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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. 
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The global dengue outbreak has intensified in recent years, posing

 serious public health challenge, particularly, in tropical and subtrop-

cal regions [ 1 , 2 ]. Worldwide, 390 million dengue infections are pre-

icted, with Southeast Asia and South America being mostly affected

 3 , 4 ]. The incidence has surged due to factors such as urbanization,

limate change, and increased international travel, which facilitate the

pread of Aedes mosquitoes, the primary vectors of the dengue virus

DENV) [ 1 , 3 ]. The complex epidemiology of DENV, with four distinct

erotypes, increases the risk of severe cases of secondary infections and

omplicates control efforts [ 2 , 5 ]. 

Bangladesh is experiencing one of its worst dengue outbreaks in his-

ory, with a significant surge in cases and deaths overwhelming the

ealth care system. The outbreak, concentrated in urban areas such

s Dhaka, has been exacerbated by the monsoon season, which cre-
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tes ideal breeding conditions for Aedes mosquitoes [ 6 , 7 ]. Hospitals

re struggling to cope with the large influx of patients, many of whom

re suffering from severe dengue symptoms, including high fever, se-

ere pain, and potentially life-threatening complications such as hem-

rrhagic fever and dengue shock syndrome (DSS). Public health author-

ties are intensifying efforts to control mosquito populations through

ommunity engagement, vector control measures, and public aware-

ess campaigns. In 2023, over 20 hospitals throughout the country have

pened separate dengue cells to manage dengue patients and reduce

ase fatality [ 6 ]. Despite these efforts, Bangladesh experienced 1705

engue deaths in 2023, which was significantly higher than the pre-

ious 23 years (849 deaths between 2000 and 2022) [ 6 , 8 ]. 

The large number of dengue-related deaths in Bangladesh in 2023

as led dengue to emerge as a severe public health crisis, where several

actors are suspected to have contributed to the high mortality rate.

haka is suspected to be one of the largest dengue mortality hotspots.
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ther metropolitan cities —Chittagong, Rajshahi, Khulna, Barisal, Syl-

et, Rangpur, and Mymensingh —are also highly populated and may

ave higher concentration of dengue morality. The southern division

f Bangladesh had a higher incidence of dengue than the northern divi-

ions (2.30 vs 0.50 per thousand population) [ 8 ]. 

The geographical influence or spatial dependence may have a sig-

ificant impact on dengue mortality due to the infectious nature of the

isease in addition to population-related factors, for instance, popula-

ion size, population density, urban-rural ratio, and distance from the

picenter of the outbreak [ 9 , 10 ]. Several attempts were made earlier to

nvestigate the geographical influence or spatial dependence and other

actors including climate variables and ecological factors on dengue

orbidity and transmission [ 2 , 11–17 ]. However, no studies used actual

eo-location of the death cases. We used extracted geo-coordinates of

ll deaths cases from the address listed in the hospitals. In this study,

e aimed to characterize the dengue-related deaths including, age and

ender, and investigate the spatial relationship between dengue deaths

nd population factors including population size, density, and rural and

rban population ratio. 

aterials and methods 

ata source 

We collected dengue death records from January 1 to December 31,

023 from the management information system (MIS) of the Ministry of

ealth and Family Welfare, Bangladesh [ 18 ]. The MIS data set recorded

he age, gender, date of hospitalization, and cause of death for patients

ith dengue, as determined by the attending physicians at each hospital,

ollowing the National Guidelines for Clinical Management of Dengue

yndrome [ 19 ]. We also collected the addresses of the death cases from

he MIS, which were anonymized by providing approximate locations

sed in this study. Therefore, our dengue death data set, which contains

 record of 1705 individuals, provides a unique opportunity to study the

oncentration, patterns, and geographical variations of dengue deaths in

angladesh. The MIS data set also recorded the cause of death for pa-

ients with dengue, as determined by the attending physician at each

ospital, following the National Guidelines for Clinical Management of

engue Syndrome [ 19 ]. Causes of death were classified into four cate-

ories: (i) DSS, (ii) expanded dengue syndrome (EDS), (iii) dengue hem-

rrhagic fever (DHF), and (iv) dengue fever with co-morbidity. We also

athered district-wise population and geographical data from the Statis-

ical Yearbook Bangladesh 2023 published by the Bangladesh Bureau of

tatistics, including population size, the ratio of rural and urban popu-

ation (which is a proxy variable for urbanization), and distance of each

istrict from the capital city, Dhaka. In addition, we calculated popula-

ion density by dividing the population size by the area of each district.

ariables 

The response variable for this study is the death of a person due to

engue. We used the definition used by the Ministry of Health and Fam-

ly Welfare, Bangladesh for dengue cases and deaths. For the exploratory

tudy, we used the individual deaths by location and investigated their

lustering patterns. Because one of our main objectives was to inves-

igate the impact of geographical variations and population factors on

he dengue deaths, we took districts as the spatial unit for our analysis.

here are 64 districts in Bangladesh, and we gathered district-level data

n population size, density, urban-rural ratio, and distance from the epi-

enter of the outbreak, which is the capital city Dhaka. Therefore, the

umber of deaths in each district is considered as the response variable

or the spatial regression analysis and population size, density, urban-

ural ratio, and distance from the epicenter of the outbreak as the ex-

lanatory variables for the analysis. These variables were selected based

n their established associations with dengue transmission dynamics.

opulation size and population density are expected to influence dengue
2

ortality because larger and denser populations present greater oppor-

unities for mosquito-human contact and a higher absolute number of

ndividuals at risk of illness. Urbanization could also play a critical role

ecause urban areas typically provide favorable conditions for mosquito

reeding, including the presence of standing water in construction sites,

locked drainage systems, and water storage containers. Therefore, dis-

ricts with higher urban-rural ratios may be associated with elevated

ransmission rates. In addition, the geographic location of the epicen-

er (Dhaka) may further influence spatial patterns of mortality. Districts

n closer proximity to Dhaka may experience more rapid disease spread

ue to increased human mobility (e.g. commuting, trade) and disparities

n health care resource allocation. 

tatistical analysis 

To understand the nature of age, sex, daily distribution, and causes

f dengue deaths, we performed an exploratory analysis. A linear regres-

ion model was applied to reveal the linear trend of dengue case fatality

ate (CFR) with age and sex. We applied spatial analysis techniques in-

luding the kernel density estimation and the spatial inhomogeneous

oisson process. The kernel density estimation is a nonparametric tech-

ique for density estimation with a known density function (referred

o as the kernel) averaged across the observed data points to create a

mooth approximation [ 20 ]. The spatial inhomogeneous Poisson process

s the simplest non-stationary spatial point process where events occur

ith a spatially varying intensity function 𝜆(u, s), (u, s) ∈ W, unlike the

onstant intensity of a homogeneous Poisson process [ 20 ]. 

A geographically weighted Poisson regression model was fitted to

dentify the impact of the potential factors while taking into account

he impact of the neighboring units [ 21 ]. The model can be written in

he following form: 

𝑛
(
𝑦𝑖 
)
= 𝛽0 

(
𝑢𝑖 , 𝑣𝑖 

)
+

𝑝 ∑

𝑘 =1 
𝛽𝑘 
(
𝑢𝑖 , 𝑣𝑖 

)
𝑥𝑖𝑘 + ∈𝑖 

here 𝑦𝑖 is the number of dengue deaths in the ith district in a year,

0 is the intercept, 𝛽𝑘 is the coefficient of the kth explanatory variable,

𝑖𝑘 is the value of kth variable for the ith district, (𝑢𝑖 , 𝑣𝑖 ) is the location

longitude, latitude) of the ith district, and ∈𝑖 is the error term. We used

n adaptive bandwidth and the exponential kernel function to calculate

he weights of the neighboring districts during model calibration. All

nalyses were performed in R platform with packages “base, ” “spatstat, ”

nd “GWmodel. ” We used “gpplot2 ” package for the plots. 

esults 

escriptive measures 

In 2023, Bangladesh experienced its deadliest dengue outbreak. Of

he 321,179 confirmed dengue cases, 1705 died, with a CFR of 0.53%.

f the 128,569 female cases, 970 died (CFR: 0.75%), whereas 735 of

he 192,610 male cases died (CFR: 0.38%), demonstrating a significant

ifference in the CFR by sex (P < 0.05). The median age of all fatal cases

as 40 years (interquartile range, IQR = 30), whereas the median age

as 45 years (IQR = 35) for men and 40 years (IQR = 28) for women.

omen and older adults were disproportionately affected, with women

ccounting for a higher percentage of deaths than men (57% vs 43%)

Figure 1). In addition, the CFR was notably higher in individuals aged

bove 60 years ( Figure 1 ). Among the recorded deaths, 74% (n = 1262)

eveloped DSS, 17% (n = 290) EDS, and 7% (n = 119) DHF ( Figure 1 ).

ase fatality analysis 

The linear regression analysis of CFR revealed an approximately lin-

ar increase with age for men and women. Our findings indicate that

ge, measured in 10-year increments, significantly impacts CFR (esti-

ate: 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. 

Figure 2. CFR increases with age: linear regression analysis. 

CFR, case fatality rate. 
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he fatality rate by 30% ( Figure 2 ). Although sex was found to be signif-

cant in the univariate analysis, with women exhibiting a higher CFR,

his association was not statistically significant (estimate: 0.09, P = 0.71)

hen adjusted for age. Thus, our study highlights age as a key deter-

inant of CFR, whereas gender does not appear to have a statistically

ignificant effect, despite women accounting for 57% of recorded fatal-

ties. 

lustering analysis 

We first plotted the dengue-related death cases in Figure 3 (left),

howing a widespread distribution of cases all over Bangladesh. How-

ver, Dhaka City showed a great concentration of death cases and a

lightly higher concentration in a few districts in the southern part of

angladesh. The Dhaka division, particularly, Dhaka City, was the most

ffected area, accounting for the majority of the dengue deaths, as seen

n Figure 3 (left). We also plotted the population density by districts,

s shown in Figure 3 (middle) to compare the mortality levels in each

istrict. The combined plot ( Figure 3 ) indicated a correlation between

he population density and dengue mortality. 

The clustering analysis showed that Dhaka City was the hotspot of

engue mortality ( Figure 3 [left]). However, a few other concentrations
3

f mortality were found in the southern districts of Bangladesh as high-

ighted in Figure 3 (middle), including Narayanganj, Munshiganj, Farid-

ur, Shariatpur, and Chandpur districts. We also generated the the den-

ity, intensity, kernel-smoothed intensity and predicted intensity plot of

engue mortality ( Figure 4 ), which identified Dhaka and its surrounding

nd several southern districts as hotspots of dengue mortality. A similar

esult was observed when we fitted a spatial inhomogeneous Poisson

rocess. Higher intensities of dengue mortality were found in Dhaka

ity and nearby districts, including the districts from the southern part

f Bangladesh. 

eographically weighted Poisson regression model 

We fitted and evaluated a geographically weighted Poisson regres-

ion model with adaptive bandwidth and exponential kernel function.

he bandwidth measures the distance decay in the weighting function

nd indicates the extent to which the resulting local calibration results

re smoothed. Spatial kernels with a small bandwidth have a steeper

istance decay weighting function and produce rougher surfaces than

patial kernels with a large bandwidth [ 21 ]. We applied an adaptive

andwidth that automatically selects the optimal bandwidth and the

xponential kernel function for the weights of the neighboring districts



M. Asaduzzaman, E.A. Khan, M.N. Hasan et al. IJID Regions 15 (2025) 100654

Figure 3. Spatial plot of dengue deaths with population density in Bangladesh for 2023. 

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. 
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uring the model calibration. The corrected Akaike information crite-

ia was 1243.046 and the Pseudo R2 value was found to be 0.8480027,

oth of which showed a reasonably good fit of the model ( Table 1 ). The

bserved and predicted number of deaths in 2023 by districts showed

 reasonably accurate fit. Therefore, the model can be used to predict

he number of dengue deaths in each district given the values of the

ovariates: population size of districts, population density, urban-rural

opulation ratio, and distance from Dhaka. 

iscussion 

In 2023, Bangladesh faced significant challenges with dengue fever

utbreaks, revealing distinct patterns across age and gender. We have

haracterized the fatalities caused by DENV in 2023. Our data showed
4

hat an increase of age group by 10 years increased the CFR by 30%,

hereas gender did not show any statistical significance. Dengue-related

eaths were mostly due to DSS (74%), EDS (17%), and DHF (7%). These

nsights underscore the importance of tailored public health strategies

o address dengue outbreaks effectively across diverse age and gender

emographics in Bangladesh. 

Increased age has been a significant determinant of dengue-related

atalities in Bangladesh. Lifetime cumulative exposure to DENV raises

he likelihood of elderly individuals being exposed to multiple serotypes,

hich ultimately increases the risk of developing severe dengue [ 9 , 22 ].

ll four serotypes of dengue have been detected in Bangladesh over

ime, leading to significant outbreaks shortly after the virus was intro-

uced [ 1 , 12 ]. Our earlier analysis showed higher fatality rates among

he elderly and women [ 6 ]. However, in this study, our analysis re-

ealed that each additional 10-year age group increases the CFR by

0%, whereas gender no longer showed a significant effect. These find-

ngs are particularly crucial in a context where multiple serotypes are

irculating, heightening the risk of exposure to several serotypes and de-

eloping a risk of severe dengue. These findings could have significant

mplications for other dengue-endemic countries in identifying high-risk

ndividuals for managing severe dengue. 

The outbreak was widespread, affecting all 64 districts of the coun-

ry. The most impacted areas were primarily in the Dhaka division, par-

icularly, Dhaka City, which accounted for 52.8% of the cases and 78.9%

f 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

eaths). The Sylhet division reported the lowest number of cases and

eaths [ 8 ]. The spatial pattern of dengue deaths in Bangladesh during

he 2023 outbreak identified in this analysis highlights significant re-

ional disparities, with the most severe impact concentrated in specific

reas. 

The majority (74%) of the deaths in this outbreak resulted from DSS,

ollowed by EDS (17%), with 7% due to DHF. Despite advancements in

edical knowledge, the exact pathophysiology of DSS, DHF, and EDS re-

ains unclear. This underscores the need to enhance understanding on

ow the virus interacts with its host and the factors that promote serious

onsequences. Given the variety of clinical and often atypical manifesta-

ions of DSS, EDS, and DHF and the lack of specific biomarkers, health

are–seeking is frequently delayed and timely diagnosis and manage-

ent is often challenging and largely dependent on clinical judgment.

lthough evidence-based guidelines are being developed for these crit-

cal care scenarios, such research are seldom conducted in the low- and

iddle-income country settings where the illness burden is high and re-

ources typically scarce [ 23 , 24 ]. Raising awareness of clinicals to the
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Table 1 

Results of the fitted GWPR model. 

Summary of GWPR coefficient estimates 

Variables Minimum 1st Quartile Median 3rd 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 R2 value: 0.8480027. 
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typical features of severe dengue infections during epidemics and their

vidence-based management can help to establish early diagnosis and

rompt treatment for dengue with unusual manifestations and reduce

ortality. 

Several factors likely contributed to the higher number of recorded

eaths in the capital city and some other districts including Narayan-

anj, Munshiganj, Faridpur, Shariatpur, and Chandpur. First, Dhaka

ontinues to have the best treatment facilities in the country, partic-

larly, for intensive care units, and a higher number of tertiary care

ospitals. As a result, patients with severe dengue and/or comorbidi-

ies from across the country were likely referred to Dhaka for better

anagement [ 6 , 8 , 25 ]. Second, historically, Dhaka has been the epi-

enter of dengue disease and thus people living in the capital city

ere probably already exposed to one of the serotypes circulated in

he country before. Serological studies showed that more than 80% of

he people in Dhaka had antibodies against dengue [ 26 ]. The DENV

erotype 2 (DENV-2) and the serotype 3 (DENV-3) were the predom-

nant strains during the 2023 outbreak. These serotypes are known

o cause more severe clinical outcomes, especially when individuals

re reinfected with a different serotype than the one they were previ-

usly exposed to —a phenomenon called antibody-dependent enhance-

ent. In previous years, DENV serotype 1 (DENV-1) had been more

ommon in Bangladesh, meaning that many people were now be-

ng exposed to DENV-2 or DENV-3 for the first time after an earlier

nfection, leading to more severe symptoms, such as DHF and DSS

 8 , 25 ]. The shift in serotype prevalence combined with a population

acking immunity to these more virulent strains contributed signifi-

antly to the higher CFR [ 8 , 25 , 27 ]. However, several other districts

lso had a high concentration of dengue deaths. As a result, we pro-

ose to investigate the cause of dengue-related deaths more elaborately

 28 ]. 

The impact of investigated factors, including population size, pop-

lation density, urban-rural ratio, and distance from Dhaka, on 2023

engue mortality in Bangladesh is multifaceted and interconnected.

irst, larger population sizes generally correlate with increased dengue

ases due to higher human-vector interaction and a greater likelihood

f virus transmission [ 22 , 28 ]. In some parts of Dhaka City, there are

hortages of water supplies during different periods of the day. Accu-

ulated water in artificial containers, stagnant water at construction

ites, clogged gutters, uncovered rain barrels, etc. are prime breed-

ng grounds for Aedes mosquitoes [ 25 , 29 ]. On the other hand, ru-

al areas with lower population densities may still be at risk, albeit

o a lesser extent, depending on environmental factors and access to

ealthcare [ 30 ]. 

The urban-rural ratio influences dengue mortality by determining

he distribution of healthcare resources and infrastructure [ 30 ]. Al-

hough population size and density amplify the spread of dengue, the

rban-rural divide and proximity to Dhaka significantly influence mor-

ality rates through differential access to health care and varying lev-

ls of preparedness to manage dengue outbreaks effectively. Addressing

hese factors collectively through targeted public health strategies and
5

nfrastructure development is crucial for mitigating dengue mortality in

angladesh. 

Effective management of dengue fever, including reducing mortality

ates, requires a multifaceted approach addressing several key factors in-

luding herd immunity, previous infection, co-circulation of serotypes,

ector and environmental surveillance, and high-resolution data. In the

ontext of dengue, achieving herd immunity through vaccination is

omplex due to the presence of four serotypes [ 31 ]. Immunity to one

erotype does not confer protection against the others. Vaccination pro-

rams targeting all four serotypes (tetravalent vaccines) are crucial to

eveloping herd immunity without increasing the risk of severe disease.

owever, the effectiveness and long-term impact of such vaccines are

till under evaluation, requiring continuous monitoring and adaptation

 32 ]. Previous infection with one dengue serotype influences the im-

une response to subsequent infections. Although initial infection often

esults in mild to moderate illness and confers lifelong immunity to that

pecific serotype, secondary infections can be more severe. Understand-

ng the dynamics of previous infections and the immune response is crit-

cal for predicting disease patterns and tailoring public health interven-

ions [ 29 ]. The simultaneous circulation of multiple dengue serotypes

omplicates control efforts and increases the risk of severe disease. Mon-

toring the prevalence and distribution of different serotypes is essen-

ial for identifying at-risk populations and tailoring vaccination strate-

ies [ 33 ]. Current gaps in vector surveillance, particularly, in resource-

imited settings, hinder timely and effective intervention measures. En-

anced surveillance techniques, including geographic information sys-

ems, remote sensing, and community-based monitoring, can improve

he detection of mosquito breeding sites and guide targeted vector con-

rol efforts [ 34 ]. In addition, integrating climate and weather data can

elp predict outbreaks and implement preemptive measures [ 25 ]. Ac-

urate and high-resolution data on dengue cases, vector populations,

nd environmental conditions are vital for effective disease management

 35 ]. Current surveillance systems often suffer from delays, underreport-

ng, and insufficient granularity. Ideally, a more granular analysis could

e conducted by incorporating data on the distance between each pa-

ient’s point of infection and the hospital where care was received, along

ith detailed information on patient movement within health care fa-

ilities and the sequence of clinical episodes experienced prior to death.

herefore, improved data collection methods, real-time reporting, and

ntegration of various data sources can enhance situational awareness

nd response strategies. Machine learning and artificial intelligence can

nalyze complex data sets to identify patterns and predict outbreaks,

nabling proactive interventions. 

onclusion 

Age, measured in 10-year increments, significantly impacts the

engue-related fatalities suggesting that each additional decade in-

reases the fatality rate by 30%. The majority of deaths were due to DSS

nd EDS. These findings are particularly crucial in a context where mul-

iple serotypes are circulating and could have significant implications
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or other dengue-endemic countries in identifying high-risk individuals

or managing severe dengue. In Bangladesh, dengue mortality is heav-

ly concentrated in certain regions, particularly, in and around Dhaka,

he capital city of Bangladesh. This is indicative of a spatial clustering

ffect where areas closer to Dhaka experienced higher mortality rates.

he capital city’s health care infrastructure, although better than ru-

al areas, might be overwhelmed during peak outbreaks, contributing

o higher mortality rates. There is a significant spatial relationship in

engue mortality rates, meaning that districts closer to each other tend

o have similar mortality rates. This suggests that dengue transmission

nd resultant mortality are influenced by regional factors and local inter-

ctions. Vaccination, improvement of diagnostics, clinical management

f patients with dengue with continued monitoring, and spatial analy-

is of dengue cases can help in making informed decisions and timely

nterventions to reduce dengue mortality. Policies should be dynamic,

dapting to the changing patterns of dengue transmission and mor-

ality, especially considering urbanization trends and climate change

mpacts. 
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