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Abstract 

Vaccine logistics in low-resource settings remain a significant bottleneck in the effort to ensure 

equitable and timely immunization coverage. These challenges manifest in chronic underfunding, 

unreliable infrastructure, inefficient cold chain systems, fragmented coordination, and limited last-mile 

delivery capacity—ultimately affecting health outcomes, especially among vulnerable populations. This 

paper reviews and synthesizes global and regional evidence on the challenges and innovations in 

vaccine logistics in resource-constrained environments, with reference to sub-Saharan Africa. The 

review highlights recurring themes, including poor transport networks, lack of real-time inventory 

visibility, and inconsistent power supply impacting cold chain integrity. It also draws attention to 

emerging opportunities such as digital temperature monitoring, solar-powered cold storage, drone-

assisted deliveries, and alternative financing strategies. The paper identifies successful models from 

countries such as India, Kenya, and Rwanda that have adopted hybrid approaches leveraging 

technology, community partnerships, and public-private collaboration to strengthen immunization 

systems. The findings underscore the importance of coordinated investment, systemic reforms, and 

adaptive strategies in addressing vaccine distribution challenges. It concludes by recommending a 

strategic, context-specific framework that integrates technological tools, sustainable financing, and 

cross-sectoral partnerships to build resilient vaccine logistics in low-resource settings. 

Keywords: Cold Chain, Health Supply Chains, Innovations in Immunization, Last-Mile Delivery, Low-

Resource Settings, Vaccine Logistics. 

Introduction 

Vaccines are among the most impactful and 

cost-effective public health interventions, 

preventing an estimated 3.5 to 5 million deaths 

annually from diseases such as measles, 

diphtheria, tetanus, and pertussis [1]. Despite 

these remarkable benefits, the equitable and 

timely delivery of vaccines remains a pressing 

challenge in many low-resource settings, 

particularly across sub-Saharan Africa, South 

Asia, and parts of Latin America. Vaccine 

logistics — encompassing procurement, 

storage, distribution, and administration — 

form the backbone of immunization programs. 

When this chain breaks at any point, the result 

is often missed vaccination opportunities, 

reduced population immunity, and resurgence 

of preventable diseases [2]. 

Low-resource settings are typically 

characterized by chronic underfunding of 

health systems, limited transportation 

infrastructure, unreliable power supply, and 

scarce human resources — all of which 

exacerbate vaccine distribution challenges. For 

instance, in Nigeria, a country with vast 

geography and a decentralized health system, 

last-mile delivery is routinely undermined by 

poor road networks, insecurity, and storage 

capacity gaps [3]. These systemic weaknesses 

contribute to vaccine stockouts, wastage, and 

inequitable access, especially in rural and 

conflict-affected areas [4]. 



Recent advancements in technology and 

public-private partnerships (PPPs) offer 

promising solutions to address these logistics 

bottlenecks. Solar-powered cold storage, digital 

temperature monitoring, data-driven 

forecasting, and drone-based deliveries are 

being piloted or implemented in countries like 

Rwanda, Ghana, and India, yielding 

encouraging results [5, 6]. Furthermore, the 

growing recognition of PPPs as viable models 

for health supply chain management has led to 

innovative collaborations between 

governments, donors, and private logistics 

firms [7]. 

This paper reviews the current challenges 

and emerging opportunities in vaccine logistics 

within low-resource contexts. Drawing from 

global and regional experiences, it aims to 

synthesize best practices and propose context-

specific strategies that can inform resilient and 

sustainable vaccine delivery systems — with 

particular emphasis on sub-Saharan Africa. The 

review also highlights how integrating 

technological innovation, community 

participation, and multi-sectoral collaboration 

can strengthen last-mile delivery and cold chain 

management. 

Methodology of Literature Review 

This review adopts a qualitative, narrative 

synthesis approach to examine existing 

literature on vaccine logistics challenges and 

innovations in low-resource settings. The 

objective is to identify patterns, strategies, and 

best practices relevant to improving vaccine 

delivery systems, with a particular focus on 

sub-Saharan Africa. 

Search Strategy 

A structured search was conducted across 

multiple academic and institutional databases 

including PubMed, Scopus, Google Scholar, 

the WHO Global Health Library, and 

ScienceDirect. Grey literature, such as 

technical reports, white papers, and program 

evaluations from reputable organizations like 

the World Health Organization (WHO), 

UNICEF, Gavi, PATH, and the Bill & Melinda 

Gates Foundation, was also reviewed. 

Key search terms included: 

1. “vaccine logistics” 

2. “cold chain management” 

3. “last-mile vaccine delivery” 

4. “public-private partnerships in health 

supply chains” 

5. “vaccine distribution in low-resource 

settings” 

6. “health supply chain challenges in Africa” 

Boolean operators (AND/OR) were applied 

to refine searches. The review included 

materials published between 2010 and 2024, 

reflecting both historical challenges and recent 

innovations. 

Inclusion and Exclusion Criteria 

Included studies met the following criteria: 

1. Focused on low- and middle-income 

countries (LMICs), especially in Africa 

and South Asia 

2. Discussed vaccine logistics, cold chain 

systems, or delivery strategies 

3. Provided evidence or case studies 

relevant to systemic challenges or 

technological innovations 

4. Published in English 

5. Studies were excluded if they: 

6. Focused solely on high-income settings 

without transferable lessons 

7. Lacked empirical or programmatic 

evidence 

8. Were published before 2010, unless 

historically significant 

Data Extraction and Analysis 

A total of 76 sources were initially identified. 

After removing duplicates and screening titles 

and abstracts, 42 full-text articles and reports 

were reviewed in depth. Data were extracted 

using a standardized template that included 

publication details, geographical focus, type of 

intervention or challenge described, and key 

findings. 



A thematic synthesis approach was applied 

to analyse the data. This method enables 

researchers to integrate findings from diverse 

qualitative studies and generate policy-relevant 

insights by identifying recurring themes [8]. 

Key thematic categories were identified based 

on a combination of deductive and inductive 

coding, aligned with established frameworks in 

health supply chain analysis [9]. 

Ethical Considerations 

As this was a desk-based review involving 

no human participants, ethical approval was not 

required. All literature sources have been 

appropriately cited to uphold academic 

integrity. 

Results 

This section presents the key findings of the 

literature review, organized into two broad 

categories: (1) major challenges impeding 

vaccine logistics in low-resource settings, and 

(2) emerging opportunities and innovations that 

show potential in strengthening immunization 

supply chains, 

Challenges in Vaccine Logistics 

Funding Constraints 

Financial instability remains a core 

constraint. Inconsistent domestic funding and 

overreliance on donors often result in 

fragmented supply chain operations. In Nigeria, 

delays in counterpart funding have led to 

missed vaccine procurement timelines, 

disrupting planned campaigns [10]. Ghana also 

faces frequent cash flow gaps that affect 

logistics coordination at regional and district 

levels [26]. 

Weak Infrastructure and Transport Systems 

Many low-income countries struggle with 

dilapidated or non-existent road infrastructure, 

especially in rural areas. A 2021 World Bank 

report estimated that 35% of African rural 

communities lack year-round access to health 

facilities via motorable roads [11]. In 

Mozambique, flooding during the rainy season 

regularly cuts off districts from regional cold 

stores, requiring airlifts or ad hoc logistics 

improvisations [27]. 

Cold Chain Failures 

The failure to maintain the required 2°C to 

8°C range remains a widespread issue. In a 

WHO audit, nearly 20% of health facilities in 

sub-Saharan Africa lacked any functional cold 

storage [28]. Even where equipment is 

available, weak maintenance and electricity 

shortages render it ineffective. In Ethiopia, only 

41% of district stores had backup generators, 

and many lacked solar alternatives [29]. 

Human Resource and Capacity Gaps 

Beyond training gaps, understaffing of 

logistics units at sub-national levels reduces 

oversight and quality control. For example, 

Zambia’s immunization program has fewer 

than 150 trained logisticians for a system that 

supports thousands of facilities [30]. Routine 

supervision is often deprioritized in favour of 

clinical services, further weakening logistics 

performance. 

Governance and Coordination Gaps 

Decentralization, while beneficial in some 

respects, creates coordination challenges when 

roles and responsibilities are not clearly 

defined. In Nigeria, inter-state disparities in 

vaccine delivery quality are attributed to 

uneven implementation of national logistics 

guidelines and inconsistent political 

commitment [16, 31]. 

Policy and Regulatory Bottlenecks 

Weak regulatory frameworks and slow 

policy adoption delay innovation. For instance, 

the rollout of drone-based delivery in several 

African countries has been delayed by outdated 

civil aviation laws [32]. In some settings, 

national procurement rules restrict outsourcing 

of logistics services, even when private sector 

capacity is available. 



Community-Level Challenges 

At the last mile, community health workers 

and caregivers face significant barriers to 

accessing vaccines. These include lack of 

transport, long wait times, and poor 

communication from health centers. In northern 

Kenya, community-based research found that 

vaccine sessions were often missed because 

caretakers were unaware of outreach schedules 

[33]. This highlights the need for integrating 

logistics improvements with demand 

generation and communication strategies. 

Opportunities and Innovations 

Digital Tools and Real-Time Visibility 

Electronic systems such as OpenLMIS and 

DHIS2-enhanced dashboards are now being 

used in over 20 African countries [17]. Ghana's 

hybrid LMIS, integrated with its national health 

information platform, has improved reporting 

completeness from 48% in 2016 to over 90% in 

2022 [34]. Integration of digital vaccine vial 

monitors (VVMs) also allows frontline health 

workers to make real-time decisions on vaccine 

usability. 

Renewable Energy and Solar Cold Chain 

Mozambique and Malawi are among 

countries benefiting from Gavi’s Cold Chain 

Equipment Optimization Platform (CCEOP), 

which supports the deployment of solar direct-

drive (SDD) refrigerators. As of 2022, over 

4,500 units had been installed across the region, 

extending cold chain coverage to thousands of 

previously unserved health posts [19, 35]. 

Drone-Assisted Deliveries 

In addition to Rwanda and Ghana, Malawi 

has launched test corridors for UAV delivery in 

collaboration with UNICEF. Early evaluations 

show a 70% reduction in turnaround time for 

test samples and vaccines in remote districts 

like Kasungu and Salima [36]. These results 

suggest that drone integration into national 

logistics frameworks is increasingly viable with 

proper regulation and scale-up strategies. 

Public-Private Partnerships (PPPs) 

Kenya’s successful vaccine warehouse 

management PPP with Freight Forwarders 

Kenya Ltd is often cited as a regional 

benchmark. The partnership not only reduced 

vaccine stock discrepancies but also optimized 

distribution routes based on predictive 

algorithms [21]. Ghana is currently piloting a 

similar model in its Central Region with 

UNFPA support. 

Alternative Financing Mechanisms 

In Ethiopia, an innovative revolving fund 

supported by UNICEF and the Global Fund has 

enabled more consistent supply chain 

operations without waiting for annual 

government budget approvals [25]. This model 

has been recommended for scaling to other 

countries with similar cash flow bottlenecks. 

Discussion 

The findings of this review reaffirm the 

complex and interconnected nature of vaccine 

logistics challenges in low-resource settings. 

These challenges persist not only due to 

financial and infrastructural limitations but also 

because of systemic inefficiencies, governance 

fragmentation, and underinvestment in human 

capital. To advance immunization goals in 

LMICs, especially in sub-Saharan Africa, 

holistic reforms are needed that combine 

technology, local ownership, cross-sector 

collaboration, and inclusive policies. 

Persistent Structural Barriers 

Logistics systems in LMICs are often treated 

as auxiliary rather than central components of 

health system strengthening. This peripheral 

role is a legacy of vertical programming and 

donor-driven initiatives that prioritize short-

term targets over long-term capacity [10, 15]. 

The World Health Organization’s Health 

System Building Blocks framework places 

logistics under the “medical products and 

technologies” domain — a component that 

remains underfunded in most national budgets 



[37]. This marginalization leads to persistent 

bottlenecks, including poor infrastructure, 

inconsistent cold chain maintenance, and 

suboptimal last-mile delivery, particularly in 

remote and conflict-affected regions. 

Technology as a System Enabler, not a 

Silver Bullet 

While digital innovations are gaining 

traction, their success hinges on broader 

systems readiness. Many digital tools have been 

implemented without adequate training, follow-

up support, or integration into existing data 

platforms. Studies from Kenya and Nigeria 

show that eLMIS effectiveness depends on 

supportive supervision, real-time decision-

making, and strong ICT infrastructure at the 

sub-national level [17, 31]. Additionally, 

technology cannot compensate for foundational 

deficits such as vehicle shortages, erratic fuel 

supply, or lack of accountability. As such, 

countries must adopt a technology-enabling 

strategy rather than a technology-led strategy - 

emphasizing systems strengthening over gadget 

deployment [38]. 

Public-Private Partnerships: Critical, 

But Not Without Risk 

PPPs are increasingly seen as essential to 

scaling logistics innovations and reducing 

inefficiencies. However, their success is not 

guaranteed. Evidence from multiple countries 

suggests that PPPs can underperform when 

contracts are poorly designed, key performance 

indicators (KPIs) are unclear, or regulatory 

frameworks are weak [7, 21]. For example, a 

logistics PPP in Uganda faced setbacks due to 

lack of government ownership and insufficient 

integration with the public health supply chain 

[39]. To mitigate these risks, governments 

should adopt standardized PPP templates, 

ensure third-party monitoring, and align 

financial incentives with public health 

outcomes. The use of performance-based 

contracting - as seen in Kenya - has been shown 

to improve service quality and transparency 

[21]. 

Toward Equitable and Inclusive 

Logistics Systems 

Beyond operational efficiency, vaccine 

logistics must address issues of equity and 

inclusion. Marginalized populations - including 

those in hard-to-reach areas, informal 

settlements, or conflict zones - often face 

structural exclusion from immunization 

services. Additionally, logistics planning 

seldom incorporates gender considerations, 

even though women are often primary 

caregivers and frontline health workers [40]. 

For example, a study in Senegal found that long 

vaccine travel distances discouraged women 

from accessing services due to safety and 

caregiving responsibilities [41]. Incorporating 

equity-focused planning tools and engaging 

communities in microplanning can help tailor 

distribution strategies to local needs. 

System Resilience Through Integration 

and Ownership 

As vaccine campaigns evolve to include 

adult immunization (e.g., COVID-19, HPV), 

logistics systems must also evolve in scale and 

complexity. Fragmentation between routine 

immunization, supplementary campaigns, and 

vertical disease programs (e.g., polio, malaria) 

leads to duplicated efforts and wasted resources 

[16]. Integrating supply chain systems across 

disease areas — using common infrastructure, 

data platforms, and governance structures — 

can improve efficiency and resilience. 

Moreover, countries must invest in national 

logistics strategies that align with health 

financing frameworks and primary health care 

reforms. Ownership and sustainability will 

require embedding logistics into national health 

system priorities and creating career pathways 

for supply chain professionals. 



Conclusion 

Vaccine logistics in low-resource settings 

remain a cornerstone — and a critical 

bottleneck — of effective immunization 

programs. This review has highlighted the 

complex ecosystem of challenges, including 

unreliable cold chains, fragmented governance, 

limited transport infrastructure, and human 

resource shortages. These barriers, deeply 

rooted in structural and policy deficiencies, 

have direct consequences for vaccine coverage, 

especially among marginalized populations. 

However, promising opportunities exist. 

Digital technologies, solar cold chain systems, 

and innovative delivery models such as drones 

and public-private partnerships offer scalable 

solutions. Case studies from countries like 

India, Rwanda, Ghana, and Kenya demonstrate 

that when political will, investment, and 

community engagement align, it is possible to 

transform vaccine logistics even in the most 

challenging environments. 

To achieve resilient, equitable, and 

sustainable immunization systems, countries 

must shift from donor-dependent and 

fragmented logistics systems toward integrated, 

domestically supported, and performance-

driven supply chains. This transformation 

requires long-term vision, strategic planning, 

and a firm commitment to health systems 

strengthening. 

Recommendations 

To address the logistics challenges and 

harness emerging opportunities, the following 

recommendations are proposed: 

1. Strengthen Cold Chain Infrastructure 

 Invest in the deployment and 

maintenance of solar-powered cold 

chain equipment, particularly in 

off-grid and hard-to-reach areas. 

 Establish cold chain maintenance 

hubs and backup energy solutions 

(e.g., battery storage, hybrid 

systems). 

2. Modernize Data and Inventory 

Management 

 Scale national rollout of digital 

logistics management systems 

(e.g., eLMIS, OpenLMIS) 

integrated with HMIS platforms. 

 Implement real-time temperature 

monitoring tools and remote 

diagnostics to prevent vaccine 

spoilage. 

3. Build and Retain Human Resource 

Capacity 

 Create a dedicated supply chain 

workforce cadre within national 

health systems. 

 Offer continuous in-service 

training and certification pathways 

for logisticians, warehouse 

personnel, and cold chain 

technicians. 

4. Promote Public-Private Partnerships with 

Oversight 

 Leverage private sector logistics 

capacity through performance-

based contracts. 

 Establish clear PPP policies with 

KPIs, third-party monitoring, and 

equitable access guarantees. 

5. Adopt Flexible and Sustainable Financing 

Models 

 Encourage domestic resource 

mobilization through budget 

earmarks, revolving funds, and 

pooled procurement platforms. 

 Build financial resilience into 

supply chain planning to reduce 

disruptions during donor 

transitions or emergencies. 

6. Ensure Last-Mile Equity and Community 

Integration 

 Use gender- and equity-sensitive 

planning tools to identify 

underserved populations. 

 Involve communities in 

microplanning, outreach 

scheduling, and feedback 



mechanisms to enhance trust and 

uptake. 

7. Strengthen Governance and Multi-

Stakeholder Coordination 

 Create national logistics steering 

committees that include 

government, donors, NGOs, and 

private sector actors. 

 Establish logistics dashboards and 

quarterly performance reviews to 

guide evidence-based 

improvements. 

8. Embed Logistics in Health System 

Reforms 

 Integrate immunization logistics 

planning into broader primary 

health care strategies and national 

health investment plans. 

 Promote regional collaboration and 

South-South learning to replicate 

effective models. 
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