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ABSTRACT 

 

Background: Achieving and sustaining high levels of equitable immunization coverage 

during and after outbreaks remains a major public health challenge for many health 

systems in low- and middle-income countries (LMICs). 

 

Objectives: The objectives of this dissertation are to (1) describe vaccine delivery 

challenges that emerge during the last mile of outbreak response; (2) explore how 

routine immunization programs recover from epidemics; and (3) characterize the 

relationship between integrated vaccine delivery and equitable vaccination coverage. 

The ultimate goal of this investigation is to inform how decision-makers in LMICs might 

strengthen or reform vaccination systems to increase equitable immunization coverage. 

 

Methods: Paper 1 presents a conceptual framework of last mile challenges in vaccine 

delivery during outbreaks, based on a scoping literature review and key informant 

interviews. Paper 2 presents a comparative case study analysis of post-epidemic 

routine immunization challenges in Haiti and Liberia. Paper 3 applies group-based 

trajectory modeling to describe longitudinal trends in vaccination equity in 78 LMICs and 

examine associations between integrated vaccine delivery and equity. 

 

Results: In Paper 1, we find that last mile challenges in vaccine delivery may be 

conceptualized in terms of geography, epidemiology, target populations, and health 

system considerations, and span the domains of governance and leadership, 
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surveillance, health workforces, program implementation, vaccine uptake, and 

population immunity. In Paper 2, we find that embedding in-country expertise within 

outbreak response structures, respecting governmental autonomy and self-

determination, aligning post-epidemic recovery plans and policies, and integrating 

response assets into systems for routine care resulted in more equitable levels of 

immunization coverage. In Paper 3, we report positive associations between integrated 

vaccine delivery and both geographic and socioeconomic vaccination equity in select 

settings reporting high baseline levels of vaccination inequity. 

 

Conclusions: The health system challenges associated with achieving and sustaining 

high levels of equitable immunization coverage differ between pre-, post-, and inter-

outbreak periods. Strengthening linkages within and between relevant health system 

components can help address these challenges in LMICs. Further research is needed 

to characterize the barriers and facilitators of equitable vaccine delivery in these 

settings. 
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INTRODUCTION 

 

“Here is a thought experiment: imagine a country without a health system; 

the chaos, the inefficiency. The only form of health systems research one 

should conduct in a country without a health system is that which generates 

evidence to drive policy towards creating a system to achieve universal 

coverage. The research should not only be about which interventions work 

best, but within which settings the interventions that work best would be 

optimal.” 

Ṣẹ̀yẹ Abímbọ́lá  

“Health Systems in an Interconnected World: A View from Nigeria” 

 

1.1 Background 

Infectious disease outbreaks pose significant threats to population health and 

well-being. Left unchecked, outbreaks not only cause illness and death at large scales, 

but also slash the social fabric of affected communities by giving rise to complex 

governance challenges, eroding trust in public health and health care institutions, and 

generating long-term psychosocial challenges as a result of prolonged communal 

morbidity and mortality. Outbreaks also carry severe economic consequences: due to 

the ongoing COVID-19 pandemic, for example, the International Monetary Fund 

estimates that the global economy contracted by 3.5% in 2020, the worst recession 

since the end of World War II.1 Even common childhood infections like measles prove 

costly in well-resourced and resource-constrained settings alike: for instance, the 
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societal cost of responding to a 2019 measles outbreak in a single United States county 

was estimated at USD$3.4 million (USD$47,479 per case).2 Finally, outbreaks place 

enormous strains on health systems by diverting limited resources and impeding efforts 

to provide routine services, perform core public health functions, and ensure equitable 

care amid increased demands for emergency health services. 

 Acute outbreaks are not the only context in which infectious diseases imperil 

well-being and livelihoods. Diseases like HIV/AIDS, malaria, tuberculosis, cholera, and 

syphilis have ravaged populations for decades, if not centuries, and remain endemic in 

many parts of the world, especially low- and middle-income countries (LMICs). As the 

world grapples with the legacies of these diseases and their disparate impacts, wrestles 

with the challenges wrought by COVID-19 and other emerging infections, and prepares 

for future epidemics and pandemics, the imperative to develop more cohesive strategies 

for managing infectious disease threats grows increasingly urgent.  

 Vaccines are arguably among the most clinically robust and cost-effective tools in 

public health arsenals for preventing and mitigating infectious disease. In this vein, the 

United Nations’ Sustainable Development Goals call for “safe, effective, quality and 

affordable essential medicines and vaccines for all,” and strongly affirm the importance 

of achieving universal health coverage.3,4 Yet, delivering vaccines to the point of care 

and ensuring sufficient uptake – both during routine immunization and outbreak 

response – remain critical health system challenges, as does ensuring equitable 

immunization coverage globally.  

 The nature of these challenges varies across phases of outbreak prevention, 

mitigation, response, and recovery. For example, an important subset of vaccination 
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challenges emerges during the so-called “last mile” of outbreak response. In the context 

of disease elimination and eradication efforts, “the last mile” typically refers to the phase 

in which public health interventions have successfully reduced burdens of a given 

disease to a point where only a few cases remain. Scholars often describe the last mile 

of a public health intervention targeting communicable diseases as “the longest mile,” 

citing escalating costs, losses of political momentum, the risk of emergent drug 

resistance, and evolution of greater virulence as key challenges distinct from those 

encountered in earlier phases of preparedness and intervention.5–8 

 In addition to the complexity of vaccine delivery during outbreaks, the post-

epidemic recovery challenges faced by routine immunization programs are similarly 

daunting. Lessons learned from past public health emergencies suggest that health 

systems should ideally possess the ability to scale up robust baseline capacities for 

routine service provision to meet the demands of emergent crises, including outbreaks. 

However, this logic fails in resource-constrained settings, where baseline capacities 

may be weak or altogether missing. As a result, routine immunization programs often 

suffer disruptions during and after outbreaks in the form of staffing shortages, diverted 

funds and resources, and increased risks associated with patient-provider contact.9–11 In 

fact, the World Health Organization (WHO) reported in 2020 that at least 24 million 

people in countries receiving support from Gavi, the Vaccine Alliance were at risk of 

missing vaccinations against polio, measles, yellow fever, rotavirus, and other diseases 

due to postponed campaigns and vaccine introductions attributed to the COVID-19 

pandemic.12 Thus, decision-makers in settings recovering from outbreaks must identify 
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strategies for transitioning resources for emergency vaccination efforts into post-

epidemic activities to build or strengthen capacities for routine immunization. 

 Vaccination challenges also persist during interpandemic periods. In this context, 

the vaccination considerations and health system demands associated with outbreak 

response and post-epidemic recovery mirror a longstanding tension between vertical 

and horizontal approaches to health service delivery. Generally, immunization services 

may be delivered horizontally, via publicly financed systems designed to provide 

comprehensive health care, or vertically, via disease-specific, often freestanding 

programs that may not be fully integrated into the broader health system.13,14 Vertical 

interventions are a hallmark of vaccine delivery during outbreaks (e.g., mass 

vaccination campaigns), whereby external resources are typically channeled into 

disease-specific response efforts. However, vertical efforts are often costly and 

resource-intensive – and, in settings with fragile health systems and deeply entrenched 

inequities in health service access, demonstrate limited effectiveness in terms of 

sustaining equitable immunization coverage.14–16 Though public health responders 

generally rely on vertical modes of vaccination during outbreaks, a considerable body of 

evidence affirms the value of horizontal (i.e., “integrated”) mechanisms for routine 

immunization, whereby vaccination is linked to other essential health services (e.g., 

vitamin A supplementation, deworming, bednet distribution) within a comprehensive 

primary care system.17–19 Furthermore, there is some evidence that integrated vaccine 

delivery can help reduce vaccination inequities in LMICs.20,21 

 Given the public health importance of equitable vaccine delivery and uptake both 

during and after infectious disease outbreaks, this thesis aims to describe vaccine 
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delivery challenges that emerge during the last mile of outbreak response, explore how 

routine immunization programs recover from epidemics, and characterize the 

relationship between integrated vaccine delivery and equitable vaccine coverage. The 

ultimate goal of this investigation is to inform how public health practitioners, 

researchers, and decision-makers in LMICs might strengthen or reform vaccination 

systems to increase equitable immunization coverage. 

 

1.2 Conceptual Framework and Research Paradigm 

This thesis contextualizes the aforementioned vaccination challenges in terms of 

WHO’s continuum of pandemic phases, which illustrates how case numbers ebb and 

flow through various stages of an outbreak.22 In Figure 1 on the following page, we 

modify WHO’s continuum slightly to illustrate how the foci of this investigation described 

previously – last mile challenges in vaccine delivery, post-epidemic routine 

immunization recovery, and integrated vaccine delivery and vaccination equity – 

correspond to select phases. 
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Figure 1. Modified Conceptual Model of Pandemic Phases and Investigation Foci 

 

 

 

 

 

 

 

 

 

 

 

Broadly, our investigation adopts a pragmatist research paradigm, which 

underpins much of health systems and health services research. Given the inherent 

complexity of conducting such research, Long et al. endorse pragmatism as a suitable 

epistemic foundation for inquiry in these areas.23 The pragmatist paradigm posits that 

both quantitative and qualitative methods comprise valid approaches to answering 

health systems research questions, and that the research question under pursuit should 

determine the method of inquiry to be applied.24,25 Furthermore, several features of the 

pragmatic research paradigm align with health systems research considerations, 

including the importance of contextualizing knowledge and continual learning, 

positioning research as a force for social action and progress, and valuing different 

forms of knowledge and knowledge-gathering.23 In a similar vein, Ogilvie et al. advocate 
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for “pragmatic pluralism” in global health research, whereby scholars “[construct] ‘dry 

stone walls’* of evidence, robust enough to support more plausible causal inference to 

guide action, while accepting and adapting to the reality of the public health landscape 

rather than wishing it were otherwise.”26 

 

1.3 Overview of Research Questions, Aims, and Methods 

Building on the conceptual framework in Figure 1, this thesis applies a multi-

method approach to investigating three critical health system considerations for 

vaccination in LMIC contexts: 1) last mile challenges in vaccine delivery and uptake 

during outbreaks; 2) post-epidemic routine immunization program recovery; and 3) the 

relationship between integrated vaccine delivery and vaccination equity. Below, we 

present the specific research questions motivating this investigation, along with high-

level summaries of their associated aims and methods. 

 

Research Question 1: What challenges emerge during the last mile of vaccine 

delivery and uptake during outbreaks in LMICs? 

 

Aim 1:  Construct a conceptual framework illustrating last mile challenges in vaccine 

delivery and uptake during outbreaks in LMICs. 

 

 
* Ogilvie et al. propose “dry stone walling” – a process whereby individual stones are assembled into a 
standing wall, sans mortar – as a metaphor for transforming disparate bodies of evidence into new and 
useful forms of knowledge. 
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In Paper 1, we report findings from a scoping literature review and key informant 

interviews to characterize last mile challenges in vaccine delivery and uptake during 

outbreaks in LMIC settings, and then organize salient challenges in a conceptual 

framework featuring four framings of the last mile. These framings include the 

geographic last mile, which encompasses vaccine delivery challenges relating to remote 

or rugged terrain, long distances between households and health facilities, absence of 

transportation, seasonal trends, and poor climate adaptation; the epidemiological last 

mile, which refers to challenges that emerge during the final stages of disease 

elimination or eradication efforts; the target population last mile, which features vaccine 

delivery challenges compounded by socioeconomic disadvantage; and the health 

system last mile, challenges relating to health system performance and public demand 

for vaccines impede delivery and uptake. We conclude with implications for public 

health preparedness policy and recommendations for strengthening outbreak response 

capacities in LMICs. 

 

Research Question 2: How do health systems recovering from major epidemics 

strengthen capacities for routine immunization? 

 

Aim 2: Identify barriers and facilitators of post-epidemic routine immunization program 

recovery in LMICs. 

 

In Paper 2, we share findings from a comparative case study analysis to 

understand how routine immunization programs in LMICs recover from catastrophic 
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epidemics. Drawing from key informant interviews, the peer-reviewed and grey 

literature, and quantitative databases, we examine the trajectories of routine 

immunization programs in the Republics of Liberia and Haiti following the 2014-16 West 

Africa Ebola epidemic and the 2010s cholera epidemic, respectively. Finally, we use the 

Essential Public Health Services Framework to perform a cross-case comparison of 

barriers and facilitators of equitable immunization coverage in both settings and discuss 

lessons learned from each case. 

 

Research Question 3: Is there a relationship between integrated vaccine delivery 

and vaccination equity? 

 

Aim 3: Examine the relationship between integrated vaccine delivery and vaccination 

equity in LMICs. 

 

In the third and final paper of this thesis, we consider the relationship between 

integrated vaccine delivery, geographic vaccination equity, and socioeconomic 

vaccination equity in LMICs that have ever received support from Gavi, the Vaccine 

Alliance. Using publicly available secondary data, we construct a series of group-based 

trajectory models to examine longitudinal trends in vaccination equity in these countries, 

explore whether integration is associated with more equitable measles immunization 

coverage, and identify predictors of country membership in high- and low-performing 

groups. Finally, we reflect on challenges associated with measuring equity and 

integration and suggest directions for future analyses. 
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AIM ONE 

Last Mile Challenges in Vaccine Delivery and Uptake  

During Outbreaks in Low- and Middle-Income Countries 

 

"Of a sudden Castel’s anti-plague injections scored frequent successes, 

denied it until now. Indeed all the treatments the doctors had tentatively 

employed, without definite results, now seemed almost universally 

efficacious. It was as if the plague had been hounded down and cornered, 

and its sudden weakness lent new strength to the blunted weapons so far 

used against it.” 

Albert Camus 

The Plague 

 

2.1 ABSTRACT 

Vaccines are among the most powerful tools in public health arsenals for 

combating infectious disease outbreaks. Yet, delivering vaccines to the point of care, 

promoting uptake, and increasing immunization coverage remains an urgent public 

health challenge, particularly in low- and middle-income countries (LMICs). The so-

called “last mile” of vaccine delivery is the final phase of vaccine delivery required to 

achieve whatever public health goal the vaccine delivery program is intended to serve, 

whether to control, eliminate, or eradicate a vaccine-preventable disease. The last mile 

poses operational challenges that are distinct from those associated both with routine 

immunization activities and with earlier phases of outbreak response. We conducted a 
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scoping literature review and key informant interviews and used our findings to 

construct a conceptual framework of last mile challenges in vaccine delivery during 

outbreaks in LMICs. We offer the conceptual framework as a resource for public health 

practitioners and policymakers in LMICs in support of systematic consideration of last 

mile challenges in vaccine delivery during outbreaks. The framework may also be 

relevant to broader epidemic planning and long-term health systems-strengthening 

efforts. 

 

2.2 BACKGROUND 

Infectious disease outbreaks pose major threats to health systems across the 

world, requiring public health practitioners, healthcare professionals, and decision-

makers (e.g., those in governments, ministries of health, and international 

organizations) to invest considerable resources in strengthening capacities for outbreak 

preparedness and response. Vaccines are among the most cost-efficient and clinically 

effective tools in public health arsenals for preventing and mitigating outbreaks. Yet, 

delivering vaccines to the point of care remains a critical health system challenge 

across high-, middle-, and low-income settings – one that typically evolves over the 

course of an outbreak. The so-called “last mile” of vaccine delivery is the final phase of 

vaccine delivery required to achieve whatever public health goal the vaccine delivery 

program is intended to serve, whether to control, eliminate, or eradicate a vaccine-

preventable disease.27 The last mile poses operational challenges that are distinct from 

those associated both with routine immunization activities and with earlier phases of 

outbreak response, particularly in low- and middle-income countries (LMICs).  Explicitly 
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characterizing last mile challenges in vaccine delivery and uptake during outbreaks in 

LMICs could help inform preparedness and planning efforts in these settings, lend 

greater clarity to capacity-building for outbreak response, and generate important 

operating principles for public health practice. 

“The last mile,” a term with origins in the telecommunications industry, refers to 

the final segment of network(s) that deliver telecommunications services to 

consumers.28 It has since been adopted widely across many fields – transportation, 

supply chain management, humanitarian response, and others – to colloquially describe 

any final leg, metaphorical or literal, of efforts to distribute goods or services to their 

intended destination.29,30 Historically, last mile challenges in public health have been 

articulated almost exclusively in terms of logistical or distributional challenges, such as 

transporting vaccines to remote populations without compromising cold chains, 

eliminating supply chain bottlenecks for essential medicines, or delivering relief in post-

disaster settings.31,32 However, other last mile barriers merit similar consideration. 

The absence of widely embraced definitions for “epidemics” and “pandemics” 

complicates efforts to articulate the boundary conditions of the last mile, though the 

World Health Organization (WHO) does offer a working definition for “outbreaks”: the 

occurrence of more cases of disease than expected in a given area among a specific 

group of people over a particular period of time.27,33,34 Defining an appropriate endpoint 

to outbreak response efforts presents another important challenge in conceptualizing 

last mile vaccine delivery and uptake, due largely to the differing health system 

considerations associated with disease control, elimination, and eradication.27 In many 

cases, the desired endpoint of outbreak response and the decision to control, eliminate, 
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or eradicate a disease are both socially and politically determined. Describing the 

possibility of SARS-CoV-2 endemicity in the United States, for example, the science 

journalists Jacob Stern and Katherine J. Wu write, “Endemicity, then, just identifies a 

pathogen that’s fixed itself in our population so stubbornly that we cease to be seriously 

perturbed by it. We tolerate it. Even catastrophically prevalent and deadly diseases can 

be endemic, as long as the crisis they cause feels constant and acceptable to 

whoever’s thinking to ask.”35 

The diversity of vaccine delivery and uptake challenges further preempts a 

concise definition of the last mile. Despite availability of an effective vaccine and a 

robust health system, for instance, the United Kingdom lost its measles elimination 

status in 2019 due to nearly 1,000 reported cases across England and Wales; UK 

health officials cited vaccine hesitancy and misinformation as key factors contributing to 

low uptake.36 Similarly, recurrent challenges associated with seasonal influenza further 

suggest that distributional and logistical hurdles are not solely responsible for low 

immunization coverage: community perceptions of risk associated with flu, public health 

messaging, and pre-existing conditions (e.g., chronic health issues, pregnancy) also 

function as powerful modulators of vaccine uptake.37,38 In the case of polio eradication, 

political instability, community resistance, and limited vaccine coverage among hard-to-

reach populations have contributed to the disease’s persistence despite investments of 

nearly USD$20 billion via the Global Polio Eradication Initiative (GPEI) since its 

inception in 1988.39 Finally, the ongoing COVID-19 pandemic has highlighted the ethical 

complexities of ensuring equitable vaccine allocation in last mile contexts, as 
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socioeconomically disadvantaged populations in many countries report lower levels of 

vaccine confidence, access, and uptake compared to their better-off counterparts.40–42 

These examples underscore a need for targeted analyses of last mile challenges 

in vaccine delivery and uptake during outbreaks, particularly in LMICs. The last mile is 

often described as the “longest” or “hardest” mile due to the unique financial, behavioral, 

ethical, technical, sociopolitical, logistical, and even biological challenges that it may 

pose to vaccine delivery efforts during outbreaks in LMICs.43 Regardless of whether the 

end goal of the outbreak response effort in question entails disease control, elimination, 

or eradication, an evidence-based typology of relevant challenges could inform how 

public health practitioners and policymakers in LMICs plan for outbreaks and undertake 

longer-term health systems-strengthening efforts. 

 

2.3 METHODS 

First, we performed a scoping literature review to identify last mile challenges in 

vaccine delivery documented in English-language peer-reviewed and grey literature. 

The review was performed by a primary investigator (Ravi) and a co-analyst. The 

literature search was conducted in May 2020 and initially generated 1,016 documents 

(see Appendix A for details of the search strategy). We used Covidence to archive 

these documents, extract duplicates, and perform a preliminary scan of titles and 

abstracts. Documents were excluded if they did not address relevant vaccine delivery 

challenges, or if their primary focus was a high-income country, as defined by the World 

Bank (i.e., a country with a gross national income of USD$12,536 or more per capita). 

This process generated a preliminary list of 151 documents to undergo full review.  
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Next, we coded the documents using procedures articulated by Saldaña and 

Onwuegbuzie et al., with the purpose of identifying and organizing common themes to 

inform development of a holistic conceptual framework of last-mile challenges in 

vaccine delivery during outbreaks in LMIC settings.44,45 The two members of the 

research team independently coded a randomly chosen subset of 20 “included” 

documents to generate a set of initial codes, synchronize coding processes, and 

construct a preliminary coding framework. Using NVivo 13 (QSR International), we then 

applied the preliminary coding framework to the full set of 151 documents, with new 

codes added iteratively as new themes were identified in the literature. Forward- and 

backward-snowballing were also used throughout the initial coding process to identify 

additional relevant documents not produced by the literature search; these documents 

(n=6) subsequently underwent full-text review and coding.  

We then performed axial coding – a method for grouping or sorting codes 

identified during the initial coding phase – to refine the coding framework and articulate 

relationships between codes. We classified documents by methodology described, 

disease of focus, and area of focus (Table 1). We also classified documents by 

geographic focus (Table 2). Ultimately, 157 documents underwent full-text review, initial 

coding, and axial coding. On the next page, Figure 1 illustrates the inclusion and 

exclusion process. 
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Figure 2. Literature Review: Inclusion & Exclusion Process 
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We supplemented the scoping review findings with semi-structured key informant 

interviews (n=10) with purposively selected subject matter experts in vaccine policy and 

program implementation, vaccine manufacturing, epidemic response, health systems-

strengthening, and vaccine delivery in LMICs and resource-constrained settings. Key 

informants were identified from the investigator’s professional network and via forward 

snowballing (i.e., based on recommendations from prior interviewees). Interview 

questions were informed by findings from the initial and axial coding processes, and 

each interview was recorded and securely archived with the participant’s permission. 

Preliminary findings from the scoping review were not shared with key informants, and 

interviews were conducted on a not-for-attribution basis to encourage unbiased, frank 

responses. During each interview, a member of the research team took detailed notes, 

which were subsequently coded with the same coding framework used in the scoping 

review to facilitate analysis across both data sources.  

Finally, we adapted the approach laid forth by Earp and Ennett to construct a 

preliminary conceptual framework of last mile challenges in vaccine delivery 

encountered during outbreaks in LMICs (see Figure 3): we assembled an inventory of 

relevant variables identified from the scoping review and key informant interviews; 

mapped relationships between these variables, drawing linkages based on empirical 

evidence, theoretical evidence, and a priori knowledge; and narrowed the list of 

variables to a set that could be realistically addressed through epidemic preparedness 

and response measures.46 This process resulted in four key framings of the last mile: 

geography, epidemiology, target populations, and health systems (see Findings: 

“Conceptualizing the Last Mile” for descriptions of each). Recognizing that there is 
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considerable overlap between many of these challenges – and between the four 

framings themselves – we also transformed our axial codes into broad thematic 

categories that cross-cut these four framings, enabling us to further contextualize the 

last mile challenges identified in the literature and interviews. The thematic categories 

are governance and leadership, surveillance, workforce, program implementation, 

vaccine confidence, and population immunity; we also address challenges that cross-

cut these categories. All relevant variables from the scoping review and interviews were 

included; however, because we did not identify other holistic frameworks of last mile 

vaccine delivery challenges in the literature, we were unable to validate our framework.   

 

2.4 FINDINGS 

First, we discuss the demographic profile of the documents selected for inclusion 

in the scoping review. Next, we present various conceptualizations of the last mile of 

vaccine delivery in LMICs, as gleaned from the literature and key informants, who are 

referred to by anonymized alphanumeric identifiers (e.g., Key Informant 1, “KI1”). 

Finally, we examine the various components in the conceptual framework presented in 

Figure 4, highlighting findings from the literature and key informant interviews 

supporting their inclusion. 

 

2.4.1 Document Demographics 

Prior to coding, each document selected for inclusion in the scoping review was 

classified according to type (peer-reviewed, grey, or news media); area of focus 

(barriers to vaccination, facilitators of or solutions to vaccination, barriers and 
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facilitators, progress or gap analysis, or not applicable); geographic focus; disease of 

focus; and methodology used, if applicable. These classifications are summarized in 

Tables 1 and 2 and discussed briefly below. 

The majority of documents reviewed were peer-reviewed articles (n=86; 54.8%) 

and comprised high-level reviews of vaccination efforts, policies, and/or practices (n=45; 

28.7%). In terms of focus, most documents featured analyses of progress made toward 

resolving last mile challenges or remaining gaps (n=55; 35%), followed by analyses of 

barriers to vaccination (n=42; 26.8%), facilitators of vaccination (n=24; 15.3%), or both 

barriers and facilitators (n=30; 19.1%). Polio was the most common disease of focus, 

comprising 66.2% (n=104) of documents reviewed, followed by 14 (8.9%) documents 

that did not specify a disease and 10 articles (6.4%) that examined multiple vaccine-

preventable diseases. The majority of documents focused on countries in Asia (n=37; 

23.6%) and Africa (n=23; 14.6%); 52 documents (33.1%) covered multiple LMIC 

countries, while 37 (23.6%) did not specify a country of focus, choosing instead to 

describe last mile challenges in general terms. Only two documents apiece examining 

last mile challenges in Europe, Oceania, and the Middle East (1.3% each) met the 

inclusion criteria for this review. A comprehensive breakdown of document 

demographics is provided in Tables 1 and 2. 

We also constructed a matrix to assess the distribution of methods described in 

the included documents against their respective areas of focus (Figure 2). The most 

commonly encountered documents among the 157 reviewed include policy statements 

analyzing progress made or gaps in immunization efforts (n=25), followed by reviews 

examining both barriers and facilitators of immunization (n=17). News media reports 
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and field reports describing immunization efforts (n=22 and n=14, respectively) were the 

next most commonly encountered documents. Only 11 documents described multi-

method or mixed-methods approaches to studying last mile challenges in vaccine 

delivery, while only two analyzed secondary data, three each featured impact 

assessments and in-depth interviews, and five reported survey results. 
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Table 1. Document Demographics 

Document Type 
Number of Documents 
(%) 

Peer-Reviewed 86 (54.8%) 

Grey 47 (29.9%) 

News Media 24 (15.3%) 

Total 157 

Disease of Focus 

Polio 104 (66.2%) 

Unspecified 14 (8.9%) 

Multiple Diseases 10 (6.4%) 

Seasonal Influenza 8 (5.1%) 

Measles 5 (3.2%) 

Cholera 5 (3.2%) 

Pandemic Influenza 3 (1.9%) 

COVID-19 2 (1.3%) 

Pertussis 2 (1.3%) 

Meningitis 2 (1.3%) 

Lymphatic filariasis 1 (0.64%) 

Diphtheria 1 (0.64%) 

Total 157 

Area of Focus 

Progress or Gap Analysis 55 (35%) 

Barriers to Vaccination 42 (26.8%) 

Both (Barriers + Facilitators) 30 (19.1%) 

Facilitators of Vaccination 24 (15.3%) 

Not Applicable 6 (3.82%) 

Total 157 

Methodology 

Review 45 (28.7%) 

Policy Statement 28 (17.8%) 

Not Applicable 23 (14.6%) 

Field Report 13 (8.3%) 

Multiple Methods 11 (7%) 

Recommendations 10 (6.4%) 

Commentary 5 (3.2%) 

Program Evaluation 5 (3.2%) 

Survey 5 (3.2%) 

Impact Assessment 3 (1.9%) 

In-Depth Interviews 3 (1.9%) 

Cross-Sectional Study 2 (1.3%) 

Secondary Data 2 (1.3%) 

Focus Groups 1 (0.64%) 

Modeling 1 (0.64%) 

Total 157 
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Table 2. Geographic Focus of Documents Reviewed 

Africa Number of Documents (% of Total) 

Nigeria 10 (6.4%) 

DRC 2 (1.3%) 

Ethiopia 2 (1.3%) 

Malawi 2 (1.3%) 

Angola 1 (0.64%) 

Guinea-Bissau 1 (0.64%) 

Kenya 1 (0.64%) 

Mozambique 1 (0.64%) 

Somalia 1 (0.64%) 

South Africa 1 (0.64%) 

South Sudan 1 (0.64%) 

Subtotal 23 (14.6%) 

The Americas Number of Documents (% of Total) 

Brazil 1 (0.64%) 

Haiti 1 (0.64%) 

Subtotal 2 (1.3%) 

Asia Number of Documents (% of Total) 

Pakistan 21 (13.4%) 

China 5 (3.2%) 

India 4 (2.5%) 

Afghanistan 3 (1.9%) 

Cambodia 1 (0.64%) 

Indonesia 1 (0.64%) 

Sri Lanka 1 (0.64%) 

Thailand 1 (0.64%) 

Subtotal 37 (23.6%) 

Europe Number of Documents (% of Total) 

Turkey 2 (1.3%) 

Subtotal 2 (1.3%) 

Middle East Number of Documents (% of Total) 

Syria 1 (0.64%) 

Iran 1 (0.64%) 

Subtotal 2 (1.3%) 

Oceania Number of Documents (% of Total) 

Papua New Guinea 1 (0.64%) 

Vanuatu 1(0.64%) 

Subtotal 2 (1.3%) 

Other Number of Documents (% of Total) 

Multiple Countries 52 (33.1%) 

Unspecified 37 (23.6%) 

Subtotal 89 (56.7%) 

TOTAL 157 
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Figure 3. Methodological and Reporting Approaches to  

Examining Last Mile Challenges in Vaccine Delivery and Uptake During Outbreaks  

in Low- and Middle-Income Settings 

 



24 
 

Figure 4.  
Conceptual Framework of Last Mile Challenges in Vaccine Delivery & Uptake During Outbreaks in LMICs 
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2.4.2 Conceptualizing the Last Mile 

Based on findings from the key informant interviews and literature, we 

synthesized four ways to conceptualize the last mile of vaccine delivery and uptake 

during outbreaks in LMICs (hereinafter referred to as “the last mile”). These 

conceptualizations frame the last mile primarily in terms of geography, epidemiology, 

target populations for vaccination, and health system functioning. We discuss these 

framings below. 

 

2.4.2.1 Geography 

The last mile challenges posed by space and place often manifest as physical 

barriers to vaccination. As KI1 stated, “[The last mile] is synonymous with the hardest to 

reach geographically, or urban areas where populations are hard to serve or not well-

documented.” KI2 defined the last mile in LMICs by contrast with the last mile in HICs: 

“In the U.S. or another richer country, I think [the] last mile is much more mechanical 

because it involves more traditional logistics – trucks, boxes, storage, 

etcetera…However, the last mile in LMICs is totally different. We talk bicycles and 

baskets. It’s like comparing apples and oranges.” In this vein, the literature cited remote 

or rugged terrain, long distances between households and health facilities, absence of 

transportation, seasonal trends (e.g., heavy rains, extreme heat), and poor climate 

adaptation (e.g., lack of reliable power to maintain cold chains) as common geographic 

barriers impeding vaccine delivery and uptake.47–49 We refer to this collective framing of 

challenges as “the geographic last mile” in this investigation. 
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2.4.2.2 Epidemiology 

Though its name might suggest otherwise, the last mile is not defined by 

geography alone. Klepac et al. define the last mile (or “endgame”) as “the final stages of 

an elimination or eradication programme, when disease is still circulating, although at 

much reduced levels (i.e., during the epidemic tail).”8 We refer to this framing as “the 

epidemiological last mile.” Klepac et al. note that this stage differs from earlier epidemic 

phases due to accumulation of susceptible, unvaccinated individuals who may still be 

vulnerable to infection by low levels of the circulating pathogen in question. When the 

number of susceptible individuals surpasses a given threshold – especially in settings 

where a pathogen is reintroduced after having previously been eliminated – disease 

incidence could resurge and spark an outbreak.8 The epidemiological last mile is 

exemplified perhaps most clearly by the ongoing international effort to eradicate polio.50 

Though global polio incidence has been reduced by 99% between 1988 and 2018, 

localized clusters of wild poliovirus type 1 persist in Pakistan and Afghanistan, where 

reaching unvaccinated populations remains a major challenge.51–53 Concurrently, 

suboptimal immunization coverage has given rise to outbreaks of circulating vaccine-

derived poliovirus in both countries, as well as in Yemen and across sub-Saharan 

Africa.54 Similar challenges were encountered during the final stretch of the Global 

Smallpox Eradication Program, wherein vaccinators struggled to identify lingering 

cases, isolate infected individuals, and vaccinate remaining susceptible persons in a 

small handful of countries.55 
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2.4.2.3 Target Populations 

In addition to geography and epidemiology, the last mile is sometimes 

conceptualized in terms of specific populations targeted for vaccination, which we refer 

to herein as “the target population last mile.” This framing elicited broad consensus 

among the key informants, many of whom agreed that routine and emergency 

vaccination efforts are most likely to miss so-called “last mile communities,” which are 

typically characterized by concentrated societal disadvantage. KI3 observed, 

“Increasingly, ‘last mile’ means lack of access and vulnerability such as seeing 

challenges in urban slums. It used to be the rural last corner of the world, but it can 

sometimes be easier there than [with] invisible vulnerable groups that can be harder to 

reach and see…We used to think about last mile as the most difficult area to reach – it 

was a logistics challenge. Now it’s an identification and connection issue instead.” KI4 

agreed, noting, “It’s people who have the least access to health services, which is often 

also the people who are most vulnerable…It’s about getting the vaccine to them but 

also about the equity level where these are the people impacted the most.”  

In the literature reviewed, unvaccinated children under 5 were among the most 

commonly discussed last mile target populations. Other target groups highlighted in the 

literature include highly mobile populations, such as migrants, asylum-seekers, 

stateless persons, and undocumented persons; the elderly; pregnant individuals; and 

those with high-risk occupations, such as healthcare workers. Ozawa et al. further note 

that defining the last mile in terms of reaching disadvantaged, marginalized, or 

otherwise hard-to-reach target populations implicitly underscores the importance of 

dismantling inequities in vaccine delivery and uptake.56–58 
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2.4.2.4 Health Systems 

Finally, both the literature and the key informant interviews suggest that the last 

mile may also be conceptualized in terms of health system structure, performance, and 

public demand for health services, which we describe herein as “the health system last 

mile.” KI5 shared, “If you don’t have someone presenting to the clinic, [and] the health 

system has to proactively reach out to get data and respond, then that’s the last mile. 

Any issue where people aren’t proactively seeking care in certain ways because the 

barriers are too high or because the care doesn’t exist – that’s the last mile.” Several 

studies reported that public demand for integrated immunization programs (that also 

provide health services prioritized by target populations) is often a precursor to vaccine 

uptake and coverage.59 KI6 also framed the last mile in terms of health system 

outcomes, explaining, 

 

“I think typically the last mile is referring to hitting a 

saturation point of vaccine coverage, so that would be the 

last groups to help you hit your target…For example, there’s 

been a flatline on flu shots for ten years [in the United 

States, at 55-60%]. We’ve removed cost by making it free, 

we’ve made it convenient with pharmacies everywhere, and 

we’ve bumped up reimbursement from providers… 

Saturation is [when] you’re stuck because you’ve already 

released as many barriers as possible.”  
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Plateauing coverage, in turn, signals that immunization efforts are failing to serve 

the least-reached target populations. A vaccine demand deficit among these 

populations could subsequently act as a rate-limiting step to increasing vaccine uptake 

and curbing disease incidence. Several documents reviewed suggested that targeted 

demand creation interventions in LMICs – such as improving ease of vaccine access, 

offering incentives for vaccination, and proactive community engagement – could play 

an important role in offsetting the demand deficit in last mile contexts.60,61 

Below, we summarize the scoping literature review and key informant interview 

findings from each thematic category in the conceptual framework: governance and 

leadership, health workforce, surveillance, program implementation, vaccine uptake, 

population immunity, and cross-cutting considerations. Within each thematic category, 

we disaggregate findings by each of the aforementioned last mile dimensions 

(geography, epidemiology, target populations, and health systems). While these 

dimensions and thematic categories are not always mutually exclusive, we nevertheless 

posit that this framework could serve as a useful typology of last mile challenges that 

informs and supports planning around vaccine delivery efforts during outbreak 

response. 

 

2.4.3 Governance and Leadership 

Both the literature and the key informant interviews affirmed the importance of 

strong leadership, sustained political will to continue support for immunization efforts, 

and effective oversight of immunization programs. Our findings also underscore the 

importance of public accountability for programmatic successes and failures among 
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decision-makers and lawmakers in government, public health institutions, and non-

governmental organizations working to overcome last mile challenges. 

 

2.4.3.1 Geography 

Critical governance challenges emerge in the context of the geographic last mile. 

For example, when governments, particularly those operating in weak or fragile states, 

lack jurisdiction over contested terrain due to conflict or other forms of political 

instability, immunization program implementation grows increasingly complex. In conflict 

zones and along porous state borders, for instance, vaccination bans enforced by the 

Taliban and Boko Haram have enabled continued poliovirus transmission in Pakistan 

and Nigeria, respectively.43,62–64 Drawing from experiences in Guinea-Bissau, Ferrinho 

et al. further note that frequent changes in government leadership due to civil war 

resulted in the dissolution of the national focal points for Gavi, the Vaccine Alliance’s 

programs and health systems strengthening.65 Paradoxically, endorsement of 

vaccination from political leaders – generally a positive development – could undermine 

vaccination efforts in conflict-affected settings. In 2010, for example, it was reported that 

then-President Hamid Karzai’s support for vaccination campaigns in Taliban-controlled 

areas of Afghanistan had detrimental effects on polio eradication activities.64 

 

2.4.3.2 Epidemiology 

In the context of the epidemiological last mile, waning political will among 

policymakers constitutes another governance challenge wherein dwindling case 

numbers could discourage continued investment in disease mitigation activities. Von 
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Seidlein et al., for example, underscore the importance of political support in achieving 

high vaccination coverage via supplemental immunization activities (SIAs) in epidemic 

settings.66 Ozawa et al. also note that political will often translates into tangible health 

outcomes, describing how catchment areas with weak social and political commitment 

to vaccination are often harder for immunization programs to reach, and underscoring 

the need for more robust measures of such commitment.47 However, KI3, discussing 

the ongoing COVID-19 pandemic, remarked:  

 

“I don’t know how to sustain political will – there’s not always 

rhyme or reason. Polio and smallpox make sense due to the 

massive impact. But why does one donor decide to eradicate 

guinea worm? It’s a target and doable, so there’s ego and 

being able to say you did it…People pick up pet projects and 

pet diseases. But it has to be semi-achievable. [There are] 

other pressures like trade and travel [with] yellow fever, so 

there’s massive pressure to keep that under control. I think 

there’s a range of reasons from heartstring arguments to 

compelling arguments to being able to just say that you 

eliminated something.” 

 

This challenge becomes especially salient in the context of disease elimination 

and eradication efforts, which often demand significant political will at regional and 

global scales. In this vein, Grassly reports that the success of GPEI relies heavily on 
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dedicated advocacy through Rotary International and UNICEF, which proactively 

secures financial commitments from heads of state and regional political bodies, as well 

as support for vaccination activities from local religious and political leaders.62 High-level 

political commitment and advocacy have proven similarly consequential in ongoing 

measles and rubella elimination efforts, especially as SIAs are increasingly co-opted as 

vehicles for strengthening routine immunization programs.67,68 On this issue, von 

Seidlein et al. further echo the importance of advocacy, observing that “the difference 

between cholera and influenza vaccination campaigns is not the scale of the logistical 

challenge but the absence of vigorous advocacy for populations at risk for cholera.”66 

In addition to dissipating political will, donor fatigue may present further 

challenges during the epidemiological last mile, especially as other programmatic 

priorities compete for limited resources. Klepac et al. note that as case numbers fall, the 

costs associated with vaccinating remaining susceptible individuals – often belonging to 

the remotest or most marginalized populations – increase significantly.8 As costs 

accumulate, however, donors grow fatigued and may elect to withdraw financial support 

from immunization programs, which could spark case importation, reemergent 

infections, and community transmission.8 Critically, Klepac et al. also note that last mile 

obstacles encountered during elimination or eradication efforts could prolong program 

timelines, potentially jeopardizing political and philanthropic support for future disease 

control initiatives.8 In some cases, donor preferences for prioritizing “low-hanging fruit” 

(i.e., short-term programmatic successes) could further prolong disease control, 

elimination, or eradication efforts in the epidemiological last mile. On this point, 

Ganapathiraju et al., quoting Taylor, write regarding GPEI, “When a programme prefers 
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the political safety of educational problems rather than the wider problems of 

governance and the distribution of wealth and well-being, such as the polio eradication 

programme, the global consequences can be that it will find itself blocked in the last 

mile of a long race.”64,69 

Power dynamics between donors and program implementers also play an 

important role navigating the epidemiological last mile. Yehualashet et al., for example, 

describe WHO’s approach to mobilizing donors and resources for polio elimination 

efforts in Nigeria between 2008-2015, an exhaustive effort involving an internal 

reorganization of WHO’s country office in Nigeria to form a dedicated donor relations 

team; regular donor mapping activities; business development and proposal writing; and 

public messaging to amplify donor contributions.70 Notably, donors wield considerable 

influence in these engagements, from appraising proposed projects and specifying 

areas of programmatic focus, to determining funding ceilings and meeting with media 

and state leaders during field missions.70 In the context of measles and rubella 

vaccination, Orenstein et al. further note that donor preferences often dictate fiscal 

flows, which in turn shape programmatic objectives and outcomes. Many donors, for 

example, prefer to direct funds to Gavi, the Vaccine Alliance – a single agency 

supporting a range of antigens – which funds measles morbidity and mortality reduction, 

but not elimination or eradication. As countries transition away from Gavi support, 

diminished access to measles-specific funds could leave them vulnerable to future 

outbreaks.68 
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2.4.3.3 Target Populations 

Governance and leadership are also essential to building public trust – a 

cornerstone of reaching last mile populations – in the institutions tasked with 

implementing immunization programs during an outbreak. Rockers et al. note that public 

healthcare systems are highly visible, primary interfaces for citizen-government 

interaction; consequently, positive experiences within a health system strengthen public 

trust in government, which in turn confers greater legitimacy upon public institutions.71 

Ozawa et al. build on this idea, proposing that trust in vaccination and trust in health 

systems writ large influence each other via a mutually reinforcing feedback loop, and 

noting that poor vaccine readiness – especially during or after an acute health 

emergency – could disincentivize health system utilization and foment distrust.72  

The erosion of public trust comes at a high cost to immunization programs in last 

mile settings. In 2011, for example, a Pakistani physician coordinated a fake hepatitis B 

vaccination campaign that allegedly enabled U.S. intelligence operatives to locate 

Osama bin Laden’s compound in Abbottabad.61 Subsequently, Pakistanis and Taliban 

militant leaders expressed mistrust of health workers and aid workers, leading to polio 

vaccination bans in high-risk regions and targeted violence against these workforces; 

health experts also cite the incident as a catalyst of polio resurgence in the region.73 

 

2.4.2.4 Health Systems 

The health system last mile also poses critical governance challenges, primarily 

in the form of weak accountability mechanisms within vaccination programs and 

campaigns. In last mile contexts, donors and governments bear the brunt of 
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responsibility for funding, implementing, and overseeing such activities to ensure they 

are carried out with fidelity and timeliness. Continuous monitoring, evaluation, and 

learning activities support efforts to track achievement of programmatic objectives, 

appropriate management of funds and personnel, and alignment with donor and 

community priorities. Describing polio vaccination efforts in Afghanistan, Simpson et al. 

note that the absence of such mechanisms has hindered timely achievement of 

programmatic objectives.53 Similarly, GPEI has identified accountability for vaccination 

program quality as a major barrier in Pakistan – a remaining battleground of polio 

eradication– where a lack of district-specific approaches to vaccination and 

accountability among local government leaders for program performance has hindered 

progress.74 In an effort to improve accountability at community levels, the Pakistani 

national government implemented enhanced surveillance to detect remaining viral 

reservoirs, proactively monitored poor-performing districts, and strengthened 

engagement with and oversight of provincial- and district-level health leaders.75 The 

Indian Academy of Pediatrics also recommends that village leaders (panchayats) 

assume responsibility for suboptimal vaccination coverage in settings with low levels of 

health literacy.76 Klepac et al. corroborate the need for locally specific strategies to 

strengthen program accountability to the communities in which they operate; they cite 

the failed Global Malaria Eradication Programme, which suffered from limited 

community involvement and relied on a highly rigid program structure that proved 

difficult to implement across diverse malaria-endemic regions. By contrast, the flexibility 

of the smallpox and rinderpest eradication programs – combined with their proactive 

involvement of local community members – were instrumental to their ultimate success.8 
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Though not a part of this scoping review, Gebre describes these and other active 

disease eradication programs targeting yaws, guinea worm, and malaria, highlighting 

factors contributing to their successes and failures.77 

 

2.4.4 Health Workforce 

In addition to governance challenges, the scoping review highlighted last mile 

hurdles relating to building, deploying, and sustaining robust immunization workforces, 

including physicians, nurses, and community health workers. 

 

2.4.4.1 Geography 

The importance of workforce availability and distribution was a recurrent theme 

with respect to the geographic last mile, with health worker attrition, unsafe working 

conditions, and understaffing being cited as major barriers to immunization program 

implementation. Chaignat et al., for example, report that the death of numerous 

healthcare workers in the 2005 Indian Ocean tsunami and the subsequent diversion of 

surviving workers to various post-disaster health interventions hindered routine measles 

vaccination campaigns in Indonesia.78 Zurn et al. also note that geographic imbalances 

in health workforce distribution – primarily in the form of low physician density in rural 

versus urban areas – present further challenges to health service delivery.79 

Additionally, the literature described war and conflict as catalysts of so-called health 

worker “brain drain” – the exodus of health workers in search of higher standards of 

living, safer work environments, and political stability.80,81 Beyond their threats to the 

personal safety of health workers, war and conflict can also create physical barriers to 
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last mile vaccine delivery through bans on home visits, blocked roads, and the 

destruction of critical infrastructure needed to preserve cold chains.47,82,83 

 

2.4.4.2 Epidemiology 

As case numbers dwindle during an outbreak, decision-makers must also 

consider whether or how to integrate vertical programs and outbreak responders – 

including vaccinators – into systems for delivering routine care. The challenge of 

integration has figured prominently in past and current disease eradication efforts, as 

well as in SIAs for measles and polio. Bhutta describes, for example, how vertical polio 

programs divorced from horizontal systems for routine immunization have given rise to 

programmatic inequities in resource allocation, staffing, and financial support.84 In turn, 

chronically under-resourced horizontal programs – whose staff are often poorly 

incentivized for routine service provision and frequently diverted to support time-

sensitive vertical efforts – could actually undermine efforts to increase vaccination 

coverage, thereby risking disease reintroduction into previously case-free regions.84,85 

This phenomenon – wherein programmatic objectives supersede systems-level 

priorities – has been described by Hitchins et al. and Peters et al. as the “Develop-

Distort Dilemma.”86,87 KI4 also suggested,  

 

“Maybe supplemental [immunization activities] would be 

great for a community. But maybe you send doses with 

health workers and also address the bigger health burdens 

in that setting. We can prioritize resources for vulnerable 
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communities without specifying how those resources are 

used. This is all contextual and dependent on the type of 

health system, legality, and whether a public health 

emergency is happening. But from an ethics and public 

health perspective, that’s what I think is advisable when 

there’s dwindling case numbers.”  

 

In this vein, Fields et al. report that in 2008, measles SIAs conducted across 17 

African countries concurrently provided over 57 million doses of vitamin A supplements, 

24 million doses of deworming medication, and 3.4 million insecticide-treated nets.67 

Operationalizing these so-called “diagonal” or “perpendicular” approaches in the 

epidemiological last mile could offer a viable path forward for transitioning epidemic 

immunization workforces into routine health programs. 

 

2.4.4.3 Target Populations 

Notably, these examples also illustrate how maldistributed workforces and 

conflict could exacerbate vaccine delivery challenges in the target population last mile. 

For example, the literature highlighted several challenges relating to health worker 

knowledge, competence, motivation, and training. In some cases, health workers have 

demonstrated limited understanding of the benefits, efficacy, and safety of vaccines, or 

lacked training in safe injection practices.88,89 In others, they might refuse to refer 

patients for immunization due to missing vaccination cards, impose false 

contraindications to vaccination, or discriminate against patients of marginalized 
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backgrounds (e.g., LGBTQ+ populations).72,88,90 Such practices, in turn, erode trust 

among target populations. The literature broadly underscored the value of routine and 

refresher training for health workers staffing SIAs, highlighting essential foci of training 

curricula: adverse events following immunization, vaccine storage and handling, 

injection techniques, relevant contraindications, safety and benefits of vaccination, and 

patient follow-up.85,91,92 

 

2.4.4.4 Health Systems 

Health worker fatigue and deteriorating motivation are health system factors that 

often impede the success of vaccination programs. Dasgupta et al. report that low 

morale was a barrier to accelerating polio vaccination efforts in high-risk districts across 

India, but its root causes appear to vary across settings.93 For example, Ferrinho et al. 

attribute low morale to the inability of some governments to pay health workers in a 

timely manner, while Fields et al. and Griffiths et al. highlight differences in monetary 

incentives between SIA and routine immunization workforces as a source of health 

worker discontent.59,65,67 Additionally, the literature highlighted insufficient refresher 

training as a barrier to maintaining health workforce competence: though such training 

is often provided during measles SIAs, for example, post-SIA training reinforcement has 

proven challenging.67,85 
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2.4.5 Surveillance 

Successful vaccine forecasting, delivery, and uptake depend on accurate 

assessments of disease burden and transmission during an outbreak. As such, 

surveillance plays a critical role in supporting vaccine delivery.  

 

2.4.5.1 Geography 

In some cases, geography exacerbates challenges associated with monitoring 

vaccine-preventable diseases in last mile communities – a phenomenon exemplified by 

ongoing polio eradication activities in Pakistan and Afghanistan, which share a highly 

porous land border, the Durand Line. One official crossing point, Chaman/Spin Boldak, 

reports that as many as 30,000 persons per day cross the border; annually, it is 

estimated that as many as 1 million children per year cross the Durand Line.94,95 Limited 

capacities to monitor the movement and vaccination status of these children has 

enabled continued cross-border transmission and poliovirus circulation in both 

countries.96 Uzoma et al., describing polio elimination activities in Borno State, Nigeria, 

further corroborate the need for tracking mobile populations and using those data to 

inform vaccination strategies and sustain population coverage.97 Finally, the polio 

literature covered in this scoping review frequently cited environmental surveillance as a 

critical surveillance challenge in the geographic last mile. Lopalco et al. note, too, that 

circulating vaccine-derived poliovirus may persist in environments with poor sanitation 

and among populations with suboptimal polio vaccination coverage.98  
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2.4.5.2 Epidemiology 

The literature described a range of challenges associated with conducting 

surveillance in last mile contexts, particularly in the epidemiological last mile. Here, 

Klepac et al. observe that detecting cases – especially in asymptomatic persons or 

long-term shedders – becomes significantly harder as case numbers fall. Citing the 

smallpox eradication program, they also note that routine passive surveillance methods 

may not suffice during epidemic tails, underscoring the need for active approaches to 

case detection.8 In turn, diminishing sensitivity of case-based surveillance systems 

during the epidemiological last mile can undermine last mile vaccination strategies that 

depend on robust case investigation, such as ring vaccination.99 Grassly et al. and Kew 

et al. also affirm the value of robust environmental monitoring in bolstering case-based 

surveillance sensitivity in last mile contexts, with GPEI reporting that sampling sewage 

has enabled detection of low-level poliovirus circulation even absent reported cases of 

acute flaccid paralysis.49,62,74 However, financing, staffing, and implementing robust 

environmental surveillance practices remains difficult in many resource-constrained 

settings.100–102 

 

2.4.5.3 Target Populations 

Because lingering infections are often concentrated among hard-to-reach, 

remote, or otherwise disadvantaged populations, surveillance challenges in the 

epidemiological last mile interface closely with those encountered in efforts to deliver 

vaccines to last mile communities. KI3 reflected on the role of stigma, sharing, “In 

Uganda, where [LGBTQ+] populations are targeted arrested and killed, when we ask 
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teams on how you include them in surveillance and other things, teams just say there 

aren’t any homosexuals in Uganda. So, they get missed during the last mile…Those 

communities are invisible and try to be invisible on purpose.” Haydon et al. also 

describe the role of critical community size (CCS) in monitoring target populations: “the 

minimum size of a closed population within which a pathogen can persist indefinitely.”103 

Target populations below CCS can eliminate a given pathogen by isolating themselves 

(i.e., “ring-fencing”), but those above remain at risk for continued disease transmission. 

Therefore, last mile surveillance systems operating in LMICs must cover appropriate 

epidemiological units: those with populations above CCS, that are likely to interact with 

other populations.8 

 

2.4.5.4 Health Systems 

The literature highlighted several information management challenges 

manifesting in the health system last mile. Wagner et al., for example, consider the 

utility of vaccination cards in tracking childhood vaccination status, highlighting 

challenges in updating, interpreting, and preserving these documents among mobile, 

remote, displaced or otherwise hard-to-reach populations.90 With limited or unreliable 

documentation of vaccination status, immunization program planners may encounter 

challenges in monitoring at-risk populations for emergent cases of disease or allocating 

limited supplies of vaccine. Surveillance, workforce, and information management 

hurdles may also complicate efforts to measure immunization coverage, the primary 

metric of success for many routine and emergency vaccination efforts. KI4 observed, “I 

think the more disaggregated data, the better. That’s how you find who is being 
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addressed and who is not. [Coverage] is one way to do it. But it’s insanely hard to get 

disaggregated data, especially in places that rely on on-paper reporting…Health 

systems that compensate and employ folks that do that, they should design 

interventions and plan programs to address equity and coverage.”  

The ability to conduct genomic surveillance is also essential to identifying 

potential threats to immunization coverage in the last mile, and genomic surveillance is 

a crucial tool for monitoring and sustaining population immunity at all points during the 

vaccination program life cycle. Warmbrod et al. define genomic surveillance as a branch 

of genetic epidemiology that involves sampling, sequencing, and comparing pathogen 

isolates from infected persons to identify mutations in the pathogen’s genome.104 As 

part of its ongoing response to the COVID-19 pandemic, for example, the U.S. Centers 

for Disease Control and Prevention routinely analyzes genetic sequence data to identify 

viral variants with enhanced transmissibility or virulence, or decreased susceptibility to 

existing prophylactic measures (i.e., vaccinations) and treatments.105 Describing the 

process of collecting laboratory samples in sub-Saharan Africa, however, KI5 shared, 

“There are small machines you can take in a backpack, but keeping the reagents cold is 

so tough. We just can’t do genomic surveillance at the last mile and that makes strain 

selection a real concern.” Resource constraints in such settings thus weaken capacities 

to identify mutations that, in turn, could trigger new outbreaks or cause breakthrough 

infections in vaccinated individuals. 
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2.4.6 Program Implementation 

Durlak defines program implementation as the process of putting a proposed 

program or intervention into practice.106 MacDonald et al. later noted that 

“implementation is ‘the Achilles heel of innovation’ and is often defined as an evidence-

to-practice gap in which successful implementation of evidence-based interventions is 

fraught with challenges.”107 Here, we discuss logistical, managerial, administrative, and 

other programmatic hurdles encountered while carrying out vaccination efforts during 

the last mile of outbreak response in LMICs. Unsurprisingly, the last mile is often fraught 

with such challenges – which, if left unresolved, impede vaccine delivery and uptake.  

 

2.4.6.1 Geography 

Logistical barriers such as cold chain preservation often hamper program 

implementation in last mile contexts.108 Given that many vaccines lose potency over 

time – and that such loss in potency is temperature-dependent – cold chain 

preservation is essential to the success of vaccine delivery programs. However, the 

geographic last mile often poses unique seasonal, topographical, and climatological 

barriers that risk compromising cold chains. Describing a measles outbreak in Ethiopia, 

for example, Belda et al. report that the absence of working refrigerators, challenging 

topography, and long distances between health centers and target populations could 

diminish vaccine potency – in turn resulting in low vaccination coverage in remoter 

populations.48 Similarly, Ozawa et al. cite mountainous regions, wetlands, and islands 

as topographical barriers to vaccine program implementation, alongside seasonal 

challenges such as heavy rain and flooding.47 
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2.4.6.2 Epidemiology 

In addition to these geographic hurdles, coordination of activities within and 

across vaccine delivery programs can trigger further challenges in the epidemiological 

last mile. For example, so-called “mop-up” campaigns – wherein vaccinators focus on 

high-risk individuals missed by routine “keep up” campaigns or periodic “catch up” and 

“follow up” campaigns – are often deployed in late-stage elimination or eradication 

efforts, with the goals of curbing transmission and preventing pathogen 

reintroduction.109 Describing polio vaccination activities in South Africa, Blecher et al. 

note that poorly synchronized implementation of mop-up campaigns led to case 

importation into areas previously considered virus-free.109 The global polio vaccine 

“switch” – wherein the trivalent oral polio vaccine was withdrawn from use and replaced 

with a bivalent vaccine to prevent emergent cases of circulating vaccine-derived 

poliovirus type 2 – is another illustrative example of robust global coordination during 

the epidemiological last mile.110  

 Cross-border epidemic threats further underscore critical vaccine program 

implementation challenges during the epidemiological last mile. Reporting on polio 

eradication efforts in South Asia, the Horn of Africa, and the Lake Chad region, for 

example, WHO highlights the need for international partners to coordinate cross-border 

activities to better reach vulnerable, highly mobile populations – for example, by 

synchronizing vaccination campaigns, taking measures to combat polio fatigue, 

conducting joint planning, and sharing surveillance data.111,112 Describing parallel 

challenges associated with curbing a multi-country diphtheria epidemic in the former 

Soviet Union, Vitek and Wharton also highlight several factors supporting vaccine 
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program coordination across borders, including a well-trained health workforce, 

networks of primary health and public health centers, and international assistance to 

shore up gaps in vaccine and antitoxin availability, improve cold chain management, 

and accelerate social mobilization.113 

 

2.4.6.3 Target Populations 

Risk communication and community engagement emerged from the literature as 

salient implementation challenges in the target population last mile. Klepac et al., 

describing late-stage eradication efforts, report that rumors and other negative 

messaging around vaccination can lead to greater perceived risks of adverse events, 

vaccine refusal, loss of community buy-in and cooperation, and even withdrawal of 

political commitment and donor support for vaccination programs.8 Echoing these 

findings, Saint-Victor and Omer report that media coverage of epidemic trends 

correlates closely with epidemiological trends of disease mortality; thus, as deaths and 

disease incidence fall, so too does messaging around the importance of vaccination.43 

Such trends further underscore the urgency of robust community outreach in ensuring 

successful vaccine program implementation. In its 2019 emergency plan for eradicating 

polio, for example, Pakistan’s National Emergency Operations Center asserted, 

“Community engagement remains the most critical asset for closing gaps in the core 

reservoirs. Direct or hidden refusals associated with misconceptions and religious or 

other beliefs are the primary reasons for the non-vaccination of remaining missed 

children in these areas.”114  
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2.4.6.4 Health Systems 

Critical challenges encountered during the health system last mile further impede 

vaccine delivery and uptake. Inadequate microplanning for immunization service 

delivery, for instance, was cited widely across both the literature and key informant 

interviews as a major last mile barrier to vaccine program implementation. Yehualashet 

et al. write that microplan development underpins successful, high-quality vaccination 

campaigns, reporting that improved microplans in Nigeria contributed to a 17% 

reduction in the proportion of wards with children missed by polio vaccination 

campaigns.70 KI8 also shared, “If the microplan is no good, then we’re in trouble. That 

brings in the vaccine, cold chain, and supply-demand. Many countries don’t pay enough 

attention to this at all.” Similarly, KI9 echoed the importance of developing integrated 

microplans addressing communication needs, operational considerations, and vaccine 

management, stating, “Microplans need to be tailored to the target community. There 

should not be one plan for the whole country.” When asked why microplanning remains 

such a challenge in epidemic contexts, KI3 described microplanning as “one of those 

things that’s less sustainable because surge teams bring it in and take it when they 

leave.” In some contexts, the literature also documented comparatively weak 

microplanning practices for routine immunization program implementation versus SIAs. 

Commenting on polio eradication efforts, for example, the Indian Academy of Pediatrics 

cited an absence of microplanning for routine immunization as a driver of poliovirus 

reintroduction into disease-free districts, further criticizing SIAs for diverting resources, 

time, and personnel from routine immunization programs.76 
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2.4.7 Vaccine Confidence 

The literature and key informant interviews indicated that vaccine confidence 

presents a broad range of social, behavioral, and access-related challenges during the 

last mile. In a departure from many of the previously discussed thematic categories and 

challenges – which largely center around supply-side forecasting, procurement, and 

delivery considerations – vaccine confidence challenges often reflect demand-side 

barriers. We chose to include vaccine confidence as a thematic category in our 

framework to illustrate how challenges emerging at the point of care (e.g., vaccine 

hesitancy, skepticism, or refusal) can derail efforts to improve coverage and protect 

population health. 

 

2.4.7.1 Geography 

A number of geographic challenges may undermine vaccine confidence in last 

mile contexts. As previously discussed, long distances between vaccines and their 

intended target populations risk reducing vaccine potency; such distances may also 

disincentivize populations from seeking vaccinations in the first place. The challenges of 

space and place also manifest in ways beyond distance, such as when campaigns 

establish vaccination sites in locations that are inconvenient or difficult to reach, 

potentially unsafe, unfamiliar, or uncomfortable, or otherwise inaccessible to target 

populations.47,115,116 
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2.4.7.2 Epidemiology 

Further challenges associated with diminishing vaccine confidence also emerge 

in the epidemiological last mile, wherein falling case numbers could lead to pockets of 

unvaccinated persons, a phenomenon that distinguishes the “endgame” of infectious 

disease elimination from “middle game” efforts.8 In this vein, various studies describe 

how low, post-campaign rates of disease circulation and transmission – abetted by the 

failure of routine programs to sustain post-campaign immunization coverage – leads to 

the accumulation of susceptible, unvaccinated individuals. Omer et al. further note that 

falling disease incidence could reduce public risk perceptions of the disease in question; 

this, in turn, could further disincentivize vaccination and contribute to an accumulation of 

susceptible persons.117 Vaccination programs could also catalyze shifts in the 

distribution and characteristics of emergent cases during the epidemiological last mile. 

Measles vaccination campaigns that target young children, for example, could lead to 

an increase in the average age of infection as susceptible individuals are concentrated 

in older cohorts.8 This feature of the epidemiological last mile may also necessitate 

important changes in vaccine program implementation, such as modified surveillance 

approaches to monitor new at-risk populations and new risk communication strategies 

to reach said populations. 

 

2.4.7.3 Target Populations 

Risk perception challenges also shape vaccine confidence among last mile target 

populations. Studying Thai adults’ willingness to obtain a seasonal influenza vaccine, for 

example, Payaprom et al. report that some study participants would only seek a 



50 
 

vaccination if there was a local outbreak posing a direct threat to their health.118 Wu et 

al., describing the 2009 H1N1 influenza pandemic in Beijing, echo this finding, noting 

that study participants reported low perceptions of personal risk and did not expect to 

contract influenza; this perception was presented as the primary barrier to 

vaccination.119 Conversely, negative risk perceptions of adverse events following 

immunization also hinder vaccine uptake in last mile communities. Cunha and Dourado 

note that the timing and scale of mass vaccination campaigns can exacerbate negative 

risk perceptions among last mile communities. During such campaigns – which may aim 

to reach hundreds of thousands of people in a relatively short span of weeks or months 

– even rare adverse events may be perceived to be common occurrences.120 Similarly, 

unforced medical errors can also undermine last mile communities’ trust in vaccinators 

and diminish willingness to receive vaccinations. Cousins, for example, describe an 

incident wherein measles vaccines intended for a campaign in Syria were erroneously 

mixed with a muscle relaxant instead of diluent, leading to the deaths of 17 children and 

eroding public trust in vaccination.121  

In the target population framing of the last mile, vaccine hesitancy, skepticism, or 

refusal – abetted by the growing threats of misinformation and disinformation – could 

also impede efforts to deliver vaccines to intended recipients, even as geographic, 

financial, or other systemic barriers to access are dismantled. Describing the difference 

between responding to outbreaks of endemic versus novel, emerging diseases, KI10 

observed,  
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“Endemic diseases have an aspect of trust in community 

perception. [The Expanded Programme on Immunization, 

EPI] is generally accepted as part of routine vaccination. For 

a new vaccination – such as in outbreaks – then trust and 

community acceptance are more difficult. Additionally, 

information availability regarding the vaccine is different for 

epidemics so people wonder what is new or different. The 

era of social media has also increased the issue of 

misinformation. Those are things we have to confront for 

epidemics but not so much EPI.”  

 

The literature corroborates these observations. False information about vaccine 

safety and perceived ulterior motives of health programs are powerful deterrents of both 

trust and vaccine uptake in LMICs during outbreaks, and often result in vaccine 

boycotts, bans, or other disruptive measures among last mile communities.47,88 The 

literature frequently highlighted rumors that vaccines cause infertility as a major driver of 

vaccine hesitancy and refusal.47,64,65,93,122 In many cases, too, a lack of awareness 

about vaccine availability and the benefits of vaccination among last mile populations 

further impedes vaccine uptake and confidence.48,56,89,123 

 

2.4.7.4 Health Systems 

In the health system last mile, low vaccine demand and suboptimal uptake may, 

in some cases, be symptoms of broader dissatisfaction with health system misalignment 
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with community health priorities. Under-resourced, poor quality programs for delivering 

routine health services – coupled with weak community engagement and risk 

communication – could undercut vaccine demand during an emergency, particularly as 

epidemics wane and lingering cases are concentrated among last mile communities. 

This phenomenon has frequently been documented during polio eradication efforts in 

LMICs, wherein polio SIAs are poorly received among target populations unable to fulfill 

other, more highly prioritized needs such as access to food and essential medicines, 

basic checkups for children, and treatments for minor ailments.59,61,70,93,124  

 The failure of health systems to address community health priorities in an 

integrated fashion dovetails with vaccine forecasting and demand generation challenges 

once uptake reaches a saturation point during an outbreak. As KI1 shared,  

 

“We often talk about [forecasting challenges] with respect to 

access and sustainable supply, although it also applies to 

access to the last mile in terms of having an accurate sense 

of demand and feeding into the overarching forecast. For 

manufacturers, that’s pretty critical. The more accurate the 

forecast is, the better we can supply volume at appropriate 

times and not waste volume. [And] there’s a lot of demand 

generation work – making sure vaccines can actually get to 

the point of care that we’re talking about.”  
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On this point, Warigon et al. also suggest that targeted demand-side 

interventions – such as increasing media coverage of vaccination efforts, organizing 

health camps, and coupling vaccination with additional, community-prioritized health 

services – could help improve vaccine confidence among last mile communities.60 

Similarly, describing cholera control efforts across Africa, von Seidlein et al. write: 

 

“In every community, a small fraction of the population 

refuses to participate in mass campaigns, irrespective of the 

intervention. In Mozambique and Zanzibar, people residing 

outside the targeted areas travelled to vaccination centers, 

suggesting that, at the other end of spectrum, there is a 

population of highly motivated individuals who will actively 

seek to be vaccinated. The shape of the resulting response 

curve depends on the sensitization campaign preceding the 

vaccination campaign and on the perception of risk by the 

population. If the target population is adequately educated 

about the characteristics of the vaccine and each individual 

knows ≥1 person with cholera, a very high coverage is 

virtually assured.”66 

 

2.4.8 Population Immunity 

The literature and key informant interviews revealed important challenges in 

building and sustaining population immunity during last mile vaccine delivery efforts. 
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Many such challenges manifest as second- or third-order effects of vaccine uptake, as 

immunization coverage gradually increases over the course of a mass vaccination 

campaign or program. Nevertheless, we have chosen to address population immunity 

challenges in this conceptual framework because they often modulate vaccine delivery, 

uptake, and effectiveness in last mile contexts. 

 

2.4.8.1 Geography 

The geographic last mile may present important population immunity challenges 

in the form of multiple or atypical reservoirs. The absence of non-human reservoirs for 

the smallpox virus, for example, was essential to the success of the global eradication 

program; however, Klepac et al. note that the presence of unknown or inaccessible 

animal or environmental reservoirs could complicate efforts to eliminate or eradicate a 

pathogen.8 Haydon et al. define a reservoir as “as one or more epidemiologically 

connected populations or environments in which the pathogen can be permanently 

maintained and from which infection is transmitted to the defined target population. 

Populations in a reservoir may be the same or a different species as the target and may 

include vector species.”103 As such, identifying reservoirs becomes important once 

vaccinated members of a target population above critical community size can no longer 

maintain population immunity.103 This requires close coordination and collaboration 

between human, environmental, and animal health workforces and surveillance 

systems. 

 The geographic last mile may also give rise to novel or atypical reservoirs that 

emerge as vaccination or other mitigation efforts progress, further jeopardizing 
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population immunity. This phenomenon is illustrated by outbreaks of circulating vaccine-

derived poliovirus, which are sparked by already-vaccinated individuals who continue to 

shed the virus.125 On a related note, Lloyd-Smith postulates that pathogen eradication – 

and cessation of vaccination – creates a “vacated niche,” whereby evolutionary 

mechanisms of competitive release could enable a different organism to occupy said 

niche or allow the eradicated pathogen to occupy the niche if re-introduced into the 

population.126 

 

2.4.8.2 Epidemiology 

Several documents also highlighted threats to population immunity as 

vaccination efforts progress toward the epidemiological last mile. Klepac et al., for 

instance, contend that extensive use of prophylactic measures like vaccines could 

generate selection pressures that result in pathogen adaptation or vaccine escape.8 

Kennedy and Read similarly note that when a given pathogen population consists of 

multiple serotypes, vaccination against a subset of serotypes could lead to an increase 

in prevalence of the remaining serotypes – a phenomenon that has been observed 

following vaccination against select strains of Haemophilus influenzae, Streptococcus 

pneumoniae, Neisseria meningitidis, and Bordetella pertussis.127 In some cases, 

selection pressures could also give rise to vaccine escape. Describing the impact of 

conjugate polysaccharide vaccines on meningitis control, for example, Maiden defines 

vaccine escape as “the evolution or spread of variants that are not affected by vaccine-

induced immunity, and are released from competition with those variants that are 

affected,” noting that both phenomena may be driven by vaccination campaigns.128 
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Furthermore, as predominant pathogen strains decline due to vaccination, minor strains 

may become more common, as observed with wild poliovirus type 1 following 

eradication of types 2 and 3, as well as variola minor during the smallpox eradication 

program. 

 

2.4.8.3 Target Populations 

Suboptimal vaccine immunogenicity presents another challenge in the target 

population last mile, wherein low per-dose efficacy and strain interference among 

vaccine recipients could undermine delivery, uptake, and coverage. The inactivated 

poliovirus vaccine, for example – one of two vaccines used widely by GPEI – does not 

stimulate strong mucosal immunity in recipients, thereby enabling continued 

asymptomatic viral shedding and transmission among vaccine recipients.129,130 

Similarly, describing polio eradication efforts in 2011, Bhutta wrote that the widely used 

live attenuated oral poliovirus vaccine (OPV) induced “imperfect” mucosal immunity, 

even among children who had received as many as six or more doses.84 Grassly, 

Nathanson, and Kew corroborate this finding, noting that large burdens of diarrheal 

disease in countries with endemic polio interfere with the vaccine’s ability to stimulate 

mucosal immunity, thereby blunting OPV effectiveness in endgame settings.62,131 

Additionally, Klepac et al. highlight the risk of waning immunity to certain vaccine-

preventable infections like pertussis, which could lead to resurgent cases of disease – 

even in populations with ostensibly high vaccination coverage.8 Finally, the doctrine of 

original antigenic sin – a term coined by Thomas Francis, Jr. to describe how the first 

infection encountered in life orients immune responses to subsequent infections – could 
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also generate population immunity challenges in the target population last mile.132 

Because this phenomenon primes immunological memory to respond more robustly to 

original versus new antigens, sequential antigenic exposures could result in diminished 

vaccine effectiveness – a complication that has been documented in seasonal influenza 

vaccination efforts.133 

 

2.4.8.4 Health Systems 

Implementing effective dosing regimens presents another critical challenge to 

building population immunity in the health system last mile – one that is extremely 

specific to the disease and vaccine in question. Estívariz et al., for example, describe 

how shortening intervals between administering doses of monovalent or bivalent polio 

vaccine (from 4-6 weeks to 1-3 weeks) can more rapidly increase population immunity 

during outbreaks, particularly in settings experiencing conflict or insecurity.134 However, 

in very young children, longer dosing intervals may be required to avoid interference 

from maternal antibodies. Estívariz et al. also acknowledge that fractional dosing (i.e., 

administering a fifth of a standard dose of polio vaccine) could enable campaigns to 

reach more children while reducing program costs and stretching manufacturing 

capacities in resource-constrained settings, but note that this approach may result in 

decreased vaccine immunogenicity.134 Relatedly, a recent commentary by Wolff et al. 

(not coded as part of this literature review) articulates ethical considerations for 

administering fractional doses and altering intervals in a multi-dose regimen, such as 

the level of individual and community immunity to be achieved under an altered regimen 

compared to the manufacturer-recommended course of vaccination.135 
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2.4.9 Cross-Cutting Last Mile Challenges 

The literature review and key informant reviews also revealed several broad 

considerations that cross-cut multiple last mile framings and thematic categories 

described above: funding, integration, and quality assurance. Here, we describe these 

considerations and their implications for vaccine delivery and uptake in last mile 

contexts. 

 

2.4.9.1 Funding 

Securing and sustaining enough funding to achieve desired levels of vaccination 

coverage during an epidemic – especially amid competing political and budgetary 

priorities – remains a perennial challenge across many LMICs. The literature described 

steep costs associated with manufacturing and purchasing vaccines, maintaining 

stockpiles, staffing vaccination programs, and monitoring target populations for incident 

cases of disease – which often grow as vaccine demand falls during the tail end of 

many epidemics.131,136–139 Such fiscal challenges become particularly relevant during 

the epidemiological last mile of elimination and eradication programs, wherein the cost 

per case of disease prevented by vaccination typically escalates with increasing 

vaccination coverage and decreasing disease incidence.8,140 The specific mechanism of 

vaccination also influences cost: Grabenstein et al., for example, report that vaccinating 

children through mass campaigns is costlier than via routine programs.91  

Incentivizing donors and policymakers to continue subsidizing vaccination also 

grows harder if the cost-effectiveness of vaccination during late-stage disease control, 

elimination, or eradication efforts decreases relative to other mitigation and control 



59 
 

measures.6 Describing eradication programs –inherently costly endeavors for which 

sustaining financial support poses major challenges – Barrett et al. also acknowledge 

the concomitant opportunity costs and resource allocation dilemmas that donors, 

governments, and health programs must contend with: resources spent on eradication, 

for example, cannot be spent on other health programs and priorities, which raises 

questions about the practicality of funding eradication initiatives at the expense of 

strengthening health system capacities in resource-constrained settings. Citing Taylor, 

Barrett et al. further note that donors wield considerable influence over such spending 

decisions, which play out on enormous scales: for example, GPEI reported that roughly 

USD$5.1 billion would be required between 2019 and 2023 alone to implement its Polio 

Endgame Strategy.82,141 

 

2.4.9.2 Integration 

The issue of cost also intersects with health service integration considerations – 

particularly when last mile vaccination efforts fail to align with the priorities of a given 

target population. Recognizing that vaccination efforts during outbreaks are typically 

implemented in a vertical manner, several studies recommended using vertically 

channeled funds and resources to concomitantly strengthen post-outbreak systems and 

programs for routine immunization, noting that such an approach could help avert health 

system fragmentation and generate greater public demand for immunization 

services.6,62,84,85,93  On this point, one key informant underscored the importance of 

meeting so-called “ancillary health obligations,” asserting, “If you’re going to do 

supplemental immunization activities, you need to collaborate with organizations 
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addressing other issues like food insecurity or look into unconditional cash transfers to 

address economic issues. It’s not just smart strategically, but also smart ethically to 

meet the needs of people where they’re at and they’re not just a means to get to ‘X’ 

vaccination target.” Similarly, another KI4 summarized these considerations thus:  

 

“It really comes down to cost, how it’s so expensive to reach 

just a few people, and how those funds could be used to 

benefit more people or for something else. Until there’s no 

disease anywhere or we have enough coverage for herd 

immunity, then the more worrying aspect is this reproduction 

of injustice where we already have an underserved 

population [that] doesn’t have access to basic health 

infrastructure – or even health information in many cases – 

[that is] neglected by the government, health agencies, and 

everyone, and the justification to not go is just that they’re 

not important enough. Instead of making the investment 

for infrastructure, supplementary immunization activities, or 

even engagement, you’re opening up the door for more 

mistrust when you do get there.” 

 

KI4 also added, “We’ve all seen the flaws of highly siloed vertical programs. We 

want to integrate them into health systems and not create disease 

exceptionalism…There is a sense of concentrating on one disease to the detriment of 
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addressing other health concerns.” In turn, chronic failures to address community health 

needs have a cumulative effect of eroding trust in vaccination programs, leading to 

resentment and unwillingness to get vaccinated – a phenomenon that has been 

observed in when repeated rounds of polio SIAs are conducted in settings with limited 

access to other health services.59 Nevertheless, integrating vaccination into broader 

systems of health and social service provision remains an elusive goal in practice. 

Andrus et al., for example, highlight several challenges in linking outbreak response 

assets to longer-term health systems-strengthening initiatives, including ensuring 

sufficient epidemiological and laboratory surveillance capacities, building human 

resource workforces, sustaining public demand for vaccination and other integrated 

services, and garnering long-term political support for such efforts.88 

 

2.4.9.3 Quality Assurance 

Quality assurance also emerged from the literature as an important cross-cutting 

last mile consideration in the context of surveillance, data collection, health workforce 

management, surveillance, and planning. WHO has cited poor SIA campaign quality as 

a barrier to reaching every child in need of a polio vaccination.142–145 The quality of 

surveillance also varies considerably across resource-constrained settings. Orenstein et 

al, for example, note that while case-based surveillance systems for measles exist in 

188 countries, 45% of those countries fail to report case-based data to the World Health 

Organization (WHO), and reported data on vaccination status is frequently incomplete. 

As a result, many measles burden estimates rely heavily on mathematical modeling 

versus empirical data, and public health responders often have limited evidence with 
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which to inform vaccination strategies.68 Understaffing and poorly trained workforces 

were also cited as factors contributing to low surveillance system sensitivity, poor data 

quality, and suboptimal reporting.  

Additionally, Grabenstein et al. underscore how recurrent medical errors, such as 

administering the wrong product or using an incorrect diluent, could create program 

setbacks.91 Kew et al. further caution that gains made by immunization programs in last 

mile settings are fragile and prone to setbacks if such programs fail to maintain the 

quality of services provided.49 Describing polio elimination efforts in northern Nigeria, for 

example, Roberts reports that lapses in program quality (e.g., absentee vaccinators and 

failure to pay staff) resulted in the program missing over half of children targeted for 

immunization; this, in turn, eroded public confidence in polio vaccination.146 Notably, in 

recent years, the Government of Pakistan has prioritized several measures to improve 

the quality of ongoing polio immunization campaign quality: intensifying microplanning 

activities, ensuring timely payments to program staff, strengthening intra-campaign 

supervisory and accountability mechanisms, improving pre- and intra-campaign data 

collection, and encouraging implementation of Lot Quality Assurance Sampling surveys 

during campaigns.82,95,147 

 

2.5 DISCUSSION 

The scoping literature review and key informant interviews described herein 

framed the last mile of vaccine delivery during infectious disease outbreaks in LMICs in 

terms of geography, epidemiology, target populations, and health system performance; 

identified and described associated challenges within each framing; and informed 



63 
 

development of a conceptual framework for considering said challenges in global public 

health practice. The literature and interviews highlighted numerous intersections 

between many last mile challenges in vaccine delivery and uptake, underscoring how 

convergence between multiple dimensions of the last mile across various axes of 

vulnerability give rise to last mile complexities that demand targeted public health 

solutions. 

 The conceptual framework produced in this investigation could support analyses 

of last mile challenges across a broad range of LMIC and resource-constrained settings. 

These challenges raise distinctive obstacles to outbreak response efforts in such 

settings and should be accounted for more explicitly during routine outbreak planning 

efforts. Donors, for example, could use the framework to inform funding decisions 

around ongoing mitigation, elimination, or eradication initiatives. The framework could 

also support public health officials in LMICs in planning more systematically for 

contingencies in late-stage disease control efforts, especially if those countries choose 

to transition away from donor-driven models of immunization to more integrated 

systems of holistic care. The structure of the framework – which disaggregates last mile 

challenges across four framings and six thematic categories – could also help end users 

identify opportunities for cross-sector collaboration between relevant stakeholders. 

Though the framework does not attempt to prioritize, rank, or weight last mile 

challenges, it does provide cross-sector stakeholders with a shared mental model for 

conceptualizing, organizing, and discussing these challenges. Forging cross-sector 

connections, in turn, could support downstream efforts to integrate vertical vaccination 

capacities into routine systems of care.  
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 Because the literature search was conducted in May 2020, this scoping review 

does not reflect a considerable body of scholarship examining challenges associated 

with COVID-19 vaccine delivery. However, many of the last mile challenges described 

herein have already manifested in high-income settings where COVID-19 vaccine 

rollout efforts are well underway. At the time of this writing, for example, many parts of 

the United States report critical challenges as national vaccination efforts progress: in 

the epidemiological last mile, detecting viral variants and monitoring vaccinated 

individuals for breakthrough cases of COVID-19; in the geographic last mile, delivering 

vaccines to rural settings lacking adequate freezer capacity; in the target population last 

mile, increasing uptake among Black, Latinx, Pasifika, and Indigenous populations; and 

finally, in the health system last mile, generating vaccine demand among resistant 

groups through targeted incentives.148–151 Similar and other last mile challenges are also 

likely to emerge in LMICs as vaccine distribution and delivery efforts scale up across the 

Global South, which will undoubtedly inform future analyses of this topic and support 

refinement and validation of the conceptual framework. Even outside the context of 

COVID-19, a systematic approach to considering last mile challenges may also prove 

useful in the near term, given how the pandemic has disrupted routine immunization 

activities worldwide, thereby increasing the likelihood of vaccine-preventable outbreaks 

among susceptible populations.152 

 Though the scoping review and key informant interviews covered considerable 

ground, this investigation does have some limitations. First, the demographic 

breakdown of the coded literature revealed some methodological gaps in previous 

analyses of last mile challenges. Most descriptions of these challenges originated 
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largely from review articles and policy statements presenting mostly anecdotal 

evidence; few documents, if any, attempted to define or analyze the last mile using 

quantitative approaches or via robust experimental designs (see Figure 3). Further 

analysis of the coded literature also demonstrates that the overwhelming majority of 

published research on last mile challenges addressed the ongoing global effort to 

eradicate polio, with particular focus on Pakistan and Nigeria; significantly fewer 

documents examined other diseases or countries (see Tables 1 and 2). As a result, 

some findings from this investigation may disproportionately reflect challenges that are 

specific to polio immunization efforts in a relatively narrow pool of countries.  

 Second, though last mile challenges are context-specific, this scoping review was 

setting-agnostic; that is, it did not focus on a single country, district, province, or other 

confined geographic unit. Thus, it is likely that the resultant framework does not capture 

all the idiosyncrasies of a given health system environment. These limitations 

underscore a need for further characterization of last mile challenges in vaccine delivery 

across more diverse settings, in the context of a broader range of vaccine-preventable 

diseases, and via systematically applied methodological approaches. 

Further research applying different methods is also needed to elucidate the 

causal mechanisms or pathways underpinning last mile challenges, as well as any 

cause-and-effect relationships between them. Future analyses may benefit from 

applying a complex adaptive systems lens to last mile challenges to identify underlying 

causal pathways, feedback loops, tipping points, and other phenomena that may give 

rise to said challenges.153 There were also several issues that did not figure prominently 

in our literature review and interviews, but certainly warrant further explication in last 
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mile contexts, such as the power dynamics underpinning donor-recipient relations, 

ethical considerations, and strategies for promoting health equity. By focusing on 

specific settings or contexts, future analyses might also be able to articulate more 

concrete boundaries for the last mile itself. Finally, because many last mile challenges 

are particular to specific settings, it did not make sense for this investigation to attempt 

an a priori weighting of the importance of some last-mile challenges relative to others 

(e.g., whether cold chain deficiencies are more urgent challenges than weak risk 

communication). However, applying the Delphi method or nominal group techniques in 

future studies could help public health decision-makers in a given setting prioritize the 

most pressing or relevant challenges.154,155  

 

2.6 CONCLUSION 

Last mile challenges in vaccine delivery during outbreaks raise distinctive 

obstacles to protecting population health in low- and middle-income settings across the 

world. These challenges often converge in complex ways, impeding vaccine delivery, 

uptake, and high immunization coverage. Constructing a typology that accounts for a 

broad gamut of challenges likely to be encountered during last mile vaccination efforts 

in LMICs is a step toward a more systematic accounting of these considerations in 

routine preparedness activities.  

 This investigation drew from peer-reviewed literature, grey literature, and semi-

structured key informant interviews to develop such a typology. The framework 

presented herein – which conceptualizes the last mile in terms of geography, 

epidemiology, target populations, and health system performance – offers one approach 
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to holistically considering last mile challenges. Examining these challenges across the 

domains of governance and leadership, surveillance, workforce, program 

implementation, vaccine uptake, and population immunity could aid public health 

decision-makers in forecasting relevant challenges at different stages of outbreak 

response. The framework could also support efforts to develop targeted solutions to 

said challenges in specific contexts, and across a broad spectrum of vaccine-

preventable diseases. Future studies of this topic may benefit from incorporating 

lessons learned during the ongoing COVID-19 pandemic, as well as from deploying 

different methods to characterize the relationships between different last mile 

challenges. 

 The inherently vertical (i.e., disease-specific) nature of outbreak vaccination 

efforts further underscores the importance of resolving last mile challenges. By 

addressing these challenges in emergency contexts, public health practitioners may 

glean insights and develop best practices for improving routine health service delivery 

for both communicable and non-communicable diseases. Perhaps most importantly, by 

strengthening capacities to deliver vaccines to hard-to-reach populations – which are 

often geographically isolated, socioeconomically marginalized, and face structural 

barriers to vaccine access – public health leaders and practitioners can take important 

steps toward dismantling health system inequities. Ultimately, more focused 

consideration of these challenges promises to shorten the last mile toward desired 

population health outcomes. 
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AIM TWO 

 

Post-Epidemic Health System Recovery: A Comparative Case Study Analysis of 

Routine Immunization Programs in the Republics of Haiti and Liberia 

 

"Historically, pandemics have forced humans to break with the past and 

imagine their world anew. This one is no different. It is a portal, a gateway 

between one world and the next. We can choose to walk through it, 

dragging the carcasses of our prejudice and hatred, our avarice, our data 

banks and dead ideas, our dead rivers and smoky skies behind us. Or we 

can walk through lightly, with little luggage, ready to imagine another world. 

And ready to fight for it." 

Arundhati Roy 

“The Pandemic Is a Portal” 

 

3.1 ABSTRACT 

Acute infectious disease epidemics in resource-constrained settings often disrupt 

delivery of core health services, such as routine immunization. Rebuilding and 

strengthening routine immunization programs following major epidemics is an essential 

step toward improving equitable vaccination coverage in such settings. Here, we 

present findings from a comparative case study analysis examining post-epidemic 

routine immunization program recovery in the Republics of Liberia and Haiti following 

the 2014-16 West Africa Ebola epidemic and the 2010s cholera epidemic, respectively. 

After triangulating data between the peer-reviewed and grey literature, key informant 
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interviews, and quantitative databases, we apply the Essential Public Health Services 

framework to facilitate cross-case comparison and identify relevant barriers and 

facilitators of immunization program recovery. We find that embedding in-country 

expertise within outbreak response structures, respecting governmental autonomy and 

self-determination, aligning post-epidemic recovery plans and policies, and integrating 

outbreak response assets into robust systems of primary care contribute to higher, more 

equitable levels of routine immunization coverage. 

 

3.2 INTRODUCTION 

Acute infectious disease outbreaks are major causes of morbidity and mortality 

worldwide. Such crises place enormous strains on health systems to both scale up core 

public health activities to mitigate the threat at hand and absorb escalating demand for 

emergency medical services. Concurrently, outbreaks also derail routine health service 

delivery by diverting needed human, financial, and medical resources away from 

essential health programs. The ongoing COVID-19 pandemic, for example, has 

disrupted cancer care across the globe by delaying stem cell shipments, causing drug 

shortages, and halting surgeries.156 In some cases, protective measures like travel 

restrictions, curfews, and physical distancing have impeded patients from seeking care 

altogether.157 In another example, the U.S. Centers for Disease Control & Prevention 

(CDC) reports that coverage of routine and adolescent vaccinations in some U.S. 

jurisdictions decreased significantly during the first six months of the pandemic.158 Such 

dysfunction is especially consequential in resource-constrained settings with large 

baseline burdens of endemic disease, where barriers to accessing basic health services 
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are routinely high, and where even routine care-seeking could result in catastrophic 

health spending. 

Though the disruptive impacts of major outbreaks on health system performance 

are well-characterized, the mechanics of post-epidemic health system recovery remain 

somewhat obscure.159–161 Emergency planning efforts often prioritize acute response 

activities (e.g., managing patient surges, reducing disease incidence and mortality) over 

longer-term health system considerations and population health needs, such as 

resuming delivery of routine immunization, nutrition, mental health, and reproductive 

health services.162 A recent analysis of 154 COVID-19 response plans from 106 

countries, for instance, reveals that only 47% included provisions for maintaining 

essential health services, while only 7% addressed monitoring and evaluation of such 

services.163 Recouping losses of health service coverage, rebuilding trust among target 

populations, and rectifying distortions of national health priorities due to external donor 

influence are further examples of post-epidemic health system recovery challenges.164 

Underpinning many of these challenges is an imperative for decision-makers to 

integrate vertically channeled resources for outbreak response into resilient systems for 

providing routine care. 

Routine immunization considerations are particularly important during post-

epidemic recovery. Immunization is among the most effective public health 

interventions, and high levels of coverage are both key to averting outbreaks of vaccine-

preventable diseases and an important proxy of strong health system functioning.59,165 

Two recent crises, the 2014-16 West Africa Ebola epidemic in Liberia and the 2010s 

cholera epidemic in Haiti, serve as instructive – and contrasting – cases of routine 
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immunization program recovery after destabilizing outbreaks. Though national coverage 

of the first dose of measles-containing vaccine (MCV1) plummeted to 58% in Liberia in 

2014 (the first year of its Ebola epidemic), this estimate surged to 87% in 2017, the year 

after the epidemic was declared over. Similarly, the percentage of Liberian districts 

reporting over 80% MCV1 coverage increased from 7% in 2014 to 80% in 2018. By 

contrast, national MCV1 coverage in Haiti stagnated between 64-69% during its years-

long cholera epidemic (2010-2019), while the proportion of districts with MCV1 

coverage above 80% fell well below 50% during this period.166 

 This paper examines the factors that contributed to these differing trajectories, 

both historical and those related to public health practice during and after each country’s 

epidemic. By comparing and contrasting the post-epidemic measures implemented in 

each setting, we identify facilitators and barriers of efforts to rebuild and strengthen 

routine immunization programs. 

 

3.3 METHODS 

We performed a case study analysis to explore efforts to integrate outbreak 

response assets into routine immunization programs in LMICs and improve post-

epidemic routine immunization coverage. We utilized a comparative, “most-similar” 

design, wherein we examined two distinct cases that are similar across relevant 

background conditions but differ across select independent variables and the outcome 

of interest.167 Such comparative approaches have been applied in both public health 

and political science research to suggest potential associations between variables and 

outcomes of interest.168,169  
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As it did not qualify as human subjects research, this investigation was deemed 

exempt from full review by the Institutional Review Board at the Johns Hopkins 

Bloomberg School of Public Health (FWA #00000287). 

 

3.3.1 Case Selection 

The two cases chosen for this analysis were the 2014-16 West Africa Ebola 

epidemic in Liberia and the 2010s cholera epidemic in Haiti. These cases were selected 

by reviewing WHO’s Disease Outbreak News archive of notifiable events reported by 

country and year (reviewed in October 2019).170 To ensure availability of relevant, 

recently published literature and data, we sought high-profile, rapid onset, naturally 

occurring infectious disease epidemics that took place in LMICs, resulted in 

considerable morbidity and mortality, overwhelmed the health system capacities of 

affected countries, demonstrated potential for transnational spread, and required 

significant international intervention and coordination to mitigate. Outbreaks that 

occurred before 2010 were excluded for the same reasons. Influenza outbreaks were 

excluded since the disease generally poses a seasonal (versus acute) threat. Polio 

outbreaks were also excluded from consideration, given longstanding international 

commitments toward eradication and relatively small numbers of reported cases per 

outbreak. Major outbreaks meeting the aforementioned criteria include: the 2010s Haiti 

cholera epidemic, the 2012 outbreaks of meningococcal disease across the African 

Meningitis Belt,† the 2014-16 West Africa Ebola epidemic (which caused widespread 

 
† The so-called “African Meningitis Belt” refers to the region of sub-Saharan Africa stretching between 
Senegal and Ethiopia that reports the world’s largest burden of meningococcal meningitis (approximately 
30,000 cases per year) (Africa Centers for Disease Control & Prevention). 

https://africacdc.org/disease/meningococcal-meningitis/#:~:text=Meningococcal%20meningitis%20is%20observed%20worldwide,to%20Ethiopia%20in%20the%20east.
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transmission across Guinea, Liberia, and Sierra Leone), the Zika epidemic of 2015-16 

(which affected many countries worldwide), a 2015 typhoid fever outbreak in Uganda, a 

2015 cholera outbreak in Iraq, a 2015 outbreak of meningococcal disease in Nigeria, 

and the 2018-2020 Kivu Ebola epidemic.170 

From this list, we determined that the 2014-16 Ebola epidemic in Liberia and the 

2010s cholera epidemic in Haiti were the most comparable cases. The World Bank 

classifies Liberia and Haiti as low-income countries with gross national incomes of less 

than $1,025 per capita.171 Both are small countries that share similar governance 

structures: they are representative, democratic, presidential republics with bicameral 

legislatures.172,173 The national health systems of both countries also share a similar 

structure, being comprised of primary-level clinics, service delivery points, and 

community-based health centers offering basic preventive and curative services; 

secondary-level hospitals providing emergency, diagnostic, and surgical services; and 

tertiary-level facilities providing specialized surgical services and advanced care for 

non-communicable conditions.174,175 Furthermore, the Ebola and cholera epidemics 

were both preceded by major destabilizing events that drastically weakened health 

system capacities: in Haiti, a catastrophic earthquake, and in Liberia, the First and 

Second Liberian Civil Wars. Both countries also rely heavily on foreign aid and external 

donors to subsidize basic health service provision.176,177 Yet, as previously discussed, 

WHO and UNICEF report contrasting trends in post-epidemic routine immunization 

coverage between the two countries – a feature of these cases that enables theoretical 

replication.178  
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 Our chosen unit of analysis in each case was the post-epidemic process of 

immunization program recovery at the national level, whereby resources channeled 

vertically toward outbreak response efforts were successfully leveraged (or not) to 

increase routine immunization coverage. 

 

3.3.2 Data Collection 

To ensure the rigor of our analysis, we applied trustworthiness criteria originally 

articulated by Lincoln and Guba and elaborated upon by Nowell et al.: credibility, 

dependability, transferability, and confirmability.179 Data were gathered from and 

triangulated between three sources to ensure credibility: 1) peer-reviewed and grey 

English-language literature; 2) publicly available quantitative databases; and 3) key 

informant interviews with subject matter experts. 

First, we performed a rapid review of the peer-reviewed, English-language literature 

in PubMed and Scopus, identifying scholarly analyses of routine immunization 

challenges in Liberia and Haiti both during and after the Ebola and cholera epidemics, 

respectively. Rapid reviews – also known as rapid evidence assessments – involve a 

critical appraisal of what is already known about the topic of interest, with the goal of 

informing decision-making in a timely, efficient manner.180,181 Such assessments 

typically seek to examine the impact of a given variable or intervention, or the 

antecedents of a given outcome, which suited the purpose of this case study 

analysis.182 The results of our rapid review were narrowed to papers published between 

the ten years prior to each country’s epidemic and the present day, and the following 

search terms were used: 
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▪ “Liberia” AND “routine immunization” OR “immunization” OR “vaccination” 

▪ “Haiti” AND “routine immunization” OR “immunization” OR “vaccination” 

 

We also purposively scanned the grey literature to identify technical reports, 

whitepapers, and other relevant documents relating to post-epidemic routine 

immunization funding, programs, and activities in both countries. These documents and 

their sources include: 

 

▪ Joint Appraisal Reports (Gavi, the Vaccine Alliance, “Gavi”) 

▪ Comprehensive Multi-Year Plans for Immunization (Gavi) 

▪ Foreign aid records (U.S. Agency for International Development, “USAID”) 

▪ UN Digital Library (United Nations, UN) 

▪ Multi-Partner Trust Fund Office Gateway (United Nations) 

▪ Development Experience Clearinghouse (USAID) 

▪ Joint External Evaluations (WHO) 

▪ Post-Disaster Needs Assessments (UN Development Programme) 

▪ National Action Plans for Health Security (WHO) 

▪ ReliefWeb search results 

 

We also used forward- and backward-snowballing methods (i.e., electronic citation 

tracking and parsing the references of initially identified sources, respectively) to identify 

additional relevant documents. 
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 Next, we obtained quantitative data describing vaccination coverage, 

immunization and other health system capacities, health spending, and humanitarian 

and foreign aid disbursements in both countries. Due to missing or incomplete data in 

the ten-year window preceding each epidemic, and to ensure that our analysis captured 

the immediate health system impacts following each epidemic, we chose to focus on 

data from the five-year period preceding and following the year in which each country’s 

epidemic began. These data and their corresponding sources are presented below. 

▪ WHO-UNICEF Joint Reporting Forms 

o Percentage of districts with microplans to raise immunization coverage 

Percentage of districts with MCV1 coverage ≥ 80% 

o Percentage of districts with coverage of the third dose of diphtheria-

tetanus-pertussis-containing vaccine (DTP3) ≥ 80% 

o Drop-out rate between the first dose of diphtheria-tetanus-pertussis-

containing vaccine (DTP1) and MCV1 

▪ WHO Global Health Expenditure Database 

o Domestic general government health expenditure per capita 

o External health expenditure per capita 

▪ ForeignAssistance.gov (USAID) 

o Health sector assistance 

o Humanitarian sector assistance 

 

The third arm of data collection involved semi-structured interviews with key 

informants who currently work or had formerly worked in the health or humanitarian 
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response sectors in either Liberia or Haiti during or after each country’s respective 

epidemic, and who had relevant subject matter expertise in routine immunization, 

infectious disease epidemiology, outbreak response, health systems-strengthening, 

community health and primary care, policy, or governance. Drawing from the literature 

review, a priori knowledge, and the Essential Public Health Services framework (see 

“Data Analysis” below), we developed a preliminary interview protocol to help guide 

discussions with key informants (see Appendix B). Next, we identified interviewees from 

the peer-reviewed and grey literature, from the investigators’ existing professional 

networks, and via snowballing (i.e., soliciting recommendations from confirmed 

interviewees). We sent interview invitations to 82 individuals; ultimately, a total of 21 

individuals agreed to participate, including 10 with expertise on Haiti and 11 experts on 

Liberia. A descriptive, de-identified roster of confirmed key informants is provided in 

Appendix C. The interviews took place between June 7-August 5, 2021, ranged 

between 45 minutes to an hour each, and were conducted in English. One member of 

the project team (Ravi) led all the interviews, which were held and recorded via video 

conference or phone. Interviews proceeded on a not-for-attribution basis to encourage 

frank conversation, and participants provided oral consent prior to recording. A second 

team member took detailed notes on each call, and all recordings and notes were 

archived on a password-protected server accessible only to the project team. We 

ceased soliciting additional informants once no significant or novel findings emerged 

from subsequent interviews. 
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3.3.3 Data Analysis 

We first performed an informal literature search to identify potential analytical 

frameworks with which to perform cross-case comparisons. While we discovered 

numerous frameworks for conceptualizing health system resilience, risk reduction, and 

community recovery from natural disasters, we were unable to identify any that were 

specific to long-term health system recovery following infectious disease crises. 

However, the revised Essential Public Health Services framework (“the Framework”) 

emerged as a possible cross-case comparative tool (see Figure 5).183  

 

Figure 5. The Essential Public Health Services Framework 
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The Framework was originally developed in 1994 and articulates the core 

functions that public health systems should be able to perform.184 Furthermore, there 

are precedents in the literature for conceptualizing and studying recovery from public 

health crises using this Framework. Fitter et al., for example, have applied the 

framework to examine post-earthquake and -cholera health system recovery in Haiti, 

while others have described it as a roadmap for post-disaster community 

revitalization.185–187 In September 2020, the Public Health National Center for 

Innovations and the deBeaumont Foundation convened a group of stakeholders to 

revise the Framework to more explicitly center health equity considerations.188 As such, 

we felt that the revised Framework would be a suitable tool for comparing post-epidemic 

immunization program recovery in Liberia and Haiti. 

 We coded the literature and interview notes in NVivo 12, using the components 

of the Framework as our coding scheme; this approach also helped us to organize the 

data and perform cross-case analyses.189 During the coding process, we iteratively 

identified new themes that were not articulated in the original Framework. In the cross-

case analysis, we used the Framework as a matrix to order data abstracted from each 

case and examine similarities and differences between cases across the thematic 

codes – a technique described by Miles, Huberman, and Saldaña as “stacking 

comparable cases” – and describe additional emergent themes.190 By critically 

reviewing the completed matrix for similarities and differences between the two cases, 

we identified factors that facilitated or impeded equitable vaccination coverage in post-

epidemic Liberia and Haiti. As part of the cross-case analysis, we also present 

descriptive statistics for each of the aforementioned quantitative measures in Table 3, in 
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addition to incorporating them throughout each case narrative to illustrate trends in pre- 

and post-epidemic health system functioning in each country. We also used Stata 17 to 

perform one-way repeated measures analyses of variance (ANOVA) to assess the 

potential significance of changes in these measures during the five years preceding and 

following the year of epidemic onset in each country.191 

 Finally, to ensure the transferability of our findings, we constructed thick 

descriptive narratives for each case, incorporating findings from the literature, 

interviews, and quantitative databases.179 Mills, Durepos, and Wiebe write that “case 

narratives are sensory representations derived from oral, document, or observational 

sources” that support model- or theory-building, noting that thematic analysis is also a 

valid approach to narrative development.192 Coding the literature and interview content 

with the Framework (as described above) helped us prioritize information to include in 

each narrative, and relevant quotes from informants were verified by reviewing interview 

recordings.  

 

3.3.4 Reflexivity Statement 

The research team consisted of a lead investigator (Ravi, a native English 

speaker) and a junior investigator (a native English speaker with intermediate reading 

proficiency in French). Both investigators are U.S. citizens holding graduate degrees in 

public health, and at the time of this writing, were employed as faculty at a large 

research university in the United States, where they study a broad range of public 

health preparedness and global health security-related issues. Ravi (also a graduate 

student) conceptualized the analysis, developed the interview protocol, led the 
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interviews, was the primary data analyst, and drafted this manuscript. Both investigators 

participated in data collection and regularly held peer debriefings to further strengthen 

the dependability and credibility of this investigation.179 Due to the COVID-19 pandemic, 

Ravi was unable to travel to Haiti or Liberia, and acknowledges that her professional 

background and lack of firsthand familiarity with these countries have shaped this 

analysis. 

 

3.4 FINDINGS 

Below, we present descriptive case narratives of post-epidemic routine 

immunization program recovery efforts for each case, drawing on data collected from 

the key informant interviews, databases, and published literature. The case narratives 

begin with brief discussions of key historical events in Haiti and Liberia. These historical 

summaries were developed largely independently of the data collection and analytical 

approaches described in the methods section, which focused explicitly on gathering 

data pertaining to immunization program recovery. Rather, these summaries are meant 

to provide relevant contextual details and inform broader understandings of health 

system functioning in Liberia and Haiti. Throughout each case narrative, we refer to key 

informants by anonymized alphanumeric identifiers (see Appendix C). 

 

3.4.1 Haiti 

3.4.1.1 Historical Overview  

The recent trajectory of Haiti’s routine immunization efforts is as much a 

consequence of the country’s tumultuous history as they are shaped by the 2010 
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earthquake and the 2010s cholera epidemic. In 1791, an insurrection led by Toussaint 

Louverture and other enslaved Haitians sparked a long and bloody revolution against 

France – the largest slave-led revolt since Spartacus’ rebellion against the Roman 

Empire nearly 2,000 years prior.193 Haiti emerged victorious in 1804 as the first 

Caribbean nation to liberate itself from its colonizer, but the aftermath of the revolution 

plunged the country back into centuries-long turmoil. The French monarch, Charles X, 

deployed armed forces to Haiti, forcibly demanding 150 million francs from the new 

nation to indemnify its former colonizers against lost revenues from slavery. This act of 

extortion mired Haiti in debt, decimated its economy, and erased its political autonomy 

in all but name. Haiti finally serviced its full debt to France in 1947, by which time it had 

paid back more than twice the original sum owed: the modern equivalent of over 

USD$20 billion.194,195 

The United States’ interference in Haitian affairs further set the stage for the 

country’s present-day health system woes. In the late 1800s, the U.S. grew increasingly 

interested in annexing Haiti to “secure a defensive and economic stake in the West 

Indies” – a strategy that came to fruition in 1915, when a mob murdered Haiti’s then-

President Vibrun Guillaume Sam in Port-au-Prince.196 The U.S. – another of Haiti’s 

major creditors, in addition to France – quickly seized control of the National Bank of 

Haiti and unilaterally transferred millions of dollars’ worth of gold to the National City 

Bank of New York, claiming it as partial repayment of Haiti’s debts.197 President 

Woodrow Wilson then ordered the U.S. Marines to occupy Port-au-Prince on grounds of 

protecting U.S. foreign interests.196 The Haitian-American Convention,‡ ratified in 

 
‡ Article XIII of the Haitian American Convention states: “The Republic of Haiti, being desirous to further 
the development of its natural resources, agrees to undertake and execute such measures as in the 
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September 1915, subsequently granted the U.S. authority to control Haiti’s public 

finances for the next ten years and appoint a sanitation engineer to oversee public 

health and development activities.198 “To Belgium's Congo, to Germany's Belgium, to 

England's India and Egypt, the United States has added a perfect miniature in Haiti,” 

wrote the American journalist Herbert J. Seligmann in 1920.199 

The American occupation of Haiti – a violent, militarized enterprise masquerading 

as a benevolent humanitarian mission – lasted until 1934, during which time the U.S. 

Navy and Marines ineptly attempted to modernize Haiti’s public health and sanitation 

infrastructure.200 The military’s initial efforts to study tropical diseases, construct 

sanitation systems, build hospitals, and provide medical care garnered minimal 

institutional and financial support from the U.S. government, and did little to improve 

living conditions for the vast majority of Haitians.200 In light of these failures, the U.S. 

solicited the Rockefeller Foundation to conduct a major health survey of Haiti. The 

survey met with considerable resistance from the Haitian people and established 

precedents for enlisting nonstate actors as instruments of state interests and claiming 

the mantle of development as pretext for continued occupation.201 The so-called 

process of “Haitianization” eventually began in 1931, whereby the U.S. gradually 

relinquished control of the country’s public institutions to the Haitian government – but in 

doing so, sabotaged the country’s fledgling health system. By order of the U.S.-

appointed Sanitation Engineer, health budgets were slashed, leaving patients to pay for 

medicines and health supplies out-of-pocket.200  

 
opinion of the high contracting parties may be necessary for the sanitation and public improvement of the 
Republic under the supervision and direction of an engineer or engineers, to be appointed by the 
President of Haiti upon nomination by the President of the United States, and authorized for that purpose 
by the Government of Haiti.” 
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Over time, the deliberate, methodical efforts of state and nonstate actors to 

atrophy Haiti’s public sector capacities have led the country to be dubbed “a republic of 

NGOs.”202 In 2011, for example, as much as 99% of all aid earmarked for Haiti went to 

the estimated 10,000 active humanitarian agencies, contractors, and other nonstate 

service providers operating in-country, with a mere 1% channeled toward the national 

government or other public institutions.203 Connecting the legacy of Haiti’s colonization 

to the current state of its routine immunization efforts, KI1 shared: 

 

“Haiti is the first independent country [in the Caribbean] and 

they’re very proud of that. You have to respect that and 

navigate the hate-love relationship with the international 

community. That’s the cultural. The political is linked to that. 

It’s the whole dynamic of the U.S. on one side and [the Pan-

American Health Organization, PAHO] on the other side, and 

the different NGOs that are present…It’s not the core 

business of public health people that want to maintain a 95% 

immunization rate. That’s not the political agenda behind 

routine immunization or a campaign, [but] you end up in a 

political arena that is dealing with issues that have nothing to 

do with public health. That is, as I’ve seen, the core issue 

with immunization.” 
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PAHO affirms these observations about Haiti’s singular historical trajectory, 

writing, “Although it is making a consistent effort to join regional institutions, few if any 

other members share the same challenges or background, or even understand its 

culture. Haiti is not fully integrated as an equal member in the Caribbean or Latin 

America. It is an orphan without siblings, but with many foster parents.”204  

Following a 2004 coup wherein former President Jean-Bertrand Aristide was 

ousted from power, the United Nations issued a resolution to establish the Mission des 

Nations Unies pour la stabilisation en Haïti (MINUSTAH).205,206 MINUSTAH was a 

peacekeeping mission comprised of militarized forces mandated to restore the rule of 

law and strengthen public institutions – a measure that echoes Haiti’s long history of 

subjugation by external powers and annexation of its state functions. In 2009, the year 

before its earthquake, Haiti was ranked among the most corrupt countries in the 

world.207 Its weakened public sector meant that critical services (i.e., sanitation, 

healthcare, education, military, and fire safety) were either nonexistent or outsourced to 

private and civil society actors, and only a small police force comprised its disaster 

response workforce.208  

 

3.4.1.2 The 2010 Earthquake: Impacts and Response 

A catastrophic, 7.2 magnitude earthquake struck Haiti on the afternoon of 

January 12, 2010, affecting some 3 million people across the country and leaving one 

million persons homeless; the official death toll has been disputed, with some estimates 

placing the number of deaths at 158,000, while the Haitian government reports as many 

as 316,000 lives lost.209,210 The earthquake also destroyed an estimated 250,000 homes 
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and 30,000 businesses, sparking protests over the initially sluggish influx of emergency 

assistance.211  

 A Post-Disaster Needs Assessment (PDNA) – requested by interim Prime 

Minister Dr. Ariel Henry and performed by the United Nations Development Programme 

– highlighted the earthquake’s devastating impacts on the country’s health system. 

Within the immediate disaster zone, 39 of 40 hospitals were damaged or destroyed, 

along with the Ministry of Public Health and Population’s (Ministère de la Santé 

Publique et de la Population, MSPP) main building and the United Nations 

headquarters.208 The total costs associated with health sector damage and disruption 

were estimated at roughly USD$274 million.212 The earthquake also prompted an 

exodus of nearly 600,000 people from the earthquake’s epicenter near Port-au-Prince to 

neighboring towns and cities, straining health systems in host jurisdictions.212  

 Perhaps most alarmingly, the earthquake’s aftermath threatened the already 

tenuous state of population health in Haiti. Prior to the earthquake, stark inequities were 

reported in health service access and utilization, reflecting the impact of historical and 

political chaos on its health system. Maternal and infant mortality rates were reported at 

630 deaths and 57 deaths per 100,000, respectively; only 6% of the poorest women in 

Haiti gave birth in a health facility, compared to 65% of the wealthiest; and 47% of the 

population lacked access to healthcare altogether.212 In 2013, a few years after the 

earthquake, only 43% (n=332) of Haiti’s 786 primary health facilities were deemed to be 

accessible, while a mere 4% (n=30) and 6% (n=42) reported effective service delivery 

and satisfactory primary care functions, respectively.213 Furthermore, with a health 

workforce density of 0.65 doctors, midwives, and nurses per 1,000 people in 2015, Haiti 
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– a country of over 10 million people – falls well below the WHO-recommended 

minimum health workforce density (4.45 doctors, midwives, and nurses per 1,000) 

required to achieve the Sustainable Development Goals.214 

 Between 2003 and 2009, out-of-pocket costs ranged between 39-48% of the 

country’s total health expenditures while domestic government fluctuated between 6-

21% -- a consequence of Haiti’s fee-for-service healthcare scheme.215 In fact, Haiti’s 

Expanded Programme on Immunization (EPI) estimated that a basic package of health 

services, including immunization, would cost roughly USD$60 per capita, well above the 

government’s then-health expenditures of USD$31 per capita.216 Immunization 

coverage during this period was also dangerously low: Haiti’s 2005-06 Demographic 

Health Survey (DHS) reported that a mere 25.7% of children in the wealthiest quintile 

had received all age appropriate vaccinations, compared to only 9.1% of their poorest 

counterparts.217 Figures 6, 8, and 9 (next page) illustrate trends in immunization 

coverage and under-5 mortality in Haiti during its pre- and post-earthquake periods.  
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KI9 reflected on how MSPP and its partners scrambled, post-earthquake, to mitigate the 

risk of vaccine-preventable disease outbreaks: 

 

“If you look at the coverage level of routine vaccines 

immediately after…they had issues before the earthquake, 

but the earthquake just exacerbated them. So, they started 

low and then they just got lower…There was a whole 

measles, rubella, oral polio, Vitamin A, integrated campaign 

immediately after the earthquake, and then 2 years later as 

well…But we know that strengthening routine immunization 

takes longer – years. You can’t do it overnight. But 

campaigns are a quick success and people want a quick 

win. But, also, some people are hard to reach, and they can’t 

be reached by campaigns or routine immunization due to a 

rural area or distance or whatnot.” 

 

KI10 echoed these observations, highlighting challenges in post-earthquake 

immunization program implementation: 

 

“Everything was disrupted. We tried to provide routine 

services since the health system in Haiti has resources that 

are misused or is under-resourced. Vaccinating children is 

always a struggle…At the micro level, we were able to 
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vaccinate some children in the district, but at the macro 

level, there were a number of barriers. There are issues with 

data quality, data collection, planning, and supervision of 

activities. Ministry of Health has the burden of vaccinating 

children but there are not sufficient numbers to cover the 

territory. They were also not well supervised.” 

 

Initial response efforts coordinated by external actors were similarly disjointed. 

MINUSTAH did not originally have a directive for humanitarian response, forcing the UN 

to belatedly amend its mandate.208 The UN Office for the Coordination of Humanitarian 

Affairs (OCHA) also attempted to implement the cluster system in Haiti – an approach 

intended to delineate clear roles and responsibilities for actors across the broad 

spectrum of stakeholders and sectors involved in humanitarian response, including a 

health cluster led by PAHO.218,219 Unfortunately, weak cluster leadership, poor inter-

cluster coordination, and the vast number of NGOs and other stakeholders present in 

Haiti greatly complicated efforts to implement a cohesive, concerted response.220 

Additionally, twenty six countries deployed military troops to Haiti to support response 

efforts, but Haiti lacked the infrastructure to absorb the overwhelming influx of 

personnel, resources, and equipment.208 OCHA later reported that the conscription of 

military resources for humanitarian purposes in Haiti may have violated the “principle of 

last resort”§ articulated in its 1994 Oslo Guidelines.220 Finally, many aid efforts appear to 

 
§ The principle of last resort articulated in the Oslo Guidelines (“Guidelines on the Use of Foreign Military and Civil Defence Assets 
in Disaster Relief”) states that military and civil defense assets should be used to support humanitarian response efforts if “a specific 
capability or asset requirement that cannot be met with available civilian assets has been identified AND foreign military and civil 
defence assets would help meet the requirement and provide unique advantages in terms of capability, availability, and timeliness; 
AND foreign military and civil defence assets would complement civilian capabilities” (emphasis mine). 

file:///C:/Users/sjrav/Desktop/Dissertation/Aim%202%20-%20Case%20Study%20Analysis/a%20specific%20capability%20or%20asset%20requirement%20that%20cannot%20be%20met%20with%20available%20civilian%20assets%20has%20been%20identified;%20and%20%20foreign%20military%20and%20civil%20defence%20assets%20would%20help%20meet%20the%20requirement%20and%20provide%20unique%20advantages%20in%20terms%20of%20capability,%20availability,%20and%20timeliness;%20and%20%20foreign%20military%20and%20civil%20defence%20assets%20would%20complement%20civilian%20capabilities.
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have focused on addressing the needs of hard-hit urban populations at the expense of 

assisting affected individuals in peri-urban and rural settings.219 

 

3.4.1.3 The 2010s Cholera Epidemic: Impacts and Response 

In October 2010, a group of Nepali MINUSTAH peacekeepers arrived in Haiti to 

support earthquake relief efforts. Epidemiological evidence suggests they had 

contracted cholera during MINUSTAH training in Nepal’s Kathmandu Valley amid an 

ongoing outbreak, before arriving in Haiti without being screened for the disease.221 

Prior to the 2010s epidemic, cholera had not been reported in Haiti for over a century.222 

On October 21, MSPP’s National Laboratory of Public Health detected the causative 

agent, Vibrio cholerae; and by October 27, 4,722 cases and 303 deaths had been 

reported.223 Haiti’s fragile water and sanitation infrastructure – further weakened by the 

earthquake – triggered rapid community transmission of cholera, which later prompted 

WHO to deploy oral cholera vaccines from its global stockpile to quell the outbreak.224 

Ultimately, the epidemic – which was finally declared over in 2019 – resulted in roughly 

820,000 cases and claimed nearly 10,000 lives.225 

 According to KI4, the response to the cholera epidemic mirrored the initial 

disjointedness of earthquake relief activities, with donors and agencies frequently 

sidelining MSPP in favor of commandeering their own response strategies and 

implementing highly siloed surveillance, healthcare, and vaccination programs: 

 

“We were supposed to build 2,000 cholera rehydration points 

and about 100 or more cholera treatment centers. The donor 
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didn’t want to give money to the government, so they gave it 

to UNICEF with some checks and balances to the 

government…I tried to do [water, sanitation, and hygiene 

activities] and such, but when it was earmarked for 

emergency – you know, vertical response – I tried to go to 

the donor and make a case, but [they] said no way. It’s 

earmarked for emergency response, you can do only A, B, 

C.” 

 

KI4 also observed that the outbreak had immediate impacts on routine health 

service coverage, recalling, “There was reduced access to essential health services, so 

paradoxically, it was better to get cholera than any other disease. It mostly had a 

negative impact on other essential health services. And the staff was redirected as well. 

All [community health workers, CHWs] working on other stuff were repurposed to 

cholera outbreaks.” In 2013, MSPP and its partners launched a USD$2.2 billion strategy 

to eliminate cholera from Haiti (“National Plan for the Elimination of Cholera in Haiti”) 

while simultaneously overhauling the country’s public health system; however, by the 

end of 2014, 190 of the country’s 250 cholera treatment centers had closed and 60% of 

the remaining facilities lacked adequate infrastructure.226 The eventual exodus of NGOs 

from Haiti’s health sector created a vacuum of health systems-strengthening resources 

and expertise: while as many as 400 organizations initially provided humanitarian aid, 

only 99 were conducting health activities as of 2011.219 KI7 also framed the earthquake 

and cholera epidemic as missed opportunities for health system revitalization: 
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“Haiti has been in crisis mode for so long that I’m not sure if 

the cholera outbreak changed that much. Things were barely 

functioning, and people were distracted before, anyways. If 

anything, cholera brought attention and resources into a 

regularly bogged down system. It was an incredible 

opportunity that wasn’t captured super well…The biggest 

opportunity missed was that there were so many 

organizations working on stuff, and everyone had an agenda 

just for their thing, and resources just for their thing. And if 

those resources had been pooled, there could have been a 

much more concerted effort to invest in infrastructure, 

including facilities, and strategy for workforce, and all of that, 

but money wasn’t shared or organized.” 

 

As KI7 noted, the collective devastation of the earthquake and cholera epidemic 

triggered an unprecedented influx of foreign aid, medical assistance, and humanitarian 

support. In 2009, for example, the United States alone disbursed just over USD$318 

million in foreign aid to Haiti, including USD$98 million in “health and population” 

assistance and USD$52 million in humanitarian aid; the following year, these estimates 

soared to USD$1.3 billion, USD$100 million, and USD$680 million, respectively. 

Between 2010-16, the World Bank supplied over USD$100 million to support long-term 

reconstruction efforts.227 In the three months immediately following the earthquake, 
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Médecins Sans Frontières (MSF) treated 165,000 people, rehabilitated 10 hospitals, 

and constructed four new facilities.228 The American Red Cross reportedly spent nearly 

USD$160 million on earthquake relief between January and June 2010 and subsidized 

70% of Haiti’s first oral cholera vaccination campaign.229 ** In sum, an estimated 

USD$13.5 billion from donor nations and private organizations was funneled into 

earthquake and cholera relief activities in Haiti, with the vast majority of funds 

channeled through the legions of NGOs, humanitarian agencies, and contractors 

operating in-country.230  

 

3.4.1.4 Post-Cholera Routine Immunization Program Recovery 

In March 2010, a few months after the earthquake, MSPP and its partners 

published an Action Plan for National Recovery and Development. This Action Plan, 

alongside the country’s PDNA and cholera elimination plan, charted a path for health 

system recovery and enhancement, focusing primarily on reconstructing health facilities, 

rebuilding the country’s health workforce, replacing lost equipment, and forging 

partnerships with the private sector to expand health service delivery. Though the 

cholera elimination plan alludes to improving “provision of vaccines, cold chains, 

equipment, and other supplies,” details a plan to scale up oral cholera vaccination 

(OCV) campaigns and aims to eventually integrate OCV into the national childhood 

immunization schedule, routine immunization does not figure prominently in any of 

these recovery strategies.212,231,232  

 
** A joint investigation led by NPR and ProPublica uncovered that the nearly half billion dollars that the 
American Red Cross purportedly raised for earthquake and cholera relief in Haiti was likely 
misappropriated. As of 2015, when the investigation was published, the Red Cross had allegedly 
constructed a mere six permanent homes with the funds. 

https://www.npr.org/2015/06/03/411524156/in-search-of-the-red-cross-500-million-in-haiti-relief/
https://www.propublica.org/article/how-the-red-cross-raised-half-a-billion-dollars-for-haiti-and-built-6-homes
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By contrast, Haiti’s EPI program developed a more detailed comprehensive 

multi-year plan (cMYP) for addressing routine immunization challenges following the 

2010 earthquake. High-level priorities articulated in cMYP include improving 

governance of routine immunization programs; strengthening EPI capacities, especially 

in rural, peri-urban, and other marginalized regions of the country; and achieving 

financial sustainability to ensure long-term equitable access, quality, and safety of 

immunization programs.216 cMYP also stated that EPI “should be used as a gateway to 

a minimum package of preventive, promotional and nutritional [services] targeting the 

dyad of the mother-child,” underscoring the need for integrated approaches to health 

service delivery.216 Sufficient funding for these efforts, however, would rely heavily on 

external partners and donors, including PAHO, UNICEF, Gavi, USAID, the Japan 

International Cooperation Agency, and Haiti’s tripartite partnership with Cuba and 

Brazil.216 

 In addition to EPI’s efforts to develop cMYP, MSPP worked with PAHO and 

UNICEF to devise a National Post-Disaster Vaccination Plan in 2010, which delineated 

a phased approach to increasing vaccination coverage and bolstering the country’s 

routine immunization programs. In accordance with this plan, MSPP launched an 

integrated campaign in 2010 offering deworming tablets, Vitamin A supplementation, 

and vaccinations against measles, polio, diphtheria, pertussis, and tetanus. The first 

phase targeted residents of temporary settlements in the regions most affected by the 

earthquake, while the second phase expanded to all persons in these areas. By June 

2010, over 900,000 people had been vaccinated, including 62% of the total population 

in the settlements and over 80% of children under five.233 KI9 highlighted the logistical 
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challenges associated with increasing routine coverage via campaigns, particularly as 

new vaccines were introduced into Haiti: 

 

“[The campaigns] were a good start to get kids vaccinated in 

the age range they had to be vaccinated. If you miss that 

age range in a campaign, they’ll never get it. [But] then there 

was the push to add all these new vaccines…Then we had 

to know what rotavirus serotypes and diarrhea surveillance 

so we could assess impact from vaccination after it was 

introduced. We had to get cold chain back on board, since 

many fridges were not functional or destroyed after the 

earthquake. We had to monitor temperatures in the fridges 

before we could put vaccine in there. We had to worry about 

infection spreading in camps early on as well as importation 

of disease from people coming in.” 

 

Tohme et al. further report that these campaigns achieved lower levels of 

coverage in the western, central, and Port-au-Prince metropolitan regions of the 

country, due to children being away from home when vaccinators arrived, or to 

caregivers being unaware of the campaign.234 Gavi also reported that a lack of proactive 

communication and messaging around the importance and value of vaccination – 

combined with poor patient experiences with healthcare providers – further undermined 

vaccine demand among populations targeted by the vaccination campaign.235 Gavi 
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further notes that capitalizing on missed opportunities for partnership – for example, 

between the country’s EPI program, the Haitian Society of Pediatrics, the Haitian Red 

Cross, and the Haitian Platform for Civil Society Organisations to Strengthen 

Immunisation – could support improved immunization outcomes in the future.235 

 Additionally, though standalone campaigns aimed to meet nutritional needs in 

addition to offering vaccinations, cholera response efforts deterred other opportunities to 

provide immunization in a more integrated manner. When asked whether patients 

receiving cholera treatment were ever referred to a primary care provider for 

immunization, for example, KI5 answered: 

 

“It was identified as a good practice because when you 

come [to the cholera treatment unit], the family sometimes 

also comes, and you can go check. But what happens is that 

those spaces are physically distant, or there’s red tape all 

over. I don’t think it happened a lot where people said, ‘oh, 

since I’m here, I’m going to go see my status and get my 

second dose of whatever,’ because it was quite separated 

from the fear of cholera contamination… It’s not like in the 

northern hemisphere where you drop someone [at the 

hospital] and you see them for an hour every once in a while; 

you have an investment and you feed them and take care of 

them in Haiti… So yes, referral would have been great, and 

it was identified as such, but it didn’t happen often.” 
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KI7 affirmed this observation, further reporting: 

 

“The cross-cutting theme I see people grappling with again 

and again is that the system isn’t really a system. It’s so 

many little pieces, and if even one of those pieces works – 

like, let’s say there’s a really good primary care level facility 

– even if that’s working, that doesn’t mean that the next level 

is working. That lack of continuity and ability to communicate 

to the population what to expect, and where to go, and how 

to navigate creates this sort of perpetuated lack of trust, and 

lack of paying attention at all, and why even bother?” 

 

Following the campaigns, MSPP embarked upon the third and final phase of the 

National Post-Disaster Vaccination Plan: jumpstarting the country’s national routine 

immunization program. KI8 shared that CDC, Brazil, Cuba, WHO, and UNICEF 

partnered with Haiti to place a medical consultant in each department†† who was tasked 

with supporting vaccination and surveillance. Though intended to inject expertise into 

subnational immunization structures, this measure did little to resolve lingering 

challenges around human resource management and financing: “We lacked staff in 

place to provide vaccinations and [among] department staff. We didn’t have many 

strong teams in terms of coordinating vaccination activities,” continued KI8. “These 

 
†† A department is a subnational administrative division, of which there are ten in Haiti. Haiti’s 
departments are further divided into 42 arondissements, 145 communes, and 571 communal sections. 
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department coordinators were also in charge of other programs, too, like nutrition, so 

that’s why we had to add in the department consultant. So, to me, the human resources 

were a big problem.” This observation is corroborated by Gavi, which describes poor 

technical coordination between departmental and central-level health authorities, 

difficulties scheduling regular meetings, and delayed reporting of statistical data during 

this period.235 KI8 also described how a lack of consistent funding further undermined 

the sustainability of the country’s precarious immunization infrastructure: 

 

“All the vaccines were funded by the partners. The national 

government was not putting any contribution on purchases 

of vaccines for the routine program…We had a meeting with 

World Bank, and they agreed to help on routine 

immunization. UNICEF and Japanese cooperation [were] 

supporting measles, but they pulled out…We had many 

meetings with ministers of health and finance; we had a 

transition plan for government to, year by year, take over 

funding; and we had support of the WHO AFRO office, and 

they brought experience from African country financing. We 

wanted the government to roughly take over one antigen per 

year so [that] in five or six [years], they could at least take 

over the basics – [Bacillus Calmette–Guérin vaccine], DTP, 

measles, pentavalent, and one other. I don’t know how much 
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progress has been made. But training and other costs are 

still supported by partners.” 

 

Elaborating further on Haiti’s fiscal woes, KI6 highlighted a fundamental misalignment 

between Haiti’s national health policy, donor priorities, and political will to conduct 

budgetary planning as the root cause of the country’s health financing challenges: 

 

“The first issue is that the national health strategy in Haiti is 

all over the place. It allows a lot of flexibility, and there’s a lot 

of talk among donors trying to coordinate so there’s not 

duplication of funds. It’s hard to measure donor alignment, 

though. But when you have a national health strategy, you 

match resources available with current priorities, determine 

funding gaps with priorities, and those types of tools are 

useful to make sure donor resources increase where funding 

gaps are, and make sure that donor resources align with this 

plan over time. Haiti was one of the main countries not 

interested in this kind of mapping, and we can’t push them to 

do it. The government wanted to do it on their own without 

any help, but because the exercise isn’t there, it’s tough for 

people to understand where the gaps are. [Ministries of 

Health] in other countries do this on a regular basis.” 
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Government ownership of health financing and policy – or lack thereof – was a 

recurring theme across both the key informant interviews and the literature. Per KI8, 

“The [immunization] program is owned by the partners. We did not see ownership at the 

national level, and they were not taking control of the immunization program. This was a 

big lack in Haiti, and it has to be addressed in order for there to be sustainability. We 

cannot just leave this problem to the partners.” Both Tohme et al. and Dowell et al. echo 

this observation, underscoring the need to institutionalize immunization expertise and 

increase government health spending in Haiti, particularly amid competing donor 

priorities.236,237 In some cases, however, MSPP appears to have been deliberately 

excluded from decision-making around immunization, as KI1 shared: 

 

“A lot of immunizations, routine or campaign, are being 

staffed by internationals, and very often, they do not speak 

Creole or French…If you are working on the ground – 

anything underneath the most senior level – you need to 

speak French or Creole…I’ve sat in meetings that were done 

in Spanish with no [MSPP] present, and they were taking 

key decisions within the public health sector for 

immunization…It’s extremely important that the language 

and cultural fit [are] there.” 

 

The fragmentation of Haiti’s health governance across a vast constellation of 

stakeholders – each with varying agendas, resources, and levels of capacity – gave rise 
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to implementation challenges on the ground, particularly with respect to surveillance. 

Tohme et al. report that Haiti, with assistance from CDC, began scaling up surveillance 

systems in 2012, establishing a case-based system to monitor measles and rubella; 

four sentinel surveillance sites for detecting rotaviral diarrhea; another sentinel 

surveillance system for monitoring meningitis; and an environmental surveillance 

system for detecting both wild poliovirus and circulating vaccine-derived poliovirus.236 

Louis et al. also report that Haiti significantly scaled up its laboratory capacities during 

the same period.238 Performance indicators for case-based measles and rubella 

surveillance (e.g., percentage of cases with adequate investigation, sampling, and 

laboratory processing) were largely positive between 2010-2015; in fact, Haiti moved 

from being ranked the fourth-worst performing country in the Latin American and 

Caribbean region to the sixth-best in terms of investigating suspected cases of measles 

and rubella.236 Key informants nevertheless reiterated how governance and funding 

challenges undermined surveillance efforts – perspectives also echoed by Louis et al. 

and Tohme et al.236,238 Similarly, KI9 noted: 

 

“If the government doesn’t invest in their own workforce and 

their own program, external programs can’t fund them 

forever. But the capacity of people who are there – it’s really 

good, they know what they’re doing and the information. But 

some of them were complaining that they don’t have a car to 

go investigate a case of measles, or they don’t have a 

computer. The minimum requirements of them doing their 
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job are not available to them. That leads to more weakness. 

The coverage in Haiti just went down again as well because 

there’s no sustainability in the funding.” 

 

KI1 also cited political instability and violence as a deterrent to MSPP-led routine 

surveillance, noting that gang violence and limited transportation options often impeded 

case detection: 

 

“No one voluntarily goes into the country to do surveillance 

right now. Up until six years ago, CDC had a sort of shadow 

system of surveillance in the country that was more reliable, 

which is often the case, but I don’t know if they continued 

that. Even if they do, they still have very limited resources 

and the last section that can do surveillance is WHO and 

UNICEF. I’ve not really seen a very well-equipped 

surveillance system from those two organizations in the 

country. It’s very difficult, so for measles it has to be a big 

outbreak before it becomes notable, as is the case with other 

diseases as well. If it isn’t big, it doesn’t get observed.” 

 

During this time, Haiti did make significant progress in bolstering its public health 

laboratory infrastructure. Its Laboratoire National de Santé Publique (LNSP; “National 

Public Health Laboratory”), established in 2006, initially lacked a strategic plan and 
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focused primarily on HIV diagnostic capacities; advanced testing was often outsourced 

to NGOs or private-sector partners like GHESKIO Center.238 Following the earthquake, 

laboratory facilities within the earthquake’s epicenter suffered considerable losses.238 

With support from the U.S. government, Haiti transformed its nascent laboratory 

network into a tiered, pyramidal system with expanded confirmatory testing capacities, a 

national strategic plan, training curricula for laboratory personnel, and forthcoming legal 

and regulatory frameworks for licensing, accreditation, and quality management.238,239 

However, with the near-entirety of the network’s funding coming from the President's 

Emergency Plan for AIDS Relief – and the need to outsource equipment maintenance 

and repair to external contractors – the sustainability of this laboratory system remains 

uncertain.238 

 In addition to laboratory and surveillance challenges, data deficits hindered 

efforts to conduct routine immunization microplanning activities, forecast vaccine supply 

and demand, and measure vaccination coverage. “There are quality issues; not 

everyone is collecting data the same way,” remarked KI5. “We aren’t collecting it for a 

census, we’re just collecting it to help a program. Microplanning comes from the base of 

pyramid, and the base struggles.” Similarly, when asked about microplanning, KI3 

reported that such activities are largely supported by UNICEF and take place at 

individual facilities. “I have an Excel sheet and if you click on the name of the facility, 

you have all the information about microplanning,” they stated. “Microplanning is really 

well done, but the target population is the issue. Knowledge, skill, and experience goes 

into great planning, but if you don’t know the number of people you’re serving, your 

great microplanning doesn’t matter.” 
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 Like many low- and middle-income countries, Haiti struggles to estimate health 

service coverage due to out-of-date target population estimates.240 “The last census we 

had in Haiti was in 2003 or 2005. That was about 20 years ago,” KI3 pointed out. “The 

only thing we were able to do as a country was apply formulas to estimate present and 

future population. We don’t have the real population of Haiti, though – we’re just 

applying a percentage to estimate the births. We need to actually count the amount of 

children every year or so to estimate vaccination coverage.” While inaccurate population 

estimates compromise the denominator of Haiti’s coverage calculations, poor 

documentation of vaccinations administered distort the numerator, further contributing to 

artificially low coverage estimates. “The private sector with the physicians…are the 

hospitals that are vaccinating the most children in the country, but they are not reporting 

those numbers in DHS,” noted KI3. “To speak clearly, we don’t know what vaccination 

coverage is actually. There is a data issue with big hospitals vaccinating lots of children 

and not reporting in the database. I know one hospital that vaccinates thousands of 

children per year that doesn’t report.” KI1 added that poor vaccine forecasting can be 

especially costly in a place like Haiti: “It’s also not how many [vaccines] you need, really. 

It’s how many you can use, because if you don’t have a cold system, then what is going 

to be your trade-off? How many vaccines do you dare to distribute? Because you get an 

issue vaccinating with ineffective vaccine – with water – or you have to risk destroying 

vaccine, which is expensive. Even if the vaccine isn’t expensive, the logistics of getting 

it from the capital to the countryside is expensive.” Gavi further reports that poor data-

sharing practices between departmental- and central-level authorities impedes planning 
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and decision-making around immunization, “thereby not encouraging the emergence of 

strategies to improve immunisation coverage and equity in Haiti.”235 

Unreliable coverage estimates, in turn, complicate efforts to forecast vaccine 

demand – a challenge that KI3 suspects is motivated in part by politics and perverse 

financial incentives: 

 

“I hear this at least ten times a year – an implementing 

partner complaining they only [get] two thirds of the doses 

they requested. So, after three years of receiving two thirds, 

two thirds, two thirds, a new cohort of children is created for 

a campaign. If facilities are only receiving two thirds of what 

they request, we’ll never get over 66% coverage. And that’s 

the maximum. We have no idea why they are getting only 

two thirds. I feel that [MSPP] fears to ask this question to 

PAHO. I would love to ask at the table, but if I ask, I could 

lose my job – other people have. Those people are so 

powerful, they can even cut the head of ministries.” 

 

On this point, KI9 acknowledged that “the salary is low or nonexistent for routine 

immunization, while the money is made from campaigns – which come from outside 

funders. So, the government really doesn’t give much money from themselves for 

immunization.”  
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In this vein, workforce issues – particularly compensation and job satisfaction – 

permeated both the literature and key informant interviews as a major barrier to routine 

immunization program recovery. “Compensation and salaries are an issue because 

salaries are really low in the public sector, and it’s really a lot of work,” shared KI2. 

“Sometimes, at a health institution, you have very little staff expected to do everything. 

Any time something new comes in, then it’s added work. So, there’s constantly issues 

with workload unrelated to compensation and that does affect satisfaction and that’s at 

all levels from entry-level to management.” The near-constant, kaleidoscopic shifting of 

Haiti’s donor landscape has further destabilized the country’s health sector job market 

and fueled health worker discontent. On this point, KI6 shared: 

 

“There’s no clear allocation formula by which the 

government determines the health budget – it’s very input- 

based. The central level provides salaries to health staff by 

department directly. District health workers go to the health 

district to receive their salary. That’s really what the Ministry 

of Finance is in charge of. They send the money to the 

representation of [MSPP] at the district level. And the rest, 

there’s hardly anything. Salary represents about 90% of total 

budget in the health sector, the rest is hugely subsidized by 

donors. Not much is going there because they don’t have a 

big budget, they spend $2-3 per capita on health, I think. I 

don’t think there’s a formula to allocate budget to district 
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based on needs – they are far from that, it’s not there. And it 

has always been like that, so it’s a key impediment to 

funding services like immunization. Apart from that, the non-

salary budget line isn’t really funded by the government.” 

 

MSPP’s overreliance on donors has resulted in considerable levels of health 

worker attrition from the public sector, especially given that private sector entities 

generally offer higher wages and more robust benefits.203 Hashimoto et al. also report 

dissatisfaction with placement in remote geographic areas, high turnover, and 

chronically delayed payments as additional challenges plaguing Haiti’s public sector 

health workforce.241 Finally, KI1 stressed the importance of contextualizing workforce 

challenges within the country’s broader social, political, and cultural milieu: 

 

“You also have to pay health resources per diem. And you 

hear ‘oh, it’s for their own good and it’s a benefit they should 

appreciate,” but you’re talking to people who most likely 

haven’t been paid for a year, and people who have been 

offended over and over again, and they want to feed their 

own children, and they’ll do that with the $150 for vaccinating 

for five days. And if you don’t pay them, they won’t do 

anything because they’ve been offended before.” 
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3.4.2 Liberia 

3.4.2.1 Historical Overview 

Like Haiti, Liberia’s colonial roots serve as prologue to its present-day health 

system challenges. Originating as a project of the American Colonization Society (ACS) 

– a U.S. group that advocated for the repatriation of free Black Americans to Africa – 

Liberia first consisted of settlements affiliated with individual American states, including 

Mississippi-in-Africa, New Georgia, Kentucky-in-Africa, and Maryland-in-Africa, among 

others.242 ‡‡ Support for the Society’s mission stemmed, in part, from a desire to 

minimize the U.S. population of free Black Americans and avert potential slave 

rebellions. In a striking parallel to America’s occupation of Haiti nearly a century later, 

many ACS leaders also envisioned themselves as humanitarians, albeit acting under 

divine mandate. Nevertheless, they continued dispatching freedpeople to Africa despite 

full awareness that Americo-Liberians were dying in large numbers from tropical 

infectious diseases.243,244 In the 1940s, the U.S. launched a Public Health Mission in 

Liberia to tackle the country’s high prevalence of infectious diseases, reorganize the 

country’s then-Bureau of Public Health and Sanitation, and train the local health 

workforce.245 The purpose of these missions – civilian in name but militarized in their 

execution – was to “survey Liberian natural resources and create a healthy environment 

for postwar development and export through an American-controlled harbor.”246 

Asserting that a fully autonomous Liberia would collapse into financial ruin after World 

War II and contribute little to the global postwar economy, the U.S. later sought to 

 
‡‡ Notably, Maryland-in-Africa – later known as the Republic of Maryland – was founded by freeborn 
African-Americans from Maryland and existed as an independent country from 1834-1857 before being 
annexed into present-day Liberia as Maryland County. Baltimore City was a major embarkation point for 
freedpeople in the U.S. departing for Africa. 

https://archive.org/details/colonizationoffr00mary/mode/2up
https://www.jstor.org/stable/pdf/40580141.pdf?refreqid=excelsior%3A3d395551a269768e607bcd4f2c701ade
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manipulate Liberian domestic reforms by controlling the flow of aid into the country, 

thereby "developing capacities of the people for whose benefit it was intended.”246 

 Two modern-era health crises have played a direct role in shaping Liberia’s post-

Ebola routine immunization successes: the First and Second Liberian Civil Wars. During 

the First Civil War (1989-1997), Samuel Doe – the Liberian president and former 

general who had seized power through a violent coup – was brutally executed by a 

rebel leader, Prince Johnson. Following a power struggle between Johnson’s forces and 

another faction led by Charles Taylor, a ceasefire in 1995, and a national election in 

1997, Taylor was eventually inaugurated as the 22nd President of Liberia.247 Just two 

short years later, however, the Second Civil War erupted. Two rebel militia groups – 

Liberians United for Reconciliation and Democracy and the Movement for Democracy in 

Liberia – emerged in the northern and southern regions of the country, respectively, 

before usurping power from Taylor.248 After years of violence, Taylor’s resignation, and 

months of negotiation, the warring factions signed the Accra Comprehensive Peace 

Agreement in 2003, ushering in a two-year transitional regime led by Gyude Bryant.249 

Women of Liberia Mass Action for Peace – a movement organized by Leymah Gbowee, 

Crystal Roh Gawding, and Comfort Freeman – was a major driving force behind 

brokering the 2003 peace agreement.250 This movement was also instrumental in 

electing Ellen Johnson Sirleaf, Africa’s first female head of state, to the Liberian 

presidency in 2005. 
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3.4.2.2 Postwar Health System Reconstruction 

Years of civil war wrought devastation upon Liberia’s public health and 

healthcare infrastructure. Of the country’s 550 pre-war health facilities, only 233 

functional public facilities (12 hospitals, 32 health centers, and 189 clinics) and 121 

functional private facilities (10 health centers and 111 clinics) survived the conflict.251 

The wars had also decimated Liberia’s health workforce: in 2002, there were only 4,000 

full-time and 1,000 part-time staff serving a population of roughly 3 million people, 

including 168 physicians, 273 physician assistants, 453 registered nurses and more 

than 1,000 nurse aides and other health professionals – far short of the WHO-

recommended minimum health workforce density of 4.45 doctors, nurses, and midwives 

per 1,000 people.252,253 Population health suffered considerably as a result of this 

workforce attrition and health facility destruction. In 2007, for example – four years after 

the Second Civil War ended – a mere 23.5% of Liberian children were fully immunized, 

including only 9.3% of children in the poorest wealth quintile.254 As KI20 shared: 

 

“The immunization program got its boost from the rollout of 

the global polio eradication initiative. A lot of the support at 

that time was centered around that initiative so countries 

were more reliant on polio eradication as a means of 

supporting the entire health system…During that time, we 

had very frequent [vaccine-preventable disease] outbreaks 

and immunization coverage was still low. Pre-Ebola Liberia 

was still trying to recover from the post-civil war crisis and 
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gradually trying to reconstruct the health system. There 

[was] still that massive degree of fragility and we [had] just 

gotten a newly elected President, one we consider a 

democratic President out of the conflict of Liberia.” 

 

KI14 corroborated this observation, adding: 

 

“Pre-civil war, we may [not have] had health infrastructure 

across the country, but health services were affordable. We 

had highly trained and specialized health practitioners and 

physicians. When the war emerged, these practitioners fled 

the country, putting a strain on the health system. 

Afterwards, the health [sic] was assumed by international 

civil organizations…They took over for the government on 

providing health services. When the war eased off, there 

were difficulties with the workforce, so there was a loss of 

capacities with some people integrated into the new 

workforce and others not.” 

 

Figures 6, 7, and 9 illustrate trends in immunization coverage and under-5 mortality in 

Liberia during its pre- and postwar periods. 

Recognizing the need to overhaul the country’s postwar health system, the 

Liberian government embarked upon an ambitious agenda to dismantle barriers to 
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healthcare access and increase health service coverage. In 2007, the Ministry of Health 

and Social Welfare (MoHSW) released its National Health and Social Welfare Policy 

and Plan, which articulated a vision for “a Liberia with improved health and social 

welfare status and equity in health; therefore [sic] becoming a model of post-conflict 

recovery in the health field.”255 To that end, the document laid out plans for a Basic 

Package of Health Services (BPHS) – a free suite of core services addressing vaccine-

preventable diseases, nutrition, maternal and reproductive health, sexually transmitted 

infections, tuberculosis, malaria, and HIV/AIDS, among other conditions – with plans to 

gradually scale the package up to at least 70% of health facilities by the end of 2008.255 

As part of this effort, MoHSW formed a human resources unit to coordinate training 

programs for nurses and mid-level providers; it also established a Health Sector Pool 

Fund in 2008 to streamline government, donor, and NGO contributions to BPHS 

implementation.256,257 Though only 36% of public facilities were fully BPHS-accredited in 

2008, this estimate eventually rose to 80% by the end of 2010.175 However, there were 

lingering concerns that BPHS did not sufficiently integrate services across the full 

spectrum of maternal and child health programs, thereby encumbering delivery of some 

maternal health, nutrition, family planning, and mother-to-child prevention of HIV 

services.258 

 In light of these shortcomings, MoHSW subsequently launched an Essential 

Package of Health Services (EPHS) in 2011. EPHS broadened the scope of BPHS to 

encompass care for noncommunicable diseases, dental and eye care, and neglected 

tropical diseases; created a tiered structure for primary, secondary, and tertiary service 

provision; and strengthened referral mechanisms to improve health system efficiency.259 
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Notably, the Global Polio Eradication Initiative (GPEI) played an important role in 

bolstering Liberia’s weakened routine immunization program during this time. As KI21 

observed:  

 

“EPI started in Africa, and Liberia was one of those early 

countries, but it was basically in 2004 before the 

immunization program got strong because of polio 

eradication. [From] 2000 to 2004, Liberia started a robust 

polio eradication program and that really strengthened 

routine immunization program and the health system…When 

the war was over and the first national health program was 

crafted in 2007, immunization was part of the essential 

package of health services. Then community engagement 

and everything else was strengthened.” 

 

Despite these developments, however, government health spending remained 

low during the immediate postwar period, fluctuating between USD$4 and $13 per 

capita from 2003-2010; meanwhile, out-of-pocket expenditures comprised between 50% 

and 75% of total health spending during that same period.215 Other key health 

indicators, such as under-5 mortality and national immunization coverage, improved, 

albeit slowly (see Figures 6, 7, and 9). 
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3.4.2.3 Response to the 2014-16 West Africa Ebola Epidemic 

In December 2013, an index case of Ebola virus disease (EVD) was diagnosed in an 

eighteen-month-old boy in Guéckédou Prefecture, Guinea.260 Health authorities 

detected additional cases among other residents of the prefecture, and later, in the 

capital city of Conakry. On March 23, 2014, following reports of 49 confirmed cases and 

23 deaths in Guinea, WHO declared an outbreak.260 The very next day, the Liberian 

Ministries of Information, Culture, Tourism, and Health announced six suspected cases 

of Ebola in the country, of whom five had already died.261 Over the next two years, the 

outbreak rapidly escalated to 10,678 cases and 4,810 deaths in Liberia before 

authorities officially declared its end on June 1, 2016.260 

 Early in the epidemic, health officials in Liberia and their international partners§§ 

created an Ebola Task Force to coordinate a swift response. However, the Task Force 

soon proved to be too unwieldy. “When EVD emerged, it took a political dimension in 

terms of leadership. There wasn’t a technical person providing insight but rather a 

political structure,” recalled KI14. “There was mixed messaging. There was conflicting 

information [until] the U.S. was able to intervene by…providing accurate information to 

the public in regard to EVD prevention and control. Then the government could change 

its strategy for control and prevention by bringing in and respecting the roles of the local 

leaders and practitioners.”  

Liberian authorities ultimately adopted the Incident Management System (IMS) 

instead: a standardized protocol developed in the United States for coordinating 

 
§§ Key partners included CDC, WHO, the U.S. Agency for International Development, the International 
Federation of Red Cross and Red Crescent Societies, Médecins Sans Frontières, Samaritan’s Purse, and 
Global Communities, among others. 
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emergency response activities.262 Liberia chose to coordinate IMS activities through a 

new, donor-funded emergency operations center – which, after the Ebola epidemic, was 

used to monitor outbreaks of other vaccine-preventable diseases like meningitis.263,264 

“We had people in health communications, logistics, [and] supply chain all falling under 

the incident management system that [was] a replica of the CDC system,” shared KI21. 

“We had Liberian leadership within each thematic area. EPI, surveillance, contact 

tracing, laboratory, health communications, case management, etcetera – those were 

all thematic areas. [And] we had international partners embedded in each of these 

thematic areas.” President Sirleaf communicated frequently with the designated incident 

manager and established an advisory committee comprised of senior officials and 

international partners to guide response efforts.262  

 KI21 also attributed Liberia’s post-epidemic success in routine immunization to 

IMS, stating, “The collaboration and coordination was difficult at the beginning of 

[Ebola]. In [MoHSW], there was the health coordinating committee, but they were very 

high level. They weren’t prepared for emergency response; they just [had] meetings. 

IMS worked, so we wondered if that [could] restructure the health care system, 

especially with community engagement being so critical.” Similarly, Brault et al. write 

that “the Liberian government’s relationship with donors had evolved such that donors 

no longer drove the agenda, but rather accepted guidance from the government on 

priority areas and needs that the donors could assist with.”258 

 Notably, government health expenditures in Liberia grew to USD$65 per capita in 

2014 (from USD$59 per capita in 2013) and increased to USD$70 per capita in 2016, 

the final year of the epidemic.215 The country also saw an influx of funds from donors 
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and external partners during this time. In 2013, for example, the U.S. government had 

disbursed USD$34 million in foreign assistance to Liberia, which was earmarked for 

health and population needs; this allocation grew to USD$37 million, USD$49 million, 

and USD$71 million in 2014, 2015, and 2016, respectively.176 U.S. humanitarian 

assistance to Liberia also skyrocketed from a mere USD$6.7 million in 2013 to 

USD$310 million in 2015. Additionally, over USD$170 million was obligated by various 

United Nations (UN) agencies and international organizations to support regional 

response efforts via the UN’s Multi-Partner Trust Fund.265 

 

3.4.2.4 Routine Immunization Challenges 

The Ebola epidemic had immediate, destabilizing effects on population health 

and health system functioning in Liberia, as KI19 described: 

 

“Before the outbreak…there was an effort on peace, 

calmness and rebuilding. Immunization was ramping up like 

any other system. All the systems were building up. We’d 

quadrupled the number of functional health facilities in the 

country. Every health facility had at least two professionally 

trained workers…When EVD came in, it took us back many 

years. The whole system collapsed again. During the EVD 

outbreak, you could not find a functioning health facility. The 

whole country shut down. Even [those] who went to health 
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facilities, they were refused. They may not have died of 

EVD, but they died of health issues that went untreated.” 

 

Similarly, KI19 shared, “There were immediate disruptions because even before 

EVD there was a problem with access to health facilities and lack of coming back for 

second dose follow up. The health of the child is sole responsibility of the mother and 

not the fathers. So, we’d have low coverage and health facilities were underutilized. We 

didn’t really have a well-structured data system either. There were few people trained in 

data collection and data management.” 

 When asked whether routine immunization campaigns continued during this time, 

KI15 responded with an emphatic “no”: “Nowhere. Schools were closed, campaigns 

were withheld. Communities were not allowed to converge in large groups and health 

workers didn’t go into communities. If a mother voluntarily brought in her child for 

vaccination, then [the] child was vaccinated, but no campaigns took place during EVD.” 

Clarke et al. corroborate this observation, reporting that all planned outreach, 

introductions, campaigns, and supplemental immunization activities were temporarily 

paused. Additionally, MoHSW staff – many of whom were diverted from routine 

programs to Ebola response activities – were subsequently unable to implement EPI 

workplans. With fewer than 70% of health facilities open, fear of contracting EVD in 

healthcare settings also caused public demand for health services to plummet.266 

 These setbacks sparked a rapid decline in routine immunization coverage across 

Liberia (see Figure 6). Vaccination equity also suffered as a result. In 2013, 62.2% of 

Liberian children aged 24-35 months in the wealthiest quintile and 25.4% in the poorest 
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quintile were fully immunized; in 2016, these estimates fell to 5.2% and 3.7%, 

respectively.254 KI17, who began working in Liberia in 2017, also highlighted geographic 

inequities, noting, “The biggest challenge was the issue of equity in 

immunization…When you dive deeper into the disaggregated data, there were still 

counties with low coverage.” Wesseh et al. echo this observation, finding that the 

counties most affected by Ebola (i.e., those reporting more than 70 Ebola deaths) 

reported 58% fewer fully immunized children during the epidemic; moderately affected 

counties (10-70 Ebola deaths) and least-affected counties (<10 Ebola deaths) reported 

reductions of 33% and 39%, respectively.267 KI20, who coordinated immunization 

activities in counties heavily affected by the epidemic, also highlighted negative 

externalities associated with introducing Ebola vaccines: 

 

“It was evident towards the end of the response that the 

number of measles cases were exponentially high and out of 

the windows. What also complicated the entire situation was 

the introduction of the EVD vaccine. The myth was out there 

that the vaccines available at the hospital or health facilities 

were EVD vaccines, so the EVD research vaccine 

introduction was a real issue. The entry of that was not 

properly executed. That really hindered the immunization 

program. As a result, we had to conduct two or three rounds 

of [supplemental immunization activities, SIAs], and even 

after that, we still had a number of cases among children 
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over five or ten years raging [sic]. We had to then conduct a 

campaign targeting those ages.” 

 

3.4.2.5 Post-Ebola Routine Immunization Program Recovery 

Despite major disruptions to routine healthcare delivery, health authorities made 

efforts to prioritize routine immunization activities even during the early days of the 

epidemic. “Two or three months after EVD started, there were technical guidelines 

issued to bring the attention back to the immunization program as much as possible and 

reassure health workers to give them minimum measures to provide safe immunization 

services,” recalled KI12. “Those technical guidelines were really helpful for bringing 

back political attention and providing some confidence in routine immunization 

programs.” Contrasting the Liberian approach to routine immunization with those 

adopted in neighboring Ebola-affected countries, KI12 further noted: 

 

“Guinea was the worst in this regard because their coverage 

level fell quite precipitously, just like Liberia. Their 

administrative coverage figures were falling significantly, but 

they didn’t bring focus back to it like Liberia. There were a lot 

of delays in bringing attention back to immunization, and the 

country paid dearly for that with protracted measles 

outbreaks and many months with service delivery falling. For 

Sierra Leone, even though we felt that the risks were equally 

bad, they kept showing us administrative coverage figures 
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that were the same as the pre-Ebola period. They kept 

telling us they were fine and there was nothing to worry 

about. And when you have faulty data coming from the field, 

you can imagine how misleading it can be to take the 

necessary precautions. In terms of long-term impact, they 

also faced significant and protracted outbreaks that didn’t 

stop even after interventions.” 

 

Liberia’s post-Ebola routine immunization efforts also owe much of their success 

to proactive planning, effective leadership, and increased investment in health system 

recovery. As early as December 2014, for instance, Liberian health officials participated 

in a high-level meeting on strengthening health system resilience in Ebola-affected 

countries, followed by consultative meetings with stakeholders involved in the ongoing 

response to achieve consensus on recovery priorities.268 Next, MoHSW created 

thematic working groups in alignment with WHO’s health system building blocks 

framework: leadership and governance; service delivery; financing; workforce; medical 

products, vaccines, and technologies; and information systems.269 Each working group 

was comprised of MoHSW senior staff and external partners (including those from 

outside the health sector), and regularly reported to the Cabinet of Liberia to keep the 

country’s executive branch apprised of recovery efforts. Working with senior MoHSW 

leaders, the working groups also performed a detailed situational analysis to identify 

priority areas for Ebola recovery.268 
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These planning efforts, in turn, formed a robust policy foundation for post-

epidemic health system recovery. Liberia’s Economic Stabilization and Recovery Plan, 

for example, explicitly connects the country’s economic recovery to health system 

recovery, reporting that between 2015 and 2017, a total of USD$456 million would be 

spent on implementing the provisions of an Investment Plan for Building a Resilient 

Health System (“the Investment Plan”): strengthening the health workforce (USD$121 

million), reengineering health infrastructure (USD$115 million), epidemic preparedness 

and response systems (USD$33 million), medical supply and diagnostics management 

(USD$58 million), enhancement of quality delivery systems (USD$111 million), 

information and research management (USD$2 million), community engagement 

(USD$5 million), leadership and governance (USD$7 million), and financing systems 

(USD$4 million).270 

 The Investment Plan and several other policies and strategic plans – the National 

Health and Social Welfare Policy and Plan 2011–2021 (NHSWP), the National EPI 

Strategic Plan 2016-2021 (i.e., the comprehensive multi-year plan, cMYP), and the 

National Action Plan for Health Security (NAPHS) – all feature provisions for 

strengthening routine immunization services and systems in the wake of Ebola. 

NHSWP, which was formulated prior to the Ebola epidemic, designates clinics as the 

basic units of Liberia’s primary healthcare system and the main points of delivery for 

EPHS, including routine immunizations.175 NHSWP also affirms Liberia’s commitment to 

implementing the Reaching Every District strategy – an approach championed by WHO, 

Gavi, and UNICEF for improving immunization coverage in low-performing jurisdictions 

– while supplementing routine programs with SIAs and National Immunization Days.175  
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Liberia’s cMYP, meanwhile, articulates several ambitious targets: increase 

national coverage of three doses of the pentavalent vaccine from 71.4% (as measured 

in 2013) to at least 90%, with at least 80% coverage in all counties; and reduce measles 

mortality by 90% by the end of 2020 (relative to 2000). Other goals include elimination 

of vaccine stockouts during 2016-2020, improving the country’s cold chain system, 

supporting provision of an integrated health service package as specified in NHSWP, 

and bolstering immunization workforce capacities.271 Liberia’s cMYP also features 

detailed SWOT (strengths, weaknesses, opportunities, and threats) analyses of various 

facets of immunization programming, including service delivery; logistics and vaccine 

management; advocacy, communication, and social mobilization; surveillance; 

monitoring and evaluation; program management; financial sustainability; and human 

resources and institutional strengthening.271 cMYP also provides timelines, objectives, 

and indicators for each planned immunization activity, along with detailed cost 

estimates.  

 Like cMYP, NAPHS – which was developed as part of Liberia’s participation in 

the Global Health Security Agenda – costs out prioritized capacity-building activities 

(including just over USD$4 million for immunization) and echoes cMYP’s commitment to 

scaling up coverage and human resource capacities.272 Notably, both documents also 

underscore a commitment to equity: cMYP highlights the Government of Liberia’s 

obligation to “ensure equal access to quality EPI services,” while NAPHS purports to 

“strengthen equity focus analysis and programing for immunization service 

delivery.”271,272 Finally, Liberia’s 1976 Public Health Law – which was revised and 

approved in 2019 – includes a dedicated chapter on immunization, which specifies 
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leadership roles and responsibilities, articulates guidelines for vaccine management, 

outlines vaccination requirements, and details financial arrangements for the EPI 

program.273 Close alignment and linkages between these foundational documents, 

policies, and laws facilitated a cohesive approach to resurrecting Liberia’s routine 

immunization capacities following the Ebola epidemic. 

 Support from external partners also played an important role in post-Ebola 

immunization program recovery. “World Bank was very helpful,” KI18 recalled. “USAID 

had also started providing financial support with the Liberian government managing it 

directly rather than passing it through NGOs. [MoHSW] used that as a reimbursement 

mechanism. It had to be spent on earmarked areas identified by both governments. The 

[MoHSW] and Ministry of Agriculture were the main benefactors of that money, and it 

included bolstering immunization and primary health care.” Additionally, Gavi provided 

Liberia with nearly USD$3 million as part of a dedicated Ebola EPI Recovery Plan.274 

This and other Gavi funding streams were instrumental in implementing SIAs, 

increasing uptake of new and underused vaccines, strengthening Liberia’s health 

system, and supporting Liberia’s urban and non-urban immunization strategies – core 

components of the country’s plan to ensure equitable coverage across all 

counties.275,276 

 Liberia’s deteriorating physical infrastructure, which remained in poor condition 

following the Civil Wars, presented major obstacles to immunization outreach and 

delivery after the Ebola epidemic. KI11, who began working in Liberia in 2018 reported, 

for example, “The lack of infrastructure was terrible there – roads and electricity or lack 

thereof had the biggest effect on health systems…I’d never seen roads so bad. There 
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used to be electricity and hydro dams and waste treatment in the seventies, but it was 

all destroyed intentionally during the war…Afghanistan is the most expensive place [in 

the world] to build roads, but Liberia is close.”***  

 KI19 underscored the importance of external partner support in overcoming 

infrastructural challenges, sharing, “With partnership from Gavi, UNICEF, WHO, there 

were a lot of trainings conducted at both the national and subregional levels, so people 

knew what to do. Technicians for cold chain were trained and retained and got logistics 

like motorcycles.” Cold chain challenges had previously hindered vaccine management 

and delivery; Gavi, in fact, reported that resource-shifting to accommodate the Ebola 

response caused cold chain equipment to break down in 2014, and UNICEF dispatched 

teams to perform repairs in 2015.277,278 Gavi support in 2017 later enabled Liberia to 

train 17 cold chain officers, construct two regional cold stores, and procure two cold 

vans to facilitate vaccine delivery.275 Between 2016 and 2018, Gavi funds also 

subsidized 248 solar direct drive refrigerators to further expand the country’s cold chain 

capacities.275 

 In addition to shoring up vaccine delivery infrastructure in the wake of Ebola, 

Liberia bolstered surveillance for vaccine-preventable diseases – measures that 

enabled health authorities to monitor disease incidence trends more effectively, 

informed immunization campaigns, and enhanced preparedness for outbreaks. KI20 

credited prewar GPEI efforts with initially scaling up the country’s fledgling surveillance 

systems: 

 
*** Building a single sixty-mile road in eastern Afghanistan in 2014 cost roughly USD$5 million per mile, 
due largely to the cost of providing security for construction workers, per Washington Post. A 2020 news 
report indicates that the cost of building asphalt or concrete roads in Liberia runs between USD$1-1.2 
million per kilometer, the same estimate reported by NPR in 2010. 

http://webcache.googleusercontent.com/search?q=cache:https://www.washingtonpost.com/world/asia_pacific/after-billions-in-us-investment-afghan-roads-are-falling-apart/2014/01/30/9bd07764-7986-11e3-b1c5-739e63e9c9a7_story.html
https://frontpageafricaonline.com/news/liberia-govt-endorses-new-approach-to-cut-down-cost-on-road-construction/
https://frontpageafricaonline.com/news/liberia-govt-endorses-new-approach-to-cut-down-cost-on-road-construction/
https://www.npr.org/sections/thetwo-way/2010/11/29/131675505/from-liberia-bad-roads-block-progress-good-roads-will-speed-it
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“In times past, there were surveillance systems across the 

country with diseases having their own structure and system 

– malaria, TB, etc., and EPI would do the same with all those 

different diseases. But with the introduction of GPEI, we 

introduced a more radical structure. At the county level, 

there was a surveillance officer and at the national level 

there were surveillance officers. Then we also had a local 

presence in communities of interest. These resource 

persons were focal points such as traditional healers, 

spiritual healers, and the rest of it.” 

 

However, the Ebola epidemic illuminated critical vulnerabilities in these nascent 

systems. “We realized that we had to make a reform in the human resource structure for 

surveillance in Liberia,” recalled KI20. “We had to build capacity, look at infrastructure 

for public health surveillance and diagnostics, and the number of tests that we could 

conduct in Liberia was far less…Liberia could not perform tests for Lassa, EVD, or 

yellow fever – a good number of them except for measles.”  

 These deficiencies became apparent early in the Ebola epidemic. In September 

2015, a group of experts from MoHSW, WHO, and CDC met in Buchanan, Liberia to 

discuss improved implementation of the Integrated Disease Surveillance and Response 

(IDSR) platform.279 WHO originally conceptualized IDSR in 1998 to help African 

countries strengthen surveillance, laboratory, and response capacities in alignment with 
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the International Health Regulations (2005); the system had been adopted in Liberia in 

2004, albeit without a strategic implementation plan.279,280 During the 2015 meeting, 

however, participants conducted a SWOT analysis of existing capacities and produced 

a plan titled “Development of the 5-Year IDSR Strategic Plan for Liberia,” along with a 

corresponding monitoring strategy.279 Liberia also benefited from substantial external 

investment in surveillance-strengthening activities:  

 

“We had a lot of support come in from donors during EVD, 

so the surveillance system was highly donor-driven, certainly 

from the technical side and a lot from the financial side as 

well,” reflected KI15. “We had a lot of support coming from 

China, coming from USAID, and other organizations that 

were supporting the surveillance system. Most of our health 

system was donor-driven. [MoHSW] was the technical arm, 

but financial was [sic] carried by partners – surveillance, 

supplies, training of workers, training of support staff.”  

 

These efforts to revitalize IDSR ultimately proved fruitful: improved surveillance, 

coupled with robust community engagement, facilitated a successful measles 

immunization campaign among children under ten and improved early detection of both 

measles and acute flaccid paralysis following the Ebola epidemic.281,282 In addition to 

IDSR, Liberia also adopted the Early Warning and Response Network (EWARN) 

system, a WHO-prescribed approach for gathering data on acute, rapid onset crises like 
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epidemic-prone disease outbreaks.283 However, Clarke et al. reported that the presence 

of parallel surveillance systems running alongside IDSR revealed discrepancies in the 

data being collected – a challenge also reported in other African countries.266  

 Surveillance capacity-building dovetailed with strong commitments to 

accelerating social mobilization and expanding community outreach during the Ebola 

epidemic. Community-based surveillance, for example – whereby grassroots informants 

were enlisted to alert health authorities to suspicious illnesses or deaths – proved to be 

an effective deterrent to Ebola transmission.284 Health authorities later adopted this 

model to measles outbreak containment efforts following the Ebola epidemic.281 

Encouragingly, surveillance protocols established during the epidemic were also 

institutionalized in routine public health practice, according to KI16:  

 

“The good thing about EVD is that when it [came] to 

surveillance, the establishment of the surveillance system 

was interconnected. When EVD surveillance happened, 

there was support for communication and whatnot. 

Specimens would go to the lab to get tested and we would 

hear about that during our daily case counts. And through 

that, we could hear about polio conditions and immunization 

conditions. So now, that system in place helps us 

and…captures all reportable diseases.” 
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Rebuilding public trust in routine immunization services, after Ebola, however – 

particularly among the hardest-hit populations – proved to be a daunting challenge.285 “It 

was difficult. No one was going up for surveillance or vaccine,” continued KI16. “People 

were not coming to the health facilities; they were afraid of [healthcare workers, HCWs] 

infecting [the] general public. HCWs were also afraid of the general public infecting 

them.” Liberia’s linguistic diversity further impeded immunization outreach, according to 

KI11: “People don’t speak the same languages fifteen minutes apart – entirely different 

languages, not different dialects. From my understanding, that was because people 

were so limited in movement during the war. You can’t even sell tomatoes to your 

neighbors. That makes problems for vaccinators and nurses because they can’t talk to 

their patients, there’s no common language. How are you supposed to do health 

education without a common language?” Linguistic challenges notwithstanding, KI13 

asserted that the positive legacy of the EPI program in Liberia set the tone for the 

country’s post-epidemic immunization activities:  

 

“The immunization program is one of the oldest programs in 

the Ministry. They’ve been involved in primary health care for 

more than four decades now. They’ve done a lot of work 

around awareness creation and their messages on the issue 

of vaccinating children have resonated very well with the 

population. So, when you talk about a rural parent in Liberia 

talking about immunization, [it’s] because there’s frequent 
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awareness on polio and integrated campaigns – they do two 

or three per year.” 

 

Confronted with the tasks of scaling up both trust and immunization coverage 

after Ebola, public health authorities coupled mass messaging approaches with 

grassroots strategies adapted to local contexts: 

 

“There was a UN mission in Liberia [with] a radio station that 

provided wide coverage, but not everyone in the rural area 

has a radio or the capacity to buy batteries, because there’s 

no electricity in most areas,” recalled KI14. “So, in rural 

areas, the government had to rely on local leaders, elders, 

women groups, tribal leaders, civil society groups. That 

challenge in communication in rural versus urban [areas] 

was addressed by having a centralized channel for 

disseminating messages with an incident management team 

in place deciding on the messages going out…There was a 

bottom-up and top-down approach mutually reinforcing the 

messaging.” 

 

Additionally, KI14 highlighted the role of the country’s postwar peacebuilding 

infrastructure in supporting health communication, noting that it facilitated dialogue with 

chiefs in high-risk areas. KI14 also shared that targeted demand generation and 
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awareness-building strategies helped increase vaccine uptake. These included 

establishing immunization sites in marketplaces, where women with children often 

worked or shopped; enlisting town criers; broadcasting UNICEF radio programming; 

and coordinating social media campaigns in support of immunization. KI11 corroborated 

these examples, sharing, “That was a major thing – building outreach into people’s 

schedules, linking to [community health workers, CHWs], which were introduced as a 

formal policy, and pairing with them to plan these outreach events.” On this point, the 

country’s National Community Health Services Policy – originally introduced in 2008, 

revised in 2011, and renewed in 2016 – established standards for community outreach, 

health promotion, and referral activities.286 KI13 further underscored the importance of 

proactive health worker outreach to underserved populations with limited access to 

health facilities: 

 

“There’s a schedule of, say, every Monday I have to go to 

this location in my catchment community and vaccinate 

because people cannot come to the facility, because [their] 

child is not sick, or they have things to do, or they have 

many young children that cannot be left at home. There’s no 

motivation or incentive to walk for hours just to get 

vaccinated. So, it’s the vaccinator’s responsibility to make 

that trip, keep on schedule and get people vaccinated. One 

quarter of children in our system are vaccinated by that 

approach.” 
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In keeping with the recognition that both top-down and grassroots approaches 

were required to improve immunization coverage, Liberian officials also took steps 

toward strengthening post-epidemic health governance and sustaining political will 

around immunization. Liberia’s President, Ellen Johnson Sirleaf, recognized the gravity 

of the epidemic early on and prioritized outbreak response efforts, describing Ebola as a 

threat to the country’s “economic and social fabric.”287 Writing about Ebola in 2014, she 

also called for greater investment in Liberia’s health infrastructure, referencing setbacks 

in routine immunization programming and predicting a resurgence of vaccine-

preventable diseases.288 A strong advocate for community health, Sirleaf also launched 

a national health assistance program to serve over 4,000 communities in the remotest 

parts of the country following the epidemic.289 

 The Liberian government further reified its commitments to routine immunization 

with key structural reforms and financial support. “Because [of] the introduction of yellow 

fever and pentavalent [vaccines], the Government of Liberia had to commit to co-

finance the introduction of these two vaccines, and that has been sustained over the 

years,” observed KI20. “The government has also demonstrated increased visibility of 

their support of the immunization program, as demonstrated by budgetary commitments 

annually to immunization and immunization products.” In this vein, Liberia’s Investment 

Plan articulated a strategy to formally ensconce IMS, Ebola-specific community health 

task forces, and other Ebola coordinating mechanisms within the country’s health 

sector.290 In this spirit, the government also strengthened referral mechanisms between 

Ebola treatment units and the rest of the country’s health system, later developing a 

plan to decommission these units and transform them into permanent health facilities.290 
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Notably, the Liberian government also implemented a number of policy reforms 

to support post-epidemic recovery. For example, in a departure from the previously 

established donor-supported financial pooling mechanism for health, the Investment 

Plan also proposed establishing a government-led equity fund intended to “ensure 

financial risk protection, cushion against financial risks that limit access to care, and 

address systemic issues within existing provider payment mechanisms.”290 MoHSW 

also provided targeted technical assistance to counties with persistently low levels of 

coverage, high dropout rates, and poor supervisory reports – an approach dubbed 

“Parenting of Poorly Performing Counties.”291 Despite these positive developments, 

other key informants highlighted remaining shortcomings in leadership and tensions 

between competing approaches to health systems-strengthening: “The technical and 

political leadership in the health sector is a bit more challenged,” asserted KI14. “You 

have a situation whereby the medical practitioners are inadequate to respond to the 

overall needs of the population. There is also a tension over where infrastructure should 

be provided, or health providers placed. That is also related to governance of health 

infrastructure.” 

 Though efforts to rebuild Liberia’s health system and improve routine 

immunization coverage following the Ebola epidemic achieved significant progress, 

several challenges remain. A 2017 data quality audit, for example, reported that data 

collected through IDSR was not being used to support subnational (i.e., facility-level) 

decision-making and prioritization; many facilities surveyed also reported poor Internet 

connectivity, electricity outages, and limited access to mobile phones and computers.292 

KI11 agreed that data management challenges complicated efforts to track vaccination 
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activities, adding, “There was a lot of push data that was generally accurate. But the 

books didn’t let you easily figure out who was missing what…So, vaccinators had to go 

line by line to say, this kid is nine months old, circle his name, and now I have to go find 

him.” KI13 also described how Liberia’s weak population-level data collection capacities 

hamper efforts to measure immunization coverage and forecast vaccine demand: 

 

“We do not have a very effective population registry 

system.…The population is changing, but we use a growth 

rate that varies from time to time and is not the same across 

counties or communities because of population migration 

and other factors. It’s a big challenge to determine actual 

coverage since we’re using a denominator from 2008. Once 

we have a good birth registration system or a good health 

information system that is universal or tracking 98% or 95% 

of deliveries, then we can say, look, our estimate should be 

based on deaths under one and deliveries as the basis for 

our denominator. We have ten to fifteen percent of women 

delivering outside health facilities, though…If you do not 

know how many children are born or die, then you cannot 

make a good estimate. So, coverage is likely different than 

what actually comes out of national surveys. In African 

countries, we have to wait ten years to know our population 

and track our population movement.” 
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In addition to poor data quality, numerous immunization challenges identified in 

this study revolve around the management, training, and retention of Liberia’s health 

workforce. Reflecting on workforce culture in Liberia following the Ebola epidemic, KI11 

remarked, “[Health workers] were overworked and underpaid, so they had to work two 

jobs and try to be in two places at once. They were not prepared for what they faced 

every day…The people who work in the health system there try really hard and really 

care, too. They’re incredibly resilient.”  

 Late or missing payments for health workers was a recurrent theme, both among 

the key informants and in the literature. Gavi reported in 2017 that while some 1,110 

health workers had been trained in immunization as part of the country’s Ebola recovery 

efforts, Liberia’s health sector still had only 795 working vaccinators, of whom only 25% 

were on the government’s payroll. Furthermore, there was high attrition among health 

workers assigned to the southeastern region of the country due to difficult living and 

working conditions.275 KI13 posited that weak vaccinator recruitment, training, and 

payment practices were partly responsible for these challenges, explaining: 

 

“We have a vaccinator cadre of HCWs – they are like nurse 

aides, but they haven’t undergone formal training. They learn 

from mentoring, coaching, experience on the job; there’s no 

formal schooling for immunization. They do in-service 

training. They get recruited because they are a nurse aide or 

they’re working in a health facility. They’re way down on the 

chain. They maybe have high school graduation or 
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secondary. They’re not university graduates [and] haven’t 

gone through formal schooling to become HCWs…No one 

knows how they get paid. Sometimes they sacrifice for 

weeks or months, but you don’t get on payroll for one, two, 

or three years and sometimes just on a part-time basis. 

Those who hire you are not involved in the payroll process. 

So, 10% of vaccinators are contractors – not on government 

payroll – and they’re hired by [a] facility to be paid by NGOs. 

So once the project ends, they stay and hope they get on 

payroll.” 

 

As many as 41% of Liberia’s public sector health workers went on strike during 

the Ebola epidemic to protest their exclusion from the government’s payroll, prompting 

the World Bank, African Development Bank, and United Nations Development 

Programme to help subsidize hazard pay.293 KI19 acknowledged that newer practices – 

such as UNICEF’s mobile app, which sends payments directly to health workers instead 

of relying on the government to handle disbursement – were an improvement. However, 

they reported that payroll challenges still plagued community health workforces 

supporting immunization: “It is a serious challenge. We are heavily donor-driven. There 

is also some issue with transparency for funding by partners. UNICEF is providing 

funding to pay community health assistants while World Bank is providing funding, [so] 

why are these people not getting paid? When funders pull out, how are we going to find 
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funding for them? The government has very scarce resources and we are not ready to 

pay community health assistants on the payroll.” 

 

3.5 CROSS-CASE ANALYSIS 

3.5.1 Descriptive Statistics 

Our one-way repeated measures ANOVA revealed several statistically significant 

differences between Haiti and Liberia in terms of the proportion of districts reporting 

80% or higher coverage of MCV1 (F[10, 9], p = 0.0491), domestic government health 

expenditure per capita (F[10, 9], p = 0.00), and external health expenditures per capita 

(F[10, 9], p = 0.0007) during the five years preceding and following their respective 

epidemics. However, there were no significant differences between Liberia and Haiti in 

terms of the proportion of districts reporting 80% or greater coverage of DTP3 or 

dropout rates between DTP3 and the MCV1. In Haiti, the average proportion of districts 

reporting greater than 80% MCV1 coverage decreased considerably in the five years 

following the onset of its cholera epidemic. This period also saw a slight decrease in 

average domestic government health spending and larger increases in average 

vaccination dropout rates and external health spending. Liberia reported a slightly lower 

average proportion of districts reporting greater than 80% MCV1 coverage in the five 

years following its Ebola epidemic, along with a slight decrease in average government 

health expenditures and a doubling of external health expenditures; notably, average 

dropout rates during this period also decreased (see Table 3). 
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Table 3. Pre- & Post-Epidemic Immunization Coverage & Health Spending in Haiti and Liberia 

Haiti Liberia 

Year 

Proportion 
of Districts 
with ≥ 80% 

MCV1 
Coverage 

(%) 

Proportion 
of Districts 
with ≥ 80% 

DTP3 
Coverage 

(%) 

Dropout 
Rate 

Between 
DTP1 and 
MCV1 (%) 

Domestic 
General 

Governme
nt Health 
Expenditu

re per 
Capita 

(PPP Int$) 

External 
Health 

Expenditu
re per 
Capita 

(PPP Int$) 

Year 

Proportion 
of Districts 
with ≥ 80% 

MCV1 
Coverage 

(%) 

Proportion 
of Districts 
with ≥ 80% 

DTP3 
Coverage 

(%) 

Dropout 
Rate 

Between 
DTP1 and 
MCV1 (%) 

Domestic 
General 

Governme
nt Health 
Expenditu

re per 
Capita 

(PPP Int$) 

External 
Health 

Expenditu
re per 
Capita 

(PPP Int$) 

2005 23 - -4 13 25 2009 73 87 5 35 10 

2006 21 50 27 6 35 2010 80 47 15 33 8 

2007 50 47 30 19 30 2011 53 53 17 32 16 

2008 29 29 - 20 32 2012 40 93 22 42 10 

2009 26 44 18 21 33 2013 20 87 24 48 5 

2010 46 68 40 22 56 2014 7 13 22 46 11 

2011 4 50 39 11 104 2015 27 20 17 44 15 

2012 2 47 30 13 95 2016 53 80 19 41 19 

2013 5 57 11 14 59 2017 33 87 12 35 21 

2014 9 30 10 14 75 2018 47 93 8 26 26 

2015 - 32 19 17 78 2019 87 87 10 - - 

Pre-Epidemic 

Mean 
(SD) 

29.8 
(11.7) 

42.5 
(9.3) 

17.8 
(15.4) 

16 (6.1) 31 (3.9) 
Mean 
(SD)  

53.2 
(24.4) 

73.4 
(21.6) 

16.6 
(7.4) 

38 (6.8) 10 (4.2) 

Post-Epidemic 

Mean 
(SD) 

5 (1.6) 
43.2 

(11.7) 
21.8 

(12.5) 
14 (2) 

82 
(17.6) 

Mean 
(SD)  

49.4 
(23.5) 

73.4 
(40.2) 

13.2 
(4.7) 

36 (8.2) 20 (4.5) 
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3.5.2 Stacked Case Analysis 

Table 4 – which presents a matrix displaying the findings from each case stacked 

side-by-side, organized within the Essential Public Health Services framework – 

facilitates comparison between the post-epidemic recovery experiences of Liberia and 

Haiti by disaggregating findings across relevant domains of health system functioning 

(i.e., assessment, policy development, and assurance).  Per the Framework, the 

assessment domain relates to routinely monitoring population health and investigating 

potential health hazards. Following their respective epidemics, both Haiti and Liberia 

adopted robust case-based approaches to surveilling vaccine-preventable diseases. In 

Liberia, however, the IDSR and EWARN systems – coupled with strong case reporting 

mechanisms, targeted assistance to underperforming counties, and community-based 

surveillance systems – contributed to better immunization outcomes long after the Ebola 

epidemic. Though Haiti established a national reference laboratory and developed an 

accompanying strategic plan, poor equipment availability and high maintenance costs 

threaten its fiscal sustainability. 

 The Framework’s policy development domain encompasses effective 

communication and health education, community mobilization, policy formulation and 

implementation, and legal and regulatory measures to promote health. In Liberia, a 

combination of top-down and grassroots-level communication strategies – coupled with 

active outreach to last mile communities – played an important role in recouping losses 

in routine immunization coverage. However, efforts to socialize post-cholera routine 

immunization in Haiti floundered; poor patient experiences at health facilities further 

diminished public demand for immunization services. Despite strong relationships with 
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external donors and international organizations, Haiti also struggled to mobilize 

partnerships with domestic civil society groups well-poised to promote immunization, 

such as the Haitian Red Cross. Like Haiti, Liberia also sustained strong relationships 

with international donors; additionally, it excelled at forging partnerships with community 

champions and civil society organizations, which proved consequential to improving 

post-Ebola immunization coverage. The two countries also differed considerably in 

terms of post-epidemic health system policy formulation. Numerous Liberian policies, 

strategic plans, and laws demonstrated strong alignment in their vision for a more 

resilient post-Ebola health system, and several included specific provisions for 

improving routine immunization. The majority of Haiti’s post-cholera plans and policies, 

by contrast, did not mention immunization or explicitly articulate strategies for improving 

coverage beyond the Post-Disaster Vaccination Plan or the EPI program’s cMYP.  

 The final domain of the Framework, assurance, addresses the importance of 

ensuring equitable access to needed services, supporting a diverse and skilled health 

workforce, sustaining a strong organizational infrastructure for public health, and 

strengthening public health functions through evaluation, research, and continuous 

quality improvement. Access to immunization services in Haiti was often impeded by 

violence, user fees, stockouts, long wait times, and weak referral mechanisms to 

primary care facilities. Parallel challenges were observed in other realms of public 

infrastructure in Haiti, where poor transportation and sanitation systems, weak cold 

chain capacities, and complex land ownership laws hindered efforts to establish 

permanent mechanisms for vaccine delivery. Though Liberia experienced similar 

infrastructural challenges, it still managed to strengthen referral mechanisms between 
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Ebola treatment units and primary care facilities, scale up EPHS delivery, and establish 

a National Public Health Institute to inform long-term health systems-strengthening 

activities. 

Despite differing trajectories of post-epidemic immunization coverage, Haiti and 

Liberia share a critical weakness: health workforce dissatisfaction. Health workers in 

both countries – including vaccinators and community workers supporting routine 

immunization programs – were often unhappy with their training, compensation, and 

geographic placement. In both countries, the epidemic in question diverted health 

workers from routine service provision, including immunization. Additionally, difficult 

working conditions and more lucrative offers from donor-funded campaigns resulted in 

health worker attrition from the public sector. Moreover, despite strong microplanning 

capacities, both countries reported major challenges in data management, estimating 

immunization coverage, and forecasting vaccine demand. Left unresolved, these shared 

challenges will likely hinder efforts to achieve and sustain high levels of routine 

immunization coverage, as well as coordinate new vaccine introductions in the future. 
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Table 4. Matrix of Stacked Cases  
Using the Essential Public Health Services Framework 

 

Core 
Function 

Essential Public  
Health Service 

Immunization Program 
 Recovery in Haiti 

Immunization Program 
Recovery in Liberia 

Assessment 

Assess and monitor 
population health status, 
factors that influence 
health, and community 
needs and assets 

▪ Active case-based, 
sentinel, and 
environmental 
surveillance for vaccine-
preventable diseases 

▪ Limited availability of 
equipment (e.g., 
computers) 

▪ Adoption of IDSR & 
EWARN systems 

▪ Strong reporting 
mechanisms for 
notifiable conditions 

▪ Strong case- and 
community-based 
surveillance protocols 

Assessment 

Investigate, diagnose, 
and address health 
problems and hazards 
affecting the population 

▪ Creation of a tiered, 
pyramidal network with 
a national reference 
laboratory 

▪ Development of a 
strategic plan and 
regulatory/legal 
framework 

▪ Funding from PEPFAR 
▪ Equipment 

maintenance 
outsourced to 
contractors 

▪ Adoption of IMS 
structure 

▪ Creation of an 
emergency operations 
Center 

▪ Targeted technical 
assistance provided to 
counties with poor 
immunization 
coverage 

Policy 
Development 

Communicate effectively 
to inform and educate 
people about health, 
factors that influence it, 
and how to improve it 

▪ Lack of communication 
and messaging to raise 
awareness of the 
importance of 
vaccination 

▪ Poor patient 
experiences at 
healthcare facilities 

▪ Intensified 
communication efforts 
via top-down and 
bottom-up approaches 

▪ Active outreach to 
communities without 
static clinics 

▪ Marketplace-based 
outreach 

▪ Radio programming 

Policy 
Development 

Strengthen, support, and 
mobilize communities and 
partnerships to improve 
health 

▪ Strong relationships 
with international 
donors 

▪ Lack of formal 
partnerships between 
the EPI program and 
civil society groups 
(e.g., Haitian Red 
Cross) 

▪ Strong relationships 
with international 
donors 

▪ Contracting with civil 
society organizations 
to support community 
engagement 

▪ Coordination with tribal 
chiefs, elders, women 
groups, and other 
community champions 

▪ Signatory to IHP+ 
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Policy 
Development 

Create, champion, and 
implement policies, plans, 
and laws that impact 
health 

▪ cMYP 2011-2015 
▪ Dedicated National 

Post-Disaster 
Vaccination Plan 

▪ PDNA and cholera 
elimination plans do not 
mention routine 
immunization  

▪ Political prioritization of 
immunization 

▪ National Health and 
Social Welfare Policy 
and Plan 

▪ National EPI Strategic 
Plan 

▪ Investment Plan for 
Rebuilding a Resilient 
Health System 

▪ National Health and 
Social Welfare Policy 
& Plan 

▪ National Community 
Health Services Policy 

▪ Economic Stabilization 
and Recovery Plan 

▪ National Action Plan 
for Health Security 

▪ National Health and 
Social Welfare 
Financing Policy & 
Plan 

Policy 
Development 

Utilize legal and 
regulatory actions 
designed to improve and 
protect the public’s health 

▪ No national legislation 
on immunization 

▪ Highly centralized 
organization of public 
sector health programs 

▪ Public Health Law 
(2019) 

▪ Improved 
accountability and 
partner coordination 
within a decentralized 
health system 
structure  

Assurance 

Assure an effective 
system that enables 
equitable access to the 
individual services and 
care needed to be healthy 

▪ Lack of referral 
mechanisms between 
cholera treatment units 
& primary care 

▪ Long distance to health 
facilities; long wait 
times; inaccessible 
transportation 

▪ Gang violence 
▪ Vaccine stockouts 
▪ Fee-for-service scheme 

▪ EPHS 
▪ Referral mechanisms 

strengthened between 
Ebola treatment units 
and routine health 
facilities 

▪ Urban Immunization 
Strategy 

▪ Reaching Every 
District 
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Assurance 
Build and support a 
diverse and skilled public 
health workforce 

▪ Shortage of qualified 
primary health workers 
in the public sector 

▪ Low, delayed 
compensation for public 
sector health workers 

▪ Attrition of health 
workers from the public 
sector 

▪ Increased 
immunization 
workforce training 

▪ Expansion of Field 
Epidemiology Training 
Program efforts 

▪ Low, delayed 
compensation for 
public sector health 
workers 

▪ Health worker strikes 
▪ Attrition of health 

workers from the 
public sector 

▪ Need for health worker 
educational reforms 

 
 
 
 

Assurance 

Improve and innovate 
public health functions 
through ongoing 
evaluation, research, and 
continuous quality 
improvement 

▪ Strong microplanning 
capacities 

▪ Efforts made to learn 
from prior disasters in 
Africa & Asia 

▪ Poor census data & 
unreliable coverage 
estimates 

▪ Weak data 
management and data-
sharing mechanisms 

▪ Strong microplanning 
capacities 

▪ Major improvements in 
infection prevention & 
control 

▪ Implementation of 
quality improvement 
measures at health 
facilities 

▪ Data discrepancies 
across parallel 
information systems 

▪ Poor census data & 
unreliable coverage 
estimates 

Assurance 

Build and maintain a 
strong organizational 
infrastructure for public 
health 

▪ Weak public 
infrastructure (roads, 
transportation, 
sanitation systems, 
energy, buildings, etc.) 

▪ Weak cold chain 
capacities 

▪ Few functional health 
facilities; reliance on 
temporary structures 
(e.g., tents) 

▪ Land ownership 
challenges 

▪ Parallel, donor-created 
information systems 
with no integration  

▪ Insufficient staffing at 
health posts 
 

▪ Transitioning Ebola 
treatment units into 
health facilities 

▪ Improved staffing at 
facilities 

▪ Major expansion of 
cold chain capacities 

▪ Established a National 
Public Health Institute 
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In addition to the domains articulated in the Framework, we identified several 

other similarities and differences between the two cases relating to the roles of 

colonialism in shaping the health system environments of both countries, the 

importance of country ownership and autonomy in matters of health governance, and 

the role of integration in shaping cohesive approaches to post-epidemic recovery. We 

discuss these issues in greater detail below. 

 

3.5.3 Colonial Legacies 

Historical injustice is a powerful driver of contemporary inequity. Quoting Nobel 

laureate Amartya Sen, the infrastructure scientist Debbie Chachra writes, “‘The 

usefulness of wealth lies in the things that it allows us to do—the substantive freedoms 

it helps us to achieve.’ This is also a fairly good description of infrastructural systems: 

they’re a general-purpose means of freeing up time, energy, and attention.”294 In this 

vein, centuries-long depletion of social, financial, and political capital initially paralyzed 

response and long-term recovery efforts in both Haiti and Liberia. And, as demonstrated 

in both cases, extractive colonialist practices – military occupation, extortion, distortion 

of national priorities, and undermining of political authority – have done significant harm 

to populations and health systems in Haiti and Liberia. The political theorist Peer Illner 

has also commented that “[disaster relief] has passed from the domain of state-led, paid 

reproductive work to the sphere of unwaged reproductive labour. This recent trend has 

been threefold: exposing communities to disaster by eroding their conditions of life 

through austerity; abandoning them to survive on their own; then selling off what 

remains of public relief infrastructures to commercial operators, once the immediate 
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threat has receded.”295 Illner’s observations mirror the colonial patterns of 

encroachment and extraction observed in both countries – commandeering aid flows, 

outsourcing or privatizing state capacities, and eschewing government autonomy in 

deference to donor preferences – which in turn were reified by international responses 

to the Ebola and cholera epidemics. The consequences of such practices impeded 

long-term recovery from these epidemics and efforts to resume routine immunization 

activities, particularly in Haiti. 

 

3.5.4 Country Ownership and Autonomy 

The political scientist Pavithra Suryanarayan writes, “Building state capacity in 

the short run is inordinately hard because an effective state requires a range of 

technical capabilities such as bureaucratic power, informational capacity, and coercive 

capacity.”296 As demonstrated in both countries but especially in Haiti, vertical, donor-

driven health initiatives implemented in a vacuum of state capacity risks undermining 

public sector agency, credibility, and autonomy; creates an economy of overreliance on 

external aid to subsidize public goods, including common goods for health; undercuts 

public trust in a government’s ability to fulfill its social contract; and, in some cases, 

does little in the long term to develop, operationalize, and institutionalize knowledge, 

expertise, and capital within the public sector.297 On this note, Noor also writes, “You 

must accept that countries are sovereign entities, fully responsible for planning, 

resourcing, implementing and monitoring their national response. Your help is needed, 

your ideas are welcome but the solutions to country problems must be arrived at by 

countries themselves. Ethical partners know theirs is a supportive role.”298 
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 Both cases strongly underscore the importance of Noor’s principles of ethical 

donor-country engagement. Though the literature and interviewees offered critiques of 

both Liberian and Haitian leadership and donor-driven health initiatives were prevalent 

in both countries, MoHSW appears to have secured a far greater degree of ownership 

and autonomy over Ebola response and health system recovery efforts than its MSPP 

counterparts following the cholera epidemic. By devising a plan to vest control of health 

financing within its own government and embedding Liberian leaders and experts within 

donor-funded response and recovery mechanisms, Liberia was able to rapidly scale up 

national immunization coverage while drastically reducing coverage inequities. The 

ethos of centering Liberian leadership and technical knowledge shaped nearly all 

aspects of response and recovery, from revitalizing IDSR and formulating the 

Investment Plan to implementing IMS and prioritizing community health. Political 

leaders’ firm commitment to improving immunization and community health capacities – 

which, in turn, was underpinned by programmatic and financial support – was also 

instrumental in achieving this. By contrast, the sidelining of MSPP in Haiti and 

fragmentation of financial and decision-making power across a slew of external actors 

obstructed cohesive action around immunization. Furthermore, the absence of a unified 

government response to the cholera outbreak impeded priority-setting, policymaking, 

and budgeting activities required for long-term immunization program recovery. 

 

3.5.5 Integration 

From health system ownership and autonomy follows integration: the alignment 

of health system leaders, priorities, funding streams, policies, workforces, and external 
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stakeholders across a full spectrum of coordinated, comprehensive health service 

provision.299 The post-epidemic immunization model adopted in Liberia – wherein 

targeted campaigns were not the primary modes of vaccination, but rather 

supplemented EPHS delivery – resulted in greater coverage compared to Haiti, where 

standalone vaccination campaigns were implemented largely in isolation from other 

primary health services and providers. Furthermore, Liberia achieved clear alignment 

across the various plans, policies, priorities, and budgets guiding immunization program 

recovery following Ebola. By contrast, limited planning and budgeting capacities in Haiti, 

the omission of routine immunization from key strategic plans, and the predominance of 

external decision-makers and consultants in decision-making around health indicate a 

less-integrated approach to improving equitable immunization coverage after the 

cholera epidemic. 

 

3.6 DISCUSSION 

This investigation examined the factors contributing to equitable post-epidemic 

routine immunization coverage in Liberia and Haiti. Lessons learned from past 

emergencies – infectious disease outbreaks, natural disasters, manmade catastrophes, 

and others – suggest that health systems should ideally possess the ability to scale up 

robust horizontal capacities for routine service provision to meet the demands of 

emergent crises.300 Yet, the divergent trajectories of post-epidemic routine immunization 

program recovery in these countries illustrate how such logic often fails in resource-

constrained settings, where baseline health system capacities may be weak or missing 

altogether. We found that achieving strong alignment between immunization policies, 
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integrating routine immunization into robust systems of primary care, and respecting 

country ownership and autonomy over health system functioning were essential to 

improving equitable immunization coverage in Liberia. By contrast, the absence of these 

factors may have contributed to widening coverage disparities in Haiti.  

 While the specific approaches adopted in these countries may not be universally 

applicable in every low- or middle-income setting, or after every type of infectious 

disease outbreak, this study did generate important insights about the facilitators and 

deterrents of routine immunization program recovery following major epidemics. These 

insights, in turn, may be transferrable to other resource-constrained settings 

characterized by weak primary care systems, a heavy reliance on external aid to 

subsidize both routine and emergency health system activities, and a strong donor 

presence. Political leaders and domestic health authorities in affected countries should 

conduct long-term planning to ensure alignment between budgets, plans, and routine 

immunization programs; treat routine immunization and community health systems as 

critical national priorities worthy of sustained, long-term investment; strengthen linkages 

between various health system components; and improve compensation structures and 

working conditions for public-sector health workforces. Donors and other external 

stakeholders, meanwhile, should strive to embed local expertise and leadership within 

vertical response and recovery structures, promote country ownership of domestic 

health programs, and work with in-country political leaders to support long-term 

budgetary and policy planning around routine immunization, community health, and 

primary care. 
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This investigation does have some limitations. First, none of the investigators 

speak, read, or write French, Haitian Creole, or any non-English language spoken in 

either Haiti or Liberia with enough proficiency to analyze relevant documents produced 

in these languages. Similarly, we were unable to interview key informants unless they 

could converse in English. A second limitation relates to the types of key informants 

recruited for this study: nearly every interviewee we consulted about Haiti was or is 

currently affiliated with donor agencies that responded to the earthquake and cholera 

epidemic. However, we were unable to secure many interviews with individuals affiliated 

with MSPP or Haitian-led organizations. Conversely, the majority of informants 

interviewed about Liberia were of Liberian descent and either currently or formerly 

affiliated with public-sector institutions that responded to the Ebola epidemic, while few 

represented donor agencies or external partners. As a result, our findings for both 

countries do not account for demand-side or end-user (i.e., patients, communities) 

perspectives on immunization program recovery, and in the case of Haiti, they do not 

sufficiently reflect public-sector perspectives (e.g., from MSPP). Furthermore, we 

identified very few peer-reviewed studies and grey literature documents featuring 

Haitian authorship; MoHSW authors, by contrast, were comparatively well-represented 

in published scholarship on Ebola, routine immunization, and post-epidemic recovery. 

Given these omissions and the aforementioned language barriers, it is likely that 

valuable perspectives on immunization and health system recovery are missing from 

both cases – particularly Haitian perspectives. 

The Essential Public Health Services framework was an intuitive tool in terms of 

articulating a set of basic organizing principles for health systems and providing a 



151 
 

common vernacular for discussing recovery across diverse health system stakeholders. 

However, it also has some limitations, which became apparent over the course of this 

investigation. First, the Framework appears to be conceptual in design rather than 

analytical; as such, it does not indicate how individual essential services should be 

weighted relative to one another, nor does it suggest how they should be organized, the 

time required to establish said services, or the order in which stakeholders should 

pursue them. Furthermore, as Fitter et al. note in their analysis of public health system 

recovery in Haiti, the Framework does not explicitly account for health governance, 

political will, leadership, or financing.185 Perhaps these were envisioned as cross-cutting 

competencies or considerations rather than essential “services”; if so, a clearer 

statement of the assumptions underpinning the Framework would be valuable.  

 Accompanying Framework guidance states, “To achieve equity, the Essential 

Public Health Services actively promote policies, systems, and overall community 

conditions that enable optimal health for all and seek to remove systemic and structural 

barriers that have resulted in health inequities.” The Framework positions equity as the 

core of the ten essential services but makes no mention of ethics or justice beyond this 

stated purpose. Nevertheless, by deeming certain services “essential,” the Framework 

makes implicit normative judgements about their value without explicitly considering 

structural factors – such as state capacities and colonial legacies – that shape their 

availability, provision, and utilization. Finally, the Framework does not clearly explicate 

linkages between individual essential services. Mounier-Jack et al. present similar 

critiques of WHO’s health system building blocks model – which, like the Framework, 

does not account for demand-side considerations associated with health service 
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provision or structures of power and decision-making.301 Thus, practitioners and 

policymakers might consult the Framework to arrive at a common understanding of 

health system needs and priorities following a major crisis, but may find it less useful as 

an operational tool for guiding health system recovery efforts. In the context of this 

investigation, these limitations may have impeded more granular comparisons between 

the leadership dynamics, financing schemes, and broader social, political, and 

environmental factors contributing to each country’s post-epidemic trajectory. 

To assess the confirmability of this investigation, follow-on case studies might 

examine post-epidemic immunization programs in other settings to determine whether 

similar barriers and facilitators of recovery exist. Coupling other methodological 

frameworks, such as a positive deviance lens, with additional forms of data (e.g., social 

media content, financial data, mobile data) and modes of data collection (e.g., focus 

groups, community-based participatory research, surveys) could also yield rich insights 

into demand-side considerations for post-epidemic health system recovery.302 Future 

analyses might also compare and contrast perspectives across sectors and 

stakeholders (e.g., donors, NGOs, public-sector health institutions, patients) to paint a 

more comprehensive picture of post-epidemic recovery. Additionally, a formal power 

analysis of post-epidemic health system reforms could elucidate how relationships 

between donors, policymakers, practitioners, and communities shape population health 

outcomes following major crises.303 

 As the world continues to combat COVID-19, these findings may be especially 

salient for health practitioners working to reverse population health setbacks and ensure 

the continuity of core public health programs like routine immunization. For example, 
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donors might consider earmarking a portion of COVID-19 emergency response funds 

toward ensuring the continuity of routine immunization programs and integrating 

COVID-19 vaccination capacities into primary care systems, while ministerial and 

subnational health officials should explicitly account for these considerations in 

pandemic response and recovery plans. Decision-makers in LMICs – as well as donors 

supporting health programs in these settings – will play particularly important roles in 

course-correcting health systems struggling to meet the demands of the pandemic, 

often at the expense of providing core primary health services. How these stakeholders 

coordinate both intra- and post-pandemic recovery efforts will shape future trajectories 

of population health and health equity. 
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AIM THREE 

Group-Based Trajectory Models of Integrated Vaccine Delivery  

and Equity in Low- and Middle-Income Countries 

 

"The final and perhaps most fundamental question is how to ensure true 

equity in reaching those in greatest need. This goes well beyond issues of 

equal coverage. Rather than traditional bureaucratic concerns about 

equalizing input, a more cost-effective approach may be to focus on 

outcome. This will require means to identify those in greatest need and at 

most risk. A new approach to surveillance may be needed to evolve social 

indicators to monitor pockets where health problems are concentrated. 

Public funds can then be focused where they will make the greatest 

difference in improving the health of the community. But the political 

ramifications of such an egalitarian approach to affirmative action are 

manifestly complex." 

Carl Taylor and Richard Jolly 

“The Straw Men of Primary Health Care” 

 

4.1 ABSTRACT 

Integrated vaccine delivery – the linkage of routine vaccination with provision of 

other essential health services – is a hallmark of robust primary care systems that has 

been anecdotally linked to equitable improvements in population health outcomes. In 

this investigation, we gather longitudinal data relating to routine immunization coverage 
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and vaccination equity in 78 low- and middle-income countries that have ever received 

support from Gavi, the Vaccine Alliance, using multiple imputation to handle missing 

values. We then estimate several group-based trajectory models to describe the 

relationship between integrated vaccine delivery and vaccination equity in these 

countries. We identified five distinct trajectories of geographic vaccination equity across 

both the imputed and non-imputed datasets, along with two and four trajectories of 

socioeconomic vaccination equity in the imputed and non-imputed datasets, 

respectively. We find that integrated vaccine delivery is most strongly associated with 

improvements in vaccination equity in settings characterized by high baseline levels of 

inequity. We also address critical challenges in measuring both integration and equity 

and call for continued scholarship further characterize the relationship the two. 

 

4.2 BACKGROUND 

Health systems research in low- and middle-income settings features a 

longstanding debate over the merits of vertical versus horizontal modes of health 

service delivery. Broadly, vertical programs are disease-specific, often freestanding 

initiatives with specified objectives to be achieved within a limited timeframe.13 The 

Global Polio Eradication Initiative – a USD$20 billion program that has eliminated 

poliomyelitis incidence by 99.9% since its inception in 1988 – is a classic example of a 

vertical health program, as is the ongoing global COVID-19 vaccination effort.39 By 

contrast, the World Health Organization (WHO) defines horizontal (i.e., “integrated”) 

approaches as “the process of bringing together common functions within and between 

organizations to solve common problems, developing a commitment to shared vision 
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and goals and using common technologies and resources to achieve these goals.”304 

Systems for delivering comprehensive primary health care – including all preventive, 

curative, palliative, and rehabilitative services needed over a person’s lifetime – embody 

the ethos of integrated health service provision.305 Finally, some initiatives elect to adopt 

hybridized approaches: the Expanded Programme on Immunization (EPI), for example, 

is a primary care program that focuses on cost-effective, vertical delivery of routine 

health services, while Integrated Management of Childhood Illness is a widely adopted 

health package that not only targets childhood diseases, but also aims to strengthen 

health workers’ case management skills, encourage positive care-seeking behaviors 

among patients, and promote preventive care.13 

 The widespread prevalence of vertical programs across the global health 

landscape raises questions about conditions under which it is appropriate to transition a 

given vertical program into an integrated, horizontal system – and, if appropriate, how 

best to facilitate this transition. A robust body of literature affirms the value of pursuing 

integrated approaches to delivering many routine health services, citing potential 

improvements in health system governance, program sustainability, community 

involvement, equitable provision of care, and access to and coverage of essential 

services.306–310 Other analyses paint a murkier picture: several systematic reviews, for 

example, assert that the purported benefits of integration are highly variable across 

contexts or remain largely unproven in public health and healthcare practice, and cite 

logistical challenges, unequal resource allocation, and limited immunization capacities 

as barriers to achieving desired levels of coverage.311–314 
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Though integrated delivery may not be suitable for every health service, a 

substantial body of evidence affirms the value of integrated routine vaccine delivery. In 

fact, WHO identifies integrated delivery as an important strategy for increasing routine 

vaccination coverage.17 Because immunization coverage is relatively high in many 

countries, vaccination programs are an attractive vehicle for concomitantly increasing 

coverage of other critical health services. For this reason, WHO’s Global Vaccine Action 

Plan 2011-2020 includes integration as one of its six guiding principles, underscoring its 

role in achieving immunization coverage goals and providing a platform for other public 

health interventions, such as Vitamin A supplementation and deworming.18 Additionally, 

a study by Niessen et al. found that expanded vaccine coverage – coupled with 

nutritional programs and indoor air pollution control measures – could reduce 

pneumonia-associated child mortality by as much as 13-17% in the 40 countries with 

the highest mortality.315 Similarly, a systematic review of the economic benefits of 

vaccination reports that using vaccines in conjunction with other treatments and 

community infrastructure-strengthening efforts actually improves the financial 

sustainability and affordability of healthcare programs in low- and middle-income 

countries (LMICs).19 WHO notes that “integrated health services by design enhance 

equity; they encourage the selection of services based on the holistic needs of a given 

population and deliver many different types of care across the life course, from health 

protection and promotion and disease prevention to diagnosis, treatment, disease 

management, long-term care, rehabilitation and palliative care. This continuum of care 

is coordinated across the different levels and sites of care within and beyond the health 

sector.”299 For the purposes of this investigation, we extrapolate from this description to 
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define integrated vaccine delivery as the linkage of routine vaccination services with 

other core public health interventions within a primary healthcare system. 

Some evidence suggests that linking immunization with other public health 

interventions (e.g., deworming, Vitamin A supplementation, bednet distribution) can help 

reduce vaccination inequities in LMICs.316–319 The United Nations Development 

Programme writes, “vaccine equity means that vaccines should be allocated across all 

countries based on needs and regardless of their economic status. Access to and 

allocation of vaccines should be based on principles grounded in the right of every 

human to enjoy the highest attainable standard of health without distinction of race, 

religion, political belief, economic, or any other social condition.”320 In this vein, a study 

by Gupta et al. reports that implementation of India’s National Rural Health Mission – 

which aims to integrate management of childhood and neonatal illnesses – led to 

significant reductions in vaccination coverage disparities between urban and rural 

populations, wealthy and poor populations, and male and female children.20 Similarly, in 

Madagascar, integrating insecticide-treated bednet delivery with measles immunization 

efforts has been found to increase measles vaccination coverage among the hardest-to-

reach children. Various studies also advocate for integrating routine immunization with 

other core services as an effective strategy for reducing inequities in health service 

coverage.21 For example, countries receiving financial and programmatic support from 

Gavi, the Vaccine Alliance (“Gavi,” a public-private partnership dedicated to increasing 

immunization access in poor countries) have implemented strategies aimed at 

improving health equity and strengthening health systems.321 Despite the documented 

benefits of integrated vaccine delivery, its relationship with vaccination equity has not, to 
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our knowledge, been systematically studied across LMICs. Moreover, we have not 

identified any studies measuring the longitudinal impacts of integrated vaccine delivery 

on vaccination equity at the country level. 

 Here, we examine the relationship between integrated vaccine delivery and 

vaccination equity in low- and middle-income countries by using longitudinal data to 

develop several group-based trajectory models. This investigation commences with an 

overview of measurement and data collection activities, followed by a description of the 

method and analytical procedures; results from the analysis; and a discussion of the 

findings, limitations of this investigation, and potential directions for future research in 

this area. 

 As it did not qualify as human subjects research, this investigation was deemed 

exempt from full review by the Institutional Review Board at the Johns Hopkins 

Bloomberg School of Public Health (FWA #00000287). 

 

4.2.1 Measuring Integrated Vaccine Delivery & Vaccination Equity 

First, we purposively examined the peer-reviewed and grey literature for existing 

measures of vaccination equity and health system integration. We found that studies of 

vaccination distribution and uptake in LMICs generally frame equity in terms of crude 

coverage within and across key dimensions of vulnerability, including but not limited to 

age, sex or gender, race, wealth level, education level, citizenship status, and 

geography (i.e., urban vs. rural setting).322–327 Crude coverage refers to the proportion of 

individuals within a population targeted for vaccination that actually receives said 

vaccination (by contrast with effective coverage, which describes the proportion of a 
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target population that receives a given vaccination and subsequently undergoes 

seroconversion, thereby developing protective immunity).328 

 The crude coverage-based approach to measuring vaccination equity has been 

embraced by many public health practitioners, donors, and decision-makers, including 

Gavi. As part of its 2016-2020 strategy to support equitable immunization programs in 

lower-income countries, Gavi published a set of accompanying indicators to monitor 

progress toward its stated vaccine, systems, sustainability, and market-shaping 

goals.329 Two equity measures described in the strategy include equity of vaccination 

coverage by geography (i.e., the proportion of districts with coverage of the third dose of 

diphtheria-pertussis-tetanus-containing vaccine [DTP3] ≥80%, across all Gavi countries, 

hereinafter referred to as “geographic equity”) and equity of coverage by poverty status 

(i.e., the difference in coverage of the third dose of pentavalent vaccine between the 

richest and poorest quintiles, hereinafter referred to as “socioeconomic equity”).329 

 Arsenault et al. note that measuring absolute and relative coverage gaps 

between the wealthiest and poorest quintiles – the difference in coverage and the ratio 

of coverage, respectively – is an intuitive approach to quantifying vaccination equity 

when only two subgroups of analysis are under consideration (e.g., urban vs. rural, 

male vs. female).330 However, applying this approach to poverty status could conceal 

disparities in coverage within and between mid-range wealth quintiles.330 For this 

reason, we modified Gavi’s measures of geographic and socioeconomic equity to 

examine, respectively, the proportion of districts within a given country to achieve ≥80% 

crude coverage of the first dose of measles-containing vaccine (MCV1) and the slope 

index of inequality (SII). WHO defines SII as “a complex, weighted measure of 
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inequality that represents the absolute difference in estimated values of a health 

indicator between the most-advantaged and most disadvantaged (or vice versa for 

adverse health outcome indicators), while taking into consideration all the other 

subgroups.”331 In this analysis, we calculated SII from estimates of MCV1 coverage 

disaggregated by wealth quintile. Larger, positive SII values indicate that high MCV1 

coverage is more prevalent among wealthier quintiles, while smaller, negative values 

reflect greater coverage in poorer quintiles. 

 We chose to frame equity in terms of MCV1 rather than DTP3 or pentavalent 

vaccination coverage for several reasons. First, DTP doses are administered almost 

exclusively through routine health programs, whereas measles immunization efforts are 

often implemented through both horizontal and vertical pathways, even in settings with 

high MCV1 coverage.332 As such, MCV1 coverage may be a more sensitive metric of 

integrated vaccine delivery. Second, in many countries, the first three doses of DTP 

vaccines are typically administered at two, four, and six months of life, respectively (or 

at 6 weeks, 10 weeks, and 14 weeks of life if using the pentavalent vaccine).333,334 

MCV1, however, is not administered until at least 9 months of life to prevent maternal 

antibody interference with the live vaccine and subsequent vaccination failure.335 Due to 

patient attrition often observed between doses in resource-constrained settings, 

achieving and sustaining high MCV1 coverage thus represents a stretch goal for health 

systems in LMICs.336,337 Furthermore, measles outbreaks function as proverbial 

“canaries in a coalmine,” signaling poor health system functioning, persistent inequities 

in coverage, and challenges in immunization program implementation.68,336,338–340 

Finally, measles is among the most contagious diseases, infecting and killing tens of 
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thousands of children each year and leaving survivors with permanently weakened 

immune systems.341,342 Thus, we felt that equity measures framed in terms of MCV1 

coverage would serve as more meaningful indicators of health system functioning and 

population health in LMICs. 

 In addition to the aforementioned metrics of vaccination equity, Gavi also utilizes 

a measure of integrated vaccine delivery developed by WHO’s SAGE Decade of 

Vaccines Working Group (“the Working Group”) – the only such measure that we 

identified in the literature and adopted in this analysis. This measure examines crude 

coverage of four core health services: DTP3, MCV1, protection at birth against neonatal 

tetanus (PAB), and at least one antenatal care visit (ANC1). If national co-coverage 

levels of these services are within ten percentage points of one another, and all four are 

at or above 70%, then the country in question is considered to have achieved integrated 

vaccine delivery as part of a robust horizontal health system. Per the Working Group, 

weak coverage correlation between these four services indicates poor integration, while 

the 70% threshold excludes weak health systems with poor service coverage across the 

board from being considered integrated.329 

 

4.3 METHODS 

4.3.1 Data Collection 

From our purposive review of the literature, we identified several studies by 

Arsenault et al. that identified country-level predictors of vaccination equity in countries 

supported by Gavi.330,343,344 Drawing from these studies, we determined which variables 

to gather for our investigation and designed a tool in Google Forms to collate data. 
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Next, we used the collation tool to compile a dataset of country-level indicators relating 

to routine health service coverage, socioeconomic conditions, and additional measures 

of health system performance for 78 countries that had ever received Gavi support, 

focusing on the years 2003-2019 (i.e., the period for which longitudinal routine 

immunization data from WHO were available).††† These measures were sourced from a 

broad range of publicly available repositories and sources, including the WHO-UNICEF 

Joint Reporting Forms on Immunization, WHO’s Global Health Observatory and Global 

Health Expenditure Database, the Demographic and Health Surveys (DHS) Program, 

Multiple Indicator Cluster Surveys (MICS), and World Bank Open Data, among others. 

A complete summary of collected indicators and their sources is available in Appendix 

D. 

 

4.3.2 Group-Based Trajectory Modeling 

We performed group-based trajectory modeling (GBTM) to describe 

developmental trajectories of geographic and socioeconomic vaccination equity in Gavi 

countries between 2003 and 2019. GBTM was pioneered by Daniel S. Nagin and 

Kenneth C. Land, who first described the method in a landmark paper examining the 

relationships between age, rates of criminality, and differences between chronic and 

less-active criminal offenders.345 GBTM has since been applied across a wide range of 

studies in psychology, sociology, criminology, and medicine.346–349 

 
††† We excluded data from 2020 to avoid confounding effects on vaccine delivery due to the COVID-19 
pandemic. We also excluded years preceding 2008 in our geographic equity analysis due to questionable 
district-level coverage estimates reported during those years. 
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 GBTM is a method for approximating distinct developmental trajectories of an 

outcome of interest, drawing from longitudinal data. It has been described as a form of 

latent class modeling, wherein a set of observed variables are related to a set of latent 

variables (i.e., variables that are not directly observed, but inferred from observed 

variables).350 Likewise, Nagin defines group-based trajectory models as specialized 

cases of finite mixture models, which assume the presence of unobserved latent 

classes in a population: 

 

“Many of the most interesting and challenging problems in 

longitudinal analysis have a qualitative dimension that allows 

for the possibility that there are meaningful subgroups within 

a population that follow distinctive developmental trajectories 

that are not identifiable ex ante based on some measured 

set of individual characteristics (e.g., gender or 

socioeconomic status)…For research problems with a 

taxonomic dimension, the aim is to chart out the distinctive 

trajectories, to understand what factors account for their 

distinctiveness and to test whether individuals following the 

different trajectories also respond differently to a treatment, 

such as a medical intervention, or a major life event.” 

 

GBTM is thus a technique for using longitudinal data to identify clusters of 

individuals who follow similar developmental trajectories, as opposed to forecasting the 
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outcome of any individual group member. While it is possible to measure whether non-

latent individual characteristics (i.e., predictors) are associated with a given outcome’s 

trajectory, Nagin emphasizes that it is impossible to assign an individual preemptively or 

definitively to a specific trajectory; it is only possible to construct an expected trajectory. 

Furthermore, trajectories themselves are not immutable and are likely to evolve as 

additional data become available, or as individual subjects experience unmeasured life 

events or interventions.351 

 In a further departure from standard approaches to growth curve modeling like 

hierarchical modeling and latent curve analysis – which assume that trajectory 

parameters are continuously distributed throughout the population per a multivariate 

normal distribution – GBTM postulates the existence of distinct clusters or groupings of 

developmental trajectories of analytic significance, and assumes that individual 

trajectory differences can be summarized by a finite set of polynomial functions of 

time.351 In other words, as Nagin writes, “The group-based method focuses on 

identification of different trajectory shapes and on examining how the prevalence of the 

shape and the shape itself relate to predictors. By contrast, standard growth curve 

modeling focuses on the population mean trajectory and how individual variation about 

that mean relates to predictors.”351 Thus, GBTM is a particularly useful method for 

characterizing distinct longitudinal trends in a given outcome of interest, as well as for 

describing phenomena like vaccination equity that may not follow a predictable 

developmental trajectory. 

Though groups themselves are latent longitudinal strata and are not directly 

observable, they nevertheless have important conceptual and analytical value and can 
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identify important longitudinal features of the dataset in question.352 For example, 

identifying proportions of each group with risk variables of interest could reveal 

important insights into disease onset and progression. Adding risk factors or time-

varying covariates to group-based trajectory models can also help assess the effects of 

major events on developmental trajectories within groups; conversely, treating group 

membership as a dependent variable allows researchers to control for complex 

developmental trajectories.353 Finally, grouping allows for complex longitudinal data to 

be intuitively summarized, and can, according to Nagin, “provide a statistical snapshot 

of the distinguishing characteristics and behaviors of individuals following distinctive 

developmental pathways.”352  

 To the best of our knowledge, GBTM has not been previously applied in peer-

reviewed health systems research focusing on vaccination or LMICs, though the 

method has been used to examine country-level phenomena such as infant mortality 

and terrorism.354,355 Given the methodological challenges associated with conducting 

health systems research at the country level, we posit that GBTM could serve as a 

useful tool for characterizing longitudinal trends in health system evolution. English et al. 

note, for example, that randomized controlled trials – generally considered to be the 

“gold standard” study design for ascertaining impact and causality – are often infeasible 

in health systems research due to the limited availability of randomizable units, the 

inherent complexities and heterogeneity of health systems and health interventions, the 

complexity of causal pathways, and the risk of contamination.356 Methods like GBTM 

could help chart the developmental trajectories of health system performance over time, 

thereby elucidating how health outcomes of interest (e.g., equitable vaccination 
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coverage) evolve longitudinally. This method could also help identify correlates of equity 

and facilitate comparison between high- and low-performing groups. 

 

4.3.3 Using GBTM to Examine Integration and Equity 

As a form of latent class analysis, GBTM lends itself to analyzing the relationship 

between integrated vaccine delivery and equity for several reasons. First, observable 

variables – such as immunization coverage, wealth, and population – are often prone to 

measurement error and method variance (e.g., when two methods of coverage 

estimation applied in the same setting produce differing estimates of coverage). By 

contrast, as Salkind writes, 

 

“Latent variable methodologies provide a means of 

extracting a relatively pure measure of a construct from 

observed variables, one that is uncontaminated by 

measurement error and method variance. The basic idea is 

to capture the common or shared variance among multiple 

observable variables or indicators of a construct. Because 

measurement error is by definition unique variance, it is not 

captured in the latent variable…When the observed 

indicators represent multiple methods, the latent variables 

also can be measured relatively free of method variance.”357  
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Second, given significant heterogeneity within countries and the fact that 

countries develop and achieve equitable health outcomes at differing rates, classifying 

them based solely on observable characteristics measured at the national level may not 

adequately explain longitudinal trends in equity. For example, though income level is 

strongly associated with vaccination equity in LMICs, some countries (e.g., Nigeria, a 

lower-middle-income country) nevertheless report significantly lower levels of MCV1 

coverage across wealth quintiles compared to their peers (e.g., Zambia, another lower-

middle-income country) and in some cases, even their poorer counterparts (e.g., 

Malawi, a low-income country).254,358 Thus, examining membership in unobserved 

classes may offer another approach to elucidating unexpected patterns in vaccination 

equity and relating these patterns to observable variables.359 

 Finally, both integration and equity manifest heterogeneously across countries. In 

the context of vaccination, for example, Sodha and Dietz note that infrastructural 

improvements may initially spark rapid increases in vaccination coverage, but these 

increases often plateau once coverage surpasses 80%.360 As previously described, 

health service integration is also a highly dynamic phenomenon that may have varying 

effects on equity in different LMICs. In fact, WHO identifies six distinct uses of the term 

“integration”: (1) deploying a package of preventive and curative health interventions for 

a particular population group; (2) establishing multi-purpose service delivery points 

(e.g., multi-purpose clinics); (3) ensuring continuity of care over time (either for chronic 

conditions or via a life cycle approach); (4) achieving vertical integration of different 

levels of service (e.g., referrals and shared health information across and between 

different levels of health service provision); (5) integrating policymaking, planning, and 
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management (e.g., through shared supply chains); and (6) working across sectors to 

achieve desired health outcomes.361 Wallace et al. further report that integrated 

provision of routine services (e.g., via Child Health Weeks) is typically more effective in 

settings with weak health systems, while Atun et al. highlight the role of local contexts in 

modulating the outcomes of integrated service delivery.312,313 Thus, given the possibility 

of diminishing equity returns in settings with already-high coverage and the 

heterogeneous effects associated with different forms of health service integration, 

grouping countries by their respective developmental equity trajectories may serve as a 

useful comparative device. 

 

4.3.4 Model Specification, Diagnostics, and Data Analysis 

All data analysis was performed using Stata 17.191 We used traj, a Stata plugin 

developed by Bobby Jones and Daniel Nagin, to estimate several group-based 

trajectory models of geographic and socioeconomic vaccination equity across the 78 

countries in our sample.362 We also used siilin, a command developed by the 

International Center for Equity in Health (Universidade Federal de Pelotas), to estimate 

SII for countries with publicly available MCV1 coverage estimates disaggregated by 

wealth quintile.363 Accompanying Stata code for each analysis is provided in 

Appendices E-H. 

 We first performed multivariate normal imputation to handle missing data in our 

sample, given a high degree of missingness in the variables required to measure 

integration (i.e., ANC1 and PAB), as well as those required to measure our equity 

outcomes (i.e., geographic equity, SII, and MCV1 coverage across each of the five 
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wealth quintiles). We performed 10 imputations across these 9 variables for all 78 

countries. This created an imputed dataset of 14,586 observations, of which 2,140 were 

ultimately used in the imputation regression model (see Table 5 for a summary of 

dropped observations). The analyses described hereinafter were conducted separately 

on both the imputed and non-imputed datasets. 

 Next, we specified censored normal distribution models for each outcome of 

interest – geographic and socioeconomic vaccination equity – given that they are 

continuous (versus dichotomous or categorical) measures with discrete minimum and 

maximum values. We then determined the optimal number of trajectory groups to 

include in each model: holding all other parameters constant, we estimated models with 

two, three, four, and five groups and found that a five-group model produced high 

Bayesian information criterion (BIC) and entropy values for the geographic equity 

model, while four-group and two-group specifications proved optimal for the non-

imputed and imputed socioeconomic equity models, respectively. Using procedures 

described by Soper, Cohen, and Westland, we estimated that a minimum of 1,599 

observations would be required for the five-group geographic equity model to detect a 

small association (0.1) between integration and equity at 80% statistical power (p = 

0.05), 150 observations to detect a medium association (0.3), and 38 observations to 

detect a large association (0.5). To achieve the same level of statistical power, the four-

group socioeconomic equity model would require 1,454 observations to detect small 

associations, 137 observations to detect medium associations, and 34 observations to 

detect large associations.364–366 The two-group socioeconomic equity model would 

require 947, 90, and 23 observations to detect small, medium, and large associations, 
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respectively. Despite our small sample, we felt the large number of observations across 

countries would sufficiently power our analysis to at least detect large associations over 

the study period. 

 To determine whether equity trajectories depend on integration in addition to 

time, we included integration as a time-varying covariate in both models. We then 

toggled the polynomial order of the imp five-group geographic equity model and found 

that a linear specification for all groups produced high BIC and entropy values. A 

combination of intercept and linear polynomials produced a robust, non-imputed, four-

group socioeconomic equity model, while linear polynomials alone proved sufficient in 

the imputed, two-group socioeconomic equity model. We used parametric bootstrap 

sampling to estimate group size confidence intervals. Next, we performed several of 

Nagin’s recommended diagnostic checks for each model: calculating average posterior 

probabilities of group assignment, determining the odds of correct group classification, 

and conducting a visual inspection of confidence intervals in resultant trajectory plots 

(Table 6).351 Finally, we performed multinomial logistic regression to identify predictors 

of group membership. 

 

4.4 RESULTS 

4.4.1 Country Characteristics 

Our sample consisted of 78 low- and middle-income countries that have ever 

received Gavi support. The majority of the countries in the sample reside in sub-

Saharan Africa (n = 40, 51.3%), per the World Bank’s regional classification scheme, 

while 12 countries reside in East Asia and the Pacific (15.4%), 11 in Europe and Central 
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Asia (14.1%), 6 in Latin America and the Caribbean (7.7%), 2 in the Middle East and 

North Africa (2.6%), and 7 in South Asia (9%). Additionally, the World Bank classifies 28 

countries (35.9%) in the sample as low-income, 40 (51.3%) as lower-middle-income, 

and 10 (12.8%) as upper-middle-income. Across both the imputed and non-imputed 

datasets, mean geographic and socioeconomic equity were highest in Europe & Central 

Asia and lowest in sub-Saharan Africa. Furthermore, upper-middle-income countries 

reported the highest mean levels of equity across both datasets, while low-income 

countries reported the lowest mean levels. Complete demographic details for the 

countries, along with mean geographic and socioeconomic equity measures 

disaggregated by region and income level, are summarized in Table 7. 

 

4.4.2 Integrated Vaccine Delivery 

Countries reported varying levels of integrated vaccine delivery (hereinafter 

referred to as “integration”) over the course of the study period. Among low-income 

countries, 11 (out of 28 total, 39.3%) achieved integration of all four core services at 

various points between 2003 and 2019, compared to 20 (50%) lower-middle-income 

countries and 1 (10%) upper-middle-income country. Integrated vaccine delivery also 

varied geographically: 5 countries in East Asia and the Pacific (41.7% of all countries in 

the region), 3 (50%) countries in Latin America and the Caribbean, 5 (55.6%) countries 

in South Asia, and 19 (47.5%) countries in sub-Saharan Africa achieved integration at 

least once during the study period. By contrast, there were 78 countries (28 low-income, 

40 lower-middle-income, and 10 high-income) that never achieved integration during the 

study period. The majority of these countries reside in sub-Saharan Africa (n = 21), 
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followed by Europe and Central Asia (n = 11), East Asia and the Pacific (n = 7), Latin 

America and the Caribbean (n = 3), the Middle East and North Africa (n = 2), and South 

Asia (n = 2). Table 8 summarizes integration scores earned by each country during the 

study period. 

 

4.4.3 Trajectory Analysis 

Tables 9 and 10 present the maximum likelihood estimates for each model’s 

parameters, Tables 11 and 12 display the confidence intervals for each model’s equity 

estimates, Table 13 lists countries by group assignment, Tables 14 and 15 describe 

predictors of group membership, and Figures 10-13 illustrate the trajectories of 

geographic and socioeconomic equity over time. The geographic equity model 

produced five distinct trajectories across both the imputed and non-imputed datasets: a 

“low-increasing” curve (Group 1, blue), a “middle-decreasing” curve (Group 2, red), a 

“middle-stable” curve (Group 3, dark green), a “high-stable” curve (Group 4, orange), 

and a “middle-increasing” curve (Group 5, light green). In the non-imputed dataset, 

Groups 1-5 included roughly 13%, 18%, 27%, 30%, and 13% of the countries in our 

sample, respectively. The model based on the imputed dataset assigned 12%, 17%, 

26%, 28%, and 16% of the countries to Groups 1-5, respectively. 

 The non-imputed socioeconomic equity model produced four distinct trajectories: 

a “low-inequity” curve (Group 1, blue), a “medium-decreasing” curve (Group 2, red), a 

“medium-stable” curve (Group 3, green), and a “high-inequity” curve (Group 4, orange). 

Groups 1-4 included roughly 39%, 30%, 27%, and 4% of the countries in our sample, 

respectively. By contrast, the imputed model produced two trajectories: a “low-stable” 
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curve (Group 1, blue) consisting of 69% of countries in the sample, and a “high-stable” 

curve (Group 2, red) that included 31% of countries. 

 We did not detect a statistically significant association between integrated 

vaccine delivery and geographic equity using the non-imputed dataset, or in Groups 1-3 

in the non-imputed socioeconomic equity model. However, there was a significant 

association between the two in countries belonging to Group 4 in the non-imputed 

socioeconomic equity model, both groups in the imputed socioeconomic equity model, 

and Groups 1-4 in the imputed geographic equity model. In the non-imputed dataset, 

integration was associated with a 0.53-unit reduction in SII in Group 4 (high-inequity). In 

Groups 1-4 in the imputed dataset, it was associated with 8.3-, 7.9-, 4.6-, and 1.6-

percentage point increases per one-unit change in integration score, respectively, in the 

proportion of districts reporting greater than 80% MCV1 coverage. In this same dataset, 

integration was associated with a 0.054-unit reduction in SII in Group 1 (low-stable) 

countries and a 0.12-unit reduction in SII in Group 2 (high-stable) countries. 

 

4.4.4 Predictors of Group Membership 

Tables 15 and 16 summarize results from our multinomial logistic regression 

analyses, whereby we identified predictors of group membership for each trajectory 

model. Appendix D contains a glossary of the variables included in this analysis, along 

with corresponding definitions and sources.  

 In the non-imputed geographic equity dataset, we identified several predictors of 

membership in each group: in Group 2 (middle decreasing), income level, region, 

female education, political stability, corruption, out-of-pocket health expenditures, 
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government expenditures on health, linguistic fractionalization, and distance (i.e., the 

proportion of the population more than 60 minutes by foot away from the nearest health 

facility); in Group 3 (middle-stable), income, region, political stability, government 

effectiveness, out-of-pocket health expenditures, government expenditures on health, 

external resources for health per capita, land area, and distance; in Group 4 (high-

stable), income level, region, female education, government effectiveness, gender 

inequality, out-of-pocket health expenditures, government expenditures on health, 

external resources for health per capita, land area, linguistic fractionalization, and 

distance; and in Group 5 (middle-increasing), region, female education, political stability, 

gender inequality, land area, linguistic fractionalization, and distance. Notably, 

integration was not a significant predictor of membership in any of the five groups. 

Using the imputed dataset, however, we found that all of the variables included in the 

regression model were significant predictors of membership in Groups 1-4. With the 

exception of corruption, these variables were also significant predictors of Group 5 

(middle-increasing) membership. 

 In the non-imputed socioeconomic equity dataset, we identified several 

significant predictors of Group 2 (medium decreasing) membership, including female 

education, gender inequality, government expenditures on health, external resources for 

health per capita, and land area. Female education, gender inequality, out-of-pocket 

health expenditures, government health expenditures, external resources for health per 

capita, land area, linguistic fractionalization, and distance were also significant 

predictors of membership in Group 3 (medium stable). Integration was not a significant 

predictor of membership in any group, nor did we identify any significant predictors of 
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Group 4 (high-inequity) membership using the non-imputed dataset. Using the imputed 

dataset, however, we found that with the exception of geographic region, every variable 

in the model – including integration – was a significant predictor of Group 2 (high-stable) 

membership. 
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Figure 10. Geographic Equity (non-imputed) Figure 11. Socioeconomic Equity (non-imputed) 

Figure 12. Geographic Equity (imputed) Figure 13. Socioeconomic Equity (imputed) 
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4.5 DISCUSSION 

In this investigation, we applied GBTM – a method for summarizing complex 

longitudinal data – to examine the relationship between integrated vaccine delivery and 

vaccination equity in 78 LMICs that had ever received Gavi support. Using our non-

imputed longitudinal dataset, we constructed models of geographic and socioeconomic 

equity consisting of five and four distinct equity trajectories (i.e., groups), respectively. 

Though integration was not a statistically significant predictor of group membership in 

either model, we identified a broad range of other important predictors (see Tables 9 

and 10). Using the imputed dataset, we developed a second five-group geographic 

equity model, as well as a two-group socioeconomic equity model. With the exception of 

corruption, all of the variables included in the multinomial logistic regression – including 

integration – were significant predictors of group membership in the geographic equity 

model. Integration, along with all variables except geographic region, was also a 

significant predictor of membership in Group 2 (high-stable) of the imputed 

socioeconomic model.  

 The statistically significant association between integration and Groups 1-4 in the 

imputed geographic equity model carries similarly important implications for public 

health policy and practice. This finding suggests that integrated vaccine delivery is most 

strongly associated with equity improvements in settings with chronically low levels of 

equity (i.e., Group 1), followed by those reporting decreasing levels of equity over time 

(i.e., Group 2), and finally, in settings in which geographic equity has largely plateaued 

(i.e., Groups 3 and 4). However, it may have a weaker association with equitable 

vaccination coverage in settings like Group 5 countries, whose developmental trajectory 
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commences at a middling level of equity and increases more rapidly than its 

counterparts in Groups 1-4. In the imputed model, integration was also a predictor of 

membership in all but the lowest-performing group (Group 1, low-increasing), further 

suggesting that integration is associated with high geographic equity achievement. Due 

to our small sample, we were unable to ascertain whether integration might have had 

small- or medium-sized associations with geographic equity in groups in which we 

detected no statistically significant associations between the two. Nevertheless, given 

that measles risk is often spatially clustered, this finding may be especially relevant for 

countries pursuing herd immunity against measles as part of a national or multi-district 

mitigation or elimination strategy.367 

 In the non-imputed model, integration showed a significant association with 

socioeconomic equity in Group 4 (high-inequity) countries: a 0.53-unit reduction in SII. 

In the imputed model, integration with associated with two additional statistically 

significant reductions in SII: a 0.054-unit drop in Group 1 (low-stable) and a 0.12-unit 

drop in Group 2 (high-stable). This finding suggests that integrated vaccine delivery may 

be most strongly associated with equity improvements in settings characterized by 

chronically high levels of vaccination inequity at baseline. In this vein, we found that the 

relative risk of a country being assigned to Group 2 (high-inequity) would decrease by a 

factor of 0.49 if the country in question achieved integration (see Table 15). In settings 

characterized by lower levels of socioeconomic inequity (i.e., Group 1 countries), 

integration may still have positive, albeit diminishing associations with equitable 

vaccination coverage. As with the geographic equity models, we were unable to detect 
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small- or medium-sized associations due to our small sample size and the limited 

availability of socioeconomic equity data. 

 As previously discussed, the groups identified in this analysis are unobservable, 

latent constructs, and observed trajectories are not immutable; rather, grouping is 

simply an intuitive way of summarizing trends in vaccination equity across highly 

heterogenous settings. As such, neither the groups nor their estimated trajectories can 

predict future equity outcomes in any single country. The number of resultant 

trajectories and their associated paths will likely evolve as data availability improves for 

outcome measures, and as additional years’ worth of data are incorporated, particularly 

with respect to socioeconomic equity. Though integration was not a significant predictor 

of membership in every group, our analyses do suggest an overall positive association 

between integrated vaccine delivery and both geographic and socioeconomic 

vaccination equity in LMICs that have ever received Gavi support. This finding 

resonates with calls to integrate standalone routine immunization programs into broader 

systems of care.360,368–370  

 Whether by reducing opportunities for missed vaccination or providing a “one-

stop shop” for immunization and other essential health services, integrated vaccine 

delivery mechanisms may play important roles in shaping health equity.368 Our finding 

that integration is most strongly associated with equity improvements in settings 

characterized by high baseline levels of geographic or socioeconomic inequity aligns 

with previous studies demonstrating that integrated health platforms can help resource-

constrained settings achieve equitable population health outcomes.21,371 Encouragingly, 

these findings also comport with health worker experiences delivering and patient 
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experiences receiving integrated care. Reporting on focus groups held in four African 

countries, for example, Ryman et al. note that integration afforded patients greater 

convenience and access to needed services, reduced transportation times and costs, 

increased health service utilization and health worker efficiency, and reduced reporting 

requirements.372 In this vein, our imputed dataset indicates that countries were likelier to 

belong to Group 2 (high-inequity) if they reported a significant degree of linguistic 

fractionalization (RR: 2.27 [CI: 1.45, 3.56]), high levels of gender inequality (RR: 3.34 

[CI: 1.92, 5.82]), or long distances to the nearest health facility (RR: 1.02 [CI: 1.02, 

1.03]). Thus, demand-side interventions targeting these factors could also play an 

important role in improving vaccination equity in LMICs. 

 This investigation does have several limitations, most of which relate to the 

quality and availability of our data. Across both datasets, the socioeconomic equity 

trajectories had wider confidence intervals and showed sharp fluctuations over the study 

period, reflecting the paucity of vaccination coverage data disaggregated by wealth 

quintile. Additionally, our measures of geographic equity and vaccination coverage were 

extracted from the WHO-UNICEF Joint Reporting Forms (JRF) on Immunization and 

WHO-UNICEF Estimates of Immunization Coverage (WUENIC). Previous analyses of 

JRFs suggest that while the accuracy and completeness of these forms improves over 

time and with greater familiarity, critical immunization data are still often missing.373 In 

some cases, data provided in response to JRF questions draw from in-country 

assessments of unknown quality and rigor.374 WUENIC, in turn, are created from JRF 

estimates, national administrative coverage estimates (which may be biased by 

inaccurate numerators or denominators), survey estimates (e.g., DHS and MICS), and 
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other sources.375 Furthermore, our measures of socioeconomic equity were calculated 

from DHS and MICS estimates of vaccination coverage by wealth quintile, which are 

available only for select years in a handful of countries. These coverage estimates may 

also carry a bias toward urbanized settings in some cases.329 Policymakers and 

decision-makers in LMICs could thus support improved monitoring activities in LMICs by 

investing in stronger vaccination data collection capacities, systems, and workforces. 

Additionally, newer measures of equity – such as the Vaccine Economics Research for 

Sustainability and Equity (VERSE) composite vaccination equity assessment metric – 

may offer more a more sophisticated approach to accounting for the structural factors 

underpinning observed disparities in coverage between wealth quintiles or other axes of 

vulnerability.376 

 Additionally, despite the large number of observations per country and positive 

model diagnostics, our sample was relatively small, which limited the statistical power of 

this analysis and limited detection of small and medium associations between 

integration and equity, particularly in our non-imputed dataset. This challenge has also 

been documented in other GBTM analyses examining country-level phenomena.355 

Loughran and Nagin do report that robust GBTM analyses are possible with as few as 

500 study subjects when using Poisson-based models, but whether this threshold 

applies to other models (e.g., censored normal, binary logit) and the absolute minimum 

sample size required to apply GBTM remain unknown.377 Thus, further work is needed 

to determine how best to model developmental trajectories in inherently small samples. 
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Another critical limitation relates to the measurement of integrated vaccine 

delivery. Unlike other metrics of integration, the Working Group’s measure is readily 

determined from publicly available data collected on a routine basis across all countries; 

therefore, its primary value lies in its convenience and accessibility. Conceptually, 

however, it is a flawed measure because it fails to account for the heterogeneity of 

integrated health service delivery or structural barriers that might impede a well-

integrated system – for example, one with low but near-equal coverage across all 

services – from raising coverage to sufficiently high levels. As a result, this measure 

likely underestimates the number of countries to have achieved integrated vaccine 

delivery. Additionally, per Oliveira-Cruz et al., health system integration is best 

understood as a continuum ranging from highly vertical programs (e.g., the Global Polio 

Eradication Initiative) to robust horizontal systems (e.g., those that provide 

comprehensive primary care).13 A quantitative measure of integration, therefore, should 

ideally exist on a continuous scale, unlike the Working Group’s dichotomous indicator. 

Thus, more robust measures for monitoring integrated vaccine delivery in LMICs are 

urgently needed. A potential alternative – though, to our knowledge, one that is not 

reported publicly or readily computable – is the proportion of children under 5 who 

receive measles vaccinations via routine health programs versus vertical supplemental 

immunization activities, such as campaigns. Another option, albeit more complex, is a 

composite index that accounts for immunization program financing, workforce structure, 

modes of delivery, effective coverage, and barriers to vaccine access. 
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Despite these limitations, findings from this investigation could nevertheless 

inform efforts to evaluate integrated vaccine delivery in LMICs – an endeavor of 

particular significance as many LMIC countries grow wealthier and eventually transition 

away from Gavi support. Our findings could also support future studies of integration 

and vaccination equity. Follow-on qualitative case studies, for example, might compare 

and contrast processes of integration between countries in the low-increasing and high-

stable geographic equity groups, identify barriers to integrated vaccine delivery among 

countries following a trajectory marked by high socioeconomic inequity, or consider 

potential demand-side interventions targeting mid-range wealth quintiles in the middle-

increasing and -decreasing groups. Findings from these analyses, in turn, could support 

decision-making and resource allocation for vaccination equity-strengthening activities 

in LMICs.  

 Further work is also needed to explore potential causal mechanisms 

underpinning the associations identified in this investigation, particularly in the context of 

universal health coverage provision. In this vein, future analyses might examine whether 

countries with integrated vaccine delivery programs are more likely to offer health 

packages or insurance schemes that subsidize the cost of vaccination, thereby 

incentivizing uptake and resulting in increased coverage. Finally, GBTM itself could 

serve as a useful analytical tool for summarizing complex longitudinal data in public 

health studies where randomization is not possible. 
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4.6 CONCLUSION 

Amid ongoing calls for universal health coverage, and in light of the persistent 

threat of vaccine-preventable diseases in LMICs, ensuring equitable vaccination 

remains an urgent public health imperative. The findings from this investigation – which 

applied GBTM to examine longitudinal trends in geographic and socioeconomic 

vaccination equity in 78 LMICs – suggest a positive association between integrated 

vaccine delivery and vaccination equity. Though continued scholarship is needed to 

further characterize the relationship between integration and health equity, this 

investigation constitutes a first step toward summarizing these complex phenomena at 

the country level. 
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Table 5. Observations Omitted from Multiple Imputation Regression Model 

 

Country || Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total

Afghanistan 11 11 11 11 11 11 11 11 1 11 11 11 1 11 11 11 11 167

Albania 11 11 11 11 11 11 1 11 11 11 11 11 11 11 11 1 11 167

Angola 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 11 11 177

Armenia 11 11 1 11 11 11 11 1 11 11 11 11 11 11 11 11 11 167

Azerbaijan 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Bangladesh 11 1 11 1 1 11 11 11 1 11 11 1 11 11 11 1 11 127

Benin 11 11 11 1 11 11 11 11 11 1 11 1 11 11 11 1 11 147

Bhutan 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Bolivia 1 11 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 167

Bosnia & Herzegovina 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Burkina Faso 1 11 11 1 11 11 11 1 11 11 11 11 11 11 11 11 11 157

Burundi 11 11 1 11 11 11 11 1 11 11 11 11 11 11 1 11 11 157

Cambodia 11 11 1 11 11 11 11 1 11 11 11 1 11 11 11 11 11 157

Cameroon 11 1 11 11 11 11 11 11 1 11 11 1 11 11 11 1 11 147

Central African Reublic 11 11 11 1 11 11 11 1 11 11 11 11 11 11 11 11 1 157

Chad 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 11 1 147

China 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Comoros 11 11 11 11 11 11 11 11 11 1 11 11 11 11 11 11 11 177

Cuba 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Democratic People's 

Republic of North Korea
11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 11 177

Democratic Republic of 

the Congo
11 11 11 11 1 11 11 1 11 11 11 1 11 11 11 1 11 147

Djibouti 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Eritrea 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Ethiopia 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 1 147

Gambia 11 11 11 1 11 11 11 1 11 11 1 11 11 11 11 1 11 147

Georgia 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Ghana 1 11 11 1 11 1 11 11 1 11 11 1 11 11 11 1 11 127

Guinea 11 11 1 11 11 11 11 11 11 1 11 11 11 1 11 1 11 147

Guinea-Bissau 11 11 11 1 11 11 11 1 11 11 11 1 11 11 11 11 1 147

Guyana 11 11 11 11 1 11 1 11 11 11 11 1 11 11 11 11 11 157

Haiti 11 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 157

Honduras 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

India 11 11 11 1 11 11 11 11 11 11 11 11 11 1 11 11 11 167

Indonesia 1 11 11 11 1 11 11 11 11 1 11 11 11 11 1 11 11 147

Ivory Coast 11 11 11 1 11 11 11 11 11 1 11 11 11 1 11 11 11 157

Kenya 1 11 11 11 11 11 1 11 11 11 11 1 11 11 11 11 11 157

Kiribati 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 177

Kyrgyzstan 11 11 11 11 11 11 11 11 11 1 11 1 11 11 11 1 11 157

Lao People's Democratic 

Republic
11 11 11 1 11 11 11 11 1 11 11 11 11 11 1 11 11 157

Lesotho 11 1 11 11 11 11 1 11 11 11 11 1 11 11 11 1 11 147

Liberia 11 11 11 11 1 11 11 11 11 11 1 11 11 1 11 11 11 157

Madagascar 11 1 11 11 11 11 1 11 11 1 11 11 11 11 11 1 11 147

Malawi 11 1 11 1 11 11 11 1 11 11 11 1 11 1 11 11 11 137

Mali 11 11 11 1 11 11 11 1 11 11 1 11 1 11 11 1 11 137

Mauritania 11 11 11 11 1 11 11 11 1 11 11 11 1 11 11 11 11 157

Moldova 11 11 1 11 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Mongolia 11 11 1 11 11 11 11 1 11 11 11 1 11 11 11 1 11 147

Mozambique 1 11 11 11 11 1 11 11 1 11 11 11 1 11 11 11 11 147

Myanmar 11 11 11 11 11 11 11 1 11 11 11 11 11 1 11 11 11 167

Nepal 11 11 11 1 11 11 11 1 1 11 11 1 11 1 11 11 1 127

Nicaragua 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Niger 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Nigeria 1 11 11 11 1 1 11 11 1 11 1 11 11 11 1 1 11 117

Pakistan 11 11 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 157

Papua New Guinea 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 177

Republic of the Congo 

(Brazzaville)
11 11 1 11 11 11 11 11 11 1 11 11 1 11 11 11 11 157

Rwanda 11 11 1 11 11 1 11 1 11 11 11 11 1 11 11 11 11 147

Sao Tome & Principe 11 11 11 1 11 11 1 11 11 11 11 1 11 11 11 11 1 147

Senegal 11 11 1 11 11 11 11 11 1 11 1 1 1 1 1 1 1 97

Sierra Leone 11 11 1 11 11 1 11 1 11 11 1 11 11 11 1 11 1 127

Solomon Islands 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Somalia 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

South Sudan 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Sri Lanka 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Sudan 11 11 11 11 11 11 11 1 11 11 11 1 11 11 11 11 11 167

Syria 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Tajikistan 11 11 1 11 11 11 11 11 11 1 11 11 11 11 1 11 11 157

Tanzania 11 11 1 11 11 11 11 1 11 11 11 11 11 1 11 11 11 157

Timor-Leste 11 11 11 11 11 11 1 11 11 11 11 11 11 1 11 11 11 167

Togo 11 11 11 1 11 11 11 1 11 11 11 1 11 11 1 11 11 147

Turkmenistan 11 11 11 1 11 11 11 11 11 11 11 11 11 1 11 11 11 167

Uganda 11 11 11 1 11 11 11 11 1 11 11 11 11 1 11 11 11 157

Ukraine 11 11 11 11 11 11 11 11 11 1 11 11 11 11 11 11 11 177

Uzbekistan 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Vietnam 11 11 11 11 11 11 11 11 1 11 11 1 11 11 11 11 11 167

Yemen 11 11 11 1 11 11 11 11 11 11 1 11 11 11 11 11 11 167

Zambia 11 11 11 11 1 11 11 11 11 11 11 1 11 11 11 1 11 157

Zimbabwe 11 11 11 1 11 11 1 11 1 11 11 1 1 11 11 11 1 127

TOTAL 788 798 728 588 768 798 778 668 718 708 778 648 768 718 758 678 758 12,446

Number of Observations Omitted from Multiple Imputation Regression Model
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Table 5, Continued. Observations Omitted from Multiple Imputation Regression Model 

 

Country || Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total

Afghanistan 11 11 11 11 11 11 11 11 1 11 11 11 1 11 11 11 11 167

Albania 11 11 11 11 11 11 1 11 11 11 11 11 11 11 11 1 11 167

Angola 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 11 11 177

Armenia 11 11 1 11 11 11 11 1 11 11 11 11 11 11 11 11 11 167

Azerbaijan 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Bangladesh 11 1 11 1 1 11 11 11 1 11 11 1 11 11 11 1 11 127

Benin 11 11 11 1 11 11 11 11 11 1 11 1 11 11 11 1 11 147

Bhutan 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Bolivia 1 11 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 167

Bosnia & Herzegovina 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Burkina Faso 1 11 11 1 11 11 11 1 11 11 11 11 11 11 11 11 11 157

Burundi 11 11 1 11 11 11 11 1 11 11 11 11 11 11 1 11 11 157

Cambodia 11 11 1 11 11 11 11 1 11 11 11 1 11 11 11 11 11 157

Cameroon 11 1 11 11 11 11 11 11 1 11 11 1 11 11 11 1 11 147

Central African Reublic 11 11 11 1 11 11 11 1 11 11 11 11 11 11 11 11 1 157

Chad 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 11 1 147

China 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Comoros 11 11 11 11 11 11 11 11 11 1 11 11 11 11 11 11 11 177

Cuba 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Democratic People's 

Republic of North Korea
11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 11 177

Democratic Republic of 

the Congo
11 11 11 11 1 11 11 1 11 11 11 1 11 11 11 1 11 147

Djibouti 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Eritrea 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Ethiopia 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 1 147

Gambia 11 11 11 1 11 11 11 1 11 11 1 11 11 11 11 1 11 147

Georgia 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Ghana 1 11 11 1 11 1 11 11 1 11 11 1 11 11 11 1 11 127

Guinea 11 11 1 11 11 11 11 11 11 1 11 11 11 1 11 1 11 147

Guinea-Bissau 11 11 11 1 11 11 11 1 11 11 11 1 11 11 11 11 1 147

Guyana 11 11 11 11 1 11 1 11 11 11 11 1 11 11 11 11 11 157

Haiti 11 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 157

Honduras 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

India 11 11 11 1 11 11 11 11 11 11 11 11 11 1 11 11 11 167

Indonesia 1 11 11 11 1 11 11 11 11 1 11 11 11 11 1 11 11 147

Ivory Coast 11 11 11 1 11 11 11 11 11 1 11 11 11 1 11 11 11 157

Kenya 1 11 11 11 11 11 1 11 11 11 11 1 11 11 11 11 11 157

Kiribati 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 177

Kyrgyzstan 11 11 11 11 11 11 11 11 11 1 11 1 11 11 11 1 11 157

Lao People's Democratic 

Republic
11 11 11 1 11 11 11 11 1 11 11 11 11 11 1 11 11 157

Lesotho 11 1 11 11 11 11 1 11 11 11 11 1 11 11 11 1 11 147

Liberia 11 11 11 11 1 11 11 11 11 11 1 11 11 1 11 11 11 157

Madagascar 11 1 11 11 11 11 1 11 11 1 11 11 11 11 11 1 11 147

Malawi 11 1 11 1 11 11 11 1 11 11 11 1 11 1 11 11 11 137

Mali 11 11 11 1 11 11 11 1 11 11 1 11 1 11 11 1 11 137

Mauritania 11 11 11 11 1 11 11 11 1 11 11 11 1 11 11 11 11 157

Moldova 11 11 1 11 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Mongolia 11 11 1 11 11 11 11 1 11 11 11 1 11 11 11 1 11 147

Mozambique 1 11 11 11 11 1 11 11 1 11 11 11 1 11 11 11 11 147

Myanmar 11 11 11 11 11 11 11 1 11 11 11 11 11 1 11 11 11 167

Nepal 11 11 11 1 11 11 11 1 1 11 11 1 11 1 11 11 1 127

Nicaragua 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Niger 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Nigeria 1 11 11 11 1 1 11 11 1 11 1 11 11 11 1 1 11 117

Pakistan 11 11 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 157

Papua New Guinea 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 177

Republic of the Congo 

(Brazzaville)
11 11 1 11 11 11 11 11 11 1 11 11 1 11 11 11 11 157

Rwanda 11 11 1 11 11 1 11 1 11 11 11 11 1 11 11 11 11 147

Sao Tome & Principe 11 11 11 1 11 11 1 11 11 11 11 1 11 11 11 11 1 147

Senegal 11 11 1 11 11 11 11 11 1 11 1 1 1 1 1 1 1 97

Sierra Leone 11 11 1 11 11 1 11 1 11 11 1 11 11 11 1 11 1 127

Solomon Islands 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Somalia 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

South Sudan 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Sri Lanka 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Sudan 11 11 11 11 11 11 11 1 11 11 11 1 11 11 11 11 11 167

Syria 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Tajikistan 11 11 1 11 11 11 11 11 11 1 11 11 11 11 1 11 11 157

Tanzania 11 11 1 11 11 11 11 1 11 11 11 11 11 1 11 11 11 157

Timor-Leste 11 11 11 11 11 11 1 11 11 11 11 11 11 1 11 11 11 167

Togo 11 11 11 1 11 11 11 1 11 11 11 1 11 11 1 11 11 147

Turkmenistan 11 11 11 1 11 11 11 11 11 11 11 11 11 1 11 11 11 167

Uganda 11 11 11 1 11 11 11 11 1 11 11 11 11 1 11 11 11 157

Ukraine 11 11 11 11 11 11 11 11 11 1 11 11 11 11 11 11 11 177

Uzbekistan 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Vietnam 11 11 11 11 11 11 11 11 1 11 11 1 11 11 11 11 11 167

Yemen 11 11 11 1 11 11 11 11 11 11 1 11 11 11 11 11 11 167

Zambia 11 11 11 11 1 11 11 11 11 11 11 1 11 11 11 1 11 157

Zimbabwe 11 11 11 1 11 11 1 11 1 11 11 1 1 11 11 11 1 127

TOTAL 788 798 728 588 768 798 778 668 718 708 778 648 768 718 758 678 758 12,446

Number of Observations Omitted from Multiple Imputation Regression Model

Country || Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total

Afghanistan 11 11 11 11 11 11 11 11 1 11 11 11 1 11 11 11 11 167

Albania 11 11 11 11 11 11 1 11 11 11 11 11 11 11 11 1 11 167

Angola 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 11 11 177

Armenia 11 11 1 11 11 11 11 1 11 11 11 11 11 11 11 11 11 167

Azerbaijan 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Bangladesh 11 1 11 1 1 11 11 11 1 11 11 1 11 11 11 1 11 127

Benin 11 11 11 1 11 11 11 11 11 1 11 1 11 11 11 1 11 147

Bhutan 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Bolivia 1 11 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 167

Bosnia & Herzegovina 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Burkina Faso 1 11 11 1 11 11 11 1 11 11 11 11 11 11 11 11 11 157

Burundi 11 11 1 11 11 11 11 1 11 11 11 11 11 11 1 11 11 157

Cambodia 11 11 1 11 11 11 11 1 11 11 11 1 11 11 11 11 11 157

Cameroon 11 1 11 11 11 11 11 11 1 11 11 1 11 11 11 1 11 147

Central African Reublic 11 11 11 1 11 11 11 1 11 11 11 11 11 11 11 11 1 157

Chad 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 11 1 147

China 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Comoros 11 11 11 11 11 11 11 11 11 1 11 11 11 11 11 11 11 177

Cuba 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Democratic People's 

Republic of North Korea
11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 11 177

Democratic Republic of 

the Congo
11 11 11 11 1 11 11 1 11 11 11 1 11 11 11 1 11 147

Djibouti 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Eritrea 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Ethiopia 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 1 147

Gambia 11 11 11 1 11 11 11 1 11 11 1 11 11 11 11 1 11 147

Georgia 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Ghana 1 11 11 1 11 1 11 11 1 11 11 1 11 11 11 1 11 127

Guinea 11 11 1 11 11 11 11 11 11 1 11 11 11 1 11 1 11 147

Guinea-Bissau 11 11 11 1 11 11 11 1 11 11 11 1 11 11 11 11 1 147

Guyana 11 11 11 11 1 11 1 11 11 11 11 1 11 11 11 11 11 157

Haiti 11 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 11 157

Honduras 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

India 11 11 11 1 11 11 11 11 11 11 11 11 11 1 11 11 11 167

Indonesia 1 11 11 11 1 11 11 11 11 1 11 11 11 11 1 11 11 147

Ivory Coast 11 11 11 1 11 11 11 11 11 1 11 11 11 1 11 11 11 157

Kenya 1 11 11 11 11 11 1 11 11 11 11 1 11 11 11 11 11 157

Kiribati 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 177

Kyrgyzstan 11 11 11 11 11 11 11 11 11 1 11 1 11 11 11 1 11 157

Lao People's Democratic 

Republic
11 11 11 1 11 11 11 11 1 11 11 11 11 11 1 11 11 157

Lesotho 11 1 11 11 11 11 1 11 11 11 11 1 11 11 11 1 11 147

Liberia 11 11 11 11 1 11 11 11 11 11 1 11 11 1 11 11 11 157

Madagascar 11 1 11 11 11 11 1 11 11 1 11 11 11 11 11 1 11 147

Malawi 11 1 11 1 11 11 11 1 11 11 11 1 11 1 11 11 11 137

Mali 11 11 11 1 11 11 11 1 11 11 1 11 1 11 11 1 11 137

Mauritania 11 11 11 11 1 11 11 11 1 11 11 11 1 11 11 11 11 157

Moldova 11 11 1 11 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Mongolia 11 11 1 11 11 11 11 1 11 11 11 1 11 11 11 1 11 147

Mozambique 1 11 11 11 11 1 11 11 1 11 11 11 1 11 11 11 11 147

Myanmar 11 11 11 11 11 11 11 1 11 11 11 11 11 1 11 11 11 167

Nepal 11 11 11 1 11 11 11 1 1 11 11 1 11 1 11 11 1 127

Nicaragua 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Niger 11 11 11 1 11 11 11 11 11 1 11 11 11 11 11 11 11 167

Nigeria 1 11 11 11 1 1 11 11 1 11 1 11 11 11 1 1 11 117

Pakistan 11 11 11 11 1 11 11 11 11 11 1 11 11 11 11 1 11 157

Papua New Guinea 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11 177

Republic of the Congo 

(Brazzaville)
11 11 1 11 11 11 11 11 11 1 11 11 1 11 11 11 11 157

Rwanda 11 11 1 11 11 1 11 1 11 11 11 11 1 11 11 11 11 147

Sao Tome & Principe 11 11 11 1 11 11 1 11 11 11 11 1 11 11 11 11 1 147

Senegal 11 11 1 11 11 11 11 11 1 11 1 1 1 1 1 1 1 97

Sierra Leone 11 11 1 11 11 1 11 1 11 11 1 11 11 11 1 11 1 127

Solomon Islands 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Somalia 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

South Sudan 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Sri Lanka 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 187

Sudan 11 11 11 11 11 11 11 1 11 11 11 1 11 11 11 11 11 167

Syria 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Tajikistan 11 11 1 11 11 11 11 11 11 1 11 11 11 11 1 11 11 157

Tanzania 11 11 1 11 11 11 11 1 11 11 11 11 11 1 11 11 11 157

Timor-Leste 11 11 11 11 11 11 1 11 11 11 11 11 11 1 11 11 11 167

Togo 11 11 11 1 11 11 11 1 11 11 11 1 11 11 1 11 11 147

Turkmenistan 11 11 11 1 11 11 11 11 11 11 11 11 11 1 11 11 11 167

Uganda 11 11 11 1 11 11 11 11 1 11 11 11 11 1 11 11 11 157

Ukraine 11 11 11 11 11 11 11 11 11 1 11 11 11 11 11 11 11 177

Uzbekistan 11 11 11 1 11 11 11 11 11 11 11 11 11 11 11 11 11 177

Vietnam 11 11 11 11 11 11 11 11 1 11 11 1 11 11 11 11 11 167

Yemen 11 11 11 1 11 11 11 11 11 11 1 11 11 11 11 11 11 167

Zambia 11 11 11 11 1 11 11 11 11 11 11 1 11 11 11 1 11 157

Zimbabwe 11 11 11 1 11 11 1 11 1 11 11 1 1 11 11 11 1 127

TOTAL 788 798 728 588 768 798 778 668 718 708 778 648 768 718 758 678 758 12,446

Number of Observations Omitted from Multiple Imputation Regression Model
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 Table 6. Group-Based Trajectory Model Diagnostics 

 Geographic Equity 
(non-imputed model) 

Geographic Equity 
(imputed model) 

Socioeconomic 
Equity  

(non-imputed model) 

Socioeconomic Equity  
(imputed model) 

Model Diagnostics 

Bayesian information criterion -3786.16 -44042.75 109.11 1089.08 

Entropy 0.951 0.896 0.701 0.735 

Average posterior probability of 
group assignment 

Group 1: 0.995 
Group 2: 0.967 
Group 3: 0.962 
Group 4: 0.974 
Group 5: 0.959 

Group 1: 0.998 
Group 2: 0.941 
Group 3: 0.928 
Group 4: 0.978 
Group 5: 0.932 

Group 1: 0.783 
Group 2: 0.838 
Group 3: 0.919 
Group 4: 0.887 

Group 1: 0.908 
Group 2: 0.935 

Odds of correct group classification 

Group 1: 1419.48 
Group 2: 135.58 
Group 3: 70.24 
Group 4: 91.29 
Group 5: 159.73 

Group 1: 2992.39 
Group 2: 72.95 
Group 3: 34.12 
Group 4: 117.37 
Group 5: 73.70 

Group 1: 3.99 
Group 2: 14.98 
Group 3: 37.65 
Group 4: 195.76 

Group 1: 3.45 
Group 2: 41.16 

 

This table presents several diagnostics for each of our group-based trajectory models. Per Nagin, Bayesian information 

criterion values and entropy values should be as large as possible, average posterior probabilities should be at least 0.7, 

and the odds of correct classification should ideally be 5 or greater. 

  



189 
 

 Table 7. Summary of Country Characteristics 

 Total Non-Imputed Dataset Imputed Dataset 

 Countries  
N (%) 

Mean  
geographic 
equity (SD) 

Mean  
socioeconomic  

equity (SD) 

Mean  
geographic 
equity (SD) 

Mean 
socioeconomic 

equity (SD) 

Region 

East Asia and the Pacific 12 (15.4) 67.71 (31.72) 0.193 (0.160) 67.4 (31.88) 0.193 (0.157) 

Europe and Central Asia 11 (14.1) 92.8 (19.0) -0.0053 (0.102) 88.1 (25.53) -0.0053 (0.0998) 

Latin America and the Caribbean 6 (7.7) 75.56 (29.16) 0.0923 (0.150) 75.78 (29.09) 0.0923 (0.143) 

Middle East and North Africa 2 (2.6) 47.36 (24.29) 0.273 (0.164) 48.19 (23.8) 0.273 (0.136) 

South Asia 7 (9) 75.68 (20.49) 0.214 (0.187) 74.64 (21.4) 0.214 (0.182) 

Sub-Saharan Africa 40 (51.3) 62.36 (26.64) 0.246 (0.189) 62.11 (26.87) 0.246 (0.188) 

Income Level 

Low-income 28 (35.9) 63.74 (26.51) 0.222 (0.167) 63.43 (26.81) 0.222 (0.166) 

Lower-middle-income 40 (51.3) 65.99 (29.01) 0.223 (0.202) 65.32 (29.46) 0.223 (0.202) 

Upper-middle-income 10 (12.8) 95.32 (12.46) 0.011 (.134) 94.5 (14.78) 0.011 (0.13) 

 

This table reflects regional and income level classifications as specified by the World Bank in 2022. Geographic equity 

refers to the proportion of districts within a country that have achieved 80% MCV1 coverage or greater. Socioeconomic 

equity refers to the slope index of inequality (SII) based on MCV1 coverage by wealth quintile. Larger SII values indicate 

that higher MCV1 coverage is more prevalent among wealthier quintiles. 
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Table 8. Integrated Vaccine Delivery by Country, 2003-2019 

Country 

Integration 
Score Total 

Observations 
0 1 

Afghanistan 17 0 17 

Albania 17 0 17 

Angola 17 0 17 

Armenia 17 0 17 

Azerbaijan 17 0 17 

Bangladesh 17 0 17 

Benin 17 0 17 

Bhutan 15 2 17 

Bolivia 16 1 17 

Bosnia & Herzegovina 17 0 17 

Burkina Faso 15 2 17 

Burundi 16 1 17 

Cambodia 16 1 17 

Cameroon 14 3 17 

Central African Republic 17 0 17 

Chad 17 0 17 

China 17 0 17 

Comoros 16 1 17 

Cuba 17 0 17 

Democratic People's Republic of Korea 15 2 17 

Democratic Republic of the Congo 17 0 17 

Djibouti 16 1 17 

Eritrea 16 1 17 

Ethiopia 17 0 17 

Gambia 14 3 17 

Georgia 17 0 17 

Ghana 11 6 17 

Guinea 17 0 17 

Guinea-Bissau 17 0 17 

Guyana 14 3 17 

Haiti 17 0 17 

Honduras 15 2 17 

India 16 1 17 

Indonesia 17 0 17 

Ivory Coast 17 0 17 

Kenya 17 0 17 

Kiribati 15 2 17 

Kyrgyzstan 17 0 17 

Lao People's Democratic Republic 17 0 17 

Lesotho 15 2 17 

Liberia 17 0 17 

Madagascar 17 0 17 

Malawi 16 1 17 

Mali 17 0 17 

Mauritania 17 0 17 



191 
 

  

Table 8, Continued. Integrated Vaccine Delivery by Country, 2003-2019 

Country 

Integration 
Score Total 

Observations 
0 1 

Moldova 17 0 17 

Mongolia 17 0 17 

Mozambique 15 2 17 

Myanmar 16 1 17 

Nepal 15 2 17 

Nicaragua 17 0 17 

Niger 17 0 17 

Nigeria 17 0 17 

Pakistan 16 1 17 

Papua New Guinea 17 0 17 

Republic of the Congo (Brazzaville) 17 0 17 

Rwanda 15 2 17 

Sao Tome & Principe 14 3 17 

Senegal 13 4 17 

Sierra Leone 16 1 17 

Solomon Islands 17 0 17 

Somalia 17 0 17 

South Sudan 17 0 17 

Sri Lanka 14 3 17 

Sudan 16 1 17 

Syria 17 0 17 

Tajikistan 17 0 17 

Tanzania 15 2 17 

Timor-Leste 17 0 17 

Togo 15 2 17 

Turkmenistan 17 0 17 

Uganda 17 0 17 

Ukraine 17 0 17 

Uzbekistan 17 0 17 

Vietnam 14 3 17 

Yemen 17 0 17 

Zambia 17 0 17 

Zimbabwe 16 1 17 

Total 1,263 63 1326 

 

* This table displays the number of years in which a country earned a given integration 

score (0 or 1) over the course of the 17-year study period (2003-2019). 

 

0: coverage levels of MCV1, PAB, ANC1, and DTP3 are all below 70% 

 

1: coverage of at least one of the four services is at or above 70% 
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  Table 9. Maximum Likelihood Estimates: Geographic Equity 

  Non-Imputed Dataset Imputed Dataset 

Model Parameter Estimates 

Group Parameter Estimate Error t Probability > |t| Estimate Error t Probability > |t| 

1 ("Low-increasing") 

Intercept -3726.42 884.47 -4.21 0.00 -3828.30 288.24 -13.28 0.00 

Linear 1.86 0.44 4.24 0.00 1.91 0.14 13.37 0.00 

Integration -7.71 8.93 -0.86 0.39 8.32 1.28 6.49 0.00 

2 ("Middle-increasing") 

Intercept 2864.77 732.59 3.91 0.0001 3404.92 248.98 13.68 0.00 

Linear 1.40 0.36 -3.85 0.0001 -1.67 0.12 -13.49 0.00 

Integration 9.01 7.24 1.24 0.21 7.90 1.22 6.49 0.00 

3 ("Middle-stable") 

Intercept 8.82 584.72 0.015 0.99 40.05 195.75 0.21 0.84 

Linear 0.034 0.29 0.12 0.91 0.018 0.097 0.19 0.85 

Integration 3.87 3.73 1.04 0.30 4.60 0.76 6.09 0.00 

4 ("High-stable") 

Intercept -368.32 546.35 -0.67 0.50 -498.04 180.17 -2.76 0.006 

Linear 0.23 0.27 0.85 0.40 0.29 0.089 3.30 0.001 

Integration 1.75 3.46 0.51 0.61 1.58 0.67 2.37 0.018 

5 ("High-stable") 

Intercept -6808.17 1061.15 -6.42 0.00 -5519.41 385.43 -14.32 0.00 

Linear 3.41 0.53 6.47 0.00 2.77 0.19 14.47 0.00 

Integration -5.38 6.54 -0.82 0.41 1.72 1.25 1.37 0.17 

Group Membership 

1 ("Low-increasing") 13.04% 3.92 3.33 0.009 12.07% 1.14 10.63 0.00 

2 ("Middle-increasing") 17.62% 4.50 3.92 0.0001 17.45% 1.43 12.21 0.00 

3 ("Middle-stable") 27.05% 5.41 5.00 0.00 26.44% 1.66 15.96 0.00 

4 ("High-stable") 29.68% 5.53 5.37 0.00 28.23% 1.68 16.80 0.00 

5 ("High-stable") 12.61% 4.08 3.10 0.002 15.80% 1.48 10.71 0.00 
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Table 10. Maximum Likelihood Estimates: Socioeconomic Equity 

Non-Imputed Dataset Imputed Dataset 

Model Parameter Estimates 

Group Parameter Estimate Error t 
Probability > 

|t| 
Group Parameter Estimate Error t 

Probability 
> |t| 

1 ("Low-inequity") 

Intercept 14.12 5.24 2.70 0.008 

1 ("Low-
stable") 

Intercept 8.93 1.43 6.25 0.00 

Linear -0.01 0.003 -2.69 0.008 Linear -0.0044 0.00071 -6.15 0.00 

Integration 0.03 0.03 1.12 0.26 Integration -0.0054 0.00075 -7.20 0.00 

2 ("Medium-
decreasing") 

Intercept 9.46 5.63 1.68 0.09 

2 ("High-
stable") 

Intercept -4.48 2.20 -2.04 0.04 

Linear -0.005 0.003 -1.64 0.10 Linear 0.0024 0.0011 2.23 0.026 

Integration 0.06 0.04 -1.64 0.10 Integration -0.12 0.018 -6.63 0.000 

3 ("Medium-stable") 
Intercept 0.38 0.02 23.21 0.00             

Integration -0.012 0.06 -0.20 0.84             

4 ("High-inequity") 
Intercept 0.72 0.03 20.52 0             

Integration -0.53 0.13 -4.06 0.0001             

Group Membership 

1 ("Low-inequity") 39.33% 7.52 5.23 0.00 1 ("Low-stable") 68.85% 1.98 34.70 0.00 

2 ("Medium-decreasing") 30.01% 7.56 3.97 0.0001 2 ("High-stable") 31.15% 1.98 15.70 0.00 

3 ("Medium-stable") 26.53% 6.34 4.19 0.00             

4 ("High-inequity") 4.12% 2.75 1.50 0.14             
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  Table 11. Parametric Bootstrap Sampling Confidence Interval Estimates: Geographic Equity 

  Non-Imputed Dataset   Imputed Dataset 

Group Parameter 
Observed 
Coefficient 

Bootstrap 
Standard 

Error 
z 

Probability 
> |z| 

95% 
Confidence 

Interval (Bias 
Corrected) 

Observed 
Coefficient 

Bootstrap 
Standard 

Error 
z 

Probability 
> |z| 

95% 
Confidence 

Interval (Bias 
Corrected) 

1 ("Low-
increasing") 

Intercept -3726.40 1938.31 -1.92 0.06 
(-9566.50, -

874.15) 
-3828.3 731.08 -5.24 0.00 

(-4910.96, -
2069.20) 

Linear 1.86 0.96 1.93 0.053 (0.45, 4.77) 1.91 0.36 5.27 0.00 (1.04, 2.45) 

Integration -6.34 244.96 -0.03 0.98 (-12.20, 17.89) 8.32 1.62 5.13 0.00 (4.82, 11.31) 

2 ("Middle-
decreasing") 

Intercept 2864.78 1188.38 2.41 0.016 
(830.46, 
5644.19) 

3404.92 381.61 8.92 0.00 
(2790.18, 
4177.75) 

Linear -1.40 0.59 -2.37 0.018 (-2.78, -0.39) -1.67 0.19 -8.79 0.00 (-2.05, -1.36) 

Integration 8.88 26.74 0.33 0.74 (-0.94, 29.86) 7.89 1.24 6.38 0.00 (5.46, 10.23) 

3 ("Middle-
stable") 

Intercept 8.82 1878.30 0.00 1.00 
(-1935.68, 
11040.6) 

40.05 457.94 0.09 0.93 
(-777.67, 
968.02) 

Linear 0.033 0.93 0.04 0.97 (-5.44, 0.997) 0.02 0.23 0.08 0.94 (-0.44, 0.42) 

Integration 3.87 206.70 0.02 0.99 (-2.42, 7.85) 4.60 0.94 4.87 0.00 (2.50, 6.30) 

4 ("High-
stable") 

Intercept -368.32 489.78 -0.75 0.45 
(-1181.89, 

874.43) 
-498.04 143.88 -3.46 0.001 

(-787.43, -
212.46) 

Linear 0.23 0.24 0.95 0.34 (-0.42, 0.63) 0.29 0.07 4.12 0.00 (0.15, 0.44) 

Integration 1.75 1.29 1.35 0.18 (-1.20, 4.04) 1.58 0.45 3.51 0.00 (0.83, 2.60) 

5 ("Middle-
increasing") 

Intercept -6808.17 2782.72 -2.45 0.014 
(-11790.93, -

1102.48) 
-5519.41 1548.90 -3.56 0.00 

(-9723.36, -
3875.15) 

Linear 3.41 1.38 2.47 0.013 (0.58, 5.88) 2.77 0.77 3.61 0.00 (1.95, 4.85) 

Integration -5.41 1062.51 -0.01 0.996 
(-644.69, 
287.75) 

1.72 2.90 0.59 0.55 (-2.45, 9.01) 
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 Table 12. Parametric Bootstrap Sampling Confidence Interval Estimates: Socioeconomic Equity 

 Non-Imputed Dataset   Imputed Dataset 

Group Parameter 
Observed 
Coefficient 

Bootstrap 
Standard 

Error 
z 

Probability 
> |z| 

95% 
Confidence 

Interval 
(Bias 

Corrected) 

Parameter 
Observed 
Coefficient 

Bootstrap 
Standard 

Error 
z 

Probability 
> |z| 

95% 
Confidence 

Interval 
(Bias 

Corrected) 

1 

Intercept 14.12 6.15 2.30 0.022 
(-1.22, 
23.94) 

Intercept 8.93 1.59 5.61 0.00 
(5.42, 
11.71) 

Linear -0.007 0.003 
-

2.29 
0.022 

(-0.012, 
0.00054) 

Linear -0.004 0.0008 
-

5.50 
0.00 

(-0.006, -
0.003) 

Integration 0.031 0.04 0.79 0.43 (-0.05, .10) Integration -0.05 0.01 
-

4.56 
0.00 

(-0.08, -
0.04) 

2 

Intercept 9.46 8.85 1.07 0.29 
(-12.91, 
22.51) 

Intercept -4.48 1.58 
-

2.83 
0.005 

(-7.48, -
1.21) 

Linear -0.005 0.0044 
-

1.04 
0.30 

(-0.011, 
0.007) 

Linear 0.0024 0.0008 3.11 0.002 
(0.0008, 
0.004) 

Integration -0.061 0.06 
-

0.98 
0.33 

(-0.26, 
0.018) 

Integration -0.12 0.03 
-

4.14 
0.00 

(-0.17, -
0.08) 

3 

Intercept 0.38 0.03 12.7 0.00 (0.33, 0.47) 

  

Integration -0.011 0.09 
-

0.13 
0.90 

(-0.35, 
0.09) 

4 

Intercept 0.72 0.14 5.01 0.00 (0.41, 0.74) 

Integration -0.53 0.21 
-

2.50 
0.012 

(-0.87, -
0.25) 
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 Table 13. Country Group Membership 

 Non-Imputed Dataset Imputed Dataset 

Geographic Equity 

Group 1 

Central African Republic, Eritrea, Haiti, 
Lesotho, Mauritania, Papua New Guinea, 
Solomon Islands, Somalia, Timor-Leste, 
Ukraine 

Central African Republic, Eritrea, Haiti, 
Lesotho, Mauritania, Papua New Guinea, 
Solomon Islands, Somalia, Timor-Leste, 
Ukraine 

Group 2 

Afghanistan, Angola, Bolivia, Cameroon, 
Chad, Comoros, Djibouti, Guinea-Bissau, 
Kenya, Liberia, Republic of the Congo 
(Brazzaville), South Sudan, Syria, Yemen 

Afghanistan, Angola, Bolivia, Bosnia & 
Herzegovina, Cameroon, Chad, Comoros, 
Djibouti, Guinea-Bissau, Kenya, Liberia, 
Republic of the Congo (Brazzaville), South 
Sudan, Ukraine, Yemen 

Group 3 

Benin, Bosnia & Herzegovina, Burundi, 
Cambodia, Democratic Republic of the 
Congo, Ghana, Guinea, Honduras, India, 
Indonesia, Kiribati, Madagascar, Malawi, 
Mali, Mongolia, Mozambique, Myanmar, 
Niger, Sierra Leone, Togo Zambia 

Benin, Bhutan, Bosnia & Herzegovina, 
Burundi, Cambodia, Democratic Republic of 
the Congo, Ghana, Guinea, Honduras, India, 
Indonesia, Kiribati, Kyrgyzstan, Madagascar, 
Malawi, Mali, Mongolia, Mozambique, 
Myanmar, Niger, Rwanda, Sierra Leone, 
Syria, Tanzania, Togo, Zambia 

Group 4 

Albania, Armenia, Azerbaijan, 
Bangladesh, Bhutan, Burkina Faso, 
China, Cuba Democratic People's 
Republic of Korea, Gambia, Georgia, 
Guyana, Kyrgyzstan, Moldova, 
Nicaragua, Rwanda, Sao Tome & 
Principe, Sri Lanka, Tajikistan, Tanzania, 
Turkmenistan, Uzbekistan, Vietnam 

Albania, Armenia, Azerbaijan, Bangladesh, 
Bhutan, Burkina Faso, China, Cuba, 
Democratic People's Republic of Korea, 
Gambia, Georgia, Guyana, Kyrgyzstan, 
Moldova, Nicaragua, Rwanda, Sao Tome 
and Principe, Sri Lanka, Tajikistan, Tanzania, 
Turkmenistan, Uzbekistan, Vietnam 

Group 5 

Ethiopia, Ivory Coast, Lao People's 
Democratic Republic, Nepal, Nigeria, 
Pakistan, Senegal, Sudan, Uganda, 
Zimbabwe 

Ethiopia, India, Ivory Coast, Kiribati, Lao 
People's Democratic Republic, Nepal, 
Nigeria, Pakistan, Senegal, Sudan, Syria, 
Uganda, Zimbabwe 
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 Table 13, Continued. Country Group Membership 

 Non-Imputed Dataset Imputed Dataset 

Socioeconomic Equity 

Group 1 

Afghanistan, Albania, Armenia, Bhutan, 
Bolivia, Bosnia & Herzegovina, Burundi, 
China, Cuba, Democratic People's Republic 
of Korea, Djibouti, Eritrea, Gambia, Georgia, 
Ghana, Guyana, Honduras, Kiribati, 
Kyrgyzstan, Lesotho, Malawi, Moldova, 
Mongolia, Nepal, Nicaragua, Rwanda, Sao 
Tome & Principe, Sierra Leone, Solomon 
Islands, Sri Lanka, Syria, Tajikistan, 
Turkmenistan, Uganda, Ukraine, Uzbekistan, 
Vietnam 

Afghanistan, Albania, Armenia, Azerbaijan, 
Bangladesh, Bhutan, Bolivia, Bosnia & 
Herzegovina, Burkina Faso, Burundi, Cambodia, 
Chad, China, Comoros, Cuba, Democratic 
People's Republic of Korea, Djibouti, Eritrea, 
Gambia, Georgia, Ghana, Guinea-Bissau, 
Guyana, Haiti, Honduras, Indonesia, Kenya, 
Kiribati, Kyrgyzstan, Lesotho, Malawi, Mali, 
Mauritania, Moldova, Mongolia, Myanmar, Nepal, 
Nicaragua, Niger, Rwanda, Sao Tome & Principe, 
Senegal, Sierra Leone, Solomon Islands, 
Somalia, Sri Lanka, Syria, Tajikistan, Tanzania, 
Timor-Leste, Togo, Turkmenistan, Uganda, 
Ukraine, Uzbekistan, Vietnam, Zambia 

Group 2 

Azerbaijan, Bangladesh, Burkina Faso, 
Cambodia, Chad, Comoros, Guinea-Bissau, 
Haiti, Indonesia, Kenya, Mali, Mauritania, 
Myanmar, Niger, Senegal, Somalia, Tanzania, 
Togo, Zambia, Zimbabwe 

Angola, Benin, Cambodia, Cameroon, Central 
African Republic, Democratic Republic of the 
Congo, Ethiopia, Guinea, India, Ivory Coast, Lao 
People's Democratic Republic, Liberia, 
Madagascar, Mozambique, Nigeria, Pakistan, 
Papua New Guinea, Republic of the Congo 
(Brazzaville), South Sudan, Sudan, Yemen 

Group 3 

Benin, Cameroon, Central African Republic 
Democratic Republic of the Congo, Ethiopia, 
Guinea, Ivory Coast, Lao People's Democratic 
Republic Liberia, Madagascar, Mozambique, 
Pakistan, Papua New Guinea, Republic of the 
Congo (Brazzaville), South Sudan, Sudan, 
Timor-Leste, Yemen 

  

Group 4 Angola, India, Nigeria 
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  Table 14. Predictors of Group Membership: Geographic Equity 

  Non-Imputed Dataset Imputed Dataset 

Group 
Predictor of 

Group 
Membership 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% Confidence 

Interval 
Relative 

Risk 
Standard 

Error 
z P>|z| 

95% 
Confidence 

Interval 

1 (base 
outcome) 

                      

2 

Income 1.23E-06 8.00E-06 -2.1 0.036 
(3.65E-12, 
0.4159266) 3.74E-06 6.04E-06 

-7.73 0 
(1.58E-07, 
0.000089) 

Region 4.44E-06 0.0000237 -2.3 0.021 
(1.24E-10, 
0.1587821) 

0.0000608 0.0000681 -8.66 0 
(6.75E-06, 
0.00055) 

Female 
education 

1.525187 0.2805218 2.3 0.022 (1.06, 2.19) 1.407719 0.064385 7.48 0 (1.29, 1.54) 

Political 
stability 

3.07E+07 2.25E+08 2.35 0.019 
(18.00, 

5.25E+13) 
578528.8 818782.5 9.37 0 

(36110.48, 
9268656) 

Government 
effectiveness 

1308098 1.09E+07 1.69 0.091 (0.11, 1.61E+13) 608730 1170825 6.92 0 
(14035.65, 
2.64E+07) 

Corruption 6.60E-07 3.84E-06 -2.44 0.015 (7.29E-12, 0.06) 5.59E-06 7.30E-06 -9.26 0 
(4.32E-07, 
0.000072) 

Gender 
inequality 

5.50E+10 8.58E+11 1.59 0.113 
(0.003, 

1.04E+24) 
1.15E+08 3.72E+08 5.73 0 

(202035.3, 
6.53E+10) 

Out-of-pocket 
health 

expenditures 
2.00891 0.5730435 2.45 0.014 (1.15, 3.51) 1.756889 0.102976 9.61 0 (1.57, 1.97) 

Government 
expenditures 

on health 
1.021184 0.0105531 2.03 0.043 (1.00, 1.04) 1.018376 0.0032607 5.69 0 (1.01, 1.02) 

External 
resources for 

health per 
capita 

1.140063 0.0779493 1.92 0.055 (0.997, 1.30) 1.089446 0.0184386 5.06 0 (1.05, 1.13) 

Land area 1.000014 7.64E-06 1.81 0.07 (1.00, 1.00) 1.000011 1.62E-06 6.48 0 (1.00, 1.00) 

Linguistic 
fractionalization 

1.68E+19 3.01E+20 2.47 0.014 
(9140.60, 
3.08E+34) 

2.45E+14 9.17E+14 8.85 0 
(1.59E+11, 
3.77E+17) 

Distance 0.3060222 0.1342392 -2.7 0.007 (0.13, 0.72) 0.3788097 0.0354667 
-

10.37 
0 (0.32, 0.46) 

Integration 1.971843 8.303408 0.16 0.872 
(0.0005, 
7573.06) 

2.739571 1.319636 2.09 0.036 (1.07, 7.04) 
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  Table 14, Continued. Predictors of Group Membership: Geographic Equity 

  Non-Imputed Dataset Imputed Dataset 

Group 
Predictor of 

Group 
Membership 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% Confidence 

Interval 
Relative 

Risk 
Standard 

Error 
z P>|z| 

95% 
Confidence 

Interval 

3 

Income 1.32E-08 8.78E-08 -2.73 0.006 
(2.89E-14, 

0.0060) 
1.30E-07 2.12E-07 -9.72 0 

(5.32E-09, 
3.18E-06) 

Region 1.46E-07 7.84E-07 -2.93 0.003 (3.83E-12, 0.006) 2.73E-06 3.08E-06 
-

11.35 
0 

(2.98E-07, 
0.000025) 

Female 
education 

1.41196 0.2608275 1.87 0.062 (0.98, 2.03) 1.322125 0.0605102 6.1 0 (1.21, 1.45) 

Political 
stability 

5.05E+07 3.73E+08 2.4 0.016 (26.09, 479464.5 681700.5 9.2 0 
(29547.59, 
7780204) 

Government 
effectiveness 

2.59E+09 2.21E+10 2.54 0.011 
(137.61, 

4.86E+16) 
2.05E+08 3.98E+08 9.87 0 

(4576649, 
9.19E+09) 

Corruption 0.0000239 0.0001387 -1.84 0.066 (2.78E-10, 2.06) 0.0001559 0.0002022 -6.76 0 
(0.000012, 

0.002) 

Gender 
inequality 

1.58E+12 2.48E+13 1.79 0.074 
(0.069, 

3.62E+25) 
1.47E+09 4.79E+09 6.49 0 

(2501470, 
8.66E+11) 

Out-of-pocket 
health 

expenditures 
2.144334 0.6211507 2.63 0.008 (1.22, 3.78) 1.840724 0.1088122 10.32 0 (1.64, 2.07) 

Government 
expenditures 

on health 
0.9566394 0.0154208 -2.75 0.006 (0.93, 0.99) 0.9690138 0.0042717 -7.14 0 (0.96, 0.98) 

External 
resources for 

health per 
capita 

1.223744 0.0817922 3.02 0.003 (1.07, 1.40) 1.146691 0.0184705 8.5 0 (1.11, 1.18) 

Land area 1.000021 7.89E-06 2.67 0.008 (1.00, 1.00) 1.000016 1.67E-06 9.5 0 (1.00, 1.00) 

Linguistic 
fractionalization 

7.57E+13 1.32E+15 1.83 0.067 (0.10, 5.57E+28) 8.38E+10 3.09E+11 6.81 0 
(6.00E+07, 
1.17E+14) 

Distance 0.251116 0.1111677 -3.12 0.002 (0.11, 0.60) 0.323638 0.0305345 
-

11.96 
0 (0.27, 0.39) 

Integration 6.282047 25.61232 0.45 0.652 
(0.0021, 

18556.93) 
6.276409 2.964913 3.89 0 (2.49, 15.84) 
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  Table 14, Continued. Predictors of Group Membership: Geographic Equity 

  Non-Imputed Dataset Imputed Dataset 

Group 
Predictor of 

Group 
Membership 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% Confidence 

Interval 
Relative 

Risk 
Standard 

Error 
z P>|z| 

95% 
Confidence 

Interval 

4 

Income 1.73E-07 1.14E-06 -2.36 0.018 (4.21E-13, 0.071) 6.08E-07 9.87E-07 -8.81 0 
(2.52E-08, 
0.0000147) 

Region 2.40E-07 1.29E-06 -2.84 0.005 
(6.37E-12, 

0.0090) 
7.78E-06 8.77E-06 

-
10.43 

0 
(8.53E-07, 
0.0000709) 

Female 
education 

1.490188 0.2786829 2.13 0.033 (1.03, 2.15) 1.328794 0.0610553 6.19 0 (1.21, 1.45) 

Political 
stability 

1073.834 7780.397 0.96 0.335 
(0.00073, 
1.58E+09) 

564.8665 807.5557 4.43 0 
(34.28, 

9308.02) 

Government 
effectiveness 

5.32E+12 4.71E+13 3.31 0.001 
(153471.1, 
1.85E+20) 

3.67E+10 7.27E+10 12.28 0 
(7.56E+08, 
1.78E+12) 

Corruption 0.013079 0.0742058 -0.76 0.445 
(1.94E-07, 

883.11) 
0.0259146 0.0332418 -2.85 0.004 (0.0021, 0.32) 

Gender 
inequality 

4.04E+13 6.45E+14 1.96 0.05 (1.01, 1.62E+27) 5.66E+09 1.90E+10 6.7 0 
(7951203, 
4.03E+12) 

Out-of-pocket 
health 

expenditures 
2.444354 0.7286869 3 0.003 (1.36, 4.38) 2.030428 0.1229884 11.69 0 (1.80, 2.29) 

Government 
expenditures 

on health 
1.029165 0.0098611 3 0.003 (1.01, 1.05) 1.023285 0.0031902 7.38 0 (1.02, 1.03) 

External 
resources for 

health per 
capita 

1.329672 0.0959552 3.95 0 (1.15, 1.53) 1.205292 0.020326 11.07 0 (1.17, 1.25) 

Land area 0.999959 0.0000124 -3.3 0.001 (1.00, 1,00) 0.9999704 2.80E-06 
-

10.57 
0 (1,00, 1.00) 

Linguistic 
fractionalization 

5.90E+22 1.07E+24 2.88 0.004 
(1.95E+07, 
1.78E+38) 

6.95E+15 2.62E+16 9.69 0 
(4.34E+12, 
1.11E+19) 

Distance 0.2893782 0.1262367 -2.84 0.004 (0.12, 0.68) 0.3631924 0.0340301 
-

10.81 
0 (0.30, 0.44) 

Integration 13.21398 53.10655 0.64 0.521 
(0.005, 

34832.43) 
5.877308 2.791309 3.73 0 (2.32, 14.91) 
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  Table 14, Continued. Predictors of Group Membership: Geographic Equity 

  Non-Imputed Dataset Imputed Dataset 

Group 
Predictor of 

Group 
Membership 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% Confidence 

Interval 
Relative 

Risk 
Standard 

Error 
z P>|z| 

95% 
Confidence 

Interval 

5 

Income 0.0001449 0.0009321 -1.37 0.169 (4.84E-10, 43.33) 0.0002009 0.0003293 -5.19 0 
(8.08E-06, 

0.005) 

Region 2.37E-06 0.0000125 -2.45 0.014 (7.49E-11, 0.075) 0.000014 0.0000156 -9.99 0 
(1.56E-06, 

0.0001) 

Female 
education 

1.525957 0.28375 2.27 0.023 (1.06, 2.196961) 1.362198 0.0620816 6.78 0 (1.25, 1.49) 

Political 
stability 

2064366 1.48E+07 2.03 0.043 (1.61, 2.65E+12) 59958.64 83404.48 7.91 0 
(3924.66, 
916013) 

Government 
effectiveness 

6816403 5.80E+07 1.85 0.064 (0.39, 1.18E+14) 1431966 2782493 7.29 0 
(31764.32, 
6.46E+07) 

Corruption 0.0347788 0.1946669 -0.6 0.548 
(5.98E-07, 
2021.75) 

0.3779067 0.4829463 -0.76 0.446 (0.031, 4.63) 

Gender 
inequality 

9.55E+09 1.49E+11 1.47 0.141 
(0.00050, 
1.81E+23) 

2.74E+08 8.95E+08 5.95 0 
(456180.3, 
1.65E+11) 

Out-of-pocket 
health 

expenditures 
2.179092 0.6281979 2.7 0.007 (1.24, 3.83) 1.873801 0.1105773 10.64 0 (1.67, 2.10) 

Government 
expenditures 

on health 
0.9757595 0.0173786 -1.38 0.168 (0.94, 1.010422) 0.9727223 0.0047124 -5.71 0 (0.96, 0.98) 

External 
resources for 

health per 
capita 

1.04877 0.0802546 0.62 0.534 (0.90, 1.22) 1.040898 0.0198082 2.11 0.035 (1.00, 1.08) 

Land area 1.000016 7.67E-06 2.02 0.043 (1.00, 1.00) 1.000013 1.64E-06 7.87 0 (1.00, 1.00) 

Linguistic 
fractionalization 

1.13E+23 2.11E+24 2.84 0.005 
(1.33E+07, 
9.61E+38) 

9.93E+16 3.83E+17 10.15 0 
(5.17E+13, 
1.91E+20) 

Distance 0.361731 0.1553857 -2.37 0.018 (0.16, 0.84) 0.4262153 0.0395776 -9.18 0 (0.36, 0.51) 

Integration 1.393845 5.714739 0.08 0.935 
(0.00045, 
4306.50) 

3.268299 1.624808 2.38 0.017 (1.23, 8.66) 
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  Table 15. Predictors of Group Membership: Socioeconomic Equity 

  Non-Imputed Dataset Imputed Dataset 

Group 
Predictor of 

Group 
Membership 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% Confidence 

Interval 
Relative 

Risk 
Standard 

Error 
z P>|z| 

95% 
Confidence 

Interval 

1 (base 
outcome) 

                      

2 

Income 2.241445 1.979536 0.91 0.361 (0.40, 12.66) 5.307659 0.892067 9.93 0 (3.82, 7.38) 

Region 0.8764091 0.315655 -0.37 0.714 (0.43, 1.77) 1.088548 0.055033 1.68 0.093 (0.99, 1.20) 

Female 
education 

0.9141557 0.020847 -3.94 0 (0.87, 0.96) 0.990228 0.003427 -2.84 0.005 (0.98, 1.00) 

Political 
stability 

2.524515 1.381406 1.69 0.091 (0.86, 7.38) 1.27432 0.106547 2.9 0.004 (1.08, 1.50) 

Government 
effectiveness 

1.342423 1.632695 0.24 0.809 (0.12, 14.56) 1.756637 0.406063 2.44 0.015 (1.12, 2.76) 

Corruption 0.1219006 0.151205 -1.7 0.09 (0.011, 1.39) 0.207852 0.045946 -7.11 0 (0.13, 0.32) 

Gender 
inequality 

1.73E-06 4.04E-06 -5.68 0 
(1.77E-08, 
0.00017) 

3.338941 0.946851 4.25 0 (1.92, 5.82) 

Out-of-pocket 
health 

expenditures 
1.012023 0.019145 0.63 0.528 (0.98, 1.05) 0.960434 0.00386 

-
10.04 

0 (0.95, 0.97) 

Government 
expenditures 

on health 
0.9751033 0.007042 -3.49 0 (0.96, 0.99) 0.961332 0.002243 -16.9 0 (0.96, 0.97) 

External 
resources for 

health per 
capita 

0.9015603 0.025435 -3.67 0 (0.85, 0.95) 0.974827 0.004079 -6.09 0 (0.97, 0.98) 

Land area 1.000006 1.23E-06 4.82 0 (1.00, 1.00) 1.000001 1.17E-07 10.96 0 (1.00, 1.00) 

Linguistic 
fractionalization 

1.246866 1.505423 0.18 0.855 (0.12, 13.29) 2.272543 0.52127 3.58 0 (1.45, 3.56) 

Distance 1.018492 0.021547 0.87 0.386 (0.98, 1.06) 1.024245 0.003106 7.9 0 (1.02, 1.03) 

Integration 0.837396 0.802561 -0.19 0.853 (0.13, 5.48) 0.489647 0.062383 -5.6 0 (0.38, 0.63) 
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  Table 15, Continued. Predictors of Group Membership: Socioeconomic Equity 

  Non-Imputed Dataset Imputed Dataset 

Group 
Predictor of 

Group 
Membership 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% Confidence 

Interval 
Relative 

Risk 
Standard 

Error 
z P>|z| 

95% 
Confidence 

Interval 

3 

Income 4.655903 3.987518 1.8 0.073 (0.87, 24.95) 

 

Region 0.9844899 0.352523 -0.04 0.965 (0.49, 1.99) 

Female 
education 

0.9395753 0.018313 -3.2 0.001 (0.90, 0.98) 

Political 
stability 

1.540575 0.746975 0.89 0.373 (0.60, 3.98) 

Government 
effectiveness 

1.124743 1.387484 0.1 0.924 (0.10, 12.62) 

Corruption 0.0858633 0.101331 -2.08 0.038 (0.0085, 0.87) 

Gender 
inequality 

0.000375 0.000822 -3.6 0 (5.10E-06, 0.028) 

Out-of-pocket 
health 

expenditures 
0.9496381 0.019364 -2.53 0.011 (0.91, 0.99) 

Government 
expenditures 

on health 
0.9457635 0.010652 -4.95 0 (0.93, 0.97) 

External 
resources for 

health per 
capita 

0.8876052 0.024401 -4.34 0 (0.84, 0.94) 

Land area 1.000005 1.20E-06 4.58 0 (1.00, 1.00) 

Linguistic 
fractionalization 

17.64553 20.0658 2.52 0.012 (1.90, 163.90) 

Distance 1.048426 0.020577 2.41 0.016 (1.01, 1.09) 

Integration 0.4460937 0.417046 -0.86 0.388 (0.07, 2.79) 
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  Table 15, Continued. Predictors of Group Membership: Socioeconomic Equity 

  Non-Imputed Dataset Imputed Dataset 

Group 
Predictor of 

Group 
Membership 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% 

Confidence 
Interval 

Relative 
Risk 

Standard 
Error 

z P>|z| 
95% 

Confidence 
Interval 

4 

Income 5.44E+19 5.22E+23 0 0.996 - 

 

Region 3451.95 6698449 0 0.997 - 

Female 
education 

0.5746389 124.3169 0 0.998 
(4.10E-185, 
8.10E+183) 

Political 
stability 

0.4704951 2075.301 0 1 - 

Government 
effectiveness 

1.117109 11581.04 0 1 - 

Corruption 0.0000242 0.167434 0 0.999 - 

Gender 
inequality 

0.1436708 3428.467 0 1 - 

Out-of-pocket 
health 

expenditures 
0.9852097 263.2934 0 1 

(3.30E-228, 
3.00E+227) 

Government 
expenditures 

on health 
1.00599 6.158619 0 0.999 

(6.19E-06, 
163532.6) 

External 
resources for 

health per 
capita 

0.7057309 332.4281 0 0.999 - 

Land area 1.000039 0.004727 0.01 0.993 (0.99, 1.01) 

Linguistic 
fractionalization 

6.05E-18 4.25E-14 
-

0.01 
0.995 - 

Distance 0.403834 42.49988 
-

0.01 
0.993 

(1.06E-90, 
1.54E+89) 

Integration 1.52547 8606.309 0 1 - 
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CONCLUSION 

 

"Public health is a historically evolving system with its own agenda and 

preferred solutions to problems. The principle that things are the way they 

are because they got that way has to be applied to public health as well. 

Then we can see the ways in which the present pattern of knowledge and 

ignorance is not a spontaneous consequence of some problems being 

harder than others, but rather a consequence of intellectual choices 

encouraged by the fragmentation of disciplines and institutions, the 

structures of reward and recognition, the financing of research in order to 

find marketable commodities, and unacknowledged constraints on the 

investigations, conditions that are accepted as givens without question." 

Richard Levins and Cynthia Lopez  

“Toward an Ecosocial View of Health” 

 

5.1 Summary of Findings 

Applying both qualitative and quantitative methods, this dissertation examined a 

broad range of vaccination issues during and after outbreaks in LMICs, each 

corresponding to WHO’s continuum of pandemic phases. The three papers comprising 

this work have articulated considerations for vaccine delivery during outbreak response 

efforts, investigated emergent immunization challenges in post-outbreak contexts, and 

described longitudinal trends in vaccination equity. 
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 Paper 1 (Chapter 2) analyzed findings from a scoping literature review and key 

informant interviews on last mile challenges in vaccine delivery and uptake during 

outbreaks and presented a descriptive conceptual framework organizing these 

challenges in terms of geography, epidemiology, target populations, and health system 

considerations. Within each of these four framings, we further collated findings into 

broad thematic categories – governance and leadership, surveillance, workforce, 

program implementation, vaccine confidence, and population immunity – and identified 

several cross-cutting themes, including funding, quality assurance, ethics, equity, and 

integration. The resultant conceptual framework presents a typology of critical last mile 

challenges and illustrates how they are distinct from vaccination challenges 

encountered during earlier phases of outbreak response. We concluded that this 

important subset of challenges merits continued scholarship and demands focused 

attention during routine epidemic planning efforts in LMICs and resource-deprived 

settings. 

Paper 2 (Chapter 3) presented findings from a comparative case study analysis 

tracing the post-epidemic trajectories of routine immunization programs in Liberia and 

Haiti, highlighting barriers and facilitators of immunization program recovery in these 

settings. Drawing from the peer-reviewed and grey literature, quantitative databases, 

and key informant interviews, we constructed descriptive narratives for each case and 

used the Essential Public Health Services Framework to compare and contrast 

processes of health system recovery across both settings. We found that the legacies of 

colonialism powerfully shaped the health systems and post-epidemic landscapes of 

these countries, particularly with respect to immunization workforce retention, 
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satisfaction, and compensation. In both Liberia and Haiti, deeply entrenched power 

asymmetries between national governments and external partners have been 

compounded by recurrent geopolitical crises and natural disasters, which have gutted 

immunization capacities and left populations vulnerable to epidemic threats. We also 

learned that embedding in-country expertise within outbreak response structures, 

respecting governmental autonomy and self-determination, aligning post-epidemic 

recovery plans and policies, and integrating response assets into systems for routine 

vaccination resulted in more equitable levels of national and sub-national immunization 

coverage. 

Over the course of this investigation, integration emerged as an important 

consideration both in the context of last mile challenges and post-epidemic health 

system recovery. This finding was the impetus behind Paper 3 (Chapter 4), which 

presented a series of group-based trajectory models that illustrate longitudinal trends in 

geographic and socioeconomic vaccination equity across 78 LMICs that have ever 

received support from Gavi, the Vaccine Alliance. Group-based trajectory modeling is a 

latent class modeling technique that enabled us to group and describe countries 

exhibiting similar developmental equity trajectories. Using a WHO-recommended metric 

of integrated vaccine delivery and multiple imputation to handle missing health service 

coverage data, we discovered positive associations between integration and equity and 

identified several predictors of country membership in high-performing groups. Paper 3 

concludes with reflections on improving measurement of both integration and equity, as 

well as the potential utility of group-based trajectory modeling in future health systems 

research. 
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5.2 Implications for Future Public Health Research, Policy, and Practice 

Findings from each of the three studies in this dissertation have salient 

implications for health systems research, policymaking, and practice, particularly in the 

context of ongoing efforts to mitigate both emergent crises like COVID-19 and 

longstanding, vaccine-preventable threats like polio, measles, and seasonal influenza. 

The conceptual framework of last mile challenges from Paper 1, for example, could help 

inform vaccination strategies in countries experiencing resurgences of imported or 

circulating vaccine-derived poliovirus after previously being declared polio-free. 

Similarly, as COVID-19 vaccines become more widely available to populations in the 

Global South, this framework could also support advance planning to dismantle 

demand-side barriers to vaccine uptake, refine surveillance strategies, and address 

workforce challenges, among other last-mile considerations. Given that our study was 

largely taxonomic in nature, future studies might also build on our framework by 

applying a complex adaptive systems lens to articulate linkages, feedback loops, and 

causal pathways underpinning last mile challenges. A more expansive evidence base 

contextualizing last mile challenges in under-studied settings or with respect to a 

broader range of diseases might further support such analyses. This understanding, in 

turn, is essential to the success of ongoing and future infectious disease mitigation, 

elimination, and eradication efforts. 

As with Paper 1, the findings from Paper 2 may be especially relevant amid the 

ongoing global response to COVID-19. This case study analysis described how 

historical power dynamics not only shaped pre- and post-epidemic routine immunization 

programs in Liberia and Haiti, but actively created vacuums of state capacity and 
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autonomy that left these countries vulnerable to the threats of Ebola and cholera, 

respectively. While the findings from this study are not necessarily generalizable to 

every post-epidemic health system context, they may be transferrable to low- and 

middle-income settings characterized by limited horizontal and public sector capacities, 

a strong vertical health program presence, and a high degree of health system 

participation and influence from external donors and higher-income partners. Many 

LMICs are likely to experience longer COVID-19 recovery timelines, due in large part to 

inequitable vaccine distribution schemes amid severe disruptions to routine 

immunization programs. As such, decision-makers in these countries and their external 

partners ought to adopt more equitable, productive models of partnership and 

collaboration that do not reify colonial patterns of injustice in health system governance 

and health service delivery. The findings from this study highlight avoidable pitfalls and 

shed light on effective recovery practices – for example, policy alignment and country 

ownership of recovery efforts – that could guide policymakers and practitioners striving 

to rebuild or strengthen immunization programs derailed by COVID-19. Follow-on case 

studies might examine post-epidemic immunization programs in other countries to 

identify additional barriers and facilitators of recovery. Coupling other methodological 

frameworks, such as a positive deviance lens, with additional forms of data (e.g., social 

media content, financial data, mobile data) and methods of data collection (e.g., focus 

groups, community-based participatory research) could also provide insights into 

demand-side considerations for post-epidemic health system recovery.302 

Paper 3 applied a quantitative method, group-based trajectory modeling, to 

describe vaccination equity in 78 LMICs and examine associations between integrated 
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vaccine delivery and equity. GBTM, to our knowledge, has not been widely applied in 

health systems research but may have considerable utility as an exploratory method for 

describing complex longitudinal phenomena, particularly when randomized controlled 

trials or other experimental study designs are not possible. Our study shows that linking 

delivery of essential health services is associated with improved vaccination equity in 

settings with high baseline levels of inequity – a finding that could inform resource 

allocation and budgetary decisions in settings predominated by vertical immunization 

programs. This finding also aligns with calls to resume routine immunization activities in 

tandem with COVID-19 response efforts.378 Paper 3 also discusses the limitations of 

current metrics of integration and proposes alternative measures that could improve 

monitoring and evaluation efforts around vaccination coverage and equity in LMICs. Our 

investigation also underscored a critical need for further scholarship around the 

determinants, drivers, and effects of integrated vaccine delivery. Future qualitative 

studies – such as case study analyses of countries that have achieved integration and 

successfully transitioned away from Gavi support – could help elucidate these factors, 

which might include varying health insurance schemes, planning and implementation 

processes, workforce structures, or levels of trust in public health and medical 

institutions.316 Given that our study identified positive associations between integration 

and equity, future quantitative analyses might also consider alternative options for 

ascertaining potential causal relationships between the two. 
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5.3 Final Reflections 

Though each study in this investigation examined a different facet of vaccination 

at varying stages of outbreak response and recovery, all three coalesce around a single 

unifying theme: the imperative to achieve and sustain high levels of equitable 

immunization coverage, mediated by integrating vaccination capacities into robust 

systems of care. With respect to systems integration, Margaret J. Wheatley and Myron 

Kellner-Rogers write:  

 

“To create better health in a living system, connect it to more 

of itself. When a system is failing, or performing poorly, the 

solution will be discovered within the system if more and 

better connections are created. A failing system needs to 

start talking to itself, especially to those it didn't know were 

even part of itself…This principle embodies a profound 

respect for systems. It says that they are capable of 

changing themselves, once they are provided with new and 

richer information. It says that they have a natural tendency 

to move toward better functioning or health. It assumes that 

the system already has within it most of the expertise that it 

needs. This principle also implies that the critical task for a 

leader is to increase the number, variety and strength of 

connections within the system.”379 
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Contextualizing this principle in global public health research and practice, the 

health systems scholar Ṣẹ̀yẹ Abímbọ́lá further asserts, “In thinking that our primary role 

is to produce new knowledge rather than helping to connect a system, any system, to 

more of itself, we have been unjust.”380 Thus, for the full range of life course benefits 

associated with equitable immunization to be realized, the systemic components that 

successful vaccine delivery demands – technical and tacit knowledge, competent 

workforces, and requisite levels of social, economic, and political capital – must be in 

resonance with one another.  

By synthesizing previous scholarship, key informant expertise, and secondary 

data to describe challenges in last mile vaccine delivery, analyze post-epidemic 

immunization program recovery, and highlight associations between integration and 

equity, this dissertation advocates for forging stronger linkages between these systemic 

components. In terms of public health practice, strengthening such linkages requires 

continuous assessment of whether needed system inputs are in place, whether existing 

mechanisms of collaboration and engagement are sufficiently equipped to dismantle 

barriers to equitable vaccine access, and perhaps most importantly, in whose interest 

the system in question is functioning. Ultimately, by actively pursuing requisite structural 

transformations to improve vaccination integration, delivery, and equity, researchers, 

practitioners, and decision-makers can strengthen public health preparedness and 

safeguard population health. 
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Appendix A 

 

Scoping Literature Review Search Strategy 

 

Peer-Reviewed 
Literature Databases 

Search Terms 

PubMed (National Library 
of Medicine) 

▪ (implementation science[MeSH Terms]) AND 

immunization[MeSH Terms] 

▪ (((((((disease outbreak[MeSH Terms]) AND 

immunization[MeSH Terms]) AND delivery of healthcare 

AND Humans[Mesh])) AND (barriers OR considerations OR 

impediment OR obstacle OR stumbling block OR last mile 

OR implementation OR distribution OR delivery OR dispense 

OR dispersal)) AND Humans[Mesh])) NOT delivery, 

obstetric[MeSH Terms] 

▪ vaccine AND endgame AND outbreak 

Embase (Elsevier) 

▪ immunization AND (recommendations OR obstacles) AND 
('last mile' OR 'health care delivery' OR implementation OR 
'implementation science') AND [humans]/lim AND 
[english]/lim AND ('article'/it OR 'article in press'/it OR 
'chapter'/it OR 'conference paper'/it OR 'editorial'/it OR 
'letter'/it OR 'review'/it OR 'short survey'/it) 

Scopus (Elsevier) 
▪ “last mile” AND immunization OR vaccine 
▪ vaccine AND endgame AND outbreak 

PsycINFO (American 
Psychological Association) 

▪ “last mile” 
▪ “last mile” AND challenges 
▪ “last mile challenges” 
▪ “last mile” AND vaccine OR vaccination 
▪ vaccine AND endgame AND outbreak 

Cumulative Index to 
Nursing & Allied Health 
Literature (EBSCO) 

Grey Literature 
Databases 

Search Terms 

ReliefWeb 

▪ last mile AND vaccine 
▪ (vaccinate OR vaccine OR vaccination OR immunise OR 

immunize OR immunization OR immunisation) AND 

(recommendation OR problem OR issue OR barriers OR 

considerations OR impediment OR obstacle OR stumbling 

block) AND (last mile OR implementation OR distribution OR 

delivery OR dispense OR dispersal) 

▪ vaccine AND endgame AND outbreak 

OpenGrey (INIST-CNRS)  
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CDC Stacks 
▪ “last mile” 
▪ “last mile” AND challenges 
▪ “last mile challenges” 
▪ “last mile” AND vaccine OR vaccination 

vaccine AND endgame AND outbreak 

Health Systems Evidence 
(McMaster Health Forum) 

Global Index Medicus 
(World Health 
Organization) 

LILACS (Pan American 
Health Organization) 

Think Tank Search 
(Harvard Kennedy School) 

 

 

Exclusion criteria: 

 

▪ Non-English-language articles 
 

▪ Irrelevance (based on title and abstract review; i.e., document does not address 
last mile challenges in public health and/or vaccine delivery) 
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Appendix B 

 

Key Informant Semi-Structured Interview Protocol 

 

1. Please describe your involvement in responding to the [Ebola/cholera] epidemic in 
[Liberia/Haiti]. 
  

2. Please describe how your organization coordinated with other NGOs, responding 
agencies, and government agencies operating in [Liberia/Haiti] during this time. 
  

3. Tell us what routine immunization activities and programs in [Liberia/Haiti] looked 
like immediately after the [Civil War/earthquake]. Were there major disruptions?  
  

a. What about after the [Ebola/cholera] epidemic took off? 
b. Were there some parts of the country that experienced more disruptions in 

routine immunization than others? 
  

4. Assessment: 
  

a. Please describe whether or how surveillance for vaccine-preventable 
diseases changed after the [Ebola/cholera] epidemic took off. 

b. Were there concerns about seeing a spike in cases of vaccine-preventable 
diseases? What plans were in place to deal with those, if so? 

  

5. Policy Development: 
  

a. Can you provide examples of community engagement efforts around routine 
vaccination during and after the [Ebola/cholera] epidemic?  

b. Were there specific risk communication strategies or community partnerships 
that your team relied on to help promote routine vaccination? 

c. Were there national laws, policies, or other government directives that 
supported routine immunization during this time? 

  

6. Assurance: 
  

a. How were resources for routine immunization distributed across [counties, 
districts, departments, and/or arondissements]? 

b. Were there efforts made to strengthen [Liberia/Haiti]’s domestic immunization 
workforce during this time? 

c. What other steps were taken to strengthen [Liberia/Haiti]’s health system 
during this time? 

  

7. If you could change any aspect of how your organization responded to the crisis in 
[Liberia/Haiti], what would you change? 
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Appendix C 
 

Characteristics of Key Informants Interviewed (Case Study Analysis) 
 

 
‡‡‡ In several cases, key informants reported serving across multiple professional 
domains over the course of their work in Haiti and/or Liberia. 

# 
Discipline & Issue 

Expertise 

Professional Domain‡‡‡ 
Geographic 

Focus 

In-Country 
Government 

External 
Donor or 
Partner 

Civil 
Society 

Liberia Haiti 

KI1 

Public health: project 
management, 
sustainability, health 
system governance 

 ✓ ✓  ✓ 

KI2 

Public health: 
immunization, 
surveillance for 
vaccine-preventable 
diseases 

 ✓   ✓ 

KI3 

Public health: 
maternal & child 
health, cholera, 
monitoring & 
evaluation 

 ✓   ✓ 

KI4 

Humanitarian health: 
cholera, emergency 
response, program 
evaluation 

 ✓   ✓ 

KI5 

Humanitarian health: 
program 
coordination, 
immunization 
microplanning, 
outbreak response 

 ✓ ✓  ✓ 

KI6 

Health financing: 
policy, costing of 
health services, 
budget management 

 ✓   ✓ 

KI7 

Public health: 
primary health care, 
capacity-building, 
health advocacy 

  ✓  ✓ 
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# 
Discipline & Issue 

Expertise 

Professional Domain 
Geographic 

Focus 

In-Country 
Government 

External 
Donor or 
Partner 

Civil 
Society 

Liberia Haiti 

KI8 
Public health: routine 
immunization 

 ✓   ✓ 

KI9 

Public health: routine 
immunization, 
vaccine introduction, 
surveillance 

✓    ✓ 

KI10 

Public health & 
medicine: primary 
care, women’s 
health, health 
workforce training 

  ✓  ✓ 

KI11 

Public health: 
epidemiology, 
monitoring & 
evaluation 

  ✓ ✓  

KI12 

Public health: routine 
immunization, 
epidemiology, 
surveillance 

  ✓ ✓  

KI13 

Public health: 
demography, incident 
management, 
outbreak response 

✓   ✓  

KI14 
Policy: 
peacebuilding, health 
governance 

✓  ✓ ✓  

KI15 
Public health: routine 
immunization 

✓  ✓ ✓  

KI16 
Public health: routine 
immunization 

✓  ✓ ✓  

KI17 

Public health: routine 
immunization, 
epidemiology, child 
health, medicine 

  ✓ ✓  

KI18 

Public health: routine 
immunization, health 
systems 
strengthening 

✓  ✓ ✓  
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# 
Discipline & Issue 

Expertise 

Professional Domain 
Geographic 

Focus 

In-Country 
Government 

External 
Donor or 
Partner 

Civil 
Society 

Liberia Haiti 

KI19 

Public health: 
community 
engagement, risk 
communication 

✓   ✓  

KI20 

Public health: 
epidemiology, 
outbreak response, 
surveillance 

✓   ✓  

KI21 

Public health: 
incident 
management, 
outbreak response, 
health systems 
strengthening 

✓   ✓  
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Appendix D 
 

Group-Based Trajectory Model Data Glossary 
 
 

Descriptive 
Indicators 

Description Type Data Source 

Alpha-3 code 

Standardized 3-letter country 
codes designated by the 
International Organization for 
Standardization 

Alphanumeric ISO Alpha-3 codes 

Independent 
Variables 

Description Type Data Source 

Antenatal care 
coverage 

National coverage of at least one 
antenatal care visit (%) 

Continuous 

Demographic and 
Health Surveys 
(DHS) & Multiple 
Indicator Cluster 
Surveys (MICS) 

Control of 
corruption 

Measurement of perceptions of 
the extent to which public power 
is exercised for private gain, 
including both petty and grand 
forms of corruption, as well as 
"capture" of the state by elites 
and private interests 

Continuous 
Worldwide 
Governance 
Indicators 

Diphtheria-
tetanus-

pertussis 
vaccination 

coverage 

National coverage of the third 
dose of diphtheria-tetanus-
pertussis-containing vaccine (%) 

Continuous 
WHO-UNICEF Joint 
Reporting Forms on 
Immunization 

Distance to the 
nearest health 

facility 

Proportion of the population more 
than 60 minutes away (by 
walking) from the nearest health 
facility (%) 

Continuous 

Weiss et al. (“Global 
maps of travel time 
to healthcare 
facilities,” Nature 
Medicine) 

External 
resources for 

health per 
capita 

External resources for health per 
capita (expressed in current 
international dollars, purchasing 
power parity) 

Continuous 
WHO Global Health 
Expenditure 
Database 

https://www.iso.org/obp/ui/#search
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://info.worldbank.org/governance/wgi/Home/Documents
https://info.worldbank.org/governance/wgi/Home/Documents
https://info.worldbank.org/governance/wgi/Home/Documents
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://www.nature.com/articles/s41591-020-1059-1
https://www.nature.com/articles/s41591-020-1059-1
https://www.nature.com/articles/s41591-020-1059-1
https://www.nature.com/articles/s41591-020-1059-1
https://www.nature.com/articles/s41591-020-1059-1
https://apps.who.int/nha/database/Select/Indicators/en
https://apps.who.int/nha/database/Select/Indicators/en
https://apps.who.int/nha/database/Select/Indicators/en
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Independent 
Variables 

Description Type Data Source 

Gender  
inequality  

index 

A composite measure reflecting 
inequality in achievement 
between women and men in 
three dimensions: reproductive 
health, empowerment and the 
labor market 

Continuous 

United Nations 
Development 
Programme Human 
Development 
Reports 

Government 
effectiveness 

Measurement of perceptions of 
the quality of public services, the 
quality of the civil service and the 
degree of its independence from 
political pressures, the quality of 
policy formulation and 
implementation, and the 
credibility of the 
government's commitment to 
such policies 

Continuous 
Worldwide 
Governance 
Indicators 

Government 
expenditure on 

health per 
capita 

Government health expenditures 
(in current international dollars, 
purchasing power parity) 

Continuous 
WHO Global Health 
Expenditure 
Database 

Income Level World Bank Region Alphanumeric 
▪ World Bank 

Country and 
Lending Groups 

Integrated  
vaccine 
delivery 

This analysis utilizes the 
dichotomous measure developed 
by the WHO SAGE working 
group and adopted by Gavi, 
wherein countries are considered 
to have achieved integration only 
if national co-coverage levels of 
MCV1, DTP3, PAB, and ANC1 
exceed 70%, and are within 10 
percentage points of one 
another. 

Dichotomous 

▪ WHO-UNICEF 
Joint Reporting 
Forms on 
Immunization 

▪ WHO Global 
Health 
Observatory 

▪ Demographic 
and Health 
Surveys (DHS) & 
Multiple Indicator 
Cluster Surveys 
(MICS) 

http://hdr.undp.org/en/indicators/68606
http://hdr.undp.org/en/indicators/68606
http://hdr.undp.org/en/indicators/68606
http://hdr.undp.org/en/indicators/68606
http://hdr.undp.org/en/indicators/68606
https://info.worldbank.org/governance/wgi/Home/Documents
https://info.worldbank.org/governance/wgi/Home/Documents
https://info.worldbank.org/governance/wgi/Home/Documents
https://apps.who.int/nha/database/Select/Indicators/en
https://apps.who.int/nha/database/Select/Indicators/en
https://apps.who.int/nha/database/Select/Indicators/en
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonates-protected-at-birth-against-neonatal-tetanus-(pab)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonates-protected-at-birth-against-neonatal-tetanus-(pab)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonates-protected-at-birth-against-neonatal-tetanus-(pab)-(-)
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
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Independent 
Variables 

Description Type Data Source 

Land area 
National land area (square 
kilometers) 

Continuous 
World Bank Open 
Data 

Linguistic 
fractionalization 

A measure of linguistic diversity 
within a given country 

Continuous 

Alesina et al. 
(“Fractionalization,” 
Journal of Economic 
Growth) 

Measles 
vaccination 

coverage 

National coverage of the first 
dose of measles-containing 
vaccine (%) 

Continuous 
WHO-UNICEF Joint 
Reporting Forms on 
Immunization 

Measles 
vaccination 

coverage in the 
wealthiest 

quintile 

National coverage of the first 
dose of measles-containing 
vaccine in the wealthiest quintile 
(%) 

Continuous 

Demographic and 
Health Surveys 
(DHS) & Multiple 
Indicator Cluster 
Surveys (MICS) 

Measles 
vaccination 

coverage in the 
poorest quintile 

National coverage of the first 
dose of measles-containing 
vaccine in the poorest quintile 
(%) 

Continuous 

Demographic and 
Health Surveys 
(DHS) & Multiple 
Indicator Cluster 
Surveys (MICS) 

Out-of-pocket 
expenditure on 

health 

Share of out-of-pocket 
expenditure on health (as a 
percentage of total health 
expenditure) 

Continuous 
WHO Global Health 
Expenditure 
Database 

Political 
stability and 
absence of 

violence and 
terrorism 

Measurement of the likelihood of 
political instability and/or 
politically motivated violence, 
including terrorism 

Continuous 
Worldwide 
Governance 
Indicators 

Protection at 
birth against 

neonatal 
tetanus 

National proportion of neonates 
protected at birth against 
neonatal tetanus via maternal 
immunization (%) 

Continuous 
WHO Global Health 
Observatory 

Region 
Current income level (as of 2022, 
per the World Bank) 

Alphanumeric 
World Bank Country 
and Lending Groups 

Women with 
completed 

primary 
education 

National proportion of women 
who have completed their 
primary education 

Continuous 
World Development 
Indicator Database 

https://data.worldbank.org/indicator/AG.LND.TOTL.K2
https://data.worldbank.org/indicator/AG.LND.TOTL.K2
https://scholar.harvard.edu/files/alesina/files/fractionalization.pdf
https://scholar.harvard.edu/files/alesina/files/fractionalization.pdf
https://scholar.harvard.edu/files/alesina/files/fractionalization.pdf
https://scholar.harvard.edu/files/alesina/files/fractionalization.pdf
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://apps.who.int/nha/database/Select/Indicators/en
https://apps.who.int/nha/database/Select/Indicators/en
https://apps.who.int/nha/database/Select/Indicators/en
https://info.worldbank.org/governance/wgi/Home/Documents
https://info.worldbank.org/governance/wgi/Home/Documents
https://info.worldbank.org/governance/wgi/Home/Documents
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonates-protected-at-birth-against-neonatal-tetanus-(pab)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonates-protected-at-birth-against-neonatal-tetanus-(pab)-(-)
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://www.google.com/url?q=https://data.worldbank.org/indicator/SE.PRM.CMPT.FE.ZS&sa=D&source=docs&ust=1639413633784000&usg=AOvVaw0cZvxPIP02TvGXlL_QCyJf
https://www.google.com/url?q=https://data.worldbank.org/indicator/SE.PRM.CMPT.FE.ZS&sa=D&source=docs&ust=1639413633784000&usg=AOvVaw0cZvxPIP02TvGXlL_QCyJf
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Dependent 
Variables 

Description Type Data Source 

Geographic 
vaccination 

equity 

Proportion of districts reporting ≥ 
80% coverage of measles-
containing vaccine 

Continuous 
WHO-UNICEF Joint 
Reporting Forms on 
Immunization 

Socioeconomic 
vaccination 

equity 

Slope index of inequality (SII) 
based on MCV1 coverage 
disaggregated by wealth quintile 
 

Continuous 

Demographic and 
Health Surveys 
(DHS) & Multiple 
Indicator Cluster 
Surveys (MICS) 

https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://apps.who.int/immunization_monitoring/globalsummary/indicators
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://www.statcompiler.com/en/
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
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APPENDIX E 

 

Group-Based Trajectory Model 

Geographic Equity (Non-Imputed) 

 

*Install the traj plugin.* 

net from https://www.andrew.cmu.edu/user/bjones/traj 

net install traj 

help traj 

 

log using gbtmgeo 

 

import delimited "C:\Users\sjrav\Desktop\Dissertation\Aim 3 - Quantitative 

Analysis\Data\Integrated Vaccine Delivery & Equity.csv" /// Import dataset. 

 

*Assign labels to each variable in the dataset.* 

 

label variable alpha3 "Alpha-3 Code" 

label variable region "World Bank Region" 

label variable income "Income Level" 

label variable q5coverage "MCV1 Coverage in the Wealthiest Quintile" 

label variable q4coverage "MCV1 Coverage in the 4th Quintile" 

label variable q3coverage "MCV1 Coverage in the 3rd Quintile" 

label variable q2coverage "MCV1 Coverage in the 2nd Quintile" 

label variable q1coverage "MCV1 Coverage in the Poorest Quintile" 

label variable geoequity "Geographic Equity" 

label variable sii "Slope Index of Inequality" 

label variable dtp3 "DTP3 Coverage" 

label variable mcv1 "MCV1 Coverage" 

label variable anc1 "Antenatal Care Coverage (1+ Visits)" 

label variable pab "Protection at Birth Against Neonatal Tetanus" 

label variable femeduc "Female Primary Education Completed" 

label variable polstability "Political Stability" 

label variable goveffect "Government Effectiveness" 

label variable corrupt "Corruption" 

label variable gii "Gender Inequality Index" 

label variable oopexp "Out-of-Pocket Health Expenditures" 

label variable govexp "Domestic Government Health Expenditures" 

label variable exthlth "External Health Spending" 

label variable land "Land Area" 

label variable lingfrac "Linguistic Fractionalization" 

label variable distance "Distance to Nearest Health Facility (Walking, 60+ Minutes)" 
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**************************************************************** 

Creating new variables for integrated vaccine delivery + miscellaneous. 

**************************************************************** 

 

generate integration = 0 

label variable integration "Integrated Vaccine Delivery" 

 

*Create new variables representing all possible absolute differences between MCV1, 

DTP3, ANC1, and PAB coverage levels.* 

 

generate abs_mcv1dtp3 = abs(mcv1-dtp3) 

generate abs_mcv1anc1 = abs(mcv1-anc1) 

generate abs_mcv1pab = abs(mcv1-pab) 

generate abs_dtp3anc1 = abs(dtp3-anc1) 

generate abs_dtp3pab = abs(dtp3-pab) 

generate abs_anc1pab = abs(anc1-pab) 

 

*Set "integration" to 1 if coverage of all four services (MCV1, DTP3, ANC1, PAB) is 

greater than or equal to 70%, and all four are within 10 percentage points of one 

another.* 

 

replace integration = 1 if mcv1>=70 & dtp3>=70 & anc1>=70 & pab>=70 & 

abs_mcv1dtp3<=10 & abs_mcv1anc1<=10 & abs_mcv1pab<=10 & abs_dtp3anc1<=10 

& abs_dtp3pab<=10 & abs_anc1pab<=10 

 

*Create a table summarizing events (i.e., "integration" = 1) by country.* 

 

tabulate country integration 

 

*Create a new variable ("year_dup") that duplicates the "Year" column of the dataset.* 

 

generate year_dup = year 

 

*Encode alpha3, region, and income (string variables) as numeric variables "numid," 

"region2," and "income2."* 

 

encode alpha3, generate(numid) 

sort numid 

 

encode region, generate(region2) 

 

encode income, generate(income2) 
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*Drop observations before 2008.* 

 

drop if year < 2008 

 

*********************************************************** 

***Group-based trajectory analysis for geographic equity*** 

*********************************************************** 

 

*Reshape the dataset from long to wide format; wide format is required to run the traj 

Stata plugin.* 

 

reshape wide country region region2 income income2 alpha3 q5coverage q4coverage 

q3coverage q2coverage q1coverage geoequity sii dtp3 mcv1 anc1 pab femeduc 

polstability goveffect corrupt gii oopexp govexp exthlth land lingfrac distance 

abs_mcv1dtp3 abs_mcv1anc1 abs_mcv1pab abs_dtp3anc1 abs_dtp3pab abs_anc1pab 

integration year_dup, i(numid) j(year) 

 

*Run the traj plugin using a censored normal model, with "year_dup" as the 

independent variable and "geoequity" as the outcome of interest. The censored normal 

distribution ("cnorm") model is specified because geoequity is a repeatedly measured, 

continuous outcome censored by minimum and maximum values.* 

 

*Run the plugin several times, changing only the number of groups specified ("order") 

and holding all other parameters constant. Select the model/group number that 

produces the highest BIC value.* 

 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(0) max(110) order(0 0) 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(0) max(110) order(0 0 0) 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(0) max(110) order(0 0 0 0) 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(0) max(110) order(0 0 0 0 0) 

 

*The five-group model produced a high BIC value, so we will move forward with this 

option. Next, toggle the polynomial order for each group to achieve the largest possible 

BIC. The model below represents the tested option with the highest BIC value. The 

"detail" command generates parameter estimates that will be used to calculate 

confidence intervals in a later step.* 

 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(0) max(110) order(1 1 1 1 1) 

tcov(integration*) detail 
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*Plot the trajectories for the two groups, along with accompanying confidence intervals. 

Assessing the confidence intervals provides an additional diagnostic check for the 

model (i.e., narrower, non-overlapping CIs are preferred).* 

 

trajplot, xtitle("Year") ytitle("Geographic Equity (%)") xlabel(2008(2)2020) ci 

 

*Perform parametric bootstrap sampling to estimate group size confidence intervals. 

Use parameter estimates from the traj output as the starting values for the matrix 

command.* 

 

matrix strt = -3726.42195, 1.86395, -7.70874, 2864.77166, -1.39961, 9.00932, 8.81971, 

0.03398, 3.87270, -368.32445, 0.23072, 1.75297, -6808.17372, 3.40992, -5.38055, 

14.68529, 13.03584, 17.61859, 27.05399, 29.67699, 12.61459 

 

bootstrap _b (100/(1+exp(_b[theta2]))) (100*exp(_b[theta2])/(1+exp(_b[theta2]))), 

reps(1000) dots(10): traj, model(cnorm) var(geoequity*) indep(year_dup*) min(-1000) 

max(1000) order(1 1 1 1 1) tcov(integration*) start(strt) novar 

 

estat bootstrap, percentile bc 

 

*Create a program, "trajstats," to calculate several other diagnostic criteria for group-

based trajectory models.* 

 

program trajstats 

 

preserve 

 

*This step calculates the average posterior probability.* 

 

generate Mp=0 

 

foreach i of varlist _traj_ProbG* { 

     replace Mp = `i' if `i' > Mp  

 } 

    sort _traj_Group 

 

by _traj_Group: generate countG = _N 

 

*This step calculates the odds of correct classification.* 

 

    by _traj_Group: egen groupAPP = mean(Mp) 

    by _traj_Group: generate counter = _n 

    generate n = groupAPP/(1 - groupAPP) 
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    generate p = countG/ _N 

    generate d = p/(1-p) 

    generate occ = n/d 

  

*This step calculates the estimated group probabilities vs. the proportion of the sample 

assigned to the group.* 

  

 scalar c = 0 

    gen TotProb = 0 

    foreach i of varlist _traj_ProbG* { 

       scalar c = c + 1 

       quietly summarize `i' 

       replace TotProb = r(sum)/ _N if _traj_Group == c  

    } 

 gen d_pp = TotProb/(1 - TotProb) 

 gen occ_pp = n/d_pp 

   

 *This step displays: 

*Group number [_traj_~p],  

*Count per group (based on the max post prob), [countG] 

     *Average posterior probability for each group, [groupAPP] 

*Odds of correct classification (based on the maximum posterior group 

assignment rule), [occ]  

*Odds of correct classification (based on the weighted posterior probabilities), 

[occ_pp] 

*Observed probability of groups [p] versus the probability based on the posterior 

probabilities [TotProb]* 

  

list _traj_Group countG groupAPP occ occ_pp p TotProb if counter == 1 

  

restore 

  

end 

  

*Now, run the trajstats program.* 

 

trajstats 

 

*Create a list of group assignments and group membership probabilities for all 

subjects.* 

 

list _traj_Group - _traj_ProbG5 
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*Reshape the dataset from wide to long format.* 

 

reshape long 

 

*Perform multinomial logistic regression to identify covariates with statistically significant 

associations with group membership, setting Group 1 membership as the base 

outcome. Save results.*  

 

drop if year < 2003 

 

mlogit _traj_Group income2 region2 femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance integration, baseoutcome(1) rrr 

 

******************************** 

***Close log and save as PDF*** 

******************************** 

 

log close 

 

translate gbtmgeo.smcl gbtmgeo.pdf 
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APPENDIX F 

 

Group-Based Trajectory Model 

Geographic Equity (Imputed) 

 

*Install the traj package.* 

net from https://www.andrew.cmu.edu/user/bjones/traj 

net install traj 

help traj 

 

log using migbtmgeo 

 

*Import dataset.* 

 

import delimited "C:\Users\sjrav\Desktop\Dissertation\Aim 3 - Quantitative 

Analysis\Data\Integrated Vaccine Delivery & Equity.csv" 

 

*Assign labels to each variable in the dataset.* 

 

label variable alpha3 "Alpha-3 Code" 

label variable region "World Bank Region" 

label variable income "Income Level" 

label variable q5coverage "MCV1 Coverage in the Wealthiest Quintile" 

label variable q4coverage "MCV1 Coverage in the 4th Quintile" 

label variable q3coverage "MCV1 Coverage in the 3rd Quintile" 

label variable q2coverage "MCV1 Coverage in the 2nd Quintile" 

label variable q1coverage "MCV1 Coverage in the Poorest Quintile" 

label variable geoequity "Geographic Equity" 

label variable sii "Slope Index of Inequality" 

label variable dtp3 "DTP3 Coverage" 

label variable mcv1 "MCV1 Coverage" 

label variable anc1 "Antenatal Care Coverage (1+ Visits)" 

label variable pab "Protection at Birth Against Neonatal Tetanus" 

label variable femeduc "Female Primary Education Completed" 

label variable polstability "Political Stability" 

label variable goveffect "Government Effectiveness" 

label variable corrupt "Corruption" 

label variable gii "Gender Inequality Index" 

label variable oopexp "Out-of-Pocket Health Expenditures" 

label variable govexp "Domestic Government Health Expenditures" 

label variable exthlth "External Health Spending" 

label variable land "Land Area" 

label variable lingfrac "Linguistic Fractionalization" 
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label variable distance "Distance to Nearest Health Facility (Walking, 60+ Minutes)" 

 

******************************************************** 

***Perform multiple imputation to handle missing data*** 

******************************************************** 

 

*First, identify missing values in the dataset. Install the "mdesc" package if needed.* 

 

mdesc q5coverage q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 

mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp govexp exthlth land 

lingfrac distance 

 

*Create a pairwise correlation matrix to identify potential auxiliary variables.* 

 

pwcorr q5coverage q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 

mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp govexp exthlth land 

lingfrac distance 

 

*Set the data for multiple imputation. The "mi set mlong" command generates three 

additional variables that Stata will use to track the imputed datasets and values.* 

 

mi set flong 

 

*Summarize missing values in the dataset.* 

 

mi misstable summarize q5coverage q4coverage q3coverage q2coverage q1coverage 

geoequity sii dtp3 mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance 

 

*Summarize missing patterns in the dataset.* 

 

mi misstable patterns q5coverage q4coverage q3coverage q2coverage q1coverage 

geoequity sii dtp3 mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance 

 

*Register the variables to be imputed.* 

 

mi register imputed q5coverage q4coverage q3coverage q2coverage q1coverage 

geoequity sii anc1 pab 

 

*Specify the imputed model.* 

 

mi impute mvn geoequity anc1 pab = mcv1, add(10) rseed(54321) force 
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*Specify a linear regression model to estimate the missing values. esample(imputed) 

creates a new variable, "imputed," that equals 1 for observations that are used in the 

imputation and 0 otherwise.* 

 

mi estimate, esample(imputed): regress q5coverage q4coverage q3coverage 

q2coverage q1coverage sii geoequity anc1 pab 

 

*Create a table of observations not used in the imputation model.* 

 

tabulate country year if imputed == 0 

 

*Perform a diagnostic check to assess how well the imputation was performed; check 

inflation of standard errors.* 

 

mi estimate, vartable dftable 

 

drop imputed 

 

****************************************************************Creating new variables for 

integrated vaccine delivery + miscellaneous. 

**************************************************************** 

 

generate integration = 0 

label variable integration "Integrated Vaccine Delivery" 

 

*Create new variables representing all possible absolute differences between MCV1, 

DTP3, ANC1, and PAB coverage levels.* 

 

generate abs_mcv1dtp3 = abs(mcv1-dtp3) 

generate abs_mcv1anc1 = abs(mcv1-anc1) 

generate abs_mcv1pab = abs(mcv1-pab) 

generate abs_dtp3anc1 = abs(dtp3-anc1) 

generate abs_dtp3pab = abs(dtp3-pab) 

generate abs_anc1pab = abs(anc1-pab) 

 

*Set "integration" to 1 if coverage of all four services (MCV1, DTP3, ANC1, PAB) is 

greater than or equal to 70%, and all four are within 10 percentage points of one 

another.* 

 

replace integration = 1 if mcv1>=70 & dtp3>=70 & anc1>=70 & pab>=70 & 

abs_mcv1dtp3<=10 & abs_mcv1anc1<=10 & abs_mcv1pab<=10 & abs_dtp3anc1<=10 

& abs_dtp3pab<=10 & abs_anc1pab<=10 
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*Create a table summarizing events (i.e., "integration" = 1) by country." 

 

tabulate country integration 

 

*Create a new variable ("year_dup") that duplicates the "Year" column of the dataset.* 

 

generate year_dup = year 

 

*Encode alpha3, region, and income (string variables) as numeric variables "numid," 

"region2," and "income2."* 

 

encode alpha3, generate(numid) 

sort numid 

 

encode region, generate(region2) 

 

encode income, generate(income2) 

 

drop if year < 2008 

 

*********************************************************** 

***Group-based trajectory analysis for geographic equity*** 

*********************************************************** 

 

*Reshape the dataset from long to wide format; wide format is required to run the traj 

Stata plugin.* 

 

mi reshape wide country region region2 income income2 alpha3 q5coverage 

q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 mcv1 anc1 pab 

femeduc polstability goveffect corrupt gii oopexp govexp exthlth land lingfrac distance 

abs_mcv1dtp3 abs_mcv1anc1 abs_mcv1pab abs_dtp3anc1 abs_dtp3pab abs_anc1pab 

integration year_dup, i(numid) j(year) 

 

*Run the traj plugin using a censored normal model, with "year_dup" as the 

independent variable and "geoequity" as the outcome of interest. The censored normal 

distribution ("cnorm") model is specified because geoequity is a repeatedly measured, 

continuous outcome censored by minimum and maximum values.* 

 

*Run the plugin several times, changing only the number of groups specified ("order") 

and holding all other parameters constant. Select the model/group number that 

produces the highest BIC value.* 
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traj, model(cnorm) var(geoequity*) indep(year_dup*) min(-200) max(200) order(0 0) 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(-200) max(200) order(0 0 0) 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(-200) max(200) order(0 0 0 0) 

 

*Next, toggle the polynomial order for each group to achieve the largest possible BIC. 

The model below represents the tested option with the highest BIC value. The "detail" 

command generates parameter estimates that will be used to calculate confidence 

intervals in a later step.* 

 

traj, model(cnorm) var(geoequity*) indep(year_dup*) min(-200) max(200) order(1 1 1 1 

1) tcov(integration*) detail 

 

*Plot the trajectories for the two groups, along with accompanying confidence intervals. 

Assessing the confidence intervals provides an additional diagnostic check for the 

model (i.e., narrower, non-overlapping CIs are preferred).* 

 

trajplot, xtitle("Year") ytitle("Geographic Equity (%)") xlabel(2008(2)2020) ci 

 

*Perform parametric bootstrap sampling to estimate group size confidence intervals. 

Use parameter estimates from the traj output as the starting values for the matrix 

command.* 

 

matrix strt = -3828.30241, 1.91447, 8.31742, 3404.91985, -1.66889, 7.89603, 

40.05184, 0.01830, 4.59730, -498.03972, 0.29490, 1.57810, -5519.40984, 2.76991, 

1.71893, 15.83307, 12.07282, 17.44924, 26.44174, 28.23482, 15.80138 

 

bootstrap _b (100/(1+exp(_b[theta2]))) (100*exp(_b[theta2])/(1+exp(_b[theta2]))), 

reps(1000) dots(10): traj, model(cnorm) var(geoequity*) indep(year_dup*) min(-1000) 

max(1000) order(1 1 1 1 1) tcov(integration*) start(strt) novar 

 

estat bootstrap, percentile bc 

 

*Create a program, "trajstats," to calculate several other diagnostic criteria for group-

based trajectory models.* 

 

program trajstats 

 

preserve 

 

*This step calculates the average posterior probability.* 

 

generate Mp=0 
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foreach i of varlist _traj_ProbG* { 

     replace Mp = `i' if `i' > Mp  

 } 

    sort _traj_Group 

 

by _traj_Group: generate countG = _N 

 

*This step calculates the odds of correct classification.* 

 

    by _traj_Group: egen groupAPP = mean(Mp) 

    by _traj_Group: generate counter = _n 

    generate n = groupAPP/(1 - groupAPP) 

    generate p = countG/ _N 

    generate d = p/(1-p) 

    generate occ = n/d 

  

*This step calculates the estimated group probabilities vs. the proportion of the sample 

assigned to the group.* 

  

 scalar c = 0 

    gen TotProb = 0 

    foreach i of varlist _traj_ProbG* { 

       scalar c = c + 1 

       quietly summarize `i' 

       replace TotProb = r(sum)/ _N if _traj_Group == c  

    } 

 gen d_pp = TotProb/(1 - TotProb) 

 gen occ_pp = n/d_pp 

   

 *This step displays: 

    *Group number [_traj_~p],  

    *Count per group (based on the max post prob), [countG] 

    *Average posterior probability for each group, [groupAPP] 

    *Odds of correct classification (based on the maximum 

posterior group assignment rule), [occ]  

*Odds of correct classification (based on the weighted posterior probabilities), 

[occ_pp] 

*Observed probability of groups [p] versus the probability based on the posterior 

probabilities [TotProb]* 

  

list _traj_Group countG groupAPP occ occ_pp p TotProb if counter == 1 

  

restore 
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end 

  

*Now, run the trajstats program.* 

 

trajstats 

 

*Create a list of group assignments and group membership probabilities for all 

subjects.* 

 

list _traj_Group - _traj_ProbG2 

 

*Reshape the dataset from wide to long format.* 

 

mi reshape long country region region2 income income2 alpha3 q5coverage 

q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 mcv1 anc1 pab 

femeduc polstability goveffect corrupt gii oopexp govexp exthlth land lingfrac distance 

abs_mcv1dtp3 abs_mcv1anc1 abs_mcv1pab abs_dtp3anc1 abs_dtp3pab abs_anc1pab 

integration year_dup, i(numid) j(year) 

 

*Perform multinomial logistic regression to identify covariates with statistically significant 

associations with group membership, setting Group 1 membership as the base 

outcome.*  

 

drop if year < 2003 

 

mlogit _traj_Group income2 region2 femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance integration, baseoutcome(1) rrr 

 

******************************* 

***Close log and save as PDF*** 

******************************* 

 

log close 

 

translate migbtmgeo.smcl migbtmgeo.pdf 
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APPENDIX G 

 

Group-Based Trajectory Model 

Socioeconomic Equity (Non-Imputed) 

 

*Install the traj plugin.* 

net from https://www.andrew.cmu.edu/user/bjones/traj 

net install traj 

help traj 

 

log using gbtmsoc 

 

import delimited "C:\Users\sjrav\Desktop\Dissertation\Aim 3 - Quantitative 

Analysis\Data\Integrated Vaccine Delivery & Equity.csv" /// Import dataset. 

 

*Assign labels to each variable in the dataset.* 

 

label variable alpha3 "Alpha-3 Code" 

label variable region "World Bank Region" 

label variable income "Income Level" 

label variable q5coverage "MCV1 Coverage in the Wealthiest Quintile" 

label variable q4coverage "MCV1 Coverage in the 4th Quintile" 

label variable q3coverage "MCV1 Coverage in the 3rd Quintile" 

label variable q2coverage "MCV1 Coverage in the 2nd Quintile" 

label variable q1coverage "MCV1 Coverage in the Poorest Quintile" 

label variable geoequity "Geographic Equity" 

label variable sii "Slope Index of Inequality" 

label variable dtp3 "DTP3 Coverage" 

label variable mcv1 "MCV1 Coverage" 

label variable anc1 "Antenatal Care Coverage (1+ Visits)" 

label variable pab "Protection at Birth Against Neonatal Tetanus" 

label variable femeduc "Female Primary Education Completed" 

label variable polstability "Political Stability" 

label variable goveffect "Government Effectiveness" 

label variable corrupt "Corruption" 

label variable gii "Gender Inequality Index" 

label variable oopexp "Out-of-Pocket Health Expenditures" 

label variable govexp "Domestic Government Health Expenditures" 

label variable exthlth "External Health Spending" 

label variable land "Land Area" 

label variable lingfrac "Linguistic Fractionalization" 

label variable distance "Distance to Nearest Health Facility (Walking, 60+ Minutes)" 
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**************************************************************** 

Creating new variables for integrated vaccine delivery + miscellaneous. 

**************************************************************** 

 

generate integration = 0 

label variable integration "Integrated Vaccine Delivery" 

 

*Create new variables representing all possible absolute differences between MCV1, 

DTP3, ANC1, and PAB coverage levels.* 

 

generate abs_mcv1dtp3 = abs(mcv1-dtp3) 

generate abs_mcv1anc1 = abs(mcv1-anc1) 

generate abs_mcv1pab = abs(mcv1-pab) 

generate abs_dtp3anc1 = abs(dtp3-anc1) 

generate abs_dtp3pab = abs(dtp3-pab) 

generate abs_anc1pab = abs(anc1-pab) 

 

*Set "integration" to 1 if coverage of all four services (MCV1, DTP3, ANC1, PAB) is 

greater than or equal to 70%, and all four are within 10 percentage points of one 

another.* 

 

replace integration = 1 if mcv1>=70 & dtp3>=70 & anc1>=70 & pab>=70 & 

abs_mcv1dtp3<=10 & abs_mcv1anc1<=10 & abs_mcv1pab<=10 & abs_dtp3anc1<=10 

& abs_dtp3pab<=10 & abs_anc1pab<=10 

 

*Create a table summarizing events (i.e., "integration" = 1) by country." 

 

tabulate country integration 

 

*Create a new variable ("year_dup") that duplicates the "Year" column of the dataset.* 

 

generate year_dup = year 

 

*Encode alpha3, region, and income (string variables) as numeric variables "numid," 

"region2," and "income2."* 

 

encode alpha3, generate(numid) 

sort numid 

 

encode region, generate(region2) 

 

encode income, generate(income2) 
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************************************************************** 

***Group-based trajectory analysis for socioeconomic equity*** 

************************************************************** 

 

*Reshape the dataset from long to wide format; wide format is required to run the traj 

Stata plugin.* 

 

reshape wide country region region2 income income2 alpha3 q5coverage q4coverage 

q3coverage q2coverage q1coverage geoequity sii dtp3 mcv1 anc1 pab femeduc 

polstability goveffect corrupt gii oopexp govexp exthlth land lingfrac distance 

abs_mcv1dtp3 abs_mcv1anc1 abs_mcv1pab abs_dtp3anc1 abs_dtp3pab abs_anc1pab 

integration year_dup, i(numid) j(year) 

 

*Run the traj plugin using a censored normal model, with "year_dup" as the 

independent variable and "sii" as the outcome of interest. The censored normal 

distribution ("cnorm") model is specified because the slope index of inequality is a 

repeatedly measured, continuous outcome censored by minimum and maximum 

values.* 

 

*Run the plugin several times, changing only the number of groups specified ("order") 

and holding all other parameters constant. Select the model/group number that 

produces the highest BIC value.* 

 

traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0) 

traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0 0) 

traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0 0 0) 

traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0 0 0 0) 

 

*The two- and three-group models produced large BIC and entropy values, so we will 

move forward with these options. Next, toggle the polynomial order for each of the three 

groups to achieve the largest possible BIC. The model below represents the tested 

option with a high BIC value, high entropy, and at least 1% membership in the smallest 

group.* 

 

traj, model (cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (1 1 0 0) 

tcov(integration*) detail 

 

*Plot the trajectories for the three groups, along with accompanying confidence 

intervals. Assessing the confidence intervals provides an additional diagnostic check for 

the model (i.e., narrower, non-overlapping CIs are preferred).* 
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trajplot, xtitle("Year") ytitle("Slope Index of Inequality") xlabel(2003(2)2019) ci 

 

*Perform parametric bootstrap sampling to estimate group size confidence intervals. 

Use parameter estimates from the traj output as the starting values for the matrix 

command.* 

 

matrix strt = 14.12135, -0.00700, 0.03105, 9.45529, -0.00460, -0.06057, 0.37896, -

0.01164, 0.71572, -0.52993, 0.09372, 39.33128, 30.01243, 26.53334, 4.12295 

 

bootstrap _b (100/(1+exp(_b[theta2]))) (100*exp(_b[theta2])/(1+exp(_b[theta2]))), 

reps(1000) dots(10): traj, model(cnorm) var(sii*) indep(year_dup*) min(-1000) 

max(1000) order(1 1 0 0) tcov(integration*) start(strt) novar 

 

estat bootstrap, percentile bc 

 

*Create a program, "trajstats," to calculate several other diagnostic criteria for group-

based trajectory models.* 

 

program trajstats 

 

preserve 

 

*This step calculates the average posterior probability.* 

 

generate Mp=0 

 

foreach i of varlist _traj_ProbG* { 

     replace Mp = `i' if `i' > Mp  

 } 

    sort _traj_Group 

 

by _traj_Group: generate countG = _N 

 

*This step calculates the odds of correct classification.* 

 

    by _traj_Group: egen groupAPP = mean(Mp) 

    by _traj_Group: generate counter = _n 

    generate n = groupAPP/(1 - groupAPP) 

    generate p = countG/ _N 

    generate d = p/(1-p) 

    generate occ = n/d 
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*This step calculates the estimated group probabilities vs. the proportion of the sample 

assigned to the group.* 

  

 scalar c = 0 

    gen TotProb = 0 

    foreach i of varlist _traj_ProbG* { 

       scalar c = c + 1 

       quietly summarize `i' 

       replace TotProb = r(sum)/ _N if _traj_Group == c  

    } 

 gen d_pp = TotProb/(1 - TotProb) 

 gen occ_pp = n/d_pp 

   

 *This step displays: 

     *Group number [_traj_~p],  

     *Count per group (based on the max post prob), [countG] 

     *Average posterior probability for each group, [groupAPP] 

*Odds of correct classification (based on the maximum posterior group 

assignment rule), [occ]  

*Odds of correct classification (based on the weighted posterior probabilities), 

[occ_pp] 

*Observed probability of groups [p] versus the probability based on the posterior 

probabilities [TotProb]* 

  

list _traj_Group countG groupAPP occ occ_pp p TotProb if counter == 1 

  

restore 

  

end 

  

*Now, run the trajstats program.* 

 

trajstats 

 

*Create a list of group assignments and group membership probabilities for all 

subjects.* 

 

list _traj_Group - _traj_ProbG4 

 

*Reshape the dataset from wide to long format.* 

 

reshape long 
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*Perform multinomial logistic regression to identify covariates with statistically significant 

associations with group membership, setting Group 1 membership as the base 

outcome.*  

 

drop if year < 2003 

 

mlogit _traj_Group income2 region2 femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance integration, baseoutcome(1) rrr 

 

******************************* 

***Close log and save as PDF*** 

******************************* 

 

log close 

 

translate gbtmsoc.smcl gbtmsoc.pdf 
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APPENDIX H 

 

Group-Based Trajectory Model 

Socioeconomic Equity (Imputed) 

 

*Install the traj package.* 

net from https://www.andrew.cmu.edu/user/bjones/traj 

net install traj 

help traj 

 

log using migbtmsoc 

 

*Import dataset.* 

 

import delimited "C:\Users\sjrav\Desktop\Dissertation\Aim 3 - Quantitative 

Analysis\Data\Integrated Vaccine Delivery & Equity.csv" 

 

*Assign labels to each variable in the dataset.* 

 

label variable alpha3 "Alpha-3 Code" 

label variable region "World Bank Region" 

label variable income "Income Level" 

label variable q5coverage "MCV1 Coverage in the Wealthiest Quintile" 

label variable q4coverage "MCV1 Coverage in the 4th Quintile" 

label variable q3coverage "MCV1 Coverage in the 3rd Quintile" 

label variable q2coverage "MCV1 Coverage in the 2nd Quintile" 

label variable q1coverage "MCV1 Coverage in the Poorest Quintile" 

label variable geoequity "Geographic Equity" 

label variable sii "Slope Index of Inequality" 

label variable dtp3 "DTP3 Coverage" 

label variable mcv1 "MCV1 Coverage" 

label variable anc1 "Antenatal Care Coverage (1+ Visits)" 

label variable pab "Protection at Birth Against Neonatal Tetanus" 

label variable femeduc "Female Primary Education Completed" 

label variable polstability "Political Stability" 

label variable goveffect "Government Effectiveness" 

label variable corrupt "Corruption" 

label variable gii "Gender Inequality Index" 

label variable oopexp "Out-of-Pocket Health Expenditures" 

label variable govexp "Domestic Government Health Expenditures" 

label variable exthlth "External Health Spending" 

label variable land "Land Area" 

label variable lingfrac "Linguistic Fractionalization" 
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label variable distance "Distance to Nearest Health Facility (Walking, 60+ Minutes)" 

 

******************************************************** 

***Perform multiple imputation to handle missing data*** 

******************************************************** 

 

*First, identify missing values in the dataset. Install the "mdesc" package if needed.* 

 

mdesc q5coverage q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 

mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp govexp exthlth land 

lingfrac distance 

 

*Create a pairwise correlation matrix to identify potential auxiliary variables.* 

 

pwcorr q5coverage q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 

mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp govexp exthlth land 

lingfrac distance 

 

*Set the data for multiple imputation. The "mi set mlong" command generates three 

additional variables that Stata will use to track the imputed datasets and values.* 

 

mi set flong 

 

*Summarize missing values in the dataset.* 

 

mi misstable summarize q5coverage q4coverage q3coverage q2coverage q1coverage 

geoequity sii dtp3 mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance 

 

*Summarize missing patterns in the dataset.* 

 

mi misstable patterns q5coverage q4coverage q3coverage q2coverage q1coverage 

geoequity sii dtp3 mcv1 anc1 pab femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance 

 

*Register the variables to be imputed.* 

 

mi register imputed q5coverage q4coverage q3coverage q2coverage q1coverage 

geoequity sii anc1 pab 

 

*Specify the imputed model.* 

 

mi impute mvn geoequity anc1 pab = mcv1, add(10) rseed(54321) force 
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*Specify a linear regression model to estimate the missing values. esample(imputed) 

creates a new variable, "imputed," that equals 1 for observations that are used in the 

imputation and 0 otherwise.* 

 

mi estimate, esample(imputed): regress q5coverage q4coverage q3coverage 

q2coverage q1coverage sii geoequity anc1 pab 

 

*Create a table of observations not used in the imputation model.* 

 

tabulate country year if imputed == 0 

 

*Perform a diagnostic check to assess how well the imputation was performed; check 

inflation of standard errors.* 

 

mi estimate, vartable dftable 

 

drop imputed 

 

**************************************************************** 

Creating new variables for integrated vaccine delivery + miscellaneous. 

**************************************************************** 

 

generate integration = 0 

label variable integration "Integrated Vaccine Delivery" 

 

*Create new variables representing all possible absolute differences between MCV1, 

DTP3, ANC1, and PAB coverage levels.* 

 

generate abs_mcv1dtp3 = abs(mcv1-dtp3) 

generate abs_mcv1anc1 = abs(mcv1-anc1) 

generate abs_mcv1pab = abs(mcv1-pab) 

generate abs_dtp3anc1 = abs(dtp3-anc1) 

generate abs_dtp3pab = abs(dtp3-pab) 

generate abs_anc1pab = abs(anc1-pab) 

 

*Set "integration" to 1 if coverage of all four services (MCV1, DTP3, ANC1, PAB) is 

greater than or equal to 70%, and all four are within 10 percentage points of one 

another.* 

 

replace integration = 1 if mcv1>=70 & dtp3>=70 & anc1>=70 & pab>=70 & 

abs_mcv1dtp3<=10 & abs_mcv1anc1<=10 & abs_mcv1pab<=10 & abs_dtp3anc1<=10 

& abs_dtp3pab<=10 & abs_anc1pab<=10 
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*Create a table summarizing events (i.e., "integration" = 1) by country." 

 

tabulate country integration 

 

*Create a new variable ("year_dup") that duplicates the "Year" column of the dataset.* 

 

generate year_dup = year 

 

*Encode alpha3, region, and income (string variables) as numeric variables "numid," 

"region2," and "income2."* 

 

encode alpha3, generate(numid) 

sort numid 

 

encode region, generate(region2) 

 

encode income, generate(income2) 

 

************************************************************** 

***Group-based trajectory analysis for socioeconomic equity*** 

************************************************************** 

 

*Reshape the dataset from long to wide format; wide format is required to run the traj 

Stata plugin.* 

 

mi reshape wide country region region2 income income2 alpha3 q5coverage 

q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 mcv1 anc1 pab 

femeduc polstability goveffect corrupt gii oopexp govexp exthlth land lingfrac distance 

abs_mcv1dtp3 abs_mcv1anc1 abs_mcv1pab abs_dtp3anc1 abs_dtp3pab abs_anc1pab 

integration year_dup, i(numid) j(year) 

 

*Run the traj plugin using a censored normal model, with "year_dup" as the 

independent variable and "sii" as the outcome of interest. The censored normal 

distribution ("cnorm") model is specified because the slope index of inequality is a 

repeatedly measured, continuous outcome censored by minimum and maximum 

values.* 

 

*Run the plugin several times, changing only the number of groups specified ("order") 

and holding all other parameters constant. Select the model/group number that 

produces the highest BIC value.* 

 

traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0) 
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traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0 0) 

traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0 0 0) 

traj, model(cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (0 0 0 0 0) 

 

*The three-group model produced large BIC and entropy values, so we will move 

forward with this option. Next, toggle the polynomial order for each of the three groups 

to achieve the largest possible BIC. The model below represents the tested option with 

a high BIC value, high entropy, and at least 1% membership in the smallest group.* 

 

traj, model (cnorm) var(sii*) indep(year_dup*) min(-1) max(1) order (1 1) 

tcov(integration*) detail 

 

*Plot the trajectories for the three groups, along with accompanying confidence 

intervals. Assessing the confidence intervals provides an additional diagnostic check for 

the model (i.e., narrower, non-overlapping CIs are preferred).* 

 

trajplot, xtitle("Year") ytitle("Slope Index of Inequality") xlabel(2003(2)2019) ci 

 

*Perform parametric bootstrap sampling to estimate group size confidence intervals. 

Use parameter estimates from the traj output as the starting values for the matrix 

command.* 

 

matrix strt = 8.93461, -0.00438, -0.05382, -4.47525, 0.00244, -0.11771, 0.12886, 

68.85199, 31.14801 

 

bootstrap _b (100/(1+exp(_b[theta2]))) (100*exp(_b[theta2])/(1+exp(_b[theta2]))), 

reps(1000) dots(10): traj, model(cnorm) var(sii*) indep(year_dup*) min(-1000) 

max(1000) order(1 1) tcov(integration*) start(strt) novar 

 

estat bootstrap, percentile bc 

 

*Create a program, "trajstats," to calculate several other diagnostic criteria for group-

based trajectory models.* 

 

program trajstats 

 

preserve 

 

*This step calculates the average posterior probability.* 

 

generate Mp=0 

 

foreach i of varlist _traj_ProbG* { 
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     replace Mp = `i' if `i' > Mp  

 } 

    sort _traj_Group 

 

by _traj_Group: generate countG = _N 

 

*This step calculates the odds of correct classification.* 

 

    by _traj_Group: egen groupAPP = mean(Mp) 

    by _traj_Group: generate counter = _n 

    generate n = groupAPP/(1 - groupAPP) 

    generate p = countG/ _N 

    generate d = p/(1-p) 

    generate occ = n/d 

  

*This step calculates the estimated group probabilities vs. the proportion of the sample 

assigned to the group.* 

  

 scalar c = 0 

    gen TotProb = 0 

    foreach i of varlist _traj_ProbG* { 

       scalar c = c + 1 

       quietly summarize `i' 

       replace TotProb = r(sum)/ _N if _traj_Group == c  

    } 

 gen d_pp = TotProb/(1 - TotProb) 

 gen occ_pp = n/d_pp 

   

 *This step displays: 

     *Group number [_traj_~p],  

     *Count per group (based on the max post prob), [countG] 

     *Average posterior probability for each group, [groupAPP] 

*Odds of correct classification (based on the maximum posterior group 

assignment rule), [occ]  

*Odds of correct classification (based on the weighted posterior probabilities), 

[occ_pp] 

*Observed probability of groups [p] versus the probability based on the posterior 

probabilities [TotProb]* 

  

list _traj_Group countG groupAPP occ occ_pp p TotProb if counter == 1 

  

restore 
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end 

  

*Now, run the trajstats program.* 

 

trajstats 

 

*Create a list of group assignments and group membership probabilities for all 

subjects.* 

 

list _traj_Group - _traj_ProbG2 

 

*Reshape the dataset from wide to long format.* 

 

mi reshape long country region region2 income income2 alpha3 q5coverage 

q4coverage q3coverage q2coverage q1coverage geoequity sii dtp3 mcv1 anc1 pab 

femeduc polstability goveffect corrupt gii oopexp govexp exthlth land lingfrac distance 

abs_mcv1dtp3 abs_mcv1anc1 abs_mcv1pab abs_dtp3anc1 abs_dtp3pab abs_anc1pab 

integration year_dup, i(numid) j(year) 

 

drop if year < 2003 

 

*Perform multinomial logistic regression to identify covariates with statistically significant 

associations with group membership, setting Group 1 membership as the base 

outcome.*  

 

mlogit _traj_Group income2 region2 femeduc polstability goveffect corrupt gii oopexp 

govexp exthlth land lingfrac distance integration, baseoutcome(1) rrr 

 

******************************** 

***Close log and save as PDF*** 

******************************** 

 

log close 

 

translate migbtmsoc.smcl migbtmsoc.pdf 
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