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ABSTRACT

Background and Aims: The resurgence of Nipah virus (NiV) in Kerala, India, represents a significant public health challenge.
This paper aims to explore ongoing challenges associated with NiV transmission, focusing on environmental factors, healthcare
responses, and shifts in clinical manifestations. We also highlight the critical need for proactive management strategies to
prevent future outbreaks, given the virus's zoonotic nature and evolving transmission dynamics.

Methods: A search was conducted using keywords such as “Nipah virus,” “Kerala,” and “bats” in PubMed, Scopus, Google
Scholar, and trusted news sources. Articles and reports were selected based on their relevance to NiV transmission, clinical
presentation, and containment efforts, particularly concerning recent outbreaks in Kerala.

Results: Recent outbreaks have shown atypical respiratory presentations, complicating early detection and increasing the
importance of healthcare containment. The virus's clustering within specific regions and the emergence of a new genotype
underscore the need for enhanced surveillance.

Conclusion: The frequent NIV outbreaks in Kerala demand a multifaceted approach to prevention. Early detection systems,
public awareness campaigns, and rigorous environmental management are essential. Collaborative efforts between government
and public health entities are paramount to mitigate the impact of this deadly virus. Continuous research is imperative to

safeguard public health.

Dear Editor,

Since May 2018, there have been four outbreaks of the Nipah
virus (NiV) in Kerala, India, with the most recent one being in
late August 2023 (Table 1). Three of these outbreaks—out of
four—have been contained to the Kozhikode district. Although
NiV has been found in a variety of fruit bats (Pteropus medius)
across several districts in Kerala [1], the causes of this surge and
clustering of NiV outbreaks are still unclear and require further
evaluation.

The Ministry of Health and Family Welfare, Government of
India, reported six cases of NiV infection, resulting in two

fatalities, within the timeframe of September 12-15, 2023, in
Kozhikode district, Kerala (Figure 1). The primary case had an
unidentified source of infection, while subsequent cases were
either familial or associated with the initial case within a
healthcare setting. As of September 27, 2023, a total of 1288
contacts linked to the confirmed cases underwent identification
and quarantine for 21 days, encompassing high-risk contacts
and healthcare personnel. Among the 387 samples analyzed
since September 12, only six tested positive for NiV infection,
with no additional cases reported post September 15. The
Government implemented containment measures in nine vil-
lages of Kozhikode district, including movement restrictions,
social distancing measures, and mandatory mask usage in
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TABLE 1 | Summary of the various outbreaks of Nipah virus (NiV) in the state of Kerala.

S1. no. Outbreak Date reported/duration Location No. of cases Deaths
1 First outbreak May 19, 2018-June 10, 2018 Kozhikode District 23 21

2 Second outbreak June 4, 2019 Ernakulam District 1 0

3 Third outbreak September 5, 2021 Kozhikode District 1

4 Fourth outbreak August 2023- September 15, 2023 Kozhikode District 6 2

Nipah Virus Outbreak in Kerala

Kozhikode

FIGURE 1 | Location of Kozhikode district in Kerala, India, where the 2023 Nipah outbreak occurred (created with BioRender).
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public spaces. Furthermore, major public events in Kozhikode
district remained prohibited until October 1, 2023, and neigh-
boring districts and states were advised to enhance surveillance,
as communicated by the National Institute of Virology,
Pune [2].

NiV infection is a zoonotic disease that can be transmitted to
humans through contact with animals that carry the virus, such
as bats and pigs. Human-to-human transmission is also possi-
ble, but less frequent. The infection can cause severe clinical
manifestations, such as acute respiratory infection and fatal
encephalitis (Figure 2). The main strategy to reduce or prevent
human infection is to increase awareness of the risk factors and
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preventive measures among the population. The treatment of
patients should focus on providing supportive care and inten-
sive support for severe respiratory and neurologic complications
(Figure 3).

It is the sixth NiV outbreak in India since 2001. Recurrent out-
breaks of NiV have occurred in several Southeast Asian countries,
including Malaysia, Bangladesh, and India. In Bangladesh, con-
sumption of date palm sap contaminated by bat saliva or urine
was found to have caused NiV outbreaks. In Malaysia, pigs acted
as intermediate hosts and transmitted the virus to humans
through direct contact. However, in Kerala, the route of spillover
from bats to humans remains unclear. The outbreaks in Kerala
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Intricate pathogenesis of Nipah virus (NiV) infection in humans. It provides a detailed overview of how NiV affects various human

organs and systems, and the associated clinical manifestations (created with BioRender).
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were also highly lethal, with a case fatality rate of 90%, compared
to 40% in Malaysia and 70% in Bangladesh. During the 2018 NiV
outbreak in Kerala, which was localized in Kozhikode and Ma-
lappuram districts, 17 lives were lost. Another outbreak in 2021,
limited to the village of Pazhur in the Chathamangalam gram
panchayat of Kozhikode district, resulted in a single fatality on
September 5, 2021 [3] https://english.mathrubhumi.com/amp/
news/kerala/nipah-no-indication-of-second-wave-yet-says-kerala-
health-minister-1.890922. A new genotype that is independently
emerging in Southern India has been detected by phylogenetic
analysis of the NiV nucleocapsid (N) gene sequences from Kerala,
which show that they belong to a different cluster than those from
Malaysia and Bangladesh [4].

NiV antibodies in bats have been detected from several states in
India [5], but only Kerala has experienced four successive
human NiV outbreaks. This finding was also revealed by a
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nationwide survey conducted by the National Institute of
Virology of the Indian Council of Medical Research (ICMR) in
Pune, which tested bats across nine states and one Union
Territory for NiV antibodies [6]. The survey found that bats
from Kerala, Tamil Nadu, Karnataka, Goa, Maharashtra, Bihar,
West Bengal, Assam, and Meghalaya, as well as the Union
Territory of Pondicherry, were positive for NiV IgG antibodies.
IgG antibodies may aid in providing proof of historical circu-
lation in bat populations. However, the absence of conclusive
antigen detection and IgM antibodies suggests that the virus
may not be actively spreading in ways that lead to human
outbreaks.

There are two potential explanations for the rise in NIV out-
breaks in Kerala during the past 5 years: either an increased
effective spillover of the virus from bats to humans or the state's
healthcare system's efficient screening and reporting of cases.
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However, since fruit bats with NIV antibodies have been found
in other States as well, it is likely that NIV infection and deaths
are occurring elsewhere in India but remain unnoticed, while
they are identified and contained in Kerala, especially in Koz-
hikode district. Unlike the typical encephalitic presentation of
Nipah infection, the recent outbreak showed a novel manifes-
tation of pure respiratory symptoms, which has not been re-
ported anywhere else in the world. This could only be identified
due to a high index of suspicion.

Pragya Yadav, who leads the Nipah research team at India's
National Institute of Virology, attributed the enhanced viral
transmission from bats to humans to the loss of natural habi-
tats, decreased biodiversity, and animal movement brought on
by population growth. One of the hotspots for these spillover
episodes is Kerala, a coastal state with over 40 bat species and
35 million residents. Its hilly forests and woodlands, where bats
thrive, have been gradually cleared for various development
projects, including transportation and industrialization. In
comparison to 58% in 2002, 83% of Kerala was vulnerable to
spillover at the time of the 2018 Nipah outbreak, according to a
Reuters investigation [7]. The high fatality rate and the frequent
outbreaks—four outbreaks in 5 years—underline the pressing
need for rigorous research and analysis of the fundamental
causes of the recent NiV outbreak in Kerala.

An international team of scientists used data from 2000 to 2018
to identify Kerala as one of the top seven “global hotspots” for
the potential emergence of a novel coronavirus related to SARS
[8]. They attributed the spillover of zoonotic infectious diseases
to major factors such as deforestation, high livestock density,
and human intrusion into bat habitat. However, NIV was the
first to emerge in this region. Malik Fasil Madala, a wildlife
ecologist who research flying foxes at Kerala Agricultural Uni-
versity, witnessed the degradation of the bats' habitat due to
mining and construction activities. He referred to studies that
showed that stress from such disturbances impairs the bats’
immune system and makes them more vulnerable to viral
infections [9].

The high mortality rate and the frequent occurrence of four
Nipah outbreaks in 5 years highlight the urgency of conducting
rigorous research and analysis on the potential causes of the
recent NiV outbreak in Kerala. A crucial initial step is to es-
tablish early detection systems in all countries that are potential
hosts of NIV reservoirs. This requires a better understanding of
the risk factors and distribution of the virus. The strain that
caused the outbreaks in Kerala originated from Bangladesh in
2001, where it was overlooked by health systems due to its high
fatality rate and small-scale or sporadic occurrence. However,
the outbreaks in Bangladesh in 2001 and 2003 were only ret-
rospectively confirmed by testing stored samples for Nipah
antibodies.

The risk of NIV infection is exacerbated by deforestation and
human encroachment into bats’ habitats. Deforestation disrupts
ecosystems, pushing bats closer to human settlements and
increasing the likelihood of viral spillover. Human intrusion
into these habitats further amplifies the risk as it brings people
into closer contact with potentially infected bats, contributing to
the transmission of the virus. Addressing these environmental

factors is crucial in mitigating the threat of NIV outbreaks and
preserving the delicate balance between human activities and
wildlife habitats [10] (https://www.nationalgeographic.com/
science/article/deforestation-leading-to-more-infectious-
diseases-in-humans).

To prevent future NIV outbreaks in India, collaborative efforts
between the government and the public are essential. Government
measures include controlling land development and safeguarding
animal habitats in high-risk areas, monitoring bats closely, pro-
tecting their habitats, enhancing surveillance of animals and people
in NIV-prone regions, and prioritizing accelerated research and
development for the virus. On an individual level, practicing reg-
ular hand hygiene, avoiding contact with sick bats or pigs,
refraining from consuming products potentially contaminated by
bats, such as raw date palm sap or fallen fruit, and promoting
awareness of risk factors and preventive measures are crucial steps
to mitigate the risk of NIV transmission [11-15] (https://www.
reuters.com/investigates/special-report/global-pandemic-bats-
prevention/, https://www.cdc.gov/vhf/nipah/prevention/index.
html, https://www.who.int/emergencies/disease-outbreak-news/
item/2023-DON490, https://www.who.int/news-room/fact-sheets/
detail/nipah-virus).
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