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Objectives: In 2023, Bangladesh faced the largest dengue outbreak, resulting in 321,179 confirmed cases and 1705
fatalities. This study aims to characterize dengue fatalities and analyze their determinants and spatial influence.
Methods: Using data from the Management Information System of the Ministry of Health and Family Welfare, we
characterized dengue mortality and conducted a linear regression analysis to determine the impact of age groups
and gender on case fatality rate (CFR). We used a geographically weighted Poisson regression model to assess
the spatial influence and impact of population factors.

Results: Women had a higher CFR than men (0.75% vs 0.38%, P <0.05). Among the recorded deaths, 74%
(n = 1262) developed dengue shock syndrome, 17% (n = 290) expanded dengue syndrome, and 7% (n = 119)
dengue hemorrhagic fever. The 10-year age groups significantly impacted CFR (estimate: 0.03, P <0.01), suggest-
ing that each additional decade increased CFR by 30%, whereas gender was insignificant. Higher deaths were
observed in the southern regions, whereas spatial clusters were primarily concentrated around Dhaka City, the
epicenter of the outbreak. Substantial effects from neighboring districts were also identified.

Conclusions: Bangladesh’s 2023 dengue outbreak resulted in significant mortality, particularly, among older age

groups. Fatalities were clustered in Dhaka City and its neighboring districts, especially in the south.

Introduction

The global dengue outbreak has intensified in recent years, posing
a serious public health challenge, particularly, in tropical and subtrop-
ical regions [1,2]. Worldwide, 390 million dengue infections are pre-
dicted, with Southeast Asia and South America being mostly affected
[3,4]. The incidence has surged due to factors such as urbanization,
climate change, and increased international travel, which facilitate the
spread of Aedes mosquitoes, the primary vectors of the dengue virus
(DENV) [1,3]. The complex epidemiology of DENV, with four distinct
serotypes, increases the risk of severe cases of secondary infections and
complicates control efforts [2,5].

Bangladesh is experiencing one of its worst dengue outbreaks in his-
tory, with a significant surge in cases and deaths overwhelming the
health care system. The outbreak, concentrated in urban areas such
as Dhaka, has been exacerbated by the monsoon season, which cre-
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ates ideal breeding conditions for Aedes mosquitoes [6,7]. Hospitals
are struggling to cope with the large influx of patients, many of whom
are suffering from severe dengue symptoms, including high fever, se-
vere pain, and potentially life-threatening complications such as hem-
orrhagic fever and dengue shock syndrome (DSS). Public health author-
ities are intensifying efforts to control mosquito populations through
community engagement, vector control measures, and public aware-
ness campaigns. In 2023, over 20 hospitals throughout the country have
opened separate dengue cells to manage dengue patients and reduce
case fatality [6]. Despite these efforts, Bangladesh experienced 1705
dengue deaths in 2023, which was significantly higher than the pre-
vious 23 years (849 deaths between 2000 and 2022) [6,8].

The large number of dengue-related deaths in Bangladesh in 2023
has led dengue to emerge as a severe public health crisis, where several
factors are suspected to have contributed to the high mortality rate.
Dhaka is suspected to be one of the largest dengue mortality hotspots.
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Other metropolitan cities—Chittagong, Rajshahi, Khulna, Barisal, Syl-
het, Rangpur, and Mymensingh—are also highly populated and may
have higher concentration of dengue morality. The southern division
of Bangladesh had a higher incidence of dengue than the northern divi-
sions (2.30 vs 0.50 per thousand population) [8].

The geographical influence or spatial dependence may have a sig-
nificant impact on dengue mortality due to the infectious nature of the
disease in addition to population-related factors, for instance, popula-
tion size, population density, urban-rural ratio, and distance from the
epicenter of the outbreak [9,10]. Several attempts were made earlier to
investigate the geographical influence or spatial dependence and other
factors including climate variables and ecological factors on dengue
morbidity and transmission [2,11-17]. However, no studies used actual
geo-location of the death cases. We used extracted geo-coordinates of
all deaths cases from the address listed in the hospitals. In this study,
we aimed to characterize the dengue-related deaths including, age and
gender, and investigate the spatial relationship between dengue deaths
and population factors including population size, density, and rural and
urban population ratio.

Materials and methods
Data source

We collected dengue death records from January 1 to December 31,
2023 from the management information system (MIS) of the Ministry of
Health and Family Welfare, Bangladesh [18]. The MIS data set recorded
the age, gender, date of hospitalization, and cause of death for patients
with dengue, as determined by the attending physicians at each hospital,
following the National Guidelines for Clinical Management of Dengue
Syndrome [19]. We also collected the addresses of the death cases from
the MIS, which were anonymized by providing approximate locations
used in this study. Therefore, our dengue death data set, which contains
arecord of 1705 individuals, provides a unique opportunity to study the
concentration, patterns, and geographical variations of dengue deaths in
Bangladesh. The MIS data set also recorded the cause of death for pa-
tients with dengue, as determined by the attending physician at each
hospital, following the National Guidelines for Clinical Management of
Dengue Syndrome [19]. Causes of death were classified into four cate-
gories: (i) DSS, (ii) expanded dengue syndrome (EDS), (iii) dengue hem-
orrhagic fever (DHF), and (iv) dengue fever with co-morbidity. We also
gathered district-wise population and geographical data from the Statis-
tical Yearbook Bangladesh 2023 published by the Bangladesh Bureau of
Statistics, including population size, the ratio of rural and urban popu-
lation (which is a proxy variable for urbanization), and distance of each
district from the capital city, Dhaka. In addition, we calculated popula-
tion density by dividing the population size by the area of each district.

Variables

The response variable for this study is the death of a person due to
dengue. We used the definition used by the Ministry of Health and Fam-
ily Welfare, Bangladesh for dengue cases and deaths. For the exploratory
study, we used the individual deaths by location and investigated their
clustering patterns. Because one of our main objectives was to inves-
tigate the impact of geographical variations and population factors on
the dengue deaths, we took districts as the spatial unit for our analysis.
There are 64 districts in Bangladesh, and we gathered district-level data
on population size, density, urban-rural ratio, and distance from the epi-
center of the outbreak, which is the capital city Dhaka. Therefore, the
number of deaths in each district is considered as the response variable
for the spatial regression analysis and population size, density, urban-
rural ratio, and distance from the epicenter of the outbreak as the ex-
planatory variables for the analysis. These variables were selected based
on their established associations with dengue transmission dynamics.
Population size and population density are expected to influence dengue
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mortality because larger and denser populations present greater oppor-
tunities for mosquito-human contact and a higher absolute number of
individuals at risk of illness. Urbanization could also play a critical role
because urban areas typically provide favorable conditions for mosquito
breeding, including the presence of standing water in construction sites,
blocked drainage systems, and water storage containers. Therefore, dis-
tricts with higher urban-rural ratios may be associated with elevated
transmission rates. In addition, the geographic location of the epicen-
ter (Dhaka) may further influence spatial patterns of mortality. Districts
in closer proximity to Dhaka may experience more rapid disease spread
due to increased human mobility (e.g. commuting, trade) and disparities
in health care resource allocation.

Statistical analysis

To understand the nature of age, sex, daily distribution, and causes
of dengue deaths, we performed an exploratory analysis. A linear regres-
sion model was applied to reveal the linear trend of dengue case fatality
rate (CFR) with age and sex. We applied spatial analysis techniques in-
cluding the kernel density estimation and the spatial inhomogeneous
Poisson process. The kernel density estimation is a nonparametric tech-
nique for density estimation with a known density function (referred
to as the kernel) averaged across the observed data points to create a
smooth approximation [20]. The spatial inhomogeneous Poisson process
is the simplest non-stationary spatial point process where events occur
with a spatially varying intensity function A(u, s), (u, s) € W, unlike the
constant intensity of a homogeneous Poisson process [20].

A geographically weighted Poisson regression model was fitted to
identify the impact of the potential factors while taking into account
the impact of the neighboring units [21]. The model can be written in
the following form:

P
In(y;) = Bo(u;, v;) + Zﬂk(“is V)X + €
k=1

where y; is the number of dengue deaths in the ith district in a year,
B, is the intercept, g, is the coefficient of the kth explanatory variable,
x; is the value of kth variable for the ith district, (;, v;) is the location
(longitude, latitude) of the ith district, and €; is the error term. We used
an adaptive bandwidth and the exponential kernel function to calculate
the weights of the neighboring districts during model calibration. All
analyses were performed in R platform with packages “base,” “spatstat,”
and “GWmodel.” We used “gpplot2” package for the plots.

Results
Descriptive measures

In 2023, Bangladesh experienced its deadliest dengue outbreak. Of
the 321,179 confirmed dengue cases, 1705 died, with a CFR of 0.53%.
Of the 128,569 female cases, 970 died (CFR: 0.75%), whereas 735 of
the 192,610 male cases died (CFR: 0.38%), demonstrating a significant
difference in the CFR by sex (P <0.05). The median age of all fatal cases
was 40 years (interquartile range, IQR = 30), whereas the median age
was 45 years (IQR = 35) for men and 40 years (IQR = 28) for women.
Women and older adults were disproportionately affected, with women
accounting for a higher percentage of deaths than men (57% vs 43%)
(Figure 1). In addition, the CFR was notably higher in individuals aged
above 60 years (Figure 1). Among the recorded deaths, 74% (n = 1262)
developed DSS, 17% (n = 290) EDS, and 7% (n = 119) DHF (Figure 1).

Case fatality analysis

The linear regression analysis of CFR revealed an approximately lin-
ear increase with age for men and women. Our findings indicate that
age, measured in 10-year increments, significantly impacts CFR (esti-
mate: 0.03, P <0.01), suggesting that each additional decade increases
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Figure 1. Distribution of daily deaths, age, and sex and causes of dengue related deaths in Bangladesh in 2023.
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the fatality rate by 30% (Figure 2). Although sex was found to be signif-
icant in the univariate analysis, with women exhibiting a higher CFR,
this association was not statistically significant (estimate: 0.09, P=0.71)
when adjusted for age. Thus, our study highlights age as a key deter-
minant of CFR, whereas gender does not appear to have a statistically
significant effect, despite women accounting for 57% of recorded fatal-
ities.

Clustering analysis

We first plotted the dengue-related death cases in Figure 3 (left),
showing a widespread distribution of cases all over Bangladesh. How-
ever, Dhaka City showed a great concentration of death cases and a
slightly higher concentration in a few districts in the southern part of
Bangladesh. The Dhaka division, particularly, Dhaka City, was the most
affected area, accounting for the majority of the dengue deaths, as seen
in Figure 3 (left). We also plotted the population density by districts,
as shown in Figure 3 (middle) to compare the mortality levels in each
district. The combined plot (Figure 3) indicated a correlation between
the population density and dengue mortality.

The clustering analysis showed that Dhaka City was the hotspot of
dengue mortality (Figure 3 [left]). However, a few other concentrations

Figure 2. CFR increases with age: linear regression analysis.
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of mortality were found in the southern districts of Bangladesh as high-
lighted in Figure 3 (middle), including Narayanganj, Munshiganj, Farid-
pur, Shariatpur, and Chandpur districts. We also generated the the den-
sity, intensity, kernel-smoothed intensity and predicted intensity plot of
dengue mortality (Figure 4), which identified Dhaka and its surrounding
and several southern districts as hotspots of dengue mortality. A similar
result was observed when we fitted a spatial inhomogeneous Poisson
process. Higher intensities of dengue mortality were found in Dhaka
City and nearby districts, including the districts from the southern part
of Bangladesh.

Geographically weighted Poisson regression model

We fitted and evaluated a geographically weighted Poisson regres-
sion model with adaptive bandwidth and exponential kernel function.
The bandwidth measures the distance decay in the weighting function
and indicates the extent to which the resulting local calibration results
are smoothed. Spatial kernels with a small bandwidth have a steeper
distance decay weighting function and produce rougher surfaces than
spatial kernels with a large bandwidth [21]. We applied an adaptive
bandwidth that automatically selects the optimal bandwidth and the
exponential kernel function for the weights of the neighboring districts
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Figure 3. Spatial plot of dengue deaths with population density in Bangladesh for 2023.
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Figure 4. Top left: Kernel density plot of dengue deaths. Top-right: Intensity
estimates of dengue deaths using quadrat counts. Bottom left: Kernel-smoothed
intensity of dengue deaths. Bottom right: Prediction of dengue death intensity
from a fitted point process model.

during the model calibration. The corrected Akaike information crite-
ria was 1243.046 and the Pseudo R? value was found to be 0.8480027,
both of which showed a reasonably good fit of the model (Table 1). The
observed and predicted number of deaths in 2023 by districts showed
a reasonably accurate fit. Therefore, the model can be used to predict
the number of dengue deaths in each district given the values of the
covariates: population size of districts, population density, urban-rural
population ratio, and distance from Dhaka.

Discussion

In 2023, Bangladesh faced significant challenges with dengue fever
outbreaks, revealing distinct patterns across age and gender. We have
characterized the fatalities caused by DENV in 2023. Our data showed

that an increase of age group by 10 years increased the CFR by 30%,
whereas gender did not show any statistical significance. Dengue-related
deaths were mostly due to DSS (74%), EDS (17%), and DHF (7%). These
insights underscore the importance of tailored public health strategies
to address dengue outbreaks effectively across diverse age and gender
demographics in Bangladesh.

Increased age has been a significant determinant of dengue-related
fatalities in Bangladesh. Lifetime cumulative exposure to DENV raises
the likelihood of elderly individuals being exposed to multiple serotypes,
which ultimately increases the risk of developing severe dengue [9,22].
All four serotypes of dengue have been detected in Bangladesh over
time, leading to significant outbreaks shortly after the virus was intro-
duced [1,12]. Our earlier analysis showed higher fatality rates among
the elderly and women [6]. However, in this study, our analysis re-
vealed that each additional 10-year age group increases the CFR by
30%, whereas gender no longer showed a significant effect. These find-
ings are particularly crucial in a context where multiple serotypes are
circulating, heightening the risk of exposure to several serotypes and de-
veloping a risk of severe dengue. These findings could have significant
implications for other dengue-endemic countries in identifying high-risk
individuals for managing severe dengue.

The outbreak was widespread, affecting all 64 districts of the coun-
try. The most impacted areas were primarily in the Dhaka division, par-
ticularly, Dhaka City, which accounted for 52.8% of the cases and 78.9%
of the deaths. Other significantly affected divisions included Chittagong
(13.2% of cases, 9.2% of deaths), Dhaka division excluding Dhaka City
(11.6% of cases, 2.8% of deaths), and Barisal (10.5% of cases, 4.3% of
deaths). The Sylhet division reported the lowest number of cases and
deaths [8]. The spatial pattern of dengue deaths in Bangladesh during
the 2023 outbreak identified in this analysis highlights significant re-
gional disparities, with the most severe impact concentrated in specific
areas.

The majority (74%) of the deaths in this outbreak resulted from DSS,
followed by EDS (17%), with 7% due to DHF. Despite advancements in
medical knowledge, the exact pathophysiology of DSS, DHF, and EDS re-
mains unclear. This underscores the need to enhance understanding on
how the virus interacts with its host and the factors that promote serious
consequences. Given the variety of clinical and often atypical manifesta-
tions of DSS, EDS, and DHF and the lack of specific biomarkers, health
care-seeking is frequently delayed and timely diagnosis and manage-
ment is often challenging and largely dependent on clinical judgment.
Although evidence-based guidelines are being developed for these crit-
ical care scenarios, such research are seldom conducted in the low- and
middle-income country settings where the illness burden is high and re-
sources typically scarce [23,24]. Raising awareness of clinicals to the
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Table 1
Results of the fitted GWPR model.
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Summary of GWPR coefficient estimates

Variables Minimum 15t Quartile Median 31 Quartile Maximum
Intercept —1.2457e+01 —1.0568e+01 —9.5032e+00 —8.1076e+00 —6.6098
log(PopSize) 5.3588e-01 6.6801e—-01 7.8156e—-01 8.9401e-01 1.0156
PD —1.6140e—04 —1.0556e—04 —5.4483e-05 2.1390e-05 0.0002
URR 8.5173e-03 1.1079e-02 1.1961e-02 1.2542e-02 0.0135
Distance —2.1181e-03 —4.5390e—04 1.5349e-04 2.2275e—03 0.0055

GWPR, geographically weighted Poisson regression.
Pseudo R? value: 0.8480027.

atypical features of severe dengue infections during epidemics and their
evidence-based management can help to establish early diagnosis and
prompt treatment for dengue with unusual manifestations and reduce
mortality.

Several factors likely contributed to the higher number of recorded
deaths in the capital city and some other districts including Narayan-
ganj, Munshiganj, Faridpur, Shariatpur, and Chandpur. First, Dhaka
continues to have the best treatment facilities in the country, partic-
ularly, for intensive care units, and a higher number of tertiary care
hospitals. As a result, patients with severe dengue and/or comorbidi-
ties from across the country were likely referred to Dhaka for better
management [6,8,25]. Second, historically, Dhaka has been the epi-
center of dengue disease and thus people living in the capital city
were probably already exposed to one of the serotypes circulated in
the country before. Serological studies showed that more than 80% of
the people in Dhaka had antibodies against dengue [26]. The DENV
serotype 2 (DENV-2) and the serotype 3 (DENV-3) were the predom-
inant strains during the 2023 outbreak. These serotypes are known
to cause more severe clinical outcomes, especially when individuals
are reinfected with a different serotype than the one they were previ-
ously exposed to—a phenomenon called antibody-dependent enhance-
ment. In previous years, DENV serotype 1 (DENV-1) had been more
common in Bangladesh, meaning that many people were now be-
ing exposed to DENV-2 or DENV-3 for the first time after an earlier
infection, leading to more severe symptoms, such as DHF and DSS
[8,25]. The shift in serotype prevalence combined with a population
lacking immunity to these more virulent strains contributed signifi-
cantly to the higher CFR [8,25,27]. However, several other districts
also had a high concentration of dengue deaths. As a result, we pro-
pose to investigate the cause of dengue-related deaths more elaborately
[28].

The impact of investigated factors, including population size, pop-
ulation density, urban-rural ratio, and distance from Dhaka, on 2023
dengue mortality in Bangladesh is multifaceted and interconnected.
First, larger population sizes generally correlate with increased dengue
cases due to higher human-vector interaction and a greater likelihood
of virus transmission [22,28]. In some parts of Dhaka City, there are
shortages of water supplies during different periods of the day. Accu-
mulated water in artificial containers, stagnant water at construction
sites, clogged gutters, uncovered rain barrels, etc. are prime breed-
ing grounds for Aedes mosquitoes [25,29]. On the other hand, ru-
ral areas with lower population densities may still be at risk, albeit
to a lesser extent, depending on environmental factors and access to
healthcare [30].

The urban-rural ratio influences dengue mortality by determining
the distribution of healthcare resources and infrastructure [30]. Al-
though population size and density amplify the spread of dengue, the
urban-rural divide and proximity to Dhaka significantly influence mor-
tality rates through differential access to health care and varying lev-
els of preparedness to manage dengue outbreaks effectively. Addressing
these factors collectively through targeted public health strategies and

infrastructure development is crucial for mitigating dengue mortality in
Bangladesh.

Effective management of dengue fever, including reducing mortality
rates, requires a multifaceted approach addressing several key factors in-
cluding herd immunity, previous infection, co-circulation of serotypes,
vector and environmental surveillance, and high-resolution data. In the
context of dengue, achieving herd immunity through vaccination is
complex due to the presence of four serotypes [31]. Inmunity to one
serotype does not confer protection against the others. Vaccination pro-
grams targeting all four serotypes (tetravalent vaccines) are crucial to
developing herd immunity without increasing the risk of severe disease.
However, the effectiveness and long-term impact of such vaccines are
still under evaluation, requiring continuous monitoring and adaptation
[32]. Previous infection with one dengue serotype influences the im-
mune response to subsequent infections. Although initial infection often
results in mild to moderate illness and confers lifelong immunity to that
specific serotype, secondary infections can be more severe. Understand-
ing the dynamics of previous infections and the immune response is crit-
ical for predicting disease patterns and tailoring public health interven-
tions [29]. The simultaneous circulation of multiple dengue serotypes
complicates control efforts and increases the risk of severe disease. Mon-
itoring the prevalence and distribution of different serotypes is essen-
tial for identifying at-risk populations and tailoring vaccination strate-
gies [33]. Current gaps in vector surveillance, particularly, in resource-
limited settings, hinder timely and effective intervention measures. En-
hanced surveillance techniques, including geographic information sys-
tems, remote sensing, and community-based monitoring, can improve
the detection of mosquito breeding sites and guide targeted vector con-
trol efforts [34]. In addition, integrating climate and weather data can
help predict outbreaks and implement preemptive measures [25]. Ac-
curate and high-resolution data on dengue cases, vector populations,
and environmental conditions are vital for effective disease management
[35]. Current surveillance systems often suffer from delays, underreport-
ing, and insufficient granularity. Ideally, a more granular analysis could
be conducted by incorporating data on the distance between each pa-
tient’s point of infection and the hospital where care was received, along
with detailed information on patient movement within health care fa-
cilities and the sequence of clinical episodes experienced prior to death.
Therefore, improved data collection methods, real-time reporting, and
integration of various data sources can enhance situational awareness
and response strategies. Machine learning and artificial intelligence can
analyze complex data sets to identify patterns and predict outbreaks,
enabling proactive interventions.

Conclusion

Age, measured in 10-year increments, significantly impacts the
dengue-related fatalities suggesting that each additional decade in-
creases the fatality rate by 30%. The majority of deaths were due to DSS
and EDS. These findings are particularly crucial in a context where mul-
tiple serotypes are circulating and could have significant implications
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for other dengue-endemic countries in identifying high-risk individuals
for managing severe dengue. In Bangladesh, dengue mortality is heav-
ily concentrated in certain regions, particularly, in and around Dhaka,
the capital city of Bangladesh. This is indicative of a spatial clustering
effect where areas closer to Dhaka experienced higher mortality rates.
The capital city’s health care infrastructure, although better than ru-
ral areas, might be overwhelmed during peak outbreaks, contributing
to higher mortality rates. There is a significant spatial relationship in
dengue mortality rates, meaning that districts closer to each other tend
to have similar mortality rates. This suggests that dengue transmission
and resultant mortality are influenced by regional factors and local inter-
actions. Vaccination, improvement of diagnostics, clinical management
of patients with dengue with continued monitoring, and spatial analy-
sis of dengue cases can help in making informed decisions and timely
interventions to reduce dengue mortality. Policies should be dynamic,
adapting to the changing patterns of dengue transmission and mor-
tality, especially considering urbanization trends and climate change
impacts.

Declarations of competing interest

The authors have no competing interests to declare.

Funding

The UK Public Health Rapid Support Team is funded by UK Aid from
the Department of Health and Social Care and jointly run by the UK
Health Security Agency and the London School of Hygiene and Tropical
Medicine. The views expressed in this publication are those of the au-
thor(s) and not necessarily those of the Department of Health and Social
Care.

Ethical approval
Not required.
Acknowledgments

We acknowledge the Management Information System (MIS),
Ministry of Health and Family Welfare of Bangladesh, for sharing
anonymised data on dengue death cases with us. We further acknowl-
edge the Ministry of Health and Family Welfare of Bangladesh for pub-
licly sharing the dengue cases and deaths data. There was no funding
for this study.

Author contributions

Conceptualization: NH, MA, Data curation: EAK, MNH, Data Re-
sources: SAAA Data Analysis: MA, Writing original draft: MA, Super-
vision: NH, FH, Writing, review, and editing: EAK, MNH, MR, SAAA,
FH, NH

Data availability statement

The data that support the findings of this study were collected
from the MIS, the Directorate General of Health Services, the Ministry
of Health and Family Welfare, Bangladesh. Restrictions apply to the
availability of these data. Partial data are available at the Daily Dengue
Press Release (https://old.dghs.gov.bd/index.php/bd/home/5200-
daily-dengue-status-report).

References

[1] Araf Y, Akter M, Zhai J, Zheng C, Hossain MG. Emerging health implications
of climate change: dengue outbreaks and beyond in Bangladesh. Lancet Microbe
2024;5:€213. doi:10.1016/52666-5247(23)00366-X.

[2] Sarker I, Karim MR, Sefat E-B, Hasan M. Dengue fever mapping in Bangladesh: a
spatial modeling approach. Health Sci Rep 2024;7:€2154. doi:10.1002/hsr2.2154.

[3

—

[4

=

[5

[}

[6

)

[7]

[8

[}

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(301

LJID Regions 15 (2025) 100654

World Health Organization. Disease Outbreak News: dengue - Global situation,
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON518;
2024 [accessed 17 February 2025].

Queiroz ERDS, Medronho RA. Spatial analysis of the incidence of Dengue, Zika and
chikungunya and socioeconomic determinants in the city of Rio de Janeiro, Brazil.
Epidemiol Infect 2021;149:e188. doi:10.1017/50950268821001801.

Jing QL, Yang ZC, Luo L, Xiao XC, Di B, He P, et al. Emergence of dengue virus
4 genotype II in Guangzhou, China, 2010: survey and molecular epidemiology of
one community outbreak. BMC Infect Dis 2012;12:87. doi:10.1186/1471-2334-
12-87.

Haider N, Asaduzzaman M, Hasan MN, Rahman M, Sharif AR, Ashrafi SAA, et al.
Bangladesh’s 2023 Dengue outbreak - age/gender-related disparity in morbidity
and mortality and geographic variability of epidemic burdens. Int J Infect Dis
2023;136:1-4. doi:10.1016/4.ijid.2023.08.026.

Hasan MM, Sahito AM, Muzzamil M, Mohanan P, Islam Z, Billah MM, et al. Dev-
astating dengue outbreak amidst COVID-19 pandemic in Bangladesh: an alarming
situation. Trop Med Health 2022;50:11. doi:10.1186/541182-022-00401-y.

Hasan MN, Rahman M, Uddin M, Ashrafi SAA, Rahman KM, Paul KK, et al. The 2023
fatal dengue outbreak in Bangladesh highlights a paradigm shift of geographical dis-
tribution of cases. Epidemiol Infect 2025;153:e3. doi:10.1017/50950268824001791.
Andrioli DC, Busato MA, Lutinski JA. Spatial and temporal distribution of
dengue in Brazil, 1990-2017. PLoS One 2020;15:e0228346. doi:10.1371/jour-
nal.pone.0228346.

Diaz-Quijano FA, Waldman EA. Factors associated with dengue mortality in Latin
America and the Caribbean, 1995-2009: an ecological study. Am J Trop Med Hyg
2012;86:328-34. doi:10.4269/ajtmh.2012.11-0074.

Ali M, Wagatsuma Y, Emch M, Breiman RF. Use of a geographic information
system for defining spatial risk for dengue transmission in Bangladesh: role for
Aedes albopictus in an urban outbreak. Am J Trop Med Hyg 2003;69:634-40.
doi:10.4269/ajtmh.2003.69.634.

Banu S, Hu W, Hurst C, Guo Y, Islam MZ, Tong S. Space-time clus-
ters of dengue fever in Bangladesh. Trop Med Int Health 2012;17:1086-91.
doi:10.1111/j.1365-3156.2012.03038.x.

Riad MH, Cohnstaedt LW, Scoglio CM. Risk assessment of dengue transmission in
Bangladesh using a spatiotemporal network model and climate data. Am J Trop Med
Hyg 2021;104:1444-55. doi:10.4269/ajtmh.20-0444.

Salje H, Paul KK, Paul R, Rodriguez-Barraquer I, Rahman Z, Alam MS, et al.
Nationally-representative serostudy of dengue in Bangladesh allows generalizable
disease burden estimates. eLife 2019;8:€42869. doi:10.7554/eLife.42869.

Sharif M, Khan MAS, Hasan MJ, Naher T, Rudra S, Fardous J, et al. Spatial asso-
ciation of Aedes aegypti with dengue fever hotspots in an endemic region. Heliyon
2022;8:€11640. doi:10.1016/j.heliyon.2022.e11640.

Sharmin S, Glass K, Viennet E, Harley D. Geostatistical mapping of the sea-
sonal spread of under-reported dengue cases in Bangladesh. PLoS Negl Trop Dis
2018;12:e0006947. doi:10.1371/journal.pntd.0006947.

Haque CE, Dhar-Chowdhury P, Hossain S, Walker D. Spatial evaluation of dengue
transmission and vector abundance in the City of Dhaka, Bangladesh. Geographies
2023;3:268-85. doi:10.3390/geographies3020014.

DGHS. Daily dengue press release, https://old.dghs.gov.bd/index.php/bd/home/
5200-daily-dengue-status-report; 2024 [accessed 17 February 2025].

DGHS National guideline for clinical management of dengue syndrome. 4th ed. Dhaka:
Dhaka Disease Control Unit; 2018.

Kent JT, Mardia KV. Spatial analysis vol. 72. Oxford: John Wiley & Sons Limited,;
2022.

Nakaya T, Fotheringham AS, Brunsdon C, Charlton M. Geographically weighted
Poisson regression for disease association mapping. Stat Med 2005;24:2695-717.
doi:10.1002/5im.2129.

Amelinda YS, Wulandari RA, Asyary A. The effects of climate factors, popula-
tion density, and vector density on the incidence of dengue hemorrhagic fever in
South Jakarta Administrative City 2016-2020: an ecological study. Acta Biomed
2022;93:€2022323. doi:10.23750/abm.v93i6.13503.

Singh RK, Tiwari A, Satone PD, Priya T, Meshram RJ. Updates in the manage-
ment of dengue shock syndrome: a comprehensive review. Cureus 2023;15:e46713.
doi:10.7759/cureus.46713.

Umakanth M, Suganthan N. Unusual manifestations of dengue fever: a review
on expanded dengue syndrome. Cureus 2020;12:e10678. doi:10.7759/cureus.
10678.

Hasan MN, Khalil I, Chowdhury MAB, Rahman M, Asaduzzaman M, Billah M, et al.
Two decades of endemic dengue in Bangladesh (2000-2022): trends, seasonality,
and impact of temperature and rainfall patterns on transmission dynamics. J Med
Entomol 2024;61:345-53. doi:10.1093/jme/tjae001.

Dhar-Chowdhury P, Paul KK, Haque CE, Hossain S, Lindsay LR, Dibernardo A, et al.
Dengue seroprevalence, seroconversion and risk factors in Dhaka, Bangladesh. PLoS
Negl Trop Dis 2017;11:e0005475. doi:10.1371/journal.pntd.0005475.

Nasif MAO, Rahman S, Jony MHK, Habib MT, Khanam M, Sultana S, et al.
Near coding-complete genome sequence of 12 dengue serotype 2 viruses from
the 2023 outbreak in Bangladesh. Microbiol Resour Announc 2024;13:e0016224.
doi:10.1128/mra.00162-24.

Romeo-Aznar V, Picinini Freitas L, Gongalves Cruz O, King AA, Pascual M. Fine-scale
heterogeneity in population density predicts wave dynamics in dengue epidemics.
Nat Commun 2022;13:996. doi:10.1038/541467-022-28231-w.

Guzman MG, Gubler DJ, Izquierdo A, Martinez E, Halstead SB. Dengue infection.
Nat Rev Dis Primers 2016;2:16055. doi:10.1038/nrdp.2016.55.

Man O, Kraay A, Thomas R, Trostle J, Lee GO, Robbins C, et al. Characteriz-
ing dengue transmission in rural areas: a systematic review. PLoS Negl Trop Dis
2023;17:e0011333. doi:10.1371/journal.pntd.0011333.


https://old.dghs.gov.bd/index.php/bd/home/5200-daily-dengue-status-report
https://doi.org/10.1016/S2666-5247(23)00366-X
https://doi.org/10.1002/hsr2.2154
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON518
https://doi.org/10.1017/S0950268821001801
https://doi.org/10.1186/1471-2334-\penalty -\@M 12-87
https://doi.org/10.1016/j.ijid.2023.08.026
https://doi.org/10.1186/s41182-022-00401-y
https://doi.org/10.1017/S0950268824001791
https://doi.org/10.1371/journal.pone.0228346
https://doi.org/10.4269/ajtmh.2012.11-0074
https://doi.org/10.4269/ajtmh.2003.69.634
https://doi.org/10.1111/j.1365-3156.2012.03038.x
https://doi.org/10.4269/ajtmh.20-0444
https://doi.org/10.7554/eLife.42869
https://doi.org/10.1016/j.heliyon.2022.e11640
https://doi.org/10.1371/journal.pntd.0006947
https://doi.org/10.3390/geographies3020014
https://old.dghs.gov.bd/index.php/bd/home/5200-daily-dengue-status-report
http://refhub.elsevier.com/S2772-7076(25)00089-X/sbref0019
http://refhub.elsevier.com/S2772-7076(25)00089-X/sbref0020
https://doi.org/10.1002/sim.2129
https://doi.org/10.23750/abm.v93i6.13503
https://doi.org/10.7759/cureus.46713
https://doi.org/10.7759/cureus.\penalty -\@M 10678
https://doi.org/10.1093/jme/tjae001
https://doi.org/10.1371/journal.pntd.0005475
https://doi.org/10.1128/mra.00162-24
https://doi.org/10.1038/s41467-022-28231-w
https://doi.org/10.1038/nrdp.2016.55
https://doi.org/10.1371/journal.pntd.0011333

M. Asaduzzaman, E.A. Khan, M.N. Hasan et al.

[31]

[32]

[33]

Mallory ML, Lindesmith LC, Baric RS. Vaccination-induced herd immu-
nity: successes and challenges. J Allergy Clin Immunol  2018;142:64-6.
doi:10.1016/j.jaci.2018.05.007.

World Health Organization Informing vaccination programs: a guide to the design and
conduct of dengue serosurveys. Geneva: World Health Organization; 2017.

Racherla RG, Pamireddy ML, Mohan A, Mudhigeti N, Mahalakshmi PA, Nal-
lapireddy U, et al. Co-circulation of four dengue serotypes at South Eastern Andhra
Pradesh, India: a prospective study. Indian J Med Microbiol 2018;36:236—40.
doi:10.4103/ijmm.IJMM_18_109.

[34]

[35]

LJID Regions 15 (2025) 100654

Tahir F, Madandola MG, Al-Ghamdi SG. Chapter 16. Enhancing resilience: surveil-
lance strategies for monitoring the spread of vector-borne diseases. In: Al-Ghamdi S,
editor. Sustainable cities in a changing climate: enhancing urban resilience. Chichester:
John Wiley & Sons, Limited; 2023. p. 263-76.

Hettiarachchige C, von Cavallar S, Lynar T, Hickson RI, Gambhir M. Risk prediction
system for dengue transmission based on high resolution weather data. PLoS One
2018;13:0208203. doi:10.1371/journal.pone.0208203.


https://doi.org/10.1016/j.jaci.2018.05.007
http://refhub.elsevier.com/S2772-7076(25)00089-X/sbref0032
https://doi.org/10.4103/ijmm.IJMM_18_109
http://refhub.elsevier.com/S2772-7076(25)00089-X/sbref0034
https://doi.org/10.1371/journal.pone.0208203

	The 2023 dengue fatality in Bangladesh: Spatial and demographic insights
	Introduction
	Materials and methods
	Data source
	Variables
	Statistical analysis

	Results
	Descriptive measures
	Case fatality analysis
	Clustering analysis
	Geographically weighted Poisson regression model

	Discussion
	Conclusion
	Declarations of competing interest
	Funding
	Ethical approval
	Acknowledgments
	Author contributions
	Data availability statement
	References


