


Review Article
NIPAH VIRUS: A COMPREHENSIVE REVIEW OF EPIDEMIOLOGY, PATHOGENESIS, AND PREVENTION STRATEGIES


ABSTRACT:
Introduction: The Henipavirus genus includes the zoonotic Nipah virus (NiV), primarily transmitted from fruit bats to humans and other animals, notably pigs. Since its first outbreak in Malaysia in 1999, NiV has led to significant morbidity and mortality in regions like Bangladesh and India. Discussion: NiV exhibits fatality rates as high as 90% in certain outbreaks, causing a spectrum of clinical signs ranging from asymptomatic infections to severe respiratory illnesses and encephalitis. The virus's seasonal epidemiology is often linked to the mating cycles of bat reservoirs and the collection of palm sap, a common transmission method in Bangladesh. Diagnosis relies on serological and molecular techniques, while treatment remains largely supportive, with ribavirin and monoclonal antibodies showing clinical efficacy. Results: Preventive measures focus on reducing human exposure to bats and infected animals, enhancing hygiene practices, and enforcing strict infection control in healthcare settings. Currently, no licensed vaccine exists, highlighting the urgent need for research in vaccine development and antiviral therapies to manage future outbreaks.  Conclusion:  This review synthesizes current knowledge on NiV epidemiology, pathogenesis, clinical manifestations, and preventive strategies. It emphasizes the necessity for increased awareness and preparedness among health professionals and the public to mitigate the impact of NiV.










INTRODUCTION:
Infection with the Nipah virus (NiV), often known as Nipah viral encephalitis, creates a new genus Henipavirus within the Paramyxoviridae subfamily1, accountable for a zoonotic disease that primarily manifests clinically in humans as neurological and respiratory disorders. One way to describe it is as a developing zoonotic disease2. In 1999, following an encephalitis outbreak among pig farmers and exporters in Malaysia and Singapore that led to a collapse, Dr. Kaw Bing Chua isolated and identified the first NiV of the lucrative pig export sector 3. The village where the virus was initially discovered, Kampung Sungai Nipah, inspired its name4. Death may result from the disease's extremely dangerous course. The Pteropus genus's frugivorous bats, also known as "flying foxes," are the virus's natural reservoir, Losses in the bats' habitat appear to be linked to the virus's emergence and the zoonotic potential of transmission to humans and other animals5. Human-to-human and animal-to-human transmission are the two ways that this disease can spread, and it can equally affect humans and animals, such as pigs and bats afflicted 6. Prompt symptomatic treatment is the only way to combat this extremely deadly and infectious illness7. Serological testing and molecular methods are used to diagnose NiV infection, which is a potentially harmful disease. Prevention strategies include reducing interactions with reservoir animals, ethical pig farming, and improved hygiene8. In 2001, a NiV outbreak was initially identified in West Bengal, India (there were 66 likely cases and 45deaths); thereafter, in 2007, the outbreak was reported in Bangladesh's District Nadia and neighbouring areas9,10. From asymptomatic infections to serious respiratory infections and deadly encephalitis, the virus causes a wide range of illnesses. Additionally, the virus can cause severe illnesses in animals, which might result in substantial financial losses for farmers11. Fruit bats of the Pteropus species are thought to be the virus's natural hosts12.
METHODOLOGY:
Digital repositories such as PubMed, Google Scholar, the Cochrane Library, and The Scopus were used to perform a thorough literature search. The search employed a combination of MeSH terms associated with Nipah virus infection, covering topics like geographic location, management, and epidemiology. Literature reviews, original research papers, case reports, and pertinent cross-references were all included in the search. Furthermore, epidemiological reports were added from credible agencies like the NCDC and the WHO. Collecting data on Nipah virus spread, diagnosis, and control methods was the goal. 

EPIDEMIOLOGY: 
People who contract the Nipah virus exhibit a regular seasonal pattern during the winter and spring, which is most likely related to the peteropus breeding season and the time of year when palm sap is collected 13. Humans in Malaysia get the illness from infected suids, which serve as the virus's intermediate host14. A substantial portion of animals in Malaysia are grown on pig farms, which is where NiV infections can spread between animals. However, slaughterhouses also contribute to the spread of the virus because they are locations where a lot between animal species, such as pigs and humans. Swine can contract the virus by eating fruit bitten by NiV-carrying bats, making them a biological reservoir for infection15.
In Bangladesh, many NiV outbreaks occurred during winter, notably in the central and north-western districts of the nation16. Pteropus has been found to be the NiV reservoir animal in these regions17. The primary method of illness transmission in Bangladesh is associated with the ingestion of date palm raw sap, and this feeding habit offers scientific insight into the bat-to-human transmission pathway18. They were found throughout the nation, with some of them reoccurring multiple times. The mortality rate during the initial outbreak in 2001 was 69%, and it rose to 83% in 2013. From April 2001 to March 31, 2012, there were 209 NiV cases overall, 161 (77%) of which were fatal19.
In India, West Bengal, an area across the border from Bangladesh's NiV belt, saw the first NiV case breakout in 200120. In 2007, the same area saw a second NiV outbreak that resulted in five infections and five fatalities21. Acute respiratory syndrome and encephalitis were the primary symptoms of 18 NiV infections that were reported in the state of Kerala in May 2018. Since at least 17 infected individuals perished at that time, this NiV outbreak has the highest fatality rate, surpassing 90%22. On September 5, 2021, a 12-year-old child in Kerala's Kozhikode district passed away from the NiV illness. Following contact tracing from friends, family, and medical professionals, samples were obtained; they came out negative23.
PATHOGENESIS:
The pathogenic mechanisms of henipaviruses, such as the Nipah virus (NiV), have been thoroughly investigated. Deep insights into the genetic structure and replication mechanisms of NiV have been obtained through molecular analysis of its polymerase gene and genomic termini24. Six structural proteins in the order 3′-N-P-M-F-G-L-5′ are encoded by the genome: the nucleocapsid protein (N), phosphoprotein (P), matrix protein (M), fusion protein (F), glycoprotein (G), and large protein (L), also known as RNA polymerase. Fig No.1 Represents

The genomic arrangement of the Nipah virus. The P gene codes for the three anticipated non-structural proteins, C, V, and W25.The functions of the NiV P gene products are different but interconnected in regulating human endothelial cells' antiviral response26.The virus's initial replication site is unknown, but high antigen concentrations in lymphoid and respiratory tissues suggest it entered the host through the oro-nasal route27. The cellular receptor Ephrin-B2 (alternative receptor Ephrin-B3), which is highly expressed on endothelium and smooth muscle cells in the brain, lungs, placenta, and prostate, as well as blood arteries in several other tissues, is bound by the glycoprotein G of NiV28. Because of this, it is highly conserved across animal classes, with receptor similarity to pigs and bats approaching 95–96%29. Significantly, NiV invasion of the central nervous system in a pig host has been reported, indicating a possible olfactory nerve entrance point30. The fact that interferon signalling endures and continues to function when Henipavirus infects human cell lines, however, is significant because it highlights the complex and dynamic interaction between the virus and the host immune system31. Pigs have been found to be a potential intermediate host and reservoir for NiV, as evidenced by the virus's isolation and molecular identification32. Different NiV strains and their respective reservoir hosts, bats, have coevolved, which has probably led to variances in clinical and epidemiological aspects33.
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Fig No.1 The genomic arrangement of the Nipah virus

TREATMENT:
The primary factor contributing to the success of NiV outbreaks is the speed at which viruses can incubate and spread through nosocomial and zoonotic pathways34.


VACCINES:
Ribavirin was the first antiviral medication used to treat the Nipah virus. Acyclovir and ribavirin were the two medications utilized in Singapore's previous NiV outbreaks35,36,37. Favipiravir (T-705) inhibits RNA-dependent RNA polymerase in lab experiments, treating Ebola and other influenza antiviral medications in Syrian hamster animal models38,39. During the 1999 NiV outbreak in Singapore, nine abattoir workers were given Ceftriaxone and acyclovir (Zovirax), with eight of them recovering40. The in vitro experiments conducted on acyclovir against NiV yielded no results. In the Malaysian outbreak, ribavirin, a broad-spectrum antibiotic, was the recommended medication for treating NiV encephalitis, which resulted in a 36% decrease in human death41. African green monkeys exposed to NiV twice, starting on days 1, 3, or 5, and again after two days, were demonstrated to be protected from the illness status by monoclonal antibody (m102.4). even after the disease's clinical symptoms appeared42. The most popular treatment for acute Nipah encephalitis is still supportive care. Treatment options for infected individuals include mechanical breathing, anticonvulsants for patients with seizures, avoidance of deep vein thrombosis, and broad-spectrum antibiotics for nosocomial infections43.
Table No.1 Shows Treatment and Vaccine Approaches for Nipah Virus (NiV)
	Category
	Treatment/ Vaccine
	Details & Findings
	Outcome/ Effectiveness

	Antivirals
	Ribavirin
	First antivirals used: used during the Malaysian outbreak for NiV encephalitis.
	36% reduction in mortality.

	
	acyclovir
	Used in Singapore outbreak with Ceftriaxone; in vitro studies showed no effect b on NiV.
	Ineffective in lab studies.

	
	Favipiravir (T-705)
	Inhibits RNA-dependent RNA polymerase; tested in Syrian hamster models for Ebola and influenza
	Shown effective in lab experiments.

	
	Remdesivir
	Investigated for NiV: promising in preclinical studies
	Under experimental experiments.

	Antibiotics
	Ceftriaxone
	Given to 9 abattoir workers in Singapore (alongside Acyclovir)
	8 of 9 recovered

	Monoclonal Antibody
	m102.4
	Given to African green monkeys on days 1,3 or 5 post-infection; repeated after 2 days.
	Protected even after symptom onset

	Supportive care
	General supportive treatment
	Includes mechanical ventilation, seizure control(anticonvulsants), DVT prevention and antibiotics for secondary infections.
	Remains the most common and essential treatments approach.

	Vaccine Development
	No licensed vaccine yet
	Several candidates are in development; not yet approval for clinical use
	Still in trail phases



PREVENTION:
The lack of a vaccine and the restricted options for successful treatment make it seem reasonable to direct the attention of researchers and organizations in charge of keeping an eye on epidemiological dangers toward stopping the emergence of NiV and providing efficient oversight of it. Avoiding direct contact with the virus's hosts (fruit bats and pigs) and their secretions, as well as avoiding contaminated food, are the main preventive measures needed to slow the emergence of new epidemic outbreaks and the spread of those that have already begun. The fruit of the trees that bats inhabit should be thoroughly inspected and cleaned, on the one hand. Yet, measures are put in place to restrict their access to locations and equipment used to gather date palm juice (the bamboo skirt method)44,45. The WHO recommends avoiding contact with pigs and bats, consuming bat-bitten fruits, and wearing protective garments during handling sick animals. Infection control measures include patient isolation, PPE use, and hand cleanliness. Hospital surfaces around patients are contaminated with NiV, requiring further testing and monitoring46.
ABBREVIATIONS: 
1. NiV- Nipah Virus
2. WHO-World Health Organization,
3. NCDC- National Centre for Disease Control
4. PPE- Personal Protective Equipment
5.  RNA- Ribonucliec acid.

CONCLUSION:
Nipah Virus (NiV) is a deadly zoonotic virus with a high fatality rate and no specific treatment. It spreads through bats. Infected animals, and human-to-human contact. Prevention relies on hygiene, avoiding contaminated food and early outbreak response. Ongoing research on vaccines and treatment is crucial to controlling future outbreaks. NiV illness patterns varied in Malaysia-Singapore and Indo-Bangladesh epidemics, with pigs in Malaysia and Singapore transmitting the virus. In Bangladesh, recurrent epidemics were caused by bat-tainted date palm sap. The virus spread to India. Early identification and successful management depend on prompt detection, surveillance, and increased awareness among the general public and healthcare professionals. A summary of our present understanding of the epidemiology, clinical indications, and prophylactic reactions is given by this study. Caused by NiV infection, as well as the host's reaction to both therapeutic and potential vaccinations.
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