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Nipah virus (NiV) is a zoonotic threat that has caused recurrent outbreaks in Bangladesh since 2001, raising
significant public health concerns. This study provides a descriptive analysis of NiV outbreaks from 2001 to 2024,
examining trends in infection and death rates and their correlation with climatic factors such as temperature,
humidity, and rainfall. The findings highlight significant spikes in NiV cases during specific years, with envi-
ronmental factors, particularly temperature and precipitation, showing solid correlations with outbreak patterns.
The study also explores the impact of population dynamics on transmission risks, including urbanization and
density. By focusing on these factors, this research supports the development of targeted public health in-

terventions in high-risk areas, particularly in Bangladesh's northwestern and central districts, where recurrent
outbreaks have been observed. These insights improve surveillance and preventive strategies for mitigating future

NiV outbreaks.

1. Introduction

Nipah virus (NiV) is a zoonotic pathogen that has emerged as a sig-
nificant public health concern in South and Southeast Asia [1,2]. It was
first identified during a devastating outbreak among pig farmers in the
village of Sungai Nipah, lasting from September 1998 to June 1999
[3-6]. Singapore experienced its effects next in 1999 [7,8]. Since then,
NiV has become a recurring issue, particularly in Bangladesh, which has
reported almost annual outbreaks since 2001 [9,10]. Initially, its effects
were attributed to the Japanese encephalitis virus [11]. However, pre-
liminary studies by the Centers for Disease Control and Prevention (CDC)
in the USA revealed that NiV shares ultrastructural, antigenic, serologic,
and molecular similarities with Hendra virus (HeV), a virus that emerged
in an Australian horse training complex [12].

Epidemiological evidence suggests that the movement of pigs be-
tween farms and regions was a key factor in NiV transmission during the
initial outbreak [13]. Investigations revealed that the virus had been
present in Malaysia since late 1996, but it was not recognized as a new
syndrome due to its similarity to several endemic diseases with low
infection and death counts [14]. NiV primarily affects endothelial and
neuronal tissues, causing serious brain inflammation, which is marked by
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damage to blood vessels and the central nervous system [15-19]. Usu-
ally, the incubation period lasts four to fourteen days [2]. Approximately
20 % of cases during the Malaysia-Singapore pandemic and 70 % of cases
in Bangladesh and India exhibited respiratory complications [20,21].
Other symptoms include fever, tiredness, headache, muscle pain, nausea,
vomiting, dizziness, and confusion [2,21]. Many patients arrive at the
hospital in critical condition, reducing their chances of survival. Early
diagnosis could improve outcomes [22].

The main NiV carriers are Pteropus bats, sometimes referred to as fruit
bats or flying foxes [6,23]. Even though the bats themselves don't exhibit
any symptoms, the virus spreads when humans consume raw date palm
sap polluted with bat urine or saliva [24,25]. Ecological changes, such as
deforestation and habitat fragmentation, are pushing bats closer to
human settlements, altering their feeding patterns and increasing the risk
of human-bat interactions [26-28]. These changes have led to increased
human exposure to contaminated date palm sap, particularly during the
winter months when sap harvesting occurs, heightening the risk of
transmission [29-32]. Surveys suggest that people who climb trees to
harvest sap may be more susceptible to infection [33,34]. Additionally,
human-to-human transmission through respiratory droplets and
contaminated surfaces has complicated containment efforts [35].

E-mail addresses: awnonbhowmik@outlook.com (A. Bhowmik), mahmudul-2016713604@math.du.ac.bd (M. Hasan), redoymehedi.1997@gmail.com

(Md.M.H. Redoy), gsahamath@du.ac.bd, ranamathO06@gmail.com (G. Saha).

https://doi.org/10.1016/j.s0h.2024.100103
Received 2 November 2024; Accepted 23 December 2024

2949-7043/© 2024 The Author(s). Published by Elsevier B.V. on behalf of Shanghai Jiao Tong University. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:awnonbhowmik@outlook.com
mailto:mahmudul-2016713604@math.du.ac.bd
mailto:redoymehedi.1997@gmail.com
mailto:gsahamath@du.ac.bd
mailto:ranamath06@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.soh.2024.100103&domain=pdf
www.sciencedirect.com/science/journal/29497043
www.journals.elsevier.com/science-in-one-health
https://doi.org/10.1016/j.soh.2024.100103
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.soh.2024.100103

A. Bhowmik et al.

The first documented NiV case in Bangladesh occurred in Meherpur
district in 2001, and sporadic cases have since been reported in 32 out of
64 districts. Since 2001, NiV has infected approximately 330 people,
claiming 237 lives [36,37]. In Bangladesh, unlike other countries where
pigs serve as secondary carriers, fruit bats are the primary carriers, while
cows, goats, and pigs have been identified as secondary carriers [38]. The
World Health Organization (WHO) has classified NiV as a priority disease
due to its high case fatality rate (CFR), potential for human-to-human
transmission, and the absence of effective antiviral treatments or vac-
cines [39,40].

Understanding the drivers of NiV transmission is crucial to preventing
future outbreaks [1,13]. Environmental and ecological changes, espe-
cially deforestation and human intrusion into wildlife habitats, require
attention. Mitigating risk must involve not only medical interventions
but also ecological conservation and public health education [2,9].
Collaborative, interdisciplinary approaches will be essential to control-
ling NiV and reducing its impact on human populations. Ongoing
research and global cooperation will play pivotal roles in developing
effective strategies for prevention, control, and treatment [13,20].

The aim of this research is to study the outbreak trends of NiV in
Bangladesh from 2001 to 2024 by analyzing infection and death data,
with the ultimate objective of understanding how the virus's impact on
the population has evolved over time. Since NiV was first documented in
Bangladesh in 2001, the country has experienced nearly annual out-
breaks, with significant fluctuations in infection rates, case fatality ratios,
and regional spread. This study seeks to uncover the key factors that have
influenced the transmission dynamics and severity of NiV outbreaks, as
well as the effectiveness of public health interventions.

2. Methods
2.1. Data description

The data for this study was gathered from various publicly available
sources, including the Institute of Epidemiology, Disease Control, and
Research (IEDCR, https://www.iedcr.org/) [41], the WHO (https://www
.who.int/), and others. The dataset covers the period from 2001 to 2024
and includes key variables such as the number of infected cases, deaths,
and environmental factors like temperature, humidity, and rainfall. These
environmental variables were obtained from the Bangladesh Meteoro-
logical Department (https://live8.bmd.gov.bd/), which tracks long-term
weather patterns across the country. The dataset also includes popula-
tion dynamics such as urbanization and population density, sourced from
the Bangladesh Bureau of Statistics (https://bbs.gov.bd/) and World-
ometer, Bangladesh (https://www.worldometers.info/world-popu
lation/bangladesh-population/).

2.2. Data analysis

Our study's response variables are the discrete count variables of NiV
infection and mortality cases. We aim to explore the role of environ-
mental and demographic factors in these responses. To analyze these
relationships, we employed statistical methods such as correlation
analysis, seasonal decomposition, and explored key metrics like the CFR.
This paper primarily focuses on the statistical analysis of the available
data, with descriptive statistics used to provide insights into the overall
structure of the dataset. However, due to the limited scope of NiV-related
data in Bangladesh, we were unable to conduct more complex analyses
involving environmental, regional, and weather-related factors. We have
used Python v3.13 for data preprocessing, matplotlib and seaborn for plots,
geopandas for plotting the maps, and StatsModels library for performing
seasonal decomposition. Our implementations can be reproduced using
the code and data made available at our GitHub repository https://gith
ub.com/awnonbhowmik/NiV-Data-Analysis.
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3. Findings and overview

This study delves into the geographical and seasonal patterns of NiV
outbreaks in Bangladesh, highlighting the virus's dominance in the
northwestern regions and its strong association with specific environ-
mental and ecological factors. By employing statistical decomposition
techniques, the analysis reveals key seasonal trends and outbreak fluc-
tuations, offering valuable insights into the virus's behavior over time.
The findings underscore the public health challenges posed by NiV, such
as its high CFR and sporadic outbreak patterns, while identifying areas
for targeted interventions to mitigate future risks.

3.1. Geographical and seasonal patterns of NiV infection

Fig. 1 shows a heatmap of the number of infected cases by NiV in
Bangladesh. It is evident that the disease is dominant in the northwestern
region of the country. Despite Rajshahi and Rangpur being a high threat
region for the virus, Faridpur district seems to have attained the
maximum infected population. This is because date trees are common in
the region [42]. Date palm sap is considered a seasonal delicacy, and
safety concerns about contamination are overlooked due to its popu-
larity. Date sap is harvested primarily in the winter [43,44], a time when
bats are actively feeding on the sap, which increases the chance of
contamination during a concentrated time period. This contributes to
seasonal spikes in NiV infections. The next regions in line with the most
infected population are Naogaon, Lalmonirhat, Manikganj, etc.

3.2. Deforestation and its role in NiV surveillance

Deforestation appears to be a significant contributor to the spread of
the NiV, as environmental changes, such as loss of forest cover, can
disrupt ecosystems and drive wildlife closer to human populations,
increasing the risk of zoonotic disease transmission [32,45-48]. How-
ever, it is just one of several potential factors that warrant further
investigation. According to Global Forest Watch (GFR) (https://www.gl
obalforestwatch.org/dashboards/country/BGD/), Bangladesh lost 246,
000 ha of forest cover between 2001 and 2023, representing a 13 %
decrease from 2000 levels [49]. The Chittagong region experienced the
highest loss, with approximately 231,000 ha of forest cover gone. Other
areas with notable deforestation include Sylhet with 8366 ha, Rangpur
with 5657 ha, Rajshahi with 323 ha, Khulna with 203 ha, and Barishal
with around 99 ha. These regions are consequently designated as active
surveillance sites for NiV [50]. Key drivers of deforestation in Bangladesh
include overpopulation, illegal logging, and increased reliance on forest
and fishing resources for livelihoods. It is worth noting that Rajshahi and
Rangpur, two districts mentioned, are located in the northwestern part of
Bangladesh, while Sylhet, the second most deforested region, remains
under active surveillance despite no reported Nipah cases. Given its high
deforestation rates, it's understandable why Sylhet is a focus for
monitoring.

3.3. Trends and severity of NiV outbreaks

The CFR is recorded to be as low as 0 % and as high as 100 % [51].
Fig. 2 shows a trend analysis of the number of infected and deaths caused
by the virus between 2001 and 2024. If measured with infected and
death counts, major outbreaks occurred in 2004, 2011, 2013, and 2014
with number of infected cases being 65, 43, 30 and 38, respectively.
However, when measured with CFR, it is noted to be consistently high,
frequently exceeding 50 %, indicating the severity of the virus. The
extensive variance in the number of infected and death tolls suggest
sporadic outbreak patterns. Despite some years having fewer or no re-
ported cases, the lethal nature of the virus remains significant, under-
scoring the public health challenges thrown at us.
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Distribution of Nipah Virus Cases by District
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in Bangladesh (2001 — 2024)

Source: IEDCR
N
1
(&l\m
Panchagarh W
26 4 /Thakurgaol s,
,. " ®
3
4
L‘\« Dinajpur Rangpur
ﬁ\‘\,\ aibandha K\
T~
b R g e SN2 ——
%ﬁpur Z { /;r/ SN
251 Jamalfur . 3 I
- Sunamganj
¢ N\ Naogaon NG Syhet  _ &
- Bogra ,
Nawabgan] Mymensingh ?
|
Maulvibazar (\J
)
Tangail Kishoreganj Habiganj
i
Y
Gazi NN
Pabna azipur ) o 40
24 4 Narsingdi 1
Kushtia rapamanbary
eherp!
Rajbari
L
huadanga \
enaidah Munstiigan;
Comilla
w darighariatp andpur ‘(
% Kl agrachha 30
/ Jessore
21 !
Barisal Rangamah
“(
Pigbjp ralukat
Khulna
\ S e ™
aosine holalc Gudf’\'\
V) iﬂ M k20
221
r1o
211
0 km 50 km 100 km 150 km 200 km
T T T T T 0
88 89 90 91 92

Fig. 1. Heatmap of the number of infected cases by NiV in Bangladesh (2001-2024). Data source: https://www.iedcr.org/. Abbreviation: IEDCR, Institute of

Epidemiology, Disease Control, and Research.

3.4. NiV risk factors and preventive measures

Table 1 summarizes the current state of NiV in Bangladesh, its risk
factors and the preventive measures against it. Considering results from
survey experiments in 2022, the Nipah season was established as
December to the end of April. Communication with the surveillance
hospital authority, hospital-level surveillance operations, sample testing,
and transportation are all methodically enhanced throughout these
months [52]. However, it is important to note that there is no cure or

vaccine for this disease. So apparently, discretion is advised for the better
part. Preventive measures have been set by the IEDCR [53].

3.5. Descriptive summary of study data

The dataset used in this study is shown in Table 2. It contains
yearly records of NiV infection and death counts. These infection and
death counts reported each year are two key variables. The data also
contains population dynamics to test whether densely populated areas
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Nipah Virus Infections, Deaths, and CFR in Bangladesh (2001-2024)
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Fig. 2. Nipah virus trends in Bangladesh (2001-2024). Abbreviation: CFR, case fatality rate.

Table 1 are susceptible to infection, along with temperature and rainfall sta-
Current state of Nipah virus (NiV) infection in Bangladesh. tistics. This data is essential for understanding the temporal patterns
Ref. Item Description of NiV outbreaks, analyzing long-term patterns, and assessing the
Season Usaally occur between December and April pub.ll.c health 1fnpact of the. virus in the region. By al?plylng decom-
[54] Symptoms Fever, altered mental status, severe weakness, difficulty position teChmques’ we aim to uncover seasonal influences and
breathing, vomiting, and cough broader trends that inform outbreak management and mitigation
[55] Risk factors Males are more likely to be infected, and about 40 % of strategies_
cases are in patients aged 18 or younger Table 3 shows the descriptive summary of the dataset used in the
[56] Treatment There is no cure or vaccine o . . .
[57] Prevention Avoid consuming raw date juice or eating fruits that Study' The minimum and rnax1m}1m temp. eratures in the Study region are
have been partially eaten by bats or birds 19.12 °C and 34.24 °C respectively, with an average temperature of
26.51 °C. In addition to serving as an indicator of the level of crowding in
Table 2
Dataset used for the study.
Year Pop P UPop RPop Tmax Tnin RF Pp Hd Tpp Inrv Dniv
(population/km?) (population/km?) (population/km?) Q) Q) (mm) (mm) (%) Q)
2001 136,578,600 1049 32,505,706 104,072,893 33.24 18.28 139.92 2198.86 73.42 25.94 13 9
2002 138,612,896 1065 33,960,159 104,652,737 33.44 17.68 156.25 2127.61 73.17 25.82 0 0
2003 140,647,193 1080 35,443,092 105,204,100 33.52 18.08 141.08 2159.29 73.67 25.75 12 8
2004 142,681,489 1096 36,954,505 105,726,983 33.55 18.02 195.58 2112.04 72.67 25.88 67 50
2005 144,715,786 1112 38,494,399 106,221,386 33.67 18.73 219.75 2092.13 72.83 26.24 12 11
2006 146,213,025 1123 40,033,126 106,179,898 34.62 18.65 159.92 2205.12 71.42 26.47 0 0
2007 147,710,264 1134 41,595,210 106,115,053 33.90 18.29 240.42 2246.41 73.17 25.71 18 9
2008 149,207,503 1146 43,180,651 106,026,851 33.67 18.34 184.75 2384.65 73.42 25.88 11 7
2009 150,704,742 1157 44,789,449 105,915,292 34.66 18.68 160.92 2155.83 70.25 26.52 4 1
2010 152,201,981 1169 46,421,604 105,780,376 34.24 19.12 126.92 2254.19 70.42 26.58 18 16
2011 153,638,220 1180 48,150,218 105,488,002 33.66 18.68 148.00 2384.01 70.92 25.82 43 37
2012 155,074,460 1191 49,902,961 105,171,498 34.12 18.58 110.75 2179.67 70.25 26.09 17 12
2013 156,510,699 1202 51,679,833 104,830,866 34.17 18.40 129.67 2224.81 70.50 26.09 31 25
2014 157,946,939 1213 53,480,833 104,466,105 34.67 18.40 116.58 1971.07 69.83 26.23 37 16
2015 159,383,179 1224 55,305,963 104,077,215 34.36 18.56 180.50 2127.54 70.75 26.16 15 11
2016 160,766,148 1234 57,168,442 103,597,705 34.61 19.52 113.75 2125.41 72.58 26.73 0 0
2017 162,149,117 1245 59,054,708 103,094,408 34.21 19.14 241.00 2384.28 73.42 26.38 3 2
2018 163,532,086 1256 60,964,761 102,567,324 34.32 19.20 144.33 2168.76 71.58 26.08 4 2
2019 164,915,055 1267 62,898,601 102,016,453 34.71 18.46 153.08 2021.15 72.50 26.36 8 7
2020 166,298,024 1278 64,856,229 101,441,794 34.82 19.48 160.00 2186.48 74.83 26.24 7 5
2021 167,841,460 1289 66,800,901 101,040,559 35.40 19.06 156.08 2284.23 71.92 26.78 2 0
2022 169,384,897 1301 68,770,268 100,614,628 33.09 20.20 114.25 2284.23 73.00 27.00 3 2
2023 171,466,990 1317 70,815,866 100,651,123 38.33 21.11 241.57 2284.23 64.00 30.00 13 10
2024 173,562,364 1333 72,896,192 100,666,171 32.78 26.11 350.00 2284.23 75.00 29.44 5 5

Abbreviations: Pop, population; p, density; UPop, urban population; RPop, rural population; T,x, maximum temperature; Ty, minimum temperature; RF, rainfall; Pp,
precipitation; Hd, humidity; Tpp, dry-bulb temperature; Inyy, infected; Dyyy, death.
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Table 3

Summary of the statistics for different parameters in Bangladesh.
Variable Mean Standard deviation Min Max
Population 197,728,357.21 11,114,267.97 171,200,000 224,422,497
Density (population/km?) 377.90 304.55 231.31 1176.75
Urban population 78,419,350.12 11,114,267.97 61,804,802 98,457,030
Rural population 119,309,007.08 7,101,417.08 103,200,000 125,965,467
Maximum temperature (°C) 34.24 1.07 32.78 38.33
Minimum temperature (°C) 19.12 1.66 17.68 26.11
Rainfall (mm) 170.21 55.53 110.75 350.00
Precipitation (mm) 2201.93 106.51 1971.07 2384.65
Humidity (%) 71.90 2.23 64.00 75.00
Dry-bulb temperature (°C) 26.51 1.05 25.71 30.00
Infected 14.83 15.67 0 65
Death 10.46 11.91 0 48

the research area, the population density of 377.90 persons per square
kilometer can be used to pinpoint regions that are particularly vulnerable
to the development of infectious diseases like the NiV.

3.6. Analysis of seasonality in NiV outbreaks

A time series decomposition was carried out to investigate the pres-
ence of seasonality in the working dataset. Fig. 3 shows seasonal
decomposition of the infected and death cases.

The decomposition splits the data into three components: observed,
infected and death counts. For infected cases, the observed plot shows
significant fluctuations over the years, with peaks and troughs reflecting
periods of higher and lower infection rates. Trend plot highlights a long-
term increase in infections, with a notable upward trajectory from 2001
to 2007, a dip in the mid-2010s followed by another rise towards 2024.
The seasonal decomposition reveals a consistent, predictable pattern,
indicating periodic increases and decreases within specific quarters,
which suggests a seasonal recurrence of outbreaks.

Seasonal Decomposition of Nipah Virus Cases (2001-2024)

Infected: Observed

Death: Observed
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Fig. 3. Seasonal decomposition of Nipah virus cases in Bangladesh (2001-2024). Q1: January, February, March; Q2: April, May, June; Q3: July, August, September;

Q4: October, November, December.
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Trend of Maximum Temperature over Years
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Trend of Minimum Temperature over Years
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Fig. 4. Climatic factor (temperature [°C], humidity [%], and rainfall [mm]) trends over 2001-2024 in Bangladesh.

For deaths, the observed plot similarly shows fluctuations but with
lower magnitude compared to infections. The trend component indicates
a gradual rise in deaths from 2001 to around 2010, followed by a steady
decline through the 2020s, possibly reflecting improved healthcare
management or reduced severity of outbreaks. The seasonal pattern for
deaths aligns with the influence on the virus's spread and impact. The x-
axis labels highlight the period of December to March which is a part of
Q4 to a part of Q1. This has been established as the Nipah season due to
the numerous surveillances.

The significant outbreaks observed in 2004 and 2010, followed by a
decline in severity and frequency, indicate that the virus has experienced
periods of intense activity followed by stabilization. This pattern reflects
the complex interplay of ecological and human factors in driving out-
breaks, as highlighted in previous studies [27,29,58]. The lack of sea-
sonal variation underscores the importance of non-seasonal factors in
triggering outbreaks, such as changes in human behavior, ecological
shifts, or specific environmental events [4,29,45-48].

3.7. Environmental trends and NiV transmission

These four line graphs in Fig. 4 display environmental trends from
2000 to 2024. Both maximum and minimum temperatures show a
gradual rise, with a sharp spike in 2024, indicating a warming trend.
Humidity exhibits fluctuations with a slight overall decline, followed by a
sudden drop in 2024. Rainfall shows variability but experiences a sig-
nificant increase around 2024. These changes suggest potential climatic
shifts that could affect ecosystems, including factors related to NiV
transmission, such as bat behavior and population movements.

3.8. Pairwise relationships between environmental variables

This scatter plot matrix in Fig. 5 provides pairwise comparisons of
various environmental variables and their relationships to each other.
The diagonal contains histograms showing the distribution of individual
variables, while the scatter plots reveal any linear or non-linear



A. Bhowmik et al.

Science in One Health 4 (2025) 100103

- - - Infected
Pairwise Plot of Normalized Explanatory Variables .0
15
4 30
45
-
T ‘ . g i : %
= -—-u | 8 :. 2 " -{ -f '-- - —:‘ 1"'
E ~
. )& s . £ ¥ ;
4 .
= -
£0? I . .
=~ b . . . .
o 2 B\ § 3 ¥ % 5% > g2 ¥
X ) . L ¥ L3 L ] o L
- ‘ i
a
.2
ad
e . o : : o< W2 4
E 0 5 B ) 3. = % L) E) £t 5
= l
&t .. . 1\ . .
£ . . . .
sE t - : Ml . : i
™0 » i ? ! » " = » = ~as e “,
S 0 : ¢ ¢ o 4
Z o & o ¥ ki \ - :; ¥ ; bE
3z . .
g€,
s )
= J
= - - 42 . K3
2
s .o . .o we - -
£E 0 . o £ i o ks 3
_;.5 * o b A \ K i 3 ¢
I . . . . )y Uy
1 ¢ ‘3 & ¢ i 5, {
4 5 3 A\ k) i ", i ]
0 ] !
-1 z 2a
: : -" i ."
e ! kK
2835 0
28 . { " K] / 1
i 2 H H L /%
1 E] a 3 + @ 2 3
TR O . 5 : e
F] 2 : e :
-1 . . % H /] 1
. o %' : % > ,./$
™ ; : s i ] i A
2T 4 { ( i s / i “ s
gx © \ ‘
3% J (] i i i | la
I —
40
£
©
g20 [
o 14 cuie i ! we ' | Py AR I ot J i Tass o f W
-10 0 10 -2500 25 0 10 -5 0 5 -10 0 00 25 -5 0 5 -5 0 5 -5 0 -5 0 5 0 50
Max T Min T Dry-Bulb T Rainfall idi Precipitati i Urban Rural Density Death
Q) () Q) (mm) (%) (mm) Population Population (P/Km?)

Fig. 5. Pairwise scatter plot matrix showing the relationships between climatic and environmental variables, including temperature, humidity, rainfall, and popu-
lation data. Abbreviations: Dry-Bulb T: dry-bulb temperature; Min T: minimum temperature; Max T: maximum temperature.

relationships between pairs of variables. For example, certain variables,
like maximum temperature and minimum temperature, show a linear
relationship, while others, like precipitation, display more scattered
patterns. The curved pattern seen in some variables might suggest non-
linear relationships, highlighting potential complexities between fac-
tors that could influence NiV transmission or other outcomes.

3.9. Correlation analysis of environmental, population, and infection
variables

Fig. 6 presents a correlation matrix of environmental, population, and
infection-related variables to understand their relationships with NiV
infections and deaths. A strong positive correlation (0.97) between in-
fections and deaths indicates that higher infection rates closely align with
mortality. Climate factors like humidity and maximum temperature show
a negative correlation (—0.78), while dry-bulb temperature and
maximum temperature are positively related (0.49). Additionally, pop-
ulation density (0.64) correlates with minimum temperature, suggesting
a potential impact of urbanization on transmission dynamics. Further
analysis highlights the moderate correlation between rainfall and
minimum temperature (0.66), indicating that areas with higher tem-
peratures experience more rainfall, which could influence bat pop-
ulations and the likelihood of human exposure to NiV. Similarly, a
notable correlation exists between population density and temperature,

suggesting urbanization may affect bat habitats and virus transmission.
Although correlation does not imply causation, these findings provide
valuable insights into the role of environmental and demographic factors
in NiV outbreaks.

Population metrics show that the urban population is positively
correlated with the total population (0.87) but negatively correlated with
both infections and deaths (—0.34), suggesting that the steady increase in
urban population may be related to fewer infections. This connection also
coincides with the moderate correlation (0.42) between the rural popu-
lation and total yearly infections. The total rural population has been
decreasing annually from 2001 to 2024. A particular case of interest is
the year 2023, which has the highest number of infections (13) and
deaths (8) since the year 2016. It is also the only year where the total
rural population has increased since the year 2005, a change of 0.036 %
from 2022 to 2023. The connection between the increase in rural pop-
ulation and the annual NiV infection rate may be explained by the cul-
tural tendency of rural Bangladeshi people to consume raw date palm
sap, whereas in urban areas the date palm sap is usually consumed in
more refined forms.

3.10. Necessary steps towards public health to mitigate future outbreak

NiV outbreaks occur regularly in Bangladesh and Southeast Asia,
making early detection and surveillance essential for preventing future
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Correlation Matrix of Explanatory Variables and Infections
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Fig. 6. The Pearson Correlation heatmap for influencing variables. Abbreviations: Max T: maximum temperature; Min T: minimum temperature; Dry-Bulb T: dry-bulb

temperature.

Table 4

Nipah virus outbreaks in Southeast Asia (1998-2024) [54,69,70].
Country Infected cases Death
Malaysia 283 109
Singapore 11 1
Bangladesh 343 245
India 100 72
The Philippines 17 14

outbreaks. Strengthening disease surveillance systems, particularly in
rural areas, is key to identifying outbreaks early. Enhancing diagnostic
capacity and ensuring real-time data sharing between public health
agencies will improve early response. Additionally, continuous surveil-
lance of NiV in endemic countries is crucial for pandemic preparedness
[59,60], but it must incorporate adapted diagnostic tests and be aligned
with the One Health approach to address the complex interconnections
between humans, animals, and the environment [61].

Community education is another vital step. General public must be
informed about zoonotic disease risks and promoting safe practices, like
avoiding raw date palm sap consumption, can reduce transmission.
Engagement programs to raise awareness and encourage early reporting
of symptoms will empower communities to participate in prevention.

Investing in vaccine research and development is vital for long-term
mitigation of outbreaks like NiV. Governments and global health orga-
nizations must collaborate to accelerate vaccine development, as there is
currently no cure or approved vaccine for this disease [22,62]. Estab-
lishing partnerships for rapid vaccine deployment is also crucial to con-
trolling future outbreaks. Ensuring vaccines are available quickly will
significantly enhance global preparedness and response efforts, safe-
guarding populations from future viral threats.

Strengthening healthcare infrastructure is essential for an effective
outbreak response. This involves expanding access to healthcare in high-
risk and vulnerable areas, training healthcare workers specifically for
epidemic preparedness, and ensuring medical facilities are equipped
with isolation units, adequate supplies, and medicine [63,64]. Building
robust healthcare systems in these areas will help manage outbreaks
efficiently and reduce the risk of further spread by enabling faster re-
sponses and better patient care during crises [65].

Environmental and wildlife monitoring is critical in minimizing
zoonotic spillovers and preventing outbreaks like NiV. Reducing defor-
estation and preserving wildlife habitats helps limit human-animal in-
teractions, reducing spillover risks [66]. Monitoring wildlife for early
signs of disease and creating guidelines for human-wildlife interactions
are essential for reducing transmission [67].

International cooperation is vital for sharing data and coordinating
cross-border responses [62]. Strong policies regulating wildlife markets
and food safety are necessary to support rapid outbreak responses. Lastly,
public health campaigns promoting vaccinations, hygiene, and symptom
recognition, using media and technology, are crucial for wider popula-
tion engagement through technology and media [22].

4. Global perspective

The global distribution and impact of NiV reflect its high mortality
rates and limited, yet significant, regional outbreaks primarily in South
and Southeast Asia. As observed in Table 4, Malaysia's initial outbreak in
1998-1999 resulted in 283 cases with 109 deaths, while Bangladesh has
faced almost yearly outbreaks since 2001, totaling 352 cases with a CFR
of approximately 74 %. India has also seen irregular outbreaks, such as
those in Kerala and West Bengal, with 91 infected and 63 deaths to date.
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This geographic clustering of outbreaks underscores NiV's persistent
threat, particularly in regions with close human-wildlife interfaces. Re-
searchers from the University of Toronto and Vanderbilt University have
discussed the likelihood of a NiV outbreak in North America, though
currently assessed as low, given the virus's dependency on specific
ecological conditions and transmission dynamics [68]. Considering NiV's
pandemic potential, global health organizations, including WHO and the
Coalition for Epidemic Preparedness Innovations (CEPI), have prioritized
it for vaccine research, surveillance enhancement, and preventive stra-
tegies. However, ecological drivers like deforestation, which increase
zoonotic spillover risks, call for proactive international collaboration in
monitoring and preparedness to prevent NiV's spread beyond its present
range.

5. Limitations and future research

Although this study provides valuable insights on NiV outbreaks in
Bangladesh from 2001 to 2024, there are some limitations. With only 24
years of data, predicting long-term trends or building reliable forecasting
models is difficult. The random nature of outbreaks and varying infection
rates make it challenging to find consistent patterns. Additionally, the
analysis focuses on describing trends without using advanced predictive
techniques. Future research should expand the dataset and explore more
factors to improve the accuracy of predictions and understanding of
transmission dynamics.

Due to the limited dataset available for this study, we were unable to
conduct a formal correlation analysis regarding deforestation and its
potential impact on NiV outbreaks. While deforestation is indeed an
important factor that can influence bat migration and human-bat in-
teractions, the data required to perform a robust statistical analysis on
this relationship was either incomplete or insufficient in terms of spatial
and temporal resolution. We plan to address this limitation in future
research, ideally with more detailed data on deforestation patterns and
corresponding outbreak occurrences, which would allow for more
rigorous statistical analyses.

6. Conclusion

In this research, we discussed about NiV and its outbreak in
Bangladesh. We talked about deforestation becoming a major reason for
bat migration and the subsequent increase in human-bat interaction,
thereby affecting the number of people infected by the virus. We dis-
cussed how the transmission dynamic of this virus is different than other
Southeastern countries, talked about secondary carriers and performed
detailed analysis of infection and death trends for the past 24 years. We
performed a correlation analysis to gain insights into how climatic factors
affect NiV transmission. The sporadic nature of the virus is eminent when
seen from a CFR perspective. Moreover, failure of early diagnosis brings
infected people to the hospital at critical conditions, reducing their
chances of survival. However, we also mentioned about its symptoms
being like usual endemics, making it hard for diagnosis. While the virus is
seen to be occurring at a specific period in a year (December—April)
known as Nipah season, the seasonal decomposition performed didn't
show any apparent seasonal trends, due to the data being collected
yearly.
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