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Motivation o

e \Wastewater contains valuable information
e Mixed practical success
e Misalignment of reality vs expectations
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‘Easy’ Hard
e.g., presence/absence e.g., estimate incidence



Modelling pipeline: steps
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Base case: 3 nearly-identical epidemics
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Second case: same epidemic parameters, different
population sizes (5000, 500, 2000) 5‘-
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Third case: different population sizes, start times, and

transmission rates
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Shedding °re
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Indidual-level shedding

Gamma distributed
concentration over time RNA/g
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RNA per g

Shedding

Indidual-level shedding
Gamma distributed

concentration over time RNA/g
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Flow/Dilution

White noise around a mean
per-person dilution

Input: Total RNA shed (daily
# gene copies)

Output: gene copies/litre



RNA per g

Shedding Flow/Dilution o,

Indidual-level shedding White noise around a mean @
Gamma distributed per-person dilution
concentration over time RNA/g Input: Total RNA shed (daily

] 5o # gene copies)
- o Output: gene copies/litre
I Sample collection and
$ o measurement
s | °0...._____|  White noise around daily mean
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Analysis 5‘-
®

How often do we “detect” a difference between two catchment populations
using a paired t-test,

when epidemic dynamics are identical?

when epidemic dynamics are different?

Are the different sub-catchments likely to be reliably differentiable for
answering public-health-relevant questions?




Example: three identical epidemics

average gc/litre Total gc shed

gc/litre measured

"High" noise in all steps
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Example: three similar epidemics (A pop sizes

"High" noise in all steps
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Example: three different epidemics .
"High" noise in all steps Too much noise to reliably g
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Example: three different epidemics

‘Low” noise in all steps
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frequency & density

What if we can't reduce the noise? .
With daily sampling we can " 4
reliably tell catchments

apart!

Increase sampling frequency
from daily to every four days:

Comparing subcatchments one and two using paired t-tests, fourdays sampling Comparing subcatchments one and two using paired t-tests, daily sampling
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/ Key takeaways \ ﬂlext steps \

Characterise noisiness of - Incorporate data on South
system as early as possible African systems and
Set clear expectations catchment populations
Design surveillance for specific - Test practical public health
questions question

e.g. 'is a new wave

starting’”

- Leverage nested catchments

\ / \to filter outliers /
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Example of individual shedding profile

Shedding : .

Indidual-level shedding:

Gamma distributed
concentration over time RNA/g

Start shedding at 3 days
Shedding for 25 days

Noise via: & 0
Peak RNA/g (mean 10*10)
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Time to peak shedding (10 days)

“Scale” parameter of gamma
dlStrlbU 10N (mean 1 ) Time since exposure (days)

Assume daily 200g per person Peak RNA/g = 1010; peak at 10 days;
Start at 3 days; duration of 25 days



Flow/Dilution 5-

White noise around a mean per-person dilution
Input: Total RNA shed (daily # gene copies)
Output: gene copies/litre

(3001 per person per day, slightly above national average of 2371 per
person per day)

Still open question: how best to measure dilution and characterise the
noisiness of dilution estimates?

‘Low" noise: Standard deviation = 5% of mean
"‘Medium” noise: Standard deviation = 10% of mean
"High" noise: Standard deviation = 30% of mean



Sample collection and measurement 5-

Collection and laboratory procedure currently modelled in a single step:
Input: Daily average concentration (gene copies/litre)

Output: Daily/four-days/weekly measured concentration (gene copies/litre)
White noise around daily mean

Parameterised via standard deviation as proportion of daily mean

Low noise: 5% of mean

Medium noise: 10% of mean

High noise: 40% of mean



