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ABSTRACT We report metagenomic sequencing analyses of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) RNA in composite wastewater influent from 10
regions in Ontario, Canada, during the transition between Delta and Omicron variants
of concern. The Delta and Omicron BA.1/BA.1.1 and BA.2-defining mutations occurring
in various frequencies were reported in the consensus and subconsensus sequences of the
composite samples.

he emergence and global spread of severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) (genus Betacoronavirus, family Coronaviridae) variants of concern (VOCs)
pose a significant threat to global health (1, 2). SARS-CoV-2 is shed in human fecal matter
and less so in urine by infected individuals, and its detection in wastewater triggered global
interest in tracking the dissemination of its VOCs (3, 4). The province of Ontario and other
jurisdictions have adopted genomic surveillance of wastewater for monitoring known and
emerging SARS-CoV-2 VOCs in the community (5-12).

We collected 24-h composite samples of raw influent from 28 wastewater treatment
plants in 10 regions across Ontario between November 2021 and February 2022 (n = 48)
(Table 1) as part of the COVID-19 Regional Genomic Initiative (CORGI) in Ontario. Nanotrap
magnetic virus particles (Ceres Nanosciences) were added to 50-mL wastewater samples to
capture and concentrate the virus, followed by RNA extraction with the QIAamp viral RNA
minikit (Qiagen) according to the manufacturer’s instructions. The CDC N1 and N2 regions
were detected in the RNA samples with one-step reverse transcriptase quantitative PCR
(RT-gPCR) performed on QuantStudio 5 (Thermo Fisher Scientific) (13) by using the 2019-nCoV
CDC RUO kit (IDT, Coralville, USA) and TagPath master mix (Thermo Fisher Scientific) as
described (14). Wastewater samples with a cycle threshold of =35 were sequenced. For
genomic sequencing, cDNA synthesis was performed using the SuperScript IV first-strand
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FIG 1 Heatmap showing estimated frequencies of Omicron (BA.1) mutations in composite samples of wastewater influent from 10 regions across Ontario.
Each column represents a sample, and they are ordered by date of collection. Each row represents the genomic locus of a BA.1-defining mutation (https://
github.com/cov-lineages/constellations/tree/main/constellations/definitions). Colors depict the percentage frequency of mutations in the samples; the
deeper the color, the higher the mutation frequency. The heatmap was generated using VCFparser v1.0.0 (https://github.com/kbessonov1984/VCFParser).

synthesis system (Thermo Fisher Scientific). SARS-CoV-2 amplicons were generated as
previously described (15) but with ARTIC V4 primers (https://github.com/artic-network/
artic-ncov2019/tree/master/primer_schemes/nCoV-2019). DNA libraries were generated using
the Nextera XT DNA library prep kit (lllumina). Paired-end (2 x 150 bp) sequencing was
performed using the MiniSeq system (lllumina). Raw sequence reads were analyzed using
ViralRecon v2.4.1 (16). Variants were called with iVar v1.3.1 (17) using minimum quality and
depth of 15 and 10, respectively. Consensus and subconsensus sequences were defined
using mutation frequency thresholds of >50% and 10 to 50%, respectively. Variant lineages
were inferred using Pangolin v3.1.20 (18). Default parameters were used for all tools unless
otherwise specified.

We received 148,603,298 total reads across all 48 samples (mean, 3,095,902; range,
2,095,676 to 4,867,030). In most of the samples (85%; n = 41), =50% of reads mapped to
the SARS-CoV-2 Wuhan strain. The average breadth of coverage of the consensus sequences
generated was 98%. In consensus sequences, the Delta variants, including 8 sublineages,
were detected in 14 samples from 7 regions in December 2021 (Table 1). Omicron BA.1/
BA.1.1 was detected in 34 samples collected from all the regions studied except in Windsor,
located in the extreme southwest of the province (Fig. 1). In subconsensus sequences, 26
samples contained the Delta VOC, 2 samples contained both Delta and Omicron BA.2 muta-
tions, while traces (=6 mutations) of Omicron BA.1-defining mutations were detected in 4
samples. Overall, multiple SARS-CoV-2 VOCs were detected in 32 samples (Table 1). Collectively,
continuous genomic surveillance of wastewater provides sufficient specificity to infer individual
VOC lineages in mixed samples and is effective for monitoring SARS-CoV-2 VOCs in the
community.

Data availability. The metagenomic sequences are available in the NCBI Sequence
Read Archive under BioProject accession number PRINA824537.
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