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C. Abstract

Introduction: Dengue fever, a mosquito-borne disease, is a significant public health
issue in Bangladesh, with outbreaks exacerbated by urban density, inadequate resources, and
seasonal patterns. The country reported over 203,000 cases and 989 deaths in 2023, with rising
hospitalizations and fatalities in 2024. Challenges include ICU shortages, insufficient diagnostic
tools, and economic impacts. Despite national protocols for dengue management, gaps in
adherence at primary healthcare facilities hinder effective response, necessitating focused
research and interventions.

Method: This study utilized a concurrent mixed-method design at the Savar Upazila
Health Complex, combining an observation checklist, supply chain mapping, and qualitative
interviews with 12 healthcare providers. The checklist assessed facility resources and dengue
management practices, while supply chain mapping identified bottlenecks in resource flow.
Interviews explored challenges in protocol adherence, resource limitations, and patient care. Data
analysis integrated thematic and quantitative methods, revealing critical deficiencies. Ethical
considerations ensured confidentiality, informed consent, and minimal disruption at the UHC.

Findings: The health complex has 50 beds but struggles to accommodate dengue patients
during peak seasons, often using floor spaces due to overcrowding. Inadequate isolation facilities
increase cross-contamination risks. Staff shortages, particularly nurses and health assistants,
compromise care quality, though training on dengue protocols exists. Essential supplies, such as
diagnostic kits and PPE, face frequent shortages due to inefficiencies in the government-led
supply chain. While IV fluids and medicines are generally available, mosquito repellents and
equipment are inconsistent. Proactive measures, like sanitation and mosquito control, are limited
by resource constraints. Improved infrastructure, staffing, training, and supply chain
management are critical for effective dengue care.

Conclusion: Resource constraints, staffing shortages, and inefficient procurement hinder
dengue management at Savar Upazila Health Complex, compromising patient care. Addressing
these challenges requires a comprehensive national policy, intersectoral coordination, and
increased funding. Integrating dengue management into broader public health frameworks is

essential to improve system capacity and ensure sustained preparedness.



D. Introduction:

The dengue virus, or dengue, is a potentially lethal virus that is spread to humans by
mosquitoes and is prevalent in over 100 countries (Khan et al., 2024). It is a major health
problem worldwide. Approximately 3.9 billion individuals worldwide are presently at risk of
contracting dengue fever, per a new research conducted by the World Health Organization
(2024). Even though dengue infection is a problem in more than 100 nations, 70% of cases occur
in Asia, with South and Southeast Asia accounting for the majority of cases (Ali, 2024). With a
variable incidence, dengue has remained endemic in Bangladesh, a South Asian nation, for over
25 years (Khan et al., 2024). In Bangladesh, dengue fever poses a significant risk to public health
due to its frequent outbreaks. Since 2019, DENV3 has been the most common serotype;
however, DENV?2 has surpassed in 2024. As the disease spreads quickly in heavily populated
areas, hospitals are finding it difficult to handle the country's fatal dengue fever outbreak (Alj,
2024). Nevertheless, in Bangladesh, dengue has grown to be a major, potentially fatal issue in
recent years.

For the first time in three years, there has been a rise in the number of dengue-related
hospitalizations and fatalities nationally in 2024. Although several other dengue-endemic nations
have recently observed comparable trends, Bangladesh's dengue-related mortality toll is
extraordinary. Apart from the direct health effects, dengue is also causing economic losses, stress
on healthcare systems, and social unrest in Bangladesh (Khan et al., 2024). A total of 203,406
individuals were infected between January and September of 2023, and 989 of them died,
yielding a case fatality rate of 0.49%. Nonetheless, the nation has been putting in great effort to
fight the disease and lessen its effects on the population. In Bangladesh, dengue epidemics
frequently exhibit seasonal trends, with the monsoon and post-monsoon seasons seeing the
highest rates of transmission. Because dengue-carrying mosquitoes have hatching grounds in
urban areas, especially highly populated cities, epidemics are more likely to occur there (Sarkar
& Ray, 2024).

Bangladesh's hot and humid climate encourages the growth of a wide range of mosquito
species; in 2016, there were over 123 species identified (Hasan et al., 2024). The presence or
absence of dengue vectors is measured using three key indices: house index (HI: the percentage
of houses infested with larvae and/or pupae); Breteau index (BI: the number of positive

containers per 100 houses); container index (CI: the percentage of water-holding containers



infested with larvae or pupae). These indices may facilitate understanding of the ecology of
vectors in a given control area, but they also serve as useful measures for determining the
success of intervention strategies (Cavalcante et al., 2020). Recent research conducted in Dhaka
in 2024 revealed a higher Breteau index, which counts the number of positive containers per 100
homes, at 30.8 in 1997, 24.6 in 2000, 55.8 in 2011, 28.7 in 2012, and 22.5 in 2013. The Dhaka
South City Corporation area's six wards had the highest Breteau index of >50 in 2022 (Hasan et
al., 2024). The Breteau Index, a measure of Aedes mosquito density based on larvae counts,
serves as an early warning tool for dengue outbreaks. The index's monthly values are correlated
with dengue incidence, revealing specific lag periods that predict outbreaks. Using receiver
operating characteristic (ROC) curves, threshold values were set, achieving high sensitivity and
specificity for predicting outbreaks (Aryaprema & Xue, 2019). This approach highlights the
importance of continuous mosquito surveillance, enabling health officials to respond proactively
to potential dengue risks.

Though there is literature that focuses on the spread of dengue, there is a gap in
knowledge on how to manage the increasing trends in dengue. October of 2024 alone recorded
108 deaths in the first 23 days of the month. Out of a total of 53,196 cases this year, over 20,000
people were infected in this month alone (The Daily Star, 2024). This escalation has led to public
health challenges as hospitals, especially public ones, struggled to provide efficient care with
limited ICU facilities, bed shortages, and insufficient diagnostic kits. Government hospitals had
to bear the brunt, accommodating most dengue patients, yet resources remain stretched. The
financial burden for the people of Bangladesh is considerable; alongside treatment expenses, the
high demand for hospital care, facilities already limited in ICU capacity and specialized
equipment, worsening patient outcomes and reducing access to necessary care (The Daily Star,
2024).

In Bangladesh, the national dengue management protocol provides standardized
guidelines for early diagnosis, treatment, and monitoring of dengue cases to reduce mortality and
improve patient care. Following this protocol is essential in primary healthcare facilities to
manage outbreaks effectively, especially in densely populated areas. However, little research has
examined the challenges healthcare providers face in adhering to these protocols within primary
settings like Upazila health complexes. Addressing this gap is vital to improving protocol

compliance and patient outcomes in underserved areas to reduce mortality and deliver efficient



care. This research focuses on the dengue management system in primary healthcare and aims to
identify the challenges of implementing effective dengue management protocols based on
national guidelines prepared for Bangladesh at Upazila Health Complexes.

D.1. Research question:

How do resource and supply chain constraints affect efficient dengue management at
Savar Upazila Health Complex?

D.2. Objectives:
D.2.1. General objective:

To explore how resource and supply chain constraints affect dengue management as per
the national guideline for clinical management of dengue at Savar Upazila Health Complex.
D.2.2. Specific objectives:

e To assess if the facility infrastructure resources (such as beds, ambulances and cold chain
equipment), human resources (qualified doctors and other health professionals) and
financial resources (such as sufficient budget to procure necessary supplies) are
adequately available at the Savar Upazila Health Complex to effectively deliver care for
dengue patients

e To examine the availability and adequacy of medical supplies (such as intravenous fluids
and equipment), medicines (such as paracetamol), diagnostic tools (such as rapid tests for
dengue specific [gM/ IgG and dengue NS1 antigen), personal protective equipment
(PPE), mosquito nets and sprays for dengue management and prevention within the Savar
Upazila Health Complex

e To provide recommendations to the government on how to address the constraints and
improve the overall dengue management capacity of Upazila Health Complexes in

Bangladesh



D.3. Conceptual framework:

Resource Constraints:

Facility Infrastructure

Resources,

Human Resources, Impact on Health Recommendations:

Financial Resources \ Barriers to Effective ,| Outcomes: " Proposals to address
Service Delivery Morbidity & Mortality of Resource & Supply

Dengue patients chain gaps

Supply Chain

Management:

Availability of Supplies,

Standard of Care

E. Methodology:
E.1. Study design:

This research adopted a concurrent mixed method design which included an observation
checklist, a supply chain mapping exercise, and qualitative interviews among healthcare
professionals.

The observation checklist was used to assess what resources are available in the facility
and systematically observe dengue management practices. Items included in this checklist were
dengue standard of care, availability of medical supplies, patient care dimensions and infection
control practices. The observation helped identify gaps in resource and supply chain constraints
and potential areas of improvement in dengue management.

By visualising and understanding the flow of dengue relevant essential supplies that are
required for managing dengue, we mapped supply chains to visualize the connections. It
described the journey of resources from suppliers to healthcare facilities and identified factors
that contribute to the timely access of these resources including demand variability, logistical
challenges, and regulatory burdens. Supply chain mapping revealed the bottlenecks as well as
opportunities for the streamlining of the delivery of critical resources in the Savar upazila health
complex.

Qualitative interviews (Key Informant Interview, KII) with healthcare providers enabled
us to collect in-depth data on the challenges they face in dengue management. These interviews
focused on healthcare workers' firsthand experiences with protocol implementation, resource
limitations, and patient care obstacles. Interviews revealed underlying issues like workforce
shortages, lack of training, and communication barriers. The participants for the qualitative data

were healthcare professionals (doctors, nurses, medical officers, support staff), health inspectors,



and upazila health & family planning officers (UHFPO) managing the responsibilities of serving
dengue patients.
E.2. Study site: Savar Upazila Health Complex in Dhaka, Bangladesh.

Savar is a peri-urban area close to Dhaka, which experiences both urban and rural
characteristics. This made it a suitable location to study the transmission dynamics of dengue,
often exacerbated in urbanized settings due to population density and poor waste management.
Being near Dhaka, an epicenter for dengue outbreaks, Savar experienced spillover effects of
urban dengue transmission (Alam & Mollah, 2021). Savar has reported dengue cases during
seasonal outbreaks, providing a relevant setting to study the implementation of national dengue
management protocols.

E.3. Study Population: Healthcare providers (doctors, nurses, and administrative staff) involved
in dengue management and prevention within the UHC.

E.3.1. Inclusion Criteria of selecting the participants: Healthcare providers involved in the
management of dengue cases, healthcare providers willing to participate in the research and
provide informed consent.

E.3.2. Exclusion Criteria of selecting the participants: Healthcare providers who are not
directly involved in dengue management, providers on leave or unavailable during the data
collection period.

E.4. Sample size:

The number of key informants interviewed in the study was 12. The sample included
medical officers, nurses, a health inspector, an office assistant and an administrative officer who
looked over the registry and management of dengue patients. The medical officers provided
detailed perspectives on clinical management and patient care within constrained resources; the
nurses elaborated on day-to-day patient care challenges and supply needs; the support staff
offered insights on the logistical challenges they face, such as managing medical equipment, bed
allocations, and PPE supplies; the health inspector and a senior medical officer who was also
facility head helped to understand the facility's resource allocation and prioritization processes,
which directly impact the ability to serve dengue patients effectively.

E.S. Sampling technique: Convenience sampling was used for recruiting the key informants’.



E.6. Operational Terms:

Domain

Understanding Domains in
Dengue Management

Measurement Method

Resource Constraints

Limitations in the availability of
essential resources, including
human, financial, and material, that
impact the ability to deliver effective
healthcare services (Anesi & Kerlin,
2021).

Assessed through
interviews with
healthcare providers.

Supply Chain Constraints

Challenges in the procurement,
storage, and distribution of medical
supplies and equipment necessary
for dengue management (Maluleke
etal., 2021).

Analyzed through supply
chain mapping.

Facility Infrastructure

Physical resources and utilities
available at the health complex,
including buildings, equipment,
electricity, and water supply
(Kapologwe et al., 2020).

Evaluated using an
observation checklist and
facility inspection.

Human Resources

The number, qualifications, and skill
mix of healthcare staff available to
provide dengue management
services (Nikookar et al., 2023).

Measured by comparing
staffing records to
national guidelines.

Healthcare Professionals

Licensed medical personnel,
including doctors, nurses, and
laboratory technicians, involved in
patient care and management (World
Health Organization [WHO], 2019).

Identified through staff
lists and interviews.

Financial Resource

Budget allocation and funding
available for dengue prevention,
diagnosis, and treatment at the health
complex (Knerer et al., 2021).

Assessed through
interviews with
administrative staff and
facility head.

Medical Supplies

Consumables required for dengue
management, including IV fluids,
medications, and syringes (Tayal et
al., 2022).

Checked against national
guideline lists and
interviews with the
support staff.

Diagnostic Tools

Laboratory and point-of-care devices
used for diagnosing dengue, such as
rapid diagnostic test kits and blood

Assessed through
equipment inventory and
laboratory service




analysis equipment (Kabir et al., records.
2021).

Personal Protective Equipment such as gloves, masks, Evaluated through

Equipment (PPE) and gowns used by healthcare observation and
providers to minimize exposure to interviews.
infectious agents (Verbeek et al.,

2020).

Supply Chain Management | The process of planning, Analyzed through supply
implementing, and controlling the chain mapping and
flow of medical supplies and stakeholder interviews.
equipment from procurement to
patient use (Maluleke et al., 2021).

E.7. Tool Development:
E.7.1. Observation Checklist:

The Observation Checklist was developed based on the WHO Service Availability and
Readiness Assessment (SARA) tool and the National Dengue Management Guidelines. This was
used to collect data on various aspects: facility infrastructure, human and financial resources,
medical supplies, diagnostic tools, personal protective equipment (PPE) and supply chain
management concerning the study’s aims. The checklist was devised based on a detailed review
of the literature known, including existing national dengue management protocols and
guidelines, and other such studies from resource-constrained health care settings.

E.7.2. Supply Chain Mapping:

The Observation Checklist was used for the supply chain mapping. This was able to grab
key elements of the supply chain by looking at the flow of resources, stakeholders, processes and
challenges. It helped to understand and write down how the dengue management resources (such
as medicines, diagnostic kits and PPE) flow. The mapping was conducted following a broad
review of existing literature on National Dengue Management Protocols, guidelines, and the
WHO SARA tool.

E.7.3. Key Informant Interview (KII):

The KII tool was developed to explore healthcare providers’ perceptions, experiences,

and challenges in managing dengue disease. To collect qualitative insights into areas such as

resource adequacy, protocol adherence, and recommendations on how to improve dengue



response. Key thematic areas included: challenges in implementing dengue management
protocols; availability and adequacy of resources (human, financial, and material); and
recommendations for improving facility-level dengue response. The questions were designed to
be open-ended to encourage detailed responses and provide rich qualitative data.

E.8. Pre-testing:

The study tools were pre-tested in the Rupgonj Upazila Health Complex. The tools,
including observation checklist, interview guides, and supply chain mapping templates, were
tested first to identify ambiguities, redundancies or gaps. This pre-testing phase provided
feedback that helped refine items for clarity, eliminate redundancies and fill in missing items.
The finalised tools were attained after all feedback from the pretesting stage and the supervisor
was incorporated. Also, during the pre-testing, questions were pre-phrased to be culturally
appropriate and easy to understand for respondents, making them less likely to be
misunderstood. The pre-test also enabled estimation of the time needed to collect data as well as
logistical adjustments for the main study.

E.9. Data Analysis:

The data collected using the observation checklist was systematically analyzed using
Microsoft Excel. Observational notes (notes taken during the observational checklist) underwent
thematic analysis to capture recurring issues. Data was presented using tables and charts for
clarity. To get a broader understanding of qualitative data, thematic analysis of the common
challenges and insights was done triangulating with the quantitative results from the observation
checklist using Microsoft Excel. Codes were grouped into broader categories. Themes were
developed by identifying patterns and relationships within the data.

E.10. Ethical considerations:

The study obtained ethical approval from BRAC James P Grant School of Public Health,
BRAC University (JPGSPH) institutional review board (IRB). Informed consent from all
participants was secured. The confidentiality of information by the participants was ensured.
Participants were thoroughly informed about the study's nature, purpose, and potential
implications before starting the interviews. They were briefed on their role in the research, the
type of data to be collected from them, and how it would be utilized. The consent form included
information about voluntary participation, the right to withdraw at any time, and how their

privacy will be protected. Personal identifying information (such as names or specific roles) was
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not disclosed in the final research report or publications. Data was anonymized where possible,
and access to data was restricted to the research team only. Any sensitive data, particularly
concerning patient care or internal management issues, was handled with the utmost discretion.
Care was taken to minimize any potential stress or discomfort for healthcare providers who felt
pressured to reveal information about resource constraints or shortcomings in management. The
study did not hamper the functioning of the Upazila Health Complex.

F. Findings:

F.1. Brief description of the Site:

The Savar Upazila Health Complex is situated 24 km (15 mi) northwest of Dhaka city. It
operates 24 hours and 7 days a week. It is a 50-bed primary healthcare facility which serves a
population of 1.386 million. The UHC provides primary healthcare including dengue
management and the basic equipment required to care for the dengue patients.

F.2. Qualitative Study, Key Informant Interviews (KII):

12 key personnel were interviewed to gain a comprehensive understanding of the
healthcare delivery system and the challenges they face in managing dengue cases. The
interviews spanned multiple healthcare professionals (as shown in Table-1), reflecting the
diversity of roles involved in the health complex's operations.

Table 1: Socio-demographic characteristics of Key Informant Interviewees
(Healthcare providers- doctors, nurses, administrative staff, Upazila Health & Family Planning

Officers, medical officers)

Code Age Gender Designation
KII 1 44 Male Medical Officer
KII 2 40 Male Medical Officer
KII 3 30+ Male Office Assistant
KII 4 57 Male Administrative Officer
KII 5 27 Female Senior Staff Nurse (SSN)
KII 6 52 Female Senior Staff member
KII 7 52 Female Senior Staff Nurse (SSN)
KII 8 58 Female Senior Staff Nurse (SSN)
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KII 9 43 Male Senior Medical Officer (Facility Head)

KII 10 57 Male Health Inspector
KII 11 42 Male Medical Officer
KII 12 55 Female Senior Nurse

F.3. Observation Checklist and Supply Chain Mapping:

A 10-12 minute discussion was held with the office assistants, lab technician, and
storekeeper to cross-check the observational checklist findings and to address issues related to
the supply chain management.

Table-2: Supply Chain Mapping Exercise

Category Findings

Resource Flow Critical supplies (medicines, diagnostic kits, PPE) sourced from
government-approved suppliers.

Delivered through a centralized distribution network managed
by the DGHS, with frequent delays.

Limited-capacity stockrooms at the health complex with
inadequate storage conditions (e.g., lack of temperature control)
is an important challenge.

Key Stakeholders Central Health Authorities: Responsible for procurement and
initial distribution. Detailed information was not provided.

Healthcare Staff: Reported frequent stockouts and inadequate
supplies during peak dengue outbreaks.

Challenges Identified Stockouts and Delays: Critical items such as diagnostic kits
were frequently unavailable during the month of November and
were also observed on data collection day.

Inadequate Storage Facilities: Lack of proper storage
conditions was seen, a possibility of potential degradation of
supplies.

Stock Management: Lack of real-time inventory tracking
systems was noticeable.

Emergency Stock Availability: Insufficient funding and no time
management for emergency procurement during outbreaks.

12



Recommendations Improved Inventory Systems: Implement digital tracking to
monitor stock levels and predict shortages.

Capacity Building: Train staff in efficient supply chain
management practices.

F.4. Thematic Analysis:

F.4.1. Facility Infrastructure Resources: During the observation of bed capacity for
quantitative data, it was noted that the facility had a sufficient total of 50 beds available for all
patients, including those diagnosed with dengue. However, it was observed that adequate beds
were not available for dengue patients (Figure-1). As a result, in cases of overcrowding, the area
outside the ward was prioritized for patient placement, which highlights a gap in the proper
allocation of resources for critical care.

“Yes, this is a 50-bed hospital, but during the dengue peak season, the number of patients,

including non-dengue patients, exceeds capacity. In such situations, patients are either

accommodated on the floor or with extra beds due to infrastructural limitations”
(KII 5, Female, Senior Staff Nurse).

There were no isolation facilities for dengue patients, however separate wards (2) for male and
female dengue patients were available but it was not adequate (Figure-1). Additionally, the
absence of specialized wards, such as those dedicated to infectious diseases like dengue,
exacerbates the problem. Without proper isolation areas, patients were treated alongside those
with other health conditions, increasing the risk of cross-contamination.

“We don t face isolation issues in the ward; patients continue to come in for treatment”

(KII 7, Female, Senior Staff Nurse).

Observation revealed that a functioning ambulance was available for patient transport; however,
it was neither suitable for dengue patients nor sufficient for the facility's needs (Figure-1).
While talking with the storekeeper during observation, it was informed that only 1 cold chain
equipment (refrigerator) was functioning for the storage of some of the medicines and EPI
vaccines (Figure-1).
During observation for sanitation and cleanliness of the facility, there is a person dedicated who
comes twice a year to maintain waste disposal and mosquito control measures, but it is not

adequate (Figure-1). The facility head of Savar UHC stated,
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“We are unsure of the exact timing of the dengue season, as it is now a year-round concern.
During the rainy season, when cases tend to rise, we take responsibility for mosquito control by
conducting spraying, ensuring cleanliness, and sending notifications to the municipality, unions,
and all relevant areas to encourage sanitation efforts. We also coordinate the cleaning of drains

and implement all necessary measures” (KII 9, Male, Senior Medical Officer).
This quote highlights proactive dengue management efforts in response to its year-round
prevalence. Healthcare providers maintain a constant supply of medicines to ensure readiness.
During the rainy season, when cases typically increase, they implement preventive measures,
including mosquito spraying, drain cleaning, and sanitation drives. Community engagement is
emphasized through notifications to municipalities, unions, and local areas, fostering collective
responsibility for environmental hygiene. These actions demonstrate a comprehensive approach
linking resource preparedness, public health strategies, and environmental management.
However, reliance on self-directed efforts, such as conducting spraying themselves, indicates
gaps in systemic support, underscoring the need for stronger institutional coordination.

F.4.2. Human Resources: Qualified doctors were observed to be present and actively
managing dengue patients. However, the high patient load was evident, with a noticeable
shortage of doctors, leading to increased pressure on the available medical staff. This shortage of
medical personnel has resulted in challenges in providing timely and comprehensive care to all
patients. Healthcare providers echoed the observation that the number of doctors was insufficient
to handle the growing demand.

“It would be better with more staff. There are enough for 50 beds, but for extra patients, more
staff are needed. It would be better if the system were developed further” (KII 6, Female, Senior
Staff member).

The nurse-to-patient ratio was inadequate, with many nurses responsible for managing multiple
patients at once, which compromised the quality of care. Nurses were available to look over the
dengue patients but there were no health assistants to manage the dengue cases. The lack of male
nurses indicates that sufficient nursing staff is a major issue at the health complex. Nurses
reported that while they manage the daily tasks, the absence of health assistants and the
insufficient number of nursing staff, particularly male nurses, poses a challenge.

“We have a shortage of nurses. We really need more nurses here as we struggle to manage. We

provide as much care as possible within our numbers. The nurses we have are assigned to
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different areas of the hospital, some go to the vaccination center, two nurses are at the
vaccination center, two more are assigned to the ICU, and so on. When interns come in from
different areas, we do get some help” (KII 8, Female, Senior Staff Nurse).

From qualitative interviews it was seen that training plays a pivotal role in enhancing the
capacity of healthcare providers, particularly doctors and nurses, to manage dengue cases
effectively. Some of the healthcare professionals reported that they did not have the opportunity
to attend training; however, a couple of healthcare providers got the chance to attend Dengue
case management training, and they have the protocol available. A doctor mentioned that they
had participated in seminar-style training, which functions as a workshop specifically for
doctors.

“I have not received any separate training. We conduct workshops within our team. There is no

specific external training. Here at UHC, the experts in respective fields conduct seminars, and

when the dengue season starts, we discuss these topics. We have a national guideline, and we

follow it. Training means, we read the National Guidelines ourselves, discuss among ourselves,
and hold various seminars here. There have been multiple seminars on dengue, where experts in

the field share their knowledge with everyone. We essentially train ourselves in this manner. As
staff, all the doctors attend the seminars here. And the nurses, who are present at UHC, execute

the orders that we give” (KII 1, Male, Medical Officer).

The response highlights the UHC’s reliance on in-house training for dengue management,
compensating for the lack of external programs. Staff conduct internal workshops and seminars,
discussing topics guided by the National Guidelines. This self-directed approach fosters
collaboration and peer learning but may limit access to updated practices and expert-led
instruction from outside sources. Doctors actively engage in discussions, while nurses primarily
execute orders, indicating a clear role differentiation but minimal participatory opportunities for
nursing staff. While this method demonstrates resourcefulness and adherence to national
protocols, it underscores the need for structured external training to enhance preparedness and
knowledge standardization.
The importance of training was highlighted by all the key informants.

“If training could be given in phases, group by group, it would make dengue prevention easier”

(KII 3, Male, Office Assistant).
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This statement shows the need for phased training for effective dengue prevention. By targeting
smaller groups, the process becomes more manageable and ensures better understanding and
implementation of preventive measures.

“Training reactivates our stagnation. I may know something, but if I haven't used it for a long
time, I forget it; everyone forgets it. It moves away from memory and even known things become
unknown. If there is some training on this, those things come back to mind” (KII 10, Male,
Health Inspector).

During the observation and while taking observational notes, the availability of trained lab
technicians for diagnostics was present but the lab manager indicated that there was a need to
increase the workforce to meet the diagnostic demands, especially during peak dengue seasons.

F.4.3. Financial Resources: While taking observation notes, it was noticeable that there
was always a shortage of supply of dengue kits and medicines (Figure-2). There was evidence of
a timely procurement process for dengue supplies, but it was not adequate (Figure-2). A key
informant at the UHC mentioned that,

“The government doesn t provide much financial support here. Only some medicines and saline

are provided; other medications have to be purchased by patients from outside.”

According to the facility head (KII 9, Male), “As I mentioned earlier, if you review the budget,
you will see that we are allocated a certain amount for dengue kits, medications, etc. If we
analyze the gap, we can better manage our resources. There should be no major challenges. We
just need to plan the budget, and the ministry will approve it. If they find the plan acceptable,
they will review and justify it. Then, they will approve it. I don 't foresee any significant barriers."
This statement emphasized the importance of strategic planning and resource gap analysis for
effective dengue management. With a well-justified budget plan and necessary adjustments,
challenges against dengue management could be reduced.

F.4.4. Medical Supplies, Medicines, and Equipment: While assessing through the
observation checklist (Table-3), it was found that there was an adequate amount of IV fluids for
dengue treatment and paracetamol (as per treatment protocols) but there was a need for zinc
tablets. During the time of data collection, shortages of dengue-specific IgM/IgG rapid tests and
NSI1 antigen diagnostic kits were noticeable (Table-3). According to a Key Informant,

“Medicines are generally available, though there can be occasional shortages. However, the

main issue lies with diagnostic kits, as dengue tests are currently unavailable”
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(KII 5, Female, Senior Staff Nurse).

This reveals key resource challenges in dengue management. While medicines are generally
available, occasional shortages indicate potential gaps in the supply chain that could hinder
treatment delivery. The unavailability of diagnostic kits presents a more critical issue, as it
directly impacts the facility's ability to confirm dengue cases accurately and promptly. This
limitation can lead to delays in treatment, misdiagnoses, and reliance on clinical judgment alone,
potentially compromising patient outcomes. The data highlights the need for improved
procurement systems and consistent availability of diagnostic tools to enhance the facility's
diagnostic capacity and overall dengue response effectiveness.
Another Key Informant reported,

“Shortage happens when there is a high patient load; otherwise, our supplies are sufficient.

When the patient load is high, supplies run out faster” (KII 7, Female, Senior Staff Nurse).
This reflects the impact of fluctuating patient loads on supply chain management in healthcare
facilities. While regular supply levels are sufficient under normal circumstances, high patient
loads strain resources, leading to shortages. It highlights the challenge of predicting demand and
maintaining an adequate buffer stock during peak periods, such as disease outbreaks. The
reliance on reactive management suggests potential gaps in forecasting and procurement
planning. Addressing these issues requires improved inventory systems, demand forecasting, and
contingency planning to ensure consistent availability of supplies, particularly during
high-demand periods, to prevent disruptions in patient care.
The availability of PPE, including gloves, masks, and gowns, was found to be inadequate during
observation (Table-3). The availability of mosquito nets in patient wards was notably sufficient
(Table-3). Mosquito repellents, such as sprays and creams, were not consistently available in
patient care areas (Table-3). The health complex did not have a regular supply of repellents to
protect both patients and staff from mosquito bites during treatment and observation periods.
According to a Key Informant,

“We have PPE. We don't wear them now, but we did during the COVID-19 period. It's not

necessary for dengue. Some people use masks” (KII 8, Female, Senior Staff Nurse).

The statement reflects a perception among healthcare staff that Personal Protective Equipment
(PPE) is unnecessary for dengue management, contrasting its essential role during the

COVID-19 period. This viewpoint may stem from a limited understanding of dengue
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transmission risks or prioritization of PPE use for direct-contact diseases. While acknowledging
occasional mask usage, the lack of consistent protective measures could expose staft to other
infections and undermine overall safety protocols. The response highlights a potential gap in
training or guidelines emphasizing the importance of PPE as part of a broader infection control
strategy in managing various communicable diseases, including dengue.

Table-3: Medical Supplies, Medicines, and Equipment

Item Criteria Available Adequate
4.1 Intravenous Fluids Availability of IV fluids for dengue Yes Yes
treatment
4.2 Paracetamol Availability of paracetamol (as per Yes Yes
treatment protocols)
4.3 Dengue Rapid Test Availability of dengue-specific IgM/IgG No No
Kits rapid tests
4.4 NS1 Antigen Test Availability of dengue NS1 antigen No No
Kits diagnostic kits
4.5 Personal Protective Adequate PPE for staff treating dengue No No
Equipment (PPE) patients
4.6 Mosquito Nets Availability of mosquito nets for dengue Yes Yes
patients
4.7 Insect Repellents / | Availability of repellents or insecticides for No No
Sprays dengue prevention

F.4.5. Supply Chain and Procurement Efficiency: According to the observation
checklist, there was evidence of the timely arrival of essential dengue supplies but it was done
manually through a registry. There was no stock management or the existence of an inventory
system for stock tracking. The emergency stock availability was non-existent and there was no
timely reserve stock of supplies for outbreak periods. The presence of efficient communication
with suppliers for urgent needs was available but inadequate.

“When the government has sufficient stock, they send supplies here. We only submit our
requirements, if the government doesn t have stock, neither they nor we can do anything. In such
cases, the cost of treatment for patients increases, and they have to bear the expenses themselves.

In our economically disadvantaged country, this creates difficulties for patients. For dengue, we
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have to perform platelet counts daily, which also involves additional testing costs” (KII 4, Male,
Administrative Officer).

The health facility's ability to receive supplies is conditional upon the government’s stock
availability. If the government does not have sufficient stock, the health facility cannot fulfill its
requirements, creating a bottleneck in the supply chain. This dependence highlights a critical
weakness: the health complex has limited alternatives or flexibility to secure the necessary
resources independently. When the government cannot meet supply demands, the health facility
is left without the necessary resources to treat patients. Specifically, the quote above stated
platelet counts as a critical diagnostic test for dengue, which involves daily testing. The shortage
of diagnostic tools or supplies could delay diagnosis and treatment, negatively impacting patient
outcomes.

“The supply chain is not functioning here because there is a shortage of resources”

(KII 4, Male, Administrative Officer).

The fact that all supplies come from the government implies reliance on public procurement
systems and a standardized process for supply distribution. The government manages the
procurement, logistics, and allocation of resources, which may ensure a uniform and consistent
supply across health facilities in the region. However, it may also indicate bureaucratic delays or
rigidity in the system if the government processes are slow or inefficient, which can cause delays
in the arrival of critical supplies.

“Supplies are provided by the Civil Surgeon s Office. Everything comes from the government,
through a systematic process. The government sends them to the Civil Surgeon s Office, and then
our storekeeper stores them. We collect these supplies from the storekeeper and distribute them
to patients. The responsible person, in-charge, brings them. Not everyone is allowed to bring
these supplies” (KII 7, Female, Senior Staft Nurse).

The coordination of patients flowing from the ticket counter to the dengue corner is a key
component of the supply chain for patient care. This smooth transition helps avoid delays in
diagnosis and treatment. It implies that there is a well-defined pathway for patients suspected of
having dengue, which is critical for timely medical interventions.

“Our supply chain is well-coordinated. Patients are referred from the ticket counter to the

dengue corner for tests. If any patient needs emergency admission, they are admitted. Regular
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tests like CBC are done, and any patient whose condition deteriorates is referred. The process
runs smoothly” (KII 9, Male, Facility Head).

This qualitative data reflects an organized and systematic approach to dengue management
within the facility. The well-coordinated supply chain ensures patients are efficiently referred
from registration to the dengue corner for necessary tests like CBC. The inclusion of an
emergency admission process indicates preparedness to address severe cases promptly. Smooth
operations and patient referrals suggest effective workflow management and communication
among staff. However, the narrative focuses on process efficiency and lacks details about
potential challenges, such as resource constraints or delays. Future analysis could explore
patients' and staff's perspectives to assess the system's responsiveness and identify areas for
improvement.

F.4.6. Impact on Patient Care: By rationing medications during shortages, hospital staff
ensures that all patients receive some level of care, demonstrating a commitment to equitable
treatment. However, this adaptation may compromise the quality of care, as insufficient doses
can affect treatment efficacy, particularly for severe dengue cases. The assertion suggests a
perception of maintaining service continuity, despite potential challenges. This response
highlights resilience but underscores the need for a robust supply chain to ensure consistent
access to essential medications, minimizing compromises in patient outcomes. When asked about
treatment delay, a key informant replied,

“There is no gap in care” (KII 2, Male, Medical Officer).
Due to the unavailability of affordable diagnostic tests, patients with suggestive symptoms often
miss out on necessary diagnostics, preventing confirmation of their condition. This lack of access
discourages them from seeking further treatment, potentially worsening health outcomes and
delaying care. A key informant stated,

“For instance, regarding test kits: even when a patient shows suggestive symptoms of dengue,
since we can 't conduct the government-prescribed dengue tests at reasonable fees, patients miss
out on this diagnostic service. This also discourages them from seeking further treatment due to

the lack of dengue confirmation” (KII 11, Male, Medical Officer).
As the coordination of the supply chain was not appropriate, there was a delay in the care of
dengue patients. Due to constraints, patients showing slight improvements were discharged

prematurely, even when extended hospitalization might be beneficial for full recovery. This
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practice reflected a compromise between resource availability and patient care, highlighting the
strain on healthcare facilities.

“Yes, this happens. Due to resource limitations, patients who are in a better condition are
discharged early. Ideally, they could have stayed for a couple more days, but due to constraints,
they are released early, hoping they’ll recover at home” (KII 7, Female, Senior Staff Nurse).

Without diagnostic confirmation, adherence to treatment protocols decreases, leading to gaps in
patient care. Patients who remain unaware of their dengue status due to limited testing were more
likely to return home and potentially contribute to the disease's spread. This situation
exacerbated challenges in both treatment and disease control, underscoring the need for adequate
resources to improve diagnostic capacity and containment efforts.

“Resource limitations, such as the test kit shortage, impact care quality because without
confirming the diagnosis through tests, adherence to treatment protocols diminishes. If a patient
doesn t know they have dengue due to the lack of testing, they may return home and
unintentionally spread the disease to others. Treatment and disease control become much harder
under these circumstances” (KII 11, Male, Medical Officer).

Critical challenges in accommodating dengue patients due to overcrowding in healthcare
facilities were revealed. Despite utilizing floor spaces for patient care, there were instances when
even this option became insufficient.
“Yes, exactly. Sometimes there is no space on the floor either, so we have to send the patients to
other hospitals” (KII 1, Male, Medical Officer).
The facility had a policy of ensuring patients were discharged only when fully recovered,
reflecting a commitment to patient care and safety. However, it acknowledged instances where
patients, due to personal preferences or the hassle of hospitalization, chose to leave before full
recovery. In such cases, the facility mitigates liability by documenting the patient's decision. This
practice balanced the hospital's duty of care with respect for patients' autonomy, allowing
voluntary discharge under clear documentation.
“Patients are not discharged unless they are fully recovered. Sometimes, due to the hassle,
patients want to leave as soon as they feel a bit better. In such cases, they are discharged at their
own risk, or a GOR (Going on Record) is written for them. Yes, after follow-up, if someone wants

to leave voluntarily, they are allowed to do so" (KII 8, Female, Senior staff nurse).
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F.4.7. Recommendations from Healthcare Providers: The recommendations from
healthcare providers of Savar UHC often focused on enhancing patient care, optimizing
processes, and ensuring sustainability in resource use.

“One major improvement would be to provide more training or orientation on the national
guidelines for those directly involved in dengue management, such as doctors, nurses, and staff.
Additionally, ensuring a consistent supply of 1V fluids and dengue test kits would greatly enhance
service quality” (KII 11, Male, Medical Officer).

The key informant underscored the multifaceted and escalating nature of the dengue crisis,
emphasizing that it is not limited to hospitals or doctors but involves city corporations and
national authorities. Despite its widespread prevalence and consistent detection during testing,
many cases remain unreported, undiagnosed, or untreated, reflecting gaps in the healthcare
response. Another key informant highlighted a lack of adequate national-level focus and
initiatives, despite some media attention, which exacerbates the risk to the entire population.
Addressing this crisis required integrated efforts and significant attention to mosquito control
strategies to reduce its impact effectively.

“Changes can be made to the policy. This is an integrated issue, and it'’s not just about doctors or
hospitals alone. The city corporation and the national level are also involved. Many cases are
not being reported, many are not being diagnosed, and some are not even coming for treatment”
(KII 1, Male, Medical Officer).

G. Discussion:

Findings indicated that the Savar UHC had enough bed capacity according to government
rules, but was overcrowded, especially during the peak dengue season, when patients were
accommodated on the floor. Shortages of isolation facilities and diagnostic kits for dengue and
medical personnel, mostly nurses and health assistants, were visible. Additionally, inadequate
and inconsistent supplies of personal protective equipment (PPE) and mosquito control
resources, like sprays and repellents, added to these issues. Fundamentally, the resources to
manage dengue were insufficient—relying on the patients themselves to source any necessary
medications from the outside. Another issue we noticed was the inefficiency of the supply chain
and procurement systems, all subject to dependence on government stocks, and resulting only in

delays with essential supplies arriving at the facility.
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The evaluation of dengue management at the Savar Upazila Health Complex reveals
several critical areas that influence the effectiveness of care delivery. The integration of both
observation checklists and key informant interviews has highlighted key strengths, such as the
dedication of staff and the availability of essential resources like intravenous fluids and mosquito
nets. However, significant challenges persist, particularly in infrastructure, staffing, training, and
supply chain management. Overcrowding is often aggravated by limited bed capacity and poor
isolation facilities while inadequate isolation facilities, and shortage of medical supplies,
especially diagnostic kits, delay care. The facility suffers from staft shortages (particularly
nurses), and lacks training on updated clinical guidelines specializing in dengue. And these are
compounded by a lack of financial funds and a poor supply chain that makes it hard for the
facility to keep up with the rising demand for care during peak times. Improved resource
allocation, better training programs and more efficient procurement and supply chain systems
could help to address these gaps to increase the UHC’s capacity to deal with dengue cases.

The findings of this study align closely with research conducted in other low- and
middle-income countries (LMICs), where healthcare systems often face similar challenges in
managing dengue outbreaks. A comparison with literature from various countries offers valuable
insights into the universal nature of these challenges and how different contexts might influence
the implementation of dengue management strategies. The issue of overcrowding and
insufficient infrastructure during peak dengue seasons is not unique to Bangladesh.
Overcrowding in health facilities during peak dengue seasons is a common problem in
dengue-endemic countries. A study in Pakistan found that during the peak of the 2017 dengue
outbreak, hospitals in urban areas experienced severe overcrowding, similar to the situation
observed at Savar Upazila Health Complex (Awan et al., 2022). Another study noted that
overcrowding led to the allocation of inadequate space for patients, affecting care delivery and
contributing to the spread of infections within the hospital (Sartini et al., 2022). In the case of
Savar, patients were observed being accommodated on the floor, a direct result of limited bed
space, which is consistent with the findings. Overcrowded dengue wards during outbreaks
resulted in suboptimal patient care and increased the risk of hospital-acquired infections
(Ehelepola & Wijesinghe, 2018). These studies highlight that overcrowding exacerbates the
strain on healthcare facilities and emphasizes the need for better infrastructure and patient

management strategies.
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In many LMICs, the shortage of diagnostic tools and medical supplies, such as dengue
rapid diagnostic tests (RDTs) and appropriate medications, is a persistent challenge during
dengue outbreaks. Similar issues were reported in Nepal, where they found that during the 2017
dengue outbreak, several hospitals lacked sufficient RDTs for early diagnosis of dengue, which
delayed treatment and contributed to complications (Dumre et al., 2017). In line with this, the
study at Savar found a shortage of diagnostic kits, with reliance on government stocks that were
often delayed. Inadequate diagnostic capacity was a common issue in many government-run
hospitals, leading to delayed interventions and poor patient outcomes. The lack of timely
diagnostic tools also exacerbates the difficulty of monitoring disease progression and makes it
challenging to manage the outbreak effectively (Meyer et al., 2021). This issue is particularly
critical in rural areas, where access to diagnostic tools is often limited, as seen in the case of
Savar.

The shortage of skilled healthcare workers, especially nurses and health assistants, during
dengue outbreaks has been documented. In Malaysia, it was found that the healthcare system was
overwhelmed due to a shortage of nurses during the 2015 dengue outbreak. The lack of skilled
staff directly impacted the quality of care provided, as nurses were unable to manage the
increasing patient load, leading to delays in administering treatment and monitoring patients
(Chem et al., 2024). Similarly, at Savar, the study found a shortage of nurses and health
assistants, contributing to the strain on existing healthcare staff. This shortage is not unique to
Bangladesh; a study by Rehan et al., (2022) reported that healthcare workers were overburdened
during the dengue peak season, which led to burnout and compromised patient care. These
findings underscore the importance of ensuring adequate staffing levels and offering training to
healthcare workers to handle seasonal disease outbreaks more effectively.

Inefficient supply chains are a common challenge in many LMICs, particularly during
public health emergencies like dengue outbreaks. A study in the Philippines by Interior et al.
(2024) noted that the country’s dengue response was hampered by delays in the procurement and
delivery of essential supplies, including medical equipment and medicines. This delay in the
supply chain was also a significant issue at Savar, where supplies were often delayed, and there
were shortages in the availability of essential resources like PPE and mosquito control measures.
The inefficiency of the procurement system was identified as a major barrier to timely treatment

in other countries as well. For example, in Indonesia, a study by Iskandar & Arifin (2023)

24



showed that logistical challenges in the supply chain caused delays in distributing essential
supplies like IV fluids and medications, which are critical during the management of dengue
shock syndrome. Both the Philippine and Indonesian cases highlight how a lack of coordination
between central and regional authorities and logistical inefficiencies can worsen the impact of an
outbreak.

Financial constraints, both at the institutional and patient level, are a major issue in many
dengue-endemic countries. The study at Savar found that financial limitations led to patients
being required to purchase medicines from external sources, which can delay treatment and
impose a significant financial burden on families. This finding is consistent with a study by
Zuniga-Gutiérrez et al. (2024) in Honduras, where they reported that inadequate government
funding for dengue management resulted in patients paying for medications and treatments,
leading to inequities in access to care. Similarly, in a study by Rodriguez et al. (2015) in
Colombia, it was found that financial constraints in public hospitals during dengue outbreaks led
to a delay in treatment, as patients struggled to afford medications and diagnostic tests. In these
contexts, it is clear that government funding must be increased to ensure that essential healthcare
services, including medications and diagnostic tools, are accessible to all patients during
outbreaks.

The healthcare infrastructure at Savar Upazila Health Complex needs to be improved
immediately. This will help to reduce overcrowding and make the environment better for patient
care, by expanding ward space, improving bed availability, and being able to provide better
patient management systems during the peak dengue seasons. These can further help reduce the
risk of developing hospital acquired infections by developing isolation wards for the suspected
cases and by strictly ensuring better physical distancing. The design of a more robust, responsive
and locally responsive procurement system should evolve, regularly audited and coordinated
between the local, regional and central government levels for medical supplies. In terms of
policy, the government should increase funding to make sure dengue care is free or affordable at
all for their patients, especially in public health facilities. Further research is needed on how well
the proposed interventions improve dengue management.

G.1. Limitations:
There are some limitations to this study. The data were collected from a single Upazila

Health Complex, and may not be representative of the hurdles experienced by other Upazila
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Health Complexes in Bangladesh. Key informant interviews depend heavily on the reliability of
the information provided, which may be influenced by personal biases or limited to individual
experiences rather than reflecting a comprehensive view of the facility's operations. In addition,
patient perspectives, which could provide important information about the obstacles that patients
experience in accessing care were not considered either. The study also did not measure the
long-term impact of the issues that were identified on patient outcomes, which can be explored in
future studies.

H. Conclusion:

Challenges in resource and supply chain management, inadequate infrastructure, staffing
shortages and inefficiencies in procurement systems hinder efficient management of dengue at
the Savar Upazila Health Complex according to this research. These findings are in line with
other studies conducted in LMICs. Overcrowding, lack of medical supplies, lack of diagnostic
capacity and cuts in beds and staff all had a direct impact on the quality of patients’ care and
were compounded by financial constraints which made matters worse for both patients and
providers. These findings highlight the need for immediate actions to address these challenges to
enhance the capacity of the healthcare system for effective dengue case management.

H.1. Policy Implications:

Improved dengue management in Bangladesh requires policy changes. The results
suggest that there is a need for a comprehensive national dengue management policy with clear
guidelines on resource allocation, staffing, infrastructural development, and public health
interventions. Furthermore, intersectoral coordination between the three sectors, i.e. health, local
government and disaster management, must take place to optimally respond to dengue outbreaks.
To achieve sustained efforts in times of no outbreak, the funds available for dengue response
should increase and dengue management integrated into broader public health preparedness

frameworks.
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Figure-2: Financial Resources
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