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Beyond COVID-19: Designing Inclusive Public Health
Surveillance by Including Wastewater Monitoring
Rochelle H. Holm,1,* Na’Taki Osborne Jelks,2 Rebecca Schneider,3 and Ted Smith1

Abstract
Wastewater-based epidemiology is a promising and expanding public health surveillance method. The current
wastewater testing trajectory to monitor primarily at community wastewater treatment plants was necessitated
by immediate needs of the pandemic. Going forward, specific consideration should be given to monitoring vul-
nerable and underserved communities to ensure inclusion and rapid response to public health threats. This is
particularly important when clinical testing data are insufficient to characterize community virus levels and
spread in specific locations. Now is a timely call to action for equitably protecting health in the United States,
which can be guided with intentional and inclusive wastewater monitoring.
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Low-income and communities of color have been dis-
proportionally impacted by the coronavirus disease
2019 (COVID-19) pandemic.1–3 Wastewater-based ep-
idemiology (WBE), as public health sampling from
existing public sewer infrastructure, provides an oppor-
tunity for more inclusive public health community
monitoring through anonymous and passive sampling
of community-generated fecal matter. With 85% of the
U.S. residents on a piped sewer connection,4 which
can be passively sampled, we have the potential to detect
upticks in COVID-19 and other pathogenic viruses and
react quickly with public health interventions, even in
communities with limited testing or access to care.

We will need a method to sample the 15% unsewered
U.S. residents,4 for example, through sampling as part of
regular emptying operations; in the meantime, we can
examine our current sampling strategy focused on waste-
water treatment plants to ensure it is inclusive and serves
the most vulnerable. We have choices regarding the de-
ployment of this public health capability. Data presented
by the Centers for Disease Control and Prevention5 show
that 99% of the WBE samples are currently collected at a
treatment plant (152,601/154,877 records).

Although WBE is convenient, relying on the current
trajectory focus of pooled samples at the largest com-
munity points of access (i.e., wastewater treatment
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plants) may not equitably serve the public or public
health. More thought should be given to where to sam-
ple, as we build on what has been established to date.

A specific example of ensuring that we do not leave
some members of the urban underserved community
behind is evidenced by case data in Louisville, Ken-
tucky, where, since August 2020, WBE has been used
to track severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) weekly at 17 wastewater sample loca-
tions to capture the entire county, but with a sampling
design to intentionally oversample in urban under-
served communities.6

Our Shawnee Park site, with a $27,695 household in-
come (USD mean within catchment areas of reported
block group median values), 89% minority, was
reported as the lowest zone for weekly clinical testing
rate administered for the period of December 20,
2021 to January 17, 2022, during the Omicron wave,
at 2% (maximum was 7% of the population) and our
geographically adjacent 34th Street site, with a
$27,446 household income and 29% minority reported
testing ranging from 2% to 6% of the population. Yet,
on the other side of the city, our Muddy Forks site
with a $103,304 household income, 8% minority, had
a rate of weekly clinical testing administered to 10%
of the population.

Each of these three areas discharges sewer to a com-
mon, large, treatment plant. The evolving WBE system
in Louisville was intentionally set up to ensure that data
from a single large treatment plant did not mask the in-
fection story of low-income neighborhoods and com-
munities of color. One difficulty of scale is the
current approach to WBE still leaves behind a portion
of the population on septic tanks or lacking improved
sanitation systems such as people without homes; but
97% of Louisville households are connected to the
sewer system.

Another example is that since May 2020, the city of
Houston, Texas, population 2.16 million, has also been
conducting weekly surveillance of the SARS-CoV-2
concentration in wastewater at 39 wastewater treat-
ment plants. Public health officials find the data from
this established WBE system extremely valuable,
using trends in space and time to prioritize public
health interventions especially in more vulnerable
communities with lower clinical testing rates. Houston
found that although trends of viral load in the wastewa-
ter for the city as a whole and by wastewater treatment
plants are highly useful, they are especially important
for tracking the virus in vulnerable communities.

When looking at two indicators of vulnerability, in-
come and percentage minority population,7,8 Hous-
ton’s ZIP codes in the lower decile by income and the
highest decile by percentage of minority residents
have statistically lower rates of clinical testing
( p < 0.02 and p < 0.001, respectively) and higher posi-
tivity rates ( p < 0.001 and p < 0.06, respectively) than
ZIP codes in the opposite decile. Wastewater surveil-
lance in sewersheds covering these vulnerable ZIP
codes, where clinical testing is low and clinical cases
are high, provides a consistent unbiased estimate of
viral load.

For example, Houston’s White Oak wastewater
treatment plant has the lowest clinical testing rate of
39 sewersheds in Houston and covers a ZIP code in
the top quartile of clinical positivity rate. As such,
wastewater concentration trends are more helpful
than the clinical testing rate in monitoring COVID-
19 trends in that community.

Houston’s successfully established WBE system
could still be further improved by collecting more gran-
ular information, such as conducted within Louisville,
within some wastewater treatment plants to better
monitor conditions in underserved communities.
Houston wastewater treatment plants vary in size, serv-
ing populations ranging from 10,000 to 500,000 people,
and representing between 1 and 14 ZIP codes. ZIP
codes using the largest wastewater treatment plant
ranged in percentage minority population from 36%
to 97.5%, in income percentile from the lowest to top
4, in positivity rate percentile from the 9th worst to
99th percentile, and in testing rate percentile from
the highest to the 72nd lowest.

Subdividing these diverse communities out from a
wastewater treatment plant would be helpful. But,
there is also an issue of scale, where public health
boundaries are often a zip code only domain uncon-
nected to existing neighborhood sewer pipes.

Criticisms do not withstand WBE and often center
on the use of law enforcement agencies that have access
to drug use data by geographic boundaries, or where
the population size of a WBE sample monitoring pa-
rameter becomes small enough to identify a contribut-
ing individual.9 In the context of COVID-19 and other
infectious diseases, concerns about the potential use of
wastewater testing data to stigmatize or restrict the
movement and actions of highly affected and particu-
larly that of vulnerable communities can be addressed
as part of a formal policy implementing WBE for the
greatest public health good. The success of such a
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framework begins by ensuring an equitable represen-
tation of underserved communities in the sampling
design.

Data and policy solutions supporting inclusive
counting of low-income and communities of color in
the COVID-19 pandemic have largely ignored the eq-
uity in passive and anonymous community monitoring
using existing city-wide wastewater infrastructure sys-
tems. Our experiences in Louisville and Houston are
presented here as lesson learning to implement equity.
We have learned equity and inclusion means, in part,
being intentional about representative monitoring in
urban underserved communities. The benefit of bring-
ing rural communities into this equation should also
not be overlooked.

The wastewater testing trajectory on monitoring pri-
marily at treatment plants leaves portions of the com-
munity diluted and out of existence in some
neighborhoods or invisible in exurban and rural set-
tings. There is an opportunity, however, for this ap-
proach to become a powerful tool to help advance
health equity. This is particularly important when clin-
ical testing data are insufficient to characterize the level
of community virus or to trigger the deployment of re-
sources to improve public health outcomes to the areas
that most need investment. Now is a timely call to ac-
tion for equitably protecting health in the United
States, which can be guided with intentional and inclu-
sive wastewater monitoring.
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