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Abstract. In locations experiencing rapid agricultural expansion, the Nipah virus is an emerging 

zoonotic pathogen that brings about a serious threat to public health. This study looks at the 

effects that agricultural expansion has on the ecology of the Nipah virus. The study examines the 

consequences of habitat loss on fruit bat populations, the natural reservoir hosts for the Nipah 

virus, and how these changes influence bat foraging behaviour and interaction rates with other 

living organisms. Through reviews of outbreak data, the research identifies a link between 

agricultural activities and the increased risk of Nipah virus spillover into populations. The 

findings suggest that the expansion of agriculture disturbs the natural habitats of bats, forcing 

them to forage near humans and livestock which encourages the virus's spread. The results 

emphasize the importance of strategies for agricultural biosecurity, wildlife conservation, and 

land-use planning in order to minimize the potential for Nipah virus outbreaks. 
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1.  Introduction 

Nipah virus, belonging to the genus Henipavirus of Paramyxoviridaes subfamily [1], first outbreak in a 

Malaysian village in 1998 to 1999 [2], causing fatal encephalitis and acute respiratory illness. It is a 

zoonotic and occasionally a person-to-person transmitted viral disease that presents a high mortality rate 

[3] and is considered to have a pandemic potential. The natural reservoir is fruit bats of Pteropus; they 

remain asymptomatic while carrying the virus. Infection of this disease may result from direct contact 

with excretions or secretions of infected animals including fruit bats and pigs. In humans, clinical 

features present with fever, headache, dizziness, vomiting, diarrhoea, and myalgia with more significant 

signs including encephalitis, acute respiratory distress syndrome, and several neurological features [4]. 

In recent years, the majority of outbreaks occurred in Southeast Asia, specifically in Bangladesh, 

Malaysia, and India.  

Agricultural expansion, including deforestation and land conversion of natural habitats into 

agricultural land, and improved crop yields, have been highlighted as an important factor for the 

transmission of zoonosis [5]. These agricultural practices bring humans and wildlife closer with more 

frequent interactions, directly changing the way pathogens are spread among populations.  

The Nipah virus poses a serious risk to public health. However, due to multiple factors, vaccinations 

are currently unavailable for human and livestock populations. Prevention techniques such as avoiding 

contact with infected hosts and practising good hygiene are more productive and economical than 

vaccinations [6].  
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In this review, we describe the ecology and the mode of transmission of Nipah. We discuss past 

outbreak cases in Malaysia, Bangladesh, and India, and recent agricultural practices to describe the 

connections between agricultural expansion and the habitat and behaviour of the Nipah virus in livestock 

farms.  

2.  Nipah Virus Ecology 

Pteropus vampyrus and Pteropus hypomelanus have been found to be the natural reservoirs of the Nipah 

virus [1]. They are widespread in tropical regions of Asia, East Africa and Australia [7], while playing 

a role in seed dispersal [8]. These flying foxes do not exhibit symptoms of the Nipah virus infection 

while carrying and spreading it to other organisms through saliva, urine, or faces. In the Malaysian 

infections, pigs were infected and manifested clinical symptoms. Although dogs and horses were also 

infected, they were dead-end hosts [9], whereas pigs served as amplifying hosts [1].  

Transmission of Nipah virus generally occurs through direct or indirect contact with contaminated 

materials. A transmission from bats to pigs and then pigs-to-human may occur, where after infecting the 

virus, pigs animals can serve as secondary hosts and spread the infection to people [10]. For human-to-

human transmission, it can result in nosocomial epidemics in healthcare settings when close contact 

with an infected patient's body fluids develops. Humans may also acquire the disease by eating fruits 

that have been partially consumed by fruit bats carrying the disease [7]. 

The symptoms depend on the severity and progression of the Nipah virus. It often begins with non-

specific prodromal signs such as fever, headache, dizziness, vomiting, nonproductive cough, and 

myalgia [3]. In severe cases, neurologic signs appeared, including altered consciousness, cerebellar 

dysfunction, myoclonus, areflexia, hypotonia, hypertension, and tachycardia [7, 11]. Respiratory 

symptoms, including acute respiratory distress syndrome, occur in severe cases. Survivors may 

experience relapses, severe chronic sequelae, neurological deficits, and other psychiatric complications 

such as depression and personality changes [3]. 

3.  Past Outbreak Cases 

3.1.  Malaysia 1998 to 1999 

This zoonotic virus first appeared in Kampung Sungai Nipah (Nipah River Village) in Malaysia, hence 

giving the name "Nipah Virus" [8]. During the first outbreak from 1998 to 1999 [2], Classical Swine 

Fever and Japanese encephalitis [3] were suspected to be the cause of infections separately in pigs and 

humans before the Nipah virus was identified. The outbreak resulted in 265 cases with 105 deaths with 

an overall case-fatality rate of 39.6% [8, 12]. However, there's only a high mortality rate present in 

human infections, with a relatively low mortality rate in pigs. About 70% of patients work directly in 

pig farms [8], therefore one million pigs [13] were culled in order to control the spread of the virus in 

Malaysia.  

Infected pigs manifested mild respiratory symptoms such as nonproductive coughs and neurologic 

signs including tremors and ataxia [7]. The virus was spread through direct contact with nasal discharge 

and aerosolisation by coughing of infected pigs [1]. The pharyngeal and respiratory secretions may have 

explained the large number of respiratory symptoms exhibited after infection.  

The spillage might have been caused by deforestation, drought, mixed agro-pig farming techniques, 

and traditional pig sty designs [9, 12, 14]. Pigs on the same farm spread the illness by contact with 

porcine fluids. Spillover between pig farms occurred as a result of pig mobility and farm proximity [15]. 

Although there weren't many human-to-human cases observed in Malaysia [16], pig-to-human 

transmission was common as it developed from close contact with pigs during farming activities [12, 

17].  

3.2.  Bangladesh 2001 and 2003 

During the year 2001, in Meherpur, Bangladesh, the Nipah virus spread rapidly for the first time in this 

country within a month [13]. 13 cases were identified, and the 9 patients with probable cases all died 
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after being hospitalised. Patients died ranging from 3 to 10 days after onset of the Nipah virus. Later, in 

2003, Naoganon, a village close to the village in Meherpur, reported death and investigations revealed 

a similar outbreak of Nipah virus. A result of 12 cases were identified and 8 patients died within on 

average 4 days after the discovery of infection. Altered levels of consciousness, headache, coughing and 

difficulty breathing were common manifestations among these infected individuals [18].  

There may be potential sources of zoonotic transmission from livestock to humans, but none were 

tested in Bangladesh for both epidemics. Unlike the situation in Malaysia, human-to-human 

transmissions were suggested instead of a secondary animal host being identified [4]. About half of the 

infections resulted from close contact with infected patients, particularly in healthcare settings or during 

caregiving.  

According to Luby et al.'s study, the transmission was due to the ingestion of contaminated raw date 

palm sap by Pteropus fruit bats [19]. Bats frequently lick or urinate into collecting pots placed on trees 

to collect sap, thereby spreading the virus [13]. The virus's ability to withstand changes in pH and a 

minimum of seven days at a temperature of 22°C in date palm sap (Rahman et al.) [20] may be 

responsible for the high number of infections.  

3.3.  India 2001 and 2018 

Nipah virus took a major outbreak in Siliguri, West Bengal, India, in 2001 through nosocomial 

transmissions [4]. A result of 74% case-fatality was shown with the identified 66 cases of encephalitis 

in Siliguri, again demonstrating the alarmingly high fatality rate of the virus. Rather than a pig-to-human 

transmission of the Nipah virus, human-to-human transmission was mainly documented [4], where 45 

patients had hospital exposure. The Nipah virus was analysed using the reverse transcription-polymerase 

chain reaction method due to Siliguri's close proximity to Bangladesh. The results showed that the virus 

strain was more closely linked to the Bangladesh NiV-B strain than the Malaysian NiV-M strain, 

suggesting that there wasn't a distinct animal host involvement [8]. Common symptoms that appeared 

were altered sensorium, headache, myalgia, and respiratory symptoms, while fever was the one that 

occurred in every patient. 10 patients died after one week of the disease's infection, 5 died within two 

weeks, and two patients died on day 30 following the disease's onset [4]. 

A recent Nipah virus spillover appeared in Kerala, in 2018. It began with a man in Kozhikode who 

died from the virus with documentation that he suffered from high-grade fever, vomiting and altered 

sensorium before death [8, 21]. During this outbreak, nosocomial transmission led to a total of 23 

infections, with 21 deaths and a high fatality rate of 91% [8]. The outbreak was likely linked to exposure 

to an infected bat during its breeding season with an incubation period of 6 to 14 days in the patients. 

This outbreak demonstrated fewer clinical features relating to respiratory symptoms than the cases in 

2001 in both Siliguri and Bangladesh [21]. 

4.  Impacts of Agricultural Expansion on Nipah Virus Ecology 

Agricultural expansion is driven by a variety of factors that influence methods of cultivation and supply 

of food. Population and economic growth, technological advancements, facilitated transportation, 

urbanisation, and environmental conditions are all important factors that change farming methods to 

meet growing food demands [1]. Increasing the yields and efficiency of crops improves markets of 

agricultural products more successfully due to developed access to both domestic and foreign markets 

[15]. By examining the previous cases, the impacts can be summarised into bats' habitat modification, 

changing wildlife interactions, and intensified farming conditions.  

Drought as a result of habitat modification, has been suggested as one of the factors affecting the 

Malaysia 1998-1999 and Kerala 2018 cases [8, 14].  Deforestation and drought worked together in 

reducing the availability of fruits and roost trees favoured by the fruit bats. Loss of a single roost tree, 

especially one with preferred characteristics such as a tall canopy and large trunk, could drastically affect 

local bat populations without significantly changing overall deforestation rates [6]. Therefore, the fruit 

bats were forced to forage in places near farms and gardens, contributing to the spillover events of the 

Nipah virus. This migration of bats may influence Nipah virus transmission, as those infected bats could 
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initiate outbreaks elsewhere. Cutting roost trees should be discouraged to prevent spillover and support 

bat conservation [6]. 

Wildlife interactions were altered when fruit trees were being planted very near the pig farms. The 

farmers planted orchards in order to improve crop yield and food production for higher income. However, 

this action attracted Pteropus fruit bats over food foraging and contaminated the environment with the 

virus, leading to the epidemic of Nipah virus in Malaysia [6, 7].  

The outbreak in Siliguri, India, numerically suggested the idea that it was due to the lack of routine 

prophylaxis in local hospitals with both health professionals and patients [4]. Meaning that the 

transmission was not directly connected to agricultural expansion. However, West Bengal and 

Bangladesh share similar environmental conditions due to their geographical proximity and location 

within the Bengal Basin [1, 22]. Thus, we suspect that the outbreak of the Nipah virus in Siliguri was a 

result of fruit bats migrating to Siliguri from Bangladesh as a result of changes brought about by 

agricultural growth, including the reduction or loss of their natural habitat.  

Meanwhile, the intensified farming conditions were also a crucial consequence. Intensification of 

livestock farming is the action of maximising animal production through the use of land, nutrition, and 

water resources. This often involves methods such as higher-density animal housing and the use of 

antibiotics and hormones to boost growth rates [23]. Intensification can also bring about a number of 

problems, for example, an increase in animal-to-human disease transmission, and a higher chance of 

zoonotic epidemics. The close proximity of animals in intensive farming practices can facilitate the 

spread of Nipah virus pathogens [6]. Additionally, the stresses on livestock from overcrowding can 

inadequate nutrition can weaken their immune systems, making them more vulnerable to infections.  

5.  Conclusion 

In conclusion, the relationship between agricultural expansion and Nipah virus ecology emphasises the 

need for understanding how land-use changes impact zoonotic disease transmission. As agricultural 

methods develop in ecosystems, the possibility of spillover events from wildlife to livestock and then to 

people rises tremendously. Habitat modification, changing wildlife interactions, and intensified farming 

conditions contributed to the transmission of the Nipah virus.  

To cope with this complicated issue, collaborations between ecologists, public health authorities, 

veterinarians, and agricultural experts are essential in creating strategies considering biodiversity, 

disease monitoring, and methods for sustainable agriculture. By prioritising the health of both our 

communities and the environment, we can ensure a more stable and safe future for agriculture and public 

health. 
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