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Abstract

Dengue virus infection (DVI), a mosquito-borne arboviral infection, is prevalent in tropical
and subtropical regions, including Bangladesh, where incidence has surged over the past
three decades—particularly in urban and peri-urban areas. This study investigates the
factors influencing DVI seropositivity among clinically suspected patients admitted to the
selected hospitals of Savar, Dhaka, and Chattogram. Data were collected from 850 clinically
suspected patients admitted to two hospitals in Savar, Dhaka, and two in Chattogram
during 2019. Questionnaire responses and laboratory test results (NS1, IgM, and IgG)
were analyzed using descriptive statistics, chi-square tests, and logistic regression. Out of
450 admissions in Savar, 330 tested positive, while Chattogram reported 145 positives from
400 cases. No significant differences were observed between regions in relation to hos-
pital type, season, gender, or household preventive measures. In Savar, DVI status was
significantly associated with season, mosquito net use, and patient contact. In Chattogram,
household repellent use and patient contact were key factors. Diagnostic tests varied
in detection capability. These findings can inform targeted intervention strategies and
public health messaging, such as promoting personal protection measures and community
awareness campaigns, particularly in high-incidence urban settings. However, further
research across diverse geographic and socio-ecological contexts is needed to enhance the
generalizability and policy relevance of these results.
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1. Introduction

Dengue (pronounced “DEN-gi”) is one of the most rapidly spreading febrile illnesses
caused by a Flavivirus, transmitted by mosquito vectors. This disease is prevalent in more
than 120 countries worldwide. Its geographical distribution shows that the virus affects
populations in the Americas, Southeast Asia (SEA), and the Western Pacific regions, with
Asia accounting for 70% of the global disease burden [1]. Approximately 400 million infec-
tions occur annually, with 100 million presenting clinical symptoms. Dengue is considered
a growing threat to global health security due to its epidemic potential, especially in urban
and tropical settings [2]. The World Health Organization (WHO) has long recognized
dengue as a significant public health concern due to its outbreak potential, along with its
rapid geographic expansion and pressure on healthcare systems [3].

Dengue was first identified in Bangladesh during a 1964 outbreak in Dhaka, recorded
as “Dacca fever” [4]. Although sporadic cases and limited outbreaks occurred between
1964 and 1999, they were not systematically documented [1]. The disease became a major
public health concern in 2000, with 5551 reported cases and 93 deaths, prompting the
establishment of a Centre for Disease Control under the Directorate General of Health
Services (DGHS). Since then, dengue has caused recurring large-scale outbreaks, most
notably over 430,000 cases in 2019, followed by fluctuating annual trends, including
28,429 confirmed cases in 2021 [5-7].

The CDC unit of the DGHS warned of a major outbreak in March 2019. As suspected,
a nationwide outbreak began in April 2019 and has continued since. Dhaka city, the
greater Dhaka district, and parts of the Chattogram Division were identified as infection
hotspots [8]. In 2019, dengue cases nearly doubled compared to the cumulative total of the
previous 19 years [9]. Unfortunately, the virus also spread into rural areas, primarily due to
travelers [10].

Following the historic outbreak in 2019, with over 430,000 reported cases, dengue
incidence temporarily declined in 2020 (59,675 cases) and 2021 (28,429 cases), likely due to
COVID-19 restrictions and reduced surveillance [11,12]. However, the disease rebounded
sharply in 2022 and culminated in the deadliest outbreak in 2023, with over 300,000 cases
and more than 1600 deaths, highlighting the growing threat of dengue amid rapid urban-
ization and climate variability [13,14].

DVI remains a significant public health challenge in Bangladesh, with frequent out-
breaks placing a heavy burden on healthcare systems. Understanding the epidemio-
logical aspects of dengue, including the demographic risk factors, seroprevalence, and
clinical-immunological characteristics, is essential for improving disease management and
control strategies. Comprehensive serological, clinical, and demographic data can help
policymakers and public health officials effectively evaluate, control, and prevent future
outbreaks [15].

Dhaka, a megacity of over 19 million residents, has thousands of construction sites with
pits that collect stagnant water during the monsoon season, creating ideal breeding grounds
for mosquitoes. Additionally, limited public awareness, ineffective insecticides, and the
absence of specific treatment and preventive measures contribute to the underestimated
threats posed by ongoing and future outbreaks [10]. Local spatial variations in rainfall,
temperature, humidity, urbanization, and the quality of vector control services influence
dengue risk in urban areas [1]. Travel has also been identified as a factor contributing to
the spread of viruses into rural regions [10].

Numerous studies have identified potential risk factors for dengue transmission, in-
cluding inadequate mosquito control practices, exposure to mosquito breeding sites (e.g.,
flowerpots and water containers), housing conditions, human mobility, and sociodemo-
graphic variables, such as age, sex, and occupation [16,17]. However, given the limita-
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tions of hospital-based data, our study focused on a set of modifiable behavioral and
environmental factors that could be extracted from patient records and that have been im-
plicated in previous outbreaks in Bangladesh. In this study, we identified the area-specific
risk factors associated with DVI among hospitalized patients in two urban centers of
Bangladesh—Savar (Dhaka) and Chattogram—during the major outbreak of 2019. This
study is going to inform targeted and locally appropriate dengue control strategies to
minimize the knowledge gaps related to dengue burden, vulnerable populations, and
health outcomes. These findings are essential for strengthening surveillance and guiding
targeted intervention strategies in Bangladesh.

2. Materials and Methods
2.1. Study Area

We conducted the study in two cities: Savar (in Dhaka) and Chattogram. Savar serves
as a satellite town, located approximately 29 km northwest of the megacity Dhaka along
the Dhaka—Aricha highway. The city spans an area of 13.54 sq. km and is situated between
23°44’ and 24°02' North latitudes and 90°11" and 90°22’ East longitudes. We generated
a geospatial location map using ArcGIS Pro 3.2 to illustrate the study area and the sites
where data collection was conducted. To protect the confidentiality of the participating
hospital locations, we created anonymized site markers by randomly displacing the original
coordinates by approximately 5 km from the actual locations. This approach ensured spatial
representation while preserving institutional privacy (Figure 1).

N
Q Data collection site
[ Study area A

Chattogram

0 6.1 12 Kms 0 3.6 7.2 Kms

Figure 1. Geospatial location map of the study area (red) and data collection sites.

Chattogram, on the other hand, is the principal seaport of Bangladesh. It lies about
19 km (12 miles) north of the mouth of the Karnaphuli River, in the southeastern part of the
country. It is the second-largest city in Bangladesh.

2.2. Study Design, Duration, and Case Definition

A cross-sectional study was conducted in four hospitals to investigate the risk factors
associated with DVI in hospitalized patients. The study included two hospitals in Savar,
Dhaka (one government and one private), and two hospitals in Chattogram (also one
government and one private). Hospital data on suspected dengue patients and their
laboratory results were collected over a 12-month period, from January to December 2019.
The overall bed capacity for inpatients ranged from 100 to 250 per hospital. Each hospital
had 8-15 attending physicians and handled around 15,000 to 30,000 inpatients and 40,000
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to 60,000 outpatients annually. All hospitals maintained paper-based medical records and
did not use electronic medical record systems.

We followed the 2009 WHO dengue classification guideline for data abstraction and
case definition [18]. According to the revised classification, dengue is categorized into
three clinical presentations: (1) dengue without warning signs, (2) dengue with warning
signs, and (3) severe dengue. The warning signs include features such as abdominal pain,
persistent vomiting, fluid accumulation, mucosal bleeding, lethargy, liver enlargement, and
laboratory indicators, such as increased hematocrit with a rapid decrease in platelet count.
Severe dengue includes manifestations such as severe plasma leakage leading to shock or
respiratory distress, severe bleeding, or severe organ involvement. As per WHO guidance,
NS1 antigen and RT-PCR tests are used to confirm dengue infection, especially during the
early febrile phase (days 1-5), while IgM and IgG antibody tests indicate probable dengue
cases when used alone. Finally, a patient was considered dengue positive if at least one
diagnostic test returned a positive result. In cases where multiple tests were conducted and
the results were discordant, a single positive test was used to define a case. Data on the day
of illness at the hospital presentation was inconsistently recorded in hospital records and,
therefore, not included in the analysis.

2.3. Data Collection

Detailed data and relevant laboratory results of suspected dengue fever patients were
collected from the hospital records of the respective facilities. The variables included
hospital type (PVT: private, GVT: government), months, season, area type (urban, peri-
urban), sex, contacts with patients, usage of mosquito nets, usage of repellents in the house
and on the skin, presence of flower plots inside the house, and clinical outcome. The
seasons were categorized into three periods: pre-monsoon (March to June), monsoon/rainy
(July to October), and winter (November to February) [19].

2.4. Statistical Analysis

This study aimed to identify the factors associated with dengue status (defined as
being positive in at least one diagnostic test) and to determine whether these factors varied
across geographic areas. Accordingly, analyses were conducted to facilitate meaningful
comparisons. Given the distinct geographical characteristics, such as geographical location,
population density, and industrial activities of the two study areas, data from each area
were analyzed separately.

First, a proportion test was used to assess potential bias in the number of admissions
across the two areas, and the sample sizes were found to be balanced. Descriptive analyses
were then performed. Percentages of positive cases under each test were calculated to
assess the consistency of the test results and facilitate comparison among tests. Additionally,
percentages of positive cases (based on at least one test) were computed for each category
of each factor (e.g., male/female under the gender factor). To evaluate the significance of
these percentages, 95% confidence intervals were calculated.

The influence of each factor on dengue status was assessed both individually and
jointly, to account for potential correlations between factors that might otherwise mislead
interpretation. For individual effects, chi-square tests were conducted using dengue status
(positive/negative) as the response variable and the original factor categories (e.g., govern-
ment vs. private hospitals) as grouping variables. To evaluate the joint effects, a multiple
logistic regression model was fitted, with dengue status as the binary response variable and
the categorical predictors (e.g., sex, hospital type, and location) as explanatory variables.
Statistical significance was determined at the 5% level. All significant variables based on a
liberal p value (i.e., p < 0.20) in the univariable analysis were considered for inclusion in
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the multivariable model. The multivariable model was fitted using a backwards stepwise
approach to create a main effects model using a significance level of o« = 0.10 while retaining
confounding variables, regardless of statistical significance. Confounding was assessed
by examining the change in the coefficients for the remaining significant variables after
removing the potentially confounding variables.

Most analyses, including sample composition, descriptive statistics, chi-square tests,
and logistic regression, were performed using Minitab 21.1.0 (LLC, State College, PA, USA)
Line charts for area-wise comparisons of proportions were created using Microsoft Excel.

3. Results
3.1. Descriptive Analysis

Overall, 55.88% (475) of the total admissions (n = 850) tested positive for dengue,
with 73.33% (330) of the cases from Savar and 36.25% (145) from Chattogram. Among the
total, 51.17% (435 patients) were serologically positive for dengue-specific antigens and
antibodies. Of these, 303 (67.33%) were from Savar and 132 (33%) were from Chattogram,
based on the dengue NS1 antigen test.

Additionally, 5.17% (44 patients) tested positive for anti-dengue IgM and IgG antibod-
ies. The proportion of IgM-positive patients was 6.2% (28/450) in Savar and 4% (16/400) in
Chattogram. For IgG-positive cases, the overall proportion was 5.4% (46 patients), with
5.7% (26/450) from Savar and 5% (20/400) from Chattogram.

3.2. Number of Admissions

The number of admissions, number of dengue-positive cases, percentages of positive
cases, and 95% confidence intervals for the proportions of positive cases under each category
of each variable are presented separately for each area in Table 1. Additionally, the table
includes p-values from chi-square tests assessing the independence of dengue-positive
status from each factor.

In the Savar area, 450 admissions were recorded, while Chattogram reported 400 ad-
missions. In both areas, a higher number of admissions occurred in private hospitals
compared to government hospitals, with private hospital admissions accounting for 53% in
Savar and 52% in Chattogram.

Regarding the month-wise distribution of admissions, both areas show similar patterns
(Figure S1). Very few admissions occurred between January and March. The first peak
in admissions was observed in May, with 12% and 11% of the total monthly admissions
in Savar and Chattogram, respectively. The second and most significant peak occurred
in August, accounting for the highest number of admissions, 51% in Savar and 54% in
Chattogram, which is more than four times the figures observed in May. As expected, the
highest admissions were recorded during the rainy season in both areas, accounting for
72% in Savar and 75% in Chattogram (Figure S2). The pre-monsoon season also showed a
notable proportion of admissions, with 22% in Savar and 18% in Chattogram, while the
winter season had the lowest admissions, approximately 6% in each area.

Urban areas in Savar and Chattogram had higher numbers of admissions than peri-
urban areas. The ratio of urban-to-peri-urban admissions was roughly 56:44 in both
regions (Figure S3). Interestingly, male admissions were significantly higher than female
admissions, more than double in both areas, with male patients comprising approximately
70% of admissions (Figure 54).
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Table 1. Distribution of dengue positive cases by sociodemographic, environmental, and seasonal
factors in different study areas.

Factors Levels Savar, Dhaka Region Chattogram Region
! =
3 « 2 ] » £
< 2 £ 4 2 <
n @] < 5 » Q < 5
2 @ % v o 2 v % w @
< 2 > g s < 2 > I £l
I~ = £ g G} o k= = § c
E S g g T 3 2 z = 7
I} = =
: E % § : B s g
S 2 ° S 2 o
z 2 “ 2
"+
Yoo
? é PVT. 241 164 68 (0.62,0.68) 0.006 208 67 32 (0.26,0.39) 0.08
T = GVT. 209 166 79 (0.73,0.85) 192 78 41 (0.33,0.48)
Jan. 1 0 0 (o) 1 0 0 (...95)
Feb. 0 0 0 (o) 0 0 0 (...0)
Mar. 3 0 0 Gt 3 0 0 (...0.63)
Apr. 41 37 90 (0.76,0.97) 25 9 36 (0.18,57)
- May 55 18 33 (0.21,0.47) 45 12 2 (0.15,0.42)
g Jun. 27 20 74 (0.54,0.89) * 2 13 59 (0.36,0.79) *
Jul. 35 30 86 (0.70,0.95) 33 13 39 (0.23,0.58)
Aug. 232 191 82 (0.76,0.87) 215 78 36 (0.29,0.43)
Sep. 25 23 92 (0.73,0.99) 25 11 44 (0.24,0.65)
Oct. 5 5 100 (o) 5 3 60 (0.15,0.95)
Novw. 11 4 36 (0.11,0.69) 11 5 45 (0.17,0.77)
Dec. 15 2 13 (0.01,0.40) 15 1 7 (0.00,0.32)
Pre- 99 55 56 (0.45,0.65) 73 21 29 (0.19,0.41)
F TR 0.001 0.071
<0. .
% Rainy 324 269 83 (0.78,0.87) 300 118 39 (0.34,0.45)
Y
» Winter 27 6 22 (0.08,0.42) 27 6 22 (0.09,0.42)
& Peri-
= 198 143 72 (0.65,0.78) 178 55 31 (0.24,0.38)
g urban 0.637 0.046
<
5 Urban 252 187 74 (0.68,0.79) 222 90 40 (0.34,0.47)
» Male 313 231 73 (0.68,0.78) 282 98 35 (0.29,0.41)
& 0.735 0.335
Female 137 99 72 (0.63,0.79) 118 47 40 (0.31,0.49)
g j: E Not 426 325 76 (0.71,0.80) 379 143 38 (0.33,0.43)
%.‘é% contacted e <0.001 T 0.009
O &  Contacted 24 5 21 (0.07,0.42) 21 2 9 (0.01,0.30)
o
5 =
e é Not used 261 198 76 (0.70,0.80) 0154 221 73 33 (0.27,0.39) 0137
-}
g Used 189 132 70 (0.63,0.76) 179 72 40 (0.33,0.48)
+{h
SE 8 Not used 71 56 79 (0.67,0.88) 025 66 32 48 (0.36,0.61) 0024
o= © - .
® g S
P g Used 379 274 72 (0.67,0.77) 334 113 34 (0.29,0.39)
2]
S EE
S %é Not used 34 25 73 (0.56,0.87) 0975 28 11 39 (0.21,0.59) 0.729
=9
- Used 416 305 73 (0.69,0.77) 372 134 36 (0.31,0.41)
g § 2 Not 311 227 73 (0.68,0.78) 274 9”2 33 (0.28,0.39)
%é % presence R 0.806 e 0.101
£%5 Presence 139 103 74 (0.65,0.81) 126 53 42 (0.33,0.51)

*: Significant in one area only, }: Significant in both areas, *: p-value cannot be produced for this factor, ...: 95%
confidence interval cannot be produced for this factor.

Among the admitted patients, the majority reported no prior contact with known
dengue patients (Figure S5). In both Savar and Chattogram, approximately 95% of patients
had not come into contact with someone diagnosed with dengue. Additionally, more
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than half of the admitted patients, 58% in Savar and 55% in Chattogram, did not use
mosquito nets as a protective measure (Figure S6). However, a large majority reported
using mosquito repellents on the skin (92% in Savar and 93% in Chattogram) (Figure S7),
and a similarly high percentage reported using repellents inside the home (84% in Savar
and 83% in Chattogram) (Figure S8). These high usage rates indicate widespread use of
repellents in both areas. Furthermore, about two-thirds (69%) of the admissions confirmed
the absence of flowerpots inside their homes (Figure S9).

3.3. Percentage of Positive Cases

In both Savar and Chattogram, the highest percentages of positive cases are reported
by government hospitals, where a smaller number of admissions could be observed. The
ratios of these percentages of positive cases between government and private hospitals are
79:68 and 41:32 in Savar and Chattogram, respectively.

The highest percentage, 100%, of positive cases was reported in October (five out of
five), and it is followed by the next highest percentage, 92%, in September, and 90% in
April in the Savar area. In June-August, the percentage remains in the range of 74-82%.
The highest percentages (almost the same) of positive cases in Chattogram were reported
in June and October, around 60%. Except for these two months, the percentages of positive
cases in other months of this area are 7-45%, below 50%.

Similar to the number of admissions, the highest percentages of positive cases are in
the rainy season of each area. Pre-monsoon seasons in both areas report the second-largest
positive cases as a percentage. The percentages of positive cases in the rainy, pre-monsoon,
and winter seasons are 83:56:22 and 39:29:22, respectively, in Savar and Chattogram. The
percentages of positive cases are almost equal (72% and 74%) across peri-urban and urban
areas in Savar. In Chattogram, the corresponding percentages are 31% and 40%, which are
much smaller than in the Savar area. The gender-wise ratio (male—female) in percentages
of positive cases is 73:72 in Savar. However, this ratio for Chattogram is much smaller, and
it is 35:40.

In both areas, higher percentages of positive cases are shown by admissions with no
previous contact with dengue patients, and this percentage is reasonably higher compared
to the percentage of positive cases among persons who had contact with patients. These
ratios are 76:21 and 38:9 in Savar and Chattogram, respectively.

Slight changes can be seen in the percentages of positive cases of people who used and
did not use mosquito nets in both areas. They are 70:76 and 40:33, respectively. This ratio in
Chattogram is considerably lower than in Savar. There was no considerable difference in the
percentages of positive cases between those who used repellents in-house and those who
did not. The ratio is 72:79 in Savar, while 34:48 is the ratio in Chattogram. According to the
usage of repellents on the skin, we cannot observe a reasonable difference in percentages of
positive cases under each level of usage in each area. They are, respectively, 73:73 and 36:39
for Savar and Chattogram (used—not used). Depending on the status of the availability
of flower plots inside the house, no reasonable difference (73:74) can be observed in the
percentages of positive cases for each level in Savar. However, in Chattogram, a slight
change is visible (33:42).

Very interestingly, Savar has shown a higher percentage of positive cases out of
admission (within a category), and most of these percentages are higher than 50%, which
is confirmed by 95% confidence intervals. However, the corresponding percentages in
Chattogram are below 50%, except in two situations (59% and 60%).
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3.4. Results of Chi-Square Analysis

In Savar, dengue status (positive/negative) showed a significant association with
hospital type, season, and prior contact with dengue patients. The findings indicate a
strong dependence on seasonal variation and patient exposure (p < 0.001), highlighting
their critical role in dengue transmission dynamics in this area.

In Chattogram, dengue status was significantly associated (p < 0.05) with prior contacts
with dengue patients and in-house use of mosquito repellents, while the landscape was
marginally significant.

3.5. Results of Logistic Regression Analysis

According to the logistic regression results, the dengue status in the Savar area is
significantly influenced by patient contact, use of mosquito nets, and season. The significant
constant term (intercept) suggests that additional, unaccounted factors might also influence
dengue status in this area. No contact with dengue patients was associated with a 2.9-fold
increase in the log odds of being dengue-positive (odds of being positive increased by
1888.56%) compared to those who had contact with infected individuals, which contradicts
the general consensus on dengue transmission.

The use of mosquito nets was associated with a 59% reduction in the odds of testing
positive for dengue compared to those who did not use mosquito nets. The use of mosquito
nets was associated with a negative impact on the log of odds of dengue positivity, with
individuals who used mosquito nets being 0.52 times less likely to be affected by dengue
(odds of being positive decreased by 40.54%) compared to those who did not use nets.
When comparing the seasonal effects, the rainy season had a positive impact (1.7 times)
on the log of odds of being a positive dengue case (odds of being positive increased by
447.39%). The winter season showed a negative impact (—1.4 times) (odds of being positive
decreased by 76.31%), compared to the pre-monsoon season as the baseline.

According to the logistic regression results (Table 2), in Chattogram, the factors of
contact with patients and use of repellents in the house are identified as significant at the 5%
significance level. However, the effect of repellent use in houses has marginal significance.
No contact with patients was associated with a 1.7-fold increase in the likelihood of being
dengue-positive compared to those who had direct contact with infected individuals,
aligning with expectations of vector-borne transmission. Using repellents in the house
was associated with a negative impact on being affected by dengue, as those who used
repellents were 0.55 times less likely to test positive for dengue compared to those who did
not use repellents in the house.

Table 2. Results of logistic regression analysis.

. Savar, Dhaka Chattogram
Variable
Coef. SE Coef. Z-Value p-Value Coef. SE Coef. Z-Value p-Value
Constant 27.3 10.3 2.65 0.008 6.82 9.17 0.74 0.457
Landscape —0.324 0.259 —-1.25 0.21 0.354 0.223 1.58 0.113
Sex —0.011 0.271 —0.04 0.968 —0.306 0.238 -1.29 0.199
Contact with 2.993 0.56 5.35 <0.001 1702 0761 224 0.025
patients
Use of
mosquito —0.524 0.254 —2.06 0.039 0.261 0.219 1.19 0.233
nets t
Use of
repellents in —0.561 0.367 —1.53 0.126 —0.557 0.284 —1.96 0.05

house
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Variable Savar, Dhaka Chattogram
Coef. SE Coef. Z-Value p-Value Coef. SE Coef. Z-Value p-Value
Use of
repellents on —0.011 0.47 —0.02 0.982 0.06 0.421 0.14 0.886
skin

Pf{e"alence of —0.169 0.271 —0.62 0.533 0.309 0.23 1.34 0.179

ower plots
Season (rainy, 705 _ 447 0.283,0.529 6.02, —2.73 <0.001, 0.006 0.461, —0.17 0.298,0.546 155, —0.31 0.121,0.755

winter)

t. Significant in one area only, f. Significant in both areas, Coef.: estimated values of coefficient, SE Coef.: standard
error of estimated values of coefficient, Z-value: values of Z test statistics, p-value: corresponding p value.

4. Discussion

This study highlights the importance of shaping dengue control strategies to local
areas, as the risk factors influencing dengue status were found to vary across study ar-
eas. These findings imply that the same strategies may be less effective. Instead, area-
specific risk factors based on preventive measures could enhance the effectiveness of
measures. Such an approach may improve early detection, resource allocation, and overall
outbreak management.

This study revealed that, in 2019, the number of positive dengue cases in Dhaka was
significantly higher than in Chattogram—almost twice the number of cases in Chattogram.
Between 2012 and 2019, Dhaka, Bangladesh’s capital and most populous city, with nearly
16 million residents [20,21], reported the largest number of dengue cases. A 2014 study
found that nearly 80% of the population in both Dhaka and Chattogram were seropositive
for dengue [22]. In 2022, Dhaka again showed the highest incidence of dengue in the
country, with 63.07% of patients reported in Dhaka compared to only 14.42% in Chat-
togram [23]. The mortality rate was also higher in Dhaka, with 63.34% of deaths occurring
there, compared to 24.16% in Chattogram [23]. Additionally, a study confirmed that, out of
59,196 dengue cases reported from January to December 2022, 70% of the patients and 61%
of fatalities were from Dhaka, while Chattogram reported 14% of patients and 23.64% of
deaths [24].

Urbanization is a major driver of mosquito-borne disease transmission, as it creates
breeding grounds for mosquitoes, facilitates vector-human interactions, and contributes
to outbreaks. Dhaka, the capital and most populous city in Bangladesh [20,21], has a
significantly higher population density [23] compared to Chattogram. The differences in
dengue case numbers between these two cities may be attributed to variations in population
size, climatic conditions, and geographical features.

There is a noticeable trend in both Savar and Chattogram, where people tend to seek
admission to private hospitals rather than government hospitals. A previous study found
that 78% of hospitalized patients during the 2000-2017 dengue outbreaks sought services
from private hospitals, where the mortality rate was four times lower than in public hos-
pitals [25]. The World Bank also reported that nearly 70% of patients in Bangladesh seek
medical services in the private healthcare sector [26]. This preference may stem from the
perception that private hospitals offer better facilities and care than government hospitals,
or it could be due to limited access to government facilities. Other than facilities, private
hospitals may also provide faster service, more flexible visiting hours, and shorter waiting
times, which could contribute to the public’s preference. Socioeconomic status and insur-
ance coverage may also influence the patients’ ability to access private care. Additionally,
social factors, such as family status, may influence this decision. However, several initia-
tives have been introduced to address this imbalance, including healthcare management
training, the expansion of rapid diagnostic tests (e.g., NS1-based kits), the allocation of



Acta Microbiol. Hell. 2025, 70, 27

10 of 14

more beds for dengue patients in district-level public hospitals, and the updating of clinical
management guidelines [27]. In terms of diagnostic practices in hospitals, NS1 antigen
tests are typically used during the early febrile phase (day 1-5), while IgM and IgG an-
tibody tests are more commonly applied from day 5 onward [28]. In Bangladesh, most
hospitals—especially government ones—rely on NS1 and IgM tests for dengue diagnosis,
with IgG testing used less frequently due to limited resources [29]. Private hospitals may
offer a broader range of diagnostics due to better laboratory infrastructure.

In 2019, a higher number of dengue cases were reported between April and September,
with a peak in August, a pattern observed in both cities. Previous studies also noted that
most cases occurred in August that year [30]. Another study reported that over 90% of
dengue fever cases were concentrated in August and September. Some researchers have
suggested that the period from August to October is particularly vulnerable to dengue
outbreaks in Bangladesh [23], while others observed that dengue incidence rises sharply in
early July and decreases by December [23].

The distribution of dengue cases across months is closely tied to the climatic conditions
of different seasons. This study’s results further confirm that dengue status is seasonal,
specifically in Savar. Dengue spread has been associated with rainfall [31]. Most cases
in Bangladesh are reported during the monsoon (June-September) and post-monsoon
(October-November) seasons, with a peak incidence in September [30]. Heavy rainfall,
flooding, waterlogging, and unpredictable seasonal changes have created ideal conditions
for dengue outbreaks in Khulna [32]. Climate change has exacerbated heavy rainfall and
prolonged rainy seasons in Bangladesh, creating favorable conditions for Aedes mosquito
proliferation and subsequent dengue outbreaks [31]. A significant link between increased
rainfall and longer dengue seasons in Bangladesh may help explain the irregular yearly
patterns of dengue cases [33].

An analysis of reported cases shows that more males are affected by dengue compared
to females, a trend observed in several studies. Male predominance has been noted in all
dengue outbreaks in Bangladesh [30]. One study confirmed that the proportion of male
patients was twice that of females across all outbreaks [30]. Similar findings have been
reported in studies from Bangladesh, where male children are also more likely to contract
dengue, as well as in most studies from India [34]. These results stand in contrast to some
findings from South America, where the gender distribution may differ.

This could be because males are more exposed to the contaminated environment than
females. Another reason could be cultural aspects, such as dress codes, where females in
some cultures cover the body entirely [30]. Another contributing factor may be cultural
norms around clothing. In Bangladesh, it is common for women to wear modest clothing,
including full-sleeve garments and long dresses, which may reduce skin exposure and
lower the risk of mosquito bites. This dress code, aligned with cultural and religious
practices, may serve as a passive protective factor against Aedes bites. A study has pointed
out that wearing long sleeves and pants could be preventive while participating in outdoor
activities [33]. Perhaps, females may be reluctant to be admitted to hospitals, and most
studies are based on hospital records, so there could be a bias in the data.

Among the reported admissions, the proportion of individuals with a history of
previous contact with dengue patients is relatively low. However, a logistic regression
analysis identified this as a key factor influencing dengue status. A national seroprevalence
study conducted between 2014 and 2015 found that 24% of patients (n = 5866) reported
a previous history of dengue, with over 80% of participants in two major cities (Dhaka
and Chattogram) being seropositive [22]. The spread of the virus may also be linked to
travel patterns, particularly from Dhaka to other regions. Previous studies have shown
that large-scale movement during religious festivals, such as Eid, when up to 10-12 million
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people leave Dhaka city, has coincided with major outbreaks of dengue, chikungunya, and
COVID-19 [35]. However, the impact of contact with dengue patients may vary depending
on factors such as the time elapsed from exposure, the health status of the individual, and
the virulence of the circulating dengue strain.

The use of mosquito nets appears to influence the dengue status in Savar, although no
similar effect was observed in Chattogram. This suggests that mosquito net usage may offer
some level of protection against dengue. However, there is limited supporting evidence in
the literature for this specific finding. Some studies suggest that using mosquito nets while
sleeping can help protect against mosquito bites [33]. It is important to note that Aedes
mosquitoes are day-biting, and the protective benefit of nets is likely limited to daytime
naps or morning rest. If nets are used only during nighttime sleep, the effectiveness may
be reduced. Therefore, assessing the time and context of mosquito net usage is essential for
understanding its actual impact.

The variations observed across areas could be attributed to differences in practices
and behaviors in each region. For instance, this study shows that, in Chattogram, the use
of repellents within the house is associated with a reduction in dengue cases, although this
result is marginally significant. However, the use of repellents on the skin may not be as
effective when repellents are used inside the house, suggesting that these impacts could be
confounded by other factors.

The presence or absence of flower plots inside houses does not have a significant
impact, according to the data in this study, despite being a common belief. Other potential
Aedes breeding sites, such as uncovered water containers in kitchens and bathrooms,
buckets, and rooftop tanks, may have a greater role in mosquito proliferation. These were
not directly assessed in this study but represent key targets for future research.

Despite being heavily affected by dengue, Dhaka city lacks a coordinated vector
control policy [30]. The development and implementation of effective policies are crucial for
controlling disease. Long-term dengue prevention requires the government to implement
urbanization strategies aimed at reducing dengue incidence. While most residents are
aware of dengue, they lack knowledge about mosquito breeding sites and biting habits [30].
Awareness can be increased through electronic media, print media, and social networks.

The Bangladeshi government controls Culex mosquitoes by applying Temephos larvi-
cide in drains and using fogging to target adult mosquitoes during the vector season [23].
Similarly, targeted insecticide spraying on Aedes breeding sites, chlorination, and the use
of larvicides for outdoor water storage are effective control measures. However, effective
Aedes control requires an integrated vector management approach. This includes not only
chemical methods but also environmental management, such as cleaning water containers,
sealing tanks, and community-based source reduction activities. Indoor mosquito pro-
tection can be achieved using pesticide sprays, mosquito coils, or by installing window
and door screens to prevent their entry [33]. In addition, wearing long sleeves and pants
during outdoor activities is a preventive measure. For indoor protection, pesticide sprays
or mosquito coils are commonly used [33].

Insufficient resources and workforce within the city corporation, along with limited
community engagement, hinder effective prevention efforts (vector control policy). In
both Savar and Chattogram, the local authorities periodically initiate public awareness
campaigns and water-drainage drives, especially during peak dengue season. However,
sustained household-level practices, such as the weekly cleaning of rooftop tanks, drain-
ing flowerpots, and covering water barrels, remain inconsistent. Therefore, it is crucial
to involve citizens through programs that encourage regular draining and cleaning of
household water storage containers. Such community-driven initiatives can significantly
contribute to reducing mosquito breeding sites and improving overall prevention efforts.
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This study has some limitations, such as we could not verify the specific type of
diagnostic test used for all patients or the timing of sample collection, and only hospitalized
patients were included, which may introduce selection bias and limit generalizability
to community-level infections. Additionally, as antibody responses, such as IgG, can
persist for months or years after infection, relying on serological tests alone may lead to a
misclassification of recent infections.

5. Conclusions

This study identifies the critical epidemiological factors influencing DVI in Bangladesh,
focusing on Dhaka and Chattogram and using data from hospitalized patients. The results
indicate that, in Savar, dengue status is significantly associated with seasonal variations,
mosquito net use, and patient contact. In contrast, in Chattogram, patient contact and
in-house repellent use emerge as the primary determinants. No significant differences
were found between the two regions regarding hospital type, landscape, gender, or other
household factors. Additionally, considerable variations were observed in the detection
capabilities of different dengue diagnostic tests (NS1, IgM, and IgG), highlighting the
importance of careful test selection in clinical settings. These findings offer valuable
insights for policymakers in shaping targeted dengue control and prevention strategies.
However, further research with a broader geographical scope is needed to validate and
generalize these results for more effective dengue management.
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