC CCG CAT TAC GTT TGG TGG ACC-BHQ1-3’
2019-nCoV_N2-F Forward Primer  5’-TTA CAA ACA TTG GCC GCA AA-3’
2019-nCoV_N2-R Reverse Primer 5’-GCG CGA CAT TCC GAA GAA-3’

2019-nCoV_N2-P Probe 5’-FAM-ACA ATT TGC CCC CAG CGC TTC AG-BHQ1-3’

Data Analysis

Data analysis, including the calculation of mean, standard deviation, coefficient of variation (CV), and
recovery, was conducted using SPSS 21 statistical software (SPSS Inc., Chicago, IL, USA). Spearman’s
correlation coefficient (two-tailed) was used to determine correlations among recovery rate (%), total RNA
(ng/uL), and gene copies (GC). Linear regression analysis assessed associations between the parameters,
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and linearity plots were generated using Excel 2013 software (Microsoft, California, USA). Differences in
data means were tested for significance at a level of P < 0.05.

Results
RNA Extraction and Quantification

Three commercial nucleic acid isolation kits were assessed for RNA yield, with all yielding acceptable
quantities of RNA. Kit C outperformed the other two kits in RNA yield and quality. Kit C consistently
produced higher RNA concentrations and demonstrated superior purity with favorable A260/A280 (around
2.10) and A260/A230 ratios (around 1.97), both of which indicate high-quality RNA with minimal
contamination. A ratio greater than 1.8 is considered indicative of low protein contamination, and a higher
A260/A230 ratio (>1.8) points to minimal polysaccharide contamination.” *® In terms of yield (ng/uL), kit C
produced approximately 2.88 times more RNA than kit B and 39.36 times more than kit A. Kit A exhibited
lower efficiency in extracting RNA from wastewater samples (Table 2, Figure 2). Nuclease-free water
controls did not yield detectable RNA for any kit.

Table 2. RNA Yield in ng/uL

Inoculated Virus

4.000.000 GC/ul 8.000.000 GC/ul 16.000.000 GC/ul 24.000.000 GC/ul 32.000.000 GC/ul
Total RNA D Total RNA D Total RNA D Total RNA D Total RNA D
(ng/ul) (ng/ul) (ng/ul) (ng/ul) (ng/ul)
Kit C 11.127 + 1.298 18.820 + 3.215 30.126 + 3.015 42.688 + 6.894 49.994 + 3.920
Kit B 3.583 + 828 5.664 + 2.285 10.487 + 3.180 16.116 + 2.440 18.779 + 1.619
Kit A 416 + 98 416 * 102 634 + 149 1.763 + 799 2.082 + 300
pvalue <0,05 <0,05 <0,05 <0,05 <0,05

SD: Standard Deviation

RNA Yield in ng/uL

60.000

49.994
50.000

42.688

40.000

30.126
30.000

8.779

18.820

20.000

Total RNA (ng/ul)

6.116

11.127
10.000

0.487
5.664
3.583

g 416 . 416 I 634

4.000.000 GC/ul 8.000.000 GC/ul  16.000.000 GC/ul  24.000.000 GC/ul  32.000.000 GC/ul

2.082

1.763

Inoculated Virus

mKitC mKitB mKitA

Figure 2. RNA Yield in ng/uL
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Statistical Analysis

Statistically significant differences (p < 0.05) in total RNA yield were observed among the three commercial
kits. The average total RNA concentrations across the three kits were 28.323 ng/ul (range: 11.127-49.994
ng/uL) for kit C, 10.925 ng/uL (range: 3.583-18.779 ng/uL) for kit B, and 1.062 ng/uL (range: 416—2.082
ng/uL) for kit A (Table 2, Figure 2).

RT-qPCR Analysis

The three commercial extraction kits were compared for their ability to extract viral RNA for downstream
RT-gPCR analysis. All samples were analyzed in six replicates to increase statistical reliability. Kit C achieved
the highest total RNA yield, leading to statistically significant differences in mean gene copies per microliter
(GC/uL) for SARS-CoV-2 across the three kits (p < 0.01). The average gene copy numbers were 5,874,911
GC/uL for kit C, 2,100,804 GC/uL for kit B, and 203,958 GC/uL for kit A (Table 3, Figure 3). No SARS-CoV-2
RNA was detected in the negative controls for any extraction method.

Table 3. Gene Copies per Microliter (GC/uL)

Inoculated Virus

4.000.000 GC/ul 8.000.000 GC/ul 16.000.000 GC/ul 24.000.000 GC/ul 32.000.000 GC/ul
Recovered . %RC Recovered D %RC Recovered D %RC Recovered 0 %RC D %RC
Virus, GC/ul Virus, GC/ul Virus, GC/ul Virus, GC/ul
Kit C 2.139.597| + | 249.305 53 |3.618.856| + |617.964| 45 |5.793.191| + | 579.431 | 36 |8.209.002| +]|1.325.489| 34 | 9.613.912| +|753.563| 30
Kit B 688.745 | + | 158.876 17 |1.088.960| + |439.165| 14 |2.016.355| + | 611.311 | 13 |3.098.873 | +| 468.889 | 13 [3.611.091| +|311.088] 11
Kit A 79.768 | + 18.508 2 79.681 +119.331 1 121.577 | + | 28.349 1 338.764 | +| 153.293 1 400.052 | +| 57.491 1
<0,01 <0,014 <0,01 <0,01 <0,01

P value

GC: Gene Copy, SD: Standard Deviation, %RC: % Recovered Copy

RECOVERED VIRUS (GC/UL)

—o—KitC Kit B Kit A

12.000.000

10.000.000 912
(%]
)
& 8.000.000
>
2
& 6.000.000
[NN]
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4.000.000
! 3:641.091
o 3.098:873
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6888745
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Figure 3. Gene Copies per Microliter (GC/uL). GC: Gene copy
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Coefficient of Variation (CV) and Statistical Evaluation

The coefficient of variation (CV) was calculated for each extraction kit, with lower CV values indicating more
consistent results. Kit C demonstrated the lowest CV across all viral concentrations, with an overall CV of
12.5%, suggesting a more homogeneous distribution of results. Lower CV values indicate that the
measurements within the group are closer to each other, indicating reliability and reproducibility. In
contrast, kit B exhibited an overall CV of 23.5%, and kit A had a CV of 26.1%, indicating greater variability in
RNA yield and thus less consistent performance. These results highlight that kit C provides more stable and
reproducible results, especially in high-throughput scenarios (Table 4, Figure 4 ).

Table 4. Coefficient of Variation (CV) Values and Linearity

Coefficiency of variance (CV), % Linearity

Recovered
Virus, GC/ul | 000000 GC/ul (8000000 GC/ul {16000000 GC/ull 24000000 GC/ul | 32000000 GC/ul | Overal CV R2 LoD Loq

Kit C 11,65 17,08 10,00 16,15 7,84 12,54 0,98 7.908.663,67 | 96.533.327,01

KitB 23,07 40,33 30,32 15,13 8,61 23,49 0,99 11.522.501,46 106.649.784,39

Kit A 23,20 24,26 23,32 45,25 14,37 26,08 0,93 14.538.456,31 [125.075.370,17
R2: Determination Coefficient, LOD: Limit of Detection, LOQ: Limit of Quantification

Coefficiency of variance (CV), %
50,00

= 4500 40,33

O 40,00 45,25

O

& 35,00 30’32

g %0 23,07

> 25,00 2

©

17,08

g 20,00 23,20 24,26 23,32 16,135 13

8 15,00 11,65 10,00 g6

S 1000 7,848,614 37

= o R il

0,00
4.000.000 GC/ul 8.000.000 GC/ul 16.000.000 GC/ul  24.000.000 GC/ul  32.000.000 GC/ul
Inoculated Virus
mKitC mKitB Kit A

Figure 4. Coefficient of Variation (CV) Values and Linearity. GC: Gene copy

Lower CV values indicate that the measurements are more homogeneous and close to the standard
deviation, suggesting better reliability of the data and consistency of the method. A higher CV, as seen with

kit B and kit A, suggests more variability within the data, which could affect the consistency of downstream
applications.

Linear Regression Analysis

A linear regression analysis revealed a stronger correlation between RNA concentrations and CT values for
kit C (R?2 = 0.356) compared to kit B (R? = 0.03) and kit A (R? = 0.03). The maximum/minimum CT values for
kit C were 15.04/17.85, while kit B and kit A exhibited higher variability in their CT values, with
maximum/minimum values of 16.56/19.71 and 20.04/23.28, respectively.
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Discussion

Wastewater-based epidemiology (WBE) has emerged as a powerful tool for public health authorities to
monitor epidemics such as SARS-CoV-2. WBE analyzes viral load in wastewater samples, providing insight
into community-level infections regardless of individuals' symptoms, testing, or reporting. As a result, WBE

22232728 Y \wever, several factors can

serves as an early warning system for COVID-19 and other outbreaks.
affect WBE results, including water temperature, dilution due to precipitation, the presence of PCR
inhibitors, and sampling design. Despite these challenges, wastewater testing remains a cost-effective and

27.29-3% This underlines the need for

practical approach for long-term monitoring of COVID-19 epidemiology.
sensitive and cost-effective workflows for detecting SARS-CoV-2 in wastewater, essential for tracking
pandemic dynamics within communities. RT-qPCR remains a vital component of this strategy, where the

accuracy of results hinges on high-quality, DNA-free, intact RNA.*?%3>3¢

In this study, all tested protocols successfully extracted high-quality RNA from wastewater, although the
guantities of RNA varied among the kits. The presence of genomic DNA (gDNA) was observed during total
nucleic acid extraction with all kits, highlighting the need for additional DNAse-I treatment to remove gDNA
*37 Quality
control of the RNA involved a variety of techniques, including spectrophotometry and assessing RNA

contamination, which aligns with findings from previous studies on TRIzol-based extractions.

integrity. To ensure suitability for downstream applications such as RT-gPCR, the RNA should ideally have
an A260/280 ratio of 2.0£0.1, indicating minimal protein contaminatio. Our results demonstrated that all
three kits produced RNA of sufficient quality, consistent with previous studies that used similar
protocols.**™*

Kit B and kit C offer the advantage of automated workflows, which minimize human error and increase
reproducibility. In contrast, kit A requires manual handling, making it more labor-intensive and prone to
variability depending on user expertise. Our findings revealed significant differences in RNA yield across the
three kits, with kit C consistently outperforming kit B and kit A. On average, kit C yielded 2.9 and 33.5 times
more RNA (ng/uL) than kit B and kit A, respectively. Additionally, kit B produced 11.3 times more RNA than
kit A.

It is important to note that while the Thermo NanoDrop measures total RNA concentration (predominantly
ribosomal RNA), RT-gPCR quantifies mRNA exclusively. Our linear regression analysis demonstrated a
stronger correlation between RNA concentration and gene copy number for kit C compared to the other
two kits. Specifically, Ct values decreased steadily as RNA concentration increased with kit C, indicating
higher sensitivity and efficiency in RNA extraction. In contrast, no such correlation was observed with kit B
or kit A, which suggests that these kits may be less effective for RT-qPCR analysis.

The vyield discrepancy for kit A indicates its limitations, especially when dealing with limited wastewater
samples. In such cases, users may need to consider alternative methods that offer higher RNA recovery.
Overall, kit C emerged as the most effective kit, both in terms of RNA quantity and quality, making it the
optimal choice for high-throughput settings and applications requiring consistent RNA yields.

The main reasons why kit C provides higher RNA yield compared to kit B and kit A may be the operating
principle of the device, the stages of the extraction process, and the magnetic bead-based extraction
technology. Automated systems minimize human error and provide more consistent and efficient results.
Both the kit C and the kit B use magnetic bead-based extraction technology. This technology allows for
more efficient binding and purification of nucleic acids, while the yield may be lower in the kit A with spin
column technology. This demonstrates the superiority of both automated extraction kits over the manual
extraction kit. Although both kits use magnetic bead-based extraction technology, there may be several
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important reasons why the kit C provides higher RNA yield. The washing and incubation steps of kit C are
more extensive and take longer compared to kit B, which may allow for more efficient RNA purification.
Another difference between the two kits is that the device for kit C applies heat during incubation, whereas
the device for kit B does not apply heat at any stage. In addition, the device for kit C uses new pipette tips
at each step by changing pipette tips during operation, while the device for kit B completes the entire
process with a single rod cover. More washing and incubation steps, heat application during incubation and
pipette tip changes can remove potential contaminants and isolate RNA with higher purity. The differences
between the technologies and protocols used, especially the differences in the number of washes and
incubation times, heat application and pipette tip changes, can be decisive factors on RNA yield and purity,
while at the same time, they can be expressed as advantages of kit C over kit B.

Each kit investigated in this study comes with distinct advantages and limitations. While kit C excelled in
RNA vyield and consistency, its automated nature may make it less accessible in resource-limited settings.
Kit A, though less efficient, may still find utility in smaller labs where manual workflows are more feasible.
Kit B strikes a balance between automation and performance, though its lower RNA yield compared to kit C
suggests it may not be ideal for all applications. Nonetheless, the selection of the appropriate extraction kit
should consider the specific needs of the laboratory, the nature of the samples, and the required
throughput.

Conclusions

This study demonstrated that RNA extraction from wastewater samples can vary significantly depending on
the extraction kit employed. Kit C consistently surpassed both kit B and kit A in terms of RNA vyield and
purity. Its superior performance can be attributed to several key features, including extended washing and
incubation steps, the application of heat during incubation, and automated pipette tip changes, all of which
enhance RNA quality and minimize contamination. These results underscore the importance of selecting an
RNA extraction kit that aligns with the specific requirements of the sample type and experimental
demands. Kit C, with its efficiency and reliability, stands out as the optimal choice for large-scale SARS-CoV-
2 wastewater surveillance.
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