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Estimating the effective reproductive number Re for Covid-19: a mean to 
interpret SARS-CoV-2 wastewater data. 
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Highlights 
• We translated wastewater data into a key indicator for disease dynamics. 
• No assumption needed for absolute number of RNA fragments shed by infected individuals. 
• Three samples per week lead to similar results compared to a daily sampling regime.  

 

Introduction 
Many models with different levels of complexity have been proposed recently to use SARS-CoV-2 
wastewater measurements for decision-making. Approaches range from purely statistical regressions to 
including more mechanistically-based models and are used for descriptive or predictive purposes. In 
addition, the models rely on different input data, encompassing different genes, a variety of normalization 
strategies and a comparison with (incomplete) case data. This may require a (re)calibration of models and 
might be subject to systematic biases due to changing testing or reporting regimes. From an 
epidemiological point of view, the effective reproductive number Re is an important indicator to monitor 
the transmission dynamics of Covid-19. It is determined world-wide: https://ibz-shiny.ethz.ch/covid-19-re-
international/. It is usually done based on clinical cases, hospitalizations or deaths. The aim of this work was 
to test, if we can estimate Re from wastewater measurements. 
 

Methodology 
Estimation of Re 
We used the same pipeline to estimate Re from wastewater (subsequently referred to as Rww), as 
described for the estimation of Re based on clinical cases (Rcc) (Huisman et al. 2020). First, we calculated 
gene copy count loads from daily N1 concentration measurements and flow rates (see https://sensors-
eawag.ch/sars/overview.html). We did not apply any normalisation for faecal strength nor did we correct 
for recovery. Then we deconvoluted this time series with a shedding load distribution (SLD) to infer 
infection incidence (Huisman et al., 2021). To this end, we assumed that individuals only shed after 
symptom onset according to the gastrointestinal SLD presented by Benefield et al. (2020). This SLD sums to 
1. A normalization of wastewater data was only applied for numerical reasons to apply the same method as 
for estimating Rcc.   
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Required number of wastewater samples 
To identify stability of results, we estimated Rww based on n 24-h composite samples per week with 
scenarios for n=1, 2, 3 and 5.   
 

Results and discussion 
It suffices to know the temporal dynamics of shedding and infection, Rww and Rcc correspond well (see 
Figure 1). For the city of Zurich catchment, the difference between Rww and Rcc is actually smaller than the 
difference (measured as root mean squared error, RMSE) between Rcc and Re estimated based on 
hospitalization data or deaths. When reported clinical cases are low, the general trend of Rcc based on 
catchment-specific case data is still in line with the regional Rcc estimate and wastewater, but uncertainties 
become larger (see green uncertainty bands in Figure 1, bottom panel).   
 

 
 

Figure 1. Screenshot from the dashboard on https://ibz-shiny.ethz.ch/wastewaterRe/ Top: confirmed cases in the catchment of the 
wastewater treatment plant. Middle: wastewater measurements for N1 (gene copy counts per day). Bottom: Re based on 
wastewater and clinical cases (for both cantonal/regional as well as catchment-specific clinical case data). **Limit of detection 
(LOD) represents concentration levels at which SARS-CoV-2 can be reliably detected, while limit of quantification (LOQ) represents 
concentration levels with prespecified precision. <LOD indicates values below the LOD; >LOD represents values below the LOQ, but 
above the LOD. These values have higher uncertainty, as the number of gene copies is very low. >LOQ indicates reliable values 
which are above the LOQ. 

 
Normally, to estimate a number of infected individuals from wastewater one needs to know i) the absolute 
amount and temporal distribution of viral RNA entering sewers (from faeces, saliva and sputum), and, ii) 
losses during in-sewer transport and incomplete recovery during sampling preparation. Any change of 
these transfer factors affects the estimated number of infected individuals directly. This is not the case for 
Rww: only if the arbitrary normalization deviates by several orders of magnitudes point estimates are 
influenced. This is because Re does not depend on absolute values but mainly on relative changes.  
 



15th International Conference on Urban Drainage, Melbourne, October, 2021 

Page 3 

The sub-sampling of daily values showed that similar results can be obtained based on three samples per 
week compared to seven samples per week. When a smaller number of samples is used to estimate Re, the 
estimates depend on the selected days and can result in different trends.  
  

Conclusions and future work 
 
We showed that SARS-CoV-2 measurements regularly performed in wastewater can be used to estimate 
the effective reproductive number Re. The variation between Re estimates from wastewater (Rww) and 
case report data (Rcc) is similar to the variation among Re estimates based on different types of case report 
data (clinical cases, hospitalizations, and deaths). Changes in testing and reporting regimes can temporarily 
bias Rcc estimates. This should not be the case for Rww. However, at low numbers of infected individuals 
combined with “normal” mobility behaviour during times of no or mild lockdown measures, the 
wastewater data may become noisier, which can lead to higher natural variation and influence the 
estimation of Rww, particularly for small(er) catchments. Investigating this factor is subject of ongoing 
work. Furthermore, we hope to overcome the lack of information about shedding prior to symptom onset 
as more studies report results to derive more reliable shedding load distributions (SLDs). In fact, we showed 
that optimal SLDs can also be inferred from comparison of Rww and Rcc instead of relying on published 
SLDs. However, this requires that the corresponding Rcc is based on adequate clinical surveillance. With 
more widespread wastewater monitoring coinciding with clinical case reporting, more data sets may 
become available to help constrain the SLD of SARS-CoV-2. 
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