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BACKGROUND

Wastewater-based epidemiology (WBE) can be used as a complementary
surveillance tool for the early detection of SARS-CoV-2 in wastewater (WW)
before an outbreak may be able to be clinically detected [1,2]. In addition,
WBE can provide real-time data that utilizes a non-invasive and unbiased
(symptomatic, asymptomatic, access to testing) sampling of the whole
community [1,2]. WBE can be helpful to determine lifestyle, exposure to
toxic agents, and prevalence of diseases in a given population [2,3]. This
project was undertaken as a pilot study to monitor the SARS-CoV-2 levels in
four wastewater treatment plants in Ohio using the GT-Molecular
Wastewater Surveillance guide and QIAGEN methods for RNA extraction and
digital polymerase chain reaction (dPCR).

METHODS

Sites: Four WW treatment plant sites in Ohio (Jackson Pike, Newark, Lancaster, and
Zanesville) were selected based on the presence of SARS-CoV-2, population size, COVID-19
vaccination percent and proximity to Ohio Department of Health Laboratory.

Wastewater sampling sites

LOD?
®Zanesvile

Franklin Jackson Pike 645,940 51%
®Lancaster
Licking Newark Yes 45,000 44%
Fairfield Lancaster Yes 24,303 45% e
Muskingum  Zanesville No 47,500 39%

Sample Collection: Untreated, composite wastewater samples (1 L) were collected twice
per week for 7 weeks (mid-October to early December 2021) and stored at 4°C until
processing. The samples (40 ml in duplicate) were processed within 2-3 days of sample
collection. Each sample was processed, extracted, and analyzed in duplicate.

GT-Molecular method from GT-Digital Wastewater Surveillance Guide was employed for
virus filtration, concentration, RNA extraction and SARS-CoV-2 quantification.

Bovine Coronavirus (BCoV) was used as a process/ matrix recovery control.
Pepper Mottled Mosaic Virus (PMMoV) was used as a fecal normalization control.

Innovaprep Concentrating Pipette Select was used to concentrate the virus from WW
samples.

QIAGEN AllPrep PowerViral DNA/RNA Kit was used to extract RNA from the viral
concentrates.

The N2 region of the SARS-CoV-2 nucleocapsid gene was quantified to monitor SARS-CoV-2
in WW via digital PCR (dPCR) using GT-Digital SARS-CoV-2 Wastewater Surveillance Assay
Kit and QlAcuity One-Step Viral RT-PCR Kit.
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Discharged water has
been treated to remove
viruses and bacteria
and monitored to meet
state and federal
discharge limits.
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Figure 1. Box plot showing bovine corona virus recovery (BCR; Figure 2. Box plot showing bovine corona virus recovery (BCR;
%) in different wastewater treatment plants in Ohio when dPCR %) in different wastewater treatment plants in Ohio when dPCR
template volume was 20 (pL). template volume was 10 (pL).
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Figure 3. Box plot showing the effect of dPCR template volume Figure 4. Box plot showing overall [N2] gene abundances in
(UL) on bovine corona virus recovery (BCR; %) in wastewater different locations of wastewater treatment plants in Ohio.

treatment plants. Location P = 0.76 and Location x volume P = 0.74.
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Figure 5. [N2] gene abundances (copies/L) in different wastewater
treatment plants and daily COVID-19 cases in Ohio.
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Figure 6. Correlations between [N2] gene abundances in different locations
of wastewater treatment plants and daily COVID-19 cases in Ohio.
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For More Information

Ohio Coronavirus Wastewater Monitoring Network

https://coronavirus.ohio.gov/dashboards/other-resources/wastewater
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RESU LTS

The initial bovine coronavirus recovery (BCR) amongst the four WW sites was
low ranging from 0.07 to 4.29 % (average 1.37 £ 0.099 %) when 20 ul template
volume was used. The initial BCR did not differ (P = 0.96) among the sites
(0.95, 1.56, 1.67 and 1.22 % for Jackson Pike, Lancaster, Newark, and
Zanesville, respectively).

e The BCR improved significantly (P < 0.001), ranging from 1.13 to 13.5 (average
6.28 + 2.96 %) on reducing the template volume to 10 pl from 20 ul. The
recovery rate was similar (P = 0.77) among the sites (6.70, 5.11, 6.96 and 6.34
% for Jackson Pike, Lancaster, Newark, and Zanesville, respectively).

* |In this study period, [N2] gene abundances (copies/L) increased from 1813 to
15355 in Jackson Pike, 8766 to 39538 in Lancaster, 7442 to 63050 in Newark,
and 6772 to 23038 in Zanesville, probably due to increases in incidences of
clinical cases of COVID-19 in Ohio.

e Overall, [N2] gene abundance did not differ significantly (P = 0.87) among the
WW sites during the sampling period.

e There was a significant correlation (r = 0.86; P = < 0.001) between [N2] gene
abundances and incidences of clinical cases of COVID-19 in Ohio (data
obtained from ODH COVID dashboard).

CONCLUSIONS

e BCR improved from 1.37 £ 0.99 % to 6.28 + 2.96 % when 20 ul and 10 ul
template volumes were used, respectively. Initial low BCR in WW samples was
probably due to the presence of some inhibitory materials in WW extract.

e In this study period (mid October to early December), increased [N2] gene
abundances (copies/L) were highly correlated with increased incidences of
COVID-19 in Ohio.

e For the surveillance of the [N2] gene abundances of SARS-CoV-2 in WW, GT-
Molecular Wastewater Surveillance guide and QIAGEN methods (RNA extraction
and dPCR) may be useful to detect COVID-19 cases in the community.

FUTURE APPLICATIONS

CDC'’s proposed expansion of NWSS testing panel to:
e Antibiotic resistance genes
e Pathogen targets (norovirus, Candida auris, respiratory syncytial virus, Shiga
toxin-producing E. coli, Campylobacter sp., Salmonella sp., Cyclospora)
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