Public Health
River Organisms in Transmitting Contagious Diseases

Elodie Gauthier”

Université Paris-Saclay, 3 rue Joliot-Curie, Batiment Breguet, 91190 Gif-sur-Yvette, France

*: All correspondence should be sent to: Dr. Elodie Gauthier

Author’s Contact: Dr. Elodie Gauthier, PhD, E-mail: egauthier@gmail.com

DOI: https://doi.org/10.15354/si.25.0p344

Funding: No funding source declared.

COl: The author declares no competing interest.

Al Declaration: The author affirms that artificial intelligence did not contribute to the process of preparing the work.

Rivers are lifelines of civilization, yet they also carry hidden dangers that humanity often over-
looks. Beneath their shimmering surfaces, countless microorganisms thrive—some beneficial,
others deadly. As pollution, urbanization, and climate change intensify, rivers have become
potent transmitters of contagious diseases, spreading bacteria, viruses, and parasites to hu-
man communities. The neglect of river health is no longer just an environmental concern but a
public health emergency. Unsafe sanitation, industrial waste, and agricultural runoff feed out-
breaks of cholera, hepatitis, typhoid, and parasitic infections across the globe. Protecting riv-
ers means protecting ourselves; their ecosystems are deeply intertwined with human health.
The world must treat rivers not as waste channels but as living systems vital for disease pre-
vention. Our approach to public health must expand beyond hospitals and vaccines to include
clean waterways, for the health of our rivers mirrors the health of humanity.
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RIVER is more than a flow of water. It is a living ar-

tery of the planet, pulsing with microscopic life that

shapes the health of ecosystems and humans alike. For
millennia, people have gathered along rivers for sustenance,
agriculture, and culture. Ancient civilizations rose beside the
Nile, the Ganges, the Yangtze, and the Tigris (Kuehne et al.,
2023; Wang & He, 2022). Yet, the same rivers that nourished
human progress now pose an escalating threat, quietly transmit-
ting contagious diseases across communities and continents. As
our relationship with nature grows more exploitative, the deli-
cate balance between river organisms and human health has
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fractured, turning these once-pure sources of life into conduits
of infection (Xie et al., 2022).

The world often perceives contagious diseases as prob-
lems of hospitals, vaccines, and human-to-human contact.
However, many outbreaks have their roots in water. Rivers host
a dynamic microbiome—an intricate web of bacteria, viruses,
protozoa, and parasites that interact constantly with their sur-
roundings (Karunakaran et al., 2023). Under natural conditions,
most of these organisms play vital ecological roles: decompos-
ing organic matter, cycling nutrients, and supporting aquatic life.
But human interference has altered these microbial communities
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beyond recognition. Industrial pollution, agricultural runoff,
untreated sewage, and global warming have transformed rivers
into reservoirs of pathogens capable of spreading diseases on an
unprecedented scale (Zhu et al., 2025).

Cholera, typhoid, hepatitis A, dysentery, and
schistosomiasis are only a few of the diseases linked to contam-
inated river systems. In developing regions, where clean water
infrastructure remains insufficient, rivers serve as both water
sources and waste dumps (Amebelu et al., 2021). The conse-
quences are devastating. Each year, millions fall ill due to wa-
terborne diseases, many of which originate from organisms that
thrive in polluted rivers (Gordon et al., 2023). Vibrio cholerae,
the bacterium responsible for cholera, multiplies rapidly in
warm, nutrient-rich waters contaminated with human waste.
Similarly, enteric viruses like hepatitis A persist in river water
long enough to infect entire communities through drinking or
bathing. What begins as environmental neglect quickly evolves
into a public health crisis.

Yet, this problem is not confined to low-income regions.
In many industrialized countries, new threats are emerging as
climate change reshapes hydrological patterns. Warmer temper-
atures encourage algal blooms and bacterial proliferation (Feng
et al., 2024). Heavier rainfall events flush contaminants from
urban and agricultural lands into rivers, overwhelming sewage
systems. Microplastics and pharmaceutical residues have en-
tered aquatic food chains, altering microbial behavior and re-
sistance (Seymour & McLellan, 2025). Even the most advanced
water treatment systems cannot always eliminate the micro-
scopic dangers that rivers now carry. As globalization acceler-
ates, these pathogens do not remain local—they travel down-
stream, across borders, and into oceans, linking distant commu-
nities in invisible chains of infection (Zhu et al., 2025).

The relationship between river organisms and disease
transmission reveals how intimately human health is tied to
ecological integrity. Every time we pollute a river, we tamper
with a natural system that regulates pathogens. Healthy rivers
maintain balance through competition among microorganisms;
beneficial bacteria suppress harmful strains, and natural preda-
tors like protozoa keep populations in check (Karunakaran et al.,
2023). When chemical pollutants or excess nutrients disrupt this
equilibrium, opportunistic pathogens flourish. What we perceive
as a localized environmental issue is, in reality, a breakdown of
the planet’s immune system.

Ignoring river health while attempting to control infec-

tious diseases is like treating symptoms while ignoring the cause.

Public health systems pour billions into hospitals, vaccines, and
sanitation campaigns, yet the source of contamination often
remains untouched (Weyhenmeyer et al., 2024). The irony is
profound: we build healthcare infrastructure beside rivers that
continue to poison the communities they serve. A single act of
prevention—Kkeeping a river clean—could save countless lives
downstream. The old saying that “an ounce of prevention is
worth a pound of cure” has never been more relevant than in the
context of waterborne diseases.

The human behaviors driving river pollution are rooted in
shortsightedness and economic priorities. Industries discharge
untreated effluents because it is cheaper than processing waste
(Chamieh et al., 2024). Farmers overuse fertilizers and pesti-
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cides, which wash into rivers with every rainfall (Nkwasa et al.,
2024). Urban centers expand faster than their sewage systems
can handle, turning waterways into conduits of waste (Rossi et
al., 2023). Even individuals contribute by dumping trash, phar-
maceuticals, and household chemicals into drains that feed riv-
ers. This cumulative negligence forms a perfect breeding ground
for infectious agents. When pathogens enter these systems, they
adapt and evolve, sometimes developing antibiotic resistance
that makes them even harder to control (Meradji et al., 2025).
The river becomes a laboratory of microbial evolution—one that
humanity can neither monitor nor contain.

There is also a social injustice embedded in this crisis.
The communities most affected by river-borne diseases are often
those with the least power to change their circumstances. Rural
populations and informal urban settlements depend directly on
river water for drinking, cooking, and bathing (Osman et al.,
2023). They live closest to the contaminated sources and are
least equipped to protect themselves. Meanwhile, the industries
and cities responsible for much of the pollution are often far
upstream, enjoying economic benefits while downstream com-
munities bear the health consequences (Herrera et al., 2017).
This inequity transforms river pollution into a form of environ-
mental oppression, where health and survival depend on geog-
raphy and privilege.

Restoring rivers and reducing disease transmission de-
mand collective responsibility. Governments must treat river
management as a pillar of national health policy, not a separate
environmental agenda (Kuehne et al., 2023). Laws against in-
dustrial discharge, agricultural runoff, and sewage dumping exist
in many places but remain poorly enforced. Stronger regulation,
consistent monitoring, and transparent accountability systems
are essential. Investments in wastewater treatment infrastructure
should be seen as investments in disease prevention. The cost of
building and maintaining clean river systems is far less than the
cost of medical care, lost productivity, and human suffering
caused by preventable outbreaks (Ford & Hamner, 2023).

Education and community engagement also play crucial
roles. People must understand that what they release into a river
will eventually return to them, often in a more dangerous form
(Sojobi & Zayed, 2021). Local stewardship programs, citizen
science initiatives, and school-based environmental education
can cultivate a culture of respect for water resources. Empower-
ing communities to monitor their rivers not only increases
awareness but also fosters accountability (Kospa & Rahmadi,
2019). When people feel ownership of their environment, they
are more likely to protect it.

The scientific community must continue studying river
microorganisms, not only to identify pathogens but also to un-
derstand the ecological dynamics that determine their emergence.
Surveillance of microbial populations can serve as an early
warning system for outbreaks. Advances in environmental DNA
(eDNA) analysis and real-time water monitoring technologies
offer promising tools to track changes in river ecosystems
(Roseng et al., 2024). However, scientific data must be translat-
ed into action through collaboration between researchers, poli-
cymakers, and local stakeholders. Knowledge without imple-
mentation is as dangerous as ignorance.

At the global level, river health should be recognized as

2032



integral to the fight against pandemics. COVID-19 taught the
world that infectious diseases do not respect borders (Ringsmuth
et al., 2022). The next outbreak could very well emerge from an
aquatic system where environmental degradation and microbial
evolution intersect. International cooperation is needed to man-
age transboundary rivers, share water quality data, and develop
regional health responses (Kaiser et al., 2022). Clean water
should be viewed as a global public good—one that demands
shared responsibility and equitable management.

Beyond the practical measures lies a deeper ethical ques-
tion: how long can humanity exploit the planet’s rivers without
consequence? \Water, once seen as an infinite resource, is re-
vealing its fragility. Each polluted river is a mirror reflecting our
collective disregard for natural systems that sustain us (Zalewski
et al., 2022). The moral failure is not merely in allowing people
to die from waterborne diseases, but in ignoring the living net-
works that keep water safe in the first place. When we harm
rivers, we harm ourselves. The pathogens that emerge from their
depths are not punishments from nature but responses to imbal-
ance.

To see a river as a living entity rather than a utility is to
take the first step toward healing both environment and society.
Some countries have begun granting legal rights to rivers, rec-
ognizing them as subjects of protection rather than objects of
use (Magallanes, 2018). This shift in perspective challenges the

human-centered worldview that created the crisis. A river with
rights cannot be polluted without consequence; its degradation
becomes a violation of justice, not merely a technical issue.
Whether or not this legal model spreads globally, the idea be-
hind it is powerful: rivers deserve respect not because we de-
pend on them, but because they are living systems with intrinsic
value (Macpherson, 2021).

In sum, the struggle to prevent contagious diseases trans-
mitted through rivers is part of a larger fight for harmony be-
tween humanity and nature. We cannot sterilize our way out of
ecological collapse; we must restore the systems that naturally
keep us healthy. Clean rivers mean fewer diseases, stronger
ecosystems, and more resilient communities. The path forward
lies in recognizing that public health begins not in hospitals but
in the water that flows through every village, city, and nation.

The next time we look at a river, we must see beyond its
surface shimmer and remember the invisible life it car-
ries—some of it healing, some of it harmful, all of it connected
to our own. The health of those unseen organisms shapes the
destiny of our species. If we continue to poison them, they will,
in time, return the favor. But if we choose to restore balance, to
cleanse the waters and honor the life within them, then the rivers
will once again become what they were always meant to be:
sources of life, not carriers of death. m

Received: June 05, 2025 |

Revised: September 25, 2025 |

Accepted: October 30, 2025

https://bonoi.org/index.php/si

Sl | November 30, 2025 | vol. 47 | no. 5

2033



References

Bhushan, S., Dinca, |., & Shikha, S.
(Amebelu, A, Ban, R., Bhagwan, J.,
Brown, J., Chilengi, R., Chandler, C.,
Colford, J. M., Cumming, O., Curtis,
V., Evans, B., Freeman, M. C.,
Guiteras, R., Howard, G., Humphrey,
J. H., Kang, G., Kulabako, R.,
Lanata, C. F., Montgomery, M.,
Pickering, A. J., ... Wolf, J. (2021).
The Lancet Commission on water,
sanitation and hygiene, and health.
The Lancet, 398(10310), 1469. DOI:
https://doi.org/10.1016/s0140-6736(

21)02005-5

Chamieh, C. E., Haddad, C. E.,
Khatib, K. E., Jalkh, E., Karaki, V. A.,
Zeineddine, J., Assaf, A., Harb, T., &
Sanayeh, E. B. (2024). River water
pollution in Lebanon: The country’s
most underestimated public health
challenge. Eastern Mediterranean
Health Journal, 30(2), 136. DOI:
https://doi.org/10.26719/emhj.24.02

63. DOI:
https://doi.org/10.3390/antibiotics110
10063

Karunakaran, E., Battarbee, R., Tait,
S., Brentan, B., Berney, C., Grinham,
J., Herrero, M. A., Omolo, R., &
Douterelo, I. (2023). Integrating
molecular microbial methods to
improve faecal pollution
management in rivers with
designated bathing waters. Science
of the Total Environment, 912,
168565. DOI:
https://doi.org/10.1016/j.scitotenv.20
23.168565

Kospa, H. S. D., & Rahmadi. (2019).
Influence of community behaviour on
water quality in Sekanak River,
Palembang. IOP Conference Series:
Earth and Environmental Science,
306(1), 012008. DOI:
https://doi.org/10.1088/1755-1315/3
06/1/012008

9

Feng, L., Wang, Y., Hou, X., Qin, B.,
Kutser, T., Qu, F, Chen, N., Paerl, H.
W., & Zheng, C. (2024). Harmful
algal blooms in inland waters
[Review of Harmful algal blooms in
inland waters]. Nature Reviews
Earth & Environment, 5(9), 631. DOI:
https://doi.org/10.1038/s43017-024-
00578-2

Ford, T., & Hamner, S. (2023).
Progress toward alleviating
preventable waterborne diseases
over the past 30 years. Cambridge
Prisms: Water, 1. DOI:
https://doi.org/10.1017/wat.2023.17

Gordon, B., Boisson, S., Johnston, R.
B., Trouba, D., & Cumming, O.
(2023). Unsafe water, sanitation and
hygiene: A persistent health burden.
Bulletin of the World Health
Organization, 101(9), 551. DOI:
https://doi.org/10.2471/blt.23.29066
8

Herrera, D., Ellis, A. M., Fisher, B.,
Golden, C. D., Johnson, K., Mulligan,
M., Pfaff, A., Treuer, T., & Ricketts, T.
H. (2017). Upstream watershed
condition predicts rural children’s
health across 35 developing
countries. Nature Communications,
8(1). DOI:
https://doi.org/10.1038/s41467-017-
00775-2

Kaiser, R., Taing, L., & Bhatia, H.
(2022). Antimicrobial resistance and
environmental health: A water
stewardship framework for global
and national action. Antibiotics, 11(1),

https://bonoi.org/index.php/si

Kuehne, L. M., Dickens, C., Tickner,
D., Messager, M., Olden, J. D.,
O’Brien, G. C., Lehner, B., &
Eriyagama, N. (2023). The future of
global river health monitoring. PLOS
Water, 2(9). DOI:
https://doi.org/10.1371/journal.pwat.
0000101

Macpherson, E. (2021). The (human)
rights of nature: A comparative study
of emerging legal rights for rivers

and lakes in the United States of
America and Mexico. DOI:
https://doi.org/10.31235/osf.io/e5npr

Magallanes, C. I. (2018). From rights
to responsibilities: Using legal
personhood and guardianship for
rivers. In Routledge eBooks (p. 216).
Informa. DOI:
https://doi.org/10.4324/9780429467
622-15

Meradiji, S., Basher, N. S., Sassi, A,,
Ibrahim, N. A., Idres, T., & Touati, A.
(2025). The role of water as a
reservoir for antibiotic-resistant
bacteria [Review of The role of water
as a reservoir for antibiotic-resistant
bacteria]. Antibiotics, 14(8), 763. DOI:
https://doi.org/10.3390/antibiotics14
080763

Nkwasa, A., Chawanda, C. J.,
Nakkazi, M. T., Tang, T., Eisenreich,
S. J., Warner, S., & van Griensven, A.
(2024). One third of African rivers fail
to meet the ‘good ambient water
quality’ nutrient targets. Ecological
Indicators, 166, 112544. DOI:
https://doi.org/10.1016/j.ecolind.202
4.112544

Sl | November 30, 2025 | vol. 47 | no. 5

Osman, M., Daaboul, D., Tajani, A.
G., Omari, K. E., Bisha, B., Hassan,
J., Cazer, C. L., Fiorella, K. J., Karah,
N., Abbara, A., Hamzé, M.,
Cummings, K. J., Naas, T., &
Kassem, I. I. (2023).
Multidrug-resistant pathogens
contaminate river water used in
irrigation in disenfranchised
communities. Journal of Global
Antimicrobial Resistance, 36, 175.
DOL:
https://doi.org/10.1016/j.jgar.2023.12
.016

Ringsmuth, A. K., Otto, I. M., van
den Hurk, B., Lahn, G., Reyer, C.,
Carter, T. R., Magnuszewski, P.,
Monasterolo, I., Aerts, J., Benzie, M.,
Campiglio, E., Fronzek, S., Gaupp,
F., Jarzgbek, t.., Klein, R. J. T,,
Knaepen, H., Mechler, R., MySiak, J.,
Sillmann, J., ... West, C. (2022).
Lessons from COVID-19 for
managing transboundary climate
risks and building resilience. Climate
Risk Management, 35, 100395. DOI:
https://doi.org/10.1016/j.crm.2022.1
00395

Roseng, L. E., Jothinarayanan, N.,
Tajedin, L., Pham, C. K., & Karlsen, F.
(2024). Environmental monitoring of
water and lakes on-site in real-time
using eDNA. In Earth Sciences.
Science Publishing Group. DOI:
https://doi.org/10.5772/intechopen.1
007780

Rossi, G. D., Hoque, M. M., Ji, Y., &
Kling, C. L. (2023). The economics
of nutrient pollution from agriculture.
Annual Review of Resource
Economics, 15(1), 105. DOI:
https://doi.org/10.1146/annurev-reso
urce-111820-021317

Seymour, J. R., & McLellan, S. L.
(2025). Climate change will amplify
the impacts of harmful
microorganisms in aquatic
ecosystems [Review of Climate
change will amplify the impacts of
harmful microorganisms in aquatic
ecosystems]. Nature Microbiology,
10(3), 615. DOI:
https://doi.org/10.1038/s41564-025-
01948-2

Sojobi, A. O., & Zayed, T. (2021).
Impact of sewer overflow on public
health: A comprehensive
scientometric analysis and
systematic review [Review of Impact
of sewer overflow on public health].
Environmental Research, 203,
111609. DOI:
https://doi.org/10.1016/j.envres.2021

2034


https://doi.org/10.1016/s0140-6736(21)02005-5
https://doi.org/10.1016/s0140-6736(21)02005-5
https://doi.org/10.26719/emhj.24.029
https://doi.org/10.26719/emhj.24.029
https://doi.org/10.1038/s43017-024-00578-2
https://doi.org/10.1038/s43017-024-00578-2
https://doi.org/10.1017/wat.2023.17
https://doi.org/10.2471/blt.23.290668
https://doi.org/10.2471/blt.23.290668
https://doi.org/10.1038/s41467-017-00775-2
https://doi.org/10.1038/s41467-017-00775-2
https://doi.org/10.3390/antibiotics11010063
https://doi.org/10.3390/antibiotics11010063
https://doi.org/10.1016/j.scitotenv.2023.168565
https://doi.org/10.1016/j.scitotenv.2023.168565
https://doi.org/10.1088/1755-1315/306/1/012008
https://doi.org/10.1088/1755-1315/306/1/012008
https://doi.org/10.1371/journal.pwat.0000101
https://doi.org/10.1371/journal.pwat.0000101
https://doi.org/10.31235/osf.io/e5npr
https://doi.org/10.4324/9780429467622-15
https://doi.org/10.4324/9780429467622-15
https://doi.org/10.3390/antibiotics14080763
https://doi.org/10.3390/antibiotics14080763
https://doi.org/10.1016/j.ecolind.2024.112544
https://doi.org/10.1016/j.ecolind.2024.112544
https://doi.org/10.1016/j.jgar.2023.12.016
https://doi.org/10.1016/j.jgar.2023.12.016
https://doi.org/10.1016/j.crm.2022.100395
https://doi.org/10.1016/j.crm.2022.100395
https://doi.org/10.5772/intechopen.1007780
https://doi.org/10.5772/intechopen.1007780
https://doi.org/10.1146/annurev-resource-111820-021317
https://doi.org/10.1146/annurev-resource-111820-021317
https://doi.org/10.1038/s41564-025-01948-2
https://doi.org/10.1038/s41564-025-01948-2
https://doi.org/10.1016/j.envres.2021.111609

111609

Wang, H., & He, G. (2022). Rivers:
Linking nature, life, and civilization.
River, 1(1), 25. DOI:
https://doi.org/10.1002/rvr2.7

Weyhenmeyer, G. A., Chukwuka, A.
V., Anneville, O., Brookes, J. D.,
Carvalho, C. R., Cotner, J. B.,
Grossart, H., Hamilton, D. P.,
Hanson, P. C., Hejzlar, J., Hilt, S.,
Hipsey, M. R., Ibelings, B. W.,
Jacquet, S., Kangur, K., Kragh, T,
Lehner, B., Lepori, F., Lukubye,

B., ... Zhou, Y. (2024). Global lake
health in the Anthropocene: Societal

implications and treatment strategies.

Earth’s Future, 12(4). DOI:

https://bonoi.org/index.php/si

https://doi.org/10.1029/2023ef00438
7

Xie, Y., Liu, X., Wei, H., Chen, X.,
Gong, N., Ahmad, S., Lee, T., Ismail,
S., & Ni, S. (2022). Insight into
impact of sewage discharge on
microbial dynamics and
pathogenicity in river ecosystem.
Scientific Reports, 12(1). DOI:
https://doi.org/10.1038/s41598-022-
09579-x

Zalewski, M., Guo, J., & Brell, P.
(2022). Proceedings of the 5th
International Symposium of Healthy
Rivers and Sustainable Water
Resources Management:

Ecohydrology for water security. HAL.

Sl | November 30, 2025 | vol. 47 | no. 5

Available at:
https://hal.inrae.fr/hal-03792186

Zhu, C., Wu, L., Ning, D., Tian, R.,
Gao, S.-H., Zhang, B., Zhao, J.,
Zhang, Y., Xiao, N., Wang, Y., Brown,
M. R., Tu, Q., Ju, F,, Wells, G., Guo,
J., He, Z., Nielsen, P. H., Wang, A.,
Zhang, Y., ... Zhou, J. (2025). Global
diversity and distribution of antibiotic
resistance genes in human
wastewater treatment systems.
Nature Communications, 16(1),
4006. DOI:
https://doi.org/10.1038/s41467-025-
59019-3

2035


https://doi.org/10.1002/rvr2.7
https://doi.org/10.1029/2023ef004387
https://doi.org/10.1029/2023ef004387
https://doi.org/10.1038/s41598-022-09579-x
https://doi.org/10.1038/s41598-022-09579-x
https://hal.inrae.fr/hal-03792186
https://doi.org/10.1038/s41467-025-59019-3
https://doi.org/10.1038/s41467-025-59019-3

