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ABSTRACT

Waterborne viral diseases remain a major public health burden and a leading cause of
mortality across all age groups, particularly in developing countries where access to safe
water and sanitation is limited. These infections commonly manifest as gastroenteritis
and are caused by viruses such as hepatitis A and E viruses, poliovirus, rotavirus,
coxsackievirus, adenovirus, norovirus, and astrovirus. Clinical symptoms typically
include nausea, vomiting, diarrhoea, abdominal cramps, fever, fatigue, and, in some
cases, jaundice. Transmission occurs predominantly through the faecal-oral route, often
via ingestion of contaminated water or food, as well as through direct contact with
infected individuals or contaminated surfaces. The persistence and spread of these
pathogens are closely linked to poor hygiene practices, inadequate waste disposal, and
insufficient water treatment systems. Effective prevention strategies include the
provision of clean and safe drinking water, improved sanitation infrastructure,
vaccination programs, proper food handling, safe water storage, routine water quality
testing, and continuous public health education. Early detection and appropriate clinical
management are also essential in reducing morbidity and mortality associated with these
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infections. This review provides a comprehensive overview of the epidemiology,
transmission pathways, clinical manifestations, and pathogenesis of common
waterborne viral diseases, alongside current preventive and therapeutic approaches.
Addressing this global health challenge requires coordinated efforts from local
communities, governments, and international health organizations to implement
sustainable interventions and strengthen public health systems.
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1. Introduction

A waterborne disease is an illness caused by microorganisms that are transmitted through contaminated water (Department of
Health, 2022; Okwonkwo et al. 2026; Okoye et al. 2026). These microorganisms can include bacteria, viruses, and parasites.
Examples of waterborne diseases include cholera, typhoid fever, giardiasis, cryptosporidiosis, and dysentery (Uba et al., 2017;
Dokubo et al. 2022a; 2022b; Anidu et al. 2023). Viruses are the tiniest microorganisms of all parasites, with an approximate
size ranging from 0.03 to 0.1 um. Viruses are present in drinking water sources but their impact on human health is less widely
understood and acknowledged (Okafor et al. 2023; Uba and Obiefuna, 2023; Ubani et al., 2025). However, swallowing them
can have major health consequences (Gall et al., 2015; Adelodun et al., 2021; Ibe et al. 2023, Alfred et al. 2023; 2025;
Chukwura et al. 2025; Okpalaunegbu et al. 2025; Okolo et al. 2025).

Waterborne viruses can enter the body through ingestion of contaminated water, consumption of contaminated food washed
with contaminated water, or contact with contaminated water during recreational activities (Ramirez-Castillo et al., 2015;
Obiefuna et al. 2025). When untreated or poorly treated water is consumed, it can lead to infections and diseases in humans
and animals (Mundi et al. 2014a; 2014b; Okoye et al. 2014; Uba et al. 2016; Anameze et al. 2023).

Water-borne viral diseases are major public health concerns, as they can cause widespread illness and even death (Annan et
al., 2018; Obiefoka et al., 2023; Uba et al., 2024). Water-borne viral diseases can have a severe impact on national economies.
Outbreaks can lead to lost productivity, increased healthcare costs, and a decline in tourism (McKee and Cruz, 2021; Ele et
al., 2025; Uba et al., 2026a; 2026b; 2026¢). Water-borne viral diseases disproportionately affect vulnerable populations such
as children, pregnant women, the elderly, and those living in poverty (McKee and Cruz, 2021; Dokubo and Uba, 2023; Ubani
et al., 2024a; 2025b).

Outbreaks of water-borne viral diseases can overwhelm healthcare systems and cause shortages in medical supplies. Water-
borne viral diseases can also damage the environment (Uba, 2019; Uba et al. 2021; Egurefa et al. 2020a; 2020b). For example,
the improper disposal of contaminated waste can lead to the spread of disease and environmental pollution. Understanding and
preventing water-borne viral diseases is critical for protecting public health, promoting social justice, ensuring economic
stability, and protecting the environment (Ibo et al. 2020; Umeh et al., 2020; 2021; Nwigwe et al. 2022, Nwigwe et al. 2023).
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The aim of this review is to examine the epidemiology, transmission, clinical features, pathogenesis, prevention, and
management of common waterborne viral diseases, with a view to informing effective control and public health interventions.

2. Overview on Waterborne Viral Diseases

2.1 Common Waterborne Viral Diseases

Water-borne viral diseases are spread by viruses that are transferred to humans through contaminated water. Some of the most
common waterborne viral diseases are:

2.1.1 Hepatitis A

Hepatitis A is a viral infection caused by the hepatitis A virus (HAV) that affects the liver. The hepatitis A virus (HAV) belongs
to the Hepatovirus genus within the Picornaviridae family (Wang et al., 2015). HAV was first isolated in 1979. Humans are
the only natural hosts, although several nonhuman primates have been infected in laboratory conditions. Depending on
conditions, HAV can be stable in the environment for months. The virus is relatively stable at low pH levels, moderate
temperatures, and frozen temperatures, but can be inactivated by high temperature (185°F [85°C] or higher), formalin, and
chlorine (Migueres et al., 2021).

2.1.1.1 Transmission

HAV infection is acquired primarily by the fecal-oral route by either ingestion of contaminated food or water or direct contact
with an infectious person. Since the virus is present in the blood during the illness prodrome, HAV has been transmitted on
rare occasions by blood transfusion as well as solid organ transplantation. Although HAV may be present in saliva,
transmission by saliva has not been demonstrated. Waterborne outbreaks are also recorded and are usually associated with
sewage-contaminated or inadequately treated water. (WHO, 2023a).

2.1.1.2 Epidemiology

The incidence of hepatitis A varies considerably between countries depending on the socio-demographic index (Zeng et al.,
2021). Low- and middle-income countries, mainly in Africa and South Asia, have the greatest hepatitis A burdens (Jacobsen,
2018). However, there are estimated to be 100 million HAV infections and 1.5 million symptomatic cases annually worldwide,
and these are responsible for 15,000 to 30,000 deaths per year (WHO, 2019). The endemic nature of HAV is classified
according to age-specific prevalence into high (> 90% by age 10 years), intermediate (> 50% by age 15 years with < 90% by
age 10), low (= 50% by age 30 with < 50% by age 15), and very low (< 50% by age 30). Infection rates remain low in areas
where HAV is rare due to poor HAV circulation despite low immunity rates as long as the disease is not introduced from an
external source (WHO, 2019). Some outbreaks have occurred, mainly in individuals at specific risk.

2.1.1.3 Symptoms
Symptoms of hepatitis A include fatigue, nausea, vomiting, abdominal pain, and jaundice (yellowing of the skin and eyes).
Some people may not experience any symptoms, while others may experience severe symptoms that can last for months.
Hepatitis A is usually a self-limiting disease, meaning that it goes away on its own without treatment. However, in rare cases,
it can cause serious complications such as liver failure, especially in older adults or people with pre-existing liver diseases
(Aggarwal, 2011).

2.1.1.4 Pathogenesis

HAV is typically acquired through ingestion (through fecal-oral transmission) and replicates in the liver. After 10 to 12 days,
the virus is present in the blood and is excreted via the biliary system into the feces. Peak titers occur during the 2 weeks before
the onset of illness. Although the virus is present in serum, its concentration is several orders of magnitude less than in feces.
Virus excretion begins to decline at the onset of clinical illness and decreases significantly by 7 to 10 days after the onset of
symptoms. Most infected persons no longer excrete the virus in their feces by the third week of illness (Foster et al., 2018).

2.1.1.5 Diagnosis

Biological diagnosis is required because hepatitis A is clinically indistinguishable from other viral forms of hepatitis. Acute
hepatitis A is mainly diagnosed by demonstrating anti-HAV IgM. Anti-HAV IgM antibodies appear a few days before or
concurrently with the onset of clinical symptoms. Their titre remains high for about 1 month and then gradually decreases to
zero over about 6 months in most patients (WHO, 2019). False-positive results can occur due to specificity problems, and anti-
HAYV IgM can also be detected following vaccination. Therefore, this analysis should only be conducted when it is clinically
suspected (CDC, 2005). Anti-HAV IgG antibodies appear soon after the IgM antibodies and persist for many years, conferring
lifelong immunity. Their presence indicates past, resolved infections (Nelson et al., 2020).

Another type of diagnosis that can be done is the Nucleic acid amplification test, but it is rarely used. They can detect HAV
RNA in the feces and plasma of patients who have been infected (Costa-Mattioli et al., 2002), and in contaminated water and
food (Lowther et al., 2019). Sequencing and phylogenetic analysis are mainly used to track outbreaks, and these techniques
are particularly useful for identifying transmission routes.

2.1.1.6 Prevention

Prevention measures include vaccination, practising good hygiene, avoiding contaminated food and water, and washing hands
thoroughly after using the toilet, changing diapers, or handling food (Kim et al., 2021). Countries with inadequate sanitation
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and poor hygiene practices are more prone to hepatitis A outbreaks. Travelers to these areas should take extra precautions and
consider getting vaccinated before their trip. Hepatitis A is a preventable disease, and appropriate vaccination, good hygiene
practices, and safe food handling can help reduce the risk of infection (Gullon et al., 2017).

Post-exposure prophylaxis requires giving inactivated vaccine to all people who are unvaccinated (>12 months) within 2 weeks
of exposure.

2.1.1.7 Treatment
There is no specific treatment exists for hepatitis A; supportive care is given, such as resting, eating a well-balanced diet, and
adequate fluid intake.

2.1.2 Hepatitis E

Hepatitis E is the liver inflammation caused by the hepatitis E virus (HEV). The virus has at least 4 different types: genotypes
1, 2, 3 and 4. Genotypes 1 and 2 have been found only in humans. Genotypes 3 and 4 circulate in several animals including
pigs, wild boars and deer without causing any disease, and occasionally infect humans.

2.1.2.1 Transmission

The virus spreads predominantly by the fecal-oral route. The outbreaks usually follow periods of fecal contamination of
drinking water supplies and may affect several hundred to several thousand persons (Yekta et al., 2021). The illness is usually
self-limiting and resembles other hepatotropic viruses. However, in some cases, the condition progresses to severe liver failure.
In areas with better sanitation and water supply, hepatitis E infection is infrequent, with only occasional sporadic cases
‘(WHO, 2022). Most of these cases are caused by genotype 3 virus and are triggered by infection with virus originating in
animals, usually through ingestion of undercooked animal meat (including animal liver, particularly pork). These cases are not
related to contamination of water or other foods. (Magana-Arachchi and Wanigatunge, 2020).

2.1.2.2 Epidemiology

Hepatitis E is extremely prevalent in certain underdeveloped nations where drinking water might be contaminated
(Aggarwal, 2011; Magana-Arachchi and Wanigatunge, 2020). It manifests itself as outbreaks and occasional instances of acute
hepatitis in these highly endemic locations.

The disease is endemic in the Indian subcontinent, China, Southeast and Central Asia, the Middle East and northern and
western Africa (Yekta et al., 2021). Hepatitis E outbreaks of various magnitudes have been documented in these regions.
Furthermore, hepatitis E virus infection is responsible for a substantial number of sporadic acute hepatitis cases in these
locations.

2.1.2.3 Symptoms

Symptoms include the initial phase of mild fever, reduced appetite (anorexia), nausea and vomiting lasting for a few days;
abdominal pain, itching, skin rash, or joint pain, jaundice (yellow colour of the skin), dark urine and pale stools; and a slightly
enlarged, tender liver (hepatomegaly). In rare cases, acute hepatitis E can be severe and result in fulminant hepatitis (acute
liver failure) (WHO, 2023b)

2.1.2.4 Pathogenesis

The HEV first replicates in the intestinal tract before reaching the liver via the blood in a quasi-enveloped form. It then
replicates in the cytoplasm of hepatocytes and is released as lipid-associated particles into the blood and bile. Bile salts then
strip the lipids from the virus shed in the stool. Since HEV is not cytopathic, the liver damage induced by an HEV infection
may be immune-mediated by cytotoxic T cells and natural killer cells (Lhomme et al., 2020).

2.1.2.5 Diagnosis

Cases of hepatitis E are not clinically distinguishable from other types of acute viral hepatitis. However, diagnosis can often
be strongly suspected in proper epidemiologic settings. Definitive diagnosis of hepatitis E infection is usually based on
detecting specific anti-HEV immunoglobulin M (IgM) antibodies to the virus in a person’s blood; this is usually adequate in
areas where the disease is common. Additional tests include reverse transcriptase polymerase chain reaction (RT-PCR) to
detect the hepatitis E virus RNA in blood and stool. This assay requires specialized laboratory facilities. This test is particularly
needed in areas where hepatitis E is infrequent and in uncommon cases with chronic HEV infection (WHO, 2023b).

2.1.2.6 Prevention

Prevention is the most effective approach against HEV infection. At the population level, hepatitis E infection can be reduced
by maintaining quality standards for public water supplies and establishing proper disposal systems for human feces. On an
individual level, infection risk can be reduced by maintaining hygienic practices; and avoiding consumption of water and ice
of unknown purity (Lhomme et al., 2020).

2.1.2.7 Treatment

There is no specific treatment for acute hepatitis E. As the disease is usually self-limiting, unnecessary medications that can
adversely affect liver such as paracetamol is discouraged. Hospitalization is required for people with fulminant hepatitis and
should also be considered for symptomatic pregnant women. Immunosuppressed people with chronic hepatitis E benefit from
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specific treatment using ribavirin, an antiviral drug. In some specific situations, interferon has also been used successfully
(Wedemeyer et al., 2012).

2.1.3 Polio

Polio, short for poliomyelitis, is a highly infectious viral disease caused by the poliovirus. Poliovirus, the virus causing acute
polio and post-polio syndrome, is a member of the Picornaviridae family and belongs to the Enterovirus C species. There are
3 serotypes of wild poliovirus: types 1, 2, and 3 (Brown et al., 2003). Wild poliovirus 1 was the primary cause of most of the
world’s paralytic polio cases until vaccines became widespread. Wild types 2 and 3 are considered eradicated as of 2015
(Greene et al., 2019).

2.1.3.1 Transmission

The virus spreads through contaminated food and water or via contact with an infected person's feces. Polio also spreads
through coughing or sneezing. It can spread by not washing hands after going to the bathroom or touching poop (like changing
diapers), drinking contaminated water or getting it in your mouth, eating foods that have touched contaminated water, or
swimming in contaminated water. Water can become contaminated when someone who has diarrhoea swims in it (WHO,
2023c).

2.1.3.2 Epidemiology

Before global health initiatives, nearly 1 in 200 patients with poliomyelitis developed permanent paralysis. In 1988, 350,000
cases of endemic poliomyelitis spread across 125 countries (Al Awaidy and Khamis, 2020). That same year, the World Health
Assembly set goals for completely eradicating wild-type polio. Since then, type 1 has been the only circulating wild type and
is endemic only to Pakistan and Afghanistan, and sporadic outbreaks continue to occur. In late 2021 to early 2022, wild-type
polio type 1 caused paralytic polio in Southeastern Africa. The outbreak was related to a virus traced back to Pakistan
(Davlantes et al., 2023). Recent cases of type 2 polioviruses derived from oral vaccines are also increasing in sub-Saharan
Africa and Asia (Greene et al., 2019). Some barriers to complete eradication include poor program compliance and access to
healthcare in remote endemic areas. Routine childhood vaccination has been successful against the spread of the disease
globally, with a 99% reduction in cases from the earlier stated 350,000 in 1988 to just 33 in 2018 (Al Awaidy and Khamis,
2020).

2.1.3.3 Symptoms

Symptoms may include fever, fatigue, headache, vomiting, and muscle pain or stiffness. In severe cases, the virus can lead to
permanent paralysis or death, primarily in young children. It often attacks the central nervous system and can cause paralysis
or even death (WHO, 2023c). Polio has three strains, and most infected people do not display any symptoms. However, in
approximately 1% of cases, the virus can enter the bloodstream and affect the spinal cord and brain, causing paralysis (WHO,
2016).

2.1.3.4 Pathogenesis

Poliovirus primarily spreads via fecal-oral contamination, but oral-oral spread is also possible. Primary infection can lead to
viral replication in oropharyngeal and gastrointestinal lymphatic tissues. Maximum viral excretion begins 2 to 3 days before
symptoms start and continues for an additional week (Mehndiratta et al., 2014). In up to 95% of cases, infections are non-
paralytic, presenting as a flu-like illness. In approximately 5% of cases, pure motor paralysis can occur. The spread of the virus
to the central nervous system is poorly understood. If this spread occurs, the virus may cause anterior horn neuronal death,
resulting in a physical exam consistent with intact sensation and pure motor deficits (Wolbert et al., 2024).

2.1.3.5 Diagnosis

Clinicians should have a high suspicion of viral meningitis when acute flaccid paralysis is present. Testing includes blood,
cerebral spinal fluid, respiratory, stool viral cultures, and polymerase chain reaction to detect poliovirus or other viruses in the
differential diagnosis. Electromyograms and brain/spinal cord magnetic resonance imaging can be obtained to rule out other
pathologies. There are no definitive biomarkers widely accepted regarding post-polio syndrome. There is currently early
research on potential biomarkers of post-polio syndrome in the cerebral spinal fluid using polymerase chain reaction (Gonzalez
et al., 2009).

2.1.3.6 Prevention

The best way to prevent polio is vaccination, which is usually done in childhood and proper hygiene. As more communities
worldwide oppose vaccinations, informing the public about the potentially deadly and disabling side effects of not receiving
the polio vaccine can be helpful. The Global Polio Eradication Initiative partners with the World Health Organization, US
Centers for Disease Control (CDC), Rotary International, United Nations Children’s Fund, and the Bill & Melinda Gates
Foundation to work for a polio-free world (Wolbert et al., 2024). The Polio Endgame Strategy has the following key
components:

2.1.3.7 Routine immunization

1. Goal of greater than 80 % vaccination of all children in the first year of life
2. At least 3 doses of OPV (or IPV per current CDC recommendations) as part of the national immunization schedule.
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2.1.3.8 Supplementary Immunization

1. Mass immunization campaigns are known as National Immunization Days

2. 2rounds, 1 month apart from each other

3. Immunize all children younger than 5 with 2 doses of OPV, regardless of immunization status

2.1.3.9 Treatment

Fortunately, there is an effective vaccine for polio, and through global vaccination campaigns, the disease has been reduced
by more than 99% worldwide since 1988. The Global Polio Eradication Initiative, a partnership between the World Health
Organization, Rotary International, the US Centers for Disease Control and Prevention, and UNICEF, is working to eradicate
polio (WHO, 2021). Although the disease is largely under control, cases can still occur in areas with low vaccination rates.
Therefore, it is essential to continue vaccination efforts to protect future generations from this debilitating disease.

2.1.4 Norovirus

Norovirus is a highly contagious virus that can cause gastroenteritis, which is an infection of the stomach and intestines. It is
the leading cause of gastroenteritis outbreaks, both in the community and in healthcare facilities (Capece and Gignac, 2023).
Noroviruses are icosahedral viruses in the family Caliciviridae, with a single-stranded, positive-sense RNA genome (Atmar,
2010).

2.1.4.1 Transmission

Norovirus is transmitted through the fecal-oral route, primarily through contaminated food or water, or by contacting an
infected person or contaminated surfaces. The virus can survive on surfaces for long periods, making it highly transmissible
(Atmar et al., 2018). The virus spreads directly from person to person or indirectly through contaminated food or water (de
Graaf et al., 2017). Infected individuals shed billions of viral particles per gram of stool or vomit, which can contaminate food,
water, and surfaces. Vomiting can result in significant environmental contamination (Kirby et al., 2016), leading to
transmission through fomites and airborne droplets.

2.1.4.2 Epidemiology

Globally, outbreaks of norovirus are usually more common in cooler winter months. They typically occur from November to
April in countries above the equator, and from May to September in countries below the equator. However, in places closer to
the equator, norovirus may be less seasonal. Since 2002, Gll.4 viruses (genogroup Il genotype 4) have caused most norovirus
outbreaks worldwide. However, non-Gl1.4 viruses, such as G11.17 and Gl1.2, have temporarily replaced Gl1.4 viruses in several
Asian countries. Between 2002 and 2012, the new Gl1.4 viruses emerged about every 2 to 4 years, but since 2012, the same
virus (Gl1.4 Sydney) has been the dominant strain worldwide. Often, but not always, these new strains lead to a global increase
in norovirus outbreaks (CDC, 2024).

2.1.4.3 Symptoms

Symptoms of norovirus infection include nausea, vomiting, diarrhoea, stomach cramps, and fever. These symptoms typically
last for 24-48 hours and can also lead to dehydration. Individuals with weakened immune systems, young children and older
adults are at a higher risk of developing complications from norovirus infection. While people with norovirus AGE typically
recover quickly, viral shedding can persist for weeks after infection (Rockx et al., 2002). Norovirus AGE ranges in severity
from mild to life-threatening, with young children, elderly, and immunocompromised individuals at the highest risk for severe
disease.

2.1.4.4 Pathogenesis

Because of the lack of a cell culture system and the historical lack of animal models of norovirus infection, the extent of
knowledge regarding pathogenesis is few. However, based on histological and biochemical studies of infected human
volunteers, norovirus infection results in a mild inflammatory infiltration into the lamina propria. While specific intestinal
lesions are observed during the time of norovirus illness, they completely resolve within two weeks. The outcome of infection
is an alteration of gastric motor functions or inflammation of the pyloric junction between the stomach and intestine. Transient
malabsorption of D-xylose, fat, and lactose also occurs during acute norovirus infection (Karst, 2010).

2.1.4.5 Diagnosis

Norovirus may be suspected based on symptoms, but routine testing is not usually conducted outside of outbreak
investigations. Laboratory confirmation of norovirus is generally not necessary in clinical settings, although it may be useful
in select situations, for example in immunocompromised patients with severe or persistent symptoms or for public health
purposes during outbreaks of gastroenteritis. The most widely used method is reverse-transcription real-time polymerase chain
reaction (RT-PCR) assays, which provide high sensitivity and specificity, can estimate viral load in stool samples, and can
discriminate between pathogens. Enzyme immunoassays (EIAs) can also be used to diagnose norovirus acute gastroenteritis
in stool samples but have poor sensitivity. Ideally, stool specimens should be collected <2-3 days from symptom onset and
frozen or refrigerated to ensure nucleic acid integrity (CDC, 2021).

2.1.4.6 Prevention

Preventive measures include regular washing of hands, and importantly, after using the toilet or changing diapers, before
eating, preparing, or handling food and before giving yourself or someone else medicine. Carefully wash fruits and vegetables
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well. Routinely clean and sanitize kitchen utensils, cutting boards, counters, and surfaces, especially after handling shellfish.
Clean and disinfect surfaces after someone vomits or has diarrhoea (CDC, 2024).

2.1.4.7 Treatment

There is no specific treatment for norovirus infection. The illness is usually self-limited and resolves on its own within a few
days (Mclntosh, 2018). Treatment focuses on managing symptoms and preventing dehydration through increased fluid intake.
Good hygiene practices like frequent hand washing, cleaning and disinfecting surfaces, and minimizing contact with infected
individuals are effective ways of preventing norovirus transmission. Vaccines against norovirus are being developed, but
currently, no effective vaccine is commercially available (Gaythorpe et al., 2018).

2.1.5 Polyomavirus

There are five types of human polyomaviruses, BK virus (BKV), WU, KI, Merkel cell, and JC virus (JCV). Polyomaviruses
are known to have very restricted host ranges; accordingly, BKV and JCV are only known to infect and cause disease in
humans productively (Boothpur and Brennan, 2010). The genus of polyomaviruses belongs to the Papovavirdae family.
Polyomaviruses are icosahedral, non-enveloped stranded circular super coiled viruses. They measure 40.5 — 44 nm in diameter
and comprise 88% protein and 12% DNA (Prezioso et al., 2021).

2.1.5.1 Transmission

Transmission is through the feco-oral and respiratory routes. Other routes include blood transfusion, transplacentally, through
semen, and organ transplantation. Transmission occurs mostly through close contact. Primary infection mainly occurs in
childhood and is asymptomatic or minimally symptomatic. Asymptomatic shedding of these viruses in the urine can be seen
in both healthy subjects and immunosuppressed patients, with asymptomatic JC and BK viruria seen in 3 % of pregnant patients
(Zhou et al., 2023).

2.1.5.2 Epidemiology

Polyomaviruses are widespread and affect 80 % of the human population. They do not cause clinically significant infections
in immunocompetent hosts (Boothpur and Brennan, 2010). The prevalence of BK and JC viral infection differs in geographical
and age distribution suggesting they circulate independently- BK infection is acquired in early childhood whereas JC presents
later, 3—4 years versus 10—14 years. Approximately 80 % of the adult population is seroprevalent for polyomaviruses (Blackard
et al., 2020). In the general population, JC viruria is more common than BK viruria. In a recent study of healthy Swiss blood
donors, the incidence of JC and BK viruria was 19% and 7%, respectively. In contrast, in immunocompromised patients, BK
viruria is more common (Gorriceta et al., 2023).

2.1.5.3 Symptoms

After initial infection, both BK and JC viruses remain latent in different tissues (vide infra). For unknown reasons, BK viruria
correlates with the degree of immunosuppression whereas JC viruria does not. BK virus can cause pneumonitis, hepatitis,
retinitis, and meningoencephalitis. Symptoms include dysuria, urgency, frequency, suprapubic pain and varying degrees of
hematuria (Blackard et al., 2020).

2.1.5.4 Pathogenesis

Primary infections with BKV and JCV are typically subclinical or linked to mild respiratory illness (Chantziantoniou et al.,
2016), followed by viral dissemination to the sites of lifelong persistent infection. The major sites of persistence for both BKV
and JCV are the cells of the kidney and urinary tract. BKV sequences have been detected at a high frequency in urogenital
tissues and fluids including the cervix, vulva, prostate, and semen, and a relatively lower frequency in brain tissues, consistent
with its urotheliotropic nature (Zhou et al., 2023).

2.1.5.5 Diagnosis

A diagnosis of BKV requires a biopsy but can be suggested or supported by the detection of viral replication in urine or blood.
The urine of patients with BKV may show “Decoy cells” which are infected renal tubular epithelial cells with intranuclear
basophilic inclusion bodies seen on the Papanicolaou stain (Chantziantoniou et al., 2016). BK viral replication can be
documented by urine or blood BK viral DNA polymerase chain reaction (PCR) or urine mRNA-PCR. The differential
diagnosis for JC virus is HIV-associated encephalopathy and primary CNS lymphoma (Cortese et al., 2023).

2.1.5.6 Prevention

Prevention of primary infection can be achieved through large-scale population immunization. The use of specific viral-like
particles as a vaccine before the risk of development of polyomavirus diseases may therefore have a protective effect against
the disease (Atkinson and Atwood, 2020).

2.1.5.7 Treatment

At present, there is no antiviral therapy specifically licensed for the treatment of either JCV or BKV infections (De Gascun
and Carr, 2024). However, the first line of action of BK virus nephropathy is reduction of immunosuppression (Gorriceta et
al., 2023). Drugs with reported in vitro activity against BK virus such as cidofovir, leflunomide or quinolones have been used
in combination with immunosuppression reduction. Patients with JC virus, HIV initiation or optimization of HAART needs to
be implemented to decrease viral replication. In non-HIV patients with JC virus infection such as organ transplant patients,
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immunosuppression needs to be decreased or stopped (Pietropaolo et al., 2018). In inflammatory disease conditions, steroids
may be used. Mefloquine, an oral antimalarial drug, is now undergoing clinical trials for JC (Cortese et al., 2021).

3. Impacts, Prevention and Control of Waterborne Viral Diseases

3.1 Impact on Public Health

1. Outbreaks: Waterborne viral infections can cause outbreaks in communities, especially in areas with poor sanitation and
access to clean water, and high population density (Chen et al., 2021; Uba and Okonkwo et al. 2025; Okonkwo et al., 2026).
2. Health disparities: Poor and marginalized communities are often more affected by waterborne viral infections, as they may
not have access to clean water and sanitation (Oghonim, 2023; Orji and Oghonim, 2023; Oghonim et al., 2026a; 2026b).

3. Economic impacts: Outbreaks of waterborne viral infections can have economic impacts, as they can lead to lost productivity
and increased healthcare costs (Dokubo and Uba, 2026; Uba and Udaba et al. 2026).

4. Chronic conditions: Some waterborne viral infections can cause chronic conditions like hepatitis, which can lead to long-
term health problems.

5. Foodborne illnesses: Waterborne viral infections can also cause foodborne illnesses if contaminated water is used to grow
or process food.

3.2 Impacts on public health infrastructure and resources in Nigeria
Nigeria's public health system continues to face substantial challenges that significantly affect healthcare delivery, disease

prevention, and population health outcomes. As the most populous country in Africa, with an estimated population exceeding
230 million people, Nigeria experiences increasing pressure on its healthcare infrastructure due to rapid population growth,
urbanization, emerging infectious diseases, and a rising burden of non-communicable diseases (NCDs). These challenges have
profound implications for healthcare resources, workforce capacity, service delivery, and overall public health preparedness.

One of the most significant impacts is the strain on healthcare infrastructure. Many public health facilities, particularly in
rural and underserved communities, suffer from inadequate equipment, insufficient laboratory capacity, poor maintenance,
and limited access to essential medical supplies. According to the Federal Ministry of Health and Social Welfare (2024), many
primary healthcare centres operate below optimal standards due to infrastructural deficits and inadequate funding.
Consequently, patients often experience delays in diagnosis and treatment, leading to poorer health outcomes and increased
disease transmission.

Another major concern is inadequate healthcare financing. Nigeria consistently allocates a relatively low proportion of its
national budget to health compared to the 15% target established by the Abuja Declaration. The heavy reliance on out-of-
pocket expenditure remains a significant barrier to healthcare access, particularly among vulnerable populations. Recent
estimates indicate that out-of-pocket spending accounts for more than 60% of total health expenditure, exposing households
to catastrophic healthcare costs and limiting utilization of essential health services (World Health Organization [WHO], 2024).
This financing gap restricts investments in healthcare infrastructure, medical equipment, pharmaceuticals, and human
resources.

The country also faces a persistent shortage of skilled healthcare professionals. The migration of doctors, nurses, medical
laboratory scientists, pharmacists, and other healthcare workers to developed countries has intensified workforce shortages, a
phenomenon commonly referred to as "brain drain." According to the Nigerian Medical Association, thousands of healthcare
professionals have emigrated over the past decade in search of better remuneration and working conditions (Adebisi et al.,
2023). This shortage compromises service delivery, increases patient-to-provider ratios, and places additional pressure on the
remaining healthcare workforce.

Frequent outbreaks of infectious diseases continue to burden Nigeria's public health infrastructure. Diseases such as Lassa
Fever, Cholera, Malaria, Tuberculosis, and COVID-19 have repeatedly tested the resilience of the healthcare system. Recent
cholera outbreaks across several Nigerian states highlighted weaknesses in water, sanitation, hygiene infrastructure, disease
surveillance, and emergency response systems (WHO, 2024). Similarly, recurrent Lassa fever outbreaks have underscored the
need for improved laboratory networks, surveillance mechanisms, and outbreak preparedness.

The increasing prevalence of non-communicable diseases (NCDs) such as hypertension, diabetes mellitus, cardiovascular
diseases, and cancer further compounds the pressure on healthcare resources. The epidemiological transition from
predominantly infectious diseases to a dual burden of communicable and non-communicable diseases requires greater
investments in diagnostic services, specialized healthcare facilities, and long-term disease management programmes
(Akinyemi et al., 2024).

Nigeria's public health system also remains partially dependent on international donor support for critical programmes related
to HIV/AIDS, tuberculosis, malaria control, immunization, maternal health, and child health services. While donor-funded
programmes have contributed significantly to disease control efforts, concerns remain regarding sustainability and resilience
in the face of declining external funding (United Nations Children's Fund [UNICEF], 2024).
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Despite these challenges, recent reforms have demonstrated progress toward strengthening public health infrastructure.
Initiatives such as the Basic Health Care Provision Fund (BHCPF), expansion of the National Health Insurance Authority
(NHIA), digital health innovations, and investments in primary healthcare revitalization have improved healthcare accessibility
and service delivery in some regions (Federal Ministry of Health and Social Welfare, 2024). However, sustained political
commitment, increased domestic funding, workforce retention strategies, and infrastructural development remain essential for
achieving universal health coverage and strengthening health system resilience.

3.3 Efforts to Prevent and Control Waterborne Viral Diseases

Globally, Organizations like the World Health Organization (WHO) and UNICEF are working to improve access to clean
water and sanitation in developing countries, as well as providing vaccines and treatment for waterborne viral infections
(Lanrewaju et al., 2022).

In Nigeria, the government and local organizations are working to improve sanitation and access to clean water. There are also
efforts to educate people about the dangers of waterborne viral infections and how to prevent them. Some efforts by the
Nigerian government include, launching of the “Clean Nigeria” in 2018, the use the Toilet campaign, which aims to provide
access to toilets and improve sanitation in the country (Uba and Chukwura, 2016; Okoye et al., 2016a; 2016b; Dokubo et al.,
2024; Idu et al., 2026a; 2026b). In November 2018, the Nigerian President declared a state of emergency in the Water,
Sanitation, and Hygiene (WASH) sector, demonstrating political will at the highest level of government, and launched a
national campaign tagged 'Clean Nigeria: Use the Toilet' to jump-start the country’s journey towards becoming Open
Defecation Free (ODF) by 2025 (WaterAid, 2024).

In 2020, the WHO and other organizations provided support for the response to the hepatitis E outbreak in Nigeria, including
providing medical supplies and personnel (WHO, 2023c). In 2021, UNICEF announced that they had reached 4.8 million
people in Nigeria with water, sanitation, and hygiene services (UNICEF, 2024).

4. Conclusion

Water-borne viral diseases are spread by viruses that are transferred to humans through contaminated water. Preventing
waterborne viral diseases involves ensuring the safety and cleanliness of water sources. This includes implementing proper
water treatment and sanitation practices, such as chlorination and filtration, to remove or kill pathogens. Additionally,
promoting good hygiene habits like handwashing and proper food handling can help reduce the risk of viral infections
transmitted through water. A combined effort of local and global health-based organizations is required to combat the
challenges of water-borne viral diseases especially in the developing countries.
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