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Introduction

Introduction

Various international organizations are implementing aid and policies for tuberculosis treatment and 
prevention (Erah & Ojieabu, 2009).

Nigeria is one of the largest and most populous countries in Africa.

However, Nigeria's tuberculosis problem is still unresolved (Asuquo et al., 2015; Ibokette et al., 2022; Ogbudebe

et al., 2023).

Nigeria is ranked seventh among the countries with the highest risk of tuberculosis by WHO (Ogbudebe

et al., 2023).
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Introduction

▶Numerous studies have examined non-adherence to TB treatment in Nigeria (Oga-Omenka et al., 2021; Sullivan et al., 

2017; Babatunde et al., 2015).

▶However, research investigating TB treatment with accessibility among TB patients in high-burden regions of 

Nigeria has been limited.

▶This study utilizes GIS raster analysis to investigate the accessibility of treatment facilities and the distribution 

of TB patients in Akwa Ibom State, shedding light on this complexity and elucidating how regional differences 

in accessibility impact TB treatment compliance.



Frameworks

TB Wards in Nigeria's Healthcare System

▶ Provide diagnosis and initial treatment for TB.

▶ Crucial for early detection and prevention of disease spread.

▶ Monitor and support patients throughout treatment.

▶ Conduct TB prevention education and outreach in communities (Ogbudebe et al., 2023).

▶ Challenges:

• Accessibility issues (Oga-Omenka et al., 2021).

• Distance and transportation barriers.

• Increased risk of treatment interruption or non-initiation (Sullivan et al., 2017).

• Shortages of medical personnel and equipment (Babatunde et al., 2015).

• Difficulty in diagnosis, treatment, and patient monitoring.



Frameworks

Challenges in TB Management in Nigeria

▶Demographic Disparities in TB Treatment:

• Certain groups delay or forgo treatment post-diagnosis (Ogbuabor & Onwujekwe, 2019).

• Influenced by gender, age, occupation, education, and religion (Sariem et al., 2020).

▶Accessibility Issues:

• Uneven patient distribution despite even TB ward distribution (Oga-Omenka et al., 2020; Ogbudebe et al., 2023).

• Concentration of cases in specific regions (Sullivan et al., 2017).

▶High TB Incidence Areas:

• Increased travel distances and costs for patients.

• Difficulty in maintaining treatment adherence.



Frameworks

Challenges in TB Management in Nigeria

▶Study Focus:

• Emphasizes individual facility accessibility.

• Importance of access for all, irrespective of location or socio-economic status.

• Special attention to densely populated, high-prevalence areas.

▶Addressing Barriers:

• Essential for reducing TB burden.

• Tailored efforts for demographic groups and accessibility improvement needed.



Research Design

Research Design

Research Flow

Data collection
Kernel Density with Log 

Relative Risk index

Spatial Statistics Location-Allocation

• Research Area: Akwa Ibom State, Nigeria.

• Time scope: October 2020 ~ January 2022

• Focus on accessibility rather than capacity.
• LRR illustrates the supply and demand pattern and the 

degree of imbalance. 
• Spatial Statistics estimates the impact of an imbalance of 

supply and demand on TB treatment.
• Location-Allocation statistically finds the optimal TB ward 

location.

• Data Resource: 
▶ KNCV Nigeria Tuberculosis Foundation



Research Design

Research Area

• Akwa Ibom: A hotspot for tuberculosis in 
Southern Nigeria (Ogbudebe et al., 2023)



Results

Demographics of Tuberculosis Treatment Facility Demand



Data and Variables

TB Wards Distribution

▶Let's look at the demand distribution.

• Evenly spread along major roads for accessible TB 
treatment.

• Uniform distribution aims for equitable service to all 
residents.

• Theoretical benefits: Fairer healthcare, prevents 
regional discrimination in TB care.

• Challenges: Inefficiencies in areas with concentrated 
TB demand; risk of overloading and service delays in 
high-incidence regions.
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TB patients Distributions

Suspected TB patients
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TB patients Distributions

Confirmed TB cases
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TB patients Distributions

Not Treatment for TB cases
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Kernel Density
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Results

Log Relative Risk with Kernel Density

Log Relative Risk

𝐿𝑅𝑅 ቐ
> 0:𝑈𝑛𝑑𝑒𝑟 𝑆𝑢𝑝𝑝𝑙𝑦
= 0:𝐵𝑎𝑙𝑎𝑛𝑐𝑒𝑑

< 0:𝑂𝑣𝑒𝑟 𝑆𝑢𝑝𝑝𝑙𝑦

log relative risk 𝒔 = 𝑙𝑜𝑔
𝝀𝒅𝒆𝒎𝒂𝒏𝒅 𝒔

𝝀𝒔𝒖𝒑𝒑𝒍𝒚 𝒔

𝒔: 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑜𝑢𝑛𝑡𝑦

𝝀𝒔𝒖𝒑𝒑𝒍𝒚 𝒔 : 𝑆𝑢𝑝𝑝𝑙𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑇𝐵 𝑤𝑎𝑟𝑑𝑠 𝑜𝑛 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑘𝑒𝑟𝑛𝑒𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝝀𝒅𝒆𝒎𝒂𝒏𝒅 𝒔 : 𝐷𝑒𝑚𝑎𝑛𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑇𝐵 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑜𝑛 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑘𝑒𝑟𝑛𝑒𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦



Results

Log Relative Risk with Kernel Density

Log Relative Risk of Suspected TB cases Log Relative Risk of Confirmed TB cases



Results

Impact of accessibility on TB treatment

Results of Spatial Logistic Regression for TB treatment start

Treatment = 1
Not treatment = 0
Male = 0
Female = 1

• As the Log Relative Risk (LRR) 
increases (indicating an 
increase in supply shortage), 
the probability of not receiving 
treatment also increases.

• It was found that women were 
more likely not to receive 
treatment than men.

• As LRR increased, differences in 
treatment by gender became 
more pronounced.



Results

Impact of accessibility on TB treatment

Results of Cox Regression for TB Treatment Starting Date

Treatment = 1
Not treatment = 0
Male = 0
Female = 1

• For each unit increase in LRR, 
the time required to initiate 
treatment increases by a factor 
of 5.142.

• Women need 1.989 times more 
time to start treatment 
compared to men.

• The increase in LRR significantly 
amplifies the difference in 
treatment initiation between 
men and women.



Results

Risk Area of TB cases in Akwa Ibom

• Zone 1 (High-High) faces significant challenges in both 
access to testing and treatment due to the high density of 
suspected and confirmed cases. 

• Zone 2 (Low-High) competition for testing services is 
reduced, allowing quicker diagnoses. However, patients in 
Zone 2 experience relatively poor accessibility to treatment 
services due to the high density of confirmed cases. 

• Zone 3 (High-Low) faces challenges in accessing diagnostic 
services due to the high density of suspected cases and 
potential supply shortages. 

• Zone 4 (Low-Low), patients have relatively good accessibility 
to testing and treatment compared to other regions. 

▶How can we alleviate these imbalances at minimal cost?



Results

Location-Allocation

Potential Optimal New TB Ward Location based on P-median

𝑴𝒊𝒏𝒊𝒎𝒊𝒛𝒆

𝒊∈𝑰



𝒋∈𝑱

𝒂𝒊𝒋𝒅𝒋𝒙𝒊𝒋

𝒔𝒖𝒃𝒋𝒆𝒄𝒕 𝒕𝒐 

𝒊∈𝑰

𝒙𝒊𝒋 = 𝟏 𝒇𝒐𝒓 𝒋 ∈ 𝑱

𝒙𝒊𝒋 ≤ 𝒚𝒊 𝒇𝒐𝒓 𝒊 ∈ 𝑰, 𝒋 ∈ 𝑱



𝒊∈𝑰

𝒚𝒊 = 𝒑

𝒙𝒊𝒋, 𝒚𝒊 ∈ 𝟎,𝟏 𝒇𝒐𝒓 𝒊 ∈ 𝑰, 𝒋 ∈ 𝑱

𝑖: 𝑝𝑜𝑖𝑛𝑡𝑠 𝑜𝑓 𝑑𝑒𝑚𝑎𝑛𝑑;

𝑗: 𝑝𝑜𝑖𝑛𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑇𝐵 𝑤𝑎𝑟𝑑 𝑠𝑖𝑡𝑒;

𝑎𝑖𝑗: 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑎𝑟𝑒𝑎;

𝑑𝑖𝑗: 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑡𝑟𝑎𝑣𝑒𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒 𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑜 𝑡𝑟𝑒𝑎𝑣𝑒𝑙 𝑓𝑟𝑜𝑚 𝑝𝑜𝑖𝑛𝑡 𝑖;

𝑥𝑖𝑗 = ቊ
1 𝑖𝑓 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖 𝑖𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑡𝑜 𝑇𝐵 𝑤𝑎𝑟𝑑 𝑎𝑡 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑗

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑌𝑖𝑡 = ቊ
1 𝑖𝑓 𝑇𝐵 𝑤𝑎𝑟𝑑 𝑖𝑠 𝑠𝑖𝑡𝑒𝑑 𝑎𝑡 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑗

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒



Results

Location-Allocation

• Optimal Location Allocation: Ensures TB wards are strategically 
placed for maximum accessibility.

• Enhanced Accessibility: Reduces patient travel time and distance, 
promoting better healthcare access.

• Targeted Impact: Focuses on high-need areas, ensuring that TB 
wards are located where they are most needed.

• Cost-Effective: Minimizes operational costs by selecting locations 
that effectively serve the most patients.

Potential Optimal New TB Ward Location based on P-median



Conclusion

Discussion and Conclusion

▶ This study highlights the distribution of tuberculosis treatment facilities across Akwa Ibom State, 

emphasizing the importance of tuberculosis medical accessibility.

▶ The study results support the concept of demographic barriers to tuberculosis treatment initiation and 

timing, as previously indicated in other studies (Sariem et al., 2020; Oga-Omenka et al., 2020; Oga-Omenka et al., 2021). 

▶ The analysis underscores gender disparities in tuberculosis treatment initiation timing, with women 

experiencing longer delays compared to men.

▶ Potential relative risk areas and optimal ward locations were explored through p-median.

▶ This study focuses only on accessibility rather than the capacity of the ward. In future research, it is 

necessary to explore more sophisticated risk areas by weighting the capacity of each ward.

▶ It did not reflect the ward's accessibility to areas surrounding and bordering the Akwa Ibom government.
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