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1. Introduction – The COVID-19 pandemic has shown the importance to develop a surveillance system 

able to monitor the presence of potential pathogenic agents. The wastewater demonstrated to be suitable 

targets for such kind of analysis [1]. Our aim was to find a reliable and robust qRT-PCR detection method 

for SARS-CoV-2 in wastewater by designing a laboratory analysis system, able to mimic real conditions. 

We compared four concentration/extraction RNA methods combined with a newly developed improved 

RT-PCR. First, a model viral system constructed, containing a fragment of the SARS-CoV-2 gene 

encoding for the Spike protein. The encapsidated S RNA mimic (ESRM) based on the plum pox virus 

(PPV) genome with the inserted targeted gene fragment. ESRM used for seeding wastewater samples to 

evaluate the viral recovery. The efficiency of individual approaches was assessed by the use of a 

quantitative reverse transcription PCR (qRT-PCR) and by a one-step single-tube nested quantitative 

reverse transcription PCR (OSN-qRT-PCR). 

2. Experimental  

Image 1.    Table III. 

Recovery rate of ESRM achieved by 4 

concentration/extraction methods (A-D) from artificially 

contaminated wastewater. 

 

 

 

 

 

 

 

 

 

3. Results and Discussion - The concentration methods used different physical and chemical 

mechanisms to concentrate SARS-CoV-2. The combination of PEG precipitation with NucleoSpin RNA 

Virus Kit displayed the highest recovery rate in our study. A similar recovery rate of 44.0% was reported 

previously by Ahmed et al. (2020) [2]. Good recovery rates were achieved by ultracentrifugation, RNA 

extraction by NucleoSpin RNA Virus Kit and detection by qRT-PCR or OSN-qRT-PCR. The determined 

recovery rates were comparable to the 33.5% reported by Ahmed et al (2020) [2]. When comparing RNA 

extraction kits after PEG precipitation or ultrafiltration, NucleoSpin RNA Virus Kit performed better than 

Qiagen All Prep PowerViral DNA/RNA Kit in this study. Other concetration method which included 

Zymo Environ Water RNA Kit, had low recovery rates of only 6.15% and 11.09% when combined with 

qRT-PCR and OSN-qRT-PCR, respectively. NucleoMag DNA/RNA Water Kit had recovery rate 13.64 

to 25.52% of ESRM from a small volume of wastewater (Table III). 

4. Conclusions - In conclusion, the PEG precipitation method achieved the highest recovery rate of 

ESRM among other concentration methods. We found that OSN-qRT-PCR is a valuable molecular tool 

for detecting viruses in wastewater samples with low viral loads. In the future, the analysis of wastewater 

by advanced sensitive molecular can play an important role in the surveillance of a range of human 

pathogenic viruses. 
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Concentration/extraction 

method 

Concentration (GC/mL)* of recovered 

ESRM** 
ESRM recovery rate (%)* 

 
qRT-PCR OSN-qRT-PCR qRT-PCR OSN-qRT-PCR 

 

Method A + NucleoSpin RNA 

Virus Kit 
3.13 × 106 ± 6.46 × 105 3.92 × 106 ± 5.44 × 105 38.61 ± 7.98 48.39 ± 6.71  

Method A + AllPrep PowerViral 

DNA/RNA Kit  
2.80 × 106 ± 7.12 × 105 3.53 × 106 ± 8.01 × 105 34.51 ± 8.79 43.61 ± 9.89  

Method B + NucleoSpin RNA 

Virus Kit 
2.17 × 106 ± 6.80 × 105 2.89 × 106 ± 9.86 × 105 26.81 ± 8.4 35.67 ± 12.18  

Method B + AllPrep PowerViral 

DNA/RNA Kit  
1.74 × 106 ± 9.44 × 105 2.40 × 106 ± 9.10 × 105 21.52 ± 11.65 29.61 ± 11.23  

Method C 4.98 × 105 ± 1.09 × 106 9.98 × 105 ± 1.43 × 106 6.15 ± 13.5 11.09 ± 17.62  

Method D (first type) 1.28 × 106 ± 1.39 × 106 2.07 × 106 ± 1.36 × 106 15.84 ± 17.11 25.52 ± 16.84  

Method D (second type) 1.11 × 106 ± 1.18 × 106 1.81 × 106 ± 1.22 × 106 13.64 ± 14.6 22.32 ± 15.01  

*Values of mean ± standard deviation are presented 

**8.1 × 106 ESRM seeded (GC/mL) 


