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Abstract 
 

Dengue Viral Infection in Children: Epidemiological, Nutritional and Genomic Analysis 
 

Background: The epidemiology and genomic characteristics of dengue viral infection in 

children have been poorly explored in Bangladesh. The study aimed to delineate the 

epidemiological, nutritional, and genomic characteristics of the dengue viral infection in 

Bangladeshi children. Method: A cross-sectional study was carried out in the in-patient 

department of Bangladesh Shishu Hospital and Institute from June 2023 to May 2024. Children 

of age <18 years admitted with presumptive positive dengue infection and presumptive 

negative dengue infection (NS1 and/IgM negative) with features like dengue infection were 

enrolled in this study. A total of 722 presumptive dengue-positive children were included for 

epidemiological analysis, 349 children under the age of five for nutritional assessment; 104 

dengue-positive children, and 50 dengue-negative children (from another group) for genomic 

analysis and concomitant viral infections respectively. MedCalc online tools and SPSS version 

21 were used for genomic and statistical analysis.  Results: Among 722 children, 600(83%) 

were from Dhaka City Corporation (494 and 106 were from North and South City Corporation 

respectively) and 122(17%) were from outside of Dhaka. The age group of <1 Year were 

91(12%), 1- <5 Year 258(36%),5- <10 Year 238(33%) and > 10 Year 135(19%). Out of all, 

fever was the compulsory presenting complaint, and vomiting 355(49%), abdominal pain 

192(27%), loose motion 135(19%), cough 49(7%), headache 30(4%), reluctant to feed 23(3%), 

bleeding 18(2%), convulsion 16(2%) were present. Among all 516(71%) presented with 

warning signs and 206(29%) without warning signs; 82(16%) children with warning signs and 

23(11%) without warning signs were admitted to the intensive care unit. Reinfection was in 

39(5.4%), a comorbid condition in 79(10%) and shock was the predominant complication. 

Among 349 under-five children, 7 (2%) were overweight, 178(51%) normal, 153(44%) 

moderately underweight, and 11(3%) severely underweight. Real-Time PCR results reveal that 

out of 104 positive cases, 96(92%) were true positive and 8(8%) were false positive. Among 50 

negative cases 17(34%) were false negative and 33(66%) true negative. Real-time PCR of 

nasopharyngeal swabs reveals that 12(12%) had Flu or Respiratory Syncytial Virus (RSV) in 

true positive cases(n=103) and 5 (19%) in true negative cases(n=26). Circulating serotypes 

were DEN2 87% and DEN3 13%. Genomic footprint shows that DEN-2-2023 in Bangladesh 

was most similar to 2018 and DEN-3-2023 most similar to 2017. Conclusion: In children, 

DEN2 was the most predominant serotype in 2023 among children which might be responsible 

for more severe diseases. Concomitant viral infection could be an upcoming concern for the 

dengue outbreak.  Authorities should prioritize the feasibility of using Real-time PCR for 

dengue screening in the coming years and a laboratory network system like COVID-19 should 

be considered. 
 

Keywords: Children, Dengue, Epidemiology, Serotype  
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Abstract 
 

Dengue Viral Infection in Children: Epidemiological, Nutritional and Genomic Analysis 
 

Background: The epidemiology and genomic characteristics of dengue viral infection in children 

have been poorly explored in Bangladesh. The study aimed to delineate the epidemiological, 

nutritional, and genomic characteristics of the dengue viral infection in Bangladeshi children. 

Method: A cross-sectional study was carried out in the in-patient department of Bangladesh 

Shishu Hospital and Institute from June 2023 to May 2024. Children of age <18 years admitted 

with presumptive positive dengue infection and presumptive negative dengue infection (NS1 

and/IgM negative) with features like dengue infection were enrolled in this study. A total of 722 

presumptive dengue-positive children were included for epidemiological analysis, 349 children 

under the age of five for nutritional assessment; 104 dengue-positive children, and 50 dengue-

negative children (from another group) for genomic analysis and concomitant viral infections 

respectively. MedCalc online tools and SPSS version 21 were used for genomic and statistical 

analysis.  Results: Among 722 children, 600(83%) were from Dhaka City Corporation (494 and 

106 were from North and South City Corporation respectively) and 122(17%) were from outside 

of Dhaka. The age group of <1 Year were 91(12%), 1- <5 Year 258(36%),5- <10 Year 238(33%) 

and > 10 Year 135(19%). Out of all, fever was the compulsory presenting complaint, and 

vomiting 355(49%), abdominal pain 192(27%), loose motion 135(19%), cough 49(7%), headache 

30(4%), reluctant to feed 23(3%), bleeding 18(2%), convulsion 16(2%) were present. Among all 

516(71%) presented with warning signs and 206(29%) without warning signs; 82(16%) children 

with warning signs and 23(11%) without warning signs were admitted to the intensive care unit. 

Reinfection was in 39(5.4%), a comorbid condition in 79(10%) and shock was the predominant 

complication. Among 349 under-five children, 7 (2%) were overweight, 178(51%) normal, 

153(44%) moderately underweight, and 11(3%) severely underweight. Real-Time PCR results 

reveal that out of 104 positive cases, 96(92%) were true positive and 8(8%) were false positive. 

Among 50 negative cases 17(34%) were false negative and 33(66%) true negative. Real-time 

PCR of nasopharyngeal swabs reveals that 12(12%) had Flu or Respiratory Syncytial Virus 

(RSV) in true positive cases(n=103) and 5 (19%) in true negative cases(n=26). Circulating 

serotypes were DEN2 87% and DEN3 13%. Genomic footprint shows that DEN-2-2023 in 

Bangladesh was most similar to 2018 and DEN-3-2023 most similar to 2017. Conclusion: In 

children, DEN2 was the most predominant serotype in 2023 among children which might be 

responsible for more severe diseases. Concomitant viral infection could be an upcoming concern 

for the dengue outbreak.  Authorities should prioritize the feasibility of using Real-time PCR for 

dengue screening in the coming years and a laboratory network system like COVID-19 should be 

considered. 
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CHAPTER I 

 

1.1 Background of the study 

Dengue fever is one of the most prevalent vector-borne diseases, primarily transmitted by 

Aedes mosquitoes, and it poses a significant health challenge worldwide. Dengue is the most 

common arboviral infection transmitted to humans by the bite of mosquito vectors Aedes 

aegypti and Aedes albopictus (1).  It is caused by the Dengue virus (DENV), which exists in 

four serotypes (DENV-1, DENV-2, DENV-3, DENV-4). Globally, an estimated four billion 

people are at risk for Dengue virus (DENV) infection, with 96 million clinical cases. Although 

dengue affects individuals of all ages, children are particularly vulnerable, often presenting 

with more severe manifestations such as Dengue Hemorrhagic Fever (DHF) and Dengue Shock 

Syndrome (DSS). The global burden of dengue has dramatically increased over the last few 

decades, with the World Health Organization (WHO) estimating that around 390 million 

people are infected annually, and a substantial proportion of these cases involve children. 

Dengue fever is the fastest-spreading mosquito-borne disease and has become a severe public 

health concern, particularly in tropical and subtropical nations like Bangladesh, a South Asian 

country with over 165 million populations.  

Epidemiologically, the incidence of dengue in children varies across regions, with tropical and 

subtropical areas being the most affected due to favorable mosquito breeding conditions. 

Factors such as population density, urbanization, inadequate sanitation, and climate change 

significantly contribute to the widespread transmission of the virus. Children, particularly those 

under 10 years of age, are at an increased risk of developing severe forms of dengue due to 

their underdeveloped immune systems. Dengue infection affects the health of all age groups. 

However, the highest burden of dengue has been observed among children, adolescents, and 

young adults (2); in particular, the infection rate is highest among infants [WHO, 2009]. 

Moreover, dengue infections may progress to Dengue Hemorrhagic Fever (DHF) and Dengue 

Shock Syndrome (DSS), which are associated with higher hospitalization and case fatality 

rates, particularly among children (3). Moreover, dengue serotypes DENV-1 to DENV-4, 

particularly in secondary infections, can lead to dengue severity due to Antibody-Dependent 

Enhancement (ADE).  
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Nutrition is crucial in determining the severity and outcome of dengue infections in children. 

Malnutrition, particularly protein-energy malnutrition, has been shown to affect immune 

function, potentially exacerbating the disease's severity. Inadequate nutrition may impair the 

body's ability to mount an effective immune response to the virus. Additionally, micronutrient 

deficiencies, such as those in vitamins A, C, and D, have been linked to heightened 

susceptibility to infections and complications in dengue. Research on the relationship between 

nutritional status and dengue severity in children is relatively limited, but existing studies 

suggest that proper nutrition might improve immune responses and reduce the likelihood of 

progression to more severe disease forms. 

Considering the disease symptoms, many clinical features like fever, joint pain, body aches, 

rash, respiratory symptoms, gastrointestinal disorders, abnormal liver function tests, severe 

bleeding, organ impairment along with plasma leakage, dengue hemorrhagic fever (DHF), and 

life-threatening dengue shock syndrome (DSS) were most common in dengue patients. 

However, some symptoms, such as constipation and mouth sores, were rarely recorded (4). 

 

Additionally, RSV is a respiratory virus that is common among children. The resulting 

coinfection can deteriorate the health condition of the DENV-infected patients. A study found 

that a single diagnosis targeting DENV that is coinfected with influenza A can increase the 

severity of diseases (5). However, the number of studies that focused on the coinfections 

among DENV, influenza, and RSV is limited. More studies are needed to establish the 

evidence that coinfection can happen and can be fatal to health. 

 

On a genomic level, understanding the host-pathogen interaction in children with dengue is 

crucial for identifying biomarkers for early diagnosis and potential therapeutic targets. Recent 

advancements in genomics and bioinformatics have allowed researchers to explore the genetic 

predisposition of individuals to dengue infection. Genetic variants in immune-related genes 

such as those involved in cytokine production, immune signaling pathways, and cell signaling 

may influence the severity of the disease. Studies have shown that children with certain genetic 

markers might be more predisposed to severe dengue manifestations. This genomic analysis 

could lead to better prediction models for disease outcomes and personalized treatments for 

children affected by dengue. 
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1.2 Justification of the study 

Bangladesh has been a dengue-endemic country since the first recorded outbreak in 2000. Over 

the years, in 2023, Bangladesh experienced the highest dengue outbreak in its history with 

316,773 infections, 1652 mortality and 0.5% case fatality rate (CFR). If appropriate prevention 

measures are not implemented, insufficient outbreak readiness, weak healthcare infrastructure, 

and low community knowledge of dengue illness may result in public health catastrophes (6).  

 

 

Yearly distribution of Dengue Infections in Bangladesh (2000-2023) 

 

 

However, the pattern of DENV distribution is not unique. Several reports have documented 

that replication fitness, infection dynamics, and pathogenicity vary among DENV serotypes 

(7,8,9). For example, four dengue virus serotypes have been identified in Bangladesh [Mustafa 

et al., 2015], but the circulation pattern has changed over time. DENV-1 and DENV-2 were the 

dominating serotypes up to 2016 (10), followed by DENV-3, which was eventually responsible 

for the dengue outbreak in 2019 (11). In contrast, the preceding two years witnessed the 

prevalence of DENV-3 in 2021 and DENV-3, including DENV-4 in 2022 (12,13). 

Furthermore, various clades of DENV-2 caused diverse disease outcomes in children who had 

preexisting immunity to DENV-1 or DENV-3 (14). A few studies were conducted on the 

children to show the distribution of serotypes (15,16). 
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Those symptoms and demographic characteristics vary significantly between children and 

adults. For instance, children are less likely to experience pain symptoms from dengue 

infection (17,18,19). Furthermore, children infected with dengue virus in 2019 were older than 

those in the 2018 outbreak (20,21). This pattern of age distribution aligns with the 2000 

outbreak, indicating a temporal shift of age involvement among Bangladeshi children (22, 23).  

 

Furthermore, respiratory symptoms like cough, sore throat, and rhinorrhea have been observed 

in patients with dengue fever (24). In this respect, DENV circulation in endemic countries 

poses a diagnostic dilemma, especially during concurrent respiratory outbreaks. For children 

under five years, deaths from other lower respiratory infections continue to be of more 

significant concern because their death rates are more than ten times higher than those from 

tuberculosis (25). Additionally, in tropical countries like Bangladesh, the period of the highest 

indexes of DENV cases (June-August) coincides with seasonal outbreaks of respiratory viruses. 

As a result, there is a high possibility of getting coinfected with other viruses, like influenza, 

that have the same seasonality (April-July). 

 

Almost all the studies in Bangladesh's pediatric population documented the clinical 

manifestations of dengue in a single centre with a small number of samples (22,26,20). The 

severity of the disease has been linked to several clinical symptoms (27). Early detection and 

timely treatment of severe dengue can reduce dengue-associated mortality (28).  

The need for a comprehensive approach to understanding dengue viral infection in children is 

critical due to the increasing global prevalence and the devastating impact it has on public 

health, particularly in developing countries. The lack of effective vaccines, coupled with the 

frequent outbreaks in regions where children are most vulnerable, highlights the importance of 

identifying risk factors for severe disease. Integrating epidemiological, nutritional, and genomic 

analyses provides a multidimensional perspective on the factors that contribute to disease 

severity in children, offering opportunities for improved prevention and treatment strategies. 

Epidemiological studies can guide public health measures such as vector control and 

vaccination strategies, while nutritional interventions may offer an opportunity to improve 

disease outcomes in children. Furthermore, genomic studies could pave the way for precision 

medicine approaches, enabling the identification of genetic factors that predispose children to 

severe dengue, allowing for more targeted interventions. The findings from these analyses 
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could inform public health policies, contribute to the development of vaccines, and guide 

nutritional and healthcare strategies to reduce the burden of dengue on children. 

1.3 Research Question 

What are the epidemiological, nutritional and genomic characteristics of dengue viral infection 

in children? 

1.4 Objectives of the study 

General Objective: The study was designed to evaluate the epidemiological, nutritional, and 

genomic characteristics of dengue viral infection in children at a tertiary level hospital in 

Bangladesh.   

Specific Objectives:  

• To observe the clinico-epidemiological features of dengue virus infection in children 

• To evaluate children's nutritional status in relation to dengue virus infection  

• To identify the dengue virus circulating serotypes in children during the 2023 outbreak  

• To assess coinfection with respiratory viruses of dengue infection in children (RSV and 

Influenza) 

• To compare the diagnostic performance of rapid antigen tests to RT-PCR in dengue 

virus infection diagnosis  
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CHAPTER-II 

Literature review 

 

Epidemiological Overview of Dengue in Children in Bangladesh 

In Bangladesh, dengue has been endemic for decades, with a significant increase in the number 

of cases reported in recent years. According to the World Health Organization (WHO), the 

country has seen a steady rise in dengue transmission, particularly during the monsoon season 

when mosquito breeding conditions are optimal. The first major outbreak occurred in 2000, and 

subsequent years have seen increasing outbreaks, especially in urban areas such as Dhaka, 

Chittagong, and Sylhet (4). 

A study by Rahman et al. (2018) found that children under the age of 15 accounted for nearly 

40% of all reported dengue cases in Bangladesh. The incidence rate is particularly high among 

children under 10 years of age, with a marked increase in the occurrence of severe dengue. 

Several studies suggest that children are at greater risk of severe forms due to their developing 

immune systems, making them more vulnerable to complications such as hemorrhagic 

manifestations, vascular leakage, and shock (29). Additionally, a study conducted in Dhaka 

reported that 60% of hospitalized dengue patients under the age of 12 required intensive care 

for DHF or DSS, highlighting the severe burden dengue places on children (30). 

Nutritional Status and Its Impact on Dengue in Children 

Several studies conducted in Bangladesh have examined the role of nutritional status in the 

immune response to dengue. Poor nutritional status, including deficiencies in vitamins A, C, 

and D, has been associated with impaired immune function, making children more susceptible 

to severe disease outcomes. A study by Khan et al. (2019) found that children with low serum 

levels of vitamin A were more likely to develop severe dengue symptoms and were at higher 

risk for complications such as hemorrhage and organ failure. 

A study by Hossain et al. (2017) demonstrated that micronutrient deficiencies, particularly zinc 

and vitamin C, were common in children with dengue in Bangladesh. These deficiencies were 

correlated with a greater likelihood of developing severe dengue, as these nutrients are critical 
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in supporting immune responses. Zinc, in particular, is known to play an essential role in T-cell 

function and immune regulation, which is vital for combating viral infections like dengue 

(Hossain et al., 2017). Improving the nutritional status of children in Bangladesh through 

targeted interventions, such as micronutrient supplementation, could therefore help reduce the 

severity of dengue infections. 

Malnutrition also complicates the management of dengue, as it can affect fluid balance and 

immune response, making it harder to control the disease. Children with inadequate nutrition 

often require more intensive treatment and are at a higher risk for complications, thus placing 

additional strain on healthcare resources in Bangladesh (29). Nutritional interventions, such as 

protein-rich diets and micronutrient supplementation, have been suggested as a potential 

strategy for improving the outcomes of dengue in children 

Genomic Insights into Dengue Infection in Children in Bangladesh 

The genetic factors that influence the severity of dengue infections in children are an emerging 

area of research in Bangladesh. While much of the focus has been on the virus itself, 

understanding the host’s genetic predisposition to severe disease is crucial in predicting and 

preventing adverse outcomes. 

Circulating Dengue Serotypes in Bangladesh 

The serotypes of dengue virus that circulate in Bangladesh have been studied extensively in 

recent years. Studies have shown that all four dengue serotypes (DENV-1, DENV-2, DENV-3, 

and DENV-4) have been detected in various regions of the country, with variations in their 

distribution over time. 

The co-circulation of multiple dengue serotypes is a significant feature of dengue transmission 

in Bangladesh. Early studies indicated that DENV-2 was the predominant serotype during the 

initial years of the 21st century (2000–2005) (Rahman et al., 2006). However, more recent 

studies have shown that DENV-3 has become more prevalent in recent outbreaks, particularly 

in Dhaka, the capital, which has witnessed larger outbreaks of dengue since 2010 (31). A study 

by Sultana et al. (2015) indicated that DENV-3 was responsible for the majority of the cases in 

the 2014 outbreak, contributing to higher rates of severe disease. 
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The burden of dengue infection in children in Bangladesh is increasing, and the interplay 

between epidemiological, nutritional, and genomic factors complicates disease management 

and prevention. Epidemiological studies highlight the growing incidence of dengue in urban 

areas, while malnutrition exacerbates the severity of the disease. Additionally, genomic 

research suggests that genetic predispositions in children may influence their susceptibility to 

severe dengue manifestations.  

The circulating serotypes and genotypes of dengue virus in Bangladesh exhibit significant 

variation, which is crucial for understanding the dynamics of dengue transmission and the 

factors that influence disease severity, particularly in children. The predominance of certain 

serotypes in different outbreaks and the genetic diversity of circulating strains underscore the 

complexity of managing dengue in Bangladesh. 
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CHAPTER-III 

 

METHODOLOGY   

 

Methodology is a crucial part which makes the study scientific and provides a way to reach the 

objective of research. This chapter presents an outline of approach and methodology of the 

study.  

3.1 Study Design  

This was a cross-sectional study to assess the epidemiological, nutritional and genomic 

characteristics of dengue viral infection in children from a tertiary-level hospital in Bangladesh. 

 

3.2 Study Area 

Participants were selected from the in-patient department at Bangladesh Shishu Hospital & 

Institute, located in the capital city of Dhaka. The average occupancy rate in 2022 was about 

90%. By 2017, the capacity had risen to 650 beds and as of 2020, it was the largest children's 

hospital in Bangladesh. 

 

3.3 Study Period  

The total study lasted for a period of 12 months from July 2023 to June,2024. To complete the 

study in time, a work schedule was prepared depending on different tasks attached at annexure. 

The first 3 month were spent for literature review, topic selection, development of protocol, and 

approval of the protocol by the board. The subsequent 3 months were spent for questionnaire 

development and pre-testing, data collection, compilation and analysis, report writing, printing, 

and submission of the report. Literature review was simultaneously going on till the final report 

was writing.  

3.4 Study Population 

In this study, participants were selected from the in-patient department at Bangladesh Shishu 

Hospital & Institute. The selected participants age below 18 years, either sex was requested to 

participate in the study. Children who were admitted to Bangladesh Shishu Hospital & Institute 

with presenting dengue-like symptoms and NS1 or IgM-positive during the data collection 

period (June,2023-August,2023).  

https://en.wikipedia.org/wiki/Dhaka
Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository



13 
 

 

3.5 Selection Criteria 

Inclusion Criteria  

1. Participants aged 1-15 years 

2. Both male and female  

3. Admitted children who were positive for rapid test (NS1-Ag, IgM, and IgG) 

4. Agree to provide biological samples 

5. Participants with informed consent of parents 

Exclusion Criteria 

1. Patients who were diagnosed with immunosuppressive diseases  

2. Patients who were unwilling to participate 

3.6 Sample Size 

The study primarily selected 1069 participants who were admitted during the data collection 

period. Among them, A total 722 participants were enrolled in this study which age group were 

1 year to >10 years according to inclusion criteria. All participants were included for 

epidemiological analysis. Due to unsupported setting (most of the participants were 

hemodynamically unstable and restless so did not  approach and parents did not allow for 

height measurement or anthropometric measurement which stated in limitation of study) only 

weight for age was considered for age up to five years (59 months full) which were 349 among 

722. Out of 722 selected participants, 104 cases were purposively selected for molecular 

testing. Additionally, 50 dengue NS1 negative participants were enrolled purposively and were 

also included in the study for molecular testing.  
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3.7 Methodological Diagram 

 

3.8 Data collection instrument 

A structured pre-tested questionnaire and observational checklist were used for data collection. 

The questionnaire and checklist were pilot-tested before rollout. Laboratory accessories were 

used for hematological samples. Bed side dengue data sheet and patients’ admission and 

detailed history form were used to record clinical manifestations, warning signs and outcome.  

 

Case definition: Dengue cases were confirmed by physician according to National Dengue 

Clinical Case Management Guideline 2022(Revised).  

 

For Nutritional Assessment: Stadiometer, Bathroom Scale, GMP Card, measuring tape were 

used for nutritional data.   

 

3.9 Data collection technique 

 

With the guardian's consent, a validated self-structured questionnaire was used for data 

collection. A qualified phlebotomist collected hematological samples while maintaining aseptic 

precautions, and the sample was stored at laboratory temperature before sending to the 

laboratory. Face-to-face interviews were used to collect the demographic data while keeping 

patient privacy and health settings in mind. 
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3.10 Specimens' collection  

We collected 2ml blood for those up to 1 year of age, 3ml blood for up to 3 years of age, and 

5ml blood for the rest of the patients. Along with blood, a nasopharyngeal swab specimen was 

taken in 5 ml VTM for both detection of dengue and other concomitant virus.  

 

3.11 Laboratory procedure 

3.11.1 Sample Processing 

After rapid screening, collected blood samples were sent to the Virology Laboratory, icddr,b 

and processed in a dedicated BSL-2 laboratory with BSL-3 practices under a certified Class II 

biological safety cabinet (BSC). Once a clinical specimen has been treated with lysis buffer for 

RNA extraction, the samples can be moved to a less restrictive environment to complete the 

RNA extraction and Real-time RT-PCR. 

 

3.11.2 Nucleic acid extraction  

Viral RNA was extracted and purified from blood samples according to the proper laboratory 

manual. QIA amp Viral RNA Mini Kit (Qiagen), serotype-specific consensus primers and 

probes were used for extraction.  

 

3.11.3 Real-time reverse transcriptase-polymerase chain reaction (RT-PCR) 

Dengue virus nucleic acid was detected by real-time RT-PCR. Briefly, the screening and 

serotyping were performed using DENV and their serotype-specific consensus primers and 

probes to detect any dengue virus-positive RNA [Santiago et al., 2013]. The amplification was 

carried out in a 20 µl final reaction volume comprising the Applied Biosystems™ TaqPath™ 

buffer of 5.0 µl, forward and reverse primers of 0.5 µl each (final concentration 0.5 µM), probe 

of 0.5 µl (final concentration 0.25 µM), 8.5 µl of nuclease-free H2O, and 5 μl of RNA 

template. The thermocycling program for both DENV screening and serotyping is as follows: 

Pre-incubation at 25°C for 2 min, RT step at 53°C for 10 min, followed by 95°C for 2 min, and 

45 cycles of denaturation at 95°C for 15 seconds, followed by annealing at 60°C for 1 minute. 

A sample generating a threshold cycle (CT) value ≤40 was considered positive. Ct < 40 was 

evaluated as positive, and Ct value > 40 was negative. 

 

3.11.4 Sequencing: Partial genome sequencing was performed by Sanger method. Total 110 

positive dengue cases confirm by RT-PCR were enrolled for sequencing.  
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3.12 Data Analysis 

MedCalc online tools and SPSS version 21 were used for this investigation for all statistical 

analyses. Categorical variables were compared using χ2 tests. Figures (Bar Graphs, Pie charts, 

etc.) were developed using MS Excel. 

 

3.13 Ethical clearance  

The institutional review board (IRB) of Bangladesh Shishu Hospital and Institute (BSH&I) has 

given their approval for the study. 
 

3.14 Limitations of the study 

• Due to funding limitations, real-time RT-PCR could not be performed for each of the 

positive cases and only 50 cases enrolled from negative group. 

• Height measurement could not be taken in unsupported setting. 

 

3.15 The strengths of the study 

• The strengths of the study were that it highlighted several critical insights into the 

epidemiology and clinical presentation of dengue virus infection in the pediatric 

population of Bangladesh that had been explored less from Bangladesh's perspective 

yet. 

• The identification of dengue and influenza virus coinfection through RTPCR indicates a 

need for comprehensive viral surveillance to better understand coinfection dynamics 

and their impact on disease severity and outcomes. 
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CHAPTER-IV 

RESULTS 

 

The study was carried out among 722 Bangladeshi Dengue-positive children aged 1-15 years. 

Data were collected from the Department of Clinical Pathology of Bangladesh Shishu Hospital 

& Institute, Dhaka. This study focused on exploring the epidemiological, nutritional and 

genomic scenario of pediatric dengue virus infection from a tertiary-level hospital in 

Bangladesh. The study findings are presented in this chapter. Outputs are presented both in 

tabular and graphical form.  

 

Section 4.1: Demographic characteristics 

4.1.1 Distribution of participants by location (both inside and outside of Dhaka) 

The study revealed that among 722 children in this study, most (87%, 600) participants came 

from inside Dhaka and the rest from outside Dhaka. (Figure-1) 

Figure: 1 Distribution of the children by location (both inside and outside of Dhaka) 

                                                                              
n=722 
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4.1.2 Distribution of participants by location (inside Dhaka city) 

In Dhaka city, 82% (n= 494) were from Dhaka North City Corporation, and 18% (n = 106) 

from the Dhaka South City corporation. (Figure-2) 

Figure: 2 Distribution of the children by location (inside Dhaka city) 

                                                                     n=600 

 

 

4.1.3 Distribution of Dengue Viral Infection by district 

According to the study findings most (n= 624) of the dengue patient came from inside the 

Dhaka city. (Table 1)  

Table 1 Distribution of Dengue Viral Infection by district 

 

 

 

 

 

 

 

 

 

District Frequency 

Dhaka 624 

Madaripur 8 

Lakshmipur 7 

Gazipur 6 

Narayanganj 6 

Shariatpur 6 

Barisal 5 

Bhola 5 

Gopalganj 5 

Narsingdi 5 

Sirajganj 5 

Manikganj 4 

Chandpur 3 

Comilla 3 

Faridpur 3 
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4.1.4 Gender distribution of children 

Figure 3 shows that among 722 children in this study, 58% (422) were male and 42% (300) 

were female. (Figure-3) 

Figure: 3 Distribution of the children by gender 

                                                                                      n=722 

42%58%

 

4.1.5 Distribution of participants by age (true outside of Dhaka) 

According to the findings, almost half were between 1-<5 years old followed by 22%, 5-<10 

years, 20% from >10 years of age and 13% of participants were from <1 year. (Figure-4) 

 

 

 

 

 

 

 

 

 

 

 

 

300 422 
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Figure: 4 Distribution of the children by gender                                                                                    
n=64 

 

 

4.1.6 Age and Sex Distribution of Children 

According to the study findings, the percentage of males was more than fifty percent among all 

dengue-positive participants in all age groups. Males over the age of 10 years represented 63%. 

On the other hand, 44% of females were from the age group 1-4 years. (Figure-5) 

 

 

Figure: 5 Distribution of the children by age and sex                                                                                                 

n=722 
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Section 4.2: Clinical characteristics 

4.2.1 Distribution of participants by clinical characteristics 

Concerning clinical symptoms study found, that all the participants had a fever (100%), 

followed by vomiting (49%), abdominal pain (27%), loose motion (19%), and cough (7%). 

Moreover, 4% of participants showed headache, 3% were reluctant to eat, 2% showed 

convulsions, bleeding, body aches, and rash, and 1% showed breathing difficulty. (Table 2) 

 
 

Table 2: Distribution of the children by clinical characteristics 

                                                                                                                  
n=722 

Symptoms Frequency Percentage (%) 

Fever 722 100 

Vomiting 355 49 

Abdominal pain 192 27 

Loose motion 135 19 

Cough 49 7 

Headache 30 4 

Reluctant to feed 23 3 

Bleeding 18 2 

Convulsion 16 2 

Body ache 14 2 

Rash 14 2 

Breathing difficulty 5 1 

 

4.2.2 Distribution of participants by warning sign 

The study reveals that among all the cases, 71% (n=516) had the warning sign, and 

29%(n=206) of participants did not show any warning signs. Moreover, only 11% required 

ICU who had no warning signs, and on the other hand, 16% required ICU with warning signs. 

(Figure 6) 
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Figure 6: Distribution of the children by warning sign  

 

4.2.3 Monthly Distribution of participants by cases (deaths) 

Regarding the monthly distribution, the number of cases in June was only 51 (death 1), while 

the cases in July and August were 291 (death 8) and 380 (death 8), respectively. (Table 3)  

 

 

 

 

Table 3: Distribution of monthly cases (deaths) 

                                                                                                               
n=722 

Month Frequency of cases  

(deaths) 

Percentage (%) of cases 

(deaths) 

June 51 (1) 7 (6) 

July 291 (8) 40 (47) 

August 380 (8) 53 (47) 
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4.2.4 Distribution of participants by comorbidities  

The study found that 10% (78 out of 722) patients had comorbid conditions, of which 11 had 

obesity, 7 had heart disease and thalassemia, 6 for vitamin D-deficiency, 5 for rickettsial fever 

and viral hepatitis, 4 for CP, 3 for CKD and IPD, 2 for enteric IDA, Epilepsy, HTN, and 1 for 

other diseases. (Figure 7) 

Figure 7: Distribution of the children by warning sign 

                                                                                                                                     
n=722 

 

 

4.2.5 Distribution of participants by complications  

Regarding major complications, shock was observed in 17% of patients, followed by 

macrophage activation syndrome (MAS) in 3.2%, pneumonia in 2.6%, and myocarditis in 

1.8%. The remaining complications occurred in 1% or less of patients (Figure 8a). Among 

those with shock, 96% experienced compensated shock, and 4% had decompensated shock. 

(Figure 8b) 
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Figure 8a: Distribution of the children by   complications    

 

 

 

 

Figure 8b Distribution of the children by shock 

 

 

Section 4.3: Nutritional Characteristic 

Among 722, Only 349 respondents up to age 5 years were enrolled. The study revealed half of 

them found normal and 44% were in moderate underweight. Only 3% of them had severe 

underweight whereas 2% had overweight. (Figure 9) 

17.3%

3.0% 2.6%
1.8% 1.4% 1.2% 0.7% 0.6% 0.6% 0.6% 0.4% 0.4% 0.3% 0.1% 0.1% 0.1% 0.1%
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Figure 9 Distribution of Nutritional status 

 
Section 4.4: Impact of hospital stay on fever duration, antibiotic use, and 

disease outcomes 

 

4.4.1 Impact of hospital stay on fever duration 

According to study findings during the dengue season, 71% of the patients stayed in the 

hospital for 3-7 days; however, the median hospital stay was 9.5 days. Interestingly, after ten 

days, the number of patients decreased, and only a few percent took more than 15 days to 

recover from the infections. It was observed that patients who were diagnosed within 3-6 days 

of fever onset required only 5 days to stay in hospital. However, those who were tested after 

more than 6 days of symptom onset required more than 5 days to stay in the hospital. (Figure 

10a and 10b) 

 
Figure 10a Impact of hospital stay on Fever Duration 
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Figure 10b Impact of hospital stay on Fever Duration 

 
 

 
4.4.2 Distribution of the patient by antibiotic used 

During hospital stay, 82% (n=549) patients received at least one antibiotic, 16% (n=111) two 

antibiotics, and 1% with 3 and 4 different types of antibiotics. (Table 4) 

 

 

 

 

 

Table 4: Distribution of the patient by antibiotic use 

Antibiotic used Frequency of the 

patient 

Percentage of the 

patient 

Only 1 549 82 

2 different 111 16 

3 different 7 1 

4 different 3 1 

 

4.4.3 Distribution of common antibiotic used 

Among the administrated antibiotics, the highest percentage was levofloxacin (63), followed by 

meropenem (26), ceftriaxone (9), and ciprofloxacin (7) respectively. (Figure 11). 

 

 

 

 

R-squared- 0.029 
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Figure 11 Distribution of common antibiotic used 

 

 
 

 

 

4.4.4 Impact of hospital stay on antibiotic use 

The length of the hospital stay was positively correlated with the use of multiple antibiotics. 

Patients with an average stay of 5 days took only one antibiotic, whereas those with an average 

stay of 6, 7, and 8 days used 2-4 different types of antibiotics. (Figure 12) 

 

Figure 12 Impact of hospital stay on antibiotic use 
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4.4.5 Distribution of antibiotics received by different age groups 

According to the study findings, 670 children out of 722 received antibiotics. More than ninety 

percent of all age groups received antibiotics. (Figure 13) 

 

 

Figure 13 Distribution of antibiotics received by different age groups 

 
 
4.4.6 Impact of hospital stay on patient outcomes 

 

Regarding the outcome of dengue infection, it was observed that 90% (n = 648) of patients 

recovered from the disease, 7% were in DORB (Discharge of risk bond) condition, 2% of 

patients died and 1% were in DOR (Discharge of risk) conditions (Figure 14).  

 
Figure 14 Impact of hospital stay on antibiotic use 
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4.4.7 Distribution of disease outcome by age 

The study reveals that most (92%) of the children improved in the age group 1-5 years; in the 

other age groups, almost ninety percent of children improved. On the other hand, the highest 

percentage of deaths occurred in children under 1 year. (Figure 15)  

 

 

Figure 15 Distribution of disease outcome by age  

 

 

4.4.8 Association between Hospital Stay and Patient’s Outcome 

Regarding the outcome of dengue infection, it was observed that the maximum number of 

patients recovered from the disease and the median hospital stay was 5 days, DORB (Discharge 

of risk bond) condition, of which the median hospital stay was 2 days, patients died with a 

median hospital stay of 4 days, and 1% were in DOR (Discharge of risk) conditions with a 

median hospital stay of 5 days (Figure 16).  
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Figure 16 Distribution of disease outcome by age 

 

Section 4.5: Coinfection status of the children 

Since all the patients manifested respiratory symptoms, we tested 131 nasopharyngeal swab 

samples for influenza and RSV from dengue suspected cases. Among the 131 cases, seven 

were co-infected with dengue and influenza A, four were co-infected with dengue and 

influenza B, and two were positive for influenza A, B, and RSV. No coinfection between 

dengue and RSV was found in the study. Moreover, all the co-infections were found between 

influenza and DENV-2 serotypes. (Table 5) 

 

Table 5: Distribution of the children by coinfection 

 

Coinfection 

Pathogens Influenza 

A (n = 9) 

Influenza B  

(n =6) 

RSV  

(n = 2) 

Dengue virus  

(n = 125) 

7 4 0 

 

 
Section 4.6: Screening and serotyping of Dengue virus using RT-PCR  

Among 154 selected cases (104 RDT positive, 50 RDT negative). Among 104, 102 confirmed 

positive by RT-PCR. Out of 50 negatives, 23 were positive by RT-PCR. Serotypes done for 

110 out of 125 RT-PCR-positive cases; 87% were dengue serotype-2 (DENV-2), and 13% 

were positive for dengue serotype-3 (DENV-3). However, we did not find any DENV-1 or 

DENV-4 serotypes. (Table 6), (Figure 7,18,19) 
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Fig: 17 Circulating serotypes/genotypes of Dengue Virus (2013-2022) 

 

 

Fig: 18 Circulating serotypes/genotypes of Dengue Virus (2013-2022) 
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Fig: 19 Genomic Footprint of DEN2 and DEN3 Genotypes 

 

 

 

Table 6: Screening and serotyping of Dengue virus using RT-PCR 

Screening 

Viral RNA n % 

Positive 125 81 

Negative 29 19 

Serotyping 

Serotypes n % 

DENV-2 98 87 % 

DENV-3 12 13% 

 

 

Section 4.7: Comparison of the diagnostic performance of rapid antigen tests 

to RT-PCR 

Study findings show after comparing the diagnostic performance of rapid antigen test to RT-

PCR, we found 34% false negative result. (Figure 17) 
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Figure 20 Diagnostic performance of rapid antigen tests to RT-PCR 
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CHAPTER-V 

 

DISCUSSION 

 

The cross-sectional study was conducted in Bangladesh Shishu Hospital, Dhaka among 722 

participants aged 1-15 years for epidemiological, nutritional and genomic analysis; from July to 

October 2023 during the dengue epidemic's peak wave. NS1Ag and IgG, IgM for dengue test 

was used to diagnose dengue virus infected children. Our findings respective to study are 

described under the following headings. 

 

Socio-demographic characteristics 

The study revealed that 87% (n=600) of dengue infected patients were from Dhaka city, among 

them 82% (n=494) were from Dhaka North City Corporation. On the other hand, 13% patients 

were from outside Dhaka city. Among the dengue infected children 58% (n=422) were male 

and 42% female. Most affected age group was 1- <5 years (45%), whereas <1 year old children 

were in the least affected age group (13%) which is similar to another study conducted in 

Cameroon [Tchuandom SB et al., 2019]. The above findings indicate that infants and young 

children are very much susceptible to dengue. 

 

Clinical Characteristics of Dengue 

Our study revealed that all the participants presented with fever (100%), half of them had 

vomiting (49%), whereas abdominal pain (27%) and lose motion (19%) was also common. 

Other studies also presented similar findings [32,33,34,35). The GI symptoms were also noted 

to be the most prevalent symptoms in children during outbreaks in 2006 and 2008 in 

Bangladesh (36). Furthermore, respiratory symptoms like cough, sore throat, and rhinorrhea 

have been observed in patients with dengue fever (24).  

Investigating about the warning signs of dengue 71% children had the warning signs of dengue 

at presentation. Surprisingly 16% children with warning signs required ICU support whereas 

11% required ICU who had no previous warning signs on admission. Studying the monthly 
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distribution of dengue cases highest number was recorded in August (380 cases, 53%) followed 

by July (291 cases 40%). Additionally, in tropical countries like Bangladesh, the period of the 

highest indexes of DENV cases (June-August) coincides with seasonal outbreaks of respiratory 

viruses. As a result, there is a high possibility of getting coinfected with other viruses, like 

influenza, that have the same seasonality (April-July). In this respect, DENV circulation in 

endemic countries poses a diagnostic dilemma, especially during concurrent respiratory 

outbreaks. 

Regarding associated comorbidity 10% (n=78) patients had comorbid conditions. Leading 

comorbid conditions were Obesity, Congenital Heart disease, Thalassemia, Vitamin D 

deficiency and Rickettsial fever respectively. Results from previous studies failed to show any 

solid consistency regarding the association between the nutritional status and dengue infection 

[Nguyen T et al., 2013]. In another study findings suggest that overweight children with 

dengue infection might be at a higher risk of developing a severe form of infection. 

Consequently, the effects of nutritional status (Malnutrition and Overweight/Obesity) on 

dengue disease outcome have been controversial (36). Shock was a major complication of 

dengue (17%) followed by Macrophage activation Syndrome (MAS, 3.2%), Pneumonia (2.6%) 

and Myocarditis. Among those with shock 96% children experienced compensated shock and 

4% had decompensated shock. 

 

Nutritional Characteristic 

Among 722, Only 349 respondents up to age 5 years were enrolled. The study objective was to 

assess nutritional status by GMP card (wt for ht & wt for age) but height measurement was not 

performed due to respondent hemodynamic instability and unwillingness. However, this study 

revealed half of them found normal and 44% were in moderate underweight. Only 3% of them 

had severe underweight whereas 2% had overweight. 

 

Impact of Hospital Stay 

Study revealed that 71% patients stayed in hospital for 3 to7 days. The maximum number of 

patients who recovered from dengue had a median hospital stay of 5 days; 2% patients who 

died had a median hospital stay of 4 days. Also, it is observed that earlier diagnosis was 

associated with less duration (5days) of hospital stay. Early detection and timely treatment of 
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severe dengue can reduce dengue-associated mortality (28). This finding was also supported 

through a study conducted by (37). Less severe patients were likely to recover fast and were 

released from the hospital early (38). 

82% (n=549) patients who stays in hospital received at least 1 antibiotic and 16% patients were 

treated with 2 different antibiotics. Among the administered antibiotics highest percentage was 

Levofloxacin (63%) followed by Meropenem (26%), Ceftriaxone (9%), Ciprofloxacin (7%) 

respectively. The length of hospital stay was positively corelated with the use of multiple 

antibiotics. Children with average stay of 5 days took only 1 antibiotic. According to the study 

findings >90% children (n=670) of all age group received antibiotics. This was a notable 

concern in the misuse of antibiotics in dengue management, and a study stated that antibiotic 

treatment did not result in a shorter hospital stay for Dengue patients (39). As dengue is a viral 

disease, antiviral treatment could be effective and reduce the use of antibiotics, as antibiotic 

resistance is a more common phenomenon at the current time. In this regard, physicians should 

be more concerned about the use of antibiotics in Dengue outbreaks.  

Concerning the outcome of hospitalized dengue children 90% (n=648) recovered completely 

and 2%(n=17) children died. Highest percentage of death occurred in children under 1 year of 

age. For children under five years, deaths from other lower respiratory infections continue to be 

of more significant concern because their death rates are more than ten times higher than those 

from tuberculosis (25). Likewise, Asian nationwide surveillance data reveals that the most 

significant risk of severe dengue disease has always been associated with newborns under one-

year-old and children between the ages of four and nine (40). Because of their undeveloped 

hemodynamic system, children, particularly newborns, are likely to acquire severe dengue 

disease (41,40). Dengue infections may progress to Dengue Hemorrhagic Fever (DHF) and 

Dengue Shock Syndrome (DSS), which are associated with higher hospitalization and case 

fatality rates, particularly among children (1).  

Coinfection Status 

In our study we tested 131 children with respiratory symptoms for Influenza and RSV from 

dengue suspected cases. Among 131 cases, 7 patients were coinfected with Influenza A, 4 with 

Influenza B. All coinfections were with DENV-2 serotype and Influenza. No coinfection 

between dengue and RSV was found in our study. A study found that a single diagnosis 

targeting DENV that is coinfected with influenza A can increase the severity of diseases (5). In 
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tropical locations where influenza and dengue viruses commonly co-circulate, including Brazil, 

Thailand, and Vietnam, coinfection is a risk factor for severe disease (42,43,44,45,46). 

Serotyping of Dengue Virus 

In this cross-sectional study, 154 cases (104 RDT positive, 50 RDT negative). were selected for 

screening and serotyping by RT PCR. Among 104, 102 confirmed positive by RT-PCR. Out of 

50 negatives, 23 were positive by RT-PCR. After comparing the diagnostic performance of 

rapid antigen test to RT-PCR, we found 34% false negative result.   

 

Among 125 RT PCR positive cases serotyping was done for 110 cases. 87% cases were with 

dengue serotype-2 (DENV-2) and 13% cases were positive for dengue serotype-3 (DENV-3). 

However, we didn’t find any DENV-1 or DENV-4 serotype. The pattern of DENV distribution 

is not unique. Several reports have documented that replication fitness, infection dynamics, and 

pathogenicity vary among DENV serotypes (7,8,9). For example, four dengue virus serotypes 

have been identified in Bangladesh (47), but the circulation pattern has changed over time. 

DENV-1 and DENV-2 were the dominating serotypes up to 2016 (10), followed by DENV-3, 

which was eventually responsible for the dengue outbreak in 2019 (11). Since the previous 

largest outbreak in 2019, DENV-3 has been the most prevalent circulating serotype in 

Bangladesh; however, DENV-2 mostly replaced it in 2023 (6). Co-circulation of several 

dengue serotypes increases the potential of secondary infection, which, because of the 

antibody-dependent enhancement (ADE) effect, may raise the risk of severe dengue 

(48,49,50,51,52).  

 

 

 

 

 

 

 

 

 

 

 



40 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                              6.1 Conclusion  

                          6.2 Recommendations 

 

 

 

 

 

 

 

CHAPTER VI 



41 
 

 

CHAPTER VI 

6.1 Conclusion 

The burden of dengue infection in children in Bangladesh is increasing, and the interplay 

between epidemiological, nutritional, and genomic factors complicates disease management 

and prevention. Epidemiological studies highlight the growing incidence of dengue in urban 

areas, while malnutrition exacerbates the severity of the disease. Findings revealed that more 

than 2/3rd children were from Dhaka north city corporation and male were more prone to 

dengue viral infection. All the children presented with H/O fever, and around half of them 

complained of vomiting. Notable symptoms among the children were abdominal pain, loose 

motion and cough of cases. More than 2/3rd of children had Dengue warning signs. But 

children having no warning signs also went to ICU. Children who had probable secondary 

infection need to hospital stay more. They had complications of shock, MAS, pneumonia, 

myocarditis, septicemia and pleural effusion. After genomic analysis and sequencing one-third 

of result found false negative. In case of RT-PCR dengue positive and negative cases had Flu 

or RSV infection. Most of the children affected by DEN-2. Additionally, genomic research 

suggests that genetic predispositions in children may influence their susceptibility to severe 

dengue manifestations. The study emphasizes the need for enhanced diagnostic accuracy, better 

management strategies, and targeted public health measures to address the high prevalence of 

pediatric dengue fever in Bangladesh, particularly among the most affected age groups. The 

findings of this study have important implications for public health because dengue fever and 

its associated death are currently a growing concern in Bangladesh. 

6.2 Recommendations 

The circulating serotypes and genotypes of dengue virus in Bangladesh exhibit significant 

variation, which is crucial for understanding the dynamics of dengue transmission and the 

factors that influence disease severity, particularly in children. The predominance of certain 

serotypes in different outbreaks and the genetic diversity of circulating strains underscore the 

complexity of managing dengue in Bangladesh. Based on the study findings following 

recommendation are founded: 
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• Enhanced surveillance systems that incorporate both serotype and genotypic analysis of 

circulating strains to track the evolution of the virus. 

• Improved public health strategies to mitigate the risks posed by serotype co-circulation, 

such as better mosquito control and vaccination campaigns. 

• Further research into the genetic markers associated with severe dengue outcomes, 

which could help in predicting and preventing severe disease in children. 

• Feasibility of using Real-time PCR for dengue screening in the coming years and 

laboratory network system like COVID-19 should be established. 

• During dengue seasons, other circulating respiratory viruses should also be tested 

because they develop similar symptoms. 

By strengthening these areas, Bangladesh can improve its ability to manage and control dengue 

outbreaks, ultimately reducing the disease burden, especially in vulnerable populations such as 

children. 
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