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Testimony  
 

Good morning Chairman Foster and Ranking Member Obernolte.  I am Mariana Matus, the CEO 

and Co-Founder of Biobot Analytics, a wastewater epidemiology company based in Cambridge, 

MA.  It is an honor to testify before you today about how wastewater epidemiology (WBE) can 

help the United States and the world better manage the next phase of the Covid-19 pandemic. 

 

Growing up in Mexico City, I saw how many rivers and lakes were polluted because much of the 

city’s wastewater was dumped back into the environment without being treated.  I became 

motivated to find solutions to these types of public health and environmental issues, which is 

what led me to pursue my PhD at MIT in computational biology.  At MIT I focused on how 

wastewater epidemiology can be used to study the collective microbiomes of cities, and this 

research formed the basis for what would eventually become Biobot.  

 

Biobot was founded in 2017 with a mission to transform wastewater, or sewage, into actionable 

public health data.  Everything we eat, the infectious pathogens in our bodies, and the medicines 

we use are excreted in our urine and stool and end up in wastewater.  We collect and analyze city 

wastewater to understand population health trends, and this is the basic premise of wastewater 

epidemiology. 

 

In March 2020, our team was the first in the United States to successfully report the detection 

and measurement of SARS-CoV-2 in wastewater.  Excited by the promise of applying WBE to 

Covid, Biobot set up a pro-bono campaign to encourage municipalities across the United States 

to monitor the spread of SARS-CoV-2 in wastewater.   For six months, we tested wastewater 

samples from more than 400 communities across the country, helping local officials track the 

spread of the virus and its variants in near real-time.  Building on this experience, Biobot 

expanded coverage of wastewater monitoring across the country in 2021, resulting in a 

successful program that covered nearly 90 million Americans.  

 

To date, we have tested wastewater samples from more than 700 communities across all 50 

states, including U.S. territories and tribal nations.  In collaboration with academic partners, we 
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have demonstrated that wastewater data is a leading indicator of new Covid cases because 

infected individuals shed the virus in their waste several days before exhibiting symptoms.   

 

Moreover, wastewater monitoring is a holistic and equitable public health tool because it 

captures anyone who uses a bathroom, including people who are asymptomatic or lack access to 

healthcare.  This means wastewater data allows us to better understand the presence of Covid 

regardless of socioeconomic status or racial composition.  Another advantage is that it preserves 

individual privacy, as sewage represents an aggregate sample of all human waste in a 

community.  One sample drawn from a wastewater treatment plant is representative of tens of 

thousands of people, and testing wastewater is much cheaper than what it would cost to test each 

person individually. 

 

At this stage in the pandemic, we are witnessing fewer reported Covid cases because take-home 

antigen tests are now widely available and vaccination has boosted the population’s immunity.  

As a result, clinical testing data has become less reliable, and public health officials are forced to 

rely on lagging indicators of viral spread, such as hospitalizations and deaths.  This is why we 

believe wastewater monitoring will play an even more important role in containing the spread of 

the virus as life returns to normal.  During the Omicron wave, for example, virus concentrations 

in Boston’s wastewater peaked a full two weeks before clinical cases reached their apex.  

 

Massachusetts was one of the earliest adopters of wastewater monitoring and Governor Baker is 

briefed weekly on wastewater data alongside other public health indicators tracked by the state’s 

Covid-19 Command Center.  Since then, we have also seen communities across the country use 

wastewater data to help determine when it is safe to relax mask requirements, reopen schools and 

businesses, and more efficiently allocate testing resources.   

 

Currently, the majority of wastewater testing is run by treatment plants, who send the samples to 

a public or private lab for analysis, and then the data is shared with local and state public health 

agencies.  The CDC now operates a program called the National Wastewater Surveillance 

System (NWSS) that invites state public health officials to share their wastewater data with 

CDC, who can analyze the data to glean regional trends and insights.   
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However, we continue to see several challenges to broader adoption of WBE: 

 

1. A lack of consistent federal support and funding creates uncertainty among local officials 

when considering whether to dedicate time and resources to wastewater testing.  

2. Different states and localities do not share the same methodologies and reporting 

requirements, which makes it very hard for CDC and other public health officials to 

compare wastewater data across state lines.   

3. There is no long-term effort or coordinating function to develop wastewater 

epidemiology into a pathogen-agnostic platform.  Rather, different federal agencies are 

using WBE for different purposes in isolation from each other. 

 

To improve this situation, Congress and the federal government should:  

 

1. Assist forward-thinking states and localities who have started their own wastewater 

monitoring programs through consistent funding. 

2. Empower relevant federal agencies to support wastewater monitoring efforts across the 

country, especially by standardizing testing and data collection methods.  

3. Align federal support behind WBE as a pathogen-agnostic technology that can monitor 

for many different public health threats beyond Covid-19.  For instance, Biobot has 

already demonstrated that WBE can be used to monitor for seasonal influenza.  

 

To conclude, As Covid-19 becomes endemic, wastewater monitoring can play a critical role in 

keeping our nation safe and healthy, while also ensuring we are prepared for the next pandemic 

or biological threat.  To meet its full potential as a pathogen-agnostic platform, however, the U.S. 

government will need to play a more active role in developing the infrastructure to support 

wastewater testing.  I look forward to answering your questions and thank you again for this 

opportunity.     
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Appendix: 
 

“Accelerating wastewater-based epidemiology for pandemic preparedness  
and biosecurity in the United States”1 

 
Throughout the course of the Covid-19 pandemic, wastewater-based epidemiology (WBE) has 
been used effectively by state and local governments, federal agencies, universities, and private 
businesses to monitor the spread of the virus and its variants, inform public health responses, and 
help predict the level of new cases in a community several days in advance. WBE offers several 
advantages over traditional public health reporting mechanisms: 
 

● WBE can track many pathogens, but is particularly well suited to detect and mitigate 
disease outbreaks that cannot be easily monitored by syndromic surveillance, such as 
diseases with nonspecific symptoms (e.g. respiratory viruses of pandemic potential), 
diseases with a pre-symptomatic shedding period (e.g. SARS-CoV-2) or diseases spread 
primarily by asymptomatic carriers (e.g. Hepatitis C).  

● WBE is an equitable public health tool because it does not rely on an individual’s access 
to (or willingness to pursue) healthcare, and WBE data can provide public health officials 
with a more holistic and inclusive view of viral trends.  

● WBE produces aggregated and anonymized data from community wastewater samples, 
avoiding difficult personal data and privacy issues. WBE is also cost-effective because 
one sample is representative of an entire community (e.g. a town or city).  

● WBE has the potential to definitively and rapidly identify new emerging infectious 
diseases (EIDs), as well as pathogens intentionally or accidentally released into the 
population. 

 
Here are a few examples of how government officials and business leaders have been 
incorporating wastewater data into their public health response: 
 

● In Massachusetts, Governor Baker is briefed weekly on data from wastewater alongside 
other public health indicators tracked by the state’s Covid-19 Command Center. (Source: 
NBC) Several school districts in Massachusetts also rely on wastewater data to inform 
reopening plans (Source: Cambridge Public Schools). 

● In December 2021, Boston Children’s Hospital canceled elective surgeries for Q1 2022 
based on a surge in virus concentration in local wastewater. A decline in virus 
concentration in wastewater in the middle of January 2022 is prompting the hospital to 
consider rescheduling these activities for early spring. (Source: New York Times) 

 
1 Recommendations Submitted to White House Office of Science and Technology Policy on 
January 27, 2022 
 

https://www.nbcboston.com/news/local/wastewater-data-shows-covid-close-to-pre-surge-levels-in-boston/2617254/
https://www.cpsd.us/covid19data
https://www.nytimes.com/2022/01/19/health/covid-omicron-wastewater-sewage.html
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● In New Castle County, Delaware, the County Executive’s Office allocates clinical testing 
capacity based on virus concentration surges observed in the wastewater. (Source: 
Delaware Online) 

● The City of Cedar Rapids, Iowa, uses wastewater to support its local hospital system in 
planning and preparation as the pandemic continues to evolve. (Source: City of Cedar 
Rapids) 

● Miami-Dade County, Florida, has incorporated wastewater data into their “Moving to a 
New Normal Daily Dashboard,” as part of their risk assessment approach. (Source: 
Miami-Dade County) 

 
Many state and local officials have already recognized the value that WBE provides in not only 
countering the spread of Covid-19 but also as a powerful tool to combat the opioid epidemic and 
fentanyl misuse. However, making WBE a foundational part of the nation’s pandemic 
preparedness and biosecurity infrastructure requires existing efforts to be streamlined and 
centralized.  
 
A patchwork WBE network has evolved out of necessity in response to the Covid-19 pandemic, 
but without greater support from the federal government, WBE is ill-equipped to scale or meet 
its potential as an early warning system for future EIDs and biothreats. Given this, we 
recommend that the Administration take the following steps to expand and improve 
implementation of WBE across the United States: 
 
Recommendation 1: Elevate wastewater-based epidemiology as a standard monitoring 
strategy for Covid-19 and actively recommend the approach as part of pandemic response. 
 

● Risk: A lack of consistent support for WBE at the federal level contributes to uncertainty 
among state and local governments when making decisions about whether to adopt WBE. 
For example, when the HHS-Biobot Covid-19 monitoring program ended last year, 98% 
of participants indicated via survey that they wanted to continue but did not have the 
budget or expertise to perform WBE services on their own. 

● Path forward: The Administration should recommend the inclusion of WBE data for 
community-level Covid-19 response. Federal funding for WBE should be made available 
not only to federal agencies such as HHS, CDC, and EPA, but also to relevant state and 
local government entities to ensure funding reaches wastewater treatment plants.  

 
Recommendation 2: Standardize testing and data collection methodologies and streamline 
requests sent to wastewater treatment plants. 
 

● Risk: Wastewater treatment plants (WWTPs) provide the majority of samples for WBE 
services and are easily overwhelmed by multiple sampling requests from local, state, and 

https://www.delawareonline.com/story/opinion/2020/10/21/new-castle-leads-nation-using-sewage-fight-covid-19/5993862002/
https://www.cedar-rapids.org/residents/utilities/covid-19.php
https://www.cedar-rapids.org/residents/utilities/covid-19.php
https://www.miamidade.gov/information/library/2021-12-29-covid-dashboard.pdf
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federal agencies, leading to logistical bottlenecks. Moreover, different localities use 
different testing and data collection methodologies, making it hard to compare 
wastewater data across state lines.  

● Path forward: Convene an interagency working group among entities interested in WBE 
to align on testing and data collection methodologies, as well as establish clear channels 
for sampling requests to avoid overburdening WWTPs. 

 
Recommendation 3: Align federal support of WBE as a broad public health monitoring 
tool beyond Covid-19. 
 

● Risk: Without adequate federal funding and support, the full potential of WBE as a 
pathogen-agnostic early warning system may not be realized. 

● Path forward: Raise awareness of the many potential applications of WBE in disease 
prevention, as well as its usefulness in areas like measuring drug consumption and 
antimicrobial resistance, to identify federal agencies that could benefit from this 
technology and provide support for its development and implementation.  
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Education  

Massachusetts Institute of Technology Cambridge, MA, USA PhD in Computational and Systems 
Biology, GPA: 4.8/5.0 June, 2018  
Thesis title: “Analysis of fecal biomarkers to impact clinical care and public health.”  
Research areas: Human microbiome; Wastewater-based epidemiology.  
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Work Experience  

Biobot Analytics Cambridge, MA, USA CEO and Cofounder June 2018 - Present  

       ● Set the company direction and strategy  
● Lead scientific and technology team  
● Fundraising, including participation in Y Combinator, and other accelerator programs  

 
Sample press coverage: 
 
March 2022, CNBC; “Two years into the Coronavirus Pandemic, Fauci hopes the world will not forget 
lessons from a ‘catastrophic experience.’” https://www.cnbc.com/2022/03/14/fauci-warns-not-to-forget-
pandemics-catastrophic-experience.html  
 
January 2022; The New York Times; “In sewage, clues to Omicron’s surge”  
https://www.nytimes.com/2022/01/19/health/covid-omicron-wastewater-sewage.html 
 
October 2021; Bloomberg; “MIT offshoot that detects virus in wastewater raises $20 million” 
https://www.bloomberg.com/news/articles/2021-10-22/mit-offshoot-that-detects-virus-in-
wastewater-raises-20-million 

https://www.cnbc.com/2022/03/14/fauci-warns-not-to-forget-pandemics-catastrophic-experience.html
https://www.cnbc.com/2022/03/14/fauci-warns-not-to-forget-pandemics-catastrophic-experience.html
https://www.nytimes.com/2022/01/19/health/covid-omicron-wastewater-sewage.html
https://www.bloomberg.com/news/articles/2021-10-22/mit-offshoot-that-detects-virus-in-wastewater-raises-20-million
https://www.bloomberg.com/news/articles/2021-10-22/mit-offshoot-that-detects-virus-in-wastewater-raises-20-million


  
June 2018; STAT News; “Scientists can track the spread of opioids in sewers. But do cities want to know  
what lies below?” https://www.statnews.com/2018/06/26/wastewater-epidemiology-biobot-opioids/  
 
Massachusetts Institute of Technology Cambridge, MA, USA Graduate Researcher in Prof. Eric 
Alm’s lab September 2012 - June 2018  

Co-founded the MIT Underworlds Project in collaboration with MIT Senseable City Lab and the Kuwait 
Institute for Scientific Research. Participated in securing $4M USD in grant funding from  the Kuwait 
Foundation for Scientific Advancement. Biobot Analytics is a spin-off of the research.  

Press release: http://news.mit.edu/2015/real-time-urban-epidemiology-from-wastewater-1102  

Personal highlight: http://news.mit.edu/2015/student-profile-mariana-matus-0915  

Collaborated with Prof. Dominick Mueller’s lab in the Max Delbruck Center for Molecular  
Medicine (Berlin, Germany) to publish a high impact scientific article that studied the link  between 
high salt ingestion, the gut microbiome and high blood pressure.   
Press release: http://news.mit.edu/2017/gut-microbes-can-protect-against-high-blood-pressure 1115  

University of Cambridge Cambridge, UK Research Intern in Prof. Alison Smith’s lab September 2011 
- December 2011 Studied biofuel production in microalgae and how to optimize the ratio of carbon to 
nitrogen. My  work included literature review, mathematical modeling, and cultivating microalgae to test  
models. The European Union Erasmus Mundus Fellowship sponsored my internship.  

Wageningen University and Research Centre Wageningen, Netherlands Graduate Researcher with 
Dr. Mark van Passel January 2011 - August 2011 Worked with Dr. Mark van Passel to study how 
regulatory elements (promoters) evolve in  bacterial genomes, including a computational analysis and 
experimental work. My research work  was published in a high-impact scientific journal.  
Press release: https://resource.wur.nl/en/show/Genetic-variety-through-mobile-switch.htm  

Teaching Experience  

Massachusetts Institute of Technology Cambridge, MA, USA Instructor, MIT REDX: Rethinking 
Engineering Design and Execution January 2015   

Massachusetts Institute of Technology Cambridge, MA, USA Teaching Assistant, Biology GIR 
January - June 2014  

Massachusetts Institute of Technology Cambridge, MA, USA 



Teaching Assistant, MIT Skoltech Initiative June - September 2013   
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2021 Fast Company Most Innovative Companies, #3 in biotech and #16 overall 
2020 C&EN Trailblazing Women in Chemistry Award, nominated by Nobel prize awardee Prof. Jennifer 
Doudna 
 
Extended List Awards 
 
2022 GovTech 100 
2021 Newsweek’s America's Greatest Disruptors: Enterprising Idealists 
2021 GovTech 100 
2020 Entrepreneur’s Most Powerful Women 
2018 Lee Kuan Yew Global Business Plan Competition Finalist 
2018 MIT China Future City Lab Competition Winner 
2017 MIT Graduate Women of Excellence Award  
2017 MIT IDEAS Global Challenge Winner  
2017 MIT DesignX Winner  
2012 MIT Computational and Systems Biology Fellowship 
2011 European Union Erasmus Mundus Fellowship 
2010 Mexican National Science Council (CONACYT) Fellowship for Graduate Studies Abroad 
2008 Mexican National Science Council (CONACYT) Fellowship for Undergraduate Researchers  

Professional Associations  

American Chemical Society (ACS), 2018-present   
Co-organizer of “Wastewater-based Epidemiology Symposium” at the ACS National Meeting in 2019 
Medical Development Group of Boston, 2015-present  
American Society of Microbiology (ASM), 2015-present  
The New York Academy of Sciences, 2015-present  
 
Publications, Wastewater Epidemiology  
 
Wei Lin Lee, Maxim Imakaev, Federica Armas, Kyle A. McElroy, Xiaoqiong Gu, Claire Duvallet, 
Franciscus Chandra, Hongjie Chen, Mats Leifels, Samuel Mendola, Róisín Floyd-O’Sullivan, Morgan M. 
Powell, Shane T. Wilson, Karl L. J. Berge, Claire Y. J. Lim, Fuqing Wu, Amy Xiao, Katya Moniz, 
Newsha Ghaeli, Mariana Matus, Janelle Thompson, Eric J. Alm. “Quantitative SARS-CoV-2 Alpha 
Variant B.1.1.7 Tracking in Wastewater by Allele-Specific RT-qPCR.” Environ. Sci. Technol. Lett. (2021) 
 
Nour Sharara, Noriko Endo, Claire Duvallet, Newsha Ghaeli, Mariana Matus, Jennings Heussner, Scott 
W. Olesen, Eric J. Alm, Peter R. Chai, Timothy B. Erickson. “Wastewater network infrastructure in public 
health: Applications and learnings from the COVID-19 pandemic.” PLOS Global Public Health. (2021) 
 



Timothy B. Erickson, Noriko Endo, Claire Duvallet, Newsha Ghaeli, Kaitlyn Hess, Eric J. Alm, Mariana 
Matus, Peter R. Chai. “ ’Waste Not, Want Not’ — Leveraging Sewer Systems and Wastewater‐Based 
Epidemiology for Drug Use Trends and Pharmaceutical Monitoring.” Journal of Medical Toxicology. 
(2021) 
 
Claire Duvallet, Fuqing Wu, Kyle McElroy, Noriko Endo, Maxim Imakaev, Amy Xiao, Jianbo Zhang, 
Róisín Floyd-O'Sullivan, Morgan Powell, Samuel Mendola, Francis Cruz, Tamar Melman, Eric Alm, 
Timothy Erickson, Newsha Ghaeli, Peter Chai, Mariana Matus. “Nationwide trends in COVID-19 cases 
and SARS-CoV-2 wastewater concentrations in the United States.” In review. (2021) 
 
Katelyn S. Foppe, Elizabeth B. Kujawinski, Claire Duvallet, Noriko Endo, Timothy B Erickson, Peter R 
Chai, Mariana Matus. “Analysis of 39 drugs and metabolites, including 8 glucuronide conjugates, in an 
upstream wastewater network via HPLC-MS/MS.” Journal of Toxicology B. (2021) 
 
Fuqing Wu, Amy Xiao, Jianbo Zhang, Katya Moniz, Noriko Endo, Federica Armas, Mary Bushman, Peter 
R Chai, Claire Duvallet, Timothy B Erickson, Katelyn Foppe, Newsha Ghaeli, Xiaoqiong Gu, William P 
Hanage, Katherine H Huang, Wei Lin Lee, Mariana Matus, Kyle A McElroy, Steven F Rhode, Stefan 
Wuertz, Janelle Thompson, Eric J Alm. “Wastewater Surveillance of SARS-CoV-2 across 40 US states.” 
Water Research. (2021) 
 
Claire Duvallet, Bryan D Hayes, Timothy B Erickson, Peter R Chai, Mariana Matus. “Mapping 
Community Opioid Exposure Through Wastewater-Based Epidemiology as a Means to Engage 
Pharmacies in Harm Reduction Efforts.” Preventing Chronic Disease (2020). 
 
Noriko Endo, Newsha Ghaeli, Claire Duvallet, Katelyn Foppe, Timothy B Erickson, Mariana Matus, 
Peter R Chai. “Rapid assessment of opioid exposure and treatment in cities through robotic collection and 
chemical analysis of wastewater.” Journal of Medical Toxicology (2020). 
 
Fuqing Wu, Jianbo Zhang, Amy Xiao, Xiaoqiong Gu, Wei Lin Lee, Federica Armas, Kathryn Kauffman, 
William Hanage, Mariana Matus, Newsha Ghaeli, Noriko Endo, Claire Duvallet, Mathilde Poyet, Katya 
Moniz, Alex D. Washburne, Timothy B. Erickson, Peter R. Chai, Janelle Thompson, Eric J. Alm. "SARS-
CoV-2 titers in wastewater are higher than expected from clinically confirmed cases." Msystems 5, no. 4 
(2020). 
 
Fuqing Wu, Amy Xiao, Jianbo Zhang, Katya Moniz, Noriko Endo, Federica Armas, Richard Bonneau, 
Megan A Brown, Mary Bushman, Peter R Chai, Claire Duvallet, Timothy B Erickson, Katelyn Foppe, 
Newsha Ghaeli, Xiaoqiong Gu, William P Hanage, Katherine H Huang, Wei Lin Lee, Mariana Matus, 
Kyle A McElroy, Jonathan Nagler, Steven F Rhode, Mauricio Santillana, Joshua A Tucker, Stefan 
Wuertz, Shijie Zhao, Janelle Thompson, Eric J Alm. "SARS-CoV-2 titers in wastewater foreshadow 
dynamics and clinical presentation of new COVID-19 cases." medRxiv (2020). 
 
Mariana Matus, Claire Duvallet, Newsha Ghaeli, Melissa Kido Soule, Krista Longnecker, Ilana Brito, 
Carlo Ratti, Elizabeth B. Kujawinski, Eric Alm. “Untargeted detection of human health and activity 
markers in residential wastewater through microbiome sequencing and metabolomics.” bioRxiv (2019). 
Dai, C.L., et al. “Multi-site sampling and risk prioritization reveals the public health relevance of 
antibiotic resistance genes found in wastewater environments.” bioRxiv (2019) 
 
Foppe, K. et al. Poster: Wastewater-based epidemiology to combat the opioid crisis. The Association of 
Public Health Laboratories (APHL) St Louis, MO (2019) 



 
Mariana Matus & Nicole Raimundo. Presentation: “Assessing the scope of opioid use and overdose risk 
in residential communities through a novel wastewater epidemiology system: Learnings from the Town of 
Cary, NC.” Opioid data to action. Combating addiction through innovation. Indiana University School of 
Social Work, Indianapolis. (2019) 
 
Mariana Matus et al. Poster: “Biobot Analytics: A novel wastewater analysis technique to quantify 
opioid use in communities.” American College of Medical Toxicology 2019 Annual Scientific Meeting. 
San Francisco, CA. (2019) 
 
Publications, Other Work  

Wilck, N., Matus, M.G., et al. (2017) Salt-responsive gut commensal modulates TH17 axis and disease.  
Nature. https://www.nature.com/articles/nature24628  

Press release: http://news.mit.edu/2017/gut-microbes-can-protect-against-high-blood-pressure-1115  

Matus, M.G. et al. (2012) Promoter propagation in prokaryotes. Nucleic Acids Research.  
https://academic.oup.com/nar/article/40/20/10032/2414736  

Press release: https://resource.wur.nl/en/show/Genetic-variety-through-mobile-switch.htm  

Expert Revisions of Scientific Publications  

(2019) American Chemistry Society Book:Wastewater Based Epidemiology: Estimating Community  
Drug Consumption  
Title: "Detection of Stimulant Drugs in Conventional Wastewater Treatment Plants in Northeastern  
United States"  

(2019) American Chemistry Society Book:Wastewater Based Epidemiology: Estimating Community  
Drug Consumption  
Manuscript ID: bk201800748c  
Title: "Wastewater-Based Epidemiology to Determine Temporal Trends in Illicit Stimulant Use in  
Seattle"  

(2017) Journal: Environmental Science & Technology  
Title: “Coupling Mechanism between Microbial Communities and Biological Metabolization of Organics  
in Urban Sewer System” 
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