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Abstract:The purpose of the study was to weigh the community burden of dengue 

determinants on Dhaka, Bangladesh . Risk factors were investigated within a subset of 2101 

adult persons from a population-based cross-sectional serosurvey, using Poisson regression 

models for dichotomous outcomes. Design-based risk ratios and population attributable 

fractions (PAF) were generated distinguishing individual and contextual (i.e. that affect 

individuals collectively) determinants. The disease burden attributable to contextual 

determinants was twice that of individual determinants (overall PAF value 89.5% vs. 

44.1%). In a model regrouping both categories of determinants, the independent risk factors 

were by decreasing PAF values: an interaction term between the reporting of a dengue 

history in the neighbourhood and individual house (PAF 45.9%), a maximal temperature of 

the month preceding the infection higher than 28.5 °C (PAF 25.7%), a socio-economically 

disadvantaged neighbourhood (PAF 19.0%), altitude of dwelling (PAF 13.1%), cumulated 

rainfalls of the month preceding the infection higher than 65 mm (PAF 12.6%), occupational 

inactivity (PAF 11.6%), poor knowledge on dengue transmission (PAF 7.3%). Taken 

together, these covariates and their underlying causative factors uncovered 80.8% of dengue 

at population level. Our findings lend support to a major role of contextual risk factors in 

dengue outbreaks. 
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Introduction 

Dengue fever is one of the most important public health problems of tropical and subtropical 

countries across the world. The disease has rapidly spread in recent years. The burden of disease 
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has increased 30-fold during the last 50 years with geographic expansion from 9 to 125 countries 

in the last 40 years [1]. Studies have shown that around 3.9 billion people are under direct risk of 

dengue transmission and 390 million of them are infected each year globally [2]. Dengue fever 

is a mosquito-borne viral disease caused by any one of four different dengue virus serotypes 

(DENV 1–4) [3]. The disease is transmitted by the Aedes female mosquito which is endemic to 

the urban environment of many tropical and subtropical regions [2]. Due to global climate 

change and increasing international migration and trading, the dengue fever problem is likely to 

be more severe in the future [4]. Dengue transmission is seasonal worldwide except for the 

equatorial region [5] that peaks in hot-wet periods of the year and lowers with the onset of 

winter. This temporal fluctuation is dominantly driven by meteorological and environmental 

conditions according to the season. Temperature influences the occurrence and transmission of 

dengue fever via the survival and development of mosquito vectors, virus replication, and vector 

host interaction by affecting incubation period and biting rate [6]. Rainfall provides breeding 

sites and stimulates eggs hatching for mosquitoes [7]. Extremely higher or lower temperature and 

heavy rainfall are negatively associated with dengue fever [7,8]. Regional climate phenomena 

such as El Niño Southern Oscillation (ENSO) and Indian Ocean Dipole (IOD) also affect 

temporal dynamics of dengue transmission by affecting the local weather [9–12]. Vegetation 

dynamics affects mosquito survival by providing a resting place for adult 

mosquitoes and moisture needed for their breeding [13]. Vegetation canopy reduces wind speed 

and provides favorable environment for development of the mosquito population [14]. 

 

Methods  

The SERODENG cross-sectional serosurvey was conducted between 2017-2018 session at 

Dhaka city , Bangladesh , shortly after the end of the dengue epidemic on Reunion Dhaka city 

near Anwer Khan Modern Medical College Hospital, Bangladesh . 

The number of subjects needed to obtain a representative random sample of the general 

population was estimated to be 2640, assuming 35 ± 2% expected prevalence [4], an α risk of 

5%, 20% proportion of refusal or absenteeism and a cluster effect. 

The sample was built using a two-level probability sampling procedure. At level 1, a random 

draw for households (primary sampling unit) was carried out. Selection was conducted in six 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5998769/#ref4
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putative strata defined by the crossed combinations of the dwelling type (individual/collective 2–

20 units/collective >20 units) and size of municipality (⩽10 000/>10 000 inhabitants). Overall, 

five strata were obtained after removing an empty stratum. At level 2, following a predefined 

Kish method [22], the field investigator randomly assigned one ‘index person’ (the Kish 

individual) per household to be interviewed within the selected dwellings. In accordance, a 

sampling fraction ranging from 0.071 to 1 was generated. 

To ensure that the sample was representative of the underlying population, we corrected the 

sample for age, gender, dwelling and residence area based on socio-demographic information 

provided by the 2006 census data. Thus, a set of weights was used to increase or decrease the 

influence of under-/over-represented groups selected from the source population. 

 

Data collection 

Structured questionnaires, administered by 25 field investigators, aimed at collecting data on 

demographics, health, knowledge on transmission and prevention of DENGUE, dwelling and 

close environment of residence.  

Individual characteristics included gender, age, occupation, chronic disease, body mass index 

(BMI), four items dedicated to the knowledge of dengue transmission (scored 0–4) and 11 

preventive behaviours against  (scored 0–11). 

Contextual household variables included the type and altitude of dwelling, household size, area 

of residence, recent history of DENGUE in the neighbourhood and a social deprivation proxy-

index characterising the socio-economic status of the municipality at ecological level. 

 

Outcome measure 

Each participant consented to a fingertip prick and the outcome measured was the result (positive 

or negative) of DENGUE-specific IgG ELISA serology detected on filter paper-absorbed blood 

(Whatman 903
®
 Protein Saver™ Card, Schleicher & Schuell) [11]. The full procedure of blood 

testing is detailed in Supplementary Appendix 4. 

Additional climate variables 

After the geo-referencing of each participant's address at IRIS (‘Ilots Regroupés pour 

l'Information Statistique’) level, the smallest geographical unit for acquiring aggregated socio-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5998769/#ref22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5998769/#ref11
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environmental information in France, monthly meteorological data gathered from the 21 closest 

weather stations were obtained to complete the questionnaire data, using @lliuograM website 

(http://www.margouilla.net). 

The climatic parameters considered were ‘cumulated rainfall’, average, maximal and minimal 

temperatures, and average solar radiation. The rationale for choosing these variables is explained 

in Supplementary Appendix 5. 

For DENGUE-infected (DEN+) symptomatic subjects, we inputted the average values of the 

closest station from the data recorded in the 2 months preceding the first DENGUE case included 

in the IRIS. For DENGUE-naïve (DEN−) individuals, we used the average values of the closest 

station between the first and the last cases reported in the same IRIS. 

 

Statistical analysis 

Given the subjective nature and need for intelligibility of some individual variables, comparison 

of outcome was restricted to people aged 15 years or more to ensure reliable data input based on 

personal information. First, we examined associations between DENGUE (design-based 

seroprevalence weighted by sampling fraction) and both individual and contextual 

characteristics. Design-based crude IRR and 95% confidence intervals (CI) were assessed 

using χ
2
 likelihood ratio tests weighted by sampling fraction. 

Second, we investigated independent risk factors for DENGUE in a four-step multivariate 

Poisson regression for dichotomous outcome, modelling the fixed effects (no random intercept to 

allow contextual effects). In the first step, we fitted two distinct full models with respect to the 

intrinsic nature of the variables, individual or contextual (grouping within households) with all 

the relevant covariates found in bivariate analysis. In the ‘individual-variable’ model, we forced 

gender and age, potentially associated with unadjustable determinants to minimise residual 

confounding. In the second step, we fitted one unique parsimonious, ‘explicative’ model with all 

the putative risk factors previously identified using a manual stepwise backward elimination 

procedure (P value < 0.05 to be retained in the model). All interaction terms between the 

variables included in this model were tested using the Mantel–Haënszel method [23]. In the third 

step, we studied the contribution of climate variables. Finally, in the fourth step, we added the 

significant climate variables to the precedent ‘explicative’ model. All the covariates within this 

mailto:dev@null
http://www.margouilla.net/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5998769/#ref23
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final ‘decision-making’ model were set as binary. At each step, we determined the pseudo-

likelihood of the Poisson regression model using a survey-adjusted Wald test. 

For all these analyses, our purpose was to weigh the ‘explicative’ part of each model using the 

combined adjusted PAF for cross-sectional data, which were produced from each specific PAF 

value. PAF indicates the percentage of cases that would not occur in a population if the factor 

was eliminated. Subsequently, we gauged each key determinant of the final ‘decision-making’ 

model according to its amendable potential, and classified the risk factors into amendable and 

non-amendable, if they appeared to be causal. 

All the analyses were performed using Stata14
®

 (StataCorp. 2015, College Station, TX, USA) 

excluding observations with missing data. 

 

Ethics and funding 

The SERODEN serosurvey was approved by the ethical committee for studies with human 

subjects Bangladesh. All participants provided their informed consent to answer the 

questionnaire and for blood collection. Parent or guardian of all child participants provided 

informed consent on their behalf. 

Result  

The selection of the study population is presented in Figure 1. Of the 3032 subjects sampled at 

level 1, 2442 Kish individuals were surveyed by field investigators and 2101 participants aged 

15 years or more were analysed. This sample was representative of the habitat in terms of areas 

of residence and altitude of dwelling place. Beyond these contextual features, it was also 

representative of individual characteristics such as obesity, hypertension, diabetes and asthma.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5998769/figure/fig01/
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Fig. 1. Study population. Flow chart of the study population. 

 

Individual determinants of dengue 

The subjects aged 60–69 or 70 years or more, overweight (25 ⩽ BMI < 30 kg/m
2
) or obese 

(BMI ⩾ 30 kg/m
2
), reporting a chronic disease or no occupation were more likely to be infected 

(Supplementary Table S1). Among active people, farm workers (<10% of the population) were 

more likely to be infected (P = 0.01). Self-use of repellent sprays or creams (used within more 

than half of the population) was protective against dengue (P < 0.01). Indoor insecticide users 

(~40% of the population) were slightly protected compared with non-users (P = 0.04). 

Paradoxically, infection was more common in subjects reporting one or more of the following 

altruistic behaviours aimed at reducing the amount of breeding sites: covering tanks and water 

supplies (P = 0.01), putting sand in containers (P = 0.02), pruning shrubs and cleaning wastes 

(P < 0.01), removing clutter in the courtyard (P < 0.01). Other protective behaviours against day-

biting. 
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than half of the population) was protective against dedngue (P < 0.01). Indoor insecticide users 

(~40% of the population) were slightly protected compared with non-users (P = 0.04). 

Paradoxically, infection was more common in subjects reporting one or more of the following 

altruistic behaviours aimed at reducing the amount of breeding sites: covering tanks and water 

supplies (P = 0.01), putting sand in containers (P = 0.02), pruning shrubs and cleaning wastes 

(P < 0.01), removing clutter in the courtyard (P < 0.01). Other protective behaviours against day-

biting  adult females were not associated with dengue (data not shown). However, when adding 

11 of the 16 preventive behaviours in a score, we observed a negative correlation between the 

reported behaviours and exposure level, the subjects cumulating 6–11 protective behaviours 

being the more likely to be infected. 

Importantly, scoring knowledge of dengue transmission by summing good answers to four key 

questions revealed higher risk for the subjects denying  the main vector. Interestingly, this score 

was driven by literacy (P < 0.01), place of birth (P < 0.01) and marital status (P = 0.02) 

(Supplementary Table S2). Knowledge features showed a protective effect restricted to 

individuals aged <50 years (data not shown). 

Finally, when adjusting eight individual covariates together (forcing gender but excluding the 

behaviour score), only the absence of occupation was associated with dengue (adjusted IRR 1.42, 

95% CI 1.20–1.66), even though obesity (adjusted IRR 1.29, 95% CI 1.05–1.58) and poor 

knowledge on dengue transmission (score = 1: adjusted IRR 1.27; 95% CI 1.01–1.59; or 

score = 0: adjusted IRR 1.33; 95% CI 1.05–1.69) remained linked to dengue. 

Taken together, the ‘individual-covariate full model’ and its underlying causative factors 

uncovered 44.1% of dengue (95% CI 41.5–46.6%). In other words, if dengue had been fully 

preventable, control measures aimed at protecting the specific groups of individuals presenting 

the eight abovementioned risk factors would have diminished the disease burden by more than 

40%. 

 

Conclusion 

The present study investigated and revealed the degree and dynamics of the abundance of 

Aedes mosquitoes in different urban SESZs in Dhaka and identified the key containers 

responsible for harbouring Aedes immatures. These containers are chiefly generated and/or 

possessed by the city dwellers and produce sizeable populations of adult female mosquitoes 
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which increases the risk of pathogen transmission. Proper use, disposal and recycling of the 

containers by the city dwellers and responsible authorities are necessary for environmental 

and mosquito habitat management. Community education regarding the biology of Aedes 

mosquitoes, the need to clean HH premises including inverting/discarding unused containers in 

appropriate ways is anticipated to increase the uptake of these simple but effective 

intervention strategies. Because the traditional vector indices are not reliable predictors of 

dengue virus outbreaks, annual mosquito surveillance is necessary to gain a better understanding 

of how vector populations change over time and how this relates to risk of pathogens that are 

transmitted by Aedes mosquitoes in Bangladesh. Surveillance along with 

sound prevention and source reduction programs implemented by and within at-risk communities 

are seen as crucial elements for reducing the risk of dengue and other arboviral 

infections. 

 

Discussion 

Here, we report the findings of a large serosurvey conducted on Dhaka, Bangladesh , aimed to 

guide public health interventions for dengue control. By combining survey data and timely 

acquired climate variables, and using a multi-step multivariate analysis with Poisson regression 

models for dichotomous outcomes, our analysis has identified and weighed the community 

burden of individual and contextual determinants of dengue. 

Interestingly, our results, which fulfil the standards of adequate public health impact measures 

for decision-making purposes, suggest a high disease burden of risk factors of primarily 

contextual origin, in comparison with that of individual determinants. In addition, we identified 

the most susceptible contextual variables to public health interventions. 

Thus, in a nine-covariate Poisson model with an additional interaction term, the contributors for 

dengue, ranked by decreasing PAF values, were a dengue history in the neighbourhood and 

individual house, high maximal temperature the month preceding the infection, a socio-

economically disadvantaged neighbourhood, low altitude of dwelling, high precipitations the 

month preceding the infection, occupational inactivity, poor knowledge on dengue transmission 

and obesity/overweight. Together, these covariates and their underlying causative factors 

uncovered over 80% of infections in the community. 
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Consistently, the addition of the maximal temperature and cumulated rainfall the month before 

the introduction of dengue in the area provided supportive information showing both an 

interaction and confounding between altitude and temperature. In accordance, the adjustment for 

climate variables decreased drastically the risk associated with altitude. 

Of utmost importance, the overall PAF value of eight relevant contextual covariates and their 

underlying causative factors uncovered at least 89.5% of the dengue observed on the island, 

while the overall PAF value of eight relevant individual covariates and their underlying causative 

factors uncovered up to 44.1%. 
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