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As the spread of COVID-19 continues to significantly impact daily life in the United States and
globally, there is a need for a clear understanding of disease trends in communities. Traditional
methods that rely on counting individual cases often result in underreporting due to limited access to
testing or healtheare. This issue is further excacerbated by the spread of COV'ID-19 by asymptomatic
or presymptomatic individnals who may not seek testing. Historically, wastewater surveillance has
been used to provide population-level data on infections disease trends in commmunities. Data collected
through wastewater surveillance is currently being used to advise public health control measures, such
as vaccination campaigns, and to detect local outbreaks before cases are reported to public health
anthorities. For this reason, researchers around the globe are analyzing wastewater samples for
SARS-Col-2 (the virus that causes COVID-19) to assist in our response to the existing
COVID-19 pandemic. This commentary discusses the potential utility of wastewater-based
surveillance to advise public bealth control strategies for COVID-19 and discusses how it may be
used 1o strengthen local surveillance efforts in Philadelphia.

Introduction

Understanding trends in COVID-19 prevalence in a community is key to guiding public health policy.
Policymakers around the world have relied on COVID-19 case counts to initiate social distancing policies,
to determine when to enter defined stages of reopening, and to set travel advisories. However, traditional
surveillance systems that rely on predominately testing of symptomatic individuals leads to an
underrepresentation of the disease prevalence. In the case of COVID-19, a lack of access to testing, long
wait times, confusion about when to get tested or who should get tested, delays in receiving results, and
fear of needing to quarantine in the event of a positive test have prevented or deterred some individuals
from secking testing.!? Further, asymptomatic individuals (which may represent 18-31% of cases?#), may
never seek testing and continue to spread COVID-19 in their community without contributing to these
case counts.
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Wastewater-based epidemiology is a method of detecting the presence of certain pathogens in a
population without relying on individual testing. Using this strategy, wastewater samples are collected
from the inlets of wastewater treatment plants or outlets of individual buildings or complexes and
analyzed using quantitative polymerase chain reaction methods, qPCR, (or similar strategies) to detect
pathogen-specific genetic material. By doing so, wastewater surveillance allows for a small number of
samples to provide data on entire communities, making it more cost-effective and less invasive than
relying on testing individuals.

Wastewater epidemiology has been used to detect and prevent disease outbreaks such as polio, hepatitis
A, and norovirus,>¢ around the world and for this reason, is a growing area of research in the context of
the current COVID-19 pandemic. This commentary examines the strengths and weaknesses of
wastewater-based surveillance for SARS-CoV-2 (the virus that causes COVID-19) and discusses how it
may be used to strengthen local surveillance efforts in Philadelphia.

History of Wastewater Epidemiology

Wastewater-based epidemiology has been used since the 1980s to find associations between pathogen
concentrations in wastewater and morbidity in communities. For example, in 1984, sewage monitoring
was used to track the progression of a poliovirus outbreak in Finland and to assess the success of a
vaccination campaign.” In 1988, sewage monitoring was again used to track a polio outbreak in Israel
when sewage isolates in northern communities were genetically linked to samples isolated from southern
communities, allowing for a better understanding of how and when the disease was spread.” Similarly in
Egypt, sewage surveillance for poliovirus has been ongoing since the early 2000s and has successfully
detected wild-type poliovirus in samples collected in 2008 and again in 2010, which were found to be
genetically linked to poliovirus strains isolated in in South Asia.® While these incidents did not result in
cases of poliomyelitis in Egypt, they demonstrate the ability of wastewater monitoring to detect infectious
disease cases that would have otherwise gone unnoticed in the community.°

In addition to improving community disease surveillance and enhancing epidemiologic understanding of
local outbreaks, the detection of poliovirus in wastewater has also been used to target communities for
vaccination campaigns. For example, in Israel, an outbreak of polio in 2013-2014, which was identified
through wastewater surveillance, quickly triggered a widespread vaccination campaign.® Evaluation of this
vaccination campaign concluded that it was successful in slowing transmission of the disease and
preventing the outbreak from reaching other areas.? While there is currently no vaccine approved for
COVID-19, in future years a similar strategy may be used to target areas experiencing local COVID-19
epidemics.

In addition to poliovirus, wastewater surveillance may also improve community surveillance of other
pathogens such as norovirus and Hepatitis A.” For example, during a norovirus outbreak in Sweden,
wastewater monitoring detected norovirus in wastewater samples 2-3 weeks before the first community
cases were identified.” Similarly, monitoring of sewage samples for Hepatitis A in Brazil and Italy allowed
for better understanding of the epidemiology of Hepatitis A in these communities by highlighting
geographical differences and seasonal realtionships.1%!! By allowing for early detection of local outbreaks
as well as providing valuable epidemiologic data, wastewater-based epidemiology has proven to be a
useful tool in understanding and responding to outbreaks globally.

CommonHealth 142 DECEMBER 2020 | Volume 1 | Issue 3




McGinnis et al Running Head

Application to SARS-Co-2

SARS-CoV-2 is shed in the feces of symptomatic, pre-symptomatic, and asymptomatic individuals,
including some individuals who have tested negative through nasopharyngeal swab samples.!>13 SARS-
CoV-2 can survive in stool samples for 17-31 days, which is longer, on average, than in respiratory or
serum samples (13-29 days in respiratory samples, and 11-21 days in serum samples)!. In addition,
diarrhea has been reported as a symptom of COVID-19 infection in approximately 2-50% of cases,
possibly occurring earlier and lasting longer than the more traditional respiratory symptoms.!>

Currently, teams around the world are monitoring wastewater for SARS-CoV-2 to determine if
wastewater samples may be used to guide future intervention strategies. Early examples of SARS-CoV-2
detection in sewage samples occurred in the Netherlands,!® Australia,!” and France'® and today
wastewater monitoring is ongoing in Canada, Europe, South America, Asia, and Australia.’” In the United
States, the Centers for Disease Control and Prevention (CDC) and the U.S. Depattment of Health and
Human Services (HHS) initiated a Wastewater Surveillance System (NWSS) in response to the COVID-
19 pandemic.?’ The goal of this system is to synthesize wastewater surveillance data collected across the
United States in order to maximize the impact of these projects and improve comparability across
communities.?’ Some of these global projects have successfully detected concentrations of SARS-CoV-2
in wastewater prior to local disease outbreaks?!22 and others have found associations between SARS-
CoV-2 concentrations in wastewater and the number of COVID-19 cases reported locally.?324

In addition to widespread community monitoring, wastewater samples have also been collected from
individual buildings to identify a potential COVID-19 outbreak before it spreads. At the University of
Arizona, SARS-CoV-2 was detected in a wastewater sample collected outside of a dorm building.?> This
prompted a building-wide testing and isolation strategy which likely prevented a widespread outbreak on
the campus.?> Other colleges and universities have since taken steps to investigate this approach to
controlling outbreaks on their own campuses (some of which are included in this online map:
https://ucmerced.maps.arcgis.com/apps/opsdashboard/index.html#/c778145ea5bb4dacb58d31afee3
89082).26-28

Potential for Fecal-Oral Transmission

High concentrations of SARS-CoV-2 in sewage may raise concerns about the potential for fecal-oral
transmission. In fact, there was a documented outbreak of the closely related SARS-CoV-1 (SARS) that
occurred in an apartment building in Hong Kong, when aerosolized urine or fecal matter (through faulty
plumbing systems or by toilet flushing) resulted in 321 illnesses and 42 deaths.?’ Despite this, current
evidence has determined that the persistence of SARS-CoV-2 in wastewater does not seem to be
significant due to its low survivability in water and its sensitivity to common disinfectants.’’3! However,
despite its low survivability in water, viral RNA often remains intact and therefore can be used to quantify
the amount of SARS-CoV-2 within wastewater even when the virus is not viable. While the presence of
SARS-CoV-2 genetic material can be detected in fecal samples and untreated wastewater, at the time of
publication of this article, no known fecal-oral transmission of COVID-19 has been documented.?
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Wastewater Monitoring in Philadelphia

As a part of the global effort to detect and monitor SARS-CoV-2 concentrations in community
wastewater samples, the Water, Health, and Applied Microbiology (WHAM) lab within Temple
University’s College of Public Health has been working with Michigan State University (MSU), the
Philadelphia Water Department (PWD), and the Philadelphia Department of Public Health (PDPH) to
collect this data in Philadelphia.

Since May 2020, weekly 24-hour composite wastewater samples have been collected from three water
treatment plant influents (wastewater that enters the plant to undergo treatment) in Philadelphia. These
three treatment plants serve the entirety of Philadelphia’s wastewater treatment demands. 24-hour

composite samples are collected by an autosampler which is cooled to 4°C at each treatment plant. A
volume pre-defined by each plant is taken from the plant’s influent at 30-minute intervals over the 24-
hour period to create the composite sample. A composite sample is meant to provide a more accurate
picture of the city’s wastewater characteristics than by pulling a grab sample at one point in the day, which
is subject to greater variability due to changes in water use patterns throughout the day. These samples
are individually processed at Temple’s WHAM lab and analyzed at the Rose Lab at MSU using digital
PCR (or ddPCR) procedures which involve the quantification of three SARS-CoV-2 genes (N1, N2, E).
In the future, concentrations of SARS-CoV-2 in these samples will be compared to community
surveillance data to determine whether wastewater data may provide insight into the trends of COVID-
19 in Philadelphia. Currently, the PDPH and PWD are working to determine the relationship between
the number of gene copies of SARS-CoV-2 present in wastewater samples and COVID-19 trends in the
communities served by each of the wastewater treatment plants. This is made more difficult by the
aforementioned issues of unreported illness and asymptomatic cases. Once this relationship becomes
more clear, data on the concentrations of SARS-CoV-2 in Philadelphia’s wastewater may be used to
predict future increases in measured case counts in the city, allowing city agencies to mobilize prevention
and control efforts.

Strengths and Weaknesses

Using wastewater-based epidemiology for the detection of SARS-CoV-2 in the community is easier, more
cost-effective, non-invasive, and relies on a smaller number of samples than relying on locally reported
case counts.’ Unlike traditional disease sutveillance, which requires individuals to seek out healthcare or
testing, a single sample of untreated wastewater can offer a snapshot of population-level data, quickly
providing information about an entire community. In addition, wastewater can detect SARS-CoV-2 shed
by presymptomatic and asymptomatic individuals who may not seek testing or by people who do not
have access to testing or healthcare, which may improve our knowledge of disease trends in the
community. Wastewater may also be used to track the spread of specific emerging strains, which can
assist in our understanding of their movement globally.?” Additionally, wastewater may be able to detect
changes in disease prevalence in a community before traditional surveillance methods that rely on
individual case counts, as viral shedding in feces can occur before other respiratory symptoms.

Despite the increasing popularity of wastewater-based epidemiology for understanding the epidemiology
of COVID-19 around the world, there are limitations to this monitoring strategy. First, there is significant
variability in the amount of virus shed in the feces of individuals as well as in the way sewage is collected
and handled in communities (i.e., it may be mixed with stormwater, industrial wastewater etc.). This
makes it difficult to define a concentration threshold in wastewater samples that corresponds with
thresholds that are set using traditional surveillance. Further, wastewater monitoring from the inlet of a
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single wastewater treatment plant may represent disease cases from other surrounding communities,
depending on the catchment area of each system. For this reason, it may be difficult to use wastewater
to make decisions regarding a single community. For example, in Philadelphia, one of its three wastewater
treatment plants serves locations in Montgomery County and Springfield Township. This means that the
data provided from the sample at this site covers an area beyond the boundaries of Philadelphia, which
introduces an additional variable, requiring an analysis of SARS-CoV-2 infection trends in additional
communities.

In addition, there is a lack of research on how environmental conditions such as pH, sunlight,
temperature, etc. may impact the persistence and detection of SARS-CoV-2 in wastewater, thereby
impacting the interpretation of data collected during different seasons or in different locations. Finally,
there is a lack of a consensus around the best methods for concentrating wastewater samples for qPCR
analysis, causing limited comparability between studies conducted in different areas by various research
teams.30-32

Conclusions

Despite these limitations, ongoing surveillance of SARS-CoV-2 in community wastewater systems may
complement traditional surveillance methods, especially in areas where testing is limited, to guide resource
allocation and social distancing policies. In future years, wastewater may serve as an eatly warning
indicator of a re-emergence of disease cases, as has been done around the world for poliovirus.>8 For this
reason, ongoing collection and analysis of wastewater samples for SARS-CoV-2 as well as research that
compares various sampling, processing and detection procedures for wastewater samples may become
critical for our response to the current pandemic and for our ongoing efforts to prevent or respond to
future outbreaks.
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