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Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus with significant public health concern.
Since 2018, Kerala, India, has experienced NiV outbreaks with variable clinical manifestations ranging from
acute encephalitis syndrome (AES) to acute respiratory distress syndrome (ARDS). Recently, we observed
two NiV outbreaks in Malappuram, Kerala, India during 2024, with AES as the predominant clinical man-
ifestation in July and September 2024. Among all close contacts screened no secondary transmission of NiV

1151?1; ‘;VI;J r:j;break was observed. The data from NiV outbreaks of Kerala state indicated that AES-predominant outbreaks
Kerala (2019, 2021, and 2024) had shown no human-to-human transmission compared to ARDS-predominant

outbreaks (2001, 2007, 2018, and 2023). Early detection, efficient containment, and improved surveillance
were important measures in preventing secondary transmission. The two spill over events of NiV in 2024
reiterates the need for enhancing the surveillance of NiV among ARDS cases for timely case management
and containment of the outbreak. In view of this, a network of seventeen Virus Research and Diagnostic
Laboratories (VRDLs) was established for surveillance of severe acute respiratory illnesses in West Bengal
and Kerala states of India. The continued public health preparedness and community awareness would help

to prevent future outbreaks.
© 2025 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Acute encephalitis syndrome

Acute respiratory distress syndrome
Spill over

Secondary cases

Introduction

Nipah virus (NiV), a highly pathogenic zoonotic paramyxovirus,
poses a significant public health threat. Primarily transmitted from
fruit bats to humans, NiV has emerged in several Asian countries,
including Malaysia, Singapore, Bangladesh, India, and the
Philippines, with diverse epidemiological patterns and clinical pre-
sentations [1]. The potential for NiV to cause widespread epidemics
underscores its global health significance.

Clinical presentations of NiV infection exhibit significant variability,
encompassing neurological and pulmonary manifestations, often pre-
senting concurrently as acute encephalitis syndrome (AES) and acute
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respiratory distress syndrome (ARDS) [ 1]. These severe presentations are
associated with high mortality rates, exceeding 70% in some cases, ne-
cessitating rapid and effective public health interventions [2]. The
overlapping clinical features with endemic diseases pose significant
challenges to differential diagnosis and subsequent control efforts.
Since 2018, six NiV outbreaks/spill over events have been re-
ported in India, including one each in 2018, 2019, 2021, and 2023,
and two in 2024, all originating from Kerala [3-7]. Notably, with the
exception of the 2018 and 2023 outbreaks, no human-to-human
transmission has been observed. The 2019 [5], 2021 [6], and two
2024 outbreaks were isolated single cases with AES-like presenta-
tions, demonstrating limited human-to-human transmission. Here,
we report two encephalitis-predominant Nipah virus outbreaks in
Malappuram district, Kerala, India during 2024. We also aimed to (1)
compare the clinical and epidemiological characteristics of AES- and
ARDS-predominant NiV outbreaks in Kerala, (2) identify factors in-
fluencing transmission dynamics, and (3) examine public health
interventions and their effectiveness in outbreak containment.

1876-0341/© 2025 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Description of NiV cases

The first outbreak in 2024 in Kerala, India was characterized by
an unusually rapid onset of AES in a 14-year-old male student from
Pandikkad taluka, Malappuram district, Kerala. Presenting with fever
since July 10, 2024 with worsening symptoms till July 19 including
seizures, and altered sensorium, he sought medical attention at
three different healthcare facilities prior to admission to a private
hospital in Kozhikode on July 19. The clinical features of the case
included rapid-onset meningoencephalitis, myoclonus, and auto-
nomic dysfunction. The brain magnetic resonance imaging (MRI)
findings suggestive of cerebellar and pontine infarcts, raised strong
suspicion of NiV infection.

On July 20, 2024, the oropharyngeal swab (OPS), urine, and blood
samples were collected and referred to ICMR-National Institute of
Virology (ICMR-NIV), Pune. The clinical samples were tested using
Real-time RT-PCR as described earlier [8]. The assay detected the
presence of NiV RNA in OPS (5.4 x 10° copies/ml and EDTA blood
(9.5 x 10° copies/ml). The patient succumbed to the infection on July
21 due to severe internal haemorrhage.

To expedite case detection and facilitate rapid containment
measures, the ICMR-NIV, Pune deployed a mobile BSL-3 laboratory
to the epicenter [7,9]. With the efforts from Kerala State Health
Government and team from District Surveillance Unit of Malap-
puram, a total of 210 contacts [2 high-risk symptomatic, 170 high-
risk asymptomatic, 9 low-risk symptomatic, and 29 low-risk
asymptomatic] were identified as per the defined case definition and
contact tracing protocol as described earlier [4,6]. All the contacts
tested negative for NiV RNA.

To investigate potential spill over events, environmental samples,
including partially bitten fruits (jackfruit, kanjiram, papaya, hog
plum, and mango), and bat droppings from suspected exposure sites,
were collected and tested negative for NiV RNA. Furthermore, 52
bats were sampled across four locations in Malappuram district
(Vettikkattiri, Pandikkad, Chembrasseri, and Pandallur). While viral
RNA was not detected in any bat samples, serological analysis re-
vealed anti-Nipah bat IgG antibodies in 6 bats out of 46 bats (13 %)
from Vettikkattiri and Pandikkad (5km from the index case re-
sidence), suggesting ongoing NiV specific IgG antibody circulation
within the bat population.

A second NiV outbreak of 2024 was identified in Thiruvali pan-
chayat, Malappuram district, Kerala, approximately 15 km from the
July 2024 epicenter. On September 5, a 24-year-old male student,
who had returned to Thiruvali from Bangalore, Karnataka, on August
25 following a leg injury, presented with high-grade fever. His
condition rapidly deteriorated, with development of vomiting and
altered sensorium. He was admitted to a private hospital in
Malappuram on September 7 and succumbed to fulminant AES on
September 8.

Given recent NiV activity in the region, retrospective testing of
the patient’s EDTA blood and serum samples at the ICMR-NIV, Pune,
confirmed the presence of NiV RNA in Serum (2.2 x 10°) and EDTA
blood (5.0 x 10°). A total of 183 contacts [30 high-risk symptomatic;
150 high-risk asymptomatic; 2 low-risk symptomatic; and 1 low-
risk asymptomatic] were identified and tested negative for NiV RNA.
Despite extensive investigations, a definitive epidemiological link or
cause of spill over events remains elusive in all Indian NiV outbreaks
from Kerala, including those of 2024. Next generation sequencing of
clinical specimens of both the outbreaks of 2024 shown highest
homology with NiV I-genotype reported earlier during 2018, 2019,
and 2023 nipah outbreaks from Kerala.

Discussion

Indian NiV outbreaks exhibit diverse clinical presentations, with
a spectrum ranging from AES to ARDS and even mixed clinical
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presentation significantly influencing outbreak dynamics. The 2001
Siliguri, West Bengal, India outbreak, the largest recorded with 66
cases and 45 fatalities, demonstrated significant human-to-human
transmission initiated by an index case presenting with ARDS with
AES [10]. The 2007 Nadia, West Bengal, India of NiV outbreak, in-
volving five cases [4 cases within a single family, and a healthcare
worker] resulted in 100 % mortality. All cases, including the index
case, presented with ARDS with subsequent development of AES,
leading to secondary transmission from index case [11].

The 2018 Kozhikode, Kerala, outbreak [23 cases (laboratory
confirmed [n=18] and suspected [n=5]), 21 fatalities] exhibited a
spectrum of clinical presentations, including ARDS, ARDS with AES,
and isolated AES cases [3,4]. The index case, presenting with ful-
minant ARDS, led to the emergence of 20 secondary cases. The 2023
Kozhikode outbreak, with six cases and two fatalities, also originated
from an index case with ARDS presentation [7]. (Table 1). Albeit, the
2019 [5], 2021 [6] and 2024 outbreaks in Kerala, each involving a
single case, were characterized by isolated AES presentations
without respiratory involvement (Table 1).

Nosocomial transmission of NiV poses a significant risk, parti-
cularly among healthcare workers and bystanders exposed to re-
spiratory secretions from patients with ARDS. The outbreaks of 2001,
2007, 2018, and 2023 serve as stark reminders of the heightened
transmissibility associated with ARDS manifestations. The char-
acteristic coughing and other respiratory symptoms in ARDS pa-
tients generate virus-laden aerosols, which, due to their smaller
particle size, can travel greater distances and remain suspended in
the air for extended periods, increasing the risk of inhalation and
subsequent infection [12]. This contrasts sharply with outbreaks
where AES predominates, as seen in 2019, 2021, and 2024. Further-
more, the viral load and shedding patterns in AES cases may differ,
potentially contributing to reduced transmissibility.

Analysis of NiV outbreaks in India reveals that the predominance
of encephalitis as the primary clinical manifestation among index
cases may, paradoxically, lessen the potential for widespread
human-to-human transmission. Furthermore, the neurological
symptoms associated with encephalitis, such as altered mental
status and seizures with signs of myoclonus and autonomous dys-
function led to early identification by physicians considering the
previous experiences with NiV outbreaks in Kerala. This may also
lead to earlier hospitalization and isolation of these patients, inad-
vertently limiting their contact with susceptible individuals during
the peak of their infectiousness. In contrast, individuals with re-
spiratory presentations, particularly those with cough followed by
ARDS, may remain undiagnosed and in the community for a longer
period, potentially shedding higher amounts of virus and con-
tributing to more extensive transmission. The lower transmissibility
observed in AES-predominant cases may be attributed to viral
tropism, immune response variations, and behavioral factors, such
as the reduced need for close-contact patient care compared to ARDS
cases, which often involve aerosol-generating procedures.

While continued vigilance and surveillance for all NiV cases re-
main paramount, a heightened focus on the rapid identification and
isolation of individuals presenting with respiratory distress, espe-
cially in regions with a history of NiV outbreaks, is critical. In re-
sponse to the experiences from these outbreaks, India has intensified
NiV surveillance in West Bengal and Kerala, establishing a network
of ten and seven trained Virus Research and Diagnostic Laboratories
(VRDLs), respectively. Since November 2024, these laboratories have
initiated screening for NiV infection among cases of severe acute
respiratory illness (SARI) negative for other common endemic viral
respiratory pathogens. This targeted approach helps to identify po-
tential NiV cases early, even when they might be masked by similar
illnesses. The focus on SARI cases is particularly important given the
heightened transmissibility of NiV associated with ARDS presenta-
tions. Early detection through this surveillance network would allow
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Table-1 (continued)

Bat

Outcome of Duration of Genomic
Index case

Asymptom-

atic/

Close

NiV Viral

POD of

Number of
secondary

cases

Occupa-
tion of
Index
case

Gender
[Index
case]

Age

Primary

Deaths
[CFR]

Location Total

Month

Year

characterization positivity
of the outbreak

sequences

outbreak
[cases

Contacts

detection of RNA copies/

Index case

[Index
case]

Presentatio-

n of

cases

[Survived/
Died]

Subclinical
infections
observed

screened

ml of

detection]

index case

infected by
index case

Index case

[Accession
number]

Not done as it

Sequences

September
5, 2024

Died

183

® Serum
[2.2%10°]

4 days

0

Student

Male

24 year

AES

1[100%]

September Malapp- 1

2024

was near the
July 2024
epicenter
area

belonged to |
genotype

uram

® EDTA

district,
Kerala

identical to 2018,
2019 and 2023

blood
[5.0%x10°]

CFR, Case Fatality Ratio; AES, Acute Encephalitis Syndrome; ARDS, Acute Respiratory Distress Syndrome; POD, Post Onset Day of illness; OPS, Oropharyngeal Swabs; NPS, Nasopharyngeal swabs.

2 No data or specimens were obtainable for the index case, as the outbreak was identified post-mortem and subsequent to the onset of secondary transmission.

b Ref. [13].
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for rapid isolation of suspected NiV cases, preventing further spread
within healthcare facilities and the community. The availability of
MBSL-3 laboratory represents a new exemplar in India’s frontline
combat against highly infectious pathogen outbreaks and can be
deployed as an essential component of the outbreak control effort.
The Kerala government has launched the 'No Nipah Campaign’ to
educate the public about probable sources of infection and trans-
mission dynamics, as well as to encourage behavioral change in
order to minimize human-animal interaction. Additionally, the im-
provement in the hospital infection control practices is critical to
reduce the onward transmission of NiV as observed in earlier out-
breaks in India. While our findings are based on NiV outbreaks in
Kerala and West Bengal, similar patterns may or may not be ob-
served in other regions of the country due to variations in ecological
factors, healthcare infrastructure, and public health responses.
Further research exploring the specific viral and host factors that
contribute to these different clinical presentations and their re-
spective transmissibility is warranted.

Ethical approval

The study was approved by the Institutional Human Ethics
Committee of ICMR-NIV, Pune, India under the project ‘Virus isola-
tion, characterization and development of diagnostics assay for high-
risk pathogens’ [MCI2305].

Funding

The grant was provided from the Indian Council of Medical
Research-National Institute of Virology [ICMR-NIV], Pune intramural
service project ‘Virus isolation, characterization and development of
diagnostics assay for high-risk pathogens’ [MCI2305].

Declaration of Competing Interest

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

Authors take this opportunity to convey thanks and appreciation
to all individuals from Kerala State Health Department who have
contributed immensely towards the Nipah virus outbreak response
and containment measures in Kerala state, India. The authors are
thankful to Dr. Rajiv Bahl, Secretary Department of Health Research
and the Director General, Indian Council of Medical Research (ICMR),
New Delhi; Dr. Nivedita Gupta, Scientist-G and Chief Communicable
Diseases, ICMR, and Dr. Naveen Kumar, Director, ICMR-NIV, Pune for
their constant support, guidance and motivation. Authors also would
like to thank family members of the Nipah survival and deceased
cases for co-operating with the investigation. The sincere and di-
ligent work put in by all members of the technical staff deputed in
field for laboratory testing at Mobile BSL-3 facility from ICMR-NIV,
Pune and ICMR-NIV, Kerala unit including Mr. Ratnadeep More, Mr.
Rameshwar Khedekar, Mr. Jijo Koshy, and Mr. Hitesh Dighe, for the
smooth laboratory testing during the outbreak responses in July
2024. We also acknowledge the excellent technical support from Dr.
Rajlaxmi Jain, Mrs. Triparna Majumdar, Mrs. Savita Yadav, Ms.
Pranita Gawande for the laboratory diagnosis and data management.
Authors are thankful to the immense support provided by Dr. Sujeet
Belani, Mr. Majunath Holepannawar, Mr. Sanjay Gopale, Mr. Sachin
Dhaigude, Mr. Ganesh Chopade, Mr. Sanjay Thorat, and Mr. Madhav
Acharya for the bat survey for July 2024 outbreak. We extend the
sincere thanks to the support for the laboratory diagnosis and



R.R. Sahay, D.Y. Patil, S. Chenayil et al.

sample logistic support from the technical team from Microbiology
Department and Regional Virus Research and Diagnostic laboratory
at Government Medial College, Manjeri and Government Medical
College, Kozhikode, Kerala state. The authors would like to thank
Kerala state health department and Principal, GMC Manjeri for
providing the logistic supports for the onsite stationing and smooth
functioning of MBSL-3 at GMC campus during July 2024 outbreak.

References

[1] World Health Organization. WHO South-East Asia Regional Strategy for the

2

3

[4

(5

prevention and control of Nipah virus infection 2023-2030. (https://iris.who.
int/bitstream/handle/10665/373438/9789290210849-eng.pdf?sequence=1).
[Accessed on January 27, 2025].

Alla D, Shah DJ, Adityaraj N, Vagdevi M, Alla SS, Sree K, et al. A systematic review
of case reports on mortality, modes of infection, diagnostic tests, and treatments
for Nipah virus infection. Medicine 2024;103(40):e39989.

Arunkumar G, Chandni R, Mourya DT, Singh SK, Sadanandan R, Sudan P, et al.
Outbreak investigation of Nipah virus disease in Kerala, India, 2018. J Infect Dis
2019;219(12):1867-78.

Yadav PD, Shete AM, Kumar GA, Sarkale P, Sahay RR, Radhakrishnan C, et al.
Nipah virus sequences from humans and bats during Nipah outbreak, Kerala,
India, 2018. Emerg Infect Dis 2019;25(5):1003.

Sahay RR, Yadav PD, Gupta N, Shete AM, Radhakrishnan C, Mohan G, et al.
Experiential learnings from the Nipah virus outbreaks in Kerala towards

6

17

[8

[9

[10]

[11]

[12]

[13]

Journal of Infection and Public Health 18 (2025) 102782

containment of infectious public health emergencies in India. Epidemiol Infect
2020;148:€90.

Yadav PD, Sahay RR, Balakrishnan A, Mohandas S, Radhakrishnan C, Gokhale MD,
et al. Nipah virus outbreak in Kerala State, India amidst of COVID-19 pandemic.
Front Public Health 2022;10:818545.

As AK, Sahay RR, Radhakrishnan C, PS, Kandath S, Patil DY, et al. Clinico-epi-
demiological presentations and management of Nipah virus infection during the
outbreak in Kozhikode district, Kerala state, India 2023. ] Med Virol
2024;96(3):e29559.

Guillaume V, Lefeuvre A, Faure C, Marianneau P, Buckland R, Lam SK, et al.
Specific detection of Nipah virus using real-time RT-PCR (TagMan). ] Virol
Methods 2004;120(2):229-37.

Sahay RR, Patil DY, Shete AM, Mohandas S, Gupta N, Mourya DT, et al. Rapidly
deployable mobile BSL-3 laboratory: a response to nipah virus outbreak in
Kozhikode, Kerala, India. medRxiv 2023. https://doi.org/10.1101/2024.06.06.
24308303. 2024.06.06.24308303.

Chadha MS, Comer JA, Lowe L, Rota PA, Rollin PE, Bellini W], et al. Nipah virus-
associated encephalitis outbreak, Siliguri, India. Emerg Infect Dis
2006;12(2):235.

Arankalle VA, Bandyopadhyay BT, Ramdasi AY, Jadi R, Patil DR, Rahman M, et al.
Genomic characterization of nipah virus, West Bengal, India. Emerg Infect Dis
2011;17(5):907.

Wang CC, Prather KA, Sznitman ], Jimenez JL, Lakdawala SS, Tufekci Z, et al.
Airborne transmission of respiratory viruses. Science 2021;373(6558):
eabd9149. 27.

Kumar CPG, Sugunan AP, Yadav P, Kurup KK, Aarathee R, Manickam P, et al.
Infections among contacts of patients with Nipah Virus, India. Emerg Infect Dis
2019;25(5):1007-10. https://doi.org/10.3201/eid2505.181352


https://iris.who.int/bitstream/handle/10665/373438/9789290210849-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/373438/9789290210849-eng.pdf?sequence=1
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref1
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref1
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref1
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref2
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref2
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref2
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref3
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref3
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref3
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref4
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref4
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref4
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref4
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref5
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref5
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref5
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref6
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref6
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref6
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref6
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref7
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref7
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref7
https://doi.org/10.1101/2024.06.06.24308303
https://doi.org/10.1101/2024.06.06.24308303
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref9
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref9
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref9
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref10
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref10
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref10
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref11
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref11
http://refhub.elsevier.com/S1876-0341(25)00131-5/sbref11
https://doi.org/10.3201/eid2505.181352

	Encephalitis-predominant Nipah virus outbreaks in Kerala, India during 2024
	Introduction
	Description of NiV cases
	Discussion
	Ethical approval
	Funding
	Declaration of Competing Interest
	Acknowledgements
	References




