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Ithough testing wastewater for public health surveillance

has recently received significant attention in the United
States, researchers and public health professionals have long
realized the tremendous promise of environmental surveillance
(ES), defined as tracking pathogens of interest in fecally
contaminated surface waters, soil, or fomites, in low-resource
settings for public health action."” The power of ES in low-
resource settings is most clearly illustrated with the over 30
years of well-established and standardized polio surveillance.
As part of the Global Polio Eradication Initiative, the World
Health Organization (WHO) has accredited 146 laboratories
within the Global Polio Lab Network (GPLN). These facilities
across 92 countries process over 8,000 wastewater or fecally
contaminated surface water samples per year, in addition to
over 220,000 stool samples annually.” The data generated from
the GPLN are closely linked to clear public health action
related to targeted vaccination campaigns. The investment and
adoption of ES for polio eradication efforts serves as a use-case
for other targets of interest. To explore the current state of the
field, the National Science Foundation-funded Research
Coordination Network (RCN) on Wastewater Based Epi-
demiology for SARS-CoV-2 and Emerging Public Health
Threats held a workshop in December 2023 to discuss the
opportunities and challenges for ES in low-resource settings
(Figure 1). Discussions during the workshop highlighted
knowledge gaps, best-practices, target selection, academic/
government/private partnerships and overall public health
action and sustainability of these programs.

Among the potential opportunities associated with ES in
low-resource settings is the opportunity to provide comple-
mentary ES data to clinical surveillance information. Low-
resource settings can include populations with frequent clinical
surveillance by local governmental public health infrastructure
and nonprofits, in some instances with support from
international development and public health organizations.
For example, the Kenya Medical Research Institute (KEMRI),
through support from various entities including the Kenya
office of the U.S. Centers for Disease Control and Prevention,
hosts a robust clinical surveillance system. Since 2006, KEMRI
has been conducting population-based infectious disease
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(PBIDS) surveillance, including health facilities and household
components, in two sites.” Further, all countries in the WHO
African Region have adopted the Integrated Disease
Surveillance and Response framework (IDSR).” This example
of robust clinical information is important to validate ES, such
as determining whether sampling schemes are representative of
pathogens that are in circulation, how these systems could then
be used in other geographies, or serve as more cost-effective
longitudinal monitoring of infectious disease trends. Advancing
ES in low-resource settings provides an opportunity to build
robust and complementary environmental and clinical
surveillance data sets that can contribute to a more complete
picture of community health and guide public health action.

Another opportunity for ES activities is the potential to
support the implementation of One Health approaches that
can aid in identifying new pathogens of concern or emerging
antimicrobial resistance mechanisms, particularly as zoonotic
and human disease surveillance may be integrated via ES.° ES
for the identification of new or emerging pathogens could
leverage available clinical surveillance data. For instance, using
10 years of hospital-based syndromic surveillance data and
three years of ES at live-bird markets, researchers identified
distinct seasonal characteristics of human influenza and avian
influenza, with human influenza exhibiting seasonality whereas
avian influenza circulated year-round and exhibited weak
seasonality.” These and similar efforts can be used to identify
emerging viruses and better develop quantitative risk assess-
ments. Lastly, there is an opportunity to evaluate the effects of
public health interventions, such as mass vaccination
campaigns, and infrastructure improvements® that are expected
to reduce the spread of infectious diseases.
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Figure 1. Opportunities and challenges identified by workshop participants.

With this vast potential for improving human health, it is
important to consider that ES in low-resource settings still has
many unique challenges that need to be overcome for
successful and widespread implementation. One notable
challenge relates to developing both methods and representa-
tive sam}})ling regimes for diverse matrices, which can include
latrines,” onsite sanitation systems, fecally contaminated
drainage systems/informal sewage networks,” soil that is
impacted by fecal material,'® fomites,"" or air."* The majority
of sanitation in low- and middle-income countries is provided
via systems that require fecal sludge management (e.g,
community pit latrines)."’ In these cases, there may be high
confidence in the population contributing to a sample, but a
lack of methods for determining the scale of sampling needed
(number of latrines) or the temporal resolution that will yield
the highest value information for public health action,
especially relative to the cost of sampling and analysis.
Furthermore, latrines may not frequently be emptied, making
the temporal scale of the sample more uncertain. For other
matrices (e.g., open sewage networks, soil) there is uncertainty
about the contributing population which is compounded with
an unknown rate of target decay in the environment,
complicating site selection and data interpretation. Open
sewers will be more affected by precipitation, and it is often
unclear the direction or source of flows, obfuscating any
potential estimates of populations contributing to a given
sample collection point and complicating quantitative analysis.
This challenge can be overcome,” but requires significant
investment in time and resources to map these changing sewer
networks.

In some cases, there may be limited laboratory capacity for
conducting ES analysis in-country, and a significant challenge
is the cost and lead times associated with obtaining supplies in-
country. ES programs would benefit from developing and
sharing best practices to ensure long-term sustainability of
surveillance activities. Another consideration, when establish-
ing ES, is method selection. Laboratory capacity in some
countries may not include molecular testing, but rather have
the resources and interest to sustain culture methods. If
possible, ES based on molecular measurements would ideally
be accompanied by an analysis of pathogen viability for
culturable organisms or measurements of antimicrobial
resistance since these analyses would help with interpretation
of molecular data and further public health action.'*

Given the challenges and opportunities described above,
close partnerships between researchers and public health
practitioners or other governmental entities can help advance
knowledge on the spread of infectious diseases and improving
health outcomes. Partnerships between local governmental
organizations and local researchers with relevant expertise may

be beneficial. For instance, the icddr,b, based in Dhaka,
Bangladesh has extensive research expertise on infectious
diseases affecting Bangladesh and South Asia (e.g., refs
15—17). Even with strong in-country research collaborations,
public health officials may have limited capacity to engage with
researchers because of competing priorities and finite
resources.'” A clear and compelling public health action is
needed to show that the benefits outweigh the costs of
surveillance activities. Continual exchange between researchers
and public health officials can lead to new target identification
and can help researchers identify localities of greatest interest
for ES. Dissemination of results of surveillance activities needs
to occur very thoughtfully to eliminate stigma and in
partnership with public health practitioners to ensure that
the results of ES activities are accessible and interpretable by
the community and in line with data reporting standards."”

The widespread interest in wastewater surveillance that
emerged during the pandemic has presented an opportunity to
increase investment in ES globally. The potential benefits of
this line of research are vast, but capitalizing on these benefits
requires thoughtful partnership and exchange to promote
rooted collaborations that help mitigate global disease
burdens.””*!
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