Sewage surveillance for bacterial antimicrobial resistance — An environmental

perspective to add meaning

Nerges Mistry,

Director,

The Foundation for Medical Research,
Mumbai, India

fmr@fmrindia.org

Introduction
The excellent comment by Larsson et al. [Nat Rev Microbiol. 2023;21(4):213-214] crafted
with much foresight and posing relevant perspectives concerning antimicrobial resistance
(AMR) in waste-water needs revisiting. It emphasizes the availability of quality clinical
surveillance data from the local human population to compare the resistant bacteria
detected in the inflow and effluent niches in sewage treatment plants. The commentary
also recognizes briefly the existence of “diverse ecological niches” in the environment, i.e.
waste-water not the least of which may be the bacteria not attributed to human microbiota

which may pose a challenge to data interpretation.

Anticipated challenge
In view of the above; however, an additional critical challenge that is anticipated is the
presence of emerging contaminants (EC) which have been shown in in vitro
experiments to alter (sometimes bidirectionally) the sensitivity/tolerance to antibiotics
as well as promote (largely intraspecies) horizontal gene transfer (HGT) through mobile
genetic elements [van Hamelsveld et al. Emer Contam. 2023;9(4):100257; Dhawde et

al. Int J Environ Res Public Health. 2018;15(6):1247]. ECs include components of
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medicines, foods, disinfectants, personal care products and agrochemicals. The
outstanding question therefore would be whether it would be possible to compare the
original clinical AMR source to the organism at the ultimate/penultimate stage of
sewage management, (viz., sewage treatment plants), most straightforwardly through a
cultivation approach. If, however, a genomics approach was used then the resistance
genes would be exhibited on the bacterial host of another species.

A direct correlation of findings in very distal waste-water to clinical AMR patterns
seems at first sight improbable, e.g., Tisza and colleagues [Tisza, et al. N Engl J Med.
2024;391(12):1157-1159] detected HsN; in the waste water of ten cities in the USA.
However, no mutations consistent of animals as the source were found. In contrast,
three gull colonies in N.S. Wales, Australia showed AMR genes who revealed trackable
genetic signatures highlighting the broad distribution of clinical antimicrobial
resistance in greater than 270 E. coli lineages [Wyrsch et al. mSystems.

2022;7(3):¢0015822].

Issues with Waste Water Sampling
A carefully mapped waste water sampling points close to clinical establishments with
inflow from surrounding residential/commercial areas may result in tracking back to the
specific clinical institutions to guide public health measure for anti-microbial stewardship.
However, the diversity of contaminants in waste water and the varying make-up of areas
from where waste water is collected with a multiplicity of microbiomes renders the notion

of a distally placed clinical surveillance irrelevant.

To what level a local comprehensive environmental sampling system needs to be instituted

in a defined area can only be through cognizance of a detailed layout with identification of



potential “contaminating” ingredients including leakages in the sewage pipe lines with the
sampling reaching up to a major efflux point (for e.g. discharge from sewage treatment
plants). The analysis also therefore is valid at a local/sub-regional level depending on the
recipients of the efflux and the sludge. How many such units of surveillance need to be
instituted in a region needs a robust cost-effective analysis and the ability of taking
meaningful public health actions including sewage treatment and the use of its products.
This would entail capacity for post discharge environmental sampling to identify the level
of AMR penetrance and the microbiological source of its presence in the environment.
Cumulatively this could build up into a credible regional/ national scenario of AMR both

clinical and environmental.

AMR dissemination
Undoubtedly the build-up of AMR and other variants in the waste water, if improperly
treated at efflux points, would eventually impact marine (shell-fish) and animal life forms
with antimicrobial resistant genes (AMG) entering human food chains through diverse
mechanisms [McCarthy et al. Sustainability (Switzerland). 2021;13(24):13967]. Even as a
diluted stand-alone, antibiotics in poorly treated waste water/sludge at STPs, could also
disrupt the soil microbiome and engender crop disease. [Franklin et al. Sustainability
(Switzerland). 2024;6(16): 1-17]. This highlights the environmental risk of evolution and
the dissemination of new strains of resistant pathogens containing new AMGs and HGTs.
The perception in policy circles is however that such scenarios are distant threats, with the
result that surveillance for AMR dissemination remains unrecognized and unabated
[Biirgmann et al. FEMS Microbiol Ecol. 2018;94(9):1-14]. Additionally, many LMICs
believe that AMR is largely a child of irrational antibiotic treatment in hospitals/clinics and

are reluctant to undertake sewage surveillance of AMR due to shying away from complex



AMR mitigation measures and the costs involved for application of diverse genomic
technologies [Levy et al. Science. 2023;379:26-27] in light of competing health priorities.
However, water and sanitation are also at the forefront of AMR dissemination into the
environment. Its impact may be slow but certain. Mitigation of environmental
dissemination of AMR can be through improved designs of waste-water treatment plants
which hitherto have not been intentionally designed to manage AMR concerns with
attention towards recovery of waste water residuals for agricultural or small industry use

or augmenting potable water supplies.

Perspective
The design of a comprehensive environment-based surveillance system can provide public
health guidance on patterns of clinical resistance, its modulation in the waste water
environment and dissemination of modified antimicrobial resistance (AMR)
organisms/genes in the environment through substandard waste water practices. Plugging
of knowledge gaps that could forewarn of the arising of newer forms of AMR is essential.
The cost for acquiring knowledge on how (exposure levels, colonization and disease)
complex environmentally manipulated AMRS will affect humans and the environment,
even in the long run can never be high enough. International efforts could help LMIC to

make well defined inquiries to reinforce a critical global knowledge base.



