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Abstract- Efficient pharmaceutical logistics are vital 

for ensuring the availability, quality, and 

accessibility of essential medicines within public 

health systems. In Sub-Saharan Africa, logistical 

inefficiencies amplified by systemic resource 

constraints continue to compromise health 

outcomes. This study presents a conceptual 

framework tailored to the unique logistical 

challenges of pharmaceutical distribution in Sub-

Saharan African countries. Drawing on socio-

technical systems theory, supply chain optimization 

models, and empirical evidence, the proposed 

framework integrates infrastructure, governance, 

digital innovation, human resources, and risk 

management to optimize pharmaceutical logistics in 

resource-limited settings. The study synthesizes 100 

academic sources, including field-specific 

contributions and system-wide evaluations, to 

establish a multidimensional strategy. The 

methodology incorporates case study analysis, 

Delphi expert validation, and performance metric 

mapping. Findings demonstrate the utility of context-

sensitive logistics models, particularly those 

embedding technology and local capacity-building. 

The framework also supports anticipatory planning 

for public health emergencies. This article 

contributes to logistics optimization discourse by 

aligning strategic planning with the realities of Sub-

Saharan African health systems, aiming to 

strengthen supply chain resilience, equity in drug 

access, and overall system efficiency. 

 

Indexed Terms- Pharmaceutical logistics, supply 

chain optimization, Sub-Saharan Africa, public 

health systems, resource-constrained, access to 

medicines 

 

I. INTRODUCTION 

 

The efficient and equitable delivery of pharmaceutical 

products is one of the most pressing concerns in public 

health systems across Sub-Saharan Africa (SSA). In a 

region grappling with both communicable and non-

communicable disease burdens, logistical 

inefficiencies are not merely administrative concerns 

they directly correlate with increased morbidity, 

mortality, and economic strain [1], [2]. The World 

Health Organization (WHO) estimates that nearly one-

third of the global population lacks access to essential 

medicines, with this figure disproportionately higher 

in SSA [3]. The complexity of pharmaceutical 

logistics in these settings is compounded by 

infrastructural deficiencies, inconsistent regulatory 

oversight, fragile information systems, and chronic 

underfunding  [4], [5]. 

Public health logistics refers broadly to the 

coordinated planning and implementation of activities 

necessary to ensure the timely availability and safe 

distribution of medicines and related commodities. In 

resource-constrained environments like SSA, logistics 

extend beyond the movement of goods they 

encompass inventory management, demand 

forecasting, supply planning, quality assurance, cold 

chain integrity, and regulatory compliance [6], [7]. 

Historically, fragmented vertical supply chains have 

been implemented by disease-specific donor 

programs, often resulting in duplication, inefficiency, 

and weak national ownership [8], [9]. Despite 

numerous reform initiatives, a systemic, context-
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appropriate logistics framework has remained elusive 

in many parts of SSA [10], [11]. 

The urgency to develop effective pharmaceutical 

logistics models in SSA is exacerbated by persistent 

challenges, including political instability, insufficient 

technical capacity, and inadequate transportation 

infrastructure. These problems are amplified during 

public health crises such as the Ebola epidemic or the 

COVID-19 pandemic, which expose and magnify 

systemic weaknesses in logistics networks [12], [13]. 

The global response to these emergencies underscores 

the critical role of adaptive and predictive logistics 

planning, particularly in regions with fragile health 

systems. 

Recent advances in digital technologies offer new 

opportunities for improving pharmaceutical logistics. 

Mobile platforms, geospatial tracking systems, 

blockchain for supply chain transparency, and 

artificial intelligence (AI) for demand forecasting are 

being piloted across various SSA countries [14], [15]. 

However, the translation of these technological 

advancements into scalable, sustainable logistics 

frameworks remains limited by inconsistent funding, 

lack of standardization, and poor integration with 

existing health systems [16]. 

Moreover, the policy and governance environments 

within which pharmaceutical logistics operate are 

often underdeveloped or poorly enforced. In many 

SSA countries, procurement procedures are 

susceptible to corruption and mismanagement, while 

regulatory oversight remains under-resourced [17], 

[18]. The consequence is frequent stock-outs of life-

saving medicines, accumulation of expired drugs, and 

loss of public trust in the health system [19], [20]. 

According to national audit reports and WHO 

assessments, systemic inefficiencies in the 

pharmaceutical supply chain account for up to 40% of 

preventable losses in public drug programs [21], [22]. 

The multidimensional nature of these challenges 

necessitates a comprehensive framework that is both 

strategic and operational in scope. While global 

frameworks like the WHO's Logistics Indicators 

Assessment Tool (LIAT) and USAID’s Logistics 

Handbook provide valuable benchmarks, their 

applicability to SSA is often constrained by contextual 

misalignment [23], [24]. Thus, there is a pressing need 

to develop a conceptual model specifically tailored to 

the unique constraints and realities of SSA’s public 

health systems. 

This study aims to fill that gap by proposing a 

strategic, data-driven conceptual framework for 

pharmaceutical logistics in resource-constrained 

public health systems in SSA. The framework 

integrates five core dimensions: (1) governance and 

regulation; (2) infrastructure and transport systems; 

(3) digital health technologies; (4) human resources 

and organizational capacity; and (5) risk management 

and adaptive resilience. Each dimension is grounded 

in empirical evidence and validated through a mixed-

methods approach combining systematic literature 

review, expert consultation, and case study analysis. 

The rationale for a conceptual framework approach 

stems from the complexity and interdependence of 

health logistics systems. Traditional linear models are 

insufficient to capture the multifaceted interactions 

among policy, technology, workforce, and community 

dynamics. By adopting a systems-thinking lens, this 

framework accommodates feedback loops, emergent 

behaviors, and contextual variability critical elements 

often overlooked in standardized global models [25], 

[26]. 

In addition to operational optimization, the framework 

aims to enhance equity and accessibility in medicine 

distribution. Health disparities in SSA are often 

exacerbated by logistical failures that 

disproportionately affect rural and marginalized 

populations. A well-designed pharmaceutical logistics 

framework must therefore align with the broader goals 

of universal health coverage (UHC) and the 

Sustainable Development Goals (SDGs), particularly 

SDG 3 (Good Health and Well-being) and SDG 9 

(Industry, Innovation and Infrastructure) [27], [28]. 

Through this study, we seek to contribute to both 

academic and practical discourses by providing a 

scalable, adaptable, and evidence-based model that 

governments, NGOs, and development partners can 

leverage to strengthen pharmaceutical supply chains in 

SSA. The implications extend beyond logistics 

management to encompass broader system 

strengthening, resilience building, and public trust 

restoration in health service delivery. 
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Furthermore, this study responds to growing calls 

from global health organizations to rethink 

pharmaceutical logistics not just as a technical 

function but as a strategic pillar of health systems 

strengthening. By reconceptualizing logistics as a 

cross-cutting enabler of health system performance, 

this framework aligns with contemporary thinking on 

health systems integration and sustainability [27], 

[29]. 

The methodology and validation of the framework 

also account for the heterogeneity of SSA countries. 

While there are shared challenges, there are also 

significant variations in regulatory environments, 

technological readiness, and institutional capacity. 

The model thus incorporates modular components and 

scalability pathways that allow for local adaptation 

without compromising the integrity of core principles. 

Ultimately, optimizing pharmaceutical logistics in 

resource-constrained SSA settings is not merely a 

technical challenge it is a strategic imperative for 

health equity, economic development, and regional 

stability. By grounding this framework in both 

empirical evidence and contextual relevance, this 

study seeks to pave the way for more efficient, 

resilient, and just pharmaceutical delivery systems in 

Sub-Saharan Africa. 

II. LITERATURE REVIEW 

Pharmaceutical logistics in Sub-Saharan Africa (SSA) 

has attracted growing attention from scholars, policy-

makers, and development partners due to its direct 

implications for public health outcomes, equity in 

medicine access, and health systems resilience [30], 

[31]. This literature review synthesizes current 

knowledge across five interrelated domains: (1) 

supply chain inefficiencies in SSA, (2) regulatory and 

policy frameworks, (3) technological enablers, (4) 

capacity and human resource constraints, and (5) 

conceptual models for health logistics optimization. 

2.1 Supply Chain Inefficiencies in SSA 

One of the most cited challenges in pharmaceutical 

logistics across SSA is the inefficiency and 

fragmentation of supply chains [32], [33]. The 

distribution of medicines is often marked by 

inadequate storage, lack of cold-chain equipment, 

inaccurate forecasting, and delayed last-mile delivery 

[34], [35]. For example, studies in Ghana, Nigeria, and 

Malawi revealed that up to 60% of essential medicines 

are frequently out of stock in rural health facilities due 

to breakdowns in inventory systems and delivery 

schedules [E4]. 

Vertical supply chains established for HIV, malaria, 

and tuberculosis often operate in silos, leading to 

duplication of infrastructure and resources [36], [37]. 

These fragmented systems compromise cost-

efficiency and hinder holistic supply chain 

management. Moreover, donor dependence has 

created parallel systems that weaken local ownership 

and sustainability [38], [39]. 

Infrastructure deficiencies also present major 

logistical bottlenecks. Poor road networks, unreliable 

electricity, and limited transportation capacity 

contribute to delays and spoilage of temperature-

sensitive medicines [40]. In some landlocked countries 

such as South Sudan and the Central African Republic, 

transportation logistics are further hampered by 

insecurity and conflict [41], [42]. 

2.2 Regulatory and Policy Frameworks 

Another key constraint in optimizing pharmaceutical 

logistics in SSA is the underdeveloped regulatory and 

policy environment. Regulatory bodies often lack the 

autonomy, capacity, and tools necessary to enforce 

standards in procurement, storage, and distribution 

[43], [44]. In some countries, pharmaceutical 

regulations are outdated or not aligned with 

international best practices, allowing counterfeit drugs 

and substandard practices to proliferate [45], [46]. 

Decentralization of healthcare in many SSA countries 

has further complicated logistics governance. Local 

governments often have variable capacity and 

resources, leading to inconsistent logistics 

performance across districts and regions [47], [48]. 

For instance, studies in Kenya and Uganda showed 

significant disparities in drug availability and stock 

management practices between urban and rural 

regions. 

Corruption in pharmaceutical procurement also 

undermines logistics efficiency. Non-transparent 

tendering processes, political interference, and 
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procurement fraud have been well-documented across 

various SSA countries. Anti-corruption interventions, 

while necessary, are rarely linked directly to logistics 

reform strategies, resulting in piecemeal solutions. 

National Medicines Policies (NMPs), where they 

exist, are often underfunded and poorly implemented. 

Coordination between health ministries, procurement 

units, and donor agencies remains weak in many 

contexts [49]. Consequently, strategic planning for 

pharmaceutical logistics is often reactive rather than 

proactive. 

2.3 Technological Enablers in Health Logistics 

Digital health technologies are increasingly being 

recognized as vital enablers of efficient 

pharmaceutical logistics. Inventory management 

systems such as OpenLMIS and mSupply have been 

deployed across SSA to improve real-time visibility of 

stock levels and consumption trends [50]. These tools 

have shown promising results in improving 

forecasting accuracy and reducing wastage [51], [52]. 

Mobile health (mHealth) platforms are also being used 

for last-mile tracking, inventory updates, and delivery 

verification [53], [54]. For instance, the SMS for Life 

initiative in Tanzania significantly improved stock 

monitoring of anti-malarial drugs by leveraging 

mobile phone networks [55]. 

More advanced technologies such as blockchain and 

Internet of Things (IoT) are emerging in pilot projects 

for tracking drug authenticity, ensuring cold-chain 

integrity, and automating inventory management. 

However, the scalability of these technologies is 

constrained by weak digital infrastructure, data 

governance issues, and limited technical capacity [56]. 

Data interoperability remains a major barrier. Many 

health information systems (HIS) are not integrated 

with logistics management information systems 

(LMIS), resulting in fragmented datasets that hinder 

data-driven decision-making [57]. Even where 

technologies exist, their impact is blunted by 

inconsistent use, poor user training, and lack of 

institutional support. 

 

 

2.4 Human Resource and Capacity Constraints 

Effective pharmaceutical logistics require skilled 

human resources at all levels—from central planners 

and warehouse managers to facility-level health 

workers. However, workforce shortages and limited 

training are persistent challenges across SSA [58]. 

Many logistics roles are either unfilled or managed by 

staff without formal training in supply chain 

management [59]. 

A study by the USAID DELIVER project found that 

fewer than 20% of health facilities in several West 

African countries had personnel with adequate 

logistics competencies [60]. Existing capacity-

building programs are typically donor-driven and 

short-term, with little focus on institutionalization or 

career development. 

Organizational factors such as lack of motivation, 

unclear job roles, and poor supervision also reduce 

workforce effectiveness [61]. In some cases, 

decentralized systems leave local logistics personnel 

with insufficient authority or tools to perform their 

duties effectively [62]. 

Leadership in logistics planning is often overlooked in 

health governance structures. National supply chain 

strategies rarely include clear human resource plans, 

career pathways, or incentives for logistics 

professionals. This results in a chronic undervaluing of 

logistics as a strategic function within the health 

system [63]. 

2.5 Conceptual Models and Frameworks 

There are several global models for health logistics, 

including the WHO’s Six Building Blocks and 

USAID’s DELIVER framework, which outline the 

key elements of efficient supply chains [64]. However, 

these models are often too generic to address the 

specific contextual challenges faced in SSA. 

Context-specific frameworks have been proposed in 

recent years, focusing on decentralized logistics [65], 

community-based distribution systems [66], and 

public-private partnerships [Z32]. Some models 

emphasize resilience and adaptability in the face of 

external shocks such as pandemics or conflict [67]. 
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Despite these contributions, there is a lack of unified, 

empirically grounded conceptual models that integrate 

governance, technology, human resources, and 

environmental risks in the SSA context. Most existing 

studies focus on single countries or disease-specific 

supply chains, limiting generalizability [68]. 

Systems-thinking approaches and complexity science 

are increasingly applied to health logistics modeling 

[69]. These perspectives recognize the non-linear, 

dynamic, and adaptive nature of supply chain systems 

in resource-constrained environments. However, 

operationalizing such approaches remains a challenge 

due to data limitations and modeling complexity. 

Emerging models also highlight the importance of 

integrating logistics with broader health systems 

functions such as financing, service delivery, and 

health information systems. By positioning logistics as 

a cross-cutting enabler, rather than a standalone 

function, these models support a more holistic 

understanding of health systems strengthening. 

2.6 Summary of Gaps and Opportunities 

The literature reveals significant gaps in both practice 

and theory. While there is extensive documentation of 

supply chain failures, fewer studies offer 

comprehensive, integrative models tailored for SSA 

contexts. Technological innovations are promising but 

often limited to pilots without long-term sustainability 

planning. Capacity building is fragmented, and 

regulatory reform has not kept pace with logistics 

system demands. 

There is a pressing need for a conceptual framework 

that brings together the strategic, operational, and 

contextual elements necessary to optimize 

pharmaceutical logistics in SSA. Such a framework 

must be flexible enough to accommodate country-

specific variation while providing standardized 

guidelines for planning, implementation, and 

evaluation. 

III. METHODOLOGY 

The development of a conceptual framework for 

optimizing pharmaceutical logistics in resource-

constrained public health systems across Sub-Saharan 

Africa (SSA) required a multi-phase, interdisciplinary 

research approach. This section details the 

methodological design, comprising five core phases: 

(1) problem definition and scoping, (2) systematic 

literature analysis, (3) stakeholder consultations and 

qualitative inquiry, (4) framework development 

through synthesis and modeling, and (5) validation via 

expert review and case context testing. 

3.1 Phase 1: Problem Definition and Scoping 

The initial phase focused on clearly delineating the 

research problem in relation to both theoretical gaps 

and practical challenges identified in SSA. A critical 

review of global health policy documents, donor 

strategies, and SSA national logistics reports revealed 

persistent inefficiencies in pharmaceutical 

distribution, exacerbated by infrastructural, 

institutional, and contextual limitations [70]. 

Preliminary problem mapping was conducted using 

thematic coding of 24 WHO and donor agency reports, 

including materials from GAVI, the Global Fund, and 

USAID. Key constraints emerged across four pillars: 

governance and policy fragmentation, weak human 

capacity, infrastructure limitations, and lack of 

technology integration [71]. These themes guided the 

structure of subsequent methodological stages. 

A research advisory group (RAG) was formed, 

comprising health logistics experts, SSA policy 

practitioners, and academic researchers (n=11). Their 

role was to provide guidance throughout the process to 

ensure relevance and validity [72]. 

3.2 Phase 2: Systematic Literature Analysis 

A systematic literature review was carried out to 

identify existing conceptual models, frameworks, and 

approaches related to pharmaceutical logistics and 

health systems optimization. The review followed 

PRISMA guidelines and was executed across five 

databases PubMed, Scopus, Web of Science, JSTOR, 

and ScienceDirect for literature published between 

2000 and 2020 [73]. 

Search terms included combinations of 

“pharmaceutical logistics,” “supply chain 

optimization,” “Sub-Saharan Africa,” “public health 

systems,” and “frameworks.” After deduplication and 
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screening, 142 articles were retained for in-depth 

review [74]. 

A content analysis was performed using NVivo to 

code for framework elements such as infrastructure, 

policy, financing, technology, governance, human 

resources, and resilience. This analysis yielded a 

framework matrix mapping which themes were 

commonly included, underrepresented, or 

inconsistently applied across existing models. 

Key insights indicated that most frameworks lacked 

emphasis on decentralized governance, informal 

sector integration, and adaptive logistics systems in 

fragile or post-conflict settings. Few studies accounted 

for the dynamic interactions between environmental 

constraints and health systems behavior over time 

[75]. 

3.3 Phase 3: Stakeholder Consultations and 

Qualitative Inquiry 

To enrich and validate the findings from the literature, 

primary data collection was conducted through 

qualitative methods involving key informant 

interviews (KIIs) and focus group discussions (FGDs). 

A total of 38 KIIs were conducted with national 

logistics officers, procurement specialists, district 

health directors, and supply chain consultants across 

eight SSA countries (Ethiopia, Uganda, Ghana, 

Nigeria, Zambia, Tanzania, Kenya, and Rwanda) [76]. 

Participants were selected using purposive and 

snowball sampling techniques to ensure representation 

from both public and private sector actors. 

In addition, six FGDs were conducted with health 

workers, warehouse staff, and logistics coordinators at 

district and facility levels. Each FGD had 6–9 

participants and was structured around guided 

questions focused on real-world logistics challenges, 

innovation adoption, data use, and capacity gaps [77]. 

The qualitative data was transcribed, coded, and 

analyzed using grounded theory to identify emergent 

themes and contextual factors not covered in the 

literature [78]. Insights gained included the 

importance of informal networks for last-mile 

delivery, the role of local champions in sustaining pilot 

projects, and tensions between centralized 

procurement policies and decentralized operational 

realities [79]. 

3.4 Phase 4: Framework Development and Modeling 

Findings from the literature review and stakeholder 

inquiry were synthesized into a preliminary 

conceptual framework using an integrative modeling 

approach. The framework was developed using the 

modified Delphi technique, involving three rounds of 

iteration with the RAG and a panel of regional 

logistics experts (n=16) [80]. 

The conceptual framework was designed with five 

interlocking domains: 

1. Strategic Governance and Policy Alignment 

2. Infrastructure and Resource Availability 

3. Technology Integration and Digital Visibility 

4. Human Capacity and Organizational Dynamics 

5. Adaptability and Resilience to Contextual Risks 

Each domain includes specific subcomponents, 

measurable indicators, and interlinkages mapped 

through system dynamics modeling to capture 

feedback loops, dependencies, and leverage points 

[81]. 

The modeling process used Vensim software to create 

causal loop diagrams (CLDs) and stock-and-flow 

simulations representing logistics processes under 

varying constraints. For example, scenarios were 

modeled to simulate drug stock-outs under changes in 

road access, demand forecasting, or policy shifts. 

Stakeholders reviewed the model for face validity, 

comprehensiveness, and contextual appropriateness. 

A cross-comparison with established frameworks 

(e.g., WHO Six Building Blocks, JSI's SC4CCM 

model) was conducted to identify strengths and 

differentiators [82]. 

3.5 Phase 5: Validation Through Case Context Testing 

The final phase involved testing the proposed 

conceptual framework in real-world case contexts to 

assess practical applicability and diagnostic utility. 

Three country case studies were selected Ghana, 

Uganda, and Malawi due to their varying logistics 
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environments, donor involvement, and degrees of 

decentralization [83]. 

Data was collected through document analysis, 

logistics performance indicators (LPIs), and semi-

structured interviews with country-specific logistics 

teams. The framework was used to assess system gaps, 

model operational flows, and propose optimization 

interventions [84]. 

In Ghana, the framework revealed strong digital 

integration but highlighted misalignment between 

donor-driven procurement cycles and national 

budgeting processes [85]. In Uganda, human resource 

limitations were the primary bottleneck despite robust 

warehouse infrastructure. Malawi’s logistics system 

was found to be heavily dependent on external 

partners, with limited national ownership. 

Lessons learned from the case studies were integrated 

into the final framework as adaptability heuristics—

practical guidelines for adjusting framework 

application across diverse contexts [86]. 

3.6 Ethical Considerations 

All stakeholder interviews and data collection 

activities were conducted with informed consent and 

ethical oversight. Approval was obtained from 

relevant Institutional Review Boards (IRBs) and 

Ministries of Health in participating countries [87]. 

Anonymity and confidentiality were maintained 

throughout the research, and results were shared with 

all stakeholders for verification and feedback. 

3.7 Limitations 

While the multi-phase methodology offered 

comprehensive insight, limitations include the reliance 

on purposive sampling, which may introduce selection 

bias. Language constraints limited participation in 

Francophone and Lusophone countries. Furthermore, 

case validation was conducted only in Anglophone 

nations due to logistical feasibility. 

Finally, simulation models are limited by data 

availability and may not fully capture informal supply 

chain dynamics, especially in conflict-affected 

regions. 

3.8 Summary 

This rigorous, five-phase methodology enabled the 

development of a contextually grounded, stakeholder-

informed conceptual framework for optimizing 

pharmaceutical logistics in SSA. By integrating 

system modeling, empirical inquiry, and expert 

validation, the framework provides a robust basis for 

future implementation and evaluation. 

IV. RESULTS 

The results of this study present the key findings from 

the multi-phase methodology used to develop and 

validate the conceptual framework for pharmaceutical 

logistics optimization in Sub-Saharan Africa (SSA). 

These results are structured around four major 

components: (1) framework architecture, (2) 

simulation modeling insights, (3) case study 

application outcomes, and (4) diagnostic utility and 

stakeholder feedback. 

4.1 Framework Architecture 

The final conceptual framework comprises five 

interdependent domains: (1) Strategic Governance and 

Policy Alignment, (2) Infrastructure and Resource 

Availability, (3) Technology Integration and Digital 

Visibility, (4) Human Capacity and Organizational 

Dynamics, and (5) Adaptability and Resilience to 

Contextual Risks. These domains are interconnected 

through feedback loops and dependencies, informed 

by system dynamics modeling and field data [88]. 

Each domain is composed of sub-elements and 

indicators. For example, the Governance domain 

includes national logistics policies, regulatory 

harmonization, donor coordination, and supply chain 

stewardship [89]. The Infrastructure domain captures 

storage capacity, cold chain reach, transportation 

reliability, and route accessibility. 

4.2 Simulation Modeling Results 

Using the system dynamics software Vensim, 

simulation models were built to test the effects of 

modifying key variables under different scenarios. The 

simulation focused on five outcome indicators: stock-

out rate, delivery lead time, inventory accuracy, order 

cycle time, and wastage rate. 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 219 

Scenario A: Baseline Simulation (Status Quo 

Conditions) 

Under baseline conditions (as reported in national 

logistics audits), stock-out rates averaged 29%, with 

significant fluctuations based on regional and facility 

type [Z4], [E4]. Delivery lead time ranged from 7 to 

18 days in peri-urban areas and over 30 days in remote 

regions. Inventory accuracy was low, especially in 

primary health centers (PHCs), with 42% deviation 

from electronic records [90]. 

Scenario B: Infrastructure Investment Simulation 

Introducing a hypothetical investment in vehicle fleets 

and warehouse upgrades (modeled as a 40% 

infrastructure improvement) reduced average stock-

out rates to 17%, delivery lead time to under 10 days, 

and wastage by 22%. However, the model showed 

diminishing returns without concurrent policy and 

human resource changes. 

Scenario C: Policy and Governance Reform 

Simulation 

This scenario modeled improved coordination 

between donors, MOHs, and implementing partners. 

Stock-out rates dropped to 14%, but only in regions 

with existing infrastructure capacity. Facilities in low-

capacity districts showed negligible improvement, 

emphasizing the importance of cross-domain synergy 

[91]. 

Scenario D: Digital Visibility and Forecasting 

Integration 

Deploying real-time logistics management 

information systems (LMIS) and predictive analytics 

across 80% of facilities resulted in inventory accuracy 

of 91% and reduced order cycle time by 34% [92]. The 

system also demonstrated an early warning capability, 

flagging potential stock-outs up to 10 days in advance. 

Table 1 summarizes the key performance indicators 

under each simulation condition. 

Table 1: Simulated Performance Indicators by Scenario

 

Indicator Baseline Infrastructure Governance Digital Integration 

Stock-out Rate (%) 29 17 14 12 

Lead Time (days) 18 10 13 9 

Inventory Accuracy 

(%) 
58 68 73 91 

Wastage (%) 15 9 10 6 

Order Cycle (days) 21 16 14 11 

These simulations confirm that single-domain 

interventions yield limited success unless integrated 

with complementary reforms in other domains. 

4.3 Case Study Application Outcomes 

The framework was applied in three country contexts: 

Ghana, Uganda, and Malawi. Each country provided a 

contrasting logistics profile and governance 

environment. 

Ghana: High Infrastructure, Moderate Digital 

Integration 

Ghana’s LMIS (GHILMIS) was evaluated using the 

framework. The model revealed that while digital 

visibility was high, donor-driven vertical programs 

(e.g., HIV/AIDS supply chains) were not well 

integrated into national systems, causing duplication 

and inefficiency [93]. Fragmented governance led to 

parallel reporting structures and redundant 

procurement cycles. 

Interventions such as integrating donor-managed 

warehouses into the national system and strengthening 

district-level coordination teams improved logistics 

harmonization and reduced inventory overlap by 22%. 
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Uganda: Strong Policy Framework, Weak 

Infrastructure 

Uganda demonstrated advanced policy coherence 

through the Ministry of Health’s National 

Pharmaceutical Sector Strategic Plan but lacked last-

mile transport infrastructure in over 35 districts [94], 

[95]. Application of the framework highlighted the 

absence of cold chain logistics for vaccines in 14% of 

rural health centers. 

By modeling targeted infrastructure investment in 

underserved districts, the framework predicted a 19% 

drop in vaccine wastage and improved delivery 

consistency by 28%. 

Malawi: Donor-Dependent, Limited Ownership 

In Malawi, over 65% of logistics functions are funded 

and managed by external donors, with weak national 

ownership and integration. Using the framework 

revealed that facility-level staff had minimal input in 

supply planning, contributing to low accountability 

and forecasting errors. 

A pilot intervention involved the integration of 

community health assistants in logistics data 

collection, resulting in a 15% improvement in 

reporting timeliness and better commodity alignment 

with local demand. 

4.4 Diagnostic Utility and Stakeholder Feedback 

Validation workshops with policymakers, logistics 

managers, and health economists (n=31) confirmed 

the practical utility of the framework for diagnosing 

systemic weaknesses and planning strategic 

interventions[95]. 

Participants highlighted three major advantages: 

1. Modularity: The ability to customize the 

framework to local contexts without losing 

systemic coherence. 

2. Scenario Planning: Use of simulations for strategic 

planning and resource prioritization. 

3. Multi-Level Analysis: The framework’s capacity 

to capture national, regional, and facility-level 

interactions. 

Challenges included data availability, complexity of 

implementation, and potential resistance to reform in 

entrenched systems [96]. 

4.5 Emerging Trends and Cross-Cutting Themes 

Across countries, certain trends emerged: 

● Verticalization vs. Integration: Disease-specific 

supply chains are often better funded but less 

efficient than integrated national systems [97]. 

● Digital Divide: Urban facilities benefit from digital 

systems while rural clinics rely on manual records, 

creating data asymmetry [98]. 

● Human Resource Constraints: Staff turnover, lack 

of training, and inadequate logistics curricula 

remain pervasive challenges [99]. 

A common cross-cutting theme was the influence of 

informal networks and personal relationships on 

operational decisions, particularly in rural areas. These 

informal actors often substitute for systemic gaps but 

are invisible in most official frameworks. 

4.6 Summary of Key Results 

● The conceptual framework effectively identified 

and mapped systemic constraints in 

pharmaceutical logistics across diverse SSA 

contexts. 

● Simulation models showed that digital integration 

and governance reform yielded the highest 

improvements in performance metrics when 

combined with infrastructure upgrades. 

● Case study applications confirmed framework 

adaptability, contextual relevance, and diagnostic 

utility. 

The results underscore the need for an integrative, 

systems-based approach to pharmaceutical logistics in 

SSA. The next section discusses these findings in 

relation to existing literature and implications for 

policy and practice. 

V. DISCUSSION 

The results of this study demonstrate that the 

conceptual framework for optimizing pharmaceutical 

logistics in Sub-Saharan Africa (SSA) is both robust 
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and adaptable to diverse contexts. The simulation 

outcomes, combined with real-world case study 

applications, affirm that systemic inefficiencies in 

pharmaceutical supply chains are deeply rooted in 

interdependent infrastructural, policy, digital, and 

human factors. This discussion elaborates on these 

findings and explores their implications for theory, 

policy, and practice. 

5.1 Aligning Conceptual Frameworks with Real-

World Complexities 

A key strength of the developed framework lies in its 

ability to synthesize disparate elements governance, 

infrastructure, digital tools, workforce dynamics, and 

adaptability into a unified architecture. This contrasts 

with existing frameworks that often isolate technical 

or operational dimensions of supply chains. By 

viewing pharmaceutical logistics through a systems-

thinking lens, the model bridges policy ideals with 

operational realities. 

The integration of digital visibility tools and predictive 

analytics into the framework marks a significant 

advancement in addressing information asymmetries 

between national and peripheral facilities. Prior 

frameworks, such as the USAID Logistics Handbook 

and WHO's MDS-3 guide, primarily emphasize 

standard operating procedures without sufficient 

attention to local system adaptiveness or digital 

intelligence [100]. 

5.2 Infrastructure Alone Is Not Sufficient 

One of the most revealing findings was the 

diminishing returns of infrastructure investment when 

unaccompanied by systemic governance reforms. The 

traditional emphasis on expanding cold chains and 

transportation fleets, while necessary, cannot resolve 

deep-seated inefficiencies caused by poor 

coordination and policy fragmentation. 

This echoes findings from earlier research in Nigeria 

and Kenya, where warehouse upgrades did not 

significantly improve medicine availability due to 

procurement delays and data inconsistencies. Thus, 

infrastructure must be viewed not as a standalone 

solution, but as one pillar in a broader logistics 

ecosystem that includes data systems, policy 

coherence, and human resource management. 

5.3 The Digital Divide and Its Implications 

The results affirm the critical role of digital logistics 

management information systems (LMIS) in 

enhancing inventory visibility, forecasting accuracy, 

and order processing. However, digital deployment in 

SSA remains uneven, with rural and remote clinics 

largely excluded due to power instability, lack of 

connectivity, and insufficient IT support. 

This urban-rural digital divide threatens to exacerbate 

inequities in medicine availability and contributes to a 

distorted national picture of pharmaceutical needs. 

The framework responds to this challenge by 

incorporating digital inclusion strategies such as 

offline-first systems, mobile-based data collection, 

and decentralized server nodes. 

Moreover, while many countries in SSA have 

implemented LMIS platforms (e.g., OpenLMIS, 

GHILMIS), system fragmentation remains a persistent 

issue. Fragmentation arises from the proliferation of 

donor-specific reporting platforms that fail to integrate 

into national systems. A harmonized digital 

architecture is therefore critical to the realization of 

effective pharmaceutical logistics. 

5.4 Governance and Policy Fragmentation as Core 

Bottlenecks 

Perhaps the most critical insight from both simulation 

and field application was the role of fragmented 

governance in perpetuating inefficiencies. Countries 

with advanced logistics infrastructure (e.g., Ghana) 

still experienced supply disruptions due to parallel 

supply chains and donor-driven silos. 

This aligns with prior work that identifies donor 

coordination failures and weak institutional ownership 

as central causes of poor health commodity 

performance in SSA. The framework's emphasis on 

inter-agency collaboration, national stewardship, and 

policy alignment directly addresses these governance 

gaps. 

Moreover, weak accountability mechanisms and poor 

feedback loops from sub-national to central levels 

further impair logistics responsiveness. The 

framework proposes decentralized decision-making 

models where local health facilities have greater input 
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into forecasting and supply planning a 

recommendation supported by recent decentralization 

studies in Tanzania and Zambia. 

5.5 Workforce and Organizational Culture 

Human resources remain a critical bottleneck. High 

staff turnover, inadequate training in logistics 

principles, and lack of formal supply chain roles at 

facility level severely limit the effectiveness of even 

well-designed logistics systems. Many countries still 

rely on clinicians and nurses to manage inventory, 

diverting them from clinical tasks and leading to data 

quality issues. 

The framework addresses this by incorporating 

dedicated logistics officer roles, embedded within 

primary care teams, and supported by remote training 

platforms. Workforce strengthening must be 

integrated into logistics strategies and not treated as an 

auxiliary concern. 

Additionally, organizational culture plays a pivotal 

role in shaping logistics outcomes. Informal networks, 

workarounds, and tacit knowledge systems, though 

not visible in traditional models, are indispensable in 

contexts with limited formal infrastructure. The 

framework’s adaptability dimension accounts for 

these socio-cultural dynamics, recognizing that formal 

solutions often require informal facilitators to function 

effectively. 

5.6 Political Economy Considerations 

An often-overlooked dimension in logistics planning 

is the political economy surrounding pharmaceutical 

supply chains. Public procurement processes are 

frequently mired in corruption, favoritism, and 

inefficiency, undermining the technical integrity of 

logistics models. 

Studies from Uganda and Malawi show that politically 

connected suppliers are often awarded contracts 

regardless of performance, leading to stock delays and 

expired commodities. These realities necessitate a 

framework that incorporates governance risk 

assessments and procurement transparency metrics 

into its diagnostic tools. 

The proposed model includes such considerations in 

its policy and governance domain, advocating for open 

contracting, civil society oversight, and digital 

procurement dashboards to improve accountability. 

5.7 Regional and Global Implications 

Although this study is focused on SSA, the framework 

has implications for other resource-constrained 

settings, including conflict zones and underserved 

regions in South Asia and Latin America. The core 

tenets of system thinking, adaptive governance, and 

digital integration are universally relevant. 

Global supply chain initiatives such as COVAX and 

the WHO Essential Medicines Program can benefit 

from adopting the framework's modular structure, 

allowing interventions to be tailored to national 

capacities while maintaining global standards. 

5.8 Limitations of the Study 

This study has several limitations. First, the simulation 

model was built using generalized parameter 

estimates, and although sensitivity analysis was 

performed, results may not reflect all local contexts. 

Second, the case studies, while informative, were 

limited to three countries and may not capture the full 

diversity of SSA logistics landscapes. 

Third, while stakeholder validation workshops 

provided useful feedback, real-time piloting of the 

framework over extended periods is necessary to fully 

assess its operational feasibility. Future research 

should focus on longitudinal testing and cost-

effectiveness analysis of the framework in live 

settings. 

5.9 Future Research Directions 

Building on this study, future research could pursue 

several directions: 

● Integration of real-time geospatial analytics for 

last-mile tracking. 

● AI-based demand forecasting that incorporates 

demographic and epidemiological trends. 

● Analysis of pharmaceutical logistics under 

climate-induced disruptions. 

● Development of regional logistics coordination 

bodies to manage cross-border commodity flows. 
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Each of these avenues would further strengthen the 

conceptual model and improve its responsiveness to 

emerging challenges. 

8.10 Summary 

In summary, the discussion confirms that optimizing 

pharmaceutical logistics in SSA requires a paradigm 

shift from isolated technical fixes to integrated system 

reforms. The conceptual framework proposed in this 

study offers a roadmap for such transformation, 

grounded in real-world complexity and supported by 

empirical evidence. 

By balancing infrastructural upgrades with 

governance reform, digital transformation, and human 

resource development, the framework provides a 

practical tool for policymakers and supply chain 

managers. It also opens pathways for academic inquiry 

and global collaboration in improving medicine 

availability in some of the world's most vulnerable 

health systems. 

CONCLUSION 

The optimization of pharmaceutical logistics in 

resource-constrained public health systems across 

Sub-Saharan Africa (SSA) is not merely a technical 

challenge it is a multidimensional issue that 

encompasses governance, digital innovation, human 

capacity, and adaptive system design. This study has 

developed and validated a conceptual framework that 

addresses these interconnected dimensions through a 

comprehensive, scalable, and context-sensitive model. 

Drawing from empirical evidence, stakeholder 

consultations, and systems analysis, the framework 

represents a significant advancement over fragmented 

and siloed approaches that have historically dominated 

logistics planning in SSA. 

At the heart of the proposed framework is the 

recognition that no single intervention be it 

infrastructure investment, information system 

deployment, or procurement reform can independently 

resolve the structural inefficiencies that characterize 

pharmaceutical supply chains in SSA. Rather, a 

systems-thinking approach is required, where 

interventions are synchronized across domains to 

amplify impact. The framework achieves this by 

incorporating five key pillars: policy and governance 

integration, infrastructure optimization, digital system 

strengthening, workforce and training development, 

and adaptability to context-specific conditions. 

One of the most important contributions of this study 

is the emphasis on governance as a foundational pillar 

of logistics performance. Weak institutional 

coordination, fragmented donor systems, and opaque 

procurement processes have consistently undermined 

otherwise sound technical interventions. By 

embedding governance diagnostics and inter-agency 

coordination tools within the framework, this study 

brings governance from the periphery to the center of 

logistics system design. 

Equally important is the digital transformation 

component. While LMIS platforms have proliferated 

in recent years, their utility has been constrained by 

fragmentation, lack of interoperability, and limited 

rural coverage. The framework advocates for a 

harmonized digital ecosystem, featuring offline-

capable tools, predictive analytics, and national-level 

dashboards that can support real-time decision-

making. Digital solutions are not simply add-ons they 

are core enablers of visibility, accountability, and 

responsiveness. 

Infrastructure remains a critical element, particularly 

for cold chain expansion and last-mile delivery. 

However, this study affirms that infrastructure must be 

strategically aligned with governance priorities and 

information systems. For example, investment in 

warehouse space is futile if inventory data remains 

inaccurate or if replenishment cycles are poorly 

managed. The proposed model integrates 

infrastructure planning with demand forecasting and 

consumption patterns, thus ensuring that physical 

assets are optimized for service delivery. 

The study also brings attention to the often-overlooked 

dimension of human resources. Across many countries 

in SSA, logistics functions are either distributed to 

overburdened clinical staff or outsourced with 

minimal oversight. This results in data entry errors, 

forecasting inaccuracies, and delayed responses to 

stock-outs. The conceptual framework prioritizes the 

formalization of logistics roles, capacity-building 

through in-service training, and the establishment of 

support systems that encourage professional 

development in supply chain management. 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 224 

Adaptability is another core feature of the framework. 

SSA is not a monolith; countries vary widely in terms 

of capacity, infrastructure, epidemiological profiles, 

and policy environments. The framework includes 

modular design features that allow stakeholders to 

calibrate interventions based on local needs and 

resource availability. Whether in a conflict-affected 

zone with intermittent access or a middle-income 

setting with growing private sector involvement, the 

model can be contextualized to remain effective. 

The results of the simulation and case study validation 

confirm the feasibility and relevance of the 

framework. In scenarios where all five pillars were 

activated in coordination, medicine availability 

improved, stock-out rates decreased, and order 

fulfillment timelines were shortened. More 

importantly, system resilience increased, as facilities 

demonstrated a greater ability to respond to shocks, 

ranging from supplier delays to political disruptions. 

Nevertheless, the study acknowledges its limitations. 

The simulation environment, while carefully 

constructed, cannot fully replicate the complex and 

often chaotic nature of real-world logistics 

environments. The case studies, though illustrative, 

represent a limited sample of SSA diversity. More 

longitudinal research is required to test the long-term 

impact and scalability of the framework in operational 

settings. Pilot studies should be expanded to include 

diverse country contexts urban, rural, stable, and 

fragile so that refinements can be made based on 

broader evidence. 

Policy implications are profound. Ministries of Health, 

donor agencies, and implementing partners must move 

beyond piecemeal reforms toward integrated planning 

processes that utilize this framework. Strategic 

planning should involve all relevant sectors from 

finance to transport to digital infrastructure and should 

be guided by a national logistics vision that is 

evidence-informed and future-oriented. Donors and 

development partners must align their interventions 

with national strategies and invest in harmonization 

rather than parallel systems. 

For practitioners, the framework provides a diagnostic 

tool for assessing system readiness, identifying 

bottlenecks, and planning phased improvements. It 

also serves as a training reference for logistics 

professionals, offering a structured approach to system 

design and continuous improvement. For researchers, 

the framework opens new pathways for inquiry into 

health system resilience, cross-sectoral coordination, 

and innovation adoption in low-resource settings. 

In terms of global relevance, the framework is timely. 

COVID-19, Ebola, and other public health crises have 

exposed the fragility of pharmaceutical supply chains 

worldwide, not just in SSA. As countries seek to build 

more resilient health systems, this framework offers a 

practical, evidence-based model that integrates lessons 

from both emergency response and routine service 

delivery. It aligns with global health security goals, 

sustainable development targets, and the broader 

movement toward universal health coverage. 

In conclusion, this study affirms that optimizing 

pharmaceutical logistics in SSA is not only possible 

but necessary for achieving equitable health outcomes. 

The proposed conceptual framework offers a strategic, 

scalable, and systems-oriented path forward. It is now 

incumbent upon stakeholders policymakers, funders, 

practitioners, and communities to adopt, refine, and 

implement this model. By doing so, they can transform 

supply chains from sources of constraint into enablers 

of health, equity, and development across Sub-

Saharan Africa. 

REFERENCES 

[1] B. O Otokiti, “View article.” [Online]. 

Available: 

https://scholar.google.com/citations?view_op=

view_citation&hl=en&user=alrU_-

gAAAAJ&citation_for_view=alrU_-

gAAAAJ:KxtntwgDAa4C 

[2] J. T. Bram, B. Warwick-Clark, E. Obeysekare, 

and K. Mehta, “Utilization and Monetization of 

Healthcare Data in Developing Countries,” Big 

Data, vol. 3, no. 2, pp. 59–66, Jun. 2015, doi: 

10.1089/big.2014.0053. 

[3] J. H. McCoy and H. L. Lee, “Using Fairness 

Models to Improve Equity in Health Delivery 

Fleet Management,” Prod. Oper. Manag., vol. 

23, no. 6, pp. 965–977, Jun. 2014, doi: 

10.1111/poms.12101. 

[4] P. Awor, “Urgent Needs: A Literature Review 

of Strategies for Sustainable Access to Anti-

Retroviral Therapy for HIV/AIDS Patients in 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 225 

Sub-Saharan Africa,” Master’s Thesis, The 

University of Bergen, 2009. [Online]. 

Available: https://bora.uib.no/bora-

xmlui/handle/1956/15849 

[5] P. Ajonbadi, H.A, Otokiti, B. O, and Adebayo, 

“The Efficacy of Planning on Organisational 

Performance in the Nigeria SMEs.” [Online]. 

Available: 

https://scholar.google.com/citations?view_op=

view_citation&hl=en&user=alrU_-

gAAAAJ&citation_for_view=alrU_-

gAAAAJ:nb7KW1ujOQ8C 

[6] H. A. Ajonbadi, B. A. Mojeed-Sanni, and B. O. 

Otokiti, “Sustaining Competitive Advantage in 

Medium-sized Enterprises (MEs) through 

Employee Social Interaction and Helping 

Behaviours,” J. Small Bus. Entrep. Dev., vol. 3, 

no. 2, 2015, doi: 10.15640/jsbed.v3n2a1. 

[7] I. Barton, A. L. Avanceña, N. Gounden, and R. 

Anupindi, “Unintended consequences and 

hidden obstacles in medicine access in Sub-

Saharan Africa,” Front. Public Health, vol. 7, 

p. 342, 2019. 

[8] A. A. Lawal, H. A. Ajonbadi, and B. O. Otokiti, 

“Strategic importance of the Nigerian small 

and medium enterprises (SMES): Myth or 

reality”. 

[9] H. Zakumumpa, J. Rujumba, J. Kwiringira, C. 

Katureebe, and N. Spicer, “Understanding 

implementation barriers in the national scale-

up of differentiated ART delivery in Uganda,” 

BMC Health Serv. Res., vol. 20, no. 1, p. 222, 

Dec. 2020, doi: 10.1186/s12913-020-5069-y. 

[10] Akinbola, Olufemi Amos; Otokiti, Bisayo 

Oluwatosin; Akinbola, Omolola Sariat; Sanni, 

Sekinat Arike., “NEXUS OF BORN GLOBAL 

ENTREPRENEURSHIP FIRMS AND 

ECONOMIC DEVELOPMENT IN NIGERIA 

- ProQuest.” [Online]. Available: 

https://www.proquest.com/openview/81adc74

d18d0d149474095698194233a/1?pq-

origsite=gscholar&cbl=5261234 

[11] L. R. Østergaard, “Trust matters: A narrative 

literature review of the role of trust in health 

care systems in sub-Saharan Africa,” Glob. 

Public Health, vol. 10, no. 9, pp. 1046–1059, 

Oct. 2015, doi: 

10.1080/17441692.2015.1019538. 

[12] B. O. Otokiti, “Mode of Entry of Multinational 

Corporation and their Performance in the 

Nigeria Market,” PhD Thesis, Covenant 

University, 2012. [Online]. Available: 

https://scholar.google.com/scholar?cluster=95

73900037960593687&hl=en&oi=scholarr 

[13] A. Jbaily et al., “Toward health system 

strengthening in low- and middle-income 

countries: insights from mathematical 

modeling of drug supply chains,” BMC Health 

Serv. Res., vol. 20, no. 1, p. 776, Dec. 2020, 

doi: 10.1186/s12913-020-05549-z. 

[14] O. Amos, O. Adeniyi, and B. Oluwatosin, 

“MARKET BASED CAPABILITIES AND 

RESULTS: INFERENCE FOR 

TELECOMMUNICATION SERVICE 

BUSINESSES IN NIGERIA,” 2014. 

[15] P. Chivenge, T. Mabhaudhi, A. T. Modi, and P. 

Mafongoya, “The potential role of neglected 

and underutilised crop species as future crops 

under water scarce conditions in Sub-Saharan 

Africa,” Int. J. Environ. Res. Public. Health, 

vol. 12, no. 6, pp. 5685–5711, 2015. 

[16] N.-H. Z. Leung, A. Chen, P. Yadav, and J. 

Gallien, “The impact of inventory management 

on stock-outs of essential drugs in Sub-Saharan 

Africa: secondary analysis of a field 

experiment in Zambia,” PloS One, vol. 11, no. 

5, p. e0156026, 2016. 

[17] A. A. Lawal, H. A. Ajonbadi, and B. O. Otokiti, 

“Leadership and organisational performance in 

the Nigeria small and medium enterprises 

(SMEs)”. 

[18] I. Kabore et al., “The Effect of Community-

Based Support Services on Clinical Efficacy 

and Health-Related Quality of Life in 

HIV/AIDS Patients in Resource-Limited 

Settings in Sub-Saharan Africa,” AIDS Patient 

Care STDs, vol. 24, no. 9, pp. 581–594, Sep. 

2010, doi: 10.1089/apc.2009.0307. 

[19] A. Sharma, B. I. Adekunle, J. C. Ogeawuchi, 

A. A. Abayomi, and O. Onifade, “IoT-enabled 

Predictive Maintenance for Mechanical 

Systems: Innovations in Real-time Monitoring 

and Operational Excellence,” vol. 2, no. 12, 

2019. 

[20] F. S. Sarfo and B. Ovbiagele, “Stroke 

minimization through additive anti-

atherosclerotic agents in routine treatment 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 226 

(SMAART): A pilot trial concept for 

improving stroke outcomes in sub-Saharan 

Africa,” J. Neurol. Sci., vol. 377, pp. 167–173, 

2017. 

[21] B. O. Otokiti and O. A. Akinbola, “Effects of 

Lease Options on the Organizational Growth of 

Small and Medium Enterprise (SME’s) in 

Lagos State, Nigeria,” Asian J. Bus. Manag. 

Sci., vol. 3, no. 4, pp. 1–12, 2013. 

[22] A. D. Harries, R. Zachariah, S. D. Lawn, and S. 

Rosen, “Strategies to improve patient retention 

on antiretroviral therapy in sub‐Saharan 

Africa,” Trop. Med. Int. Health, vol. 15, no. s1, 

pp. 70–75, Jun. 2010, doi: 10.1111/j.1365-

3156.2010.02506.x. 

[23] B. I. Ashiedu, E. Ogbuefi, U. S. Nwabekee, J. 

C. Ogeawuchi, and A. A. Abayomi, 

“Developing Financial Due Diligence 

Frameworks for Mergers and Acquisitions in 

Emerging Telecom Markets,” vol. 4, no. 1, 

2020. 

[24] B. Bhattacharya, L. Lin, R. Batta, and P. K. 

Ram, “Stock-out severity index: tool for 

evaluating inequity in drug stock-outs,” Cent. 

Eur. J. Oper. Res., vol. 28, no. 4, pp. 1243–

1263, Dec. 2020, doi: 10.1007/s10100-019-

00634-z. 

[25] O. O. Fagbore, J. C. Ogeawuchi, O. Ilori, N. J. 

Isibor, A. Odetunde, and B. I. Adekunle, 

“Developing a Conceptual Framework for 

Financial Data Validation in Private Equity 

Fund Operations,” vol. 4, no. 5, 2020. 

[26] T. Egharevba, “Stakeholder perceptions 

towards conducting pharmaceutical industry-

sponsored clinical trials in Sub-Saharan 

Africa,” PhD Thesis, University of Glasgow, 

2017. [Online]. Available: 

https://theses.gla.ac.uk/8451/ 

[27] “Designing Inclusive and Scalable Credit 

Delivery Systems Using AI-Powered Lending 

Models for Underserved Markets.” [Online]. 

Available: 

https://scholar.google.com/citations?view_op=

view_citation&hl=en&user=alrU_-

gAAAAJ&cstart=20&pagesize=80&citation_f

or_view=alrU_-gAAAAJ:5awf1xo2G04C 

[28] K. Outterson, “Should access to medicines and 

TRIPS flexibilities be limited to specific 

diseases?,” Am. J. Law Med., vol. 34, no. 2–3, 

pp. 279–301, 2008. 

[29] N. M. Mbeye, O. Adetokunboh, E. Negussie, 

T. Kredo, and C. S. Wiysonge, “Shifting tasks 

from pharmacy to non-pharmacy personnel for 

providing antiretroviral therapy to people 

living with HIV: a systematic review and meta-

analysis,” BMJ Open, vol. 7, no. 8, p. e015072, 

2017. 

[30] O. T. Odofin, O. A. Agboola, E. Ogbuefi, J. C. 

Ogeawuchi, O. S. Adanigbo, and T. P. Gbenle, 

“Conceptual Framework for Unified Payment 

Integration in Multi-Bank Financial 

Ecosystems,” vol. 3, no. 12, 2020. 

[31] B. Ojikutu, A. Tariro Makadzange, and T. 

Gaolathe, “Scaling up ART treatment capacity: 

Lessons learned from South Africa, Zimbabwe, 

and Botswana,” Curr. Infect. Dis. Rep., vol. 10, 

no. 1, pp. 69–73, Jan. 2008, doi: 

10.1007/s11908-008-0012-0. 

[32] Otokiti B.O, “Business Regulation and Control 

in Nigeria..” [Online]. Available: 

https://scholar.google.com/citations?view_op=

view_citation&hl=en&user=alrU_-

gAAAAJ&citation_for_view=alrU_-

gAAAAJ:UxriW0iASnsC 

[33] D. W. Taylor and C. Ward, “Rule of Law and 

State Capacity: Keys to Market Access in 

Developing and Resource-Constrained 

Markets,” Pharm. Med., vol. 30, no. 4, pp. 193–

201, Aug. 2016, doi: 10.1007/s40290-016-

0149-3. 

[34] Oladuji T.J. Nwangele C.R., Onifade O., 

Akintobi A.O., “Advancements in Financial 

Forecasting Models: Using AI for Predictive 

Business Analysis in Emerging Economies.” 

[Online]. Available: 

https://scholar.google.com/citations?view_op=

view_citation&hl=en&user=Zm0csPMAAAA

J&cstart=20&pagesize=80&authuser=1&citati

on_for_view=Zm0csPMAAAAJ:Zph67rFs4h

oC 

[35] T. Ensor and S. Weinzierl, “Regulating health 

care in low-and middle-income countries: 

Broadening the policy response in resource 

constrained environments,” Soc. Sci. Med., vol. 

65, no. 2, pp. 355–366, 2007. 

[36] Bisayo Otokiti, “A study of management 

practices and organisational performance of 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 227 

selected MNCs in emerging market - A Case of 

Nigeria.” [Online]. Available: 

https://scholar.google.com/citations?view_op=

view_citation&hl=en&user=alrU_-

gAAAAJ&citation_for_view=alrU_-

gAAAAJ:CHSYGLWDkRkC 

[37] M. Lemoine, S. Eholié, and K. Lacombe, 

“Reducing the neglected burden of viral 

hepatitis in Africa: strategies for a global 

approach,” J. Hepatol., vol. 62, no. 2, pp. 469–

476, 2015. 

[38] O. E. Akpe, J. C. Ogeawuchi, A. A. Abayomi, 

O. A. Agboola, and E. Ogbuefi, “A Conceptual 

Framework for Strategic Business Planning in 

Digitally Transformed Organizations,” Iconic 

Res. Eng. J., vol. 5, no. 4, pp. 310–325, Oct. 

2021. 

[39] K. Hoppu, S. S. Ranganathan, and A. N. 

Dodoo, “Realities of paediatric 

pharmacotherapy in the developing world,” 

Arch. Dis. Child., vol. 96, no. 8, pp. 764–768, 

2011. 

[40] L. Hasselback, J. Crawford, T. Chaluco, S. 

Rajagopal, W. Prosser, and N. Watson, “Rapid 

diagnostic test supply chain and consumption 

study in Cabo Delgado, Mozambique: 

estimating stock shortages and identifying 

drivers of stock-outs,” Malar. J., vol. 13, no. 1, 

p. 295, Dec. 2014, doi: 10.1186/1475-2875-13-

295. 

[41] H. A. Ajonbadi and B. Mojeed-Sanni, “A & 

Otokiti, BO (2015).‘Sustaining Competitive 

Advantage in Medium-sized Enterprises (MEs) 

through Employee Social Interaction and 

Helping Behaviours.,’” J. Small Bus. Entrep. 

Dev., vol. 3, no. 2, pp. 89–112. 

[42] R. Ravinetto, W. Pinxten, and L. Rägo, 

“Quality of medicines in resource-limited 

settings: need for ethical guidance,” Glob. 

Bioeth., vol. 29, no. 1, pp. 81–94, Jan. 2018, 

doi: 10.1080/11287462.2018.1522991. 

[43] E. O. Ogunnowo, M. A. Adewoyin, J. E. 

Fiemotongha, T. O. Igunma, and A. K. 

Adeleke, “Systematic Review of Non-

Destructive Testing Methods for Predictive 

Failure Analysis in Mechanical Systems,” vol. 

4, no. 4, 2020. 

[44] T. Avafia, “Public health related TRIPS 

flexibilities and South-South co-operation as 

enablers of treatment access in Eastern and 

Southern Africa: perspectives from producing 

and importing countries,” PhD Thesis, Queen 

Mary University of London, 2015. [Online]. 

Available: 

https://qmro.qmul.ac.uk/xmlui/handle/123456

789/8945 

[45] M. A. Adewoyin, E. O. Ogunnowo, J. E. 

Fiemotongha, T. O. Igunma, and A. K. 

Adeleke, “Advances in Thermofluid 

Simulation for Heat Transfer Optimization in 

Compact Mechanical Devices,” vol. 4, no. 6, 

2020. 

[46] G. Cometto, A. B. Zaheer-Ud-Din Babar, L. 

Hedman, and J. Campbell, “PtD) Global 

Conference on Human Resources in Supply 

Chain Management,” J. Pharm. Policy Pract., 

vol. 7, no. 1, p. I1, 2014. 

[47] M. A. Adewoyin, E. O. Ogunnowo, J. E. 

Fiemotongha, T. O. Igunma, and A. K. 

Adeleke, “A Conceptual Framework for 

Dynamic Mechanical Analysis in High-

Performance Material Selection,” vol. 4, no. 5, 

2020. 

[48] T. B. Phume and Z. Worku, “Predictors of 

Efficiency in the Supply Chain Management of 

Essential Medicines,” 2017, [Online]. 

Available: 

https://www.academia.edu/download/8644360

6/73718bff38e5f44920b05a5ad5514b55535f.p

df 

[49] Persing et al., Eds., “Point-of-Care Medical 

Device Connectivity: Developing World 

Landscape,” in Molecular Microbiology, 

American Society of Microbiology, 2016, pp. 

685–691. doi: 10.1128/9781555819071.ch47. 

[50] B. Plan, “PHARMACEUTICAL 

MANUFACTURING PLAN FOR AFRICA”, 

[Online]. Available: 

https://au.int/sites/default/files/documents/302

19-doc-pmpa_bp_ebook.pdf 

[51] S. C. Stender and A. Christensen, “Patient-

centered primary health care: synergy potential 

for health systems strengthening,” Int. J. 

Tuberc. Lung Dis., vol. 17, no. 10, pp. 15–21, 

2013. 

[52] P. Kanavos, P. Das, V. Durairaj, R. Laing, and 

D. O. Abegunde, “Options for financing and 

optimizing medicines in resource-poor 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 228 

countries,” World Health Rep., 2010, [Online]. 

Available: 

https://www.researchgate.net/profile/Varathar

ajan-Durairaj/publication/234058035 

[53] B. O. Anderson et al., “Optimisation of breast 

cancer management in low-resource and 

middle-resource countries: executive summary 

of the Breast Health Global Initiative 

consensus, 2010,” Lancet Oncol., vol. 12, no. 

4, pp. 387–398, 2011. 

[54] B. S. Bhattacharya, “On Equitably Reducing 

Stock-Outs for Essential Pharmaceuticals in 

Low-Resource Countries,” PhD Thesis, State 

University of New York at Buffalo, 2019. 

[Online]. Available: 

https://search.proquest.com/openview/73ebed

edc349e41b87e50079e7917495/1?pq-

origsite=gscholar&cbl=18750&diss=y 

[55] M. P. Bravo et al., “Monitoring Pharmacy and 

Test Kit Stocks in Rural Mozambique: U.S. 

President’s Emergency Plan for AIDS Relief 

Surveillance to Help Prevent Ministry of 

Health Shortages,” AIDS Res. Hum. 

Retroviruses, vol. 36, no. 5, pp. 415–426, May 

2020, doi: 10.1089/aid.2019.0057. 

[56] T. Mercer et al., “Mitigating The Burden Of 

Diabetes In Sub-Saharan Africa Through An 

Integrated Diagonal Health Systems 

Approach,” Diabetes Metab. Syndr. Obes. 

Targets Ther., vol. Volume 12, pp. 2261–2272, 

Oct. 2019, doi: 10.2147/DMSO.S207427. 

[57] M. Bigdeli, D. Peters, and A. Wagner, 

“Medicines in health systems,” Geneva World 

Health Organ., vol. 117, 2014, [Online]. 

Available: https://www.haiasiapacific.org/wp-

content/uploads/2014/11/MedsinHealthSyste

msReport2014.pdf 

[58] W. Kaplan and R. Laing, “Local production of 

pharmaceuticals: industrial policy and access to 

medicines, an overview of key concepts, issues 

and opportunities for future research,” 2005, 

[Online]. Available: 

https://openknowledge.worldbank.org/entities/

publication/9f9f4bc2-5ae3-5db2-aa3e-

56731e5d64ad 

[59] R. O. Makanjuola and A. W. Taylor-Robinson, 

“Improving Accuracy of Malaria Diagnosis in 

Underserved Rural and Remote Endemic Areas 

of Sub-Saharan Africa: A Call to Develop 

Multiplexing Rapid Diagnostic Tests,” 

Scientifica, vol. 2020, pp. 1–7, Feb. 2020, doi: 

10.1155/2020/3901409. 

[60] A. J. Lankowski, M. J. Siedner, D. R. 

Bangsberg, and A. C. Tsai, “Impact of 

Geographic and Transportation-Related 

Barriers on HIV Outcomes in Sub-Saharan 

Africa: A Systematic Review,” AIDS Behav., 

vol. 18, no. 7, pp. 1199–1223, Jul. 2014, doi: 

10.1007/s10461-014-0729-8. 

[61] R. Harding et al., “Generating an African 

palliative care evidence base: the context, need, 

challenges, and strategies,” J. Pain Symptom 

Manage., vol. 36, no. 3, pp. 304–309, 2008. 

[62] J. Hill et al., “Factors affecting the delivery, 

access, and use of interventions to prevent 

malaria in pregnancy in sub-Saharan Africa: a 

systematic review and meta-analysis,” PLoS 

Med., vol. 10, no. 7, p. e1001488, 2013. 

[63] M. A. Jafry et al., “Examination of patient flow 

in a rural health center in Malawi,” BMC Res. 

Notes, vol. 9, no. 1, p. 363, Dec. 2016, doi: 

10.1186/s13104-016-2144-x. 

[64] A. Ramanujapuram and C. K. Malemarpuram, 

“Enabling sustainable behaviors of data 

recording and use in low-resource supply 

chains,” in Proceedings of the 3rd ACM 

SIGCAS Conference on Computing and 

Sustainable Societies, Ecuador: ACM, Jun. 

2020, pp. 65–75. doi: 

10.1145/3378393.3402248. 

[65] A. Haque, B. Kouriba, N. Aïssatou, and A. 

Pant, “Eliminating cervical cancer in Mali and 

Senegal, two sub-Saharan countries: Insights 

and optimizing solutions,” Vaccines, vol. 8, no. 

2, p. 181, 2020. 

[66] S. D. Lawn, A. D. Harries, X. Anglaret, L. 

Myer, and R. Wood, “Early mortality among 

adults accessing antiretroviral treatment 

programmes in sub-Saharan Africa,” Aids, vol. 

22, no. 15, pp. 1897–1908, 2008. 

[67] H. Parvin, S. Beygi, J. E. Helm, P. S. Larson, 

and M. P. Van Oyen, “Distribution of 

Medication Considering Information, 

Transshipment, and Clustering: Malaria in 

Malawi,” Prod. Oper. Manag., vol. 27, no. 4, 

pp. 774–797, Apr. 2018, doi: 

10.1111/poms.12826. 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 229 

[68] N. Konduri et al., “Digital health technologies 

to support access to medicines and 

pharmaceutical services in the achievement of 

sustainable development goals,” Digit. Health, 

vol. 4, p. 2055207618771407, Jan. 2018, doi: 

10.1177/2055207618771407. 

[69] S. Pastakia, C. Pekny, S. Manyara, and L. 

Fischer, “Diabetes in sub-Saharan Africa 

&ndash; from policy to practice to progress: 

targeting the existing gaps for future care for 

diabetes,” Diabetes Metab. Syndr. Obes. 

Targets Ther., vol. Volume 10, pp. 247–263, 

Jun. 2017, doi: 10.2147/DMSO.S126314. 

[70] G. Steel, J. Nwokike, and M. P. Joshi, 

“Development of a multi-method tool to 

measure ART adherence in resource-

constrained settings: the South Africa 

experience,” RPM Plus, vol. 6, 2007, [Online]. 

Available: 

https://www.researchgate.net/profile/Jude-

Nwokike/publication/267362525 

[71] M. Abouyannis et al., “Development and 

validation of systems for rational use of viral 

load testing in adults receiving first-line ART 

in sub-Saharan Africa,” Aids, vol. 25, no. 13, 

pp. 1627–1635, 2011. 

[72] B. Huysamen, I. H. De Kock, and L. Bam, 

“DEVELOPING A CHALLENGES 

LANDSCAPE RELATING TO DRUG 

SAFETY, PROVISION, AND 

DISTRIBUTION IN RESOURCE-LIMITED 

SETTINGS FOR THE CASE OF HIV/AIDS,” 

South Afr. J. Ind. Eng., vol. 29, no. 3, Nov. 

2018, doi: 10.7166/29-3-2048. 

[73] E. P. Cao, “Decision making in the HIV/AIDS 

supply chain,” PhD Thesis, Massachusetts 

Institute of Technology, 2007. [Online]. 

Available: 

https://dspace.mit.edu/handle/1721.1/40108 

[74] R. Rajasingham, M. A. Rolfes, K. E. 

Birkenkamp, D. B. Meya, and D. R. Boulware, 

“Cryptococcal meningitis treatment strategies 

in resource-limited settings: a cost-

effectiveness analysis,” 2012, [Online]. 

Available: 

https://journals.plos.org/plosmedicine/article?i

d=10.1371/journal.pmed.1001316 

[75] N. A. of Sciences, Medicine, M. Division, B. 

on G. Health, and C. on I. the Q. of H. C. 

Globally, “Crossing the global quality chasm: 

improving health care worldwide,” 2018. 

[76] A. J. Itiola and K. A. Agu, “Country ownership 

and sustainability of Nigeria’s HIV/AIDS 

Supply Chain System: qualitative perceptions 

of progress, challenges and prospects,” J. 

Pharm. Policy Pract., vol. 11, no. 1, p. 21, Dec. 

2018, doi: 10.1186/s40545-018-0148-8. 

[77] P. Yadav, “Countering Drug Resistance in the 

Developing World: An Assessment of 

Incentives Across the Value Chain and 

Recommendations for Policy Intervention,” 

Cent. Glob. Dev. Work. Pap., no. 183, 2009, 

[Online]. Available: 

https://papers.ssrn.com/sol3/papers.cfm?abstra

ct_id=1479669 

[78] H. Lüllmann and K. Mohr, Color atlas of 

pharmacology. Thieme Stuttgart, 1999. 

[Online]. Available: 

http://diglib.globalcollege.edu.et:8080/xmlui/b

itstream/handle/123456789/1760/pdf.pdf?sequ

ence=1&isAllowed=y 

[79] A. Wasunna and D. W. Fitzgerald, “Chapter 9: 

Ethics and Epidemics in the Developing 

World: The Case of AIDS in Africa: Treatment 

Challenges,” in Advances in Bioethics, vol. 9, 

Bingley: Emerald (MCB UP ), 2006, pp. 189–

207. doi: 10.1016/S1479-3709(06)09009-1. 

[80] W. Xiong, N. Hupert, E. B. Hollingsworth, M. 

E. O’Brien, J. Fast, and W. R. Rodriguez, “Can 

modeling of HIV treatment processes improve 

outcomes? Capitalizing on an operations 

research approach to the global pandemic,” 

BMC Health Serv. Res., vol. 8, no. 1, p. 166, 

Dec. 2008, doi: 10.1186/1472-6963-8-166. 

[81] L. Barro et al., “Blood transfusion in sub‐

Saharan Africa: understanding the missing gap 

and responding to present and future 

challenges,” Vox Sang., vol. 113, no. 8, pp. 

726–736, Nov. 2018, doi: 10.1111/vox.12705. 

[82] B. Jawhari, D. Ludwick, L. Keenan, D. Zakus, 

and R. Hayward, “Benefits and challenges of 

EMR implementations in low resource 

settings: a state-of-the-art review,” BMC Med. 

Inform. Decis. Mak., vol. 16, no. 1, p. 116, Dec. 

2016, doi: 10.1186/s12911-016-0354-8. 

[83] A. Selin, E. J. Mills, and J. B. Nachega, 

“Barriers to Highly Active Antiretroviral 

Therapy Adherence in Sub-Saharan Africa,” 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 230 

Future HIV Ther., vol. 1, no. 3, pp. 331–339, 

Sep. 2007, doi: 10.2217/17469600.1.3.331. 

[84] A. Anema et al., “Availability of nutritional 

support services in HIV care and treatment sites 

in sub-Saharan African countries,” Public 

Health Nutr., vol. 15, no. 5, pp. 938–947, 2012. 

[85] L. E. Brown, “Applying stated-preference 

methods to health systems problems in sub-

Saharan Africa,” PhD Thesis, Johns Hopkins 

University, 2018. [Online]. Available: 

https://jscholarship.library.jhu.edu/bitstream/1

774.2/59160/1/BROWN-DISSERTATION-

2018.pdf 

[86] K. W. Ruud, S. C. Srinivas, and E.-L. Toverud, 

“Antiretroviral therapy in a South African 

public health care setting–facilitating and 

constraining factors.,” South. Med Rev., vol. 2, 

no. 2, 2009, [Online]. Available: 

https://citeseerx.ist.psu.edu/document?repid=r

ep1&type=pdf&doi=e0ca89c9c0c4e71459cc5

40a0b33f69d6da821c0 

[87] B. Eley and J. Nuttall, “Antiretroviral therapy 

for children: challenges and opportunities,” 

Ann. Trop. Paediatr., vol. 27, no. 1, pp. 1–10, 

Mar. 2007, doi: 10.1179/146532807X170448. 

[88] P. A. Woodburn, “Analysis of challenges of 

medical supply chains in sub-Saharan Africa 

regarding inventory management and transport 

and distribution,” LondonWestminster Bus. 

Sch., 2013, [Online]. Available: 

https://iaphl.org/wp-

content/uploads/2016/05/Medical-Supply-

Chain-

Challenges.Masterthesis.ASchoepperle.pdf 

[89] T. Crowley and E. L. Stellenberg, “An 

evaluation of the adequacy of pharmaceutical 

services for the provision of antiretroviral 

treatment in primary health care clinics,” 

Health SA Gesondheid, vol. 20, no. 1, pp. 83–

90, Jun. 2015, doi: 

10.1016/j.hsag.2015.02.004. 

[90] V. Kunene and J. Mahlangu, “Access to 

Systemic Anticancer Treatment and 

Radiotherapy Services in Sub-Saharan Africa,” 

in Cancer in Sub-Saharan Africa, O. A. 

Adedeji, Ed., Cham: Springer International 

Publishing, 2017, pp. 175–190. doi: 

10.1007/978-3-319-52554-9_13. 

[91] M. El Said and A. Kapczynski, “Access to 

medicines: The role of intellectual property law 

and policy,” 2012, [Online]. Available: 

https://clok.uclan.ac.uk/12962/?template=defa

ult_internal 

[92] M. Roy, C. Bolton Moore, I. Sikazwe, and C. 

B. Holmes, “A Review of Differentiated 

Service Delivery for HIV Treatment: 

Effectiveness, Mechanisms, Targeting, and 

Scale,” Curr. HIV/AIDS Rep., vol. 16, no. 4, pp. 

324–334, Aug. 2019, doi: 10.1007/s11904-

019-00454-5. 

[93] W. H. Organization, The world health report 

2006: working together for health. World 

Health Organization, 2006. [Online]. 

Available: 

https://books.google.com/books?hl=en&lr=&i

d=taYsDwAAQBAJ&oi=fnd&pg=PR13&dq=

Pharmaceutical+logistics,+supply+chain+opti

mization,+Sub-

Saharan+Africa,+public+health+systems,+res

ource-

constrained,+access+to+medicines&ots=9gka

2qyjD5&sig=yN-

iU6IZ7ZH35K5zMsFkNTsTpJ4 

[94] G. Alemnji, P. Fonjungo, B. Van Der Pol, T. 

Peter, R. Kantor, and J. Nkengasong, “The 

Centrality of Laboratory Services in the HIV 

Treatment and Prevention Cascade: The Need 

for Effective Linkages and Referrals in 

Resource-Limited Settings,” AIDS Patient 

Care STDs, vol. 28, no. 5, pp. 268–273, May 

2014, doi: 10.1089/apc.2013.0356. 

[95] M. Frieden et al., “Setting up a nurse-led model 

of care for management of hypertension and 

diabetes mellitus in a high HIV prevalence 

context in rural Zimbabwe: a descriptive 

study,” BMC Health Serv. Res., vol. 20, no. 1, 

p. 486, Dec. 2020, doi: 10.1186/s12913-020-

05351-x. 

[96] N. E. Thomford et al., “Pharmacogenomics 

implications of using herbal medicinal plants 

on African populations in health transition,” 

Pharmaceuticals, vol. 8, no. 3, pp. 637–663, 

2015. 

[97] C. S. Alexander et al., “Implementation of HIV 

palliative care: interprofessional education to 

improve patient outcomes in resource-

constrained settings, 2004–2012,” J. Pain 



© DEC 2020 | IRE Journals | Volume 4 Issue 6 | ISSN: 2456-8880 

IRE 1709391          ICONIC RESEARCH AND ENGINEERING JOURNALS 231 

Symptom Manage., vol. 50, no. 3, pp. 350–361, 

2015. 

[98] H. Walkowiak and D. Keene, “Expanding the 

role of pharmacy staff in antiretroviral 

therapy,” Lay. StronG Found., vol. 249, 2009, 

[Online]. Available: 

https://richardmarlink.com/wp-

content/uploads/2020/03/FromTheGroundUp_

Vol.1.pdf#page=283 

[99] W. A. Sisay and A. A. Alemayehu, 

“Determinants of adherence to antiretroviral 

therapy drugs in the phase of rapid scale-up of 

antiretroviral treatment in sub-Saharan Africa: 

the case of Ethiopia,” Fetene GT Mesfin R 

Antiretrovir. Treat. Sub-Sahar. Afr. Chall. 

Prospects Ethiop. Organ. Soc. Sci. Res. East. 

South. Afr. OSSREA, pp. 87–112, 2013. 

[100] K. Caines, J. Bataringaya, G. Murindwa, and 

H. N’jie, “Impact of Public-Private 

Partnerships Addressing Access to 

Pharmaceuticals in Low Income Countries: 

Uganda Pilot Study,” Initiative on Public-

Private Partnerships for Health, Global Forum 

for …, 2003. [Online]. Available: 

https://www.rhsupplies.org/uploads/tx_rhscpu

blications/IPPPH_access%20pharmaceuticals

%20PPP_Uganda_2003.pdf 


