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Introduction

Water represents the single most vital resource for sustaining life. However, rising population
densities, accelerating industrial activity, and indiscriminate exploitation have collectively
contributed to widespread water contamination. Consequently, water can serve as a major vehicle for
numerous infectious and non-infectious diseases affecting both animals and humans. The water we
consume is fundamental to our well-being and overall health, yet polluted water along with polluted
air remains common place worldwide. According to the WHO, one-sixth of the global population
(about 1.1 billion people) lacks access to safe drinking water, while 2.4 billion do not have basic
sanitation. Declining availability and deteriorating quality of freshwater now possess serious
public-health and economic challenges in many regions. In livestock, optimal performance depends
on balanced nutrition- water, carbohydrates, fats, proteins, vitamins, and minerals with water being
the most critical nutrient across all species. Adequate water supports body-fluid homeostasis, proper
ion balance, digestion, nutrient absorption and metabolism, waste elimination, thermoregulation, and
nutrient transport. For dairy cattle, water is indispensable to multiple physiological processes. It
constitutes 56 — 81 % of total body mass and is the principal component of milk and excreta. Thus,
dairy cattle have substantial daily water needs. Restricting water intake compromises milk yield,
animal health, and farm profitability. Water-borne diseases arise from pathogens present in water
contaminated by infected faeces, urine, discharges, or tissues. Such diseases are typically transmitted
through contaminated freshwater. Safe water is therefore essential not only for human health but also
for efficient animal production. Recent outbreaks have underscored the mounting threat of
water-borne zoonoses and the pressing requirement for improved water surveillance and treatment.

Broadly, water- borne zoonotic pathogens fall into three categories: (1) viruses such as coronavirus,
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monkeypox virus, and Ebola virus; (2) bacteria including Bacillus anthracis, Campylobacter spp.,
and Escherichia coli; and (3) parasites such as Giardia spp.
Historical highlights

The first documented observation of a microorganism was made by Anton van Leeuwenhoek
in 1681, when he invented the light microscope and identified Giardia in his own faecal matter.
Nearly two centuries later, it was established that microorganisms were the causative agents behind
waterborne epidemics such as typhoid in 1879, cholera in 1883, and dysentery in 1898. Although
many parasites were identified long ago, their significance as zoonotic pathogens and their role in
waterborne outbreaks have only recently been acknowledged. Approximately twenty years later, this
parasite was linked to the world’s largest known outbreak of waterborne disease, affecting around
403,000 individuals. In the present day, bacteria are increasingly recognized as widespread
organisms globally and represent one of the leading causes of waterborne intestinal infections in
humans. For instance, Salmonella and Escherichia coli are among the most frequently diagnosed
intestinal bacteria in developed nations, and they are routinely found in both livestock and wild
animals.
Water-borne zoonotic bacterial pathogens:
1. Bacillus anthracis

It is a spore-forming, soil-borne, Gram-positive bacterium that produces anthrax, a deadly
disease that kills mammals. In reference to the black, coal-like lesions that are typically found in
human cases of cutaneous anthrax, the name "anthrax" was derived from the Greek word
"anthracites," which means coal. Wind, predators, fertilizers, and effluents from enterprises that
handle contaminated animal products can all spread anthrax spores, which can survive in the soil for
a long time. Major animal deaths from anthrax outbreaks resulted in ongoing financial losses for
populations residing in places where cattle and wildlife interact in many parts of the world,
particularly remote ones. Humans suffer greatly from this illness, which can also be fatal, particularly
for the elderly, pregnant women, and children who are the most vulnerable members of society. Apart
from its significance as an infectious disease, the anthrax bacteria has also been recorded as a key
player in bio- terrorism and warfare. Studies have indicated that anthrax epidemics tend to occur in
low lands, which are vulnerable to flooding. Temperature, precipitation, drought, soil type, and
vegetation coverage are also associated with it. Notably, anthrax spores enter the bloodstream and
produce toxins that have systemic effects when consumed in water contaminated with them. A
combined monitoring system utilizing the One Health concept is necessary by establishing a joint
anthrax reporting system and outbreak investigations since anthrax is a potentially fatal disease and

a public health confounding factor.
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2. Campylobacter jejuni

Gram-negative, motile, non-sporophyte, and oxidase-positive, Campylobacter jejuni is a
bacterium. Diarrhea or dysentery syndrome, together with fever and discomfort, are the most
significant signs of infection. It is an opportunistic pathogen in humans and a major source of
waterborne bacterial disease in many affluent nations. Mammals typically get enteritis from C. jejuni.
Sometimes a Campylobacter infection might have long-term effects. Guillain-Barre syndrome is an
uncommon condition that some people may have. It is the primary cause of spontaneous abortion in
cattle and happens when an individual's immune system generates antibodies against Campylobacter
components, which then harm its own body. Humans can contact these infections by drinking
contaminated water or eating contaminated food that has been improperly prepared or left raw. These
bacteria have been shown to survive for a few weeks in an aqueous environment.
3. Escherichia coli

Causative agents include: (1) enterotoxigenic E. coli (ETEC) , (2) enteroinvasive E. coli
(EIEC), (3) enteropathogenic E. coli (EPEC) and 4) enterohaemorrhagic E. coli (EHEC). It is a
Gram-negative, rod-shaped, motile, non-spore bacterium that coexists safely in the intestines of both
humans and animals. Although the majority do not present a pathological danger, there are many
different kinds of bacteria, and some subtypes have virulence characteristics that enable infection.
Certain Escherichia coli subspecies can cause invasive infections or internal infections, particularly
in the urinary tract. Similar to Escherichia coli O157: [H7], enterohaemorrhagic Escherichia coli
(EHEC) is a serotype that initially causes symptoms of illness. Additionally, this strain is the most
specific pathogen in humans, causing diarrheal sickness in both humans and dogs and producing
strong cytotoxins or verotoxins that can induce lesions in the colon and cecum. Severe bloody
diarrhoea and cramping in the abdomen are common symptoms of EHEC infections. About 2—7% of
EHEC infections can result in a complication known as Haemolytic Uraemic Syndrome (HUS),
which is more common in older people and children under the age of five. The primary reservoir for
E. coli is ruminants, especially cattle. Fever and watery diarrhoea are the most common signs of an
acute gastrointestinal haemorrhagic illness. Life-threatening symptoms may appear in more severe
situations. E. coli can spread from animals to humans by contact or oral ingestion of infected food
or water, as well as through contaminated feed, handling, and drinking water. In the most endemic
nations, waterborne transmission which happens when human faeces contaminate water is a major
mode of infection. Water functions as an efficient medium because E. coli O157:H7 has a low
infectious dosage. It should be mentioned that animal entry puts watersheds at risk for contamination.
Therefore, outbreaks of waterborne infections were typically linked to small water reservoirs or wells

supplying towns or rural areas. Additionally, illness transmission frequently occurs in recreational
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waterways. Sewage or human or animal faeces can spread infection. In reality, there may be a
considerable risk of infection due to the low infectious dosage of this bacterium in waterways.
4. Salmonella species

Microorganisms called salmonella typically colonize the intestines of rodents, people, and
animals. They are commonly found in rivers, sewage, and other fluids and soils. If the right
circumstances are available, they can remain in the water for weeks and in the soil for years. They
cause typhoid-like illnesses and enteritis in a variety of animal species. Both waste disposal and the
water supply have an impact on the spread of these bacteria. It belongs to the Enterobacteriaceae
family of facultative anaerobic, Gram-negative, non-enveloped, non-spore-forming, and primarily
motile bacilli. Unlike S. typhi, all pathogenic Salmonella species emit gases. Through the
consumption of affected animals in contact with contaminated food and water, it spreads from animal
digestive tracts to humans. The majority of mammalian pathogenic serotypes are members of the
zoonotic pathogen Salmonella enterica, which is a major global health hazard for both humans and
animals. It is a leading cause of gastroenteritis-related morbidity and mortality worldwide. Due to
their latent or asymptomatic infection, or in rare instances, severe clinical illness, poultry is a major
source of salmonellosis in humans. Since the illness is limited to the digestive tract, it should be
mentioned that the bacteria are expelled in the faeces, which operate as a significant source of
environmental contamination. The source of the infectious agent, particularly water-related modes
of transmission, characteristics of the organism that allow adaptation in the aquatic environment,
virulence factors with the infectious dose, and, lastly, host susceptibility factors can all be used to
assess salmonella transmission via water.
5. Vibrio cholerae

It is a Gram-negative, curved, facultative anaerobic, nonspore, extremely motile bacterium
with polar flagella. Serogroups are separated based on the physical antigens. Watery diarrhoea,
vomiting, dehydration, septicaemia, and even mortality are all symptoms of gastroenteritis. A
common example of a complicated bacterial and environmental illness is cholera. The life cycle of
V. cholerae involves regular interchange between aquatic habitats and the host digestive system
because poor hygiene causes the bacteria to return to the environment. Mostly found in fresh water,
Vibrio infections are primarily caused by eating raw or undercooked shellfish or by coming into
touch with warm seawater on open wounds.
6. Leptospirosis

Leptospires, genus Leptospira, are spiral-shaped bacteria (spirochetes) that cause
leptospirosis. Numerous unique serovars of these bacteria can impact a broad range of animal species

across the globe. L. canicola (dogs are hosts; pigs are reservoirs), L. icterohaemorrhagiae (rats are
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reservoirs), and L. hebdomadis (cattle, mice, and voles are reservoirs) are the three primary
serogroups of Leptospira. Although benign leptospirosis can be caused by any of the pathogenic
serovars, the serovar icterohaemorrhagiae is typically responsible for the severe form of Weil's
illness. Fever, jaundice, haemoglobinuria, abortion, stillbirth, repeated breeding, milk loss, and other
symptoms are the hallmarks of the disease in animals. The key reservoirs include the mouse, vole,
rat, mongoose, shrew, jackal, dog, pig, cat, and cow. Leptospira can spread through aerosolization or
direct or indirect contact. Leptospirosis can spread through aerosolized urine or water, contaminated
food, drink, equipment, and surfaces, or direct contact with contaminated urine. Both normal foetuses
after calving and aborted foetuses can harbour spirochetes. The spirochetes can enter the host both
humans and animals via skin cracks or through intact mucous membranes, such as the mouth, nose,
and eyes. Despite the fact that Leptospira species do not proliferate outside of their host, animals
may continue to expel the organism for months following infection. The organism may spend months
at a time in stagnant, slowly flowing warm water or in damp soil in a humid climate. Although it can
vary from 2 to 29 days, the incubation time is typically 7 to 12 days. Numerous domestic animals,
such as dogs, pigs, sheep, and cattle, are susceptible to leptospirosis. The kidneys, liver, spleen,
central nervous system, eyes, and genital tract are a few of the tissues that leptospires can impact.
Acute or chronic, mild or severe, and silent infections are all possible. Most animal disease severity
is influenced by the host's age and immunity; younger animals are usually more severely afflicted.
Fever, anorexia, vomiting, dehydration, increased thirst, stiffness, stomach and muscle discomfort,
renal and liver illness, haematuria, shivering, and weakness are examples of clinical symptoms in
dogs, which are typically nonspecific. Clinical symptoms in infected animals can vary in intensity.
Reduced production of milk, fever, anorexia, conjunctivitis, diarrhoea, jaundice, haemoglobinuria,
pneumonia, or meningitis symptoms can all be the symptoms of leptospirosis. Severe illness can kill
calves in 3—5 days. Adult cows may exhibit minor, temporary clinical symptoms that are difficult to
detect. Three to ten weeks post- infection, abortion may be the only clinical symptom.
Prevention and control

The primary control strategy involves managing zoonotic pathogens within animal reservoirs
by adhering to essential measures. These include ensuring animals have access to clean housing,
food, and water, and safeguarding them from infection by limiting contact with potentially infected
animals. Additionally, antimicrobial usage, along with active and passive immunization, plays a
supportive role in disease prevention. A global collaborative effort is crucial to address the issue of
proper disposal of animal waste, including waste from slaughter houses. Preventing animal
droppings used in agricultural fields from contaminating surface waters is a key step in limiting the

spread of water-borne zoonotic pathogens. Heavy rainfall contributes to the transmission of these
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diseases by carrying contaminated animal waste and soil into surface and groundwater sources.
Consuming untreated water contaminated by animal waste increases infection risk, emphasizing the
importance of protecting and treating drinking water supplies. The use of multiple protective barriers
is recommended to safeguard both water sources and distribution systems. Effective prevention of
water-borne zoonoses requires the integration of efforts across several sectors: human health, animal
health, environmental protection, and municipal infrastructure. Public education is also vital,
especially on practices like boiling or chlorinating drinking water after floods, as well as promoting
hand-washing and proper food handling.
Conclusion

Water-borne bacterial zoonoses represent a persistent and growing threat to public and animal
health worldwide. Contaminated water acts as a potent vector for pathogens like E. coli, Salmonella,
and Leptospira, leading to significant disease burdens, especially in resource-limited settings. As
demonstrated by the historical and epidemiological profiles of these pathogens, water safety is
intimately tied to animal waste management, environmental conditions, and hygiene practices.
Preventing these diseases requires more than isolated interventions; it demands a coordinated, One
Health-based approach that integrates veterinary care, human healthcare, environmental monitoring,
and public infrastructure planning. Surveillance systems must be strengthened, animal reservoirs
carefully managed, and water treatment protocols rigorously enforced. Public awareness and
education on hygiene, safe food handling, and drinking water treatment are equally critical. By
implementing such multi-faceted and cooperative strategies, the risks posed by water-borne bacterial
zoonoses can be significantly reduced, promoting both human and animal well-being. Hence, this
article highlights the urgent need to adopt internationally standardized methods for effectively
sterilizing drinking water, particularly in developing nations where such infections continue to pose

a significant public health challenge.
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