1. Real-time RT-qPCR assay
RT-qPCR reactions were performed in a final volume of 25 μL using the AgPath-ID One-Step RT-PCR kit (Life Technologies), including 5 μL of extracted RNA as template. Each reaction mixture contained 1× RT-PCR buffer, 1 μL of RT-PCR enzyme mix, 1.67 μL of detection enhancer, and primers and probe at final concentrations of 500 nM (primer 2297), 900 nM (primer 2298), and 250 nM (probe 2299), respectively.
Thermal cycling conditions consisted of reverse transcription at 50 °C for 30 min, followed by enzyme activation at 95 °C for 5 min, and 45 amplification cycles of 95 °C for 15 s and 60 °C for 30 s. To ensure harmonized and comparable results among laboratories within the SARI network, reference materials, including quantification standards and RNA control templates, were distributed to participating laboratories. Quantitative results obtained were uploaded to the centralized GIS-based database (Rossi et al., 2022).

2. Long and short nested RT-PCR assays
The amplification mix was performed using the SuperScript™ IV One-Step RT-PCR System (Invitrogen) for the first-cycle PCR, and the Platinum SuperFi II Green PCR Master Mix (Invitrogen) for the second (nested) PCR. Amplifications were performed in a T100 PCR thermocycler (Bio-Rad Laboratories, Hercules, CA, USA).
Both long nested RT-PCR assays were performed under similar conditions. Reverse transcription and first-round PCR amplification were carried out using the SuperScript IV One-Step RT-PCR System with Platinum SuperFi RT-PCR Master Mix (Invitrogen, Carlsbad, CA, USA). Reactions were prepared in a final volume of 25 μL, including 4 μL of RNA template and 1 μL of each primer (10 μM). Thermal cycling conditions for the RT-PCR consisted of reverse transcription at 45 °C for 10 min, initial denaturation at 98 °C for 2 min, followed by 35 cycles of 98 °C for 10 s, 57 °C (PCR ID 979)/55 °C (PCR ID 1033) for 10 s, and 72 °C for 1 min, with a final extension at 72 °C for 5 min. Nested PCR was subsequently performed using 2 μL of the first-round PCR product, 1 μL of each primer (10 μM), and the and the Platinum SuperFi II Green PCR Master Mix (Invitrogen). Amplification conditions included an initial denaturation at 98 °C for 30 s, followed by 45 cycles of 98 °C for 10 s, 57 °C (PCR ID 980)/ 55 °C (PCR ID 1034) °C for 30 s, and 72 °C for 1 min, with a final extension at 72 °C for 10 min. Standard precautions were implemented throughout all steps to minimize the risk of laboratory contamination. After amplification, high-sensitivity capillary electrophoresis was performed using a QIAxcel instrument supplied by Qiagen and the QIAxcel DNA Fast Analysis Kit (DNA Size Marker 50 bp – 1.5 kb). PCR products were purified using Montage PCRm96 Micro-Well Filter Plates (Millipore, Burlington, MA, USA).
Short-nested PCR assays were performed under the same conditions as the long-nested PCR, except for the annealing temperatures, which were as follows: 62°C for the first amplification cycle and 63°C for the nested PCR. PCR products were visualized by gel electrophoresis and purified using a Montage PCRm96 Microwell Filter Plate (Millipore, Billerica, MA, USA).
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Figure S1. Schematic overview of the comparison between case-based SARS-CoV-2 surveillance and wastewater surveillance

Table S1. Primers and PCRs used in this study
	PCR ID
	Primer ID
	Sequence (5’- 3’)
	Region
	Nucleotide Positions (*)
	Amplicon Size (Bps)
	Assay
	Reference

	959
	2297
	ACATGGCTTTGAGTTGACATCT
	ORF1ab (nsp14)
	18,600-18,621
	100
	RT-qPCR
	La Rosa et al. 2021b

	
	2298
	AGCAGTGGAAAAGCATGTGG
	
	18,680-18,699
	
	
	

	
	2299
	FAM-CATAGACAACAGGTGCGCTC-MGBEQ
	
	18,649-18,668
	
	
	

	986
	2321
	TTCAACTCAGGACTTGTTCTTACC
	Spike
	21,709-21,732
	536
	Short-nested RT-PCR
	This study

	
	2337
	TTG GCA AAT CTA CCA ATG GTT C
	
	22,232-22,253
	
	
	

	987
	2321
	TTCAACTCAGGACTTGTTCTTACC
	
	21,709-21,732
	495
	
	

	
	2338
	CGCACTAAATTAATAGGCGTGT
	
	22,182-22,203
	
	
	

	994
(987 mod)
	2321
	TTCAACTCAGGACTTGTTCTTACC
	Spike
	21,709-21,732
	478
	
	

	
	2350
	ACGCACTATAATAGGCGTGTG
	
	22,181-22,204
	
	
	

	990
	2343
	GAAGTCAGACAAATCGCTCCA
	Spike
	22,778-22,798
	570
	Short-nested RT-PCR
	This study

	
	2344
	GACACCACCAAAAGAACATGG
	
	23,327-23,347
	
	
	

	991
	2343
	GAAGTCAGACAAATCGCTCCA
	
	22,778-22,798
	523
	
	

	
	2326
	GTGGATCACGGACAGCATC
	
	23,282-23,300
	
	
	

	979
	2319
	ACCCTGACAAAGTTTTCAGATCCT
	Spike
	21,675-21,698
	1728
	Long-nested RT-PCR
	La Rosa et al., 2021c

	
	2324
	CCTGATAAAGAACAGCAACCTG
	
	23,382-23,402
	
	
	

	980
	2321
	TTCAACTCAGGACTTGTTCTTACC
	
	21,709-21,732
	1592
	
	

	
	2326
	GTGGATCACGGACAGCATC
	
	23,282-23,300
	
	
	

	1033
	2535
	TGCCACTAGTCTCTAGTCAGTGTGT
	Spike
	21,585-21,609
	1473
	Long-nested RT-PCR
	This study

	
	2536
	GTCGGAAACCATATGATTGTAAAG
	
	23,034-23,057
	
	
	

	1034
	2537
	CACGTGGTGTTTATTACCCTGAC
	
	21,660-21,682
	1330
	
	

	
	2538
	CCGGCCTGATAGATTTCAGTT
	
	22,969-22,989
	
	
	


(*) Reference genome: NC_045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome

Table S2. Molecular and technical rationale for the principal changes in the SARS-CoV-2 wastewater sequencing strategy.
	Surveillance period
	Previous assay
	Revised assay or action
	Emerging lineage/sublineage
	Relevant mutation or technical limitation
	Rationale for modification
	Outcome

	Omicron emergence
	Short RT-PCR 986/987 using primer 2338
	Primer 2338 was replaced by primer 2350, generating assay 994
	Omicron BA.1* and Omicron BA.1.1*
	Deletion at spike amino acid position 212
	To improve amplification and detection of Omicron BA.1* and Omicron BA.1.1*
	Improved detection of these lineages

	Early 2022
	Short-amplicon assays
	Short-amplicon assays were discontinued
	BA.2-related lineages
	D405N and R408S mutations affecting primer-annealing regions
	Reduced amplification efficiency and loss of discriminatory capacity
	Surveillance continued primarily using the long-amplicon approach

	June 2023
	Long RT-PCR 979/980
	New long RT-PCR 1033/1034 was introduced
	Emerging VOIs and VUMs, including EG.5*
	Relevant mutations were located outside the previous amplicon, including Q52H
	To extend the covered spike region and improve characterization of emerging lineages
	Improved detection and characterization of newly emerging lineages


Note: Only the principal methodological changes for which a specific molecular or technical rationale was documented are reported. Detailed primer sequences, genomic positions, and assay characteristics are provided in the corresponding Supplementary Table S1
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