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Wastewater-based epidemiology (WBE): A quick intro

• Analysis of chemical or biological markers in wastewater to 
provide health‐relevant information.
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Wastewater-based epidemiology (WBE):
Advantages for pandemic response

• Cost‐effective. Low‐resource way to gather info on large 
numbers of individuals.

• Unbiased. Provides data on entire populations rather than the 
subset who come in for testing.

• Early‐warning system. Fecal shedding of virus precedes symptom 
onset.
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WBE for COVID response is 
being done all over the place…



…so what additional value is WBE in Davis providing?

Achieving unmatched level 
of spatial granularity in 
sewershed sampling

Demonstrating additional 
value of WBE when 

asymptomatic testing is at 
saturation

Using algorithmic approach 
for sophisticated imputation 

of missing data
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Asymptomatic clinical testing
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Partnership between UC Davis 
and the City of Davis

Cited by The New York Times as 
“…the most ambitious program 

of its type in the country”
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Healthy Davis Together clinical testing

• Offering free asymptomatic tests to all Davis workers, residents, 
and household members since November 2020.

• 21 testing sites, including six stationary sites, two mobile testing 
vans, and 13 K–12 school testing sites.

• Huge, multi‐pronged outreach program
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Healthy Davis Together clinical testing: outreach
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Billboards/banners

Bilingual social media

TV ads

Cash and prize 
incentives



Healthy Davis Together clinical testing

• Number of Davis residents who reported receiving at least one 
COVID test rose from 30% to 73% from Sept. 2020–March 2021.

o For comparison: ThermoFisher survey conducted in Jan. 2021 
found that 2/3 of Americans had never received a COVID test.

• Takeaway: HDT represents a setting in which clinical testing is 
about as good as it can get.
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Even the best clinical-testing program falls short in some ways

• 73% is good, but it’s not everyone.

• Only a subset of the 73% are consistent testers.
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Data from May 2021



Even the best clinical-testing program falls short in some ways

• 73% is good, but it’s not everyone.

• Only a subset of the 73% are consistent testers.

• Higher‐risk populations may account for a greater share of 
under‐ or never‐testers.

• Testing fatigue sets in eventually
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Even the best clinical-testing program falls short in some ways

• 73% is great, but it’s not everyone.

• Only a subset of the 73% are consistent testers.

• Higher‐risk populations may account for a greater share of 
under‐ or never‐testers.

• Testing fatigue sets in eventually

• Expensive and resource‐intensive to continue for the long haul

• Takeaway: Wastewater surveillance can help fill in the gaps.
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Wastewater surveillance

16



17
August 2020  present
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At first: 1 sample/week; 2 days for results

Ultrafiltration + manual handling



Now: >100 samples/ week; <24 hours for results
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Nanotrap hydrogel beads + robotic handling



COLLECTION
WWTP influent 

(7x/wk)
Sewer system 

(3x/wk)

PASTEURIZATION
Heat treatment to 

support safe 
processing

SAMPLE 
CONCENTRATION
Concentrate sample 
using Nanotrap 
hydrogel beads

EXTRACTION
Purify RNA 

using magnetic 
beads

ANALYSIS
Quantify through 

RT‐qPCR for 
SARS‐CoV‐2

7–11 AM 11 AM–12 PM 1–2 PM 2–3 PM 3–5 PM + Overnight

Pipeline for overnight turnaround

Add known quantity of 
bacteriophage as process control

N1 and N2 genes
+

Process control bacteriophage & 
fecal strength indicator virus
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Monitoring at multiple scales

WWTP   Whole city 
(7x/wk)
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Monitoring at multiple scales

Sub‐city regional (3x/wk)
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Monitoring at multiple scales

Neighborhood / building complex (3x/wk)
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Deloitte PredictRisk tool
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Monitoring at multiple scales

Neighborhood / building complex (3x/wk)

Elementary school

Neighborhoods (high 
complication risk)

Apartment complex 
(underserved)

Neighborhood 
(underserved)

Neighborhood 
(underserved; high 
minority pop.)

Apartment complex
(high transmissibility 

risk)
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Takeaway: 23 
sewershed sites + 
WWTP (for 
population of ~65k) 
= unmatched level 
of spatial 
granularity



Education and outreach
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Public data dashboard = 
transparency and education

HealthyDavisTogether.org/Wastewater‐Testing







 Data updated weekly

 Graphs accompanied 
by trend analysis



Explainer infographic



Informing decision-making and action

33



Granular trend data 
enable targeted 
interventions



Bilingual fliers (e.g., for 
distribution in 

apartment lobbies)



Door hangers



Geotargeted text 
and email alerts



Looking to the future

• HDT wastewater surveillance will continue until at least June 2022

• Exploring expansion to neighboring communities 
in Yolo and the broader Central Valley

• Potential to refocus wastewater surveillance
on other public‐health priorities (e.g., flu)

• Digging into the data:

o Assessing sub‐city relationships between clinical
and WW data

o Developing algorithmic approach for imputing missing data
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