






Adapt ive Sites Allocat ion for ES simulat ion

Introduct ion

Background

Sampling for ES?

Pumping station vs. toilets?

If sample toilets, where?

Fixed samples site?

Pumping Station

In 2003, WHO published the

” Guidelines for ES of poliovirus

circulat ion” that recommended

sampling at inlets to sewage

treatment plants or other major

collector sewers4.

However, in cases where there is

no sewage network, inconsistent

sewage flow, rapid pathogen

decay, loss of pathogen, or

dilut ion of pathogens in the

sewage system, combined with

not very sensit ive lab detect ion

methods, sampling at sites

distant from shedding sources

may fail to detect pathogens.





Number of new shedders on 

day t follows 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝜆

Pumping Station

Assign new shedders to toilets

Toilet

The sewage network 
and locations of toilets 
were simulated using 
the SSN package in R.



Pumping Station
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Intermittent shedding

Day of infection
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Number of S.Typhi shed

Log10 number of S.Typhi
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Day of infection 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Shedding (Y/N) N Y Y Y Y N Y Y N N N Y N N

Num of S. Typhi Shed 0 108.1 107.6 107 108.3 0 108.1 106.5 0 0 0 107.2 0 0
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Decay and lost curve
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Sampling Sites S:

1. Pumping Station (40 L)

2. Toilets (500 mL)

3. Primary Sampling Unit (PSU), 

pooled sample from 5 toilets (500 mL 

with 100 mL from each toilet) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆. 𝑇𝑦𝑝ℎ𝑖 𝑝𝑎𝑠𝑠𝑒𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑜𝑛 𝑡ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑑𝑎𝑦

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑝𝑎𝑠𝑠𝑒𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑜𝑛 𝑡ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑑𝑎𝑦

For any sampling site, if average concentration larger than the limit of detection, then the 

outcome is positive (1). Otherwise, the outcome is negative (0).









𝐿𝑎𝑚𝑏𝑑𝑎 = 30 𝐿𝑎𝑚𝑏𝑑𝑎 = 50








