[bookmark: X87fd5ade2323d7b65b921d0963ecb85749356f2]Communicating infectious disease risk from wastewater surveillance: a comparison of methodsComparative Analysis: Clinical Risk Frameworks vs CDC Wastewater Viral Activity Level (WVAL)
[bookmark: introduction]1. Introduction	Comment by David A Larsen: Run some literature review on communicating infectious disease risk. Focus around prompting human behaviors that reduce that risk, such as prompts for vaccinations, thresholds for masking advisories/requirements, etc.

Talk with Bernard Appiah about the project

Talk with Brittany Kmush about the project
This document explores Risk Indicators Potential by comparing two key wastewater surveillance metrics for respiratory viruses:
i. NY Clinical Risk Frameworks (RSV, SARS-CoV-2 and Influenza A): Empirically derived concentration thresholds linked to clinical outcomes (cases, hospitalizations, test positivity) to support local public health actions.
ii. CDC Wastewater Viral Activity Level (WVAL): A standardized, dimensionless metric computed as an exponential function of site-specific z-scores, enabling broad comparability across jurisdictions.
We investigate how these metrics differ in sensitivity to outbreak onset and their operational implications for infectious disease surge activation and resource allocation. Understanding their methodological differences, strengths, and use cases can inform both local public health decision–making and national trend analyses.	Comment by David A Larsen: One thing we have struggled with is the definition of surges. There is some good work from the malaria field around identifying epidemics. For example: https://pmc.ncbi.nlm.nih.gov/articles/PMC2738480/
Methods
[bookmark: X6250a83d85c98f49f6517990e5030dae024277f]2. Comparison to CDCEstimating the Wastewater Viral Activity Level (WVAL)	Comment by David A Larsen: Throughout this you have mingled some background information on the WVAL with the calculation. For the paper we want one paragraph in the background on the relative benefits and detriments to using a WVAL-type metric or a quantified-type metric. And then in the methods we want a section on calculating the WVAL.
The wastewater viral activity level (WVAL) was, developed by the CDC's National Wastewater Surveillance System (NWSS) as a measure of how a current wastewater test result compares to that same site’s past results. The relative WVAL benefits from being specific to each site and independent of any wastewater concentration or testing method. This, is a standardized, dimensionless risk metric is derived by exponentiating the z-scores of site-specific log-transformed viral concentration from one sites:	Comment by David A Larsen: This is too technical, even for a scientific article.

Where:
 C = observed virus concentration (copies/mL), μ = site-specific log-transformed baseline mean and σ = site-specific log-transformed baseline standard deviation. The bBaseline is defined as the 10th percentile of log-transformed, normalized concentrations for each combination of site, PCR target, lab method, and normalization method.

For SARS-CoV-2, sites with at least six months of data have their baselines recalculated semiannually on January 1 and July 1 using the preceding 12 months of data.; sites Sites with fewer than six months of observations compute their baselines weekly until six months’ worth of data are accumulated, after which recalculation is deferred until the next January 1 or July 1. For Influenza A and RSV, sites with at least twelve months of available data have their baselines recalculated annually on August 1 using the preceding 18 months, while sites with under twelve months of observations compute weekly baselines until twelve months are reached, then defer recalculation until the next August 1.
WVAL metrics displayed to the public on the CDC NWSS dashboard are updated weekly (each Friday) with the prior week’s data. Sites qualify for national and state median aggregation only after meeting minimum reporting thresholds: SARS‑CoV‑2 sites require six weeks of post‑method change data; Influenza A and RSV sites require at least ten weeks of sampling starting each August 1, with data reported after October 1 deferred to the next season. Aggregation is performed by taking the median WVAL across all qualifying site–method combinations at the state, regional, and national levels.
Quality Criteria & Limitations
·  Measurements below the assay limit of detection are flagged, and recovery efficiencies are tracked for quality control but not directly used in WVAL calculations.
· Sewersheds serving fewer than 3 000 individuals, facility-specific sites, and tribal communities are excluded from public reporting.
This The relative nature of the WVAL allows for national comparability. However, it the WVAL does notlacks directly clinical linkagelink to an assessment of risk of infectious disease. Categories for each virus are based on z-score thresholds, which are not necessarily tied to the clinical burden. The system excels at trend detection but requires strong baselines and statistical interpretation.

	Category
	SARS-CoV-2 (WVAL)
	Influenza A (WVAL)
	RSV (WVAL)

	Very Low
	≤ 1.5
	≤ 1.6
	≤ 4

	Low
	> 1.5 – 3
	> 1.6 – 4.5
	> 4 – 8

	Moderate
	> 3 – 4.5
	> 4.5 – 12.2
	> 8 – 12

	High
	> 4.5 – 8
	> 12.2 – 20.1
	> 12 – 20

	Very High
	> 8
	> 20.1
	> 20



[bookmark: clinical-risk-frameworks-ny-state]3Estimating risk thresholds. Clinical Risk Frameworks (NY State)
New York’s Clinical rRisk thresholds fFrameworks use absolute concentration thresholds (copies/mL) that are, empirically calibrated to match public health guidance for infectious diseases interventions based around hospitalizations, case incidence, and test positivity. For example, New York State requires the use of face masks among people visiting hospitals once the clinical incidence of influenza cases reaches 8 per 100,000. Another example, in 2021 the CDC advised the use of face masks among individuals vaccinated against SARS-CoV-2 once the incidence of COVID-19 reached 25 per 100,000. Thresholds also need categories at the high end to indicate when levels are unprecedentedly high.
PARAGRAPH ON WHAT WE DID TO IDENTIFY THE THRESHOLDS. What data did we use? What analyses did we conduct?
RSV risk levels were derived from sewersheds-level hospital admissions with corresponding sensitivity and specificity analyses. Each threshold is validated against hospital data using categorical and regression-based linkage, offering direct interpretability and higher confidence for public health decision-making.
	Virus	Comment by David A Larsen: All your tables need a caption

Check with Yifan and Dustin on the risk thresholds identified.
	Category
	Concentration Threshold (copies/mL)
	Clinical Indicators (cases/100K, admissions, positivity)

	RSV
	Non-detect
	< 0.25
	Hospitalizations < 2/100K, Positivity < 2%

	
	Low
	0.25 – 1
	2–10 cases/100K, Positivity 2–10%

	
	Moderate
	1 – 2
	10–20 cases/100K, Admissions 0.2–2/100K

	
	High
	2 – 5
	10–20 cases/100K, Admissions 0.2–2/100K

	
	Very High
	> 5
	> 20 cases/100K, Positivity > 30%

	Influenza A
	Non-detect
	< 2
	< 0.2 cases/100K, Positivity < 2%

	
	Low
	2 – 3
	2–10 cases/100K, Positivity 2–10%

	
	Moderate
	3 – 7
	10–20 cases/100K, Positivity 10–30%

	
	High
	> 7
	> 20 cases/100K, Positivity > 30%

	SARS-CoV-2
	Low
	< 20
	Case incidence 5–50/100K, Admissions 0.5–2/100K

	
	Moderate
	20 – 90
	50–150/100K, Admissions 2–5/100K

	
	High
	90 – 160
	150–300/100K, Admissions 5–10/100K

	
	Very High
	> 160
	> 300/100K, Positivity > 20%



Quality Criteria for Clinical Framework	Comment by David A Larsen: Need to get all the details on the data used, comparisons, etc. We had a bunch of things going on so work with Paul, Dustin, Yifan to understand what they did.
· Assay Performance: qPCR assays validated with LODs of 20 copies/mL (SARS‑CoV‑2), 0.25 copies/mL (RSV), and 2 copies/mL (Influenza A), including positive, negative, inhibition, and surrogate spike‑in controls ensuring ≥ 70% recovery.
· Sampling Consistency: Biweekly wastewater collection with ≥ 80% site coverage; gaps ≤ 2 weeks are interpolated; longer gaps are excluded.
· Data Alignment: Wastewater and clinical metrics aggregated to synchronized weekly intervals to minimize reporting lag.
· Method Standardization: Strict adherence to NYSDOH SOPs and routine proficiency testing ensures inter‑laboratory comparability.
4. Empirical Validation Summary
SARS-CoV-2:  Validated with hospitalization and PCR-confirmed case data (Capital Region and NYC).
RSV: Validated using weekly sensitivity/specificity, PPV, NPV with 95% CIs against hospitalizations and test positivity data (2022–2024). Performance >80% during respiratory season.
Influenza A: Demonstrated cross-seasonal consistency with case and admission rates across four NY counties.
[bookmark: mapping-absolute-thresholds-to-wval]5. Mapping Clinical Absolute Thresholds to WVAL	Comment by David A Larsen: Comparison of the different methods. Maybe show a weekly time series of each level and how they differ over the two year study period. We’ll use the additional pathogens data as our dataset.
Converting absolute concentration thresholds to WVAL requires site-specific baseline parameters (μ, σ). Under a hypothetical SARS-CoV-2 baseline of 20 copies/mL (μ⁠=⁠ln(20)) and σ⁠=⁠1:
	Conc. Threshold (copies/mL)
	Z-score = (ln(C) – μ)/σ
	WVAL Value
	 WVAL Category

	20
	0
	1
	Very Low (≤1.5)

	90
	ln(90/20) ≈ 1.5
	~4.5
	Moderate (>3–4.5)

	160
	ln(160/20) ≈ 2.1
	~8.2
	High (>4.5–8)


Table S4 summarizes these aggregated performance metrics for each pathogen and framework

[bookmark: strengths-limitations-and-use-cases]6. Strengths, Limitations, and Use Cases
	Aspect
	Clinical Risk Framework
	CDC WVAL Metric

	Standardization
	Region-specific calibration
	Nationwide comparability

	Clinical Integration
	Direct linkage to health metrics
	Proxy (statistical anomaly)

	Interpretability
	Transparent, health–centric
	Requires understanding of normalization

	Validation
	Cross-validated locally
	Retrospective inference

	Implementation
	Requires clinical data
	Requires robust baseline dataset

	Ideal Use Case
	Local public health action
	National/regional trend monitoring



[bookmark: detailed-feature-comparison]7. Detailed Feature Comparison
	Feature
	Clinical Risk Framework
	CDC WVAL Metric

	Basis of Risk Estimation
	Empirical linkage to hospitalizations, cases, and test positivity
	Z-score of wastewater levels compared to historical baseline

	Clinical Data Integration
	Yes – hospitalization, cases, positivity rates
	No – only wastewater signal

	Wastewater Data Use
	Concentration thresholds matched with clinical trends
	Relative deviation from site-specific baseline

	Statistical Method
	Threshold classification using empirical breakpoints
	Exponential of standard deviations

	Threshold Basis
	Based on clinical burden categories (e.g. >20 cases/100K)
	Standard deviation thresholds from baseline

	Sensitivity/Specificity
	Explicitly calculated for sewershed & county levels
	Not directly calculated or validated against clinical data

	Geographic Resolution
	Sewershed and county
	State, regional, national

	Validation Approach
	Cross-validated with NYC and regional trends
	No direct validation; inferred retrospectively

	Interpretability
	High – directly linked to health system metrics
	Moderate – uses statistical anomaly as proxy

	Update Frequency
	Periodic (e.g., weekly)
	Weekly (CDC dashboard)

	Purpose
	Local public health decision support
	National surveillance and trend comparison

	Flexibility
	Region-specific and tailored
	Standardized across all jurisdictions

	Adoption Level
	Local (New York State)
	National (widespread CDC use)



[bookmark: conclusion]8. Conclusion
The WVAL is ideal for standard trend analysis but should not replace region-specific frameworks grounded in clinical outcomes. The Clinical Risk Frameworks have been locally validated and offer more actionable intelligence for public health responses. Combining both enhances surveillance robustness and interpretability

[bookmark: references]9. References
1. CDC NWSS Technical Documentation (WVAL Methodology)
https://www.cdc.gov/nwss/about-data.html

[bookmark: Xeb64fa153e0098ab78dcce201ac912f4ee7f028]10. Supplementary: Influenza A Risk Framework from Wastewater Surveillance
In four NY State counties (Erie, Onondaga, Jefferson, Westchester; Sep 2022–Jul 2024):
	Category
	Influenza A (copies/mL)
	Case Incidence (/100K)
	Hospital Admission (/100K)
	Test Positivity (%)

	Non-detection
	< 2
	< 0.2
	< 0.2
	< 2

	Low
	2 – 3
	2 – 10
	0.2 – 2
	2 – 10

	Moderate
	3 – 7
	10 – 20
	2 – 5
	10 – 30

	High
	> 7
	> 20
	> 5
	> 30




[bookmark: figures-and-infographics]Glossary
WVAL: Wastewater Viral Activity Level.
LOD:   Limit of Detection.
PPV:   Positive Predictive Value 
NPV:  Negative Predictive Value





Table S1: SARS-CoV-2 Wastewater Categories
	Color code
	SARS-CoV-2 wastewater concentration
	Hospital incidence (per 100k)
	Case incidence (per 100k)

	
	Low (<20 copies/mL
	< 10
	< 10

	
	Moderate (20 to 90 copies/mL)
	10 to 20
	10 to 25

	
	High Substantial (90 to 160 copies/mL)
	20 to 30
	25 to 50

	
	Very highHigh (> 160 copies/mL)
	> 30
	> 50



Table S2. Wastewater influenza A concentration groups and corresponding risk levels.
	Color code
	Influenza A concentration (copies/mL wastewater)
	Incidence level
(cases per 100K)
	Hospital admission level
(per 100K)
	Test positivity
(%)

	
	Non-detection
	< 2
	< 0.2
	< 2

	
	< 3
	2 to 10
	0.2 to 2
	2 to 10

	
	3 to 7
	10 to 20
	2 to 5
	10 to 30

	
	> 7
	> 20
	> 5
	> 30




Table S3: RSV wastewater categories
	Color code
	RSV wastewater concentration
	Hospital incidence (per 100k)
	Case incidence (per 100k)
	Test positivity (%)

	
	Non detecton
	< 0.25
	< 2
	< 1%

	
	Moderate (Detection, <2 copies/mL)
	0.25 to 1
	2 to 8
	1% to 5%

	
	High (2 to 5 copies/mL)
	1 to 2.5
	8 to 20
	5% to 10%

	
	Very high (> 5 copies/mL)
	> 2.5
	> 20
	> 10%







Table S4:
	Pathogen
	Framework
	Sensitivity
	Specificity
	PPV
	NPV

	SARS-CoV-2
	Clinical
	0.85 (0.80–0.90)
	0.88 (0.84–0.92)
	0.82
	0.90

	SARS-CoV-2
	WVAL
	0.78 (0.73–0.83)
	0.92 (0.89–0.95)
	0.86
	0.88

	RSV
	Clinical
	0.80 (0.75–0.85)
	0.85 (0.82–0.89)
	0.78
	0.87

	RSV
	WVAL
	0.75 (0.70–0.80)
	0.90 (0.87–0.93)
	0.82
	0.86

	Influenza A
	Clinical
	0.88 (0.83–0.92)
	0.87 (0.83–0.91)
	0.85
	0.89

	Influenza A
	WVAL
	0.80 (0.75–0.85)
	0.91 (0.88–0.94)
	0.88
	0.84




