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SI A. Mathematical Specifications of Model Formulations and Evaluation Metrics 

In this study, we consider three mechanistic model formulations to map measurements of SARS-CoV-2 
in wastewater to infection prevalence in the associated sewershed. Conceptually, all three formulations 
are similar. Wastewater samples can be thought of as a fecal sample pooled from the sewershed 
population, diluted in wastewater and subjected to decay and loss processes in the sewer system. Thus, 
theoretically, infection prevalence can be estimated from SARS-CoV-2 RNA measurements in 
wastewater after adjusting them for dilution, decay, and loss in the sewage system, and accounting for 
variation in clinical features of fecal shedding among SARS-CoV-2 infections.  

The three model formulations below parameterize this conceptual model using 1) per-capita 
wastewater generation (estimated from per-capita domestic potable water consumption, adjusted for 
wastewater generation from non-domestic sources); 2) per-capita wastewater generation (estimated 
from in-situ sampling site flow measurements and sewershed population estimates); and 3) an 
endogenous human fecal control that serves as a proxy for dilution and loss in the sewer system and 
through lab processing. These three model formulations translate directly into the approaches 
commonly taken for representing SARS-COV-2 concentrations for wastewater surveillance: 1) unaltered 
SARS-CoV-2 concentrations; 2) SARS-CoV-2 concentrations normalized by flow and population; and 3) 
SARS-CoV-2 concentrations normalized by an endogenous control such as pepper mild mottle virus 
(PMMoV). 

A.1 Flow generation formulation 

The flow generation model formulation relies on estimates of per-capita wastewater input into the 
system, as well as the volume fraction of wastewater coming from a source that could potentially 
contain SARS-CoV-2. To estimate the fraction of the population with an active infection (Factive), the flow 
generation model can be parameterized using a time-invariant flow composition parameter (Fcont) for the 
fraction of human contribution to the waste stream (versus commercial, industrial, run-off, etc.) as 
follows: 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊
(𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑎𝑎−𝑘𝑘𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑠𝑠𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣)𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒(𝐹𝐹𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠)

    Eq. A1.1 

Where: 

DWW = SARS-CoV-2 density in wastewater influent (viral copies/L) 
Dstool = SARS-CoV-2 density in stool (viral copies/L) 
Vww = wastewater generated per person per day (L/day) 
Vstool = stool generated per person per day (L/day)  
Fshed = fraction of infected individuals that shed viral RNA in feces (unitless) 
kvirus = pseudo-first order decay coefficient for SARS-CoV-2 RNA in sewage (1/day) 
Tsewer = time wastewater spends in the sewer prior to reaching the wastewater treatment plant (days) 
Fcont = volume fraction of wastewater coming from a source that could potentially contain SARS-CoV-2 (unitless) 
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Note that the pathogen stool density and stool volume can be broken into diarrheal and non-diarrheal 
terms as follows: 

𝐷𝐷𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐷𝐷𝑑𝑑𝑎𝑎𝑎𝑎𝑖𝑖𝑉𝑉𝑑𝑑𝑎𝑎𝑎𝑎𝑖𝑖𝐹𝐹𝑑𝑑𝑎𝑎𝑎𝑎𝑖𝑖 + 𝐷𝐷𝑛𝑛𝑠𝑠𝑑𝑑𝑎𝑎𝑎𝑎𝑖𝑖𝑀𝑀𝑛𝑛𝑠𝑠𝑑𝑑𝑎𝑎𝑎𝑎𝑖𝑖(1 − 𝐹𝐹𝑑𝑑𝑎𝑎𝑎𝑎𝑖𝑖)   Eq. A1.2 

Where: 

Ddiar = SARS-CoV-2 density in feces among infected individuals with diarrhea (viral copies/mL) 
Vdiar = volume of feces per person per day among infected individuals with diarrhea (mL/day) 
Fdiar = fraction of infected individuals with diarrhea (unitless) 
Dnodiar = SARS-CoV-2 density in feces among infected individuals without diarrhea (viral copies/g) 
Mnodiar = mass of feces per person per day among infected individuals without diarrhea (g/day) 
 
The flow generation model could thus be parameterized as: 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊
[𝐷𝐷𝑒𝑒𝑣𝑣𝑑𝑑𝑣𝑣𝑉𝑉𝑒𝑒𝑣𝑣𝑑𝑑𝑣𝑣𝐹𝐹𝑒𝑒𝑣𝑣𝑑𝑑𝑣𝑣+𝐷𝐷𝑐𝑐𝑠𝑠𝑒𝑒𝑣𝑣𝑑𝑑𝑣𝑣𝑀𝑀𝑐𝑐𝑠𝑠𝑒𝑒𝑣𝑣𝑑𝑑𝑣𝑣(1−𝐹𝐹𝑒𝑒𝑣𝑣𝑑𝑑𝑣𝑣)]𝑎𝑎−𝑘𝑘𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑠𝑠𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝐹𝐹𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠

  Eq A1.3 

The same substitution applies to the following model formulations as well, but they will be written in 
the simpler parameterization to facilitate comparison across model formulations. 

A.2 Flow receipt formulation  

Like the flow generation formulation, the flow receipt formulation relies on flow rate estimates. 
However, these flow estimates are measured at the sampling site (which is often a treatment plant) 
(VWWTP), which enables them to vary from sample-to-sample. To put flow on a per-capita basis, this 
formulation also requires an explicit sewershed population estimate (N). This formulation can be derived 
from a mass balance-type equation on the number of RNA copies in wastewater, written in words as: 

 

 

 

 

𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒−𝑘𝑘𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑠𝑠𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑒𝑒𝑒𝑒 𝐼𝐼𝑎𝑎𝑎𝑎𝑠𝑠𝑎𝑎𝑎𝑎𝑒𝑒   Eq. A2.1a 

and  

Iactive = FactiveN   Eq. A2.1b 

Thus, 

𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
𝑁𝑁

= 𝐷𝐷𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒−𝑘𝑘𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑠𝑠𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑎𝑎𝑑𝑑 𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎   Eq. A2.2 

or 

x x 

Number of 
people 

shedding virus 
in stool 

Wastewater 
decay factor  

Daily per capita 
viral RNA copies 

in stool 
= 

Daily viral RNA 
copies in 

wastewater 
influent 
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𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎−𝑘𝑘𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑠𝑠𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝑁𝑁

     Eq. A2.3 

 

A.3 Fecal strength formulation 

Both the flow generation and flow receipt formulations account for the fecal strength of a wastewater 
by incorporating the per-capita volumetric flow of the wastewater system (in the flow generation 
formulation, this is VWW/Fcont; in the flow receipt formulation, this is VWWTP/N). Another approach to 
account for the fecal strength of a wastewater is by measuring an endogenous control – a wastewater 
constituent that is present in relatively stable, high, and known concentrations in human excreta. Fecal 
strength can then be written as a dimensionless parameter describing the fraction, theoretically 
bounded by [0, 1], of wastewater that is human feces. This parameterization of fecal strength (FS) is the 
ratio of the concentration (density) of the endogenous control measured in wastewater (DWW – endog), to 
the expected wastewater endogenous control concentration if only domestic wastewater sources were 
contributing (e.g., sources of wastewater that could potentially contain SARS-CoV-2) and adjusted for 
decay in the sewer. A fecal strength of 1 means that domestic wastewater is undiluted by other sources.  

𝐹𝐹𝐹𝐹 = 𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

𝑎𝑎−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣(𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑉𝑉𝑊𝑊𝑊𝑊)
    Eq. A3.1 

Where 

kendog = pseudo-first order decay coefficient for endogenous control in sewage (1/day) 
Dstool - endog = endogenous control density in stool (gc/g) 
Mstool = stool mass generated per person per day (g/day)  
 
The dimensional analysis of fecal strength is as follows: 

[−] =

𝑔𝑔𝑎𝑎
𝐿𝐿

exp (ℎ𝑟𝑟ℎ𝑟𝑟)�
𝑔𝑔𝑎𝑎
𝑔𝑔

𝑔𝑔
𝑒𝑒𝑎𝑎𝑑𝑑 − 𝑝𝑝𝑒𝑒𝑟𝑟𝑠𝑠𝑠𝑠𝑝𝑝
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�

=
� 𝐿𝐿
𝑒𝑒𝑎𝑎𝑑𝑑 − 𝑝𝑝𝑒𝑒𝑟𝑟𝑠𝑠𝑠𝑠𝑝𝑝�  𝑔𝑔𝑎𝑎𝐿𝐿
𝑔𝑔𝑎𝑎
𝑔𝑔

𝑔𝑔
𝑒𝑒𝑎𝑎𝑑𝑑 − 𝑝𝑝𝑒𝑒𝑟𝑟𝑠𝑠𝑠𝑠𝑝𝑝

 

This dimensionless parameterization can be thought of as another way to estimate Fcont, the volume 
fraction of wastewater coming from a source that could potentially contain SARS-CoV-2, in the flow 
generation formulation. Substituting in FS for Fcont in the flow generation formulation, and adding ‘SARS’ 
subscripts to parameters to clearly distinguish them from ‘endog’ parameters: 

𝐹𝐹𝑎𝑎𝑎𝑎𝑠𝑠𝑎𝑎𝑎𝑎𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐷𝐷𝑊𝑊𝑊𝑊−𝐹𝐹𝐴𝐴𝐴𝐴𝐹𝐹𝑉𝑉𝑊𝑊𝑊𝑊

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝐹𝐹𝐴𝐴𝐴𝐴𝐹𝐹𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝐹𝐹𝑠𝑠ℎ𝑒𝑒𝑒𝑒−𝐹𝐹𝐴𝐴𝐴𝐴𝐹𝐹  
𝐷𝐷𝑊𝑊𝑊𝑊−𝑒𝑒𝑝𝑝𝑒𝑒𝑠𝑠𝑔𝑔

𝑠𝑠
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣(𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑒𝑒𝑝𝑝𝑒𝑒𝑠𝑠𝑔𝑔𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑉𝑉𝑊𝑊𝑊𝑊)

  Eq. A3.2 

 

= 𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑉𝑉𝑊𝑊𝑊𝑊𝑎𝑎−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑊𝑊𝑊𝑊
     Eq. A3.3 
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Assuming volume of stool is given in mL and mass of stool is given in g, then Mstool / Vstool can be taken to 
equal 1 g per ml (Penn et al. 2018). 

 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑎𝑎
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑎𝑎−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
   Eq. A3.4 

 

Assuming that the decay rates of the endogenous control and SARS-CoV-2 are negligible or the same, 
which is most plausible for an RNA viral control such as PMMoV: 

 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
     Eq. A3.5 

 

Alternatively, this endogenous control formulation can also be derived from the flow receipt 
formulation. To do this, the population, N, is estimated from endogenous control measurements by re-
writing eq. A2.3 in terms of the endogenous control, and substituting back into eq. A2. 

𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑁𝑁

= 𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑎𝑎𝑛𝑛𝑑𝑑𝑠𝑠𝑒𝑒   Eq. A3.6 

 

Rearranging to solve for N: 

𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒 𝐹𝐹𝑑𝑑𝑐𝑐𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

= 𝑁𝑁   Eq. A3.7 

 

Assuming that all individuals shed the endogenous control: Fshed-endog = Factive-endog = 1. Therefore: 

 

𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣

= 𝑁𝑁      Eq. A3.8 

Substituting eq. A3.8 for N into eq. A2.1: 

 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  
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𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣

  Eq. A3.9 

= 𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
   Eq. A3.10 

= 𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎
−𝑘𝑘𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒
   Eq. A3.11 

 

Assuming either that decay of SARS and the endogenous control are negligible or the same eq. A3.11 
simplifies to eq. A3.5: 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
     Eq. A3.5 

 

A.4 Ascertainment Ratio 

A case ascertainment ratio (AR) can be defined as the ratio of infections to reported cases. Defining a 
case ascertainment ratio in terms of infections estimated from wastewater requires considering the 
time frame over which infections would be detected in wastewater, since fecal shedding may extend for 
weeks, albeit at low levels. Thus, a wastewater-based case AR can be defined as 

𝐴𝐴𝐴𝐴 =  𝑁𝑁𝐹𝐹𝑑𝑑𝑐𝑐𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑓𝑓(𝑎𝑎𝑠𝑠𝑛𝑛𝑓𝑓𝑎𝑎𝑖𝑖𝑐𝑐𝑎𝑎𝑑𝑑 𝑎𝑎𝑎𝑎𝑠𝑠𝑎𝑎𝑠𝑠)

     Eq. A4.1 

𝑤𝑤ℎ𝑒𝑒𝑟𝑟𝑒𝑒:    𝑓𝑓(𝑎𝑎𝑠𝑠𝑝𝑝𝑓𝑓𝑎𝑎𝑟𝑟𝑐𝑐𝑒𝑒𝑒𝑒 𝑎𝑎𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠) = 𝑠𝑠𝑠𝑠𝑐𝑐 𝑠𝑠𝑓𝑓 𝑎𝑎𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠 𝑠𝑠𝑎𝑎𝑒𝑒𝑟𝑟 𝑊𝑊 𝑒𝑒𝑎𝑎𝑑𝑑𝑠𝑠 = �𝐶𝐶𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠𝑎𝑎

𝑇𝑇

𝑎𝑎=1

 

Where the function of confirmed cases is a summation of cases over a defined time interval, T, defined 
as the average number of days the virus is shed in feces of infected individuals. An AR can be defined for 
each of the three model formulations. 

AR 1: wastewater generation formulation: 

𝐴𝐴𝐴𝐴1 =

𝑁𝑁𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣�𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝐹𝐹𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠
𝑓𝑓(𝑎𝑎𝑠𝑠𝑛𝑛𝑓𝑓𝑎𝑎𝑖𝑖𝑐𝑐𝑎𝑎𝑑𝑑 𝑎𝑎𝑎𝑎𝑠𝑠𝑎𝑎𝑠𝑠)

  Eq. A4.2 

AR 2: wastewater receipt formulation: 

𝐴𝐴𝐴𝐴2 =  

𝑁𝑁𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠

�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣� 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝑁𝑁

𝑓𝑓(𝑎𝑎𝑠𝑠𝑛𝑛𝑓𝑓𝑎𝑎𝑖𝑖𝑐𝑐𝑎𝑎𝑑𝑑 𝑎𝑎𝑎𝑎𝑠𝑠𝑎𝑎𝑠𝑠)
   Eq. A4.3 

AR 3: endogenous control formulation: 
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𝐴𝐴𝐴𝐴3 =  
𝑁𝑁𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒
 

𝑓𝑓(𝑎𝑎𝑠𝑠𝑛𝑛𝑓𝑓𝑎𝑎𝑖𝑖𝑐𝑐𝑎𝑎𝑑𝑑 𝑎𝑎𝑎𝑎𝑠𝑠𝑎𝑎𝑠𝑠)
   Eq. A4.4 

 

A.5 Relative Ascertainment Ratio 

Given the numerous uncertainties in estimating infection prevalence from wastewater measurements, a 
relative AR (RAR) measure can be developed to emphasize trends in AR over time, rather than absolute 
prevalence estimates. This is the ratio of AR estimated over time to the AR estimated on some reference 
date. 

𝐴𝐴𝐴𝐴𝐴𝐴 =  
𝐹𝐹𝑑𝑑𝑐𝑐𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

� 𝐹𝐹𝑑𝑑𝑐𝑐𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)�𝑣𝑣𝑠𝑠𝑓𝑓

      Eq. A5.1 

RAR can be written for each model formulation. 

 

RAR 1: wastewater generation formulation: 

𝐴𝐴𝐴𝐴𝐴𝐴1 =  

𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣�𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝐹𝐹𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

⎝

⎛

𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣�𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝐹𝐹𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

⎠

⎞

𝑣𝑣𝑠𝑠𝑓𝑓

   Eq. A5.2 

 

=  
𝐷𝐷𝑊𝑊𝑊𝑊

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

� 𝐷𝐷𝑊𝑊𝑊𝑊
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)�𝑣𝑣𝑠𝑠𝑓𝑓

𝑉𝑉𝑊𝑊𝑊𝑊𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣�𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝐹𝐹𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠
𝑉𝑉𝑊𝑊𝑊𝑊𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣�𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝐹𝐹𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠

 Eq. A5.3 

 

𝐴𝐴𝐴𝐴𝐴𝐴1 =  
𝐷𝐷𝑊𝑊𝑊𝑊

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

� 𝐷𝐷𝑊𝑊𝑊𝑊
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)�𝑣𝑣𝑠𝑠𝑓𝑓

    Eq. A5.4 

RAR 2: wastewater receipt formulation: 

𝐴𝐴𝐴𝐴𝐴𝐴2 =  

𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠

�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣� 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝑁𝑁
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

⎝

⎛

𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠

�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣� 𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝑁𝑁
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

⎠

⎞

𝑣𝑣𝑠𝑠𝑓𝑓

   Eq. A5.5 
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=  
𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

� 𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)�𝑣𝑣𝑠𝑠𝑓𝑓

𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝑁𝑁𝑎𝑎�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣�𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒𝑁𝑁𝑎𝑎�−𝑘𝑘𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣�𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

    Eq A5.6 

 

𝐴𝐴𝐴𝐴𝐴𝐴2 =
𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

� 𝐷𝐷𝑊𝑊𝑊𝑊𝑉𝑉𝑊𝑊𝑊𝑊𝑇𝑇𝑊𝑊
𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)�𝑣𝑣𝑠𝑠𝑓𝑓

     Eq A5.6 

 

RAR 3: endogenous control formulation: 

𝐴𝐴𝐴𝐴𝐴𝐴3 =  

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

 

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

�

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

 

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠) �

𝑣𝑣𝑠𝑠𝑓𝑓

     Eq A5.7 

 

=  

 
𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

�
 
𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)�

𝑣𝑣𝑠𝑠𝑓𝑓

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 
𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒
𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 
𝐹𝐹𝑠𝑠ℎ𝑠𝑠𝑒𝑒−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

    Eq A5.8 

 

𝐴𝐴𝐴𝐴𝐴𝐴3 =  

 
𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)

�
 
𝐷𝐷𝑊𝑊𝑊𝑊−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐷𝐷𝑊𝑊𝑊𝑊−𝑠𝑠𝑐𝑐𝑒𝑒𝑠𝑠𝑒𝑒

𝑓𝑓(𝑐𝑐𝑠𝑠𝑐𝑐𝑓𝑓𝑣𝑣𝑣𝑣𝑐𝑐𝑠𝑠𝑒𝑒 𝑐𝑐𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠)�

𝑣𝑣𝑠𝑠𝑓𝑓

      Eq A5.9 

 

Any point on the scatter plot of SARS-CoV-2 levels (normalized or not, y-axis) versus cases (could be new 
cases or sum of recent cases, x-axis) can be thought of as proportional to an ascertainment ratio (where 
the proportionality constant is equal to the omitted model parameters) or relative ascertainment ratio 
(where the proportionality constant is the reference AR). The three model formulations and their 
associated RAR metrics correspond to the three most common approaches to representing SARS-CoV-2 
concentrations: unaltered, normalized by flow and population, and normalized by an endogenous 
control. Each of these three approaches has potential benefits depending on the relative importance of 
different sources of SARS-CoV-2 concentration variation, as follows. 

Three levels of variation might be expected to contribute an error in estimating relationships between 
wastewater levels and true prevalence: temporal variation in wastewater composition within a site; 
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variation in wastewater composition across sampling locations (sewersheds); and variation across 
laboratories and laboratory methods (this may include multiple methods within the same laboratory as 
well as the same method used by different laboratories). Flow-based normalization would be expected 
to help adjust for longitudinal variation and cross-sectional sampling location variation, though not 
laboratory variation, and not non-decay losses in the sewer system. Fecal-strength-based normalization 
would be expected to account for all forms of variation, assuming that shedding of the endogenous 
control (e.g., PMMoV) is, on average, identical across sewersheds and over time, and that losses and lab 
processing of SARS-CoV-2 and PMMoV are, on average, identical. In practice, systematic measurement 
bias in either flow or PMMoV could make one of these normalization approaches more accurate, and 
measurement uncertainty in flow or PMMoV measurements could make one of these approaches more 
precise. Data availability would also contribute to model selection. 

 

A.6 Formulation Comparison 

 

Table A1 Comparison of 3 model formulation parameters 

 Population-level parameters Sewershed-level parameters Sample-level parameters 

Formulation Dstool-SARS Dstool-PMMoV Vstool Fshed-SARS VWW KSARS Tsewer Fcont N VWWTP DWW-PMMoV DWW-SARS 

A.1 X  X X X X X X    X 

A.2 X  X X  X X  X X  X 

A.3 X X X X  X X    X X 
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SI B. SARS-CoV-2 Parameter References and Technical Justification 

We conducted a review of available literature to parameterize the model formulations described in SI A.  
To use these data to populate the model formulations for SARS-CoV-2, preferentially we used SARS-CoV-
2 specific data from the scientific literature, then, other environmental data from the literature as 
surrogate information for SARS-CoV-2, and finally, professional judgement as needed to address 
information gaps where SARS-CoV-2 or surrogate data were not available. Following is a summary of the 
data that were collected for this purpose.   

B.1 Concentrations of SARS-CoV-2 in Feces (with and without diarrhea) (see SI Section C ): (Ddiar) 

1. Density of SARS-CoV-2 in feces from asymptomatic cases is likely similar to those from symptomatic 
cases (Lin et al. 2020). 

2. Cases with diarrhea had reported mean density of 105.1-with interquartile range [104.8–105.6] 
copies/mL (Ddiar) (Cheung et al. 2020).  We used these data and generated a Normal distribution 
with mean for log10 transformed density as reported and standard deviation derived from the 
reported IQR. 

3. Cases without diarrhea are characterized in detail in SI C.  The resultant distribution is a Normal 
distribution with log10 transformed density mean 4.067 and standard deviation 1.591 (Dnodiar) (Han 
et al. 2020; Wolfel et al. 2020).   

B.2 Volume of diarrhea per day: (Vdiar) 

Pan et al. (Pan et al. 2020) conducted a cross-sectional, multicenter study which enrolled confirmed 
patients with COVID-19 who presented to 3 hospitals from January 18, 2020, to February 28, 2020. All 
patients were confirmed by real-time polymerase chain reaction and were analyzed for clinical 
characteristics, laboratory data, and treatment.   The study found that 103 patients (50.5%) reported a 
digestive symptom, including lack of appetite (81 [78.6%] cases), diarrhea (35 [34%] cases), vomiting (4 
[3.9%] cases), and abdominal pain (2 [1.9%] cases). Patients with digestive symptoms had a significantly 
longer time from onset to admission than patients without digestive symptoms (9.0 days vs 7.3 days). In 
6 cases, there were digestive symptoms, but no respiratory symptoms. As the severity of the disease 
increased, digestive symptoms became more pronounced.  Cases of diarrhea were usually not high 
volume or clinically severe, but more commonly presented as nondehydrating loose stools, typically up 
to thrice daily.  Based on these findings, we used best professional judgement and assumed the 1-
liter/day varies according to a normal distribution with standard deviation of 100mL (BPJ). 

B.3 Diarrhea prevalence in cases: (Fdiar) 

1. A meta-analysis from China that includes diarrhea prevalence showed that diarrhea prevalence was 
higher in severe cases as compared to non-severe Covid-19 illness (Ji et al. 2020).  

2. Guo et al. (2021) summarize reported findings on the GI manifestation of COVID-19.  Diarrhea was 
the most common GI symptom from COVID-19 with 2–50% of patients with COVID-19 reported to 
have diarrhea.  Most commonly reported range was 20–30%.   

3. The above range from Guo et al. is consistent with SARS observations (Leung et al. 2003) 

B.4 Feces generation per capita (non-diarrhea conditions) (Mnodiar) 
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Rose (2015) report 126 g/person day median value for high income countries, but with a skewed 
distribution (Refer to Table 3). Using those data, we fit a lognormal distribution to those data.  The 
resultant distribution has ln mean and ln std dev (4.84, 0.4) 

B.5 Volume of water per capita (VWW) 

The amount of water used per person per day was based on water utility billing data for a random 
sample of single-family homes across a wide range water utility agencies in the United States (DeOreo et 
al. 2016) (Summarized in Table B.2).  We used the per capita water use data in Table B.2 to fit gamma, 
lognormal, normal, and Weibull distributions using R.  The lognormal distribution resulted in the best fit 
across graphical comparisons and goodness-of-fit statistics and criteria.  The best fit distribution is ln-
normal (5.397, 0.1595) L/day.   

Table B.1 Per Capita water use summary 

Agency Per capita water use  
Gallon per day Liter per day 

Clayton 56 212 
Denver 64 242 

Fort 59 223 
Peel 59 223 
San 69 261 

Scottsdale 164 621 
Tacoma 59 223 

Toho 60 227 
Waterloo 43 163 

Aurora 68 257 
Austin 45 170 
Cary 52 197 

Chicago 71 269 
EPCOR 54 204 

Henderson 76 288 
Miami-Dade 80 303 

Mountain 50 189 
Otay 59 223 

Philadelphia 65 246 
Portland 49 185 

RWA 60 227 
Santa Barbara 53 201 

Santa Fe 49 185 
*Scottsdale, AZ, at 164 gallons per capita per day (621 liters per capita per day), is an outlier in this data set and 

removed. 

B.6 Persistence in sewage of SARS-CoV-2 (kvirus) and the endogenous control PMMoV (kPMMoV) 

SARS-CoV-2: 

1. Ahmed et al. (2020) report a 90% reduction of SARS-CoV-2 RNA in wastewater from 8 to 27 days.  
2. Wang et al. (2005) report that SARS-CoV-1 can survive for 14 days in sewage at 4 degrees C, and 2 

days at 20 degrees C.  They also report that its RNA can be detected for 8 days though the virus had 
been inactivated. 

3. Bivins et al. (2020) report 90% reduction of viable SARS-CoV-2 in wastewater 1.5 days. SARS-CoV-2 
RNA was found to be significantly more persistent than infectious SARS-CoV-2.  
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Based on these data, we derived a decay coefficient for SARS-CoV-2, following the Chick’s law derivation 
approach published by Boehm et al. (2019) = 0.29 day-1.  The shortest reported persistence times were 
used for conservative decay estimates. 

PMMoV: 

1. Recent research (Graham et al. 2021; Wolfe et al. 2021) indicate that specific data do not presently 
exist on PMMoV RNA decay in wastewater (Rosario et al. 2009; Symonds et al. 2018).  

2. Evidence to date indicates that short-read SARS-CoV-2 RNA fragments are relatively stable in raw 
wastewater under temperature regimes common in the US. T90 for short read SARS-CoV-2 RNA 
targets have been measured to be between 8 days (at 37°C) and 28 days (at 4° C) (Ahmed et al. 
2020). Decay rates for short-read PMMoV RNA targets in unaltered wastewater have not been 
reported but may be slower (more stable) based on experiments in other water matrices. For 
example, PMMoV RNA is generally more stable through wastewater treatment processes than 
human enteric viruses (Symonds et al. 2018), and has been found to have similar stability as SARS-
CoV-2 RNA fragments in 4° C water and greater stability than SARS-CoV-2 RNA at 20C in fresh and 
seawater matrices (Sala-Comorera et al. 2021). 

Without firm evidence on the decay coefficient for PMMoV in wastewater, we therefore assume that it 
is the same as for SARS-CoV-21. 

B.7 Residence time of wastewater in sewage in USA: (Tsewer) 

Kapo et al. (2017) report detailed estimates of residence times of wastewater in sewage systems in the 
US.  In that report, a summary of salient results was provided for treatment facilities of various sizes.  
We used the “All facilities” results and a lognormal distribution was fit numerically to the reported 
median and 90th percentile values.  This results in a lognormal distribution with mean and std dev = (1.2, 
0.85) (units of ln hr.) 

B.8 Shedding prevalence in cases: (Fshed) 

1. Two independent laboratories from China successfully isolated live 2019-nCoV from the stool of 
patients (Gu et al. 2020). 

2. Compared to pharyngeal swab specimens, nucleic acid detection of SARS-CoV-2 in fecal specimens 
was equally accurate (J Zhang et al. 2020).   

3. Nine out of the 19 patients were detected 2019-nCoV infection using oropharyngeal swab samples, 
and viral nucleic acid was also detected in 8 of 9 patients using stool samples (Xie et al. 2020).  No 
positive results were identified in blood or urine samples. In the nine confirmed patients, eight stool 
samples showed positive results for 2019-nCoV; interestingly, the virus could still be detected in 
stool samples from 89% of patients without diarrhea symptoms. 

4. Zheng et al. (2020) reported that viral RNA was detected in the stool of 60% (55 of 93) patients.   

 
1 For wastewater transit, a reasonable estimate for transit time is 1 day. Therefore, the max expected factor this would 
contribute to our equations is ~ 0.114 per day. If kpmmov at its extreme is 0 (no decay), then this would result in a factor (exp(-
ksars)) of 0.89. So at its most conservative, would alter results by 10%, but it's likely not 0 and less than 10%.  
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5. Cheung et al. (2020) reported meta-analysis results indicating that the prevalence of stool samples 
that were positive for virus RNA was 48%. 

6. Zhang et al. (2020) found the presence of 2019-nCoV in anal swabs and blood and more anal swab 
positives than oral swab positives in a later stage of infection, suggesting shedding and thereby 
transmitted through oral–fecal route  

7. Regarding the shedding prevalence in asymptomatic cases: Tang et al. (Tang et al. 2020) reported 
that up to 75% of infections could be asymptomatic.  Stool was positive 17 days after last virus 
exposure in asymptomatic child and positive for at least an additional 9 days.  

Taken all together, we infer that shedding occurs in cases with and w/o diarrhea, in a range of 
approximately 60-80% of infections. 

B.9 Volume fraction of wastewater coming from a potentially infectious source (Fcont) 

Our review of the literature review provided little evidence to support a widely applicable value for this 
parameter.  Given that, we used best professional judgement to estimate a feasible range.  This 
parameter could and should be modified for site specific purposes in the future. 

B.10 Density of PMMoV in stool (DWW_endog) 

Hamza (2011) tested 20 human stool samples and report concentration per mg.  We used a uniform 
distribution based on data in Table 3 of this paper.  This resulted in minimum and maximum values of 
5.58 and 9.99 (Median = 8.28) log10 copies after conversion to mass (per g) basis.  
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SI C. Fecal Shedding Distribution Justification 

We identified three studies that published quantitative concentrations of SARS-CoV-2 in stool (Han et al. 
2020; Wolfel et al. 2020; Zheng et al. 2020).  Wolfel and Zheng present quantitative concentrations for 
individuals on a per amount of stool basis (correspondence with Zheng). Results from Han could not be 
used to describe concentrations in stool because these measurements were made on a per volume of 
extract basis (correspondence with author).   

Following is a summary of the data from those three studies:  

1. The Wolfel et al. data come from 9 patients with mild disease courses in Germany, all of whom 
were young to middle-aged with no notable underlying conditions. 1 of 9 patients experienced 
intermittent diarrhea. Two non-detects are reported, but not included in these data. Data are 
digitized from Figure 1c. 

2. The Zheng et al. data are digitized from Figure 2. Each data point represents one sample from an 
individual. It is not clear how many samples come from any given individual, or how many 
individuals are represented here. Although the paper reports detecting virus in stool of 56 
patients, only 49 data points are visible in this figure. In summary, patients were in China, 22 
with mild disease and 74 with severe disease. The median age was 55 years (interquartile range 
44.3–64.8). 

3. The Han et al. data are digitized from Figure 1B, representing 12 children. The methods are very 
sparsely reported in this study, so it was not possible to assess the quality of their 
measurements. 

The inclusion criteria for this study are summarized in Table C.1 .  
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Table C2 Data inclusion criteria summary for SARS-CoV-2 fecal shedding 

 

Following are summaries of the reported fecal shedding studies and development of a shedding 
distribution based on evaluated data.  

Characteristic Paper Wolfel Zheng Han
Standard curve statistics no no no
Number qPCR replicates no no no
No template controls no no no
Inhibition testing indicated1 yes no no

dilution or other used to reduce inhibition1 yes n/a n/a
Assay name/reference is provided yes yes yes
Quantitative standard material described1 No; assumed same as European assay dev paper by 

Corman, who is 2nd author
No; assumed contained in government kit yes, in-vitro transcribed RNA; kit was validated by 

manufacturer for quantitation using in vitro transcribed 
RNA; but FDA approval only for qualitative detection; 
kit provides positive control and internal extraction 
control

Detection limit provided no yes yes; figure caption
Explanation/reference for detection limit n/a yes no
Quantification limit provided yes; figure 2 caption no no
Explanation/reference for quantification limit no n/a n/a

RNA extraction Extraction method indicated Qiagen RNA mini kit Roche MagNA Pure SeeGene Allplex 2019-nCoV Assay kit
Explanation of how measurement performed for 
concentration denominator (g or mL)1

no no no

Description of stool sample acquisition/processing yes yes no
Description of stool testing frequency strategy1 no yes no
Number of processing replicates 2 1 1
Concentration in individual stool samples given2 yes yes yes
Clear that concentrations are on a per stool basis rather 
than a per volume PCR template basis?2

Yes. "Viral loads were projected to RNA copies… per g 
(for stool samples)" while per ml for other samples, 
suggesting that concentration is per g stool. 
Furthermore, "stool samples were taken and shipped in 
native conditions" indicating that mass measurement of 
stool was possible in the lab.

Yes, per email correspondence described in Comments No, per email correspondence described in comments

Number of individuals represented in data is clear1 yes described in text, although numbers slightly mismatch 
with digitized data; SI figures given further clarity on 
when which patients sampled

yes

Figure number 2 2, top left 1B
Explanation of patient selection/representativeness1 Patients selected as close contacts of initial index case 

to avoid bias by selecting patients based on symptoms
96 consecutively admitted hospital patients with 
confirmed SARS-CoV-2 infection

All positive <18 children admitted to hospital over date 
range

Explanation of patient age1 yes yes yes

Explanation of case severity1 yes yes yes
Clear indication of days since onset corresponding to 
stool concentrations1

yes no yes

Other description of quality control/method rigor RT-qPCR analyses performed by 2 independent labs. 
Close congruence of results led to presenting data from 
both labs together - average presented in figure 2. 
"Experiments performed in duplicate" - based on 
caption of figure 1, this likely indicates 2 subsamples 
from same clinical sample. Second author, Corman, is 
the first author of the primary qPCR assay used in 
Europe.

Units and LOD for all sample types (sputum, saliva, 
stool, blood) are the same: log10 copies per ml. This 
suggests that these concentration results are likekly per 
mL of template in the reaction or extract, not per mL of 
sample, because otherwise it implies that the mass of 
each sample type exctracted was the same (mass stool 
= mass saliva, for example), and that the volume of 
saliva and sputum extracted was measured, which 
seems highly unlikely.

Units and LOD for all sample types (nasopharangeal, 
stool, saliva) are the same. This suggests that these 
concentration results may be per mL of template in the 
reaction, not per mL of sample, because otherwise it 
implies that the mass of each sample type exctracted 
was the same (mass stool = mass saliva, for example)

Comments Contacted author by email and learned that units are 
per ml of stool: "Dear Professor Jennings.
I am the co-author of "Viral Load Dynamics and Disease 
Severity in patients infected with SARS-COV-2 in 
Zhejiang Province, China, January-March 2020: 
Retrospective Cohort Study ":
Thank you for your recognition of our work.
In this paper, for the stool measurements, are these per 
mL of stool.
Best wishes!
Shufa Zheng"

Contacted author by email and learned that 
concentrations are per ml extract not ml feces: "1.	In 
Figure 1, the units of all three sample types 
(nasopharyngeal, feces, and saliva) are log10 
copies/mL. For the feces measurements, are these per 
mL of feces, or per mL of RNA extract (or some other 
volume)? We used per mL of RNA extract 
1.	In Figure 1B, if these concentrations are per mL of 
feces, how was the volume of feces measured? We 
used per mL of RNA extract. We made feces suspension 
with stool-coated flocked swab and 3 mL of UTM media 
(Copan). RNA was extracted from the stool suspension.  
"

Conclusion Can be included in quantitative assessment of SARS-CoV-
2 RNA concentration per known amount of feces?

Yes Yes No

Other

qPCR

Stool 
collection/processing

Results

Patient description

1 Important for using data as quantitative measurement of viral RNA copies per amount feces
2 Essential for using data as quantitative measurement of viral RNA copies per amount feces
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Figure C1 Histogram of SARS-CoV-2 fecal shedding study results demonstrating the distribution uncertainty 

Wolfel data summary. Statistical data summaries for the Wolfel data are presented in Figure C2.  The 
Lognormal distribution has the lowest AIC, so it may be an appropriate choice, although the normal and 
Weibull distributions fit better in the upper tail (see Q-Q plot). 

 

Figure C2. Wolfel data summary 
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Wolfel and Zheng aggregated data summary. Statistical data summaries for the combined Wolfel and 
Zheng dataset are presented in Figure C3.  The Normal and Weibull distributions have the lowest AIC, 
and, as shown in the Q-Q plot, the normal distribution fits the data in the upper tail best.  This combined 
dataset is used in the analysis and is characterized by the corresponding normal distribution. 

 

Figure C3. Wolfel and Zheng aggregated data summary 

We also bootstrapped the fit of the aggregated Wolfel and Zheng data to the data using the normal 
distribution for the purpose of performing sensitivity analysis. To understand the uncertainty in the fit of 
the distribution, the Wolfel and Zheng stool data were resampled 999 times with replacement, and a 
normal distribution was fit to each resample. Then, the probability density of each distribution was 
computed for a stool concentration of 108 copies/g stool, and fits were ranked according to these 
densities. The 5th, 25th, 50th, 75th, and 95th percentile distributions are plotted below. 
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Figure C4. Wolfel and Zheng aggregated data bootstrapped distribution fits.  
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SI D. Evaluation of Model Output Variability/Uncertainty and Related Model 
Output Sensitivity to Partitioning Coefficients, SARS-CoV-2 Shedding Duration, 
and Model Formulations 

 

Figure D1 shows the 10th percentile, median, and 90th percentile values for the modeling results of Factive 
for the fecal strength model formulation evaluating the Virginia Beach, VA case study.   

 

Figure D1. Percentile values for fecal strength formulation simulation results for Virginia Beach case study. 

Figure D2 shows how the computed influent concentration for the San Jose, CA case study varies 
depending on the selection of dispersion coefficient for PMMoV and SARS-CoV-2.  

 

Figure D2. San Jose, CA estimated SARS-CoV-2 and PMMoV influent concentrations as a function of kd values. 
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Figure D3 shows relative ascertainment ratio (RAR) values for 9 sewersheds in Hampton Roads 
Sanitation District (HRSD) calculated using the fecal strength model formulation. Here we evaluated RAR 
as a function of the number of days over which COVID-19 cases are summed. These figures show the 
sensitivity of RAR to three different case-summation time spans: 1, 7, and 21 days. For example, 7 days 
is the summation of cases over 7 total days prior to and including the wastewater sampling date. These 
figures indicate that RAR is generally not sensitive to the selection of the case-summation time span 
between 1 and 21 days.  

 

Figure D3. RAR as a function of the number of days over which COVID-19 cases are summed.  
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Figure D4 shows RAR values for 9 sewersheds in the HRSD service area calculated using the three model 
formulations described in the main body text. The case period evaluated in these figures is 21 days.  
These figures show the sensitivity of RAR to three different model formulations. These figures indicate 
that RAR is generally somewhat sensitive to the selection of model formulation selection. The model 
formulations are labels as: 1) flow receipt (red), 2) flow generation (blue), and 3) fecal strength (green). 

 

Figure D4. RAR as a function of model formulation.  
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