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What is wastewater-based epidemiology?
● Wastewater epidemiology is the science of analyzing sewage to better understand the 

public health impact of certain pathogens and chemical compounds within a population.
What can wastewater analysis detect? 
● Wastewater analysis can detect a broad range of of biological and chemical markers, 

including SARS-CoV-2 and its variants, the influenza virus, high risk substances (such as 
opioids), and more.

How does the analysis work for Covid-19?
● Infected individuals shed the SARS-CoV-2 virus in their stool, whether they are 

asymptomatic or pre-symptomatic, vaccinated or unvaccinated.
● Biobot’s lab then measures the presence of SARS-CoV-2 in their wastewater—usually 

collected from a wastewater treatment plant or manhole for community-level sampling.

Wastewater-Based Epidemiology (WBE)
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Biobot works across the U.S. 
and is trusted by:
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1. (Early) Detection: Is there SARS-CoV-2 in my community?

a. Wastewater levels usually rise before infected people are detected by clinical testing.

2. Prevalence estimates: How many people are roughly infected?

a. Clinical data may or may not reliably measure disease activity

■ Irregular reporting; testing fatigue/hesitancy; gaps in healthcare access; limited test 

availability; inadequate testing (due to at-home tests, asymptomatic cases, etc.)

3. Trend estimation: Is disease activity rising, falling, or steady?

a. 3 consecutive results in the same trajectory (i.e. increasing/decreasing) is a reliable, 

community-wide indicator of current epidemiological trends

Applications of Wastewater Data
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Case undercounting 
has gotten worse

Wastewater Data in Boston, MA during Omicron Wave: a Leading Indicator

Wastewater had 
a long lead time

Cases

Wastewater



Wastewater data is an increasingly essential 
public health tool as the pandemic evolves
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1. Publish wastewater data on online dashboard to inform public of day-to-day Covid trends

a. Boston’s MWRA data became a vital disease indicator during the Omicron wave

2. Share community-wide wastewater results directly with key stakeholders

a. Boston Children’s Hospital re-scheduled upcoming elective surgeries when the Omicron wave was peaking, 

citing the spike in wastewater data.

b. Cambridge Public Schools: uses this data as 1 of 3 indicators to determine whether classes will be in-person 

or remote

3. Inform Targeted, Neighborhood-Level Data Collection and Outreach

a. Strategize mobile testing unit deployment, pop-up vaccination clinics, contact tracing programs, text alerts, 

door-hanging, neighborhood listservs, multilingual educational materials, face mask distribution, etc.

4. Evaluate the effectiveness of preventions/response measures over time

a. Vaccination rollouts, face covering mandates, business restrictions, isolation/quarantine

● Many more uses can be found on our Customer Resources Hub

Uses of Wastewater Data for Covid-19 Responses

https://support.biobot.io/hc/en-us/articles/5425626813975-5-Uses-of-Wastewater-Data-for-Covid-19-Responses


Your Report…



Appendix



Collect and Ship 
Sample

● Customers collect 
composite wastewater 
samples and ship them 
using pre-paid, Fed-Ex 
overnight labels to 
Biobot’s lab in 
Cambridge, MA

● Reports (sent via email) 
provide an overview of 
SARS-CoV-2 
concentrations, their 
trends over time, and 
how they compare to 
other samples in our 
database

● qPCR analysis for 
Covid-19 and variants.

● Results undergo a 
rigorous quality control 
process
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Lab and Data 
Analysis    Reporting
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Ordering

● Customers order 
Biobot sample kits, 
which are shipped 
directly to customer 
site

Working with Biobot 
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Common Questions on Biobot Reports
● How well does Biobot data reflect Covid-19 cases?

○ Very well. Throughout the pandemic, our dataset—drawn from large and small communities across the 
country—accurately reflected both localized peaks and nationwide surges.

● What if the sewershed population ≠ residents? (i.e. seaside towns during summer weekends, college towns during big games)
○ Normalization helps reduce any bias due to numerical population change
○ SARS-CoV-2 is still a danger to your community even if it’s coming from tourists

■ Wastewater monitoring measures disease activity among whoever was in your community that day, not just 
residents

○ One-off events (e.g., Fourth of July weekend) remain difficult to interpret - Identifying the effect of a single event would 
likely require daily sampling before, during, and after the event

● Does this report reflect variants?
○ Biobot’s assay uses the same gene targets as clinical diagnostic tests (N1 and N2 genes), so it includes all variants.

● How might new variants affect how people shed the virus in stool? Does this impact Biobot data?
○ Variants like Delta and Omicron do not significantly impact our data. For the Delta wave, the relationship between WW 

and cases seemed to be about the same, which means we don’t see significantly more fecal shedding per case
● How does vaccination affect WW data?

○ The vaccine is not a live virus and is not shed in stool, so it doesn't affect our measurement. 
○ We also are not seeing different shedding due to vaccinations or boosters.

● What about breakthrough infections?
○ From point of view of wastewater: it’s the same as a normal infection, i.e. no effect on the data.
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http://biobot.io/data


13

Covid-19: Clinical testing and wastewater data
Traditional Public Health 
Surveillance (Clinical testing)

Wastewater surveillance

Works by: Collating reports of individual-level 
diagnostic and screening tests

Passively measuring 
population-wide amounts of 
excreted virus

Reports infection 
status of:

Individuals who get tested Symptomatic and asymptomatic 
individuals who shed virus, i.e. an
early warning system

Measures disease 
activity among:

Residents of the reporting 
jurisdiction

Everyone who contributes to 
wastewater

Drawback: Larger systematic biases: (e.g. Inaccurate 
State/Local Reporting, Testing Hesitancy, 
Gaps in Healthcare Access, 
Asymptomatic Cases, At-Home Tests)

Sample-to-sample variability



Biobot’s fecal strength indicator normalizes for population size and dilution
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SARS-CoV-2
Fecal marker 
(PMMV)

Sewer system with large dilution 
(e.g., rainy day)

Sewer system with small dilution 
(e.g., dry day)

Sample collection

Everyone sheds the fecal marker.
Infected people also shed 

SARS-CoV-2.

The ratio of SARS-CoV-2 to the fecal 
marker in the sample depends on the 

percent of people infected, not 
population size or dilution.

PMMV: Pepper Mild Mottle Virus
● Potentially the most abundant 

RNA virus in human stool
● Found in stool of people from 

around the world in a variety of 
processed foods



15

Detection status

On your report, detection 
status will be shown as 

DETECTED or NOT 
DETECTED.

NOT DETECTED: the 
amount of virus present is 

below our limit of 
detection (3,600 
copies/L), NOT 

necessarily that there is 
zero of it.

What is the presence of 
COVID-19 in my community?

Raw virus concentration 

The actual, physical 
measurement that the lab 

makes on your sample, which 
reflects the concentration of 

SARS-CoV-2 in the wastewater 
sample you provided.

This concentration reflects all 
known variants.

Effective virus concentration 

We normalize the raw virus concentration with a fecal strength 
indicator to account for differences in dilution or fecal content 
between samples. Then we use an adjustment factor to account 
for other changes in lab protocols.

This normalization process allows our lab to put different samples 
(with different population and flow data) on the same scale to 
compare results.

More diluted samples ➡ effective concentrations are higher than 
raw concentration values. (Higher dilution leads to lower PMMV 
than average, so sample concentrations are corrected upwards in 
the normalization process.)

1 2 3 

1 2 3
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How is my community’s Covid-19 wastewater concentration trending? (1/3)

This plot compares trends in your wastewater 
concentrations with trends in reported cases in 
your community. 

Blue: time series of your samples’ effective concentration
Grey: NEW cases in your associated primary county
Green: superimposed 7-day average of NEW cases

Report Tips:
● Cases here are pulled from your county’s or state’s 

public health department, aggregated by a trusted 
non-profit (USAfacts.org)

● No Sampling Location Details form submitted =  no 
case data

● We adjust the axes to the maximum of each time series
○ So, focus less on whether these lines intersect, for 

example, and more on how their trends are (or are 
not) tracking with each other.



How is my community’s Covid-19 wastewater concentration trending? (2/3)

Why can data fluctuate?
● One data point can reliably indicate disease 

presence, but avoid over-interpreting individual data 
points. Focus more on trends.

● Any individual sample is subject to multiple sources 
of variation:
○ Actual variation in disease activity
○ Lab process variability (minimized by our lab’s 

rigorous QC protocols)
○ Fluctuating environmental, industrial, or 

chemical influences on your wastewater 
matrix

○ Catchment size: small catchments tend to 
yield more variable results

● So: sample as often as possible to quickly identify 
trends

● Trend: 4 data points, preferably; a 2-3x change two 
times in a row is also meaningful

What is a high concentration? What is low concentration? Check your rugplot! But 
also…
● It depends on your locality, catchment population, and previous points.
● But, generally, 1 million copies/L is high and 10,000 copies/L is low.

Clinical Reporting Can Dip 
Dramatically During Holidays Wastewater Data as 

a Leading Indicator
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How is my community’s Covid-19 wastewater concentration trending? (3/3)
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Analyzing Trends
● Doubling or halving between only two samples is not abnormal

○ 50k ➡  100k does not necessarily mean disease activity has doubled.

■ When the change is 2x or less, wait for the next sample to look for trends

● But, more major % changes are more significant…

○ 100k ➡  400k (4x increase) is more meaningful than 1 million ➡  2 million (2x 

increase)

● …especially at higher concentrations (and especially for larger sewersheds)

○ 500k ➡  2 million (4x increase) is more meaningful than 10k ➡  40k (4x increase), 

as it suggests that more people in total are infected.

■ When concentrations are low, just a small cluster of disease activity may 
lead to a significant percentage-change


