Nipah Virus: Understanding its Zoonotic Potential and Public Health implications
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ABSTRACT 

	Nipah virus (NiV), a paramyxovirus of the genus Henipavirus, is one of the most significant threats to the overall health of the world population because of its high mortality rate and the possibility of human-to-human transmission. NiV has resulted in repeat and frequent outbreaks in South and Southeast Asia, especially in Bangladesh and India, since its first outbreak in Malaysia in the 1998-1999 pandemic. Peteropus fruit bats is the natural reservoir, and individuals become infected by the means of contaminated food sources, intermediate amplifying hosts, such as pigs, or through direct contact. Clinical presentation involve acute respiratory disease and fatal encephalitis, and are usually accompanied by long-term neurological sequelae in survivors. Without licensed vaccine or specific antiviral drugs; early detection, surveillance, and prevention play a critical role. This review provides an overview of the existing knowledge about NiV epidemiology, transmission modes, reservoir ecology, clinical presentation, diagnostic methods and new therapeutic advances, with the need of a One Health approach in mitigating the risk of spillover and enhancing outbreak preparedness.
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1. INTRODUCTION 

Nipah virus (NiV) is the highly dangerous virus belonging to Paramyxoviridae family and genus Henipavirus (Aditi and Shariff, 2019). NiV was first discovered during an outbreak in Malaysia and Singapore in 1998-1999 and since that time, it has been linked with occasional outbreaks with high mortality rate in the area of South and Southeast Asia, mostly in Bangladesh and India (Singh et al., 2019a). NiV is also a significant pathogen that is listed as priority as stated by the World Health Organization (WHO) due to its high mortality rate, and it may lead to a worldwide pandemic (WHO, 2018).

The most common hosts of NiV are the fruit bats of the genus Pteropus which serve as natural reservoirs (Halpin et al., 2000; Singh et al., 2019b). The virus can spread to the human species either through direct contact with bat secretions, through intermediary hosts, pigs, or through human-to-human contact (WHO, 2018). Epidemiological studies reveal that NiV is usually spread to a person through the ingestion of bat-infected date palm sap or direct contact with infected animals (de Campos et al., 2024). The NiV infection has proven to have a heavy burden on the population as evidenced by epidemics in Malaysia, India, and Bangladesh with a case fatality rate of 40 to 94 percent (Branda et al., 2025).

NiV infection presents its clinical manifestations as asymptomatic or severe respiratory distress and fatal encephalitis (Ang et al., 2018). The encephalitis that comes with severe NiV infections is often accompanied by neurological effects like myoclonus, tachycardia, and brain shrinkage (Arif et al., 2012). Long-term neurological impairments (including motor dysfunction and behavioral abnormalities) are commonly reported by recovered patients (Sejvar et al., 2007). NiV is a significant emerging threat to international health security because of its high mortality rate, absence of approved antiviral drugs or vaccines (Epstein et al., 2006). 

Genetic research has discovered two distinct NiV strains, both of which predominantly infect the pig population and have a reduced fatality rate: the Malaysian strain, which is transmitted between individuals and has a higher mortality rate (de Campos et al., 2024). According to the phylogenetic data, it was revealed that the Bangladeshi NiV strain is more genetically diverse, which confirms the need for continuous genomic monitoring (de Campos et al., 2024). NiV spillover is more likely to occur due to the significance of the environmental conditions, including deforestation and urbanization (Garbuglia et al., 2023). The fluctuations of NiV outbreaks and their possible spread throughout the world require a One Health approach to minimize risks in the future (Safdar et al., 2024). This review offers a detailed discussion of the epidemiology, the transmission pattern, the clinical presentation, and the prevailing preventive measures against Nipah virus and specific focus on the One Health approach to counter further outbreaks.

2. Global epidemiological outbreak trend

The spread and influence of NiV globally is based on the high mortality rates and its occurrence in small yet important regional outbreaks, most of which are in South and Southeast Asia. NiV was initially detected in Malaysia, when an outbreak occurred in pig farmers in the Sungai Nipah village in the period between September 1998 and June 1999. Transmission of the virus occurred through direct contact with infected pigs, causing 265 cases and 105 deaths (Ang et al., 2018; Arif et al., 2012; Raveendran et al., 2018; Sejvar et al., 2007). It spread to Singapore in 1999 where 11 cases and one death were reported, mostly due to the importation of infected pigs in Malaysia (Clayton et al., 2012). 
Subsequently, it has been observed that since 2001, Bangladesh has become a hot spot of NiV with almost yearly outbreaks (Chakraborty et al., 2016; Nikolay et al., 2019). The initial incidence in the country was in Meherpur district in 2001 mainly related to the ingestion of the raw date palm sap contaminated with the secretion of fruit bats. As of now, some cases have been reported in 32 of 64 districts (Ang et al., 2018; Urmi et al., 2023). The most recent outbreak occured in January 2024, and two fatal cases were reported in Dhaka (WHO, 2024). Unlike in other areas where pigs are secondary hosts, in Bangladesh, the NiV is transmitted through fruit bats as the main reservoir host, with cows, goats, and pigs as the potential secondary carriers (Chowdhury et al., 2014).

NiV reported in the Philippines in 2014 and was mostly seen in horses and human beings in the southern region of the country. It was reported that 17 cases and 9 deaths occurred, which is indicative of the capability of the virus to be transmitted by fruit bats to horses and then to humans (Ang et al., 2018; Sharma et al., 2019).

India has also witnessed isolated yet very lethal NiV outbreaks, with most of them happening in West Bengal and Kerala states. NiV was introduced in the country in 2001 in the state of West Bengal, Siliguri. In healthcare settings, transmission was caused by contact with infected persons. The total number of presumed cases was 66, and 45 died because of this outbreak (Chadha et al., 2006). Later, in the year 2007, the virus was identified in the Nadia district of West Bengal with five cases of the virus reported all of which were fatal. Particularly, these outbreaks took place close to the border with Bangladesh, in the NiV-endemic area (Uwishema et al., 2022). The 2018 outbreak in Kerala (Kozhikode and Malappuram) was a significant geographical change, as it was located in southern India, far away from the previously affected areas, and linked to fruit bats of the genus Pteropus, the natural reservoirs of the Nipah virus (Uwishema et al., 2022). Since then, Kerala has become an NiV-endemic country, and several outbreaks have been reported in the following years. Another outbreak in 2023 in the Kozhikode district had half a dozen cases and two deaths with a case fatality rate of 33.3% (WHO, 2023). The latest outbreak occurred in July 2024 in Kozhikode, Kerala, and resulted in two deaths, although additional epidemiological information is still awaited (WHO, 2024).

Even though NiV outbreaks have been mostly limited to South and Southeast Asia, doubts about its possibility of appearing in other regions remain. The scientists of the University of Toronto and Vanderbilt University have estimated the possibility of NiV outbreak in North America and found that the existing risk is low because the virus requires certain ecological factors and transmission patterns (Gerpe, 2023).

3. Reservoirs and Hosts

3.1 Primary Reservoir 

The natural reservoirs of the NiV are known to be fruit bats and particularly, from the genus Pteropus (popularly known as flying foxes). They are capable of transmitting the virus to the environment, despite the fact that they can be the carriers of the virus in an asymptomatic manner. Virus is detected in some of the secretions and excretions, including bat feces, urine, saliva, and half-eaten fruits (Safdar et al., 2024). The sites used in the collection of date palm sap are normally polluted by bats during the sap collection period when the bats would sit on the containers and emit saliva or urine containing the virus to the sap. This is the most significant source of spillover to human population since it is a contaminated sap. They are in a direct contact with agricultural and human settlements due to their diet that is mainly composed of fruits, nectar, and flowers, making them more likely to transmit zoonotically (Bruno et al., 2023).

3.2 Intermediate Hosts

Intermediate hosts are animals that become infected with the NiV after being in contact with the primary reservoir (bats) and then amplify the virus, which then gets transmitted to humans. Pigs were also important amplifying hosts during the initial reported outbreak of the Nipah virus in Malaysia (1998-1999). The pigs were infected with the virus due to eating contaminated fruits (contaminated with bat saliva or excreta) (Bruno et al., 2023). The pigs in the densely populated farming facilities caused the virus to spread rapidly among the swine population. Human beings were infected by touching diseased pigs or getting in contact with infected farm surroundings (Klous et al., 2016). In addition, animals of the categories of livestock such as horse, goat, and cats are also reported to be vulnerable to NiV. However, these species are not typical amplifiers and the contribution they make to viral transmission is unquestionably unimportant when compared to pigs (Glennon et al., 2018; Lawrence and Escudero-Perez, 2022; H. Weingartl, 2015; H. M. Weingartl et al., 2009).

3.3 Human Hosts

Humans are the dead end hosts in the transmission of NiV as they contract the virus due to a direct spill over with bats or indirectly through intermediate hosts such as pigs. Human infections may be transmitted via a number of different channels, including ingesting contaminated food (e.g. raw palm date sap), direct contact with infected animals or their bodily fluids (Mohapatra et al., 2024). Respiratory droplets and contaminated fomites (such as medical equipment or bedding) are also among the ways the virus can spread (Hassan et al., 2018).

4. Transmission Dynamics  

4.1 Animal-to-Human Transmission

NiV is transmitted to humans by direct contact with animals that are infected or through the infected environment. The consumption of raw or poorly covered date palm sap, generally contaminated by bats, is one of the most prevalent routes. Sap collection is a process that uses open containers that are put on the trees and are accessible to the bats. The bats (as they feed on the sap) can then leave the virus by excretion of urine or saliva in the containers thus contaminating them (Salah Uddin Khan et al., 2010). Those people who take this infected sap are at a high risk of being infected. Animal-to-human transmission was the most common during the Malaysian outbreak because farmers and the workers of slaughterhouses were exposed to infected pigs (Aditi and Shariff, 2019; Ambat et al., 2019). Farm settings characterized by the close contact between humans and livestock provided the ideal environment of zoonotic transmission.

4.2 Human-to-Human Transmission

One of the major ways the Nipah virus is spread is through human-to-human, especially during outbreaks in Bangladesh and India (Chattu et al., 2018; Luby et al., 2009). This mode of transmission is by close physical contact with infected people particularly caregivers, family members and healthcare workers. The virus may be transmitted through respiratory droplets or body fluids (e.g., saliva, urine, or blood) or any contaminated items such as medical equipment (Hassan et al., 2018). Poor infection control practices in the healthcare environment enhance the transmission. As an example, in the case of the 2018 outbreak in Kerala, India, a substantial proportion of secondary cases was due to nosocomial transmission (Thomas et al., 2019).

4.3 Livestock as Amplifying Hosts

Domestic animals, particularly pigs, are key amplification hosts where the virus can amplify itself and proliferate among the animal populations within a short period. People like farmers, veterinarians and those employees in pig farms had greater risks because they were in close contact with the infected pigs. Overcrowding of pigs in a farm and poor biosecurity measures may also lead to the spread of the virus to human beings. Slaughterhouses are also a source of transmission since they are places where cross-species transmission like pig-human can take place. The pigs are considered to be a biological reservoir of the infection and can be infected by consuming bitten fruit by bats infected with the virus (Bruno et al., 2023). In Malaysia, the disease is transmitted between humans and pigs since the pigs are the intermediate host of the virus (Looi and Chua, 2007) and the primary risk factor was associated with the biological promiscuity that arises as a result of the close interaction between humans and pigs and their waste (Parashar et al., 2000; Paton et al., 1999).

4.4 Spillover Risk from Proximity to Bat Habitats

Livestock farming, especially close to wildlife, has resulted in the exchange of pathogens between the livestock and wildlife; hence there are more possibilities of livestock acting as the hosts on which pathogens may evolve and later be transferred to humans. Some species of wildlife have adapted, and thrived in the landscape altered by farming and human intervention and become a source of disease among livestock and human beings as well. The proximity of human and livestock farms with bat habitats increases the potential of a spillover of zoonotic diseases. Bats which nest in fruit orchards, eat farm products, or nest in human structures, place their droppings and secretions in places built by people or inhabited by people and livestock. The overlapping environments, in which bats, humans, and animals coexist, result in the development of the so-called spillover hotspots, especially in such countries as Bangladesh, India, Malaysia, Singapore, and the Philippines (Bruno et al., 2023; Deka and Morshed, 2018; McKee et al., 2022; Sanker et al., 2024).

[bookmark: _Hlk217741509]5. Clinical Manifestations

The Nipah virus infection has an incubation period of 4 to 14 days though in some rare cases it may take up to 45 days. This diversity of the incubation period is conditioned by such factors as the mode of transmission of the virus, the volume of exposure to the virus, and the immune response of a person (WHO, 2023). NiV is highly pathogenic, and it induces disease in both pigs and people. Pigs have respiratory symptoms that are significantly worse than those of human beings.

5.1 In animals
The disease is called porcine respiratory and encephalitis syndrome (PRES) in swine, or one-mile cough in peninsular Malaysia, and barking pig syndrome (BPS). A sudden febrile disease has also been noted in pigs under the age of six months whereby the pigs develop respiratory problems that may include labored breathing, which may escalate to harsh non-productive coughing. The general mortality rate is rather low except among young piglets (Aditi and Shariff, 2019; Chua, 2003). Due to the involvement of the nervous system, symptoms can be in the form of muscle twitches, weakness of hind legs, tremors, and a certain amount of paresis that might either be flaccid or spastic. Also, both boars and sows can have nystagmus and seizures (Chua, 2003; Kulkarni et al., 2013). In dogs infected with NiV, lung inflammation and kidney injury, such as glomerular and tubular necrosis, and syncytia, may occur. Infection can result in the endothelial syncytia and vasculopathy of various organs in cats. On experimental inoculation of different animals with NiV, including hamsters, guinea pigs, chicken embryos, and African green monkeys, lesions in the central nervous system (CNS) parenchyma and display vasculopathy. Nonetheless, clinical manifestations are not normally observed in mice and rats due to unknown reasons (Kulkarni et al., 2013; Wong et al., 2017).

5.2 In humans

In humans, the virus is severe and rapidly progressive and is mostly affecting the respiratory system and the CNS (Hossain et al., 2008). Symptoms and signs of the disease occur 3 -14 days following exposure to NiV. First, it brings about an extreme rise in temperature and is accompanied by drowsiness and headaches. It is followed by mental disorientation and confusion and may result into coma in 1-2 days. NiV infection is a serious complication that leads to encephalitis. During the early stages, respiratory problems can begin to manifest themselves. It results in atypical pneumonia and occasionally, the patient can have coughing and acute respiratory distress (Hossain et al., 2008; Williamson and Torres-Velez, 2010). The renal system and gastrointestinal bleeding dysfunction may be accompanied by septicemia. In severe incidences, 24-48 hours later, the encephalitis may be experienced with seizures, and this may eventually lead to coma (Aditi and Shariff, 2019).

6. DIAGNOSIS

The samples of virus detection are obtained in symptomatic patients or the post-mortem cases. Serological tests are to be conducted on 10-14 days of symptom appearance. The used methods include throat swabs, urine, blood and cerebrospinal fluid (CSF) which are recommended in diagnosis. Samples should be transported at 2-8°C using triple container packing and kept at -20°C if testing is delayed more than 48 hours. Although processing needs a BSL-4 facility, viral inactivation with irradiation can be performed on BSL-2 laboratories (Chadha et al., 2006; Hume et al., 2016). Polymerase chain reaction (PCR) is the best method that could be used to directly detect viruses with high sensitivity and specificity. It can be used on tissue samples, swabs, and CSF and urine. Immunohistochemistry (IHC) of formalin-fixed tissue samples is another diagnostic technique and it is particularly valuable in the analysis of organs, including the brain, lung, spleen, and placenta (Anderson and Wang, 2016). Isolation of the virus is done under the BSL-4 conditions using either Vero cell line or pteropid bat-derived cells. The cytopathic effects are typically observed after three days and the viral confirmation is done through the PCR or IHC (Crameri et al., 2009). Serological testing detects IgM antibodies in serum or CSF that are useful in the early diagnosis, but IgG antibodies indicate previous infection and would be useful in epidemiological surveillance. ELISA is the most commonly applied serological test because it is very sensitive and efficient. Research proves that IgM can be detected in half of patients on the first day, IgG antibodies appear after 18 days and can be used during months (Anderson and Wang, 2016; Homaira et al., 2010). The gold standard is considered to be the Serum Neutralization Test (SNT), but it must be conducted in a BSL-4 laboratory. In this test serum samples are inoculated with live virus followed by inoculation with Vero cells to determine cytopathic effects. An adapted methodology that uses immunostaining can be used to make faster results within 24 hours (Crameri et al., 2009). There must be high vigilance in non-endemic areas so that outbreaks can be identified and contained at an early stage.

7. THERAPEUTIC DEVELOPMENTS

According to the National Centre for Disease Control (National Centre for Disease Control DGoHS, 2023), no licensed vaccinations and antiviral drugs that specifically treat NiV infections are available at the moment. Nevertheless, serious effort is being made to come up with effective treatment strategies which include vaccinations, monoclonal antibodies and antiviral drugs. There are a great number of possible NiV vaccines, and some of them have already progressed to human clinical trials (Choi et al., 2022). Patients require the supportive and preventive care to help them deal with their diseases since there is no established treatment regimen. This encompasses the electrolyte and fluid balance, airways management, and the use of mechanical breathing in situations where they are needed and preventive measures to mitigate the occurrence of venous thrombosis (Urmi et al., 2023). Ribavirin and other drug-based intervention, including chloroquine, have proven to be effective in trials on different species, including Syrian hamsters and African green monkeys (Lo et al., 2019; Yang and Kar, 2023). In general, although much has been done regarding the possibility of finding treatment regimens in the context of NIV, additional research is necessary to provide the world with effective drugs and vaccines that will contribute to the elimination of the dangerous threat of this zoonotic virus that can kill people within a short period. 
Since NiV has potential to cause a pandemic, it has been one of the vaccine research, surveillance, and prevention priorities by the agencies of the world, such as WHO and the Coalition of Epidemic Preparedness Innovations (CEPI) (Bhowmik et al., 2025).

8. PREVENTION THROUGH ONE HEALTH APPROACH

One health approach is a coordinated method to maximize the wellbeing of the human, animal, and environment through promoting cross-sector, cross-disciplinary, and cross-community collaboration. The WHO considers this approach to be essential to prevent, predict, detect, and respond to the development of health risks occurring globally such as outbreaks of NiV (WHO, 2023). One Health, which is an interface between public health, veterinary health, and environmental surveillance, provides a robust system of disease surveillance and prevention of outbreaks.
In Asia, the foci of the viral spillover of animal markets represent a major issue where bats, which are natural reservoirs of NiV, are a huge menace. Surveillance plans involve PCR tracking of NiV genomes in bats and seroprevalence applications to follow the phenomena of viruses and learn the mechanisms of outbreaks in humans. Preparedness to an outbreak could be further strengthened through risk assessment, tracking wildlife, and livestock, tracking populations, and subsequently analyzing all the data (Garbuglia et al., 2023; Paliwal et al., 2024). 
An effective One Health surveillance program, integrate wildlife, domestic animal and human health observation to reveal the areas where there is a high risk of viral outbreak (Latinne et al., 2023). International coordination in areas of monitoring and preparedness to avert the spread of NiV outside its present area is required due to ecological factors like deforestation that enhance the incidence of zoonotic spillover (Bhowmik et al., 2025). Nevertheless, there are practical issues, such as financial, logistical, and technical challenges, which should be overcome to successfully implement One Health strategies in every region under risk. 

8.1 Human Health

The lack of treatments and vaccines against NiV poses a problem in the treatment and control of outbreaks. In the majority of cases, the treatment is still the basic intensive supportive care; therefore, infection prevention is crucial, such as the avoidance of consuming raw date palm sap, which has been a well-known pathway of NiV transmission (WHO, 2023). Another quite important measure in the process of minimization of the risk of infection is proper washing of fruits to eliminate potential viral contamination. The transmission of NiV would also be prevented through the improvement of infection control practice in health facilities and within communities (Ezzatpanah et al., 2022; Hassan et al., 2025). 

Surveillance of bat populations and their contact with human communities is significant in forecasting and preventing spillovers that may cause an outbreak of humans (Epstein et al., 2020). In regions at risk, developed medical infrastructure and severe infection prevention, including quarantine procedures and personal protective equipment (PPE) use are significant (Liu et al., 2021). The non-pharmaceutical interventions also apply in the context of the outbreak containment as there are neither treatments nor vaccines. Magnitude of viral outbreaks is basically influenced by public awareness, community-wide campaigns, combined public health efforts, and adherence to protection efforts (Nazmunnahar et al., 2023). By developing these approaches, it would contribute to further improvement of public education and social responsibility.

8.2 Animal Health

Livestock transmission has been identified as the cause of outbreaks of NiV in pig farms. Pigs that were used as amplifying hosts in the Malaysian outbreak mediated the spread of the virus to human beings. Thus, to control the disease, biosecurity measures in animal husbandry is essential (Bruno et al., 2023). The spread of the potential risk of the viral spillover can be reduced by minimizing the contact between bats and pigs with the help of proper farming practices (Sokolow et al., 2019). It can be minimized if the crops fed to animals are properly covered against contamination from bats, reducing the probability of disease spread. One of the crucial prevention measure of he diseases is the high hygiene and sanitation that  the farm workers can adopt through washing and sanitization of the hands in the right manner (Ezzatpanah et al., 2022). Farm workers are expected to wear the relevant PPE, which is comprised of masks, gloves, protective goggles, gowns, and boots all to be disinfected after usage. Surveillance and monitoring of livestock and keeping a check on pig populations can assist in the early detection and control of NiV outbreaks (Field et al., 2002; Sai and Kaw, 2002).

8.3 Environmental Health

Human, animal, and environmental health are all interconnected with each other, which is a key factor in NiV transmission. Activities such as deforestation, urbanization, intensive farming, and wildlife trade contribute to the amplification of human-wildlife contact by facilitating the existence of the bat population and enhancing contact between humans, domestic species, and wildlife (Esposito et al., 2023). Close human-animal interaction has been identified to be a predisposing factor to the emergence of novel zoonotic viruses (Klous et al., 2016) . In an attempt to reduce the environmental risks the reduction of the instances of bat coming out to feed in populated areas is important. It also curbs the risk of spreading diseases; this is because of the adoption of sustainable agricultural methods. Wildlife and livestock population monitoring continue to inform on potential viral threats for early detection and more preparedness efforts (Serra-Cobo & Lopez-Roig, 2017; Wegner et al., 2022). By incorporating environmental health interventions into One Health approaches, the chances of future outbreaks of NiV can be greatly minimized (Mohapatra et al., 2024).

9. Conclusion

NiV continues to pose a severe threat to the health of the population due to its morbidity and mortality rates, its ability to be transmitted between humans, and the absence of specific cures or vaccinations. As a One Health approach, considering it is a zoonotic disease, human, animal, and environmental health are essential in preventing and addressing the disease. Improvement of monitoring systems, biosecurity in animal husbandry and creation of community awareness are important measures that can be used to avert future outbreaks.
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