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Abstract 

Viral hepatitis remains a major global public health challenge, with hepatitis A–E viruses causing substantial 

morbidity and mortality despite advances in vaccination, antiviral therapy, and surveillance. Increasing evidence 

suggests that environmental stressors—including climate change, air and water pollution, chemical contaminants, 

land-use change, urbanization, and biodiversity loss shape the disease ecology of viral hepatitis by influencing 

transmission, host susceptibility, disease progression, and health outcomes. This review synthesizes current 

evidence on the ecological determinants of viral hepatitis, the biological mechanisms linking environmental 

exposures to liver injury, virus-specific environmental interactions, and the potential of One Health, wastewater-

based epidemiology, GIS, remote sensing, artificial intelligence, and environmental surveillance to strengthen 

hepatitis prediction and control. The review also identifies key knowledge gaps and future research priorities, 

emphasizing the need for interdisciplinary and climate-resilient public health strategies. Integrating environmental 

management with hepatitis prevention and control will be essential for achieving the WHO goal of eliminating 

viral hepatitis as a public health threat by 2030, particularly in vulnerable countries such as India. 

Keywords: hepatitis; Environmental stressors; Climate change; One Health; Disease ecology; Public health. 

Introduction 

Viral hepatitis remains a major global public health challenge despite advances in vaccination, antiviral therapy, 

and disease surveillance (World Health Organization [WHO], 2024; Sarin et al., 2023; Puri et al., 2023). The 

five hepatitis viruses hepatitis A (HAV), hepatitis B (HBV), hepatitis C (HCV), hepatitis D (HDV), and hepatitis 

E (HEV) continue to cause millions of infections worldwide. Chronic HBV and HCV infections are major causes 

of liver cirrhosis and hepatocellular carcinoma, whereas HAV and HEV primarily cause acute infections, 

particularly in regions with poor sanitation and unsafe drinking water (Acharya et al., 2021; Arora et al., 2022; 

Chowdhury et al., 2021). According to the WHO, approximately 304 million people were living with chronic 

HBV or HCV infection in 2022, resulting in nearly 1.3 million deaths worldwide (WHO, 2024). 

https://doi.org/10.5281/zenodo.22686025


Biopress Journal of Advanced Pharmacology Vol.2 Issue. 8 (2026) 

 

106 
 

India carries a substantial burden of viral hepatitis. According to the National Centre for Disease Control (NCDC) 

and the Indian National Association for the Study of the Liver (INASL), HBV and HCV remain major public 

health concerns, while HAV and HEV continue to cause outbreaks associated with poor sanitation, contaminated 

water, and extreme weather events (Sarin et al., 2023; NCDC, 2023). 

To achieve the WHO target of eliminating viral hepatitis as a public health threat by 2030, expanded vaccination, 

early diagnosis, improved treatment, and strengthened surveillance are essential (WHO, 2022). However, 

environmental changes such as climate change, pollution, rapid urbanization, land-use change, and biodiversity 

loss are increasingly recognized as important factors influencing hepatitis transmission and disease progression 

(IPCC, 2023; Satsangi & Chawla, 2016; Kumar et al., 2023). Floods, rising temperatures, and water 

contamination increase the risk of HAV and HEV outbreaks, whereas air pollution, heavy metals, and chemical 

contaminants may accelerate liver injury in individuals with chronic HBV and HCV infection. Land-use change 

and increased human–animal interactions may also contribute to zoonotic transmission of HEV (Arankalle et al., 

1994). 

These observations highlight that viral hepatitis is shaped not only by the virus itself but also by complex 

interactions among the host, the environment, and socioeconomic factors. Accordingly, this review examines how 

environmental stressors—including climate change, air and water pollution, chemical contaminants, urbanization, 

land-use change, and biodiversity loss—influence the transmission, progression, and control of viral hepatitis. It 

also discusses the underlying biological mechanisms, emerging surveillance approaches, existing knowledge 

gaps, and future research priorities to support climate-resilient and One Health–based hepatitis control strategies. 

 

Figure 1: Global distribution of chronic viral hepatitis infections 

To understand how environmental stressors influence viral hepatitis, it is first necessary to examine the disease 

from a disease ecology perspective, where interactions among the virus, host, and environment determine disease 

dynamics. 

1. Viral Hepatitis in the Context of Disease Ecology 
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Viral hepatitis is made up of five viruses that affect the liver—HAV, HBV, HCV, HDV and HEV—these are still 

problems for health around the world. Even though they all hurt the liver they are different in how they work how 

they spread how long they stay in the world who they affect and what happens when someone gets it. From the 

way diseases work hepatitis is not a sickness but something that happens because of the way the virus, the person 

and the environment all interact (Ostfeld, 2017). 

 

1.1 Diversity of Hepatitis Viruses (HAV–HEV) 

The five hepatitis viruses have ways of working and how they spread. HAV and HEV are mostly passed on 

through the mouth from the stool so keeping things clean having water and good food is very important to stop it. 

Outbreaks are often because of water that's not clean not taking care of waste, floods and bad times (Kumar et 

al. 2021). 

 

On the hand HBV, HCV and HDV are spread through blood like from needles, not safe blood, sex and from mom 

to baby. Having HBV and HCV for a time can make the liver get very bad and HDV needs HBV to work and can 

make the liver disease worse (EASL, 2024). These differences show that each virus has its place in the natural 

world shaped by the environment what people do and how society is set up. 

 

Table 1: Comparision of The Five Hepatitis Viruses 

Virus Main Transmission 
Chronic 

Infection 
Vaccine Major Environmental Influence 

HAV Fecal–oral No Yes 
Poor sanitation, contaminated water, 

floods 

HBV 
Blood, sexual, mother-

to-child 
Yes Yes Pollution may worsen liver disease 

HCV Blood Yes No 
Air pollution and chemicals aggravate 

liver injury 

HDV With HBV infection Yes 
Indirectly prevented by 

HBV vaccine 

Environmental stress may worsen 

disease progression 

HEV 
Contaminated water, 

zoonotic 
Usually No Limited availability 

Climate change, floods, poor 

sanitation, animal reservoirs 

Source: Adapted and synthesized from World Health Organization (2024); European Association for the 

Study of the Liver (2024); Kumar, N., Izopet, J., & Pavio, N. (2021); Jacobsen, K. H. (2018); Kim, J. H. et 

al. (2022). 

 

1.2 Ecological Determinants of Transmission 

The way hepatitis spreads is because of things like the environment what people do, animals that carry it and how 

rich or poor people're 

 

Environmental Reservoirs 
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Environmental reservoirs are especially important for HAV and HEV which can live in waste water, rivers, ground 

water, shellfish and food that's not clean. Looking at waste water is a way to find out if the virus is around (Ahmed 

et al., 2020). 

 

Human Behaviour 

Things people do like not washing hands using needles that're not safe not using protection when having sex using 

drugs and not getting vaccines help spread hepatitis. Cities growing, people moving around and not having health 

care when there are weather events make it spread even more (Stanaway et al. 2022). 

 

Animal Reservoirs 

Animals that carry diseases are very important in the way HEV works. Pigs, wild boars, deer, rabbits and other 

animals are places where HEV can live. Making more farms and people meeting animals often makes it easier for 

the virus to move from animals to people, which shows why we need to look at all parts of the health system 

(Velavan & Meyer 2021). 

 

Socio-economic Factors 

Being poor not having clean water not having enough space and not having enough health care are big reasons 

why hepatitis is a big problem, especially in countries that do not have much money. Changes in the weather make 

these problems worse by making people move not have enough to eat and be in places that make it easier for 

diseases to spread (Whitmee et al., 2015). 

 

1.3 Current Knowledge and Existing Gaps 

Advances in hepatitis research have improved diagnosis, HBV vaccination, HCV treatment, and disease 

surveillance. However, most studies focus on viral and clinical aspects, with limited attention to environmental 

and ecological influences on hepatitis transmission and progression. 

Climate change, pollution, biodiversity loss, and land-use changes may affect hepatitis ecology, but evidence is 

mainly based on short-term and single-factor studies, leaving long-term interactions poorly understood (Semenza 

& Paz, 2021). The combined effects of environmental exposures such as air pollutants, heavy metals, chemicals, 

and microplastics on chronic liver disease remain unclear (Landrigan et al., 2018). 

Additionally, environmental monitoring tools such as wastewater surveillance, GIS, remote sensing, and 

predictive models are not widely integrated into hepatitis control programs (Larsen et al., 2023). Future research 

should focus on interdisciplinary approaches, long-term studies, and combined environmental–health monitoring 

to develop effective climate-resilient hepatitis prevention strategies. 

 

HOST 

(Immunity, Genetics, 

Nutrition, Vaccination, 

Age, Co-morbidities) 
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↓ 
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Viral Hepatitis Transmission, Disease Progression and Severity 

 

Figure 2: Disease Ecology of Viral Hepatitis 

 

Source: Synthesized from Ostfeld (2017) Whitmee et al. (2015) Destoumieux-Garzón et al. (2018). Who 

(2024). 

Among the ecological determinants discussed above, environmental stressors have emerged as major drivers 

influencing hepatitis transmission and progression. 

 

2. Environmental Stressors Relevant to Viral Hepatitis 

factors such as climate change, pollution, poor water quality, chemical contaminants, land-use change and 

biodiversity loss influence viral hepatitis transmission and progression by affecting virus survival, host 

susceptibility and public health systems (Romanello et al., 2024; Whitmee et al., 2015). 

 

Table 2: Environmental Stressors Relevant to Viral Hepatitis 

Environmental Stressor Effect on Viral Hepatitis 
Most Affected 

Viruses 

Climate change Increases floods, droughts, water contamination HAV, HEV 

Air pollution Promotes oxidative stress and liver fibrosis HBV, HCV 

Water pollution Contaminates drinking water and food HAV, HEV 

Chemical contaminants Accelerate liver inflammation and fibrosis HBV, HCV 

Land-use change & 

Urbanization 

Increases human–animal contact and environmental 

contamination 
HEV 

Biodiversity loss Alters ecosystem balance and zoonotic disease risk HEV 

Sources: Adapted and synthesized from Intergovernmental Panel on Climate Change (IPCC, 2023); World 

Health Organization (WHO, 2024); Romanello et al. (2024); Whitmee et al. (2015); Kim et al. (2022); Kamar 

et al. (2021); Daszak et al. (2020). 

 

2.1 Climate Change 
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Climate change affects hepatitis ecology through temperature rise, rainfall variability and extreme weather events. 

Flooding, sanitation and water contamination increase HAV and HEV outbreaks while climate-related disruptions 

affect vaccination and healthcare access (IPCC, 2023; WHO, 2024). 

 

2.2 Air Pollution 

Air pollutants such as PM₂.₅, ozone and nitrogen dioxide promote stress and inflammation which may accelerate 

liver fibrosis and complications in chronic HBV and HCV infections (Kim et al. 2022). 

 

2.3 Water Quality Degradation 

Contaminated water, wastewater and inadequate sanitation are major drivers of HAV and HEV transmission. Safe 

water supply, sanitation and wastewater surveillance are essential for prevention (WHO, 2024; Ahmed et al., 

2020). 

 

2.4 Chemical Contaminants 

Heavy metals, pesticides and industrial chemicals contribute to liver damage through stress and inflammation 

potentially worsening chronic hepatitis outcomes (Jaishankar et al., 2014; Kim et al., 2022). 

 

2.5 Land-Use Change and Urbanization 

Deforestation agricultural expansion and rapid urbanization alter ecosystems increase pollution. Promote water 

contamination and zoonotic transmission particularly of HEV (IPCC, 2023; Whitmee et al., 2015). 

 

2.6 Biodiversity Loss and Ecosystem Disruption 

Ecosystem degradation reduces protection against pathogens and may increase environmental contamination and 

zoonotic risks. A One Health approach linking ecosystem conservation and disease surveillance is essential for 

hepatitis control (IPBES, 2019; Daszak et al., 2020). 

 

In India environmental stressors are particularly relevant because rapid urbanization, industrial pollution, poor 

wastewater management and climate-related disasters such as floods and heatwaves have increased the risk of 

hepatitis transmission. States including Uttar Pradesh, Bihar, Assam, Kerala and Maharashtra have reported 

outbreaks of hepatitis A and E following water contamination during monsoon seasons (NCDC, 2023; ICMR, 

2022). 

Although several environmental stressors contribute to viral hepatitis, climate change is increasingly recognized 

as the overarching driver that intensifies many of these environmental changes. 

3. Climate Change and the Changing Ecology of Viral Hepatitis 

Climate change is altering hepatitis ecology by affecting temperature, rainfall patterns, extreme weather events, 

water quality, and sanitation. These changes influence HAV and HEV transmission, while indirectly affecting 

HBV and HCV through healthcare disruption and increased environmental vulnerabilities (Romanello et al., 

2024; WHO, 2024). 
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3.1 Climate-Sensitive Transmission Pathways 

Changes in temperature, rainfall, floods, and droughts affect pathogen survival, environmental persistence, human 

exposure, and healthcare access. Increased water and food contamination mainly promotes HAV and HEV 

transmission, while climate-related disruptions can reduce vaccination, diagnosis, and treatment services for HBV 

and HCV (Semenza & Paz, 2021; IPCC, 2023). 

3.2 Floods, Storms and Waterborne Hepatitis 

Floods and storms can contaminate water sources with sewage, increasing HAV and HEV outbreaks, especially 

in areas with poor sanitation. They also damage healthcare systems, interrupt surveillance, and displace 

populations, increasing infection risks (IPCC, 2023; Sridhar et al., 2022). 

3.3 Drought, Water Scarcity and Sanitation 

Drought-related water scarcity reduces hygiene and sanitation, increasing exposure to contaminated water and 

promoting HAV and HEV transmission (UNCCD, 2022; UNICEF & WHO, 2023). In India, climate 

vulnerability due to monsoon dependence, floods, and water shortages may increase hepatitis risks, particularly 

in densely populated urban and peri-urban areas (IPCC, 2023; IMD, 2023). 

These environmental changes influence viral hepatitis through interconnected biological and ecological 

mechanisms. 

4. Biological Mechanisms Linking Environmental Stressors to Viral Hepatitis 

Environmental stressors contribute to viral hepatitis progression by promoting oxidative stress, chronic 

inflammation, immune dysfunction, gut–liver imbalance, epigenetic changes, and fibrosis. These pathways 

interact with viral infections, increasing the risk of cirrhosis and hepatocellular carcinoma (HCC) (EASL, 2024; 

Kim et al., 2022). 

4.1 Oxidative Stress 

Environmental pollutants, heavy metals, and pesticides increase reactive oxygen species (ROS), causing 

mitochondrial dysfunction, cellular damage, and liver injury (Sies, 2020; Jaishankar et al., 2014). In HBV and 

HCV infections, increased oxidative stress accelerates fibrosis and may contribute to HCC development (Kim et 

al., 2022). 

4.2 Chronic Inflammation 

Pollutants stimulate inflammatory pathways and cytokines such as TNF-α, IL-1β, and IL-6, promoting hepatocyte 

damage and fibrosis. These effects can worsen viral-induced inflammation and disease progression (Cave et al., 

2010; Medzhitov, 2021). 
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4.3 Immune Dysregulation 

Environmental contaminants can impair immune cells, including macrophages, dendritic cells, NK cells, and T 

lymphocytes, weakening antiviral responses and supporting chronic HBV and HCV infection (Iwasaki & 

Medzhitov, 2015; Landrigan et al., 2018). Additional stressors such as heat, malnutrition, and pollution may 

further contribute to liver injury and fibrosis (Kubes & Jenne, 2018). 

CLIMATE CHANGE 

(Global warming • Floods • Drought • Heatwaves) 

│ 

▼ 

ENVIRONMENTAL STRESSORS 

• Water contamination & poor sanitation 

• Air pollution (PM2.5, NO₂, O₃) 

• Chemical contaminants (heavy metals, pesticides) 

• Land-use change & urbanization 

• Biodiversity loss & ecosystem disruption 

│ 

▼ 

BIOLOGICAL MECHANISMS 

• Oxidative stress 

• Chronic inflammation 

• Immune dysregulation 

• Gut–liver axis disruption 

• Fibrosis 

▼ 

LIVER DISEASE PROGRESSION 

Acute Hepatitis 

↓ 

Chronic Hepatitis 

↓ 

Liver Fibrosis 

↓ 

Cirrhosis 

↓ 

Hepatocellular Carcinoma (HCC) 

 

▼ 

PUBLIC HEALTH OUTCOMES 

 

• Increased morbidity & mortality 

• Higher healthcare burden 

• Disease outbreaks 

• Reduced quality of life 

Figure 3: Climate Change–Driven Pathway of Viral Hepatitis Progression 

 

Source: Adapted and synthesized from IPCC (2023); Romanello et al. (2024); Whitmee et al. (2015); Kim 

et al. (2022); EASL (2024); World Health Organization (2024). 

 

Although these biological mechanisms are broadly applicable, their effects differ among the five hepatitis viruses 

because of differences in transmission routes and pathogenesis. 

 

5. Virus-Specific Environmental Interactions 
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Environmental stressors influence hepatitis viruses differently due to their transmission routes and ecological 

characteristics. HAV and HEV are strongly affected by water quality, sanitation and climate-related factors while 

HBV, HCV and HDV are mainly influenced through factors that modify disease progression (WHO, 2024; 

Jacobsen, 2018). 

 

5.1 Hepatitis A Virus (HAV) 

HAV is transmitted through the oral route and is strongly associated with poor sanitation contaminated water and 

unsafe food. Flooding, wastewater contamination and inadequate hygiene increase outbreak risk. Improving water 

quality, sanitation, food safety and wastewater surveillance are prevention strategies (WHO, 2024; Bosch et al. 

2018). 

 

5.2 Hepatitis E Virus (HEV) 

HEV spreads through contaminated water and zoonotic transmission. Livestock, pigs act as reservoirs while 

habitat changes, poor waste management and climate-related events increase transmission risk. A One Health 

approach integrating management veterinary surveillance and public health measures is essential for HEV control 

(Kumar et al. 2021; Meng, 2022). 

 

5.3 Hepatitis B Virus (HBV) 

HBV is a blood-borne infection. Environmental stressors such, as air pollution, heavy metals and chemical 

exposure can accelerate liver inflammation, fibrosis and cancer risk. Environmental protection can support disease 

management (WHO, 2024). 

 

5.4 Hepatitis C Virus (HCV) 

HCV transmission is not directly influenced by factors; however pollutants and toxic chemicals may worsen liver 

damage by increasing oxidative stress and inflammation. Reducing exposures may improve long-term disease 

outcomes (Kim et al. 2022). 

 

5.5 Hepatitis D Virus (HDV) 

HDV needs HBV to multiply and causes liver disease. Even though environmental factors do not directly cause 

transmission environmental stress can affect how the disease gets worse and make it harder to treat (WHO, 2024). 

The impact of environmental stressors becomes particularly evident in regions where viral hepatitis is highly 

endemic. 

6. Environmental Influences in HBV-Endemic Regions 

In areas where HBV's common air pollution, heavy metals, pesticides and disasters linked to weather increase 

stress and inflammation making liver damage worse. Climate change can also mess up vaccination, testing, 

treatment and follow-up. Poverty and weak health systems add problems (Kim et al., 2022). 
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Figure 4 :Major environmental influences in HBV-endemic regions. 

Source: Conceptual synthesis based on the reviewed literature (Romanello et al., 2024; Whitmee et al., 2015; 

World Health Organization, 2024). 

6. Emerging Approaches and Future Directions 

Environmental stressors such as pollution and climate-related changes may worsen HDV progression by 

increasing inflammation and liver fibrosis. However, more research is needed to understand these interactions 

(Wild, 2012). Integrating environmental and public health approaches through the One Health framework can 

improve hepatitis prevention and control. 

6.1 One Health Framework 

The One Health approach links human, animal, and environmental health. For HEV control, it includes monitoring 

animal reservoirs, ensuring safe water, and protecting ecosystems to reduce transmission risks (FAO, UNEP, 

WHO & WOAH, 2022). 

6.2 Wastewater-Based Epidemiology 

Wastewater monitoring helps detect HAV and HEV circulation, identify outbreaks early, and support timely 

interventions (Ahmed et al., 2020). 

6.3 GIS and Remote Sensing 

GIS and satellite-based remote sensing combine climate, environmental, and population data to identify high-risk 

areas and predict disease patterns (Semenza & Paz, 2021; NASA, 2023). 
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6.4 Artificial Intelligence and Environmental Surveillance 

AI-based models analyze environmental and health data to predict outbreaks and improve planning. Integrated 

surveillance of water, pollution, climate, and animal health strengthens hepatitis prevention strategies (Topol, 

2019; WHO, 2024). 

Overall using One Health, WBE, GIS remote sensing, AI and environmental checks improves how we predict, 

track and control hepatitis in a changing world. 

 

Table 3: Emerging Tools for Hepatitis Surveillance and Control 

Approach Purpose Benefit 

One Health 
Integrates human, animal, and environmental 

health 

Better prevention and disease 

control 

Wastewater Surveillance Detects viruses in sewage Early outbreak detection 

GIS Maps disease distribution Identifies high-risk areas 

Remote Sensing Monitors climate and land-use changes Predicts environmental risk 

Artificial Intelligence Analyses environmental and health data Improves outbreak prediction 

Environmental 

Surveillance 
Monitors water, pollution, and wildlife Supports early warning systems 

Source: Synthesized from FAO, UNEP, WHO, & WOAH (2022); Ahmed et al. (2020); Aslan et al. (2021);. 

Paz (2021); NASA (2023); Topol (2019); World Health Organization (2024). 

The implementation of these emerging tools has important implications for strengthening public health strategies 

against viral hepatitis. 

7. Public Health Implications 

Climate change, pollution, poor water quality and urbanization influence hepatitis transmission and progression. 

Integrating environmental management with health strategies is essential for achieving WHO hepatitis elimination 

goals (WHO, 2024). 

Climate-resilient health systems, integrated surveillance, vaccination, WASH improvement and pollution control 

can reduce hepatitis risks (WHO, 2023; Ahmed et al., 2020; UNICEF & WHO, 2023). Community awareness and 

One Health approaches further strengthen prevention (IPCC, 2023). 

In India, programs such as the National Viral Hepatitis Control Program, Universal Immunization Programme, 

Swachh Bharat Mission and Jal Jeevan Mission provide opportunities for integrated hepatitis control and support 

WHO 2030 targets (WHO, 2024). 

Despite these advances, several scientific and policy challenges remain that require further investigation. 
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8. Knowledge Gaps and Future Research Priorities 

More research is needed to understand how environmental factors influence hepatitis. A One Health approach 

integrating environmental, health and scientific fields is essential (Whitmee et al., 2015; WHO, 2024). 

Future studies should focus on large-scale epidemiological research, long-term exposure studies, multi-omics 

approaches, improved environmental monitoring and climate-based models for predicting hepatitis risks (Wild, 

2012; Hasin et al., 2017; Vrijheid, 2014; IPCC, 2023). 

Conlusion 

Viral hepatitis is still a problem worldwide. New evidence shows that things like weather, pollution, water 

problems and cities affect how it spreads and gets worse. So hepatitis should be seen as an environmental health 

issue where people, germs and the world all connect (Whitmee et al., 2015; WHO, 2024). 

 

Globally linking environment science with hepatitis plans can help stop disease in a changing world. In India 

better toilets, shots, better checks and using One Health through projects like NVHCP and Swachh Bharat can 

help lower hepatitis and reach WHO goals by 2030. 
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