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Abstract

Although academic and policy interest in health system resilience has grown considerably in
recent years, the empirical literature on this topic is small and predominantly focused on
effects arising from single shocks. Shocks are also under-theorised in the health systems
literature. This thesis helps to address these deficits through an in-depth case study on the
childhood vaccination delivery system in Lebanon, a country which has experienced a series
of recent shocks overlapping in time and space, including large-scale refugee influx from
neighbouring Syria, COVID-19 and a multi-dimensional political and economic crisis. The
thesis opens with an overview of the theoretical literature on system resilience from health and
a range of other research fields, highlighting insights regarding resilience conceptualisation,
assessment and measurement that are of relevance to health systems. Two empirical papers
then explore how sequential shocks have affected the vaccination delivery system in Lebanon,
identifying independent and interacting vulnerabilities and their effects at multiple system
levels, before tracing key system responses. These papers employ qualitative system
dynamics modelling (SDM), an approach that maps out causal links between variables and
feedbacks contributing, in this instance, to variations in routine vaccination coverage in
Lebanon over time. A third empirical paper uses qualitative, thematic analysis to identify
governance factors contributing to system responses to shocks over time. Collectively, these
studies identify a series of leverage points potentially amenable to intervention, including
delays affecting speed of shock recognition and mobilisation of human and financial
resources. They also show how resilience-promoting measures introduced following one
shock can paradoxically increase vulnerability to later ones. The final study — a realist-informed
systematic review — links findings from the empirical work to intervention evidence from the
wider health systems literature, to inform a series of policy recommendations for supporting

system resilience in Lebanon over the medium-to-long-term.
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LMIC Low- and middle-income countries

MCV Measles-Containing Vaccine

MENA Middle East and North Africa region

15



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

MHT Mobile Health Team

MMAT Mixed Methods Appraisal Tool

MMU Mobile Medical Unit (Lebanon)

MoPH Ministry of Public Health (Lebanon)

MoSA Ministry of Social Affairs (Lebanon)

MOV Missed Opportunities for Vaccination

MR Measles and Rubella vaccine

NCD Non-communicable Disease

NGO Non-governmental Organisation

ocv Oral Cholera Vaccine

OCHA UN Office for the Coordination of Humanitarian
Affairs

OoPV Oral Polio Vaccine

OoTP Outpatient Therapeutic Programme

P4P Pay for Performance

PCV Pneumococcal Conjugate Vaccine

PHC Primary Healthcare Centre

PPE Personal Protective Equipment

PPP Public Private Partnership

PRISMA Preferred Reporting Items for Systematic Reviews

and Meta-Analyses

RCT Randomised Controlled Trial

RED Reach Every District (vaccination strategy)

RI Routine Immunisation

RIQ Rigorously Interpreted Quotation

RP Response Plan

SDC Social Development Centre

SDM System Dynamics Modelling

SIA Supplementary Immunisation Activities

SSM Soft Systems Methodology

UN United Nations

UNHCR UN High Commissioner for Refugees

UNICEF United Nations Children’s Fund

UNRWA UN Relief and Works Agency (for Palestinian
Refugees)
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VCM Volunteer Community Mobiliser
VPD Vaccine Preventable Disease
WASH Water, Sanitation and Hygiene
WHO World Health Organisation
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CHAPTER 1: Introduction

1.1 New frontiers in the analysis of health system resilience

Research and policy interest in health system resilience has grown rapidly since the West
African Ebola epidemic of 2014-16 and especially since the start of the COVID-19 pandemic.
The focus of much of the literature has been on considering ways of supporting capacity
development in health systems regarded as ‘vulnerable’. The primary goal of this work has
been to better enable these systems to absorb or adapt to shocks! as varied as epidemics
and extreme weather events (1-4). A smaller literature has also considered what might be
termed “everyday resilience” in the routine activities of health workers and services to address
chronic stressors such as financing and human resource shortages at district or facility levels
(5,6). The pandemic has prompted a partial re-appraisal of the extent to which analysis of
resilience should extend to all contexts, recognising the shortcomings in health systems

performance in some high-income settings exposed by the pandemic (7,8).

However, the literature on health system resilience is emergent and contested. First, there is
a lack of agreement on the definition of resilience as applied to health systems (9). In this
thesis, | draw on the operating definition of resilience put forward by Blanchet et al (10); namely

that it describes:

“The capacity of a health system to absorb, adapt or transform when exposed

to a shock...and still retain the same control over its structure and functions”

In this interpretation of resilience, absorption refers to a health system’s ability to continue to
deliver basic health services at the same level (in terms of service quality and availability)
using the same resources, following a shock; adaptation concerns delivery using fewer or
different resources, requiring some level of change; and transformation refers to the ability to

fundamentally change system structures and functions to respond to external challenges.

Lack of consensus on definitions partly reflects the diversity of shock types against which
health system resilience has been analysed. These span communicable disease epidemics,

climatic events, humanitarian crises and economic crises among many others (11,12).

1 Different literatures use different terms to describe analytically interchangeable concepts. In the health systems
literature on resilience, the general tendency has been to describe “shocks” (in contrast, for example to chronic
stressors). In other fields, particular environmental science and disaster risk reduction, exogenous events are
more typically described as “hazards”, which can, in combination with underlying system vulnerabilities and other
contextual factors, give rise to systemic risks of varying magnitudes. Humanitarians, by contrast, frequently refer
to “crises” (variably defined, as material later in this thesis will discuss). For purposes of consistency, this thesis
uses the language of “shocks” to describe events that would be more typically be described as hazards or crises
elsewhere. These shocks in turn contribute to local, or systemic, risks of different kinds and magnitudes.

18



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

However, a hallmark of shock typologies is that they focus primarily on the triggering event.
This overlooks the crucial dimension of time. Time matters partly for better understanding the
duration over which shock effects may act. For example, many contemporary humanitarian
crises are not acute (in other words, lasting anything from a matter of months up to a few
years). Many — including the Syria Crisis which this thesis partly addresses — are protracted
crises i.e., “those environments in which a significant proportion of the population is acutely
vulnerable to death, disease and disruption of livelihoods over a prolonged period of time”
(13). Here, then, we can distinguish between the type of discrete, triggering event (the shock)
and its consequences which may vary in scope and duration. An appreciation of time also
matters for understanding the state of a system when a shock hits. Work within the health
systems field has, for example, described a so-called “shock cycle” spanning preparedness,
acute phase shock response and longer-term recovery and rehabilitation (14). Different
responses are likely in each phase. This thesis uses the unifying term “shock” to capture the
range of potential triggering events. It aims to improve, through empirical analysis, conceptual
understanding of the diversity of effects shocks can produce on vaccination service delivery

systems.

Importantly, existing work has predominantly focused on the effects of single shocks, and/or
single dimensions of these (e.g., recession severity in the context of economic crises (15)).
There has been very little attention to interactions between multiple, discrete but overlapping
shocks. Work in other fields, especially environmental science, has shown how interactions
between events (multi-hazards) may produce amplified or even wholly new risks to systems
that might not otherwise have arisen (16,17). It also reiterates the observation above that
responses to shocks likely depend on a system’s prior state, in particular any pre-existing
vulnerabilities. Applying similar analytical approaches may yield particularly important insights
for health systems in humanitarian settings where overlapping shocks are often the norm
rather than the exception. Achieving greater clarity of understanding regarding the range of
shocks health systems may experience, how they may interact with one another, and how and
why they generate disruptive (or potentially resilience-promoting) change within them, is

nevertheless a key area for further research in all settings.

Secondly, although some consensus is beginning to emerge regarding the kinds of attributes
that characterise a “resilient” health system, important uncertainties remain. There is, in
particular, general acknowledgement that “soft” factors such as governance effectiveness,
leadership capability and institutional legitimacy can have a critical bearing on a health
system’s capacity to weather shocks (14,18). However, empirical work exploring links between
different governance and leadership models and health system resilience is in short supply.

We do not have a clear picture of the leadership and governance capacities and capabilities
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that need to be developed to support system resilience, nor the sequence in which they should
be deployed. These topics were identified as priorities for further research in a recent agenda-

setting exercise (19).

Thirdly, practical approaches to health system resilience-building are poorly developed (20).
Some of this stems from a lack of clarity regarding the objectives of resilience-building work
vis-a-vis, for example, health system support or strengthening (21). Witter and Pavignani
distinguish the narrower focus of health system support and strengthening work from
resilience-building which, in their view, “entails an intimate understanding of the whole health
system, of the determinants of its functioning and of its evolution over time, all framed in the
international context that powerfully conditions its prospects” (22). However, applied work on
resilience building for health systems has tended to be much more narrowly focused than this
definition would imply, and predominantly focused on the health sector. And while some
consensus is emerging around the importance of specific strategies including strengthening
governance, financing and surveillance systems, bolstering surge capacity and the
empowerment of mid-level leadership for long-term system resilience, analysis remains

somewhat abstract, and empirical evidence on intervention effectiveness limited (20,23).

A cross-cutting area of contestation concerns assessment or measurement of system
resilience. Here, there has been a degree of retreat from early experiments with universal,
health system resilience indices as the multi-dimensional nature of resilience has increasingly
been recognised (3). The experience of COVID-19 has exposed deep interconnections
between systems inside and outside health that seem to have increased vulnerability to the
pandemic (or conversely, strengthened it in some settings) (24). Recognition of these linkages
has not yet translated into practical methods for resilience assessment and measurement.
There is therefore an important gap for empirical research to develop and test health system
resilience assessment and measurement approaches — again drawing on insights from other

fields where work is more advanced.

Across all of these areas, there is great scope for continued learning from work in other fields
on which health system resilience researchers have historically drawn, including
environmental science and socio-ecology. Work in these fields consistently emphasises the
dynamic nature of resilience, and the value of taking a systems perspective to understanding
its drivers (25-28). However, the span of resilience research is now very large indeed and
straddles multiple disciplines (29,30). This proliferation of perspectives on resilience results in
major challenges of cross-disciplinary synthesis, contributing to the conceptual confusion that
now exists in health systems and policy research (9). There is an ongoing need to find ways

to ensure that the health systems research community can draw in appropriate insights from
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cutting-edge research in other fields outside health to better inform its work. This is a challenge
that Chapter 2 attempts in part to address.

This thesis seeks to make an original contribution to research on health system resilience
through a focused case study on vaccination delivery in Lebanon. Lebanon has been afflicted
by a series of overlapping shocks in recent years, including large-scale refugee movement
from neighbouring Syria, COVID-19 and a multi-dimensional political and economic crisis,
among others. The thesis seeks to address gaps in each of the areas identified in the

preceding paragraphs by:

e Improving conceptualisation of shocks and the empirical analysis of their effects on
health systems, drawing in relevant insights from research in other scientific fields;

e Strengthening understanding of drivers of, or contributors to, health system resilience
through empirical analysis;

e Exploring the role of governance in contributing to (or undermining) system resilience;
and finally,

e |dentifying practical interventions to building health system resilience.

The following sections in this chapter explain the rationale for exploring health system
resilience in humanitarian settings, and for doing so through the prism of childhood vaccination
delivery as an essential health service. Chapter 3 sets out in more detail the features of the

operating context in Lebanon that motivated its selection as the case study for this work.

1.2 Operationalising health system resilience: the value of learning from, and

for, humanitarian settings

A good deal of what we know about health system resilience comes from research conducted
in humanitarian settings. Health systems in these settings demonstrate vulnerabilities but also
capabilities across a range of domains including financing flows, governance arrangements
and human resource mobilisation among many others, with measurable health impacts as a
result (31). This section provides a summary of what we know about the impact of
humanitarian crises on health outcomes, and on the operation of health systems, to explain

the analytical focus of the thesis.

Humanitarian crises are typically characterised by some degree of breakdown in health
system functionality. There is now wide-ranging evidence of the detrimental effects — both
direct and indirect — that may result from this, irrespective of the triggering shock. For example,
analysis of the effects of armed conflict on mortality and a range of morbidity-related outcomes

shows marked declines in many key indicators, mostly as a result of indirect shock effects
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(32,33). The population level impact of complex emergencies on nutritional and communicable
disease outcomes is also well-documented, and a large part of the rationale for the
prioritisation of these intervention areas in the early phases of acute humanitarian responses
(34,35).

Differential effects of crises on health outcomes across populations are also well-recognised.
These include the somewhat paradoxical observation that the burden of excess mortality tends
to fall disproportionately on internally displaced and to lesser degree host community
populations by comparison with refugees. Refugees may enjoy better protection, perhaps
because of access to support systems through humanitarian response mechanisms that are
not available to others (36). They also include — among many other effects — a differential

burden of mortality and morbidity for women children and adolescents (37).

A central finding of post-hoc evaluations of responses to the West African Ebola epidemic was
that global institutions and local health systems were inadequately prepared for an outbreak
of a high-consequence pathogen on the scale seen in 2014-16. Most of these exercises
recommended intensive support to vulnerable health systems over the long-term to bolster
their resilience to future shocks (38,39). The new focus on resilience-building has been
criticised in some quarters as representing an abdication of global responsibilities to health
systems in low- and middle-income countries (LMICs) in favour of a “resilience from below”
approach that relies more on community resources (40). However, the pandemic has
highlighted the extent to which promoting better preparedness and response mechanisms
across all countries matters. Recent World Health Organisation (WHO) reports have
emphasised the intersections between the pursuit of health system resilience and health
security on one hand, and universal health coverage on the other (41). But the challenge of
supporting system resilience in humanitarian settings remains particularly acute because, in
these settings, public health emergencies overlay pre-existing vulnerabilities linked to often

chronic instability, poverty and poor access to essential health services.

1.3 Vaccination delivery as a “tracer system” for empirical analysis of system

resilience

This thesis uses childhood vaccination delivery as the ‘tracer system’ for empirical analysis of
resilience in humanitarian settings. This section begins with an overview of why ensuring
robust vaccination coverage in these settings matters. It then outlines some of the major
challenges to ensuring optimal vaccination coverage across populations in crisis-affected

settings.
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1.3.1 The importance of vaccination delivery in humanitarian settings

Childhood vaccination? is one of the most effective public health interventions available and a
major contributor to reductions in mortality and morbidity globally especially among children
under five (42—-46), but vaccination coverage in many crisis-affected contexts is low (47,48).
The WHO and United Nations Children’s Fund’s (UNICEF) annual assessments of efforts to
achieve universal vaccination coverage show that around 40% of those infants who had not
been fully vaccinated with the Diphtheria, Tetanus and Pertussis vaccination (DTP)3 in 2017
lived in humanitarian settings (49). Zero-dose* children lived disproportionately in the African
region and fragile and conflict-affected states® in 2019, the last year for which complete data
are available (50). We also know that vaccination coverage rates for routine childhood
antigens vary between refugees, internally displaced populations and host communities
(51,52).

Humanitarian crises are diverse in cause and character but declines in vaccination coverage
resulting from health service disruption are broadly recognised irrespective of the crisis type.
Large-scale, panel regression analyses have consistently shown increases in vaccine-
preventable disease (VPD) mortality and morbidity as a key impact arising from armed conflict
(32,33,53). Similarly, population displacement in crises — whether related to conflict, natural
disasters or other proximate causes — can be associated with substantial disruption to
population vaccination coverage over time (35,48), and may contribute to communicable

disease resurgence in these settings (54-57).

Coverage declines are particularly problematic in humanitarian settings because biological
and clinical evidence shows heightened risks of communicable disease transmission and poor
outcomes in these settings. Underlying population vulnerabilities are ley drivers for this. Aside
from cramped living conditions and likely reduced access to water, sanitation and hygiene
(WASH), nutritional health among displaced populations is often sub-optimal, contributing to
increased risk of mortality and morbidity from VPDs (51,52,57,58).

2 This thesis focuses on childhood vaccination (i.e. delivery of vaccines as medical products), as distinct from
immunisation (the immunological response to vaccination).

3 Coverage of DTP3 vaccination is the standard conventionally used by WHO and UNICEF to assess childhood
vaccination coverage.

4 “Zero-dose” refers to the proportion of children who have received no doses at all of selected antigens from the
WHO-recommended immunisation schedule for that country. Classically this is assessed with reference to first-
dose DTP vaccination (DTP1).

5 The term fragile and conflict-affected states (FCAS) denotes a group of countries identified as affected by
conflict or by institutional or social fragility by the World Bank. This assessment is made on the basis of a series
of pre-defined criteria (indicators) which are revised on an annual basis. Further details of the classification and
its underpinning methodology can be found here:
https://www.worldbank.org/en/topic/fragilityconflictviolence/brief/harmonized-list-of-fragile-situations [accessed
21st September 2022].
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1.3.2 Factors influencing vaccination uptake in crisis-affected settings
Crisis-affected settings are challenging contexts in which to deliver essential health services
due to a variety of demand and supply side constraints. In understanding vaccination uptake,

we may distinguish:

¢ Demand for vaccination: shaped by a range of interlinked factors spanning popular
perceptions of vaccine effectiveness, concerns over potential harms, and population
characteristics including educational level and household income (42). In crisis-
affected settings these generic factors are often overlaid by additional challenges
including suspicion of state authorities, and local barriers to service access which, for
refugees and other displaced populations, may be significant (59).

e Supply of vaccination: spanning aspects of both community access, and facility and
health care worker (HCW) readiness to administer products, as well as overarching
system features including financing and governance (42). All of these can be subject

to profound disruption in humanitarian contexts (60,61).

On the demand-side, a recent systematic review of evidence from LMICs (both crisis-affected
and stable) identifies the decision to vaccinate as the product of favourable population
attitudes, pro-vaccination norms in society at large, and individuals’ or families’ perceived
control (or self-efficacy) over the process of vaccination delivery (42). These three, normative
drivers of demand are underpinned by a host of factors operating at a number of levels.
Societal norms around vaccination, for example, may be influenced by factors including
population awareness of the effectiveness of vaccination, perceived safety of different
products and popular perceptions of need, as well as the views and influence of informal
healthcare providers in LMIC settings (62). In crisis-affected settings especially, trust in
services has a critical influence on uptake (63,64). A large body of work emphasises the
importance of wider determinants of vaccination uptake, including family socioeconomic
status, levels of maternal education and ethnicity, and trust in public health services — which

among displaced populations in particular, may be low (65).

A key feature of many contemporary crises is a global shift in shelter patterns for displaced
populations including refugees away from residency in camps towards informal, urban or peri-
urban settlements. Here, services are accessed through national delivery channels rather than
parallel refugee health services (66—68). National health information systems often struggle to
capture populations moving in this way (69), making it difficult for services to adapt to changing

demand patterns (70).

From a broader, supply perspective, crises pose immense challenges to health system

functionality. Human resource attrition can be considerable and, in combination with
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disruptions to financing and health information systems among many other factors, can
seriously undermine service delivery (71,72). Supply chains for vaccinations can be
particularly vulnerable, especially given cold-chain requirements to ensure vaccines’
immunological effectiveness. Finally, international humanitarian response mechanisms are
often poorly attuned to host community needs and longer-term development imperatives.
Financing flows from these sources can also be unstable (73,74).

Despite the strong emphasis in contemporary literature on demand-side factors such as
vaccine hesitancy in determining uptake, the presence of effective vaccine products means
little without robust systems to deliver them equitably, on time, and with their biological viability
intact. There continue to be concerns regarding both the under-utilisation of vaccines in crisis-
affected settings (47), and the perceived mismatch between underlying population disease
risks and the vaccines actually delivered (75). All of these point to significant, and ongoing

problems of delivery that require robust health system responses.

In light of this, ensuring greater effectiveness of vaccination delivery in crisis-affected settings
is now a key priority for global actors in immunisation policy and financing. The 2018 WHO
progress report against the Global Vaccine Action Plan (GVAP), for example, highlighted the
need for “special mechanisms” to ensure effective immunisation delivery in humanitarian
crises (76,77). Gavi, the Vaccine Alliance, issued an expanded Fragility, Emergencies and
Refugees policy in 2018 (78), which has recently been renewed. And VPD control outcomes
also form benchmarks for two of UNICEF’s five core health commitments for children in
humanitarian settings (79). However, there is a continuing lack of relevant empirical evidence
in crisis-affected settings, including for communicable disease prevention and control (80).
This is an important motivator for the methodological focus of this research project on

simulation modelling to support ex ante policy evaluation (see below).

In the specific setting on which this thesis focuses — Lebanon — there was also strong evidence
from preliminary scoping work that supply-side factors including governance, financing and
particularly the efficacy and resilience of the cold-chain for vaccine products were major
constraints to delivery (see Appendix 2). Finally, a detailed assessment of demand-side
dynamics affecting vaccination delivery could not be delivered within the research project. A
grounded study of demand for vaccination across refugee populations (on which there is very
little background literature in humanitarian contexts) would have required extensive fieldwork
with vulnerable populations and providers beyond the data collection set out in the following
chapters. It would also have required in-depth analysis of determinants of demand well outside
the health sector in a way that it would not have been possible to robustly address with the

time and resources available for this research project.
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This thesis therefore focuses on vaccination delivery systems, defined here as the
combination of people, institutions, resources and activities the primary focus of which is to
promote immunisation-specific outcomes (81). The primary focus of the empirical work that
follows is on understanding supply-side dynamics influencing vaccination delivery system

responses to shocks.

1.3.3 The lack of robust evidence on interventions to build vaccination delivery
system resilience

We have seen that conceptual work on system resilience in humanitarian settings remains
emergent. The evidence base to inform action to improve vaccination system resilience is
similarly limited (20). Recent WHO guidance provides a framework for decision-making and
implementation for VPD control in acute humanitarian contexts (82,83), but the operational
evidence on which this is based derives from a small number of case studies. It also focuses
on the acute phase of emergencies with less attention to longer-term, system-strengthening
work (84). In the peer-reviewed literature, two large systematic reviews of health intervention
effectiveness in humanitarian settings have highlighted the central importance of vaccination
campaigns among other interventions in maintaining and boosting coverage in these settings.
However, these reviews have also emphasised limitations in both the quality and extent of the
evidence to inform action in this area (80,85). Other work focuses on considerations such as
modes of engagement with communities, and micro-level interventions including flexible
vaccine dosing schedules in areas where access is challenging (47,51,64,86). None of this

work, however, explicitly considers ways of supporting system resilience.

Interventions to strengthen vaccine uptake are typically complex, with multiple components.
WHO guidance does make some attempt to define packages, or intervention combinations
likely to be appropriate for increasing vaccination coverage for high-risk VPDs by crisis type
and phase (83). However, existing work is largely silent on key aspects including the
relationship between vaccination delivery through national immunisation systems and those
established to serve displaced populations in humanitarian crises. It does not address
bottlenecks or constraints to effective delivery, or the potential unintended consequences of
intervention implementation for system resilience. A key theme of this thesis is to look at the

wider system effects (both positive and negative) of multiple interventions concurrently.

1.4 Interrogating resilience in vaccination delivery systems: methodological

approaches

This section considers methodological approaches for investigating resilience in vaccination
delivery systems and outlines the rationale for using an approach grounded in systems

thinking.
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1.4.1 The limitations of existing conceptual tools for understanding resilience in
vaccination delivery systems

The conceptual tools available to understand factors influencing service delivery in crises —
especially as applied to vaccination delivery — are ill-suited to the on-the-ground realities
described in the preceding sections. The conventional heuristic for conceptualising health
systems is the WHO’s “building blocks” approach (Figure 1) (87). This focuses on core health
system functions, namely: governance (and leadership), financing, supply chains, workforce,
service delivery and information systems. However, this framework is static and offers no clear
sense of how capacities across the building blocks may interlink with one another to influence
system behaviour. It also gives little sense of how relationships between these capacities may

change over time.

SYSTEM BUILDING BLOCKS OVERALL GOALS / OUTCOMES

SERVICE DELIVERY |

HEALTH WORKFORCE ) ACCESS IMPROVED HEALTH (LEVEL AND EQUITY) )|
= COVERAGE

HEALTH INFORMATION SYSTEMS ) RESPONSIVENESS )

=y
ACCESS TO ESSENTIAL MEDICINES )| SOCIAL AND FINANCIAL RISKPROTECTION |
QUALITY
FINANCING J SAFETY IMPROVED EFFICIENCY )
LEADERSHIP / GOVERNANCE )|

Figure 1. The WHO'’s health system building blocks model in conventional form.

Source: (88). Don De Savigny’s 2009 alternative puts people at the centre of this model, by situating populations
as the binding element between the six building blocks identified above (89).

While vaccination-specific tools do exist, such as those in the WHO’s Global Routine
Immunisation Strategies and Practices (GRISP) (90) and Reach Every District (RED) (91),
these share with the Building Blocks approach [i] a focus on static components contributing to
service delivery and health outcomes, and [ii] a lack of clarity on how component parts link
together in time and space. These and other conceptual limitations have helped spur the
development of more dynamic theories of how health systems actually function (e.g. 44), but
without specific parallels for vaccination delivery. Finally, these tools have been used as a
basis for health system-, and vaccination delivery system-strengthening respectively rather
than for resilience-building work. They have also been used principally under the assumption
of a more stable and secure operating environment than typically exists in humanitarian

settings.

1.4.2 The value of systems thinking approaches for empirical analysis of resilience
This research project employed systems thinking to understand vaccination delivery system

responses to shocks. Systems thinking approaches allow for the complexity of relationships
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between elements of a system to be unpacked. In contrast to conventional analytical
approaches including the building blocks framework, they recognise the importance of
changing behaviour in systems over time, and the potential for unintended consequences
when new interventions or contextual changes are applied to them (93,94). Importantly, the
ability of quantitative systems thinking methods to model system behaviour under pre-defined
scenarios offers advantages over qualitative research methods such as case study analysis
that cannot meaningfully evaluate system behaviour ex ante. In this sense, systems thinking
approaches offer clear benefits when considering how to strengthen future system

preparedness, especially in humanitarian contexts where uncertainty is high.

Despite growing interest in systems science approaches in health (95-97), and
acknowledgement that they have the potential to significantly improve ex ante and ex post
evaluation of policy and programme designs (93), empirical applications of system dynamics
in LMICs have been relatively few (62,81,98—-106). Only a handful of studies using systems
modelling approaches empirically in crisis-affected settings have been conducted (spanning
all sectors) (81,107-109) — just one of which explicitly addressed vaccination delivery (81).
For resilience specifically, the number of relevant studies is similarly small —to our knowledge,
all have employed system dynamics (110,111).

Although there are many different systems science methods (see the fuller descriptions of
these provided in Appendix 1 and Chapter 4), this thesis applies system dynamics modelling

(SDM). The rationale for this decision is set out in the next section.

1.4.3 Using system dynamics modelling to better understand resilience

SDM is an applied modelling methodology that offers structured approaches to problem-
solving under uncertainty where robust, quantitative data may be scarce. Importantly, SDM
relies on close engagement with stakeholders in defining the problem for investigation but also
in determining causal relationships contributing to it. SDM models behaviour over time, and is
typically used to model aggregate-level, system behaviour,® with an assumption that the basic

architecture of the system remains intact over time. Two central assumptions of SDM are,

6 The focus of SDM on the aggregate level should not be confused with a necessary focus on macro-
perspectives (e.g., at the national level). SDM can be applied to the analysis of micro-level behaviour and system
structures at the level of individual agents, although this is less common. The distinctive hallmark of SDM is,
rather, the focus on causality and feedback structures within systems.
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firstly, that all key system behaviours are endogenously derived, and secondly, that feedback

loops’ and delays® within the system are the principal drivers of these behaviours (112-114).

There are some variations in approaches to the application of SDM, but the basic steps are
well-rehearsed. The initiation point for SDM is the identification of a problem to be addressed
— usually summarised using a ‘problem statement’® and accompanying ‘reference modes’.*° A
dynamic hypothesis (a Causal Loop Diagram or CLD!?) is then formulated identifying key
system variables, and causal links between them, that are thought to explain the behaviour
described in the problem statement. This is often based on eliciting stakeholders’ mental
models for how a system is structured and how it operates, using qualitative methods.
Typically (though not universally), the CLD is then translated into a quantitative simulation
model. With appropriate parameterisation, simulation models can be run to test system

behaviour under differing scenarios and sets of assumptions (113,115,116).

As outlined in Appendix 1, a range of approaches now exist to support analysis from a

systems perspective. However, system dynamics has particular advantages over others in:

1. Facilitating mapping of system structure and causal linkages between variables of
interest within a system (117);

2. Pinpointing key feedbacks and delays influencing system behaviour over time (113);
and

3. Offering a clear set of methodological tools for stakeholder engagement to build

understanding of the system and its behaviour (116).

Finally, system dynamicists adopt a pragmatic approach to data gathering, recognising that
the primary focus of modelling work is for decision-support. They use stakeholders’ mental
models of a system to build causal maps of variables influencing behaviours of interest. They
can also integrate a broad range of data types into simulation models to provide support to

decision-makers (118). Finally, system dynamics offers valuable insights for designing and

7 Feedbacks describe the rules or mechanisms (typically a flow of information or material — such as a flow of
money) in which system variables are linked causally within closed loops. They can be balancing or reinforcing. A
balancing loop is a stabilising feedback that opposes the broader direction of change within that part of the
system. A reinforcing loop is an amplifying feedback that strengthens the direction of change within that part of
the system. Worked examples of each of these are given in Appendix 4.

8 Delays can, per Sterman, be divided into two broad categories. Information delays describe rate-limiting steps
within a system influenced by the flow of information from one part of a system to another (with reference to
vaccination, these might include the collection and dissemination of surveillance data on communicable disease
outbreaks to inform targeting of vaccination delivery). Material delays, on the other hand, describe rate-limiting
steps affected by the movement of goods (with reference to vaccination, these might include vaccine doses, or
consumables to support vaccine administration, for example).

® The problem statement is a written summary of the problem to be addressed.

10 Reference modes provide stylised visualisations of system behaviour under different scenarios, focusing on a
key outcome of interest. They can be helpful in coming to agreement with stakeholders on the problem(s) and
outcome(s) of greatest interest to them.

11 A CLD is in essence a causal map, visually representing causal relationships between variables identified to be
relevant to the outcome or trend of interest.
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evaluating intervention strategies. These can be quantitative — as in ex ante evaluation of
policy proposals using simulation modelling. They can also be qualitative: scenario techniques
may provide ex ante inferences about likely intervention effects even if they do not necessarily

support quantitative analysis (97).

1.4.4 Methodological approaches for investigating the role of governance in system
resilience

As outlined in the section 1.1, analyses of resilience in the health systems literature have
typically overlooked the role of power and institutional legitimacy in shaping system responses
to shocks, and empirical kwork on these topics in health is in very short supply (19,119). The
socio-ecological literature, on which so much work on resilience across disciplines is founded,
is similarly largely silent on questions of power and legitimacy with some important exceptions
(120,121). While SDM has considerable analytic advantages over other approaches for the
identification of causal pathways influencing system behaviour, there are important limitations
to its utility as an approach for investigating system governance, power and legitimacy as
contributors to resilience. These limitations are both conceptual and methodological.
Principally, they concern system dynamicists’ prioritisation of what Richardson terms “the
endogenous view”: the assumption that all significant behaviour relevant to a problem is
caused by feedbacks and time or material delays within the boundaries of the system (112).
System dynamics models closed systems and emphasises structure. This is not to imply that
systems are viewed as deterministic. On the contrary, agents within the system can and do

shape its behaviour in a dynamic way, but all such change is driven from within (118,122,123).

Social systems, on the other hand, are open ones with behaviours that may be heavily
influenced by actors outside those boundaries, or by environmental factors (124). The focus
on endogeneity in system dynamics is a particular limitation in humanitarian settings where
contexts are often fluid, governance arrangements are highly contested and there is often a
high degree of penetration of domestic systems by international actors whose lines of
accountability extend far beyond national borders (125,126). All of these factors complicate

formal boundary definition.

For these reasons, this research project incorporated a qualitative study using thematic
analysis, alongside system dynamics. The goal of this work was to complement the SDM work
with a richer, contextual analysis that considered the influence of domestic and international
governance factors including those beyond Lebanon’s borders on resilience in the vaccination

delivery system.
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1.5 Addressing knowledge gaps
This introductory chapter has outlined a series of knowledge gaps concerning health system

resilience in general, and resilience in vaccination delivery systems in particular. Specifically,

there is a need for:

e Better conceptualisation of system shocks;

e Better understanding of the effects of shocks (both individually and in combination) on
vaccination service delivery systems specifically;

¢ A dynamic theory of how vaccination delivery systems operate, and how they respond
to shocks in crisis-affected settings, as a means for improving empirical understanding

of what resilience looks like in practice;

e Better understanding of the role of governance in underpinning (or undermining)

system resilience;

e Better evidence on policy/intervention strategies to strengthen resilience in vaccination

delivery systems in crisis-affected settings over the long-term.

These knowledge gaps informed the working problem statement for the research project,

which was as follows:

Maintaining threshold levels of vaccination coverage in the face of system shocks in
settings of [protracted] humanitarian crisis is a major policy and programme delivery
challenge. We do not have a clear picture of either [1] how vaccination delivery
systems operate in these settings and how they respond and adapt to shocks; or [2]
policy and intervention strategies that are likely to bring about sustained improvements
in vaccination coverage in the face of system disruption, and constantly changing

population numbers and structures.

To address the problem outlined above, the research project focused on supply-side
dynamics. In particular, it sought to understand system structures and behaviours contributing
to trends in population coverage of key vaccinations in Lebanon, as described in the stylised
reference modes for the project (see Figure 2). This visualisation maps out three possible
trajectories for vaccination coverage following a shock: an “optimal response” scenario in
which, following an initial decline, coverage rapidly recovers and continues to improve along
the pre-shock path; a “sub-optimal response” scenario, in which some recovery does occur,
but is weak; and a "failure” scenario in which coverage levels off at a lower rate than before
the shock.
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Population vaccination coverage
(%)

Time point
= |nitial trajectory Optimal response
Sub-optimal response "Failure"

Figure 2. Reference mode and 3 putative trajectories for population vaccination coverage in Lebanon in the event

of a shock

This figure assumes that the movement is cross-border (refugees) rather than internal displacement. The vertical

red line represents the “shock” point — in this case a sudden population influx.

1.6 Aim and objectives for the thesis

The aim of this research project was to describe and understand the system-level dynamics

contributing to disruptions to population-level vaccination coverage in the event of

compounding shocks in Lebanon, and to identify viable interventions to support vaccination

delivery system resilience in this context.

The objectives of the research project were to:

1.

2.

Improve conceptual understanding of system shocks with respect to health systems;

Explore the effects of compounding shocks on the vaccination delivery system in Lebanon,

and identify real or potential sources of vulnerability within the system in the face of these;

Identify specific system pathways or attributes that may explain how and why the
vaccination delivery system in Lebanon responded in the way that it did when affected by

each of the shocks addressed in this research project;

Assess the role of governance and institutional legitimacy in contributing to, or
undermining, system resilience drawing on empirical evidence on vaccination delivery in

Lebanon; and

Identify evidence-based interventions to strengthen vaccination delivery system resilience

to shocks, and their potential applicability in the Lebanese context.
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1.7 Contributions of the thesis

This thesis seeks to make original contributions to the literature on health system, and more
specifically vaccination delivery system, resilience in three main areas. The first of these is
conceptual. The thesis aims, through wider literature review, and through empirical case study
analysis in a humanitarian setting, to improve our understanding of system shocks and more
particularly how sequential or overlapping shocks may interact with one another to influence
risks to health systems in general, and vaccination delivery systems specifically. It also seeks
to improve our understanding of how these systems may respond to these shocks, and the

contribution that governance systems may make to this.

The second area of contribution is methodological. The thesis will provide ‘proof of concept’
for the application of a particular approach to system dynamics modelling for the study of
vulnerability and resilience in vaccination delivery systems. It will explore the feasibility of
doing so in a humanitarian setting given the particular analytical constraints these impose for

research.

The third area of contribution is to vaccination policy. By identifying appropriate, programmatic
or system-level interventions, the thesis aims to build the evidence base concerning viable

approaches to bolstering resilience in childhood vaccination delivery in humanitarian contexts.

1.8 Organisation of the thesis

This introductory chapter has set out the conceptual framing for the thesis, outlined the central
knowledge gaps it seeks to address, and how the research aim and objectives relate to these.
It has also described areas in which the thesis seeks to make an original contribution to the
literature. The remainder of the thesis is organised into four parts. The first of these is
conceptual. Chapter 2 expands on the discussion in section 1.1 by relating themes from the
health system resilience literature to contemporary work on resilience in other fields and
considers what we might learn from this, with particular reference to questions around shock
conceptualisation and resilience analysis. In doing so, it addresses — in part — the first three
research objectives set out above. The chapter covers definitions of system resilience, current
thinking on key attributes or capacities of resilient systems, and approaches to resilience

assessment and measurement.

The second part of the thesis sets out the contextual setting for the empirical work and the
methodology. Chapter 3 provides an overview of the context for this thesis, which was
Lebanon, describing general features, and the health system- and vaccination delivery

environments in-country, as well as outlining key features of the shocks experienced over the

33



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

10-year focus period for the research project (2012-22). Chapter 4 then sets out the

methodological approach for the research project.

The third part of the thesis brings together two chapters outlining the results of an exploratory,
mixed-methods analysis of shock effects and system responses in Lebanon. Chapter 5
describes the results of a qualitative, system dynamics modelling study exploring the effects
of overlapping shocks in Lebanon on childhood vaccination delivery, in two empirical papers.
The first of these focuses on identifying ways in which the various shocks in Lebanon affected
vaccination delivery at different system levels, to address the second research objective. The
second paper extends this analysis to look at mitigation approaches and considers the range
of responses introduced to help manage the shocks experienced in Lebanon, and their
consequences (both intended and unintended). This paper is focused primarily on the third
research objective. Chapter 6 then presents an empirical paper testing a conceptual
framework describing governance capacities contributing to system resilience, drawing on
data on vaccination delivery in Lebanon. This paper primarily addresses the fourth research

objective.

The focus then turns towards resilience-promoting interventions. Chapter 7 presents the
results of a realist-informed, systematic review of the literature on interventions to strengthen
resilience in vaccination delivery systems in protracted humanitarian crises — addressing the
fifth and final research objective. Findings from this global review are then related to the
operating context in Lebanon, including a discussion of interventions already implemented in

that setting.

Finally, Chapter 8 critically assesses research findings and themes running through the thesis,
drawing together major contributions of the work and considering implications for future

research and for policy.
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CHAPTER 2: Conceptualising and assessing health system

resilience to shocks — a cross-disciplinary view

2.1 Introduction: framing resilience in the context of vaccination delivery

systems

This chapter provides theoretical context to the thesis by presenting a research paper drawing
together findings from a cross-disciplinary narrative review on system resilience. The aim of
this review was to gather insights with relevance to health systems in general, and vaccination
delivery systems specifically, addressing the first three objectives highlighted in Chapter 1.
Insights are drawn from fields beyond health including domains such as industrial engineering,
environmental science and socioecology. In each of these fields we find evidence of a much
more established track record of research on system resilience than currently exists in health

systems and policy research.
In particular, the paper addresses four research questions:

¢ What is a system shock? How is it conceptualised across research fields?

¢ What is system resilience? How is it defined and conceptualised across research

fields?
¢ What are thought to be the key attributes and behaviours of resilient systems?
¢ How might we assess or measure system resilience?

The paper makes four main arguments. First, it contends that shocks are under-theorised in
health and in the wider literature on system resilience, and that there is a clear need for
empirical work in this space. Second, while the paper identifies a growing consensus across
research fields regarding key attributes of resilience (or system capacities), dynamic system
behaviour is just as important in determining outcomes over time. Recognition of this should
spur greater attention to research methods that expose dynamic change within systems.
Thirdly, empirical work on system governance for resilience is in short supply in health and in
other fields and should be a focus for onward work. Finally, the paper reviews emerging
approaches to resilience assessment and measurement across disciplines. It shows that while
multi-dimensional approaches blending qualitative and quantitative methods are likely to be
needed, dynamic modelling approaches show considerable potential in both eliciting resilience

pathways and behaviours, and for resilience quantification.
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2.3.1 Abstract

Health systems worldwide face major challenges in anticipating, planning for and responding
to shocks from infectious disease epidemics, armed conflict, climatic and other crises.
Although the literature on health system resilience has grown substantially in recent years,
major uncertainties remain concerning approaches to resilience conceptualisation and
measurement. This narrative review revisits literatures from a range of fields outside health to
identify lessons relevant to health systems. Four key insights emerge. Firstly, shocks can only
be understood by clarifying how, where and over what timescale they interact with a system
of interest, and the dynamic effects they produce within it. Shock effects are contingent on
historical path-dependencies, and on the presence of factors or system pathways (e.g.,
financing models, health workforce capabilities or supply chain designs) that may amplify or
dampen impact in unexpected ways. Secondly, shocks often produce cascading effects
across multiple scales, whereas the focus of much of the health resilience literature has been
on macro-level, national systems. In reality, health systems bring together interconnected sub-

systems across sectors and geographies, with different components, behaviours and
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sometimes even objectives — all influencing how a system responds to a shock. Thirdly,
transformability is an integral feature of resilient social systems: cross-scale interactions help
explain how systems can show both resilience and transformational capability at the same
time. We illustrate these first three findings by extending the socioecological concept of
adaptive cycles in social systems to health, using the example of maternal and child health
service delivery. Finally, we argue that dynamic modelling approaches, under-utilised in
research on health system resilience to date, have significant promise for identification of
shock-moderating or shock-amplifying pathways, for understanding effects at multiple levels

and ultimately for building resilience.

Keywords

Health system; shock; resilience; adaptation; transformation

2.3.2 Introduction

Improving understanding of how health systems respond to shocks — such as infectious
disease epidemics, armed conflicts or climatic events — has become a pressing issue. The
West African Ebola outbreak in 2014-16, and more recently the coronavirus disease 2019
(COVID-19) pandemic, have spurred interest in health system preparedness, shock
responses, and ways in which resilience to future events might be enhanced (4,7,127). There
is also a strong imperative for transformational change in health systems to bolster future
resilience to climatic events given that the health sector is the fifth largest emitter of
greenhouse gases globally and potential vulnerabilities to climate-related shocks are both

substantial and rising (128).

Efforts to strengthen resilience must recognise that health systems are not simply the side-by-
side collection of “all organizations, people and actions whose primary intent is to promote,
restore or maintain health” as stated in the original World Health Organisation (WHO)
formulation (129). Relationships between system elements at all levels from citizens to
international organisations, and across sectors (beyond health) are fundamental to the
functions that health systems perform and to achieving health outcome improvements
(24,129,130). Risk-based approaches that have been a mainstay of preparedness and
response work to date assume some predictability in both shocks and system responses; they
also prioritise stability and control within structures that are conceptualised in hierarchical
terms (131). By contrast, social systems — including health systems — are complex.
Interdependencies within and between them imply high levels of uncertainty in the response

to future events, reducing the utility of probabilistic approaches for managing risk (132).
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Resilience thinking offers approaches for better managing uncertainty (133). However,
conceptualisations of resilience — and the nature of its relationship to other concepts such as
vulnerability, fragility, responsiveness and sustainability — remain under development
(9,19,71,134-136), and recent reviews of the health literature have identified a series of
limitations (3,9,11,12,137-139) including, firstly, a lack of consensus on definitions of
resilience, and a tendency to consider, interchangeably, responses to very different kinds of
shock. Clarifying the kind of shock a system faces is important not only in differentiating acute
events from the chronic stressors (e.g., workforce shortages) facing many health systems
worldwide, but also for understanding the scope of potential shock effects (9). Secondly,
existing health systems research emphasises mechanisms for absorbing or adapting to
shocks but rarely considers transformational change (i.e., wholesale structural change or goal
re-orientation). Thirdly, and relatedly, existing research has engaged only to a very limited
extent with health system learning and the contribution this can make to resilience. Finally, all
studies and disciplines highlight a need for better tools for resilience assessment and
measurement (11,12) including enabling robust appraisal of health system performance and
proper targeting and evaluation of resilience-bolstering interventions. Existing health system
resilience assessment and measurement tools are index-based rather than dynamic,

inconsistent in their choices of indicators and have not been widely evaluated (3,14).

Over the past 20 years, valuable insights regarding resilience have emerged from disciplines,
including environmental science, economics, industrial engineering, organisational theory,
disaster studies and urban studies, which are relevant for health. This paper draws on recent
literature on system shocks and resilience in these disciplines to guide health systems
researchers interested in resilience and its measurement. The review considers several
aspects of resilience: conceptualisation of shocks, definition and conceptualisation of
resilience as well as attributes and behaviours of resilient systems, and approaches to

assessment and measurement of resilience.

2.3.3 Defining and conceptualising shocks

There is no consensus definition of system shocks in the literature on health system resilience,
but two main areas of research can be identified. On the one hand are studies concerned with
immediately recognisable shocks such as pandemics, natural disasters, national or
international financial crises and armed conflict (e.g. 19). On the other hand, are studies
concerned with the effects of chronic, largely internal stressors (e.g., workforce shortages,
payment delays, or policy changes), drawing primarily on insights from local or regional health

systems patrticularly in sub-Saharan Africa (5,140).
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Shock conceptualisation in other fields, particularly in socioecological systems (SES — an
approach to conceptualising natural systems that links ecological and social or institutional
subsystems to better explain the effects of resource management) and in economics, offers
insights for health systems researchers in three main areas: [i] the need for clarity on shock
intensity and scope, [ii] specifying the relationship between a shock and a system of interest,

and [iii] the role of path dependencies in shaping shock effects.

Clarity is needed regarding shock intensity and scope to prevent conflation of truly acute
events with long-term stressors or trends that may bring about very different dynamics within
a system (potential trajectories following a shock, or series of shocks, are illustrated in Figure
3). In ecology, “disturbances” or “perturbations” encompass the disruptive effects of human
activities and sudden climatic changes leading to rapid population loss, among other events
(141), and close attention is paid to the duration and intensity of impact (142). Scale effects
emerge strongly from work in economics, where the impact of both acute events and chronic
stressors (e.g., financial crises or economic recessions, oil price shocks or fiscal policy
changes due to geopolitical events) are considered but with an emphasis on effects at multiple
geographical scales, especially on regional economies (143-145).

Cross-scale effects are also important in work on “systems-of-systems” (i.e., systems whose
elements are themselves sub-systems) in engineering, helping to explain how and why a
shock may affect a given system as it does. In this view, component sub-systems are focused
on discrete objectives or outcomes, but their activities and behaviours are complementary with
other sub-systems within the whole system. For example, subsystems in health could be
defined by function (e.g., medicines logistics and supply chain systems, or primary care
service delivery systems), or by scale of operation (e.g. local, regional, national). Taken
together, these systems-of-systems are capable of tasks that component sub-systems could
not achieve individually, but also of generating emergent behaviours in the system as a whole,
arising from the activities of the individual sub-systems (146). With respect to shocks, existing
literature identifies a spectrum from massive shocks outside the boundaries of a system that
disrupt all sub-systems within it, to localised disruptions that affect component sub-systems

(and perhaps arise from within them) but not the whole (146,147).
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Figure 3. Relationship between the nature of a shock, prior resilience state of the system, and impact.

“Critical functionality” here refers to a key outcome measure of interest that captures overall system performance.
In panel A, a low magnitude disturbance hits a resilient system, and both the impact and recovery trajectories are
tight. In panel B, despite a high magnitude disturbance, a resilient system recovers quickly. In panel C, a low
magnitude disturbance hits a low resilience system and recovery is sluggish. In panel D, a high amplitude
disturbance hits a low resilience system with severe initial impact and recovery is sluggish. In some instances, a
disturbance of this size might be sufficient to cause transformation with either positive (panel E) or deleterious
(panel F) effects on critical system functionality, however defined. Panels A-F all show varying effects of a single
shock. Panels G and H illustrate potential trajectories in the face of sequential shocks of varying magnitude. In
panel G, a series of low amplitude shocks progressively degrade system performance, but recovery is achieved.
In panel H, an initially low amplitude shock is followed by a much larger one from which recovery is limited
(Figure adapted by permission from Springer Nature from (132), © 2014).

The question of whether a shock should be considered external (exogenous) or internal
(endogenous) to the boundaries of the system is a recurrent theme across literatures. Even

where shocks are considered exogenous, there may be important relationships with the
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system: the size of a disturbance influences risk to the system in the immediate term
(alongside other factors such as prior preparedness and vulnerability); and overall effect and
impact on recovery trajectory depends on underlying structures and processes. Some work in
socio-ecology distinguishes between external drivers of change (the fact of the shock) and
internal system variables that are vulnerable to them, and which in turn control the dynamics
of other variables within the system. Walker et al, for instance, contrast “fast” (variables of core
concern in a system that change rapidly) and “slow” (background variables that change much
more slowly) system variables that can interact to produce quite different effects, amplifying
some shocks, dampening others (148). Contemporary work on systems-of-systems considers
both truly exogenous shocks (e.g., external to the system but affecting inputs, and with the
potential to disrupt all intra-system elements as a result), and endogenous shocks originating
from local disruptions or even emergent behaviours from within the system that have

deleterious effects (146).

Finally, a key contention from studies on SES is that shock effects are path dependent (149).
The nature and the scope of the response may depend on the phase of what is known as the
“adaptive cycle” a system finds itself at the point a shock occurs. Adaptive cycle theory —
applied not just to socioecological systems but to social systems more broadly — suggests that
systems do not tend to a fixed and stable equilibrium point per se but instead move through
phases over their life cycle, from rapid growth, through conservation to collapse (“creative
destruction”) and finally renewal or re-organisation (150). The implication is that the impact of
a shock is likely greater at specific points in the cycle when systems are unstable. Similar
arguments regarding the importance of path dependencies emerge from wider research on
the health effects of disruptive political and economic shocks, where studies suggest that pre-
crisis exposure to health risk factors (alcohol, tobacco consumption etc), as well as the
strength of social capital and the robustness of social protection systems are important in
explaining differential health outcome trends arising from economic crises as diverse as the
Great Depression in the 1930s and post-Communist transitions in Russia and Eastern Europe
in the 1990s (151).

In summary, consideration of shock timing, scope and effects at different system levels are all
likely to yield useful insights in terms of system elements and pathways influencing resilience.
In particular, the prior state or configuration of a system matters, both in terms of vulnerabilities
but also the presence of elements with the potential to amplify or potentially dampen shock
effects. Finally, health system resilience assessment and measurement approaches may

benefit from closer attention to the dynamic effects shocks produce within systems.
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2.3.4 Defining and conceptualising system resilience to shocks

2.3.4.1 Resilience definitions and attributes

Table 1 shows the diversity in conceptualisation of resilience across fields, from emphasising
persistence and equilibration (e.g., in classical ecology and industrial engineering) through to
adaptation, learning and self-organising capability (economics and socio-ecology). In the
health systems literature as in work on SES and other social systems, however, there is some
consensus regarding key characteristics of resilient systems. These include “hard” attributes
such as availability of material and human resources, and the existence of collateral pathways
(in health system terms, the existence of multiple mechanisms through which, for example,
medical products or health services can be delivered) — echoed in some work in engineering
(147). Effective information management is also vital in both engineering and social systems
(10,134,147,152), although there is less clarity on best approaches. For health systems, for
example, the balance between formal surveillance and softer, more immediate data from

human intelligence systems in shaping system responses has emerged as an area of debate

in humanitarian settings and in the context of COVID-19 responses (153,154).

Table 1. Definitions, terms and concept clusters linked to resilience in the literatures across research fields.

Field Summary Conceptual focus(es) Common, linked References
definition terms
Health Varied depending Predominantly macro- Adaptation, self- (9,11,12)
on the tradition (in | /meso-level focus on organisation,
other disciplines) systems, but also a body emergence (and
on which studies of literature that addresses | clustered terms
draw micro-/meso-level e.g., “collapse”?)
(organisational)
perspectives.
Predominantly normative
interpretation of resilience,
with some exceptions.
(Classical) System ability to Equilibration of systems Resistance, buffer (152,155)
ecology withstand a and the speed with which it | capacity,
disturbance while is possible to return to persistence,
maintaining stable state robustness
essential functions | Magnitude of disturbances
and relationships No explicit normative
judgement on resilience
Socio-ecology System capacity to | Learning and innovation Adaptation, (155,156)
absorb are central to resilience in learning,
disturbances and SES systems innovation,
re-organise while transformability,
undergoing tipping points
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change in order to | Multiple equilibrium states
maintain the same | are possible (even
essential function, desirable)
structure and No explicit normative
feedbacks judgement on resilience
Economics Process by which Often regional or local Vulnerability, (144,145)
economy focus for investigation recovery,
withstands, adjusts | Interest in sustainability (or | robustness,
and/or recovers for purer macroeconomic adaptability
from “market, studies, conventional
competitive or markers such as GDP) as
environmental end-states for
shocks”, if “‘developmental pathways”
necessary by Dispute over the
adaption, to return | exogenous/endogenous
its prior nature of shocks
developmental
path or to move to
a new, sustainable
path
Development Development Predominantly micro-level | Adaptation, self- (157-159)
studies resilience as the agency but can be organisation,
capacity over time | aggregated up to macro- transformation,
of a person, level and increasing role of agency
household emphasis on systemic
or other aggregate | factors affecting vulnerable
unit to avoid and to adverse development
overcome outcomes.
stochastic poverty
traps in the face of
various
stressors and in
the wake of myriad
shocks.
Industrial System ability to System behaviour under Reliability, (134,155)
engineering sustain disruptions | “normal” conditions offers restoration,

without
discontinuity in the
system’s function
(or with as rapid a
restoration as is
possible if
discontinuity does

occur)

key insights on behaviour
under duress

A system has an
identifiable, and single
equilibrium state
Normative interpretation of
resilience (i.e., as a

desirable state)

(system) failure,
safety, efficiency,
controllability,

(early) detection
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Organisational

theory

Maintenance of
positive
adjustment under
stress so that an
organisation
emerges
strengthened and

more resourceful

Distinction between
organisational “software”
and “hardware” in
explaining resilience
Normative interpretation of
resilience (i.e., as a

desirable state).

Self-organisation,
planning,

adaptation

(18)

Climate/disaster
risk studies

System capability
to resist, absorb,
accommodate and
recover from
hazard events and
trend after
exposure, in a
timely and efficient
way plus
increasingly
capacity for

transformation

Multi-level resilience (with
a large body of literature
focusing on micro- and
community-level
perspectives).
Predominantly normative

interpretation of resilience.

Anticipate, absorb,
cope, recover,
persist, transform
(the latter largely in
research, not yet in
implementation),

agency

(135,136,157)

Urban studies

Ability of a system
to maintain or
rapidly return to
desired functions
in the face of a
disturbance, to
adapt to change,
and to quickly
transform systems
that limit current or
future adaptive

capacity

Multi-level focus linking
micro- through to macro-
perspectives

Focus on temporal
dynamics

Normative interpretation of
resilience (i.e., as a

desirable state)

Sustainability,
recovery,
adaptability, re-

organisation

(155,160)

“Soft” attributes include networking and connectivity (or collaboration in human systems)

(141), key determinants of shifts from one phase to another in the adaptive cycle in SES (30),

and of how effectively an industrial engineering system-of-systems operates (161). However,

trade-offs (e.g., between efficiency and adaptability in systems, between addressing

immediate issues versus structural issues) are important, and networking between elements

can undermine system resilience if the degree of connectivity is such that structures become

too rigid to enable change (30,162). In social systems, effective governance and leadership

are important in maximising the potential of networking and connectivity between the actors

of the system for resilience, but empirical studies of resilience governance and system
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leadership have been few including in health, although existing health research does identify
attributes including legitimacy and knowledge management as important (10,137,152).

2.3.4.2 Resilience as an outcome or as a process?

Resilience can be understood as a process or an outcome, or both. While much work in
industrial engineering and socio-ecology, for example, measures resilience directly as an
outcome (e.g., by trying to quantify the scale of disturbance a system can sustain and still
return to a defined steady state), outcome-focused analyses of resilience in health systems
are rare. This perhaps reflects unease about the normative implications of measuring
resilience as an end in itself rather than changes in desired health outcomes, but also the
intrinsic difficulty of identifying summary measures of resilience given the diversity of health
systems functions (9). In this section, we argue that in the absence of broadly accepted
summary measures for health system resilience, conceptualizing resilience as a process is

likely to prove more fruitful for health systems researchers.

Existing health systems research distinguishes three processes contributing to resilience,
drawing on the literature from socioecology: [i] absorption (no structural change occurs; the
shock is simply accommodated using existing structures and pathways — sometimes referred
to as persistence in the urban studies literature); [ii] adaptation (where certain, circumscribed
structural or pathway changes occur to respond to the shock); and [iii] transformation (in which
learning is harnessed to fundamentally alter the structure of the system and strengthen it for
the future, with or without goal re-orientation) (18,137). The focus in empirical health research
has predominantly been on absorption and adaptation, ranging from studies of effects of
shocks on critical health outcomes or utilisation of essential services through to changes in
service delivery models and coping strategies of health care workers (11,163-165). Studies
of transformational change in health systems are largely absent, a deficit perhaps linked to a
misperception that resilience theory prioritises stability over the pursuit of just and equitable
health outcomes for populations (11,166). Finally, none of this work explicitly links these

processes in a conceptually coherent theory of how and why system resilience arises.

Thinking on adaptive cycles in social systems, however, emphasises system learning,
adaptation and reorganization, and positions transformability (i.e., the capability to create new
structures or reorient system goals when conditions make continuation of existing
arrangements impossible) as a fundamental attribute of resilient systems (26). In its original
formulation, the adaptive cycle incorporated four stages — system growth, equilibrium, collapse
and reorientation — in a feedback loop. Equilibrium was achieved when the maximum potential
of a socioecological system was reached, and with the highest level of connectedness
between system elements (167). Recent adjustments to this formulation for application to

social systems have recognized that connectedness can, in extremis, undermine the durability
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of a system by reducing flexibility to changing circumstances, but have also emphasized that,
if we consider a specific scale of analysis, a system operating at that scale is subject to
pressures from elsewhere that may amplify or constrain the potential for change (121,168).
An appreciation for multi-scale dynamics and cross-linkages — or “panarchy” — is therefore
fundamental to understanding how a system can be both resilient and concurrently show
transformational capability (121,156,168-170).

Figure 4 applies this thinking to a health case study: the maternal and child health system in
any given country, chosen because this is frequently among the first domains in which health
service use and population health outcomes begin to be affected in the event of a shock (171—-
175). We can think of the maternal and child health system as bringing together population
demand and service supply dynamics. In this visualization, the system enters a period of
growth (point r) at the initiation point of a new form of structural organization (e.g., due to
introduction of systemic reform). There is then an upward trajectory as changes become
progressively more institutionalized, population reach increases and service performance (in
this case proxied by improvement in the under 5 child survival rate rate) improves. As the
figure shows, however, this trajectory is rarely linear and there may be periodic setbacks
followed by periods of improvement (black scribble line). At the point of maximal
institutionalization of the reformed system structure (K), further growth potential tails off and

improvements in under 5 child survival begin to stagnate.

Periodic shocks of varying magnitude may occur at any point along this pathway but, provided
they are small enough, these are managed by the system using existing reserves and
processes (e.g. surge service capacity, or redeployment of healthcare workers to areas where
demand is highest), so that there is a rapid return to the overall upward trajectory for child
survival (green line). Beyond a certain threshold, however (grey dashed line), the existing
system structure begins to become unstable and rules or pathways governing predominant
modes of service delivery begin to break down (yellow line through Q to a). In systems with
sufficient capacity and capability to innovate, there may be a period of rapid testing of
alternative approaches, such as new service delivery models or task-shifting for healthcare
workers (a), leading — if successful — to a new period of outcome improvement based on a
renewed or reorganized system structure and associated behaviours. Pathways to this
renewal or reorganisation can be variable, however, with some leading to marked initial
declines in child survival (orange lines). Without this, however, further declines in institutional
capability to deliver services risk progressive or even sudden declines in under-5 mortality

over time (red line).
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Figure 4. Visual representation of the adaptive cycle applied to a national maternal and child health system.
Looking at the focus system in the centre of the diagram, there is steady but uneven improvement in the under-5
child survival rate as system processes and behaviours become progressively more institutionalized, towards an
equilibrium point (K). A crisis or shock (red triangle) can be absorbed provided its effects are within a certain
threshold, and in this case the system rapidly returns to the general upward trajectory in child survival (green
line). If the shock impact exceeds a critical threshold, the system will move towards a zone of instability (Q)
during which structures and processes are disrupted (yellow line). A period of innovation (a) may give rise to
system renewal, restructuring or reorientation and return to an upward trajectory (r), but pathways to this can be
variable (orange lines). If no innovation occurs, further decline may ensue leading potentially to irrevocable
declines in child survival (red line). The key points of vulnerability — and conversely maximal opportunities for
change — are a and Q); these are also the critical interaction points at which processes in linked systems (in this
case the national health governance system at macro-level, and primary care service delivery system at micro-
level) at other scales could push the maternal and child health system towards transformation (Figure adapted
from reference (168); the original figure on which it draws is licensed under CC BY-NC 4.0, as outlined here:

https://creativecommons.org/licenses/by-nc/4.0/legalcode).

How a system behaves across this cycle is determined at least in part by pressures from the
larger-scale and smaller-scale systems with which it interacts (e.g., geographically or
hierarchically) — and this is where the potential for transformative change arises. In work in
socio-ecology, environmental science and urban studies, transformation has been

conceptualised either as changes in mechanism (e.g., completely new activities, shift in
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geographical scale or intensity of an existing activity, or a values-based reorientation in
delivery), or changes in system objectives over time and space (176,177). In the modified
adaptive cycle in Figure 4, changes in system structure and behaviour arising from within the
system alone are likely to be absorptive or at most adaptive; transformative change will
typically require resources, or a “push”, from outside the maternal and child health system.
These cross-scale interactions have the greatest potential for impact — either positive or
negative — at points a and Q — when the system is unstable. If the shock is national in scope,
then there may be critical losses in, for example, health financing or leadership capacity
nationally that accentuate the overall impact of the crisis at point Q on the maternal and child
health system. There may also be destabilizing effects at the micro-level, such as loss of
income for service users, which reduce service uptake and the likelihood of sustained
improvements in under-5 child survival returning. At point a, on the other hand, innovations
from linked but smaller-scale systems (e.g. new local-level outreach service models) or macro-
scale systems (e.g. mobilization of emergency funding to support service delivery nationally,
changes in leadership or governance reforms) may combine in new ways to enable

transformative change within the maternal and child health system (168,178).

What specifically prompts transformational change? There is a large body of evidence (e.g.,
from development studies) demonstrating that shocks can act as spurs to transformative, and
positive, change for better long-term outcomes (135). In socioecological and environmental
systems, transformations may occur through the combined effect of external pull factors (e.qg.,
to respond to a demonstrable need outside the system) and within-system forces — which may
be top-down (e.g. active management) or bottom-up (e.g. collective action) — overcoming
opposing forces (27,121). Crucially, resilience is necessary for a transformational path to be
maintained once change in this direction begins to occur (27). Transformations need not have
positive effects: there is a large literature in ecology on deleterious, even catastrophic
ecosystem transformations due to disruption, for example (179). The extent to which a change
can be seen as transformative also depends on the scale of analysis. A transformative change
in service delivery models at a local level, for instance, is unlikely to materially affect the macro-

level structure of a system, though local effects can be substantial (156).

There are three main implications from this work for health systems researchers. First,
focusing on resilience processes rather than outcomes liberates resilience thinking from at
least some of the normative constraints for which it has been criticised, and offers alternative
avenues for assessment and measurement in the absence of broadly agreed metrics or
indices for health system resilience. Second, research designs that adopt multi-level
perspectives on system responses are much more likely to yield meaningful insights on the

sources of resilience (or otherwise) to shocks, and to identify transformational changes that
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may occur even in the absence of whole-system reconfiguration. Finally, both of these insights
suggest that dynamic approaches that incorporate feedback are likely to be central for future
work on operationalizing resilience — the subject of the next section.

2.3.5 Assessing and measuring system resilience

Operationalisation is a particularly challenging area of resilience research. It is helpful to
distinguish assessment, which is intended to inform management interventions principally by
identifying risks, opportunities and alternative strategies to change (sometimes as a precursor
to purposeful transformation); and measurement, which is concerned with early detection of
change for situational awareness purposes (155,180). Four main approaches to
operationalisation can be identified in the literature (highlighted in blue in the summary Figure
5): the use of [i] qualitative conceptual frameworks; [ii] semi-quantitative indices or metrics of
resilience; [iii] conventional quantitative (statistical) approaches; and [iv] systems modelling.
In this section, we describe and critically assess the potential of each of these approaches for
guantification of health system resilience. Drawing on the material on adaptive cycles
presented above, we argue that dynamic modelling approaches are likely to offer the greatest

benefit for health systems researchers in future.

—— | Conceptual frameworks

»| Semi-quantitative indices

Resilience assessment and

Probabilistic approaches
measurement approaches

General quantitative

measures

Deterministic approaches

—_— Network analysis
—»| Structure-based models »| System dynamics modelling
e Agent-based modelling

Figure 5. Simple classification of approach to resilience assessment and measurement.
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The four broad approaches to assessment and/or measurement considered in detail in the main text of this
chapter are highlighted in blue, with specific methodologies highlighted in the right-hand column (adapted from

(134), with permission from Elsevier).

2.3.5.1 Methodological approaches in health systems research

Qualitative approaches — in which conceptual frameworks are used to guide investigation of
resilience — are by far the most common in health systems research, but even in the empirical
literature, few studies use frameworks to guide their analyses (11). Those that do typically
reference either [i] a framework inspired by insights from ecology, focused on resilience
governance (10); [ii] frameworks linked to the WHO building blocks which consider dimensions
of resilience at whole-system level (3,181); or [iii] a framework drawing on organisational
theory, but emphasising absorptive, adaptive and transformative approaches to managing
chronic stressors (6). Variants of these approaches exist but with few applications in health so
far (2), although there is some work applying the absorb-adapt-transform triumvirate to
resilience (111,182).

A second strand of health systems research uses semi-quantitative indices in which existing
process and outcome measures are repurposed as proxies for resilience (3). Recent work by
WHO Europe repurposes common health system metrics (e.g., level and geographical
distribution of health sector spending; health worker remuneration and absenteeism; the
existence of contingency plans) to build a picture of health system reserve and capacity to
respond to shocks that enables iterative monitoring (14). Indicator-based approaches have
also been applied to assessment of vulnerability and health system resilience to climatic
events, including with a view to ex ante “stress-testing” (183-185). These approaches have
advantages of simplicity and analytic familiarity but are limited by a high level of abstraction
that reduces scope for empirical application (for conceptual frameworks), and because they
do not capture dynamic behaviour. The primary means for gathering information on changing
system behaviours over time is through iterative indicator assessment, but static frameworks
offer no information on pathways affecting these behaviours or on cross-scale effects

influencing them (155).

2.3.5.2 General quantitative measures used in other fields

General quantitative measures have been used in socio-ecology, environmental science and
industrial engineering to directly measure resilience attributes such as robustness or elasticity
but have not to date been applied in health systems research (134,155). General measures
have been applied — for example — to assessment of infrastructure resilience (e.g., transport),
to measure system robustness, rapidity of recovery after a shock and redundancy among

other characteristics. These measures provide an indication of how a system would respond
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to a shock but do not account for the probability of that shock occurring in the first place. For
this, probabilistic approaches are preferred and have been used to evaluate infrastructure
responses in the event of earthquakes, for example (134). In SES, quantitative assessment of
skewness or increasing variance from stable points for system critical variables can provide
early signs of an impending transformation from one stable equilibrium to another as a
disturbance pushes a system closer towards a threshold point, as can critical slowing down
(CSD) i.e. increasing delays in system recovery from disturbances as a threshold point is
reached (180,186). However, quantitative measures are not always reliable indicators of
change, a drawback of metrics-based approaches that has long been recognised in the wider
health systems literature (187). The crudity of general measures also means the risks of false
alarms can be high, or conversely that other behaviours signalling an impending change are
missed; research in SES shows that a sudden, catastrophic shock may, for example, result in
transformation without a preceding slowing down (186). Finally, these approaches give little
insight into system structure, or dynamic behaviours. Integrative approaches to resilience
assessment and measurement that combine quantitative indicator use with mapping and other
methods may be better for identifying system attributes contributing to resilience over time
(186), but these too do not capture networking or dynamic behaviour.

2.3.5.3 Modelling approaches

Structural modelling approaches provide methods not only for delineating system structure
and linkages across levels, but also for identifying leverage points for action that may
contribute to preserving, sustaining, and strengthening resilience. They can also be used in a
wide variety of ways, from theory generation in terms of the kinds of principles and processes
governing system behaviour, through to structurally realistic models that can inform policy or
the management of social systems (188). Here, we consider three mixed-methods
approaches for exploring system resilience: network analysis, System Dynamics Modelling
(SDM) and Agent-Based Modelling (ABM).

Network analysis can help identify components of networks with critical effects on system
resilience and linkages between these. There is some — albeit limited — track record of applying
these approaches to health system questions. Empirical work looking at the effect of a system
shock on managerial decisions in a regional eye health system in Ghana, for example, showed
that transformational changes in network organisation reduced overall resilience while
simultaneously improving responsiveness to the needs of particular stakeholders in the
system — emphasising that resilience is subjectively experienced, and that outcome selection
matters (100). Computational modelling of national-level primary healthcare network resilience
in Austria showed that following a shock (in this case resulting in large and sudden reductions

in the size of the physician workforce) there can be distinct thresholds beyond which the ability
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of providers to maintain coverage of essential services is compromised (189). Elsewhere,
recent work in engineering has considered the amplifying effects of connections between
multiple, related networks (“network-of-networks”) when faced with shocks, especially where
there are many feedback and feed-forward connections. This work highlights the need to
identify and protect, or grant greater autonomy to, critical nodes that can shape network
responses to shocks as a means of bolstering resilience (161). However, network analysis
has limited capacity for modelling dynamic behaviour, for which approaches such as SDM and

ABM are more appropriate.

System dynamics has been defined as “the use of informal maps and formal models with
computer simulation to uncover and understand endogenous sources of system behaviour”
(112), and has been applied in a number of empirical studies on resilience in health. Typically,
SDM involves production of a qualitative representation of the dynamics contributing to a
problem of interest (a causal loop diagram or CLD) with an emphasis on feedback processes,
which may then be translated into a simulation model with stocks and flows. The few existing
SDM studies on health system resilience have predominantly used CLDs to represent system
structure (including important variables, system boundaries and feedback loops), and have
highlighted the importance of decentralised decision-making, institutional learning, accurate
and timely information flows, and path dependencies in determining the extent to which
systems have been able to respond to shocks (110,111,182). Applications of SDM in other
fields have focused on participatory engagement in policy development to support system
resilience, and quantification of resilience metrics such as robustness, time to recovery from
shocks and elasticity, although broader insights from these works are obscured by varying
resilience definitions among other limitations (190,191).

ABM focuses on how agency between diverse individuals or institutions, as agents, can give
rise to dynamic behaviours. It offers a promising avenue because of its ability to address
effects related to network structure and heterogeneity between agents, although there are
important trade-offs to consider in terms of time and resource intensity (including
computational power) for modelling using ABM by comparison with SDM, which typically
models at aggregate rather than individual level (192). In practical terms, applications to both
engineering (193) and social systems including to SES have so far been few (194-196). One
study applying ABM to analysis of health system resilience was identified for this review,
considering local-level service responses to earthquakes in the United States, and more
specifically interdependencies between services including health that might affect response
effectiveness (197). This study demonstrated significant interdependencies between health
service and education providers at local level, suggesting that the integrity of social service

provision can be highly vulnerable even to relatively small disruptions.
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A particular attraction of SDM and ABM is their flexibility in use, on the one hand, for
hypothesis testing and exploration of new modes of working, and on the other in being linked
to a greater or lesser degree to empirical data to inform real-world governance and
management approaches (188). In reality, both resilience assessment and measurement are
likely necessary to give a rounded sense of system resilience spanning structure and
dynamics (155,186). Modelling approaches by definition offer heuristics for system behaviour
overall, and outputs should be interpreted with reference to empirical or observational
research, over and above validation approaches commonly integral to the model development

process (194).

2.3.6 Conclusions

What can health system researchers investigating system resilience learn from advances in
other fields? Two major domains of resilience research offer the most relevant insights: (i)
work on social systems particularly in development, disaster, environmental and urban
studies; and (ii) emerging thinking on system-of-systems in engineering. Work in both domains
emphasises the importance of cross-scale interactions and transformability — both largely
neglected topics in health systems research.

Four general lessons can be drawn from the literature considered here. Firstly, research on
resilience should clearly describe shock characteristics such as intensity, duration,
geographical scope, and try to identify system elements amplifying or conversely dampening

shock effects. Without this, it is very difficult to properly interrogate shock effects.

Secondly, most empirical research on resilience in health continues to use flat perspectives
on health system structure (in particular, the building blocks approach) addressing single
levels of analysis and taking a uniform view on where system boundaries lie (principally,
national boundaries). This framing is problematic for analysis of shocks such as climatic
events or armed conflicts that can produce cascading effects at multiple health system levels
within and across jurisdictions. The system-of-systems and network-of-networks approaches
allow us to frame shock responses very differently, recognising that health systems combine
interconnected sub-systems (both sectoral and across geographies) with different elements,
behaviours and even objectives. Medicine supply chain sub-systems, for example, likely
operate in fundamentally different ways from health governance and accountability sub-
systems. As part of the reckoning with the impact of COVID-19, however, there is also growing
recognition of the need to consider connectedness with broader societal systems, including
economic, environmental and social ones, in bolstering health system resilience to future

shocks of global scale (24). The methodological corollary of these observations is the need
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for mixed-methods research designs that interrogate resilience at multiple levels and across
sectors.

Third, transformability should be considered an integral (rather than incompatible) property of
resilient systems. Recent theoretical work applying the concept of an adaptive cycle in social
systems reinforces the importance of links between systems across scales, and also provides
a new way of thinking about how and when transformational change arises that can, as we
have seen, be readily applied to health systems (121,168,170). Work on SES and urban
systems also emphasises that, once a crucial tipping point has been reached and
transformational change towards a new equilibrium state begins, resilience is a prerequisite

for momentum to be maintained and transformation to realised.

Finally, although approaches to assessment and quantification of health system resilience
remain nascent, modelling approaches including network analysis, SDM and ABM have
significant potential to advance research in this domain. These three approaches have been
applied to a very limited extent in health but can provide valuable insights on critical system
elements through which shock effects are most likely mediated. SDM and ABM also capture
dynamic behaviour in a way that conventional quantitative approaches cannot, to identify
processes underpinning resilience and potential leverage points for intervention. Health
systems researchers have an opportunity to lead the advancement of resilience research

across fields, through application of these methods.
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2.4 Identifying knowledge gaps

Findings presented in the research paper in section 2.3 highlight a series of knowledge gaps
in resilience theory as applied to health systems. Firstly, system shocks are under-theorised.
There is a need to better understand the ways in which shocks in interconnected systems
manifest their effects within health systems, and how and why effects may cascade in the
ways that they do. The prevailing lens for analysing health system resilience in the published
literature is national but work in other disciplines strongly suggests this risks missing important
regional and local influences on system behaviour. There is clear space for theoretically
grounded, empirical work that sets out the pathways by which shocks cause effects at different

system levels, and this thesis seeks to directly address this through primary case analysis.

Secondly, while there is growing consensus on general attributes and behaviours of resilient
social systems (including health systems), it is apparent that both process and attribute-based
perspectives matter. Recent work extending socioecological theory on adaptive cycles to
social systems offers a wholly new way of thinking about how health systems respond to
shocks. It provides a way of conceptualising how cross-scale interactions with other, linked
systems at critical time junctures can influence the likelihood of transformational change. This
suggests that to better understand health system resilience we need to pay closer attention to
dynamic behaviour. In other words, pathways, time delays and other behavioural features all
likely help to explain how and why systems respond to shocks as they do. This has important
methodological implications (see below). A key focus for this thesis will be on identifying
dynamic system behaviours contributing to resilience in vaccination delivery using a multi-

level approach.

Thirdly, questions concerning system governance are key, but as the research paper findings
show, this is a largely neglected dimension of resilience. Recent reviews of the empirical
literature on health system resilience show that primary studies focused on resilience
governance continue to be in short supply (11). There have been calls for closer examination
of the role of governance systems, and of institutional legitimacy in contributing to (or
undermining) system resilience (19,119). Work on adaptive cycle theory in other fields also
implies very different governance models and capacities to those typically found in health
systems worldwide. Recent work on environmental governance building on this theory, for
example, emphasises features such as decentralisation in service delivery, disseminated
leadership, a culture of encouraging innovation through experimentation, strategic foresight
and system-wide learning (168). There is a need to consider what aspirations towards these
kinds of attributes and behaviours might mean for health systems where there may be
important trade-offs between local autonomy and macro-level oversight (e.g., a tension

between vaccination services better tailored to local circumstances vs national product safety

57



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

and cold chain integrity requirements for childhood vaccinations). Importantly, there is a need
to empirically test the extent to which “ideal type” governance attributes identified in systems
outside health can usefully be applied to health systems. The empirical analysis in Chapter 6

addresses some of these questions.

Finally, the paper offers novel insights regarding ways in which resilience can be
operationalised. It highlights a growing consensus beyond health systems research that multi-
dimensional assessments blending combinations of some or all of the qualitative and
guantitative approaches outlined in the review are needed to properly evaluate system
resilience. Work in this area as applied to health systems remains emergent. Empirical work
that explicitly adopts this multi-dimensional approach to resilience assessment in health

remains very limited.

2.5 Chapter summary

This chapter has set out a series of knowledge gaps in resilience theory as applied to health
systems that this thesis aims to help address, through primary case analysis. Chapter 3
outlines the geographical setting for the primary data collection for this thesis, justifying the
choice of location with reference to some of the themes and policy questions identified in
Chapter 1.
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CHAPTER 3: Research project setting

In this chapter, | introduce the setting for the research project, which was Lebanon. The
primary justification for the choice of Lebanon as the focal case study at the inception of this
work in 2018 was that it was home to the highest density of registered refugees in the world
and had experienced large and recent spikes in cross-border population movement.
Importantly, the principal primary health service access points for refugees (including for
vaccination) have for some time been through national vaccination delivery systems rather
than through parallel refugee health service pathways. Since the initiation of the study,
Lebanon has also experienced at least two further shocks of national scope: COVID-19, and
an ongoing, multi-dimensional political and economic crisis. The overlap of these shocks in
time and space, and interactions between them, form what has been termed a “compound
crisis” (198). Unravelling the effects of this compound crisis on childhood vaccination delivery
is a key conceptual focus for this thesis. Key milestones relevant to the thesis are summarised
in Appendix 3.

3.1 Country profile

3.1.1 General characteristics and health profile

Lebanon is a small country in the Levant region of the Middle East, covering around 10,500
km2. Administratively, it is divided into nine governorates and a total of 25 districts (

Figure 6). National population estimates are contested. The confessional orientation of the
political system in Lebanon has contributed to the politicisation of population data and no
national census has been conducted since 1932 (199). Current estimates range from 4.5
million (the broadly agreed figure prior to the arrival of Syrian refugees in large numbers from

2012 onwards) up to as much as 6 million in 2021 (200).

The most current estimates at the outset of the research project (in 2019) showed that
demographically Lebanon was a young country, with some 26% of the population below the
age of 15. Life expectancy was comparable with regional neighbours at around 79 years (201).
In common with many of its regional neighbours, Lebanon had experienced a partial
epidemiological transition so that the predominant source of mortality and morbidity
population-wide came from non-communicable diseases (NCD). The risk factor profile for
Lebanon broadly accorded with the distribution of disease. High body mass index, tobacco
consumption, dietary risks and hypertension contributed by far the greatest share of disability-

adjusted life years (DALYS) lost in Lebanon each year and continue to do so today (202). This

59



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

overall picture masked some distinct features of the demographic and health profile for
recently displaced refugees, however. Displaced Syrians were, and are, younger and poorer
than host communities and have lower levels of educational attainment, on average. Most

currently reside in inland districts bordering Syria (203—-205).
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Figure 6. Maps of Lebanon.
El Nabatieh

Panel A shows the country in global and regional
geographical context (© Rei-artur / Wikimedia Commons
/| CC-BY-SA-3.0 / GFDL). Panel B shows the major
administrative (governorate-level) divisions in Lebanon. These correspond to regional focuses for data collection

outlined later in this thesis (source: https://ialebanon.unhcr.org/ - accessed 22" September 2022).

From an economic perspective, Lebanon was classified as an upper middle-income country
by the World Bank at project initiation. However, the most recent publicly available data from
this institution indicate a precipitous decline in gross domestic product (GDP) per capita from
around $7,600 in 2019 to $4,650 in 2020. For the World Bank’s 2023 fiscal year, Lebanon was
re-classified into the lower-middle income lending group category. These changes can largely
be explained by the ongoing economic crisis which is described in more detail in section
3.1.2.2 (200).

3.1.2 Dimensions of the “compound crisis” in Lebanon

Over the course of this study, Lebanon was steadily engulfed by a series of shocks. These
shocks stemmed not just from the population movement described above and its long-term
implications for service demand. From 2019 onwards, an accelerating economic crisis and
linked crisis of legitimacy for public institutions profoundly affected the health service delivery
context in Lebanon. The COVID-19 pandemic resulted in wide-ranging disruption including
the imposition of a series of national lockdowns and the temporary closure of Lebanon’s
international borders. Finally, in August 2020 a large explosion in the capital, Beirut, destroyed
the national vaccine storage warehouse in the port area (Karantina). These shocks overlapped

and interacted in particular ways with profound effects for health service delivery across
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populations (206). This section provides a brief overview of each of these shocks. Later
chapters will explore in more detail pathways of interaction between them and the implications
these have had for vaccination delivery in Lebanon. A timeline of all key events in Lebanon

across the study period is given in Appendix 3.

3.1.2.1 Population displacement from Syria

The Syria Crisis is the cause of the latest in a long series of large-scale population
displacements into Lebanon, with around 825,000 registered Syrian refugees residing in the
country as of September 2022, down from a peak of just under 1.2m in April 2015. The bulk
of this cross-border movement occurred in a concentrated period in 2013-15. Although some
degree of movement continues today, this is bidirectional and in aggregate the overall trend
is now towards slow returns to Syria (Figure 7). Precise estimation is, however, complicated
by the fact that a large, unregistered refugee population has always been excluded from these
numbers, and by the fact that political pressures obliged the United Nations High
Commissioner for Refugees (UNHCR) to stop registering new arrivals from 2015 onwards
(207).

1400

=
N
o
o

1000

600

|

1

|

1

|

1

800 I
1

I

1

400 |
1

1

Registered refugees (000s)

200

Figure 7. Ten-year trend in the total number of refugees registered by UNHCR in Lebanon since 2010.
The vertical red-line indicates the point at which cross-border movement from Syria escalated rapidly —
corresponding to one of the system shocks of interest in this study. The beginning of the conflict in Syria is

indicated by the dashed vertical line. Source:(207).

There have, in addition, been some 469,600 Palestinian refugees in-country for many years
to whom health services are provided by the UN Relief and Works Agency (UNRWA) (208).
Taken together, Palestinian and Syrian refugees may account for up to 24% of the Lebanese

population (206). According to UNHCR figures, Lebanon had by some distance the highest
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density of registered refugees per 1,000 inhabitants of any country in the world in 2020 (Figure
8).
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Figure 8. Top ten countries worldwide at the end of 2018 ordered according to the density of registered refugees
per 1,000 inhabitants that they host.
Source: UNHCR statistics and (209).

Although Lebanon operated a de facto open-border policy towards Syrian refugees between
2011 and 2014, official positioning vis-a-vis the crisis has varied over time. This reflects the
politicisation of the crisis response, and especially perceived spill-over effects from the conflict
in Syria, as embodied in the Dissociation Policy*? introduced in 2012 (210,211). Since 2015,
there has been a progressive hardening of rhetoric towards Syrian refugees, on which a
number of high-profile political figures in Lebanon have sought to capitalise. In May 2015 the
government formally requested that UNHCR stop registering new arrivals from Syria (212).
Relations between the government and many of the major agencies involved in the response

are challenging (213).

The large majority of those displaced by the Syrian conflict who are currently living in Lebanon
are scattered across 2,100 formal and informal settlements, and conditions for most are poor.
Many of those displaced live in governorates bordering Syria where public service access and

quality even for host communities have historically been low. Syrian refugee households in

12 The Dissociation Policy was intended to enforce neutrality by political actors (many of whom are also armed
independently of the state) in Lebanon towards the crisis, ostensibly to prevent them from being drawn in as
parties to the conflict in Syria. However, it has also had the effect of providing cover for limited recognition of
rights for Syrians (including in the labour market), for whom — as a matter of government policy — no refugee
camps can be established.
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Lebanon have also been severely affected by the economic crisis. In 2019, some 55% of
Syrian households registered with UNHCR were below the poverty line, but the most recent
data (for 2021) show that this proportion has increased to 88% despite an increase in

assistance from humanitarian actors (214).53

3.1.2.2 Political and economic crisis

Instability has been a recurrent theme in the Lebanese political landscape for some time, but
this has intensified markedly since autumn 2019. It has occurred against the backdrop of a
deepening and multi-faceted economic crisis that the World Bank has described as a
“deliberate depression” (215). Historically, the long-range economic picture in Lebanon has
been heavily influenced by periods of armed conflict, especially the 1975-1990 civil war, and
more recent (2006) conflict with Israel. Reconstruction strategies following each of these
conflicts depended on heavy borrowing on international markets and state retrenchment in
terms of provision of essential services (216). By the mid-2010s, income and wealth inequality
in Lebanon had widened as ruling elites imposed ever increasing rents on residents (217).
These were some of the conditions that contributed to the emergence of broad-based protests
from October 2019 onwards, calling variously for the fall of the incumbent government to the

removal of the entire Lebanese political class at that time.

Economic conditions in Lebanon have deteriorated markedly since autumn 2019. This is due
to the historically unusual confluence of three separate economic crises: [i] a large balance of
payments deficit affecting the country’s ability to import essential goods; [ii] a fiscal crisis
affecting government revenues, and as a consequence, its ability to spend on essential
services including health; and [iii] a banking system liquidity crisis with implications for ability
of domestic actors to borrow to finance purchases, and for everyday exchange rates (218).
The implications for those living in Lebanon have been severe: annual inflation rates (by official
estimates) exceeded 200% in early 2022;'* UN estimates suggested that the proportion of the
population in multi-dimensional poverty rose from 42% to 82% in the period 2019-21 (219);*®
and the official unemployment rate had risen to around 30% by January 2022 (220). Recent

analyses indicate that effects of the crisis among displaced populations have been more

13 Figures come from the Vulnerability Assessment for Syrian Refugees (VaSyR), a study carried out by UN
Agencies in partnership with the Lebanese government annually and drawing on a representative sample of
refugee households registered with UNHCR living across Lebanon. The poverty line assessment is based around
a metric called the Survival Minimum Expenditure Basket (SMEB) — defined as “the absolute minimum amount
required to cover lifesaving needs”. This is determined based on the volume and type of purchases carried out by
Syrian refugee households.

14 The disjuncture between stated (official) and “black market” exchange rates in Lebanon is considerable, partly
because of the artificially low level at which the official value of the Lebanese currency had been pegged relative
to the US$ since 1997. Due to declining availability of goods on the open market many Lebanese residents are
obliged to pay at grossly inflated, black market rates. A mooted move to re-peg the currency in November 2022
did not come to fruition.

15 This estimation uses a multi-dimensional poverty index considering 20 indicators across 6 dimensions,
spanning education, health, public utilities, housing, assets and property, and employment and income.
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pronounced than among host communities (214). As later chapters will show, the combined
effects of these changes on household income, and on funding and resources available for

essential health services, has been considerable.

3.1.2.3 COVID-19

In common with many countries worldwide, Lebanon has experienced a series of COVID-19
waves since the first cases globally were reported in December 2019. As of 25" November
2022, there had been around 1.2 million confirmed cases of infection nationwide since the first
ones were identified in February 2020, and some 10,700 deaths occurring principally across
two large waves (in autumn/winter 2020-21 and winter 2021-22) (221). Imposition of
restrictions linked to COVID-19 has been intensive for large periods of Lebanon’s COVID-19
response and has included regular use of lockdowns to limit domestic movements, as well as
international travel restrictions. These measures and other factors linked to the spread of
COVID-19 have contributed to large declines in uptake of essential health services, including

childhood vaccination (222).

3.1.2.4 The Beirut blast

On 4™ August 2020, an explosion in Beirut caused by improperly stored ammonium nitrate in
the city’s port killed some 190 people, seriously injured a further 6,000 and left around 300,000
residents of the capital homeless (206). Although structural effects were limited to greater
Beirut, the impact was nevertheless substantial. Three major hospitals in Beirut were put out
of operation due to blast damage, and around 20 primary healthcare centres — serving some
160,000 patients — were either destroyed or damaged. The national vaccine storage
warehouse in the port was also destroyed. A large humanitarian relief operation was mounted
in response, in parallel to the response already in place to cater for Syrian refugees (206).
Further details of this — where relevant to the thesis — are presented in the empirical analysis

chapters below (Chapters 5 and 6).

3.2 The health sector in Lebanon

The health sector in Lebanon is fragmented. There is large and powerful private sector, and
international actors also have a significant role in health sector financing and service delivery.
Relationships between “mainstream” health services and humanitarian response actors are
complex (223-227). This has not always been the case. The Civil War of 1975-1990 had a
powerful re-shaping effect on relations between public providers on one hand, and private and
not-for-profit actors and humanitarian response organisations on the other, with the latter
taking on an increasing role in regular service provision (223-227). The Civil War also
undermined the central, norm-setting function of the Ministry of Public Health (MoPH), and its

role in preventive services. Instead, perhaps as much as 80% of the MoPH’s budget is now
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dedicated to payments for curative services (224). Indeed, the shape of the health sector in
Lebanon is strongly skewed towards curative care (228-230). Services are also for the most
part concentrated in urban centres and particularly Beirut, with long-standing access barriers

to primary and particularly specialist care for rural populations (206).

Some accounts have emphasised the resilience of the health system in the face of large-scale
population movements since the start of the Syria crisis (54). Many others, however, have
highlighted the growing challenges of meeting rapidly increasing demand for health services,
with progressively intensifying resource, policymaking and implementation constraints
(203,231-233). Response modes to the shocks described above have varied over time and
are picked up in more detail in the results chapters later in the thesis. International actors
(donors, technical agencies and non-governmental organisations or NGOs) have played an
important role in supporting health service delivery in Lebanon especially since the Civil War
during which capacity both centrally in the MoPH and peripherally at the level of publicly
supported health facilities was progressively hollowed out (224,225,228,229). Since the
beginning of the Syria Crisis, however, the international presence has grown markedly and is
coordinated through at least three frameworks: the Lebanon Crisis Response Plan (LCRP)
(addressing refugee arrivals from Syria), the Emergency Response Plan (ERP) for Lebanon
(addressing needs among vulnerable Lebanese following the economic crisis and Beirut
blast), and a regional response plan providing support to refugees displaced from Syria across
the Middle East and North Africa (3RP). The LCRP and ERP each contain dedicated health
components including support to primary care services, working with the Ministry of Public
Health (MoPH). Coordination mechanisms for each have until recently been distinct, but

management of the health sector response is now coordinated through a single working group.

3.3 Vaccination delivery in Lebanon

3.3.1 Governance and delivery arrangements

Mirroring the broader provider landscape, vaccination delivery in Lebanon is fragmented
(Figure 9). Until recently, private clinics and dispensaries have exercised the dominant role in
vaccination delivery, providing up to 60-65% of doses administered nationally according to
some stakeholder estimates?®, although the exact figure is uncertain. Other prominent delivery
modes include through the charitable sector, the MoPH’s primary healthcare centre (PHC)
network, and a network of Social Development Centres (SDCs) operated by the Ministry of

Social Affairs (MoSA). Private providers are independent. Many dispensaries and all PHCs

16 Figures drawn from stakeholder interviews for this thesis.
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operate through partnership arrangements with local and/or international non-governmental

organisations (NGOs) that provide financial, technical and other forms of support.

Available access points for vaccination vary by population. Host communities can access
vaccination via any of the routes described above although historically the preference for
private providers has been strong (see Chapters 5 and 6). A key, and early policy response to
the arrival of Syrian refugees in Lebanon was to make routine immunisation available to new
arrivals through MoPH-supported PHCs free of charge (234). By historical convention,
Palestinian refugees are served separately by a network of clinics operated through the UN
Relief and Works Agency (UNRWA). Refugees of Palestinian origin who arrived in Lebanon
from Syria (for example, from the large camp in Yarmouk) were eligible for UNRWA services
including vaccination, even though the Syria conflict was the trigger for their displacement.
Other access points include a small but emergent informal provider sector serving refugees,’
although the share of vaccinations delivered by this route as a proportion of the national total
is thought to be small (235,236).

UNRWA Technlpal Su;?ra-
agencies national

National

Partner
NGOs

Regional

clinics

Local

UNRWA
clinics

Figure 9. Simple schematic representation of key responsible organisations and service delivery pathways for
vaccination from supra-national down to local level in Lebanon.

Ministry officials and partner NGOs occupy important bridging positions in this structure between national and
regional, and national and local levels respectively. UNRWA services are represented separately as they fall
outside the direct purview of the MoPH in Lebanon from a governance perspective. The focus area for the thesis
is highlighted in the red box in the middle of the diagram [Abbreviations: MoPH = Ministry of Public Health; MoSA

17 This network emerged principally to meet demand for services among displaced Syrians in rural areas and
those adjacent to the Syrian border, where access to health services has historically been poor.
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= Ministry of Social Affairs; PHC = Primary Healthcare Centre; SDC = Social Development Centre; UNRWA = UN

Relief and Works Agency]. Source: author-generated figure.

Costs across these access points vary. Vaccination delivery through the PHC network is
heavily subsidised so that patients theoretically cover only administration fees (typically
ranging from US$5-10 per consultation for Lebanese residents, $2-5 for Syrian refugees)®®.
Private provider fees for vaccination range from US$20-100 per consultation excluding
vaccine product costs, the addition of which may take total costs to in excess of $200
depending on the antigen being administered.'® However, cost estimation is complicated by

the skewing effect of rampant inflation in Lebanon since autumn 2019.

From a governance and financing perspective, at the outset of the study all PHCs were
required to report vaccination delivery data to the MoPH, which regulated activities in the
network. However, private clinics did not do so. Only a subset of dispensaries reported dose
usage data to the MoPH. Financing and product procurement for the Expanded Program on
Immunisation (EPI) overall lay with the MoPH with support from UNICEF (since 2013).
UNICEF also provided technical input to programme oversight (234). Private sector providers
operated independently of this system, procuring through separate mechanisms and
delivering both routine and off-schedule vaccinations. A central theme in stakeholder
discussions during the scoping phase of this research project was the parlous state of
financing for vaccination through the national EPI programme in Lebanon. As a middle-income
country Lebanon had no recourse to funding support from Gavi, the vaccine alliance, and the
MoPH was (and continues to be) heavily dependent on donor and domestic funding sources

to keep the national vaccination programme running.

3.3.2 Vaccination coverage across populations: what do we know?

Detailed longitudinal analyses from Lebanon are in short supply and cross-sectional
assessments of vaccination coverage among displaced populations are particularly vulnerable
to recall bias and other data shortcomings (55). However, time series data on administrative
coverage for key antigens in Lebanon show large declines in national coverage broadly
coinciding with the shocks described above (Figure 10), with only weak recovery following the
lifting of COVID-19 restrictions (206).

Analyses published since 2011 have also shown substantial variation nationwide in the extent
of coverage, and significant differences in the effectiveness of delivery (including timeliness)

across populations (237—-239). Coverage rates for a series of routine childhood immunisations

18 Exploratory stakeholder discussions 2 and 3.
19 These cost estimates reflect benchmarks described by stakeholders in the scoping study; they do not take into
account price inflation as the economic crisis intensified.
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have been shown in a number of studies to be lower for Syrian children than host community
counterparts. Syrian children may also be less likely to receive vaccinations in accordance

with the timeline set out in the Lebanese national immunisation schedule (237,240).

Variations in routine immunisation coverage between Syrian and host community populations
have raised concerns about communicable disease outbreak risks, especially in light of
documented outbreaks of high-consequence VPDs including polio in neighbouring Syria
(241,242). However, outbreaks documented inside Lebanon since 2012 (most notably, a
large-scale measles outbreak in 2018-19) appear to have been driven by geographically
focused pockets of sub-optimal coverage including among host communities in a context in

which affordability of, and access to, basic care has been highly variable (243).

Early analyses of effects on vaccination uptake since the beginning of the COVID-19
pandemic have shown very large reductions in uptake during the first lockdown in 2020 (222),
and although data from publicly-supported primary care providers indicates a degree of
recovery since, this has been sluggish. To date, there has been no wider analysis of effects

on vaccination uptake linked to worsening socioeconomic conditions in Lebanon.

100 —
95 —
S 90
S
8 85
¢ 80
3
o 75
= e DTPCV1
g 70
= DTPCV3
= 65
I= MCV1
< 60
< MCV2
55
50
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year «—— »
Economic crisis
Peak period for
refugee arrivals < >

COVID-19

Figure 10. Administrative vaccination coverage rates (national) for selected antigens in Lebanon in the period
2010-20.

Approximate timing of the primary shock of interest (refugee arrivals) in this study are indicated in red lines near
the base of the diagram, with subsequent shocks indicated to the right. Abbreviations: DTPCV1 = first dose
diphtheria, tetanus and pertussis vaccination; DTPCV3 = third dose; MCV1 = first dose measles vaccination;

MCV2 = second dose measles vaccination. Source: WHO Immunisation Statistics (244)
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3.4 Chapter summary

This chapter has outlined key features of the project context. It has focused in particular on an
overview of the vaccination delivery landscape in Lebanon, and dimensions of the compound
crisis that forms the “exposure” of interest in the analyses that follow. Detailed analysis of the
intersection(s) of these shocks as they have related to vaccination delivery will form an
important focus of the remainder of the thesis. The next chapter, Chapter 4, provides an outline
of methods used in this research project, before empirical results are summarised in Chapters
5-7.
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CHAPTER 4: Methods

This chapter describes the research methods applied in this thesis, provides overarching
rationales for each of the studies, and details the theoretical justifications for why specific
methodological approaches were chosen. The chapter opens with a description of a
preliminary analytic step performed at the outset of the research project: the scoping study.
This was used to help define the problem for investigation (section 4.1). Findings from the
scoping study provide the background to the project outline (4.2), which sets out the research
design and key aspects including the system boundary definition for the work. Sections 4.3-
4.5 go on to describe the methods applied in each of the studies comprising the thesis,
focusing principally on the rationale for method selection in each case. Methods for each study

are described in much greater detail in the relevant papers in Chapters 5-7.

4.1 Preliminary step: scoping study
The scoping study used a mixed methods approach, triangulating data from multiple sources

in three steps, to inform the problem statement given in section 1.5. It comprised:

¢ A mixed-methods, subject-area analysis addressing determinants of vaccine demand
and supply in humanitarian settings. This drew on literature analysis and exploratory
discussions with a selection of global vaccination delivery and financing stakeholders;

¢ Two mixed-methods, country case studies exploring vaccination delivery in Lebanon
(the focus country for this thesis) and Uganda (a second case study for which data
collection and analysis is ongoing, and which is therefore not included in this thesis);
and finally

¢ A synthesis step bringing together findings from the various elements of the scoping

study to produce the problem statement set out in section 1.5.

Further details of the methods employed in each step of the scoping study, and the results of
this analysis, can be found in Appendix 2. Summary results of the scoping study, and their

implications in terms of the design of the research project, are reported in section 4.2 below.

4.2 Outline of the project

This was a mixed methods research project built around an in-depth country case study on
routine childhood vaccination delivery in Lebanon. The work brought together a range of

methodological approaches to interrogate resilience through the prism of routine vaccination
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delivery. The empirical studies comprising the research project contributed to specific

objectives as outlined in Figure 11 below.

The thesis comprises three, empirical studies:

Study 1: a qualitative, system dynamics modelling analysis. This study focused on
causal mapping of shock effects and system responses in the vaccination delivery
system in Lebanon, to address the second and third research objectives. Findings from
this study are reported in papers 2 and 3 in Chapter 5.

Study 2: a qualitative, thematic analysis. This study empirically evaluated the validity
of a resilience governance framework in explaining system responses to shocks in
Lebanon, to address the fourth research objective. Findings from this study are
reported in paper 4 in Chapter 6.

Study 3: a systematic review to identify resilience-promoting interventions to support
childhood vaccination delivery in humanitarian settings. Findings from the systematic

review are reported in paper 5 in Chapter 7 and address the fifth and final research

objective.

Studies 1 and 2 used some common data sources, as later sections in this chapter will explain.

Figure 11 below maps these three studies, and the preliminary theoretic work in Chapter 2, to

the study objectives given in Chapter 1:

Research objective

Study

Paper

Improve conceptual

1.

understanding of

shocks

Explore the effects of

compound shocks

Identify system

3.

pathways and

attributes contributing

to system resilience

4. Assess the role of

governance and

legitimacy in

contributing to system

resilience

Identify evidence-

5.

based interventions to

strengthen resilience

to shocks

Resilience theory

narrative review

Study 1: causal loop
diagram development

Study 2: qualitative
analysis of governance,
legitimacy and resilience

in vaccination delivery

Study 3: systematic
review of resilience-

promoting interventions

Figure 11. Mapping of studies within the thesis, and the broad thesis objectives to which each sub-study relates.
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4.2.1 Design of the research project

A case study design was chosen for the research project because this approach can be
particularly instructive in instances where the boundary between a phenomenon of interest,
and the context in which it occurs, is blurred (245). The country case study — details of which
were given in Chapter 3 — was selected as an extreme example of what Yin might describe as
an “exemplifying” case: one where system responses to a range of overlapping shocks can
be explored (246). Importantly, Lebanon was selected because it had experienced large-scale
population movements from Syria recently and had adopted a policy of refugee integration
regarding access to essential primary care services such as vaccination. This meant that
refugees and host communities could now receive these services through common access

points. Further details of the rationale for the case selection are given in Appendix 2.

4.2.2 Selection of, and justification for, chosen outcome measures

Although the findings reported in this thesis are primarily qualitative, two quantitative, primary
outcome measures were chosen for the research project: the percentage population coverage
for Diphtheria, Tetanus and Pertussis (DTP) vaccination and Measles-containing vaccination
(MCV). Quantitative outcome measures were selected to give focus to interview discussions
around vaccination delivery in Studies 1 and 2, and to inform the selection of outcomes for the
systematic review work in Study 3. The choice of these two antigens was also deliberate. DTP
is recommended by WHO for inclusion in EPI schedules worldwide. Population uptake of the
third dose of this vaccination (DTP3) is a routinely used marker of the effectiveness of
vaccination delivery worldwide (49). Measles vaccination, on the other hand, is both
recommended by WHO for use in national schedules under routine conditions, and among the
most widely recommended public health interventions in emergencies (247). The combined
focus on these two vaccinations enabled assessment of capacity to both upscale routine
vaccination delivery (both DTP and measles vaccination), and adaptation to newly emergent

needs in the event of large-scale population movements (measles vaccination).

4.2.3 Time horizon for the research project

The time horizon for the research project was set at 20 years: 10 either side of the launch
point for the work (2019). This time horizon was chosen partly with reference to potential future
guantitative simulation modelling (which is in progress and is not reported in this thesis). It
also enabled medium-term analysis of system responses to the various shocks Lebanon has
experienced, to better accommodate their dynamic nature. Population displacements, for
example, rarely occur at single time points. Instead, they tend to span a number of years. This
was certainly the case in Lebanon, where arrivals were sustained over several years from
2012 onwards, but with continual cross border movement — both out of and back into Syria —

throughout the study period.
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4.2.4 Defining system boundaries

Determining the boundaries of a system (i.e., those factors to be classified as endogenous or
exogenous to a problem of interest, and therefore excluded from formal modelling) is a key
first step in any system dynamics project. Based on initial consultation with stakeholders
during the scoping study (see Appendix 2), the system boundary for this study was set at
national level. The boundary definition included structures concerned with vaccination delivery
nationally. It also included sub-systems analysis to reflect dynamics relevant to vaccination
delivery at regional and local (facility) level. However, the complexity of the service delivery
landscape in Lebanon, and challenges of data availability for private providers, necessitated
a primary focus on dynamics relevant to delivery through the publicly supported network of

PHCs. The implications of this for interviewee sampling are set out in sections 4.3-4.5.

4.2.5 ldentifying leverage points within systems

To help make sense of system vulnerabilities and potential points of intervention identified
through empirical work, this thesis draws on a recognised framework from systems thinking.
In her work, Thinking in Systems, Donella Meadows describes a series of “leverage points”
with progressively increasing degrees of impact on key system outcomes (248). In Meadows’

typology, leverage points fall into four broad categories (the second column in Table 2):

o Events or patterns of behaviour: these typically describe changes to individual
variables within the system. Interventions at this level are theoretically easiest to
implement but have correspondingly low impact on system outcomes.

¢ Underlying system structures: these leverage points concern the relationship(s)
between parts of a system — including time delays and feedback loops.

¢ Information flows and mechanisms of control within the system: these leverage
points include the rules by which the system operates.

o Mental models or beliefs: these leverage points concern factors including the rules
governing a systems’ behaviour, and perhaps even the paradigm under which it

operates. Change at this level is hardest to achieve but potentially highest in impact.

Table 2 describes each of the 12 levers in more detail and identifies examples of interventions
or practices operating at each level with respect to vaccination delivery. Importantly,
interventions in the table are ordered in terms of both potential level of impact and of likely
system resistance to change. Interventions near the top of the table are likely to have lower

impact, and resistance to change is correspondingly low.
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No Type of lever Specific leverage point | Definition Examples (with reference to vaccination | Impact of
delivery) change
12 Events or patterns of | Constants or parameters | Variables within the system that could be Numbers of health workers able to administer, LOW
behaviour within the | within the system increased or decreased to support or the number of viable vaccine doses available
system responses to shocks to administer
11 Buffers Fixed points in the system that modulate the | The presence of a central vaccine storage
flow of material or information, and facility with surplus stocks to enable
generally act to stabilise the system unexpected surges in demand to be
accommodated
10 Stock-and-flow This leverage point describes the overall Population churn determining the number of
structures structure of a system, or series of systems children to be vaccinated within a system; the
and how they intersect. The leverage point physical infrastructure at facility level to support
is in the proper design of the system in the vaccination delivery.
first place — so change by this mechanism is
System structure(s) very slow.
9 explaining events The length of important Delays affecting the flow of information or The time taken to distribute vaccine doses from
and patterns of time delays material from one part of the system to central supplies to facility level; the time taken
behaviours another for surveillance information from facilities to
reach the centre to support decision-making
8 The strength of Balancing feedback loops often emerge in Interventions designed to increase population
balancing feedback systems to correct specific behaviours. awareness of the importance of vaccination,
loops and to increase trust in service delivery, are
likely to counteract the negative effects of
hesitancy on vaccination uptake
7 The strength of Reinforcing loops often emerge in systems Interventions designed to increase population

reinforcing loops

to amplify specific behaviours.

level trust in service delivery are likely to have a

reinforcing effect on clinic attendance
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6 The structure of Information flows determine who has Mechanisms governing who has access to
information flows access to information and of what form. information on vaccination uptake, at what level
of granularity and for what purpose.
5 Information and System rules These describe the incentives, constraints Health financing interventions such as pay for

controls systems

influencing how the

and other rules governing the behaviour of
actors within the system.

performance may act at this level by changing
incentive structures for service providers.

Mental models
(values, beliefs and
assumptions) that
govern how the

system works

which the system arises

that governs how a system operates —

because all those within it accept it as read.

True paradigm changes in social systems
are rare, but their potential impact is

enormous.

4 system works Self-organisation Systems can add, change or evolve their The creation of an entirely new service pathway
structure, based on learning. for the delivery of vaccination in response to an
environmental change or change in patterns of
service demand.
3 System goals These describe the purpose or function of Goal re-orientation from for-profit service
the system — change at this level can drive delivery to delivery with the goal of maximising
fundamental system re-organisation. population-level protection from vaccine
preventable diseases.
2 The paradigm out of Paradigms describe the tacit “world view” Polio programming worldwide has been

structured for some years around an
eradication paradigm. The movement of
disease prevention and control activities
between control vs elimination vs eradication
would represent potential paradigm shifts in

approach.

Transcending paradigms

The highest degree of leverage is achieved
by those who realise that no one paradigm
is “true” and are able to act flexibly without
reference to a specific paradigm.

Real-world examples of extra-paradigmatic
approaches or interventions in health are not

readily identifiable.

HIGH

Table 2. System “leverage points” as defined by Donella Meadows.

The column at right indicates the degree of impact that could be expected from each intervention, from low (for interventions addressing specific constants or parameters within

the system) to high (for interventions that change the paradigm by which a system operates). The leverage points are drawn from Meadows’ book, Thinking in Systems (2008)

(248).
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By contrast, interventions towards the bottom of the table may be much more strongly resisted
but the potential impact is high. Importantly, while leverage points can be used to support
positive change, they are frequently first identified when things go wrong. In this sense,
leverage points help identify potential sources of system vulnerability, but can also (with

appropriate supportive action) support resilience.

This thesis draws on Meadows’ typology of system leverage points as a common thread to try
to understand how and where potential interventions might act to improve coverage of
childhood vaccinations over time in humanitarian settings. | return to it particularly in Chapter

5, but again briefly following each of the ensuing results chapters.

4.3 Study 1: Using system dynamics to explore shock effects and vaccination
delivery system responses in Lebanon

4.3.1 Rationale for using a qualitative system dynamics approach

In Chapters 1 and 2, we saw that prevailing conceptual and methodological approaches to
analysis of health systems, and of vaccination delivery systems more specifically, are limited
in the extent to which they are capable of capturing dynamic behaviour. They are particularly
limited in their capacity to identify feedbacks and interdependencies within systems that can
determine responses to shocks. Per Sterman, systems thinking has important advantages
over conventional analytic approaches in “replac[ing] a reductionist, narrow, short-run, static
view of the world with a holistic, broad, long-term, dynamic view” (249). Sections 1.4.2 and
1.4.3 described in further detail the analytic advantages systems approaches, and system

dynamics in particular, offer relative to others for the analysis of resilience.

The principal, qualitative means for elucidating causal links between variables in system
dynamics is the Causal Loop Diagram (CLD). Appendix 4 provides a general introduction to
CLDs, their purpose and notation. CLDs enable a causal map to be developed based on
stakeholder data. They visually map out key system variables, causal links between them and
— where relevant — feedback loops or delays that may influence system behaviour over time.
CLDs enable inferences regarding dynamic behaviour within systems to be made but cannot

definitively deduce it. For this, simulation modelling is typically required (123).
The purpose of this first study was — through CLD generation — three-fold:

1. To describe each of the shocks in Lebanon, as delineated through their effects over
time on childhood vaccination delivery at multiple levels (from national to facility level)
and across populations (both refugee and host community);

2. To explore system responses to these shocks over time; and
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3. To identify potential leverage points for intervention to strengthen system resilience

over the long-term.

A final function of the study was to explore the practical application of system dynamics to
exploring system resilience in a humanitarian setting. While a handful of studies have applied
causal mapping to the analysis of resilience in essential health services in these settings
previously, these have all had a general health service focus (111,250). A novel aspect of this

study was the focus on vaccination delivery specifically.

In addition, prior work in humanitarian settings has primarily used group model building (GMB)
as the chosen methodological approach (see Appendix 1) (110,111,251). GMB is an
analytical approach in which facilitated group discussion conforming to a pre-defined set of
structural principles is used to develop a CLD by consensus. While this approach has
important strengths, it is resource intensive and depends on being able to convene key
stakeholders in a single venue for a sustained period (usually 1-2 days). GMB was not used
in this research project for two reasons. Firstly, there were practical concerns regarding the
ability to convene a suitable range of stakeholders in one venue at one time, especially given
the constraints imposed by COVID-19. Secondly, there were concerns regarding the
management of unequal power relations between participants working at different levels in the
system in Lebanon, some of whom were contractually accountable to one another. As Chapter
3 has shown, the health sector in Lebanon is highly fragmented with large power inequalities
between key players in the health sector. Instead, this study applied purposive text analysis
to data gathered through stakeholder interviews in Lebanon, as ‘proof of concept’ for this

approach in a humanitarian setting.

4.3.2 Data collection and management

Interviewees were sampled purposively from organisations with a stake in routine vaccination
delivery in Lebanon. They included representatives from government, from donors and
agencies supporting the LCRP, from non-governmental organisations, from the private sector,
and finally from service managers and practitioners involved in front-line primary care service

delivery. Interviewees were grouped into three categories, as follows:

e Category 1: national level stakeholders, including representatives from the MoPH,
representatives of donor organisations, and domain leads from international agencies;
o Category 2: regional-level and cross-level stakeholders, including regional
representatives from the MoPH, regional health sector coordinators under the LCRP,
and medical coordinators or equivalent from implementing partners supporting service

delivery; and
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o Category 3: facility-level stakeholders, spanning PHC representatives in leadership
positions (PHC managers or medical directors) and those in service delivery roles

(e.g., nurses tasked with vaccination delivery)

Facility-level data collection was designed to better understand dynamics affecting service
delivery in two governorates in Lebanon: Beirut and Akkar. Participant recruitment in category
3 was therefore focused on these localities, making use of the national PHC contact list held
by the MoPH. These locations were chosen to reflect the breadth of service delivery
challenges across the country. Beirut incorporates the country’s capital, the focal point for
logistics and supply chains relevant to vaccination delivery, and has been the major hub for
humanitarian actors, NGOs and others supporting the humanitarian response to the Syria
crisis in Lebanon for many years. It is also the location in which many of the country’s private
paediatricians are based. Akkar is a border governorate in the North of the country which hosts
a large refugee population and where a significant proportion of the host community population
are socio-economically deprived. It has also historically suffered from lower investment in
public services than in other areas of Lebanon and has been among the areas worst affected
by the economic crisis since late 2019.

Interviews were carried out using a semi-structured topic guide (given, alongside other
research tools, in Appendix 5). This gathered information on [i] interviewees’ professional
roles and the activities of the organisations for which they worked, [ii] their understanding of
how the vaccination system in Lebanon operated, and [iii] their experiences of change
following each of the shocks. The topic guide was designed specifically to probe for causal

information to facilitate later CLD development.

A total of n=38 interviews were carried out in two waves (February-March 2020, and then July
2021-February 2022) (see Table 3). Of these, n=8 were carried out in-person in Beirut, and
the remainder remotely via Zoom calls owing to COVID-19 disruptions. Interviews were
recorded and transcribed into MS Word. The majority of interviews were performed in English.
However, all facility-level interviews bar one (n=6) were performed in Arabic with support from
a research assistant to the project. For these interviews, | transcribed audio recordings,

translated transcripts from Arabic into English, and then performed the analysis.

4.3.3 Generation of the Causal Loop Diagram

The CLD was generated in 3 steps. First, a CLD was developed for each individual interviewee
to represent their understanding of the effects of shocks linked to the compound crisis in
Lebanon, on routine vaccination delivery. Second, individual CLDs were combined to form
aggregate CLDs. Finally, a series of validation checks were performed. Each of these steps

is described in further detail below; additional details are also provided in Chapter 5.
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Table 3. Breakdown of interviews conducted, by stakeholder group and timing — all interviews.
The table also summarises the distribution of interview transcripts across the analysis and validation sets for CLD

development.

Stakeholder group Sub-category Wave 1 Wave 2 Analysis Validation
(Feb-Mar 2020) | (Jul 2021-Jan set set
2022)
National Government 2 1
Donors 0 4
_ 16 2
Agencies 5 5
Private sector 0 1
Regional bodies and implementing 1 12 1 )
partner organisations
Local — facility level Akkar 0 5
Beirut ° !
Wave total 8 30
Overall total 38 33 5

4.3.3.1 Step 1. generation of individual CLDs

Interview transcripts were split into two sets: a core analysis set (from which the CLDs were
derived) and a validation set (set aside for use in step 3 — as outlined below) (Figure 12). From
the core analysis set, individual interview transcripts were coded in MS Word using purposive
text analysis. This followed an approach previously described by Kim et al and Tomoaia-
Cotisel et al (252,253). The focus of purposive text analysis, in contrast to more conventional

thematic analysis approaches, is on language that is explicitly causal.

As a first step, text segments in interview transcripts were coded if they described events,
processes or items (e.g., stocks of a particular good) relevant to vaccination delivery system
responses to the shocks of interest. We also considered text segments that described
resilience attributes (e.g., collateral service pathways) that might explain these responses.
Finally, text segments were coded if they addressed relevant local (i.e., facility-level), meso-

(i.e. regional) or macro-level (i.e. national) system behaviours.

Coded segments were then transferred into a separate MS Excel template for Rigorously
Interpreted Quotations (RIQs) (see Appendix 6 for a sample template and an example quote
interpretation). RIQs enable the deconstruction of text segments to identify relevant variables
and causal language that link one or more variables together. Finally, they allow for the
directionality of these relationships to be determined — in other words, whether the relationship
was quantitatively positive or negative — so that this can be graphically represented (253).

Variables and relationships identified in this way were then visually mapped in Vensim®, a
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proprietary, system dynamics modelling software tool (254). This process was repeated for

each interview transcript in the analysis set, to develop a total of n=33 individual CLDs.

Aggregate
national CLD

(n=1)

\ Meso-level —
regwr;anldbodles Aggregatemeso- Initial shared
\ . : level CLD (r=1) CLD (n=1)
implementing
\ partners 6=11)

Facility level Aggregate facility
(n=6) level CLD (n=1)

National level
(n=16)

Base transcript
set (n=38)

Analysis set
(n=33)

v
Validation set (n=5-2
national, 2 regional/ Final, validated
implementing partner, 1 CLD (n=1)
facility-level)

Figure 12. Schematic representation of the process for generating the initial, shared CLD from the analysis set.
A total of n=5 interviews were set aside for use as part of the validation set, as outlined below.

4.3.3.2 Step 2: combining and editing CLDs

To combine CLDs, individual CLDs were first grouped according to the stakeholder category
from which they originated, and then ordered within these groups in terms of their complexity.
The level of complexity in a CLD was determined based on the number of the following each
contained, in order: [i] feedback loops; [ii] delays; [iii] causal links; and finally [iv] variables.
The most complex CLD within each stakeholder group was chosen as the base diagram for
combination for each stakeholder group, because it contained the richest information. This
was termed the “anchor” CLD for each group, with which individual CLDs were combined, in

order of their complexity.

Before any combination was attempted, however, individual CLDs were first subjected to mild
pruning. In this process, extraneous links were removed to focus down on core variables and
links between them. Only delays (any instance in which there was a material or information
delay between two variables in a link) and feedbacks (any instance where there was a clear
circular link or set of links between variables, whether positive or negative) were retained in

this pruning process, following an approach set out by Yearworth (255).

Within each group, the anchor CLD was then combined with the next most complex CLD. The
process of combination was to compare the two CLDs with one another, and to try to identify

80



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

variables and loops that were contained in the second CLD but missing from the anchor.
These were then added to the anchor. Where two CLDs described the same behaviour but in
different ways, the more complex representation was retained, on the assumption that this
was likely to give a fuller understanding of dynamics in that sector of the diagram. This process
was repeated within and then across stakeholder groups to yield an aggregate diagram.
Saturation — assessed in terms of the number of additional variables, links, delays and
feedback loops added to the anchor with each additional individual CLD — was monitored

using saturation curves (reported in Appendix 7).

4.3.4 Evaluating the internal validity of the Causal Loop Diagram

To evaluate the internal validity of the aggregated CLD from Step 2, interview transcripts from
the validation set were reviewed, coded and analysed in the RIQ template to determine
whether this material confirmed the structure in the CLD, or whether further changes were
needed. A total of n=5 interview transcripts were retained in the validation set to enable this

analysis to be performed.

4.4 Study 2: qualitative exploration of governance, legitimacy and resilience in

vaccination delivery

In study 2, | used a subset of the interviews gathered to support CLD development to look
specifically at questions concerning system governance and legitimacy, and the relationships
of these to resilience in vaccination delivery over time. The purpose of this study was two-fold.
First, it aimed to provide deeper context for findings emerging from the system dynamics
component in study 1, by grounding these in an analysis of the evolving governance context
in which childhood vaccination delivery has occurred in Lebanon since 2012. A second goal
was to empirically test a widely cited conceptual framework on governance for resilience from

Blanchet et al that focuses on supply-side factors (10).

4.4.1 Theoretical approach

In developing our conceptual approach, we drew on a WHO definition of health system
governance, and the study by Blanchet et al (10). Per WHO, “leadership and governance
involves ensuring strategic policy frameworks exist and are combined with effective oversight,
coalition-building, regulation, attention to system-design and accountability” (256). The
resilience governance framework sets out three system capacities contributing to resilience —
namely absorptive, adaptive and transformative capacity. These are in turn underpinned by

four governance capacities:
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e The ability to integrate multiple types of information from multiple sources to develop
meaningful knowledge about system behaviour;

o An ability to manage uncertainty;

¢ An ability to engage with multiple actors across system scales i.e. interdependence;
and finally

e The institutional legitimacy to norm-set and ensure that those norms are observed (10).

In our analysis, we make no explicit, normative judgements about resilience and its
contributory factors. Our focus is instead on the overall health outcome of routine vaccination
coverage (i.e., durability in population-level coverage for DTP3, MCV1 and MCV2 vaccines)
and aspects of system governance that may promote or undermine the achievement of that

aim over time, in the face of compound crisis.

Uncertainties

Knowledge

Anticipation and ability to
cope with unplanned
events

Integration of different
forms of information

Interdependencies Legitimacy

Implementation of socially
and contextually acceptable
norms

Effective engagement with
other actors across scales

Capacity to manage resilience

Absorption Adaptation Transformation

Resilience

Degree of change within
a system while
maintaining structure
and essential functions

Figure 13. The dimensions of resilience governance.

Each of the four dimensions (knowledge, management of uncertainty, interdependence and legitimacy) contribute
to overall capacity to manage resilience, which in turn dictates the extent to which a system is able to absorb a
shock or adapt or even transform in response to it. Figure adapted from figure 2 in Blanchet et al (10): the original
is licensed under CC BY 4.0, which permits unrestricted use, distribution, and reproduction in any medium
provided the original work is properly cited — as outlined here:
https://creativecommons.org/licenses/by/4.0/legalcode).
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4.4.2 Data collection and management

We drew on three sources of data to explore governance dynamics influencing resilience in
routine vaccination delivery: (i) key informant interviews; (ii) meeting minutes; and (iii) strategy
and operational documents. These sources were used to help triangulate findings, and to add
further data particularly covering early phases of the Syria Crisis response for which

interviewee recall might not be as strong.

The interviews were drawn from the same set used in study 1 but excluding respondents in
category 3 (see section 4.3.2). Data were derived from a total of 30 interviews with 27
stakeholders working at national or regional level in Lebanon, including government officials,
representatives from donors and technical agencies, and representatives from NGOs. Facility
level respondents were excluded because the focus of study 2 was on meso- and macro-level
governance structures (regional, national, and supranational), and because the focus of
interview questions for facility-level respondents was primarily oriented towards service

delivery.

Table 4. Breakdown of interviews conducted, by stakeholder group and timing — study 2.

Stakeholder group Sub-category Wave 1 Wave 2 Full
(Feb-Mar 2020) | (Jul 2021-Jan | analysis
2022) set
National Government 2 1
Donors 0 4
17
Agencies 5 4
Private sector 0 1
Regional Government 0 1
Agencies 0 2 3
Implementing partner organisations 1 9 10
(spanning national, regional and local)
Wave total 8 22
Overall total 30 30

We also drew on 28 sets of publicly available meeting minutes from the national health sector
working group (HSWG) for the response to Syrian refugee arrivals, which were gathered from
the UNHCR operational data portal for the Syria Crisis response in Lebanon (207). These
meeting minutes spanned HSWG meetings for the period from November 2013-December
2021.

Finally, we compiled strategy and operational documents including (i) MoPH strategies
relating to health in general, and EPI vaccination in particular, for the period 2006-21; (ii)

annual reports from the PHC network in Lebanon, published by the MoPH; and (iii) agency
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contingency planning and LCRP operational documents relating to the refugee response, and
then from 2020 onwards, relating to the ERP for Lebanon. Documents predating the Syria
Crisis Response were included to help understand the extent of preparedness and planning
for shocks. Relevant sections of documents published in Arabic were translated into English

prior to analysis.

Data in all three of the categories described above were uploaded into NVivo 12 for analysis.

All material was analysed in a single run in February 2022.

4.4.3 Analytical approach

Data were analysed using the framework approach (257,258). This pragmatic method
combines inductive and deductive coding approaches and was chosen because of the
existence of an established conceptual framework after Blanchet et al (10) on which we could

build. Framework analysis involves five discrete steps:

1. Familiarisation with the data, in which an inductive approach is taken to identifying
important themes from a subset of data;

2. ldentification of a thematic framework — which typically combines themes from the
familiarisation stage, with a priori themes drawn from prior work or the wider literature;

3. Indexing, in which material from remaining primary data are indexed according to the
working framework;
Charting, in which material is organised by case or theme; and finally
A synthetic “interpretation” step in which key themes and links between them are
distilled.

Interviews, meeting minutes and strategy and implementation documents were analysed as
distinct groups (i.e., by source type), and themes across each of these three source types

were then compared to identify points of commonality and difference.

4.5 Study 3: realist-informed review of interventions to strengthen vaccination

delivery

This study was a realist-informed systematic review of peer-reviewed and grey literature on
system-level interventions to strengthen vaccination delivery in settings of protracted
humanitarian crisis. The aim of the review was to investigate what is known about the
effectiveness of interventions to strengthen vaccination coverage in countries experiencing
humanitarian crises, when, where and for whom (considering host communities, refugees and
internally displaced populations). Our specific focus was on interventions, including promising

early-stage interventions with emerging but limited evidence, to bolster system level resilience
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to maintain vaccination coverage. Finally, we aimed to capture data on how these
interventions operate at system-level, with a view to tailoring them to local implementation. To
do so, we developed a review approach that was systematic and realist-informed, to ensure
that material on intervention mechanisms was gathered alongside more conventional

evidence on effectiveness.

4.5.1 Rationale for applying a realist-informed approach

Our approach drew on an emerging body of realist review work focusing not just on identifying
which interventions work, but also explaining why they work, and for whom (259,260). We
applied this approach for several reasons. Firstly, the diversity of humanitarian settings makes
proper attention to contextual factors essential in understanding the likely success of different
interventions and their combinations. Secondly, the overarching focus of this thesis required
a fuller understanding of the likely effects of interventions on system behaviours (at multiple
levels) over time rather than discrete effects on single outcomes. While realist reviews
classically begin with a working programme theory that describes how the focus intervention
is thought to work which is then amended in light of literature findings, developing a unitary
programme theory was neither feasible nor desirable given the diversity of interventions
considered here. Instead, our focus was on describing the putative mechanisms by which
included interventions worked, in line with realist-informed systematic reviews published
elsewhere (261-263).

The review was performed in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines, and the protocol for the review was pre-
registered with PROSPERO (CRD42021273124). We considered evidence on vaccination
delivery interventions for populations in LMICs affected by protracted humanitarian crises (see
Chapter 7 for details of the definition applied) with a particular focus on children aged 0-5. We
also incorporated evidence on older displaced children, teenagers and adults in consideration

of, for example, catch-up programmes.

4.5.2 Methodological approach

Full details of the methodological approach for the review are given in Chapter 7.

4.6 Ethics

Ethical approval for the research project was secured in the UK from the London School of
Hygiene and Tropical Medicine (ref no 17461) and in Lebanon from the American University
of Beirut (ref no SBS-2019-0376). Further details for these approvals are given in Appendix

8. Informed consent to participate was secured from all interviewees, using the materials in
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Appendix 5. All data gathered during the research project were stored on password-protected
computers, and all recordings (or otherwise identifiable information) stored securely on

LSHTM servers to which only | had access.

While broad ethical challenges to social science research in LMICs for researchers from high
income settings are well-recognised, there are specific constraints that apply in humanitarian
settings (264). These are contexts in which risks to researchers and the communities they
research are often amplified. There can be enormous challenges in ensuring equitable
participation from stakeholders, for security and access reasons but also because of power
imbalances. For research that seeks to engage decision-makers, there are also important
guestions to address concerning proper use of time for individuals who are under significant
professional pressure and likely working at personal risk (264). In conflict-affected countries
in the Middle East, there has been growing concern at exploitative research practices that
privilege the interests of researchers from high income settings (who often bring funding
support with them) at the expense of local researchers and of the in-country stakeholders that
they seek to engage (265). Lebanon has for some time been a popular context for those
interested in researching societies and health systems in contexts of humanitarian crisis in
general and large-scale population displacement in particular, and there is a risk of research
fatigue (266).

Strategies used in this research project to try to address the concerns outlined above included
the collaborative design of the work, incorporating stakeholder feedback in formulating the
problem statement and research questions (as outlined in Appendix 2), as well as regular
stakeholder engagement throughout the project. Findings reported in this thesis were drawn
in large part from stakeholder interviews, and the CLDs presented reflect interviewees’ own
mental models of how the vaccination delivery system in Lebanon operated during the study
period. In addition, data collection was performed in partnership with collaborators at the
American University of Beirut, and importantly, with brokering and support from the Primary
Healthcare Department at the MoPH in Beirut who kindly provided a letter of support for the

study for circulation to prospective interviewees working at facility level.

Finally, close attention was paid to security for participants throughout the project. In person
interviews were conducted in settings nominated by the interviewees (predominantly their own
offices). Remote interviews were conducted using secure communications and recordings
uploaded directly to the LSHTM server for further handling. All data presented in this thesis

are anonymised.
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4.7 Funding
The research reported in this thesis was funded by a Wellcome Trust Clinical Research
Training Fellowship (reference number 215654/2/19/7).

4.8 Chapter summary

This chapter has set out the rationale for the project design, the selection of research methods
applied, and then addressed both the rationale and methodological approaches for each of
the four empirical papers presented in the remainder of thesis. Following chapters will set out
results (presented in paper style), before a discussion of common themes, study strengths

and limitations, and broader policy implications in Chapter 8.
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CHAPTER 5: Exploring vaccination delivery system
vulnerabilities and resilience to shocks using Causal Loop

Diagrams

5.1 Introduction

This chapter incorporates two empirical papers using system dynamics to explore shock
effects on the vaccination delivery system in Lebanon over time. The papers report findings
from an aggregated, validated CLD developed using purposive text analysis of n=38 interview
transcripts. Interviews were carried out with stakeholders working at various levels in the

vaccination delivery system in Lebanon. These papers address objectives 1-3 for the thesis,

namely:
1. Improve conceptual understanding of system shocks with respect to health systems;
2. Explore the effects of compounding shocks on the vaccination delivery system in

Lebanon, and identify real or potential sources of vulnerability within the system;

3. Identify specific system pathways or system attributes that may explain how and why
the vaccination delivery system in Lebanon responded in the way that it did when

affected by each of the shocks addressed in this research project.

A principal, conceptual focus of these papers was on identifying how and where each of the
shocks in Lebanon affected the vaccination delivery system, and on the range of responses —
both intrinsic to the system, and purposefully introduced as interventions — that took place as
a result. In doing so, | aimed to identify leverage points — in line with Meadows’ framework set
out in section 4.2.5 — that could inform resilience-building strategies for application in Lebanon.

| return to this theme in section 5.6.

5.2 Research paper cover sheet — paper 2
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5.3.1 Abstract

Shocks are under-theorised in the growing literature on health system resilience. Existing
literature has focused on the effects of single shocks on discrete elements within the health
system, typically at national level. Drawing from the disaster risk reduction literature, we
explore the effects of multiple interacting shocks across system levels, using qualitative

system dynamics modelling. We developed a causal loop diagram (CLD) to improve
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understanding of how shocks can affect delivery of essential health services, using a case
study on childhood vaccination delivery in Lebanon. Lebanon has experienced a series of
shocks in recent years, including large-scale refugee influx from neighbouring Syria, COVID-
19, a political-economic crisis and a large blast in the centre of Beirut in August 2020. We
explored the effects of each shock individually, and in combination. The CLD was developed
and validated using qualitative data from interviews with 38 stakeholders working in Lebanon's
vaccination delivery system, ranging from national level policy to facility-level service delivery.

Interviews were conducted between February 2020 and January 2022.

We found that each of the shocks had different effects on service demand- and supply-side
dynamics. These effects cascaded from national through to local levels over time. Both Syrian
refugee movement and COVID-19 primarily exposed vulnerabilities in service demand
dynamics, mainly through slowly emerging knock-on effects on vaccination uptake behaviour
among host communities, and fear of contracting infection in crowded health facilities
respectively. The economic crisis exposed wider system vulnerabilities, including demand for
vaccination as household income — and therefore ability to pay for vaccination — collapsed,
and supply-side effects such as reduced clinic time for vaccination, declining workforce
retention, and reduced availability of viable vaccine doses, among other pathways. Finally,
important pathways of interaction between shocks were observed, particularly affecting the
balance between demand for vaccination through publicly supported facilities rather than
private clinics. Future research should incorporate dynamic approaches to identifying within-
system vulnerabilities and their potential impacts under different scenarios, as a precursor to

improved resilience measurement, system preparedness, and intervention targeting.

5.3.2 Introduction

Research and policy interest in understanding drivers of health system resilience has grown
dramatically since the West African Ebola epidemic of 2014-16, but especially in light of the
challenges systems worldwide have faced in responding to COVID-19 (14). There is growing
consensus that health system resilience should be understood in terms of capacity to absorb,
adapt or transform in response to a shock while maintaining essential structures and functions
(10). However, the research literature on this topic remains exploratory, with ongoing
uncertainty concerning resilience conceptualisation (9), optimal approaches to empirical
investigation (28), and suitable intervention strategies to strengthen long-term system
resilience (11,12,22).

In particular, shocks — as challenges to system resilience — are under-theorised in the health

systems literature (28). This is a critical deficit because meaningful action to improve resilience
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is impossible without some sense of what it is that a system should be resilient to. While a few
studies do consider ways in which various shocks affect system resilience (spanning, for
example, armed conflict, disease epidemics and economic crises), these analyses provide a
limited view of how shocks interact with health system vulnerabilities and capacities to produce
risks to health (2,14,267). Firstly, they present a static view, typically using the WHO building
blocks. This approach ignores the dynamic interconnections between system elements.
Secondly, existing literature tends overwhelmingly to adopt a macro-level, national lens
(2,7,11,268), although there is increasing awareness following COVID-19 of the importance
of dynamics at multiple health system levels (from local to national and even supra-national)
(269,270). Thirdly, the literature has predominantly looked within the health sector alone for
factors contributing to system resilience (11). There has been far less attention to cross-
sectoral linkages which may give rise to “multi-systemic” risks over time (24). Finally, existing
work on health system resilience tends to look at the effects of single shocks in isolation. In
reality, health systems in many contexts (and especially humanitarian ones) must often
address effects arising from multiple overlapping shocks at the same time. Work on multi-
hazards in other fields has demonstrated how sequential shocks can interact to produce
amplified, and sometimes wholly new, risks to human systems (16,17,271,272). Failure to
adequately account for this may undermine health system resilience-building and

preparedness efforts.

5.3.2.1 Insights on shock conceptualisation from domains outside health

Theoretical and empirical work in other fields offers a much richer view of shocks, emphasising
the need to consider inter-relationships between different kinds of event, the interactions
between them, and the risks they can give rise to across a range of social, political, economic,
and environmental systems (28,273). These literatures invite us to move away from event-
based typologies (distinguishing shocks caused by different types of climatic event, for
example), towards instead characterising the attributes of shocks that are of relevance for
determining health system effects. These may include [i] shock intensity, temporal and
geographic scope, [ii] inter-relationships between shocks and the elements of the system of
interest, and [iii] the role of path dependencies and other potential sources of vulnerability
(e.g., institutional, poverty and other population vulnerabilities). Characterising shocks in this
way, relies on methodological approaches that can capture change over time, and can model

dynamic behaviour within complex systems (89,97,274).

Recent work in disaster risk reduction (DRR) and environmental science outlines how
systemic risks can arise as a result of the combined effects of discrete shocks and interactions
between these (275-277). It also shows how systems both shape shocks and are exposed to

them. Combinations of shocks (compound shocks) can give rise to risks that are qualitatively
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different from those that would have arisen had those shocks occurred separately in time and
space (16,17,276,278-280). A key concept emerging from this literature for health systems is
the notion of cascading risk, in which critical system vulnerabilities may be acted upon by a
shock to create progressively amplifying impacts. The example frequently cited to illustrate
this is Hurricane Katrina: a natural disaster that interacted with substantial pre-existing social,
economic, political and institutional vulnerabilities in New Orleans in the United States, giving
risk to catastrophic public health effects including more than 1,800 fatalities (271). This implies
that — given the difficulty of predicting the range of macro-level shocks to a system that may
occur — preparedness and resilience-strengthening work should instead focus on identifying

and acting on recognised points of vulnerability within the system and addressing these .

In this study, we aimed to improve the theorisation of shocks as applied to health systems by
conducting a focused case study on shock effects on delivery of an essential health service:
childhood vaccination. Our case study was Lebanon, a country that has recently experienced
a series of overlapping shocks in recent years. These shocks have included large-scale Syrian
refugee influx, COVID-19, and a multi-dimensional political and economic crisis. Our focus
was on better understanding interactions between the shocks, and the ways they affected
activities at multiple levels (from national down to facility-level) to create within-system risks to
vaccination delivery. In so doing, we present to our knowledge the first analysis of interactions

between multiple shocks as applied to health systems.

We applied qualitative system dynamics modelling, a methodological approach that generates
visualisations — causal loop diagrams (CLDs) — of cause-and-effect relationships within a
system underpinning behaviour over time (see Appendix 4) (113,117). System dynamics has
previously been applied to the analysis of resilience in health systems including in
humanitarian contexts, but not to consider interacting shocks (110,111). A key emphasis of
system dynamics is on capturing interconnections within systems and feedback processes
(112). We used system dynamics in preference to other systems methods because our focus
was at the aggregate system rather than the individual level. This method also enabled us to
identify key variables and pathways (sequences of interconnected elements and feedback
loops) mediating the impact of each shock on vaccination delivery. This included identifying
points of interaction between the shocks over time, and system vulnerabilities exposed by
each shock individually and in combination. Potential shock mitigation or adaptation measures

and their implications are considered in the second paper in this chapter.

5.3.2.2 Vaccination delivery in Lebanon
This study was set in Lebanon, a small country in the Middle East covering around 10,500

km?, and with an estimated population of just over 6 million in 2021 (200). Historically, the
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health sector in Lebanon has been highly fragmented with powerful private and not-for-profit
actors (223-227). Vaccination access points in Lebanon vary by population, but the primary
delivery modes have been through private clinics and dispensaries (pharmacies), the
charitable sector, the Ministry of Public Health’s (MoPH) primary healthcare centre (PHC)
network, and a network of Social Development Centres (SDCs) operated by the Ministry of
Social Affairs (MoSA). Many dispensaries and all PHCs operate through partnership
arrangements with local and/or international non-governmental organisations (NGOs) that

provide financial, technical and other forms of support.

The Syria Crisis is the proximate cause of the latest in a long series of large-scale population
displacements in Lebanon. There were around 825,000 registered Syrian refugees residing in
Lebanon as of September 2022, down from a peak of just under 1.2m in April 2015. There is
in addition a sizeable, unregistered refugee population, the magnitude of which remains
uncertain. Palestinian and Syrian refugees together may account for around 24% of the
Lebanese population. However, over the course of this study between 2019 and 2022, the
country was engulfed by a compound crisis stemming not just from the population movement
described above, but in addition an economic crisis and finally, from early 2020 onwards, the
COVID-19 pandemic (see Chapter 3 for further detail). These three shocks have overlapped
in space and time and interacted in particular ways to give rise to cascading risks to public

services including vaccination delivery in Lebanon (206,281).

Time series data on administrative coverage for key antigens are indicative of large declines
in national coverage broadly coinciding with the shocks described above (Figure 10). A key

function of this study was to identify system vulnerabilities contributing to these trends.

5.3.3 Methods
This was a qualitative system dynamics modelling study drawing on analysis of transcripts of
semi-structured interviews conducted with stakeholders in Lebanon between February 2020

and January 2022.

5.3.3.1 Approach to primary data collection

Study settings and patrticipant recruitment

Interview participants were sampled purposively from organisations with a stake in routine
immunisation delivery in Lebanon. These included representatives from government (the
MoPH), from donors and agencies supporting the Lebanon Crisis Response Plan (LCRP),

from NGOs supporting primary care service delivery, and finally from service managers and
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practitioners involved in front-line primary care (see Table 3, but also section 4.3.2 for a fuller

description of the categorisation for interviewee recruitment).

Facility-level interviews took place in two governorates in Lebanon: Beirut and Akkar. These
locations were chosen to reflect the breadth of service delivery challenges across the country.
Beirut incorporates the country’s capital, the focal point for logistics and supply chains relevant
to vaccination delivery, and has been the major hub for humanitarian actors, NGOs and others
supporting the humanitarian response to the Syria crisis in Lebanon. Akkar is a border
governorate in the North of the country which hosts a large refugee population and where a
large proportion of the host community population are socio-economically deprived. It has also
historically suffered from lower investment in public services than in other areas of Lebanon

and has been among the areas worst affected by the economic crisis since late 2019.

Interview design and conduct

A total of 38 interviews were carried out in two waves (February-March 2020, and then July
2021-January 2022), n=8 of these in-person in Beirut, and the remainder remotely via Zoom.
Interviews were semi-structured and gathered information on participant roles within the
system, generic structures supporting vaccination delivery, and pathways and system
behaviours that stakeholders identified as relevant to the various shocks. Interviews were
recorded, transcribed into MS Word and where necessary translated from Arabic into English
prior to analysis.

Table 5. Breakdown of interviews conducted, by stakeholder group and timing — paper 2.

The table also summarises the distribution of interview transcripts across the analysis and validation sets for CLD

development.

Stakeholder group Sub-category Wave 1 Wave 2 Analysis Validation
(Feb-Mar 2020) | (Jul 2021-Jan set set
2022)
National Government 2 1
Donors 0 4
16 2
Agencies 5 5
Private sector 0 1
Regional bodies and implementing 1 12 1 )
partner organisations
Local — facility level Akkar 0 5 6 .
Beirut 0 2
Wave total 8 30
Overall total 38 33 5
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5.3.3.2 Generation of the CLD

The CLD was generated in three steps. First, a CLD was developed for each individual
interviewee to represent their understanding of the effects of each of the shocks in Lebanon
on childhood vaccination delivery. These were then combined using a stepwise process

(outlined below), before a final validation step.

Step 1: generation of individual CLDs

Interview transcripts were split into two sets — a core analysis set from which the CLDs were
derived, and a validation set to be used later (Figure 14). Individual interview transcripts from
the core analysis set were coded in MS Word using purposive text analysis (252,253). This
approach identifies language that is explicitly causal. Text segments were coded if they
described events, processes or items (e.g., stocks of a particular good) relevant to vaccination
delivery system responses to the arrival of refugees from Lebanon, or ongoing efforts to
strengthen vaccination delivery across refugee and host community populations in the context
of COVID-19 and the economic crisis in Lebanon. Finally, text segments were coded if they
addressed relevant local (i.e., facility-level), meso- (i.e. regional) or macro-level (i.e. national)

system behaviours.

Aggregate
national CLD

(n=1)

National level
(n=16)

Base transcript
set (n=38)

Analysis set
(n=33)

Meso-level —
regional bodies
and
implementing
partners 6=11)

Aggregatemeso- Initial shared
level CLD (rF1) CLD (n=1)

Facility level Aggregate facility

(n=6) level CLD (n=1)

v
Validation set (n=5-2
national, 2 regional/ Final, validated
implementing partner, 1 CLD (n=1)
facility-level)

Figure 14. Schematic representation of the process for generating the initial, shared CLD from the analysis set.

A total of n=5 interviews were set aside for use as part of the validation set, as outlined below.

Coded segments were then transferred into a separate MS Excel template for RIQs where
they were deconstructed to identify relevant variables, causal language that linked one or more

variables together, the directionality and polarity of these relationships, and whether any
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significant material or information delays were identifiable (253). Variables and relationships
identified in this way were then visualized in Vensim® (254). This process was repeated for

each interview transcript in the analysis set, to develop a total of n=33 individual CLDs.

Step 2: combining CLDs

CLD combination followed a process described in Tomoaia-Cotisel (282). Individual diagrams
were first grouped according to the stakeholder set from which they originated, and then
ordered in terms of their complexity. The most complex CLDs within each stakeholder group
were chosen as the base diagrams for combination for each stakeholder group, because they
contained the richest information. These were termed the “anchor” CLD for each group, with

which individual CLDs were combined, in order.

Before any combination was attempted, however, individual CLDs were first mildly pruned —
a process in which extraneous links were removed to focus down on core variables and links
between them. Only delays (any instance in which there was a material or information delay
between two variables in a link) and feedbacks (any instance where there was a clear circular
link or set of links between variables, whether positive or negative) were retained in this mild

pruning process, following an approach set out by Yearworth (255).

Within each group, the anchor CLD was combined with the next most complex CLD. The
process of combination was to compare the two CLDs with one another, and to identify
variables and loops that were contained in the second CLD but missing from the anchor.
These were then added to a copy of the anchor. Where two CLDs described the same causal
process but in different ways, the more complex representation was retained on the basis that
this was likely to give a fuller understanding of the causal structure involved in that section of
the CLD. This process was repeated within and then across stakeholder groups to yield an
aggregate diagram. A final, full pruning step was then carried out to retain only delays and

feedbacks incorporating three or more links.

Step 3: validation and derivation of the finalised CLD

Validation consisted of two steps as described in Tomoaia-Cotisel (282). Saturation in CLD
development was captured by tracking the number of additional variables, links and feedback
loops introduced with each additional combination step (Appendix 7) (282). Since saturation
was reached within the model development set of interviews, we proceeded to validate the
draft, aggregated CLD, by reviewing interview transcripts from the validation set. These
interviews were coded and analysed in the RIQ template to determine whether their contents
confirmed the structure in the CLD, or whether revisions needed to be made (e.g., adding new
variables, links, delays or feedback loops). Saturation was also reached within model

validation set interviews, with limited modification to the structure through validation.
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Appendix 7 provides the saturation curves for both model development and model validation

set interviews.

5.3.3.3 Analysis and interpretation of the CLD

Once the validation process had been completed, the CLD was analysed to identify the shock
effects and interactions and revealed system vulnerabilities described in section 5.3.4. Firstly,
balancing and reinforcing feedback loops were identified based on the simple rule of thumb

set out by Sterman (113), namely that:

e Balancing loops are those in which the number of negative links is odd;
¢ Reinforcing loops are those in which the number of negative links is even, or in which
all links within the loop are positive.

To identify system vulnerabilities, links emerging from the shocks of interest (represented by
variables such as “refugee influx”, “COVID-19 caseload”) were traced through the CLD to
identify feedback loops and delays endogenous to the vaccination delivery system that were
directly influenced by those variables. These correspond to the bold lines in the CLDs that
follow in the remainder of this paper. Effects on these feedback loops were interpreted by
reference to material in the original interview transcripts, and relevant quotes drawn from the
RIQ template. Finally, points of interaction were identified where common feedback loops or

delays were causally linked to more than one of the shocks.

5.3.3.3 Ethics

Ethical approval for the research project of which this study forms part was secured in the UK
from the London School of Hygiene and Tropical Medicine (ref no 17461), and in Lebanon
from the American University of Beirut (ref no SBS-2019-0376).

5.3.4 Results

We identified a series of causal pathways explaining effects linked to the three main shocks
in Lebanon outlined above. Figure 15 provides a high-level overview of the vaccination
delivery system, showing two loops representing connection between vaccine supply (loop R)
and vaccination demand (loop B) in Lebanon. This simplified visualisation shows that each of
the shocks acted on the system in different ways. While the refugee influx acted principally on
actual demand for vaccination this occurred with a substantial delay, and both COVID-19 and
in particular the economic crisis had wide-ranging effects on both the demand and supply

sides of the system. Remaining sections below explore these effects in more detail.
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Refugee arrivals
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Figure 15. High-level CLD describing the effects of shocks on vaccination delivery in Lebanon.
In this visualisation, stable elements of the supply (R) and demand (B) sides of the vaccination delivery system in
Lebanon are represented in simplified form in blue, feeding into the primary outcome (vaccination uptake);

dynamics linked to the various shocks are highlighted in red.

5.3.4.1 Refugee arrivals from Syria

Initial system effects arising from refugee arrivals are visualised in Figure 16. Interviewees
were clear that refugee arrivals did not immediately translate into increased demand for
vaccination services. Many Syrians initially prioritised subsistence needs (e.g., food and
shelter) over access to preventive services, and knowledge of service access points for
childhood immunisation in the initial phases of the crisis was also limited. Additionally, a large
proportion of refugees settled initially in informal settlements often some distance away from
PHCs. This resulted in low demand through mainstream services early on, although there was
some attempt to address emerging needs through use of mobile medical units (MMUS) that

were conventionally used for outreach into remote areas.

Instead, a slowly unfolding cascade of effects at multiple system levels occurred over time.
Effects were seen initially mainly at national level. Here, early system responses to refugee
arrivals were motivated by growing concern at the perceived risk of VPD outbreaks, based on
assumptions that the proportion of unvaccinated and partially vaccinated people in Lebanon

was now rising. This perceived risk was also reinforced by reported VPD outbreaks in Syria.
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This heightened concerns among decision-makers in Lebanon about the risk of an outbreak
of a high-consequence VPD, particularly polio. It provided an additional rationale for the early,

national vaccination campaigns that took place in 2013-14 (loop B1):

“Considering the polio outbreak in the neighbourhood countries, it was not possible for
the Lebanese Ministry and for the sector also and the humanitarian agencies to wait
until all these refugees settle and know where are the primary healthcare centres and
go for their vaccines. It was very important for us to mobilise for the vaccination
activities to go and reach them [with] door-to-door vaccination activities in order to
prevent any major outbreaks and to help the system withstand all this pressure.”

[LFSO01, agency representative]

As facility-level demand for vaccination services linked to population movement gradually
increased in 2014-15, vulnerabilities within the system became more apparent. Better
awareness of PHC locations and the fact that Syrian refugees could obtain vaccinations there
free of charge spurred an increase in PHC attendance and in some cases facility-level
crowding, occasionally resulting in clinic closures when staff felt demand outstripped local
capacity to administer vaccines (loop B1). Vaccination uptake was also influenced by declining
availability of clinic time to vaccinate, as health worker workload in PHCs and other primary
care facilities increased (loop B2). The perceived risk of facility-level vaccine stock-outs also
increased demand for vaccination (loop B3), although interviewees emphasised that in
general supplies of vaccine doses to facilities had kept pace with emerging needs following

the main period of cross-border movement from Syria.

Rising demand for vaccination through PHCs driven by increasing attendances by Syrian
refugees also spurred an important shift in vaccination uptake behaviour among host
communities. Historically, host communities across income groups had sought vaccination
predominantly through private clinics, because of a perceived link between cost and quality of
care (loop R1). Rising use of PHCs by Syrians and resulting facility crowding resulted in private
clinics being perceived to offer better quality care than PHCs, which catered mainly to

refugees.
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Figure 16. CLD showing pathways of impact within the vaccination delivery system in Lebanon following the
arrival of refugees from Syria.

In this diagram: direct effects arising from the movement are captured using red variable labels and thin red lines;
intermediate links connecting direct effects to downstream health system pathways are, where relevant, shown in
bold green lines; and pre-existing system pathways directly activated by the shock are shown in bold red lines.
Lighter blue lines correspond to usual pathways and relationships between system components (when operating
under “normal” conditions). Loops labelled “R” are reinforcing; those labelled “B” are balancing. Only loops
directly linked to sources of vulnerability are labelled. [Abbreviations: MoPH = Ministry of Public Health; PHC =

Primary Healthcare Centre; VPD = Vaccine Preventable Disease]

This reinforced the historical preference of host communities for vaccination through private
clinics (loop B4).

“Syrians overwhelmed the centres...so the Lebanese who used to go to those
centres stopped going, and the Lebanese do not get their vaccinations in those

centres, who mainly go to the private sector.” [LFSE1, agency representative]

“The Lebanese population know where are the centres. But they don’t prefer
to go to the centres. This is because unfortunately of a lack of trust to the
public system. So you can find a Lebanese family that's somehow poor, or
moderate, in need of financial support. However, they prefer to pay, | don’t
know to borrow $100 from a neighbour and take their children to get
vaccinated in a private clinic, and they don’t go to get the free vaccination in

the PHC next door.” [LFS06, agency representative]

COVID-19 related effects were seen principally at the micro-level, affecting both demand for,
and supply of, services. From a demand perspective, a new causal pathway emerged linking
ability to socially distance in facilities to carers’ perceived risk of contracting COVID-19 which
in turn reduced vaccination uptake as clinic attendances declined (loop B5). This was mirrored
by a new supply-side loop in which health workers’ perceived risk of contracting infection
increased the likelihood of clinic closures, reducing access to vaccination (loop B1 adj.).
Perceived risk of contracting COVID-19 was linked to both facility-level crowding, and
knowledge of the background caseload. The result was de-prioritisation of preventive services

including vaccination:

“Even if we have been given lists of defaulters by the MOPH, when we contact
the family and find a defaulter and try to persuade the family to attend a PHC,
then we find there is fear or areas or health services where there is perceived
to be a risk of contracting the virus e.g. at the health centre or hospital, then
they say they would prefer to go the PHC later, or they may say that they don’t
think it is important” [LFS08, implementing partner]

103



December 2022

Vaccination system resilience to shocks in Lebanon

Sharif Ismail

5.3.4.2 COVID-19

suonoinsal

\ woduwy
lany
1o Aungereay
uonenodsuen “¥
/ 01803 ale uoneul
asn arenud
10} pavodu sasop
au2eA J0 JBQUINN auwoom i
suonausal h
_wawanow—
— 6T-QIN0D -
uoneibuid 68
- 19OM UfEaH -
- uonoejsies
/ o - ol savtiom LpeaH
uado sjoouds ssoes &
Jo uonodoid uomeugeA (aus paxiy) +
+ 10 Aupgissaooe [eaisAud
solu ayeaud up
*001S 3UIIEA 3GBIN . ‘
ajnpayos X
arenud Aq pakojduia SamuNwLOD 150y
uolRUIIEA euopeu
o SR e e T 4 pansdied se sou
+ W i arenud uf a1e2 jo Aend
/ 8 , /
. Ry
/ 2121009 0} SOH 01 aiodf fed o ssaubulIM
poLRjaI URIPII JO JBGUINN + + werishug
ainpay3s
10 abpaimou [ewared Auoeded oo veAd

payauap! snd dosp,

+
+ aUI0%2A JO JBQUINN 88
0

pouwopad SaLd
uoissiuipe-aid
10oyos

A

sinodoip auiooen
Josoquiny

18

SPI0D3I UONEUIDIEA
10 JaquInN
uopeuooRA

+ Jo souevodul
Ppan@aIad

"

7
BuipmoI DHd

SOHd
PaXIBY ¥ 1e souepuany “

samuNUIWo 180y G 4
sowo avenud o asn

SanIARo. UoNBUDIRA _+
abeuew o) Aioeded

\ g

oedh
uoneuen I OHd 1s8188U
0} aduelsiq
X
ww“_n_mo,o sa Siiun [eoipdl
o} » aliqow Jo asn
.

sainiey
< auiooen Atepuooss JR A,
pateuoen Ajienied
1 ey uoneindod / 1o Krewiud ssaubulIm IS
au) Jo uoniodoid pareuoenun /
s1 ey uopejndod sall|1oey Yieay
98 auy Jo uoniodoig - U1 6T-QIAOD Bunoesu0d
+ 10 4SU PanIadIad 4
Seseo - pd
anwepou -
voeas?? oo -
Sennnoe Ul SERIGIN0 QdA
wawsbebus
Aunwwod

QdA wapiou
.

A22IqIN0 QA
JO)s1 pangdIad

.

Paunioal siaiom

UeaY ANUNWWOD -

paipalep sased

peopiom

01 Aiige panisdiad Javtion jeaH

N

+ subjedureo
uonreupoRA
feuoneN
+

N

4

Buppun; ialued
Bunuawaidiy

paynuap! sease

abeianoo mo _+ HdOW 01 pauiodas

aferdn uoeuseA

: SoueUBIUEW
wawinba ureyd pjoo Joj
sued aseds jo AuqeeAy

{uohuares asinu)
SOHd A paAolduis
S9SINU JO J3GUINN

JSICINEETE]
J0 Ajigejreay
SINO-X201S R 4
B (o1a] Aloe: 2BeI0)S Pl0d
Jurew 0} Auigy
\ A
12na) ea o
Anoe} T8 paunsuos ona Aulioey 1 4301
S350 4O JaqUINN SURIEA SITEIA
v
.
sauoen _mmaeﬂ.j painooid uawdinba
Auoedeo anaj-Auioe (senoey ureyo ploo

Y ui) Asanop auoen .
M

)
uoddns 0 SajqewNSU0D HdOW Aq painooid

Sas0p auIIeA

jonol Ajoey  +

e pakojdws yeis

o1 aiqefrene spund

+
AlleUB0 HAOW

q pafojduw yeis

azaaly Buuy
WaWI2A09

+ SISt 21w0u09
Bulpuny Jouoq 4———f——— "L

28
Y
aWwooul OHd
+
|

aleUIIEA peojases
01 ajqejere __6T-0IA0D
awn duD

soomiad
uoneurpoen ayand

1p} puBwap pan@osad
P

paynioal
+ SIIOM UeaH

104



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

Figure 17. CLD visualising effects arising from the shocks that took hold in Lebanon from autumn 2019 onwards.
In this visualisation, effects involving the economic crisis and COVID-19 are modelled concurrently owing to the
close temporal overlap between these shocks and their impacts. Proximate effects involving COVID-19 are
shown in light pink text and light pink lines, while key within-system pathways affected are shown using bold pink

lines. A similar colour-coding approach is used for effects linked to the economic crisis, shown in brown.

At the macro-level, several interviewees highlighted systemic vulnerabilities created by the re-
allocation of MoPH resources to COVID-19 response and away from VPD case surveillance.
Interviewees in wave 2 expressed concern that this increased the risk of VPD cases emerging
undetected. They highlighted that without adequate surveillance, there was a risk that
response work using community engagement to increase demand for vaccination in areas

where new cases had been identified would not be triggered in a timely way (loops B6, B7):

“During COVID all the [Epidemic Surveillance Unit] systems and the active
surveillance were focusing more on COVID, so the active surveillance was not
properly done so we don’t know if there were really acute flaccid paralysis

cases that were not properly detected...” [LFS11, government official]

COVID-19 movement restrictions had wide-ranging effects on demand for vaccination from
host communities and refugee populations alike. Clinic attendances fell precipitously
especially during the first lockdown because of these restrictions — although as the CLD shows
this pathway was not, in the view of interviewees, fully endogenous to the vaccination delivery
system. School closures also disrupted a key point of verification of children’s vaccination
records, a process that typically happened at the beginning of the school year. Several
interviewees highlighted the impact this had had on ascertainment of children with incomplete

vaccine courses, and system capacity to address this (loop B7).

Movement restrictions also hampered the effectiveness of community engagement activities
to increase demand for vaccination. Implementing partners consistently highlighted the impact
that changing from face-to-face to remote community engagement work had had on their
ability to engage target populations, in turn influencing ability to emphasise the importance of

vaccination and to identify children who had not received per-schedule vaccines:

“In the peak of the pandemic in Lebanon, we were so frustrated because we
shifted to the online modality and even if you know you are so motivated and
S0 engaged, you cannot have this impact as when you are physically present

in the household...interacting with them” [LFS10, implementing partner]

Although second wave interviewees emphasised that demand had recovered to some extent
as COVID-19 restrictions were eased, this recovery was only partial because of worsening

economic conditions — as the next section will show.
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Figure 18. CLD visualising effects on both demand and supply linked to the economic crisis.

The figure shows that these occurred through multiple system leverage points, reflecting the complexity of effects
in a range of interconnected systems that the economic crisis gave rise to. At a macro level, the Lebanese
government’s worsening fiscal position prompted the imposition of a civil service hiring freeze from 2017 onwards
— the first manifestation of the economic crisis. Interviewees highlighted the detrimental effect this had had on
central capacity in the MoPH as staff attrition progressively reduced the workforce available to manage the

national vaccination program, and to act on increasing service demand (loop R5).

From a vaccine supply perspective, a majority of interviewees highlighted concerns regarding
the impact of increasingly irregular electricity supplies on cold chain integrity. This was linked
variously to failures in the domestic power grid in Lebanon, the rising cost of fuel for backup
generators and the effect of import restrictions on the availability of spare parts for solar-power
fridges widely used in PHCs by 2019-20. Inability to maintain sufficient cold storage at facility
level reduced the availability of viable doses locally, and therefore the capacity to administer
vaccines (loop B3). Irregular electricity supplies also reduced capacity to deliver simply
through reductions to clinic working hours because managers could no longer afford to keep

facilities open.

A key driver of vulnerability at multiple levels across the system — and affecting both demand

and supply — was the declining value of the Lebanese Lira:

“To be honest, | don’t believe that nowadays with this dollar inflation, that the PHCs
alone can act, or the MOPH or the government alone can act without the humanitarian

support or donors, it’s impossible for the system to run” [LFS12, implementing partner]

Nationally, currency inflation intensified the workforce retention problem at central level (loop
R5). Inflation reduced funds available to pay salaries and the value of those salaries. At facility
level, the rapidly declining value of salaries contributed to worsening health workforce
retention. Interviewees highlighted the difficulty of trying to recruit and train replacement staff

under current conditions:

“Every day we are losing some staff and vaccinators...because they are not satisfied
any more with their salaries. They used to be paid for example US$600 now they are
paid US$50, so some of them are leaving to work abroad and we are losing a lot of
them that PHCs and dispensaries... we are trying to train again and again new staff
and this staff needs also experience and not only experience in how to provide the
vaccine but also in communication and how to know their community and how to deal

with people” [LFS11, government official]
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Figure 19. CLD showing pathways of impact within the vaccination delivery system in Lebanon linked to COVID-
19 and the economic crisis.

In this diagram: proximate effects linked to COVID-19 are shown in light pink text and light pink lines;
intermediate links connecting direct effects to downstream health system pathways are, where relevant, shown in
bold green lines; key within-system pathways affected are shown using bold pink lines. A similar schema is used
for effects linked to the economic crisis, but in brown. Lighter blue lines correspond to usual pathways and
relationships between system components (when operating under “normal” conditions). Loops labelled “R” are
reinforcing; those labelled “B” are balancing. Only loops directly linked to sources of vulnerability are labelled.
[Abbreviations: MoPH = Ministry of Public Health; PHC = Primary Healthcare Centre; VPD = Vaccine Preventable
Disease]

Those that could — predominantly medical doctors — looked for opportunities to emigrate. This
had implications particularly for private clinic capacity to vaccinate because they relied mainly
on physician-led administration of vaccines (loops R2 and R3). The declining value of nurse
salaries also contributed to workforce attrition (loop B9), and although this was reported by
interviewees to be less significant in numerical terms than among doctors, it contributed to a

worsening problem of unsustainable workloads for clinic staff in the PHC network (loop B2).

From a service demand perspective, rising inflation (and resultant declines in household
income) had two main effects. Firstly, it reduced host community willingness to pay for
vaccination through private clinics because of the cost to households. Secondly, it increased
the relative cost of transport to health facilities. The former spurred a surge in vaccination
uptake by host communities through PHCs where costs of vaccination and other essential
health services were much lower (loop B4). The latter to some extent counteracted this effect
by increasing barriers to accessing fixed sites, especially when combined with the effects of

COVID-19 movement restrictions.

5.3.4.4 Shock interactions and their effects

Although refugee arrivals were separated to some extent in space and time from COVID-19
and the economic crisis, interactions did occur in some key sectors of the CLD. These
reflected effects on common vulnerability pathways. This section focuses on two example CLD

sectors that were affected by at least two of the shocks.

Interactions amplifying vulnerability within a loop: PHC crowding and vaccination uptake

Figure 20 shows a central loop from the CLD on which two of the shocks acted together to
reduce vaccination uptake. As outlined above, refugee arrivals from Syria gradually drove an
increase in demand for vaccination, but this took time to emerge. As it did so, rising PHC
attendances contributed to facility-level crowding, and in some cases clinic closures, as
demand outstripped the capacity health workers perceived they had to administer vaccines
(loop B1). This reduced uptake especially among host communities. COVID-19 produced a

similar dampening effect although the mechanism was different. Here, crowding increased
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service-user and health worker fears of contracting infection in facilities, which reduced supply
as clinics were closed (loop B1 adj.) and reduced demand as service-users opted not to attend
(loop BS5). In the context of the pandemic, the effect was also universal across host

Perceived ability to
socially distance in -
PHCs
COVID-19

PHC crowding
caseload -

- . )
)
n'/--
~— [ g1 &
Staff S
v.illingn_es.ﬂ{ to

* Perceived risk of
contracting COWVID-18 in
vacqnate Vfaccination
o~ :Iptﬂke
[ BS .
e Clinic

health facilties
closures

\_\ Attendance

- atPHCs

'S

Refugee
arrivals

communities and refugee populations.

Figure 20. A series of nested pathways influencing demand for vaccination, shown as a series of balancing loops.
Key points of interaction with each of the relevant shocks (refugee influx and COVID-19) are given in red and
pink text and lines respectively. Delays — in this case affecting the relay of information between different parts of

the system — are indicated by hashed lines.

Interactions producing a change in vaccination demand behaviour

One illustrative series of loops helps to understand the balance between vaccination uptake
through PHCs and private clinics, principally by host communities. Here, sequential shocks
acted on existing vulnerabilities to produce a shift in population behaviour (Figure 21).
Interviewees consistently noted a basic preference among host communities for vaccination
in private clinics despite higher cost, founded on an assumed virtuous link between cost and
quality of care in these settings (loop R1). Following the major cross-border movements from
Syria, however, attendance at PHCs by Syrian refugees gradually increased, contributing in
time to facility crowding. Perceived quality of care in private clinics relative to PHCs among
host communities rose further because of this (loop R3). The effect was to reinforce the core,
positive feedback loop in R1 (panel A). The effect of rising COVID-19 caseloads appears to
have further intensified this dynamic. Concerns over PHC crowding and perceived risk of
contracting infection in these facilities imposed further restraints on PHC attendance for

vaccination (loop B1 adj.).
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However, interviewees indicated that the economic crisis reversed the basic pattern of host
community behaviour described in loop R1. Collapsing household incomes reduced
willingness to pay for vaccination so that a reinforcing loop favouring PHC attendance for

vaccination (loop R5) now dominated over what had been the core loop (panel B).
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Figure 21. A series of interacting loops describing household-level behaviour influencing demand for vaccination
through PHCs and private clinics.

Intervention points for the various shocks are highlighted using coloured text and arrows. Panel A highlights the
dominant loop (loop R1) influencing host community service access behaviour following the refugee influx and in
the context of COVID-19. Panel B shows how the dominant loop shifted as declining household income altered

clinic attendance behaviour.
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5.3.5 Discussion

In this study, we used CLDs to describe effects linked to a series of shocks on the Lebanese
routine vaccination delivery system. While near-term effects of each of these shocks were
exogenous to the vaccination delivery system, each interacted with existing system structures

in multiple ways and at multiple levels, amplifying pre-existing sources of vulnerability.

Refugee arrivals from Syria contributed mainly to changes in patterns of demand for routine
immunisation. However, these took time to feed through because of a combination of [i] lack
of obvious access points for Syrian refugees at the beginning of the crisis, [ii] initially limited
awareness among new arrivals of how to navigate the (complicated) network of providers in
Lebanon, and [iii] the initially low priority accorded to preventive health services by refugees.
COVID-19 and the economic crisis influenced supply and demand dynamics in important
ways, but the economic crisis had by far the most wide-reaching effects of all of the three
shocks in terms of the scale and scope of its impact on vaccination delivery. The economic
crisis affected everything from retention of staff at central level (and in turn capacity to manage
the national vaccination program) through to staff numbers and cold chain integrity at facility
level, and influenced demand dynamics especially for host communities in Lebanon. By
contrast, the Beirut blast of August 2020 did not feature prominently in interviewees’ accounts.
Effects on vaccination delivery from this event appeared to have been largely limited to Beirut,
and contingencies were rapidly put in place to offset some of the greatest risks arising from it.
One example was the relocation — within 24 hours — of the national vaccine store from a

destroyed warehouse in the port area to a public hospital in Beirut.

We identified a series of pathways or points in the system that proved to be sources of
vulnerability for some or all of the shocks in Lebanon. These were predominantly at facility
level. A series of feedback loops linked facility-level crowding to reduced vaccination uptake
via either demand problems (concerning service-user perceived risk of contracting COVID-19
in PHCs), or supply issues (concerning staff willingness to vaccinate patients, or staff-
perceived risk of contracting COVID-19). Analysis of a second set of connected feedback
loops relating uptake through private clinics and PHCs demonstrated how dominant
behaviours in part of the delivery system can shift in response to different shocks. Here, a
historical host community preference for vaccination through private clinics was amplified by
refugee arrivals and COVID-19 but then reversed by the economic crisis because people could
no longer afford to pay for vaccination. From a demand perspective, willingness to pay for
vaccination was a key determinant of service user behaviour for host communities.
Interviewees contrasted this with expectations among Syrian refugees, who arrived from a
country with a long-standing history of providing childhood immunisations through public

providers, pre-conflict. Facility-level crowding also proved a key driver of both demand- and
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supply-side behaviour by influencing both perceived risks (e.g., contracting COVID-19
infection) and perceived service quality. From a supply perspective, the key vulnerability
pathways influencing facility-level capacity to administer vaccines concerned health worker

workload, and the availability of viable vaccine stock locally.

Findings also point to detrimental effects arising from an accumulation of risk over time owing
to sequential shocks. While aggregate assessments of vulnerability or resilience should be
handled cautiously, there were growing indications from interviews towards the end of the
second wave that the intensification of risks especially under the pressures of the economic
crisis was pushing the vaccination delivery system towards a tipping point beyond which
vaccination delivery might no longer be sustainable. Evidence for this included the
combination of effects on both supply- and demand-side dynamics, at multiple system levels,
and over and above those already exposed by refugee arrivals and by COVID-19, and in trend
data on population vaccination coverage from Lebanon. Clearer — potentially quantitative —
determination of points at which cumulative risk pushes systems towards tipping points is an
important area for further development. Analysis of the impact of sequential shocks and their
implications for resilience has been scant in the health systems literature, and while their
importance is increasingly recognised in other fields there is broad acknowledgement that
currently available analytical tools are not well attuned to capturing accumulating risks of this
kind (283).

To the best of our knowledge, this is the first study to consider vaccination delivery system
responses to shocks using a dynamic approach grounded in systems thinking. While a handful
of prior studies have mapped out system effects linked to single shocks —including in response
to the Syria crisis (110,111) —this is also the first health systems study to consider how effects
from multiple, overlapping shocks can exacerbate vulnerabilities. It is also, to our knowledge,
the first study to consider health system effects arising from the economic crisis in Lebanon.
Our findings suggest a series of pathways by which risks arising from each of the shocks were
propagated from national through to local levels, in line with Pescaroli and Alexander’s
description of cascading disasters (271). Animportant methodological strength of this analysis
was the application of system dynamics, enabling the identification of causal pathways linking
exogenous shocks to feedback loops integral to the system structure, and enabling a

gualitative assessment of how these were differentially affected by each shock (248).

Key findings also support those found in the relatively small number of empirical studies of
resilience published elsewhere, but add important new insights. Previous analyses
considering system resilience in humanitarian settings have predominantly focused on service

delivery in the round (110,111), or on domains such as mental health (251). The second of
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these studies identified human resource attrition and declining motivation as major threats to
long-term system resilience in a conflict-affected setting, as well as threats to service uptake
because of fear in a context of insecurity (110). Our findings — from a humanitarian setting but
one in which insecurity was much less of a feature — reinforce the importance of health
workforce retention and the role of fear (e.g., of COVID-19) in driving service demand, but also

point to wider factors including availability of key commodities (in this case, vaccine doses).

There are a number of limitations to the analysis. First, a full exploration of demand-side
dynamics affecting system behaviour over time was not possible because data collection
focused on policymakers and service providers only and did not extend to service users. This
decision was made pragmatically given the challenge of adequate sampling for interviews
across service user groups in Lebanon, and the enormous difficulties of on-the-ground data
collection at the time of the study in light of COVID-19 restrictions and growing domestic

political and economic instability.

Secondly, given that data collection commenced in early 2020, and most Syrian refugee
movement into Lebanon occurred in the period 2014-15, there is a risk of recall bias in the
findings reported here. A number of steps were taken to address this risk, including [i] explicitly
asking interviewees to highlight areas in which they were not confident their recollection was
correct, or during which they had been working in other roles not directly relevant to
vaccination delivery; [ii] recruiting participants with varying degrees of experience in the
system, ranging from a few years to in excess of 20 years in several cases; and finally [iii]

recruiting participants working at various system levels.

Thirdly, data analysis was performed largely by the lead author, potentially introducing bias
into CLD development. Various safeguards were built into the study design to address this,
including [i] the application of purposive text analysis as a structured approach to analysis of
interview transcripts; [ii] the use of a standardised RIQ template for quote interpretation; [iii]
CLD combination using a clearly documented process in which the order of combination was
determined based on a quantitative appraisal of diagram complexity; and most importantly [iv]

validation of a draft, aggregated CLD using both a dedicated set of interview transcripts.

Finally, while CLDs allow us to infer important system behaviours, they cannot deduce them
(123). For this, formal simulation modelling is required. Simulation modelling was not

attempted as part of this study and is an area for future development.
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5.3.6 Conclusion

This study has shown how a series of shocks in Lebanon, overlapping to varying degrees in
space and time, interacted with existing system structures to reinforce existing, and create
new, risks for vaccination delivery. In particular, it has shown how the compound nature of
recent shocks significantly amplified risks in specific parts of the vaccination delivery system,
pointing to potential leverage points for action. Future research should consider both the
generalisability of these to other service areas and contexts, and consider intervention
approaches that might meaningfully address vulnerabilities in the interests of long-term

system resilience.
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5.5.1 Abstract

Although academic and policy interest in health system resilience has grown considerably in
recent years, the empirical literature on this topic remains small and predominantly focused
on macro-level (national) effects arising from single shocks. To better understand health
system responses to multiple shocks, we conducted an in-depth case study using qualitative
system dynamics. We focused on routine childhood vaccination delivery in Lebanon in the
context of at least three shocks overlapping to varying degrees in space and time: large-scale

refugee influx from neighbouring Syria; COVID-19; and an economic crisis. Findings were
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drawn from analysis of 38 semi-structured interviews with stakeholders working at different
levels in the system, transcripts for which underwent purposive text analysis to generate a
causal loop diagram (CLD) mapping out relationships between system variables contributing
to changes in coverage for routine antigens over time. The CLD was validated using a reserve
set of interview transcripts. Using the CLD, we identified a range of system responses to the
shocks, including demand-promotion measures such as scaling-up community engagement
activities and policy changes to reduce the cost of vaccination to service users, and supply-
side responses including mobilisation of donor funding, diversification of service delivery
models and cold-chain strengthening measures. A smaller set of systemic changes were
introduced — particularly in response to refugee arrivals — and included task-shifting to nurse-
led vaccine administration. Some potentially transformative change was seen at meso- and
micro-levels and depended on changes in both demand- and supply-side dynamics. Some
resilience-promoting measures introduced following earlier shocks appear to have increased
vulnerability to later ones, highlighting the need for ex ante evaluation of potential unintended

consequences arising system interventions under different shock scenarios.

5.5.2 Introduction
While academic and policy interest in health system resilience has grown exponentially in

recent years, the literature on this topic remains emergent and empirical analyses of resilience
are few in number (11). This is especially the case for humanitarian settings, where challenges
to system resilience can be particularly acute. Resources to support meaningful responses in
these settings — whether human, financial or others — are often more limited, more
unpredictable, and typically more dispersed than in stable settings. Partly because of the
ongoing lack of consensus on approaches to conceptualising resilience, there is also
considerable uncertainty over how best to strengthen it, although there is broad
acknowledgement that doing so must extend beyond the more limited aims of health system

support or even health system strengthening (21,22,187).

The need for empirical analysis of health system resilience in humanitarian settings to inform
intervention strategies is increasingly urgent. Delivery of essential services such as
vaccination in these settings is challenging and liable to disruption, although its effectiveness
for population health is well-established (43). Maternal and child health outcomes in
humanitarian settings often fall well below those observed in stable settings. There is
consistent evidence that childhood vaccination coverage for key antigens is among the lowest
in the world for countries affected by conflict or other forms of humanitarian crises (49,50).
And while there is growing evidence on interventions to improve health outcomes in

humanitarian contexts (85,284), most existing guidance is focused on acute-phase response
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(82,83). Insights on measures to strengthen longer-term system resilience in these settings

are more limited.

Defining health system resilience is a key first step in identifying measures to strengthen it.
Classical definitions of resilience conventionally emphasise capacities to absorb shocks,
adapt or even transform in response to them, while maintaining broad system structures and
continuing to deliver essential services (10). Absorption can broadly be understood as a
process in which no structural change occurs: the shock is simply accommodated using
existing structures and pathways (10). Adaptive responses can involve some circumscribed
structural or pathway changes in response to a shock. However, they are qualitatively distinct
from transformation, in which learning is harnessed to fundamentally alter the structure of the
system and strengthen it for the future, with or without goal re-orientation (18,137). In this
analysis, focusing on childhood vaccination delivery in Lebanon, resilience was assessed in
terms of overall ability of the system to maintain, and where possible improve, population
vaccination coverage for measles (i.e., first and second doses of measles-containing vaccine,
or MCV1 and MCV2).

Although each of these aspects of resilience describes a process of change, most work in
health systems research to date has adopted a static view focused on discrete resilience
capacities (such as networking between system actors, the presence of multiple, alternate
service pathways, or “collaterals”, and others) (7,14,18). A small number of studies have
mapped out system vulnerabilities and mitigation measures in a dynamic way — both in
humanitarian settings (110,111). However, applications of dynamic perspectives to resilience
analysis are limited. Finally, empirical explorations of transformation in health are very few
(11). What system transformation means in practice continues to be a source of debate in

other research disciplines (28).

In this study, we used qualitative system dynamics (SD) to understand system responses to
shocks because this approach focuses on aggregate-level behaviours contributing to outcome
trends, and in particular, the importance of feedback in explaining why systems behave as
they do (112,113,117). The aim of this analysis was to identify vaccination delivery system
responses and mitigation strategies to sequential shocks in Lebanon. Paper 2 above (section
5.3) addresses pathways of shock impact. Here, we sought to describe both responses
intrinsic to system structures and those actively promoted via, for example, policy change —
as well as the unintended consequences of these responses. We also considered responses
across system levels. Finally, we considered the effects of interventions to support responses
to earlier shocks, on system resilience against later ones. The purpose for doing so was to

identify points and pathways in the system through which responses were implemented, and
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to consider what was learnt from efforts to strengthen resilience over time. Although our
analysis touches on demand-side behaviours, the specific focus of our analysis was on supply-

side (service delivery) changes.

5.5.2.1 Study context

This study was set in Lebanon, a small Middle Eastern country with an estimated population
of just over 6 million in 2021 (200). The health sector in Lebanon has historically been
fragmented with a dominant role for private providers in provision of both acute and preventive
care (223-227). The principal vaccination access points have included private clinics and
dispensaries (pharmacies), charitably supported facilities, the Ministry of Public Health’s
(MoPH) primary healthcare centre (PHC) network, and Social Development Centres (SDCs)
under the auspices of the Ministry of Social Affairs. Implementing partner organisations
(national and international NGOs) have historically played an important role in vaccination

delivery through technical, material and financial support.

In this study, we focused on system responses to three shocks, the first of which was refugee
displacement from neighbouring Syria (further details can be found in the timeline in Appendix
3). As of 30" September 2022, there were some 825,000 Syrian refugees residing in Lebanon,
down from a peak of just under 1.2m in April 2015. Dynamics of population movement varied
over time: the vast majority of those displaced moved across the Lebanese border in a
concentrated period from mid-2014 to early 2015. Secondly, from late 2019 onwards, Lebanon
was affected by a compound shock, adding effects arising from COVID-19 and an economic
crisis to long-term system strains arising from population displacement. There was in addition
a large blast in the capital Beirut in August 2020, which destroyed the national vaccine storage
warehouse. These shocks have overlapped in complex ways to give rise to new health sector
vulnerabilities in Lebanon (206,281). Effects on vaccination delivery are the subject of paper
2 (section 5.3). For vaccination delivery specifically, data on administrative coverage for key
antigens indicate large declines in national coverage broadly coinciding with the shocks
described above. A key function of this study was to identify system responses to try to

address these trends, and to consider ways in which they might have been strengthened.

5.5.3 Methods
5.5.3.1 Design

This was a retrospective, qualitative system dynamics study. Conceptualization was
undertaken using a CLD drawing on analysis of transcripts of semi-structured interviews

conducted with stakeholders in Lebanon between February 2020 and January 2022.
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5.5.3.2 Approach to primary data collection

Study settings and participant recruitment

Interviewees were sampled purposively from stakeholders working at national, regional and
local level in Lebanon, including government (the MoPH), donors and agencies supporting the
humanitarian response plans (HRPs) in force in the country, implementing partners, and
service managers and practitioners involved in front-line primary care (see section 4.3.2 for
further details). Regional and facility-level data collection was designed to better understand
dynamics affecting service delivery in two governorates in Lebanon, Beirut and Akkar, chosen
to reflect the diversity of service delivery challenges in an urban and rural setting respectively,
and historical variations in health service access (much lower in Akkar than in Beirut). Table
6 provides a breakdown of interviews conducted, by stakeholder group and timing and their
distribution across the analysis (step 1 below) and validation sets (step 3 below) for CLD
development.

Table 6. Breakdown of interviews conducted, by stakeholder group and timing — paper 3.

The table also summarises the distribution of interview transcripts across the analysis and validation sets for CLD

development.

Stakeholder group Sub-category Wave 1 Wave 2 Analysis Validation
(Feb-Mar 2020) | (Jul 2021-Jan set set
2022)
National Government 2 1
Donors 0 4
16 2
Agencies 5 5
Private sector 0 1
Regional bodies and implementing 1 12 1 )
partner organisations
Local — facility level Akkar 0 5
Beirut 0 2 ° !
Wave total 8 30
Overall total 38 33 5

Interview design and conduct

38 semi-structured interviews with individual participants were carried out in two waves
(February-March 2020, and then July 2021-January 2022). Of these interviews, n=8 were in-
person and the remainder remotely via Zoom due to COVID. Interviews gathered information
on participant roles within the system, generic structures supporting vaccination delivery, and
system behaviours and policy responses that stakeholders identified as linked to the various
shocks. Interviews were recorded and transcribed into MS Word. Most interviews were

performed in English by the lead author; the small number of interviews that were performed
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in Arabic (all at facility level) were jointly conducted by SAl and AN, transcribed, translated into
Arabic and then analysed. Interviews were then separated into two sets: one (n=33) for

analysis and a second, reserve set (n=5) to enable validation (Figure 22).

Base transcript Analysis set National level Aggregate
set (n=38) (n=33) (n=16)

national CLD
(n=1)

Meso-level —
regional bodies
and
implementing
partners 0=11)

Aggregatemeso- Initial shared
level CLD (rF1) CLD (n=1)

Facility level Aggregate facility
(n=6) level CLD (n=1)

v
Validation set (n=5-2
national, 2 regional/ Final, validated
implementing partner, 1 CLD (n=1)
facility-level)

Figure 22. Schematic representation of the process for generating the initial, shared causal loop diagram from the

analysis set of interviews.

5.5.3.3 Analysis

The CLD was generated in 3 consecutive steps. First, a CLD was developed for each
individual interviewee to represent their mental models of shocks effects on childhood
vaccination delivery in Lebanon, and the range of system responses. These were then

combined using a stepwise process (outlined below), before a final validation step.

Step 1: generation of individual CLDs

Interview transcripts from the model development set were used for initial conceptualization.
Transcripts from the analysis set were coded using purposive text analysis in MS Word, to
identify causal language (252,253). Coded segments often talked about experiences,
processes or items (e.g., stocks of a particular good) relevant to vaccination delivery system
responses to the arrival of refugees from Lebanon, or ongoing efforts to strengthen vaccination
delivery across refugee and host community populations in the context of COVID-19 and the

economic crisis in Lebanon.

Coded segments were transferred into a separate MS Excel template for Rigorously
Interpreted Quotations (RIQs) (253) and marked to identify variables and their causal
relationships -- including both the direction of causality (cause to effect) and its polarity (a

123



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

positive or negative relationship) according to best practice in CLD diagramming conventions
(see Appendix 4) (113,117). These were visually mapped using Vensim®, system dynamics

diagramming and simulation modelling software tool (254).

Step 2: combining CLDs

CLD combination began by grouping diagrams according to the stakeholder set from which
they originated (i.e., national, regional and implementing partners, and facility-level), and then
ordered in terms of their complexity (282). Complexity was determined with reference to [i] the
number of feedback loops, [ii] the number of delays, [iii] the number of links and [iv] the number
of variables in each CLD, in that order. The most complex CLD in each set was used as the
“anchor” with which others were then combined sequentially. CLD combination was preceded

by a preliminary pruning step in which only delays and feedback loops were retained (255).

Stepwise combination focused on identification of variables, links, delays and loops that were
contained in the second CLD but missing from the starting one. These were then added to the
anchor. Where two CLDs described the same behaviour but in different ways, the more
complex representation was retained because it offered a fuller description of relevant causal
chain. Saturation in CLD development over each of these steps was captured by tracking the
number of additional variables, links and feedback loops introduced with each additional
combination step (282). Another, pruning step was then carried out — this time, to retain only

delays and feedback loops incorporating three or more causal links (255).

Step 3: validation and derivation of the finalised CLD

The combined CLD was validated by comparison to n=5 individual CLDs generated from
interview transcripts from the validation set, using RIQ analysis (253). Saturation was
assessed using saturation curves and CLDs — results are reported in Appendix 7. The
trajectory of the saturation curves (in terms of plateauing in the number of additional variables,
links, delays and feedbacks identified) indicates that saturation was reached through this

process.

CLD inspection and identification of leverage points
Once the validation process had been completed, the CLD was analysed to identify the shock
responses. Firstly, balancing and reinforcing feedback loops were identified based on the

simple rule of thumb set out by Sterman (113), namely that:

e Balancing loops are those in which the number of negative links is odd;
¢ Reinforcing loops are those in which the number of negative links is even, or in which

all links within the loop are positive.

124



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

Vaccination delivery system responses to shocks as described in this paper were classified
using the absorptive-adaptive-transformative classification outlined in the introduction.
Categorisation was based on assessment of the extent to which new system structures were
introduced (transformation), new resources mobilised, or existing structures modified
(adaptation) as responses to the vulnerabilities identified elsewhere, with reference to the
CLD.

5.5.3.4 Ethics

Ethical approval for the research project of which this study forms part was secured in the UK
from the London School of Hygiene and Tropical Medicine (ref no 17461), and in Lebanon
from the American University of Beirut (ref no SBS-2019-0376).

5.5.4 Results

Figure 15 illustrates, in simplified terms, the balance between vaccination demand and supply
dynamics contributing to trends in vaccination coverage over time. The figure also shows key
impacts in the system for each of the main shocks described in this analysis: refugee arrivals,
COVID-19 and the economic crisis. Effects linked to refugee arrivals were seen mainly on the
demand side, while COVID-19 and the economic crisis affected both demand and supply-side
dynamics. In the sections that follow, we identify some of the key pathways of system
response to these shocks, using the absorption/adaptation/transformation triumvirate outlined
above. Where relevant, CLD segments are presented to illustrate key dynamics influencing

absorptive, adaptive or transformative responses.
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Figure 23. High-level view of the causal loop diagram.
In this visualisation, stable elements of the supply (loop R) and demand (loop B) sides of the vaccination delivery
system in Lebanon are represented in simplified form in blue, feeding into the primary outcome (vaccination

uptake); dynamics linked to the various shocks are highlighted in red.

A summary of the principal system responses described in the remainder of the results section
is given in Table 7. These are classified according to the shock in response to which they were
introduced, and the health system building block they primarily targeted. As indicated below,
not all of these interventions had the effects originally intended in terms of improvements in

childhood vaccination delivery.
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Response type

Absorptive Adaptive Transformative
System level
Focusing infectious disease surveillance Initiation of donor response strategy Policy change to promote nurse-led
activities on COVID-19 [l] (LCRP and ERP respectively) [G F] eoe vaccine delivery via task-shifting [S W] e
Policy change to reduce cost of Policy change to recruit private clinics to
vaccination through PHCs [G F] e the MoPH’s network [S] ee
Policy change to promote access via Introduction of e-record systems [I] e
Macro PHCs if distance to the nearest facility
was less than 2.5km [S] e
National vaccination campaigns [S] e
Introduction of electronic central vaccine
stock management system [M 1] e
Direct payment of MoPH staff salaries by
donors [F] e
Cycling of vaccine stock back to regional Introduction of border crossing Introduction of payment-by-results to
(district) level to maintain viability [M] e vaccination sites [S] e support task-shifting [F] e
Scale-up of MMU use [S] ee
Implementing partner subsidies for
Meso vaccination delivery [F] oo

Scale-up of community engagement
activities [P] eee

Introduction of solar fridges [M] e
Change in the currency of implementing

partner funding to facilities [F] e
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Introduction of supplementary payments
by implementing partners to improve
workforce retention [F W] e

Micro

Temporary vaccination clinic closures [S]
eoo

Changes to clinic working hours [S] ee
Changes to clinic staffing levels [W] e
Reversion to pen-and-paper clinic records
(when e-systems not operational) [I] e
Improved health worker skills and
experience through accumulated clinical
exposure [W] e

Staff training (cultural understanding,
refugee needs, infection prevention and
control and other topics) [W] ee
Introduction of online and social media-
based community engagement activities
[P] oo

Increased recruitment of entry-level
healthcare workers and interns to support

service delivery [W] e

Table 7. Key system responses identified by the main system level of action, and according to the category of response.

System level of action is given in the table rows; the category of response by the columns. Coloured dots indicate the points at which each response was observed (red dot =

refugee crisis response; green dot = COVID-19; blue dot = the economic crisis). Bold letters indicate the kind of intervention implemented, using the WHO health system

building blocks (F = financing; G = governance; | = information; M = medicines and technologies; P = people; S = service delivery; W = workforce)
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5.5.4.1 System responses to refugee arrivals

Absorptive and adaptive responses

Immediate responses included macro-, meso- and micro-level mobilisation to address what
was perceived as a high risk of VPD outbreaks in the context of population movement. At
macro-level, adaptive measures included national vaccination campaigns, launched in 2013
and 2014 with increased donor funding support, to address the perceived threat from

outbreaks of high-consequence VPDs (polio and measles):

“And there was one time when we did for example pre-emptive vaccination because
of the [vaccine derived polio virus outbreak] that happened in Syria. And you know
there is a lot of illegal movement that occurs between Lebanon and Syria and thus
Lebanon was at risk, and that’s why we had to do pre-emptive vaccination.” [LFS14,

implementing partner]

An early policy change concerned the relaxation of rules around access to care for refugees,
so that displaced Syrians could access vaccination through publicly supported facilities at
nominal cost (capped at LE3,000, equivalent to around US$2 in 2018 prices). The motivation
for this change was to stimulate demand by addressing cost barriers that precluded access
through private clinics. However, interviewees noted that imposition of hidden fees (e.g., for
consultations) continued to create barriers to access for refugees and other vulnerable

populations:

“The product is free, however, it is very important to know that a major challenge that
is facing the accessibility of refugees and vulnerable populations to free vaccination is

sometimes the hidden fees.” [LFS01, agency representative]

Two additional policy changes were introduced to increase the number of access points.
Firstly, vaccination points were established linked to border crossing sites and refugee
registration centres to allow for administration of key vaccines (OPV and measles) to displaced
Syrians either as they arrived in Lebanon, or as they registered for access to services through
UNHCR. Secondly, a strategy of progressive expansion of the MoPH-supported PHC network
was introduced, driven by projected need (through implementing partner needs assessments).
Facilities in the network received no direct funding from the MoPH, but in exchange for ministry
accreditation would receive vaccine doses free of charge (procured via UNICEF) and capacity-
building including staff training. A principal condition of membership of the network was to
administer vaccines according to the national schedule at the fee rates set out nationally (see

above).
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Meso-level changes — again predominantly adaptive — also occurred. A key initial response to
refugee movement from implementing partners was intensified use of Mobile Medical Units
(MMUs) (Figure 24). These had historically been used for outreach to marginalised and remote
populations in Lebanon, but the main aim of expansion initially was to reduce the risk of VPD
outbreaks by increasing uptake among newly displaced populations. MMUs enabled access
for displaced Syrians who tended to settle in rural areas in the North and East of Lebanon
where access to fixed-site clinics had historically been more limited (loop B1l), but also
facilitated referral in to PHCs where those facilities were available locally (loop B2).
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Figure 24. Tensions influencing the use of mobile medical units (MMUSs) in Lebanon over time.
Active system response pathways and policies are highlighted in green. Regular system pathways are shown in

blue.

Use of MMUs was later scaled back as the result of a combination of concerns. Interviewees
highlighted challenges regarding the regulation of quality of care, and a perceived dampening
effect on motivation of service users to attend fixed sites. However, there were also concerns
that this model was not cost-effective given the emergence of a new and widespread measles
outbreak in 2018-19 (loop B3). From 2017 onwards MMU use was progressively scaled back
as part of a strategy of encouraging refugees and host communities into fixed-site clinics (loop
B2):

“At the beginning of the Syrian influx, there was vaccination at the borders, and there
were a lot of campaigns and having mobile units going to the places of Syrian clusters
or Syrian groups, and providing them there with vaccines. So they thought...we can
stay home and the medical teams will come to us and provide vaccines and we don’t
need to go, so they were a little bit passive. And then with the Ministry advocacy and

coordinated work of NGOs, the mobile units were decreasing, and more work on
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referrals to existing primary healthcare centres was done, to make people get used to
go to the PHCs.” [LFS12]

Over time, community engagement activities were stepped up to strengthen demand by [i]
reinforcing the importance of vaccination as a preventive measure, [ii] offering opportunities
to cross-check vaccination records to make sure children were up to date with the national
vaccination schedule, [iii] and strengthening household-level knowledge in areas likely to
promote a decision to vaccinate — including information on the national schedule, on the actual
cost of vaccination to refugees through the PHC network, and the location of the nearest
PHC(s). These activities depended on stepped up recruitment of community engagement
workers and increases in implementing partner funding — both of which depended on donor

funding that took time to mobilise.

Micro-level (within facilities) changes revolved principally around changes to the role of nurses
in vaccine administration, as set out in the next section. However, interviewees also noted
some absorptive mechanisms promoting system resilience — particularly progressive
improvements in workforce skills at facility level as clinic staff became more accustomed to

managing increased workload and to better attuned to needs among refugee populations.

Transformative change: task-shifting for vaccination delivery

A key set of policy responses to refugee arrivals concerned task-shifting to nurse-led
administration, which introduced new system pathways (Figure 25). These combined a macro-
level policy change around health workforce regulation and supporting meso-level policy
changes to incentivise a change in delivery behaviour. Interviewees identified two motivations
for this change: [i] a desire to reduce the cost of vaccination especially for refugee populations
but also for host communities because physicians tended to charge over-the-odds for vaccine
administration; and [ii] better workload management given rising demand in a system that

previously had relied almost entirely on physician-administered vaccination.

Progress in implementing task-shifting was, however, limited by the availability of financial
material resources to support it initially. This ensured that previously dominant loops favouring
physician-led administration (loops R1 and R2) continued to drive most vaccination delivery.
As Figure 25 shows, physician-administration of vaccines was an important source of revenue
for both clinicians, and for PHCs that hosted them. On the one hand, a long-standing
preference among host communities for private medical care (including for vaccination)
ensured steady revenues for physicians from private vaccination delivery. On the other hand,
PHC managers who referred children to physicians privately for vaccine administration could

typically expect to receive a cut from the resulting consultation fees.
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The introduction of incentive payments to PHCs (via implementing partners) helped to ensure
that task-shifting at facility level was finally implemented. It did so by [i] guaranteeing PHC
income to offset losses as fewer children were referred to private physicians, [ii] increasing
PHC motivation to promote nurse-led administration to patients in the wider context of
scepticism especially from host communities (loop R3), [iii] freeing up physician time for more
lucrative specialised activities (loop B4), and [iv] by indirectly supporting nurse pay and thereby
improving their retention at facility-level. Implementing partners tested various modes of
incentivisation, including payments directly to nurses, but these were found to increase the
risk of pressure on staff to subsidise other PHC activities (loop B5), so they were phased out

in favour of payments to PHC managers to then distribute amongst nursing staff (loop R4).
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Figure 25. Dynamics linked to the introduction of task-shifting for vaccination delivery in PHCs.

Loops in blue show pathways present prior to the refugee crisis; those in green indicate new structures that
emerged as part of the system response. Bold green lines and green variables indicate the principal points of
intervention; light green lines indicate downstream effects. Red lines indicate new areas of risk that emerged
following the introduction of the interventions.

5.5.4.2 System responses to compound crisis

Absorptive and adaptive responses

Interviewees described a range of responses — primarily absorptive — to COVID-19, many of
them operating at micro-level. In the near-term there were absorptive responses to rising
perceived risk of contracting infection in facilities, influenced by perceived inability to socially

distance, and by health worker concerns about the probability of exposure in a context of rising
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caseloads nationally. Measures introduced included local clinic cancellations and reductions
in staffing levels to reduce the potential for health worker exposure. However, these reduced
access opportunities for patients in the short term, contributing to declines in vaccination
uptake. At national level, interviewees highlighted the concentration of resources on COVID-
19 surveillance at the expense of monitoring for other VPDs, increasing the potential risk of
an undetected VPD outbreak.

Responses elsewhere were adaptive and primarily focused on reinforcing supply and demand
through improved risk-management across the system, although lead times to implementation
were longer. Stocks of personal protective equipment (PPE) were mobilised and staff training
on infection prevention and control introduced to reduce health-worker perceived risk of
contracting infection in health facilities. On the demand side, community engagement activities
continued but were shifted online or via tools such as WhatsApp. Interviewees noted that the
guality of engagement with service users was often poorer as a result of this. There were also
adaptations to messaging during this period, to reinforce the importance of vaccination as a
preventive service, to emphasise that clinics remained open despite COVID-19 related

movement restrictions.

Responses to the economic crisis were similar in nature but generally targeted different
pathways within the system (Figure 26). Many adaptive measures focused on maintaining
facility capacity to deliver vaccination through additional financial support as currency inflation
worsened. These included switching the currency of implementing partner payments from
Lebanese currency to US dollars, to offset declining PHC income due to inflation. The goal
was to maintain PHC income and therefore capacity to deliver (loops R6 and R7). Some
implementing partners also provided direct salary supplements to PHC staff to improve
retention (loop R8). Financial support measures did not, during this period, extend to

incentives for service users.
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Figure 26. Dynamics linking changing perception of need to mobilisation of donor funding, and downstream
adaptive responses within the system.

Lines in bold pink correspond to pathways of impact for COVID-19; lines and text in bold brown correspond to
those for the economic crisis. Intervention points are highlighted in bold green text; key response pathways

feeding into established system loops are shown using bold green lines.

Mobilisation of donor funding was a key adaptive response to the compound crisis. This was
triggered by [i] changes in the COVID-19 caseload, [ii] a collapse in demand for childhood
vaccination observed especially during the first COVID-19 lockdown in Lebanon (loop B6), [iii]
an emergency appeal following the Beirut blast, and [iv] needs assessments identifying rapid
growth in the proportion of households (refugee and host communities alike) identified as
vulnerable (loop B6 in Figure 26). Emergency funding following the blast was mostly
concentrated around greater Beirut, where damage was greatest. Donor perception of
worsening economic conditions as a humanitarian crisis, on the other hand, contributed to
strengthening resource support to PHCs nationwide, via implementing partners. It also helped
support vaccine procurement to maintain delivery through the PHC network, and — as the
following section outlines — recruitment of private sector capacity to support childhood
vaccination delivery. However, interviewees highlighted the length of time it took both for
declines in vaccination uptake to be identified, and for the implications of the economic crisis

for health needs to be recognised. This contributed to delays in funding mobilisation.
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Transformative change: integrating private sector delivery capacity

Interviewees described opportunities created by the shocks — in particular the integration of
private sector delivery capacity to support childhood vaccination delivery at nominal cost
(Figure 27). Although the MoPH had introduced a policy to promote private sector engagement
in low-cost vaccination delivery in 2015, this did not attract meaningful private clinic
engagement until the economic crisis took hold. Interviewees ascribed this partly to the
perceived link between cost and quality of care that ensured host communities continued to
take their children to private clinics for vaccination (loop R9), and partly to the lucrative nature
of private vaccine administration for physicians (loop R10). Because of this, there was no

strong incentive for private clinics to participate in the scheme (loop B8).

However, vaccination uptake through private clinics collapsed in 2021/22. This was the
combined result of falling household incomes, and the increasing difficulty these clinics had in
obtaining vaccine doses through the open market due to import restrictions. Declining income
as a result of this encouraged increasing private clinic participation in the MoPH’s scheme. In
exchange for free vaccine doses (thereby increasing the stock of viable doses in clinics — loop
B9), private clinics were required to drop the cost of vaccination to levels equivalent to those

in PHCs, and to report vaccination uptake data to the MoPH.
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Figure 27. Dynamics linked to private clinic integration into the publicly supported system for delivery of routine
antigens at nominal cost to patients.

Points of shock interaction are denoted by brown text and arrows; loops in blue show pathways present prior to
the three shocks; lines in bold green indicate new pathways introduced through policy interventions from 2015
onwards. These loops became dominant as the economic crisis took hold.
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5.5.4.3 Pathways of interaction across responses to different shocks

Interviewees highlighted areas in which responses to earlier shocks contributed to potentiating
the impact of later ones — in three main areas. The first was cold chain integrity (Figure 28),
where a key adaptive response to rising demand following the refugee influx, and ongoing
insecurity of mains electricity supplies, was the introduction of solar fridges. While this adaptive
response improved cold storage capacity in PHCs in the near-term and enhanced facility
capacity to delivery vaccinations (loop R11), import restrictions linked to the economic crisis
contributed to difficulties in sourcing spare parts for these fridges. Combined with the
increasing unreliability of mains electricity supplies, and the scarcity of generator fuel, PHC
staff found it harder to guarantee cold chain integrity. Locally, steps were therefore taken to
return doses to district-level storage facilities where cold storage was more reliable (loop R12).
This in turn increased the risk of facility-level stockouts and reduced the capacity of facilities

to respond to local demand in a timely way (loop R13).
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Figure 28. Interactions between early responses and later shocks contributing to vulnerabilities in the cold chain.
Dark brown text and lines correspond to lines of threat arising from the economic crisis. Dark green text and lines
indicate interventions introduced to support system responses, and red lines indicate new areas of risk linked to

those interventions.

Challenges were also noted in operating electronic record systems, originally introduced as a
mechanism for improving service efficiency and record completeness following refugee
arrivals from Syria. As electricity supplies became more unreliable, facilities sometimes had
to revert to paper-and-pen records for which later online reconciliation would be needed to

ensure records were complete:
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“Because now we are working on an electronic system...and now we have
this connection problems...sometimes we are facing some challenges in
data collection or in searching, because sometimes to search the name of
the child or their parents and to check all the vaccines received by this child
at the centre or elsewhere previously, it's difficult due to the cut or

interruption of internet and connections.” [LFS11, government official]

A third point of interaction concerned donor and agency policy regarding financial support for
salaries. In 2016 and 2017, a policy decision was taken to provide direct salary support for
posts in the MoPH to support the vaccination program (among others), boosting central
oversight and program support capacity. However, this policy was later reversed contributing

— alongside a general government hiring freeze — to severe staffing shortages:

“You know UNICEF alone supported us with like 100 staff on [district] and central level
for two years, 2016, 2017. And they stopped...so now we are in real, real shortage of
staff at central and at peripheral level...because all the donors, they don’t want to pay
for staffing, they only want to pay for activities, and we cannot do activities without

staffing.” [LFS03, government official]

On the other hand, workforce attrition among nursing staff was lower than for physicians as
economic conditions worsened. In this sense, task-shifting in vaccination delivery was
important in strengthening resilience to a series of shocks — refugee arrivals in the first

instance, and then the economic crisis.

5.5.5 Discussion

To our knowledge, this is the first study to apply system dynamics to investigate shock
responses to support vaccination delivery system resilience in Lebanon or indeed any other
humanitarian setting. We found evidence of a range of responses at different system levels.
Almost all of the responses observed were adaptive. They typically operated by strengthening
or building on existing system structures through mobilisation of additional financial, human or
other resources. The limited number of absorptive responses were seen primarily at micro
(facility) level and were principally concerned with short-term workload containment or
resource redistribution in response to rising demand, although there was some evidence of
improving health workforce skill mix strengthening system resilience over the long-term

following refugee arrivals from Syria.

We identified two potentially transformative changes. The first of these was a policy change

to bring private clinics under the MoPH'’s fold for lower-cost access to vaccines. This policy
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was introduced in 2015 but did not result in significant behavioural change until a demand
collapse in the private sector occurred in 2021/22 and helped push host communities towards
PHCs for vaccination and other health services. The second was the implementation of task-
shifting to nurse-led vaccine administration in PHCs. Although neither of these resulted in
large-scale goal re-orientation across the system as a whole, both introduced a range of wholly
new meso- and micro-level system pathways promoting vaccination delivery that had not

previously existed.

System responses were sometimes maladaptive in terms of effects on vaccination uptake.
Many of the immediate and early responses to COVID-19 (e.g., reduced clinic working hours,
reducing clinic staffing levels) may have helped preserve workforce wellbeing in the short-term
and contributed to reducing transmission of infection, but also reduced service access
opportunities for patients. The greater focus on absorptive responses to COVID-19 and
particularly the economic crisis by comparison with earlier changes following refugee arrivals
from Syria — as illustrated in Table 7 — emphasised the extent to which the limits of system
resilience were increasingly being reached. Interviewees repeatedly highlighted the growing
dependence of the system on donor and implementing partner resources to continue
functioning. On the other hand, task-shifting to nurse-led vaccine administration proved a
successful mechanism for managing increased service demand across the services by
keeping the cost of vaccination down. It was also more durable in the face of the economic
crisis than physician-led administration, primarily because emigration routes for nurses were

more limited and workforce attrition was lower.

Our findings are novel in showing important points of interaction between system responses,
and ways in which some changes implemented to address effects arising from earlier shocks
influenced vulnerability to later ones. One example of this was the introduction of imported
solar fridges into the cold chain. While this made an important contribution to strengthening
cold storage capacity at facility-level following the refugee arrivals, interviewees described
increasing difficulties obtaining spare parts for this equipment as import restrictions intensified
in 2021/22, increasing cold chain vulnerability at a time when mains- and generator electricity
supplies were also increasingly variable. By contrast, the use of task-shifting reinforced long-
term system resilience by expanding delivery capacity but also because nurses proved less
likely than their physician colleagues to leave their posts or emigrate despite deteriorating

economic conditions.

The decentralisation of financing for vaccination delivery — with considerable autonomy for
implementing partners to channel funds and other forms of support to facilities — emerged as

both a strength and weakness of the system structure. On the one hand, interviewees
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highlighted the threat posed by donor fatigue and limited financial resilience within the system
to cope with declines in external funding. On the other, the diversity of financing streams
proved essential to maintaining vaccination delivery as economic conditions worsened in
2021/22. Implementing partners in particular were able to step in to provide additional financial
(sometimes in foreign currency) and technical support in a way that almost certainly would
have been impossible for public actors to do in the context of a government hiring freeze and
deepening fiscal crisis (206). They could also do so much more quickly than equivalent donor

funding could be mobilised.

Findings support those identified in other empirical analyses of health system resilience in
humanitarian settings. In particular, our work underscores the multi-modal nature of shock
responses (111), the importance of decentralisation for adaptive responses in some areas
(110,111,182), and the need for flexible approaches to human resource deployment
(111,250). Findings also mirror those from the wider resilience literature in health regarding
the importance of collateral (parallel) service delivery pathways. In Lebanon, multiple service
delivery modes were used at various stages to bolster uptake, including MMUs, fixed site
PHCs, border crossing sites, registration site clinics, and national campaigns among others.
The central importance of timely information flows to support situation appraisal is also clear
(18). In Lebanon, delays to recognition of critical changes in behaviour (e.g., the time taken to
identify changes in service demand, and the time taken for donors to formally recognise
unfolding crises) both imposed significant limits on vaccination delivery system

responsiveness.

There were several limitations to this analysis. A detailed evaluation of demand-side
responses, drawing in service-user perspectives, was not attempted for reasons of practicality
and representativeness across populations in Lebanon. This naturally limits what can be said
here about community-based resilience strategies. These are likely to have been particularly
important during the economic crisis, where anecdotal evidence from interviewees indicates
the use of car-pooling strategies to transport children to health facilities as fuel shortages
intensified. Secondly, we cannot rule out recall bias affecting reporting of system responses
to the refugee influx, given the length of time between peak cross-border movement (in
2013/14) and this analysis (from early 2020 onwards). However, various measures were taken
to minimise this including recruiting participants with a spectrum of experience in the system
(ranging from a few years to several decades) and inviting participants to focus only on areas

where there recollections were strongest.

We highlight a number of important policy implications arising from this analysis. From a

service demand perspective, evidence in this study emphasises the extent to which long-term
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system resilience depends on delivery through a variety of service delivery models, and
continual demand-reinforcement through community engagement (for which multiple
strategies were used in Lebanon). It also underscores the need for measures to address multi-
systemic risk. Household income proved to be a key determinant of demand and changes

here contributed to fundamental shifts in patterns of demand in Lebanon over the study period.

On the supply side, findings in this study emphasise that reactive campaigns are likely to
remain a mainstay of efforts to improve vaccination coverage in acute and protracted
humanitarian settings, especially because population movement often does not immediately
translate into increased demand for preventive services. Secondly, policy changes introduced
at macro-level need to be supported by appropriate and suitably financed cascaded measures
to ensure on-the-ground implementation. This was evident in the initially slow progression of
task-shifting to nurse administration, a policy that proved hard to implement in the face of
powerful vested interests without direct incentivisation at meso- and micro-levels. Finally,
policies should be designed for the long-term. Although the mutability of on-the-ground
conditions in humanitarian settings may make this challenging, we identified examples where
insufficient consideration appeared to have been given to long-term risks policies might
introduce (e.g. the decision to import solar fridges with difficult to access spare parts in an
import-heavy economy), or where sudden policy changes amplified system vulnerabilities (e.qg.

agency support for civil service salary financing).

5.5.6 Conclusion

This study has outlined a range of mechanisms by which the childhood vaccination delivery
system in Lebanon was able to continue functioning despite accumulating vulnerabilities
arising from a series of overlapping shocks. Flexibility in financing and human resource
allocation proved especially important, but there was evidence of structural transformation in
discrete areas of the system that helped ensure continued vaccination delivery. However, by
early 2022, the wide-ranging effects of the economic crisis on both demand- and supply-side
dynamics appeared close to overwhelming the compensatory effects of absorptive, adaptive
and transformational change and highlighted the growing dependence of the system on

external support.
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5.6 Identifying system vulnerabilities and leverage points

This chapter has shown important, qualitative differences in the way in which sequential
shocks in Lebanon affected the vaccination delivery system. Effects linked to the refugee crisis
were delayed partly because it took time for refugee arrivals to translate into increased service
demand, and partly because it took time to mobilise humanitarian response funding. However,
the refugee crisis exposed key supply-side vulnerabilities. These included weaknesses in the
cold chain for vaccines, human resource shortfalls and the dominant role of the private sector.
Demand-side risks stemmed from the unmanageable cost of vaccination for refugees initially,
although these were offset quickly by policy changes. Longer-term, awareness and trust
proved especially important determinants of demand. Later shocks were mixed in their effects.
The economic crisis gave rise to major demand- and supply-side risks, some of which (in the
cold chain for example) concerned pre-existing system vulnerabilities that had only been
partially addressed following the refugee influx. Although all of these shocks were macro-level
(national) in scope, the most pronounced effects were seen at facility level. CLD segments

presented in Paper 2 illustrate how risks cascaded through the vaccination delivery system.

This chapter has also outlined a range of mechanisms by which the childhood vaccination
delivery system in Lebanon was able to continue functioning despite accumulating risks arising
from a series of overlapping shocks. Flexibility in financing and human resource allocation
proved especially important, but there was evidence of structural transformation in discrete
areas of the system that helped ensure continued vaccination delivery. However, by early
2022, the wide-ranging effects of the economic crisis on both demand- and supply-side
structures appeared close to overwhelming the compensatory effects of absorptive, adaptive
and transformational changes outlined in paper 3. Interviewees highlighted the growing

dependence of the system on external support to continue functioning.

Drawing on Meadows’ classification introduced in Chapter 4, we can identify a range of system

leverage points influencing vaccination coverage in the context of these shocks (Table 8):
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No Type of lever Leverage point Leverage points identified through the analysis Example interventions by leverage point

12 Events or patterns of | Constants or e Aggregate financial inputs into the system e Humanitarian response funding
behaviour within the parameters withinthe | «  Number of vaccine doses available to administer | ¢  Procurement with UNICEF support to maintain
system system through PHC network supply at facility level at nominal cost to service

users
e Number of clinic attendances for vaccination e  Multiple — spanning vaccination campaigns and
SIAs, community engagement work, diversification
of service access points, and others
e Cost of vaccination to service users (at facility e Policy change to reduce the cost of vaccination to
level) service users through the PHC network
11 Buffers e Human resource availability at central (policy) and | ¢ (Temporary) donor funding of staff salaries;
facility (doctors, nurses, managers) level change in currency of payments to staff during the
economic crisis
e Implementing partner funding to facilities e Regular, contracted funding to maintain services,
combined with surge funding to manage near-term
demand increases (before donor response funding
was mobilised)

10 System structure(s) Stock-and-flow e Physical infrastructure supporting the cold chainto | ¢ Introduction of solar fridges; cycling back of
explaining events and | structures facility level vaccine vials to district level when electricity
patterns of supplies unreliable

9 behaviours The length of ¢ Time to identification that a shock was unfolding e NA

important time delays | «  Time to mobilisation of donor funding e N/A
e Time to distribution of vaccine doses from the e Implementation of an electronic stock
national storage warehouse to facility level management system at the central warehouse in
Karantina
8 The strength of e Loop linking PHC crowding to staff willingness to e  Staff training in infection prevention and control;

balancing feedback

loops

vaccinate and vaccination uptake during COVID-
19

provision of PPE; patient flow measures including
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clinic cancellations or use of fixed appointment

times

The strength of

reinforcing loops

e Loop linking nurse-led vaccine administration to

vaccination uptake

e Financial incentives to PHC managers to promote
nurse-led vaccination
e Community engagement work to increase service

user trust in nurse-led vaccination

Information and
controls systems
influencing how the

system works

The structure of

information flows

e  Perception of changing demand for vaccination
services at facility level (tracking of vaccination
uptake)

e Introduction of new e-record systems to document
uptake and facilitate identified of missed
opportunities for vaccination (MOVSs)

System rules

N/A

N/A

Self-organisation

e Parallel service pathways to maximise

opportunities for access to vaccination

e Selective use of MMUs led by implementing
partners; opening of border crossing sites

Mental models
(values, beliefs and
assumptions) that
govern how the

system works

System goals

e  Strategic orientation regarding the inclusion of
refugees as a target population for vaccination
through the PHC network

e Policy change to open PHCs as a common access
point for Syrian refugees and host communities,

for vaccination at nominal charge

The paradigm out of N/A N/A
which the system

arises

Transcending N/A N/A

paradigms

Table 8. Mapping system leverage points identified through the thesis against purposeful interventions implemented to support vaccination delivery in Lebanon since 2012.

Interventions in the final column are exemplars only — for reasons of space this list is indicative rather than comprehensive.
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As Table 8 shows, many of the interventions introduced to support system resilience focused
on levers lower down Meadows’ classification. In contrast to Meadows’ assertion that
interventions at these points are likely easier to implement but lower impact, interviewees
repeatedly emphasised the transformative power of consistent financial inputs into the system,
and the importance of stable human resourcing. Chapter 6 extends this analysis to take a
closer look at the behaviour of governance systems and consider leverage points relating to

governance and legitimacy that primarily concern higher order leverage points.
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CHAPTER 6: Governance and health system resilience in

contexts of perpetual crisis — insights from Lebanon

6.1 Introduction

As outlined in Chapter 1, empirical research on the contribution of governance factors to health
system resilience is limited. This chapter incorporates an empirical paper using qualitative,
thematic analysis to interrogate the contribution of governance factors to health system
resilience. The emphasis of the paper is on improving understanding of dimensions of
governance contributing to, or undermining, long-term ability to maintain threshold levels of
vaccination coverage in Lebanon. In doing so, it directly addresses two key areas for further
research identified in a recent agenda-setting exercise — namely, relationships between
governance models and system resilience; and the question of how and where institutional
and other forms of legitimacy may contribute to system resilience (19). The paper draws on
an established conceptual framework outlining a series of governance capacities that may
contribute to system resilience over the long-term (10). This framework has been widely
applied in analyses of health system resilience in general but has not been empirically tested

with reference to system governance specifically.

The paper contributes to addressing the third and particularly the fourth research objectives

for the project, namely to:

3. Identify specific system pathways or system attributes that may explain how and why the
vaccination delivery system in Lebanon responded in the way that it did when affected by
each of the shocks addressed in this research project; and

4. Assess the role of governance and institutional legitimacy in contributing to, or
undermining, system resilience drawing on empirical evidence on vaccination delivery in

Lebanon.

In section 6.4, findings from the analysis are also linked back to Meadows’ leverage points

framework outlined in Chapter 1.

6.2 Research paper cover sheet — paper 4
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6.3.1 Abstract

Background

Although the importance of effective governance for health system resilience is widely
recognised, empirical research on the role of power relations, legitimacy and other factors in
contributing to health system resilience is limited. This paper presents a longitudinal case
study on routine vaccination delivery in Lebanon, a country subject to a series of overlapping
shocks since 2011. We aimed to identify governance features influencing system resilience to

these shocks.

Methods
Qualitative, multi-methods study triangulating findings from three sources: (i) 30 interviews

with 27 public vaccination system stakeholders; (ii) minutes from meetings of 28 health sector
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working groups from 2013-21; and (iii) relevant strategy and implementation documents. Data
were coded in NVivo 12 and analysed using the framework approach, drawing on an existing
conceptual framework that posits four main resilience governance capacities: knowledge,

interdependence, management of uncertainty and legitimacy.

Results

Two governance capacities emerged as particularly important in explaining vaccination
delivery system responses to shocks in Lebanon. Firstly, the legitimacy of macro-level system
actors was influenced by path dependencies including historically highly fragmented service
delivery arrangements across the public, private and third sectors. Responses to each of the
shocks in Lebanon have been characterised by a high degree of de facto decentralisation in
service delivery. On the other hand, there was a concerted attempt to use the space created
by successive shocks to build the legitimacy of the Ministry of Public Health as the key norm-
setting institution. Secondly, although there were improvements in situational awareness
systems following the refugee influx, changes linked to COVID-19 and the economic crisis
reduced the availability of information to actors at all levels regarding routine vaccination

delivery and population vulnerability to vaccine-preventable disease.

Conclusion

Distributed governance models can support short-term adaptation to shocks but may
undermine critical health system functions if the legitimacy of key actors is not established,
and unless robust systems for information exchange between actors and across levels are in

place.

6.3.2 Introduction

Research and policy interest in health system resilience has grown rapidly in recent years,
particularly during the COVID-19 pandemic (7,24). Resilience is understood here to refer to
system capacity to absorb, adapt or transform in response to a shock while maintaining
essential structures and functions (10). There is broad acknowledgement that resilience to
shocks and chronic stressors depends on the presence of institutions that are perceived as
legitimate, and that the nature of system responses to shocks fundamentally depends on
power relations within and beyond the health sector (19,119,166). Recent social science work
in health and other fields also suggests a link between polycentric governance models — in
which actors within a system interact and adjust their behaviour in pursuit of collective goals

in the absence of central authority — and system resilience (152,285,286).

149



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

However, with some exceptions, these theoretical insights have not translated into empirical
analyses of health system resilience. The now large literature on health system resilience
largely neglects analysis of what role(s) governance may play in explaining system responses
to chronic stressors and acute shocks (19,119,269,270). Instead, it emphasises so-called
system “hardware”, such as human resource and material inputs and the availability of multiple
service pathways (11,12). This has contributed to two powerful critiques of empirical research
on health system resilience. Firstly, it is perceived to neglect the importance of power relations
in explaining how health systems function (119). Secondly, critics argue that it privileges the
status quo without sufficient attention to the conditions required to support transitions to more
equitable health systems over the long term (166). It is also, however, at odds with trends in
the wider socioecological literature on resilience from which health systems work has drawn
much theoretical inspiration. In this literature, there has long been recognition of the
importance of institutional legitimacy, power and agency in proactively shaping system

responses, particularly where transformational changes occur (120,121,152).

Questions concerning the relationship between governance and system resilience are
particularly thorny in humanitarian contexts where institutional authority is often more diffuse
and contested than in stable settings. Although historically humanitarian actors have tended
to operate parallel governance mechanisms in response work, Hilhorst has described a recent
transition from what she calls a “classical” to a “resilience” paradigm in support to countries
and communities facing humanitarian crises. In this new paradigm, donors, agencies, NGOs
and other actors move increasingly to working with and through host country institutions and
communities ostensibly to strengthen long-term response capacity (40,287). We must also
recognise the practical reality that in many humanitarian settings, crises are not simply acute,
time-limited events but chronic, and chronically destabilising, conditions in which power

relations are constantly re-negotiated (288).

In this paper, we aimed firstly to reduce the empirical deficit in analysis of resilience
governance for health systems in humanitarian settings. Secondly, we aimed to evaluate a
resilience governance framework, through an exploratory case study on routine childhood
vaccination in Lebanon. Lebanon is a middle-income, Middle Eastern country that has
experienced a series of acute shocks over the past ten years (see the timeline in Appendix
3), now constituting what has been termed a “compound crisis” (198). The emphasis of our
study was on improving understanding of dimensions of governance contributing to, or
undermining, long-term ability to maintain threshold levels of vaccination coverage in

Lebanon.
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6.3.3 Methods

6.3.3.1 Theoretical framework

Our conceptual approach drew on a WHO definition of health system governance, and an
existing resilience governance framework from Blanchet et al (10). Per WHO, “leadership and
governance involves ensuring strategic policy frameworks exist and are combined with
effective  oversight, coalition-building, regulation, attention to system-design and
accountability”.?’ The resilience governance framework (see Figure 29) sets out three system
capacities contributing to resilience — namely absorptive, adaptive and transformative
capacity. These are in turn underpinned by four governance capacities: the ability to integrate
multiple types of information from multiple sources to develop meaningful knowledge about
system behaviour; the ability to manage uncertainty; the ability to engage with multiple actors
across system scales i.e. interdependence; and finally the institutional legitimacy to norm-set

and ensure that those norms are observed.

Uncertainties

Knowledge

Anticipation and ability to
cope with unplanned
events

Integration of different
forms of information

Interdependencies Legitimacy

Implementation of socially
and contextually acceptable
norms

Effective engagement with
other actors across scales

Capacity to manage resilience

Absorption Adaptation Transformation

Resilience

Degree of change within
a system while
maintaining structure
and essential functions

Figure 29. Conceptual framework for resilience governance.

Figure adapted from figure 2 in Blanchet et al (10): the original is licensed under CC BY 4.0, which permits
unrestricted use, distribution, and reproduction in any medium provided the original work is properly cited — as
outlined here: https://creativecommons.org/licenses/by/4.0/legalcode).

20 WHO definition: https://www.who.int/health-topics/health-systems-governance#tab=tab 1
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In our analysis, we make no explicitty normative judgements about resilience and its
contributory factors. Our focus is instead on the overall outcome of resilience in vaccination
delivery, and aspects of system governance that may promote or undermine the achievement

of that aim over time, in the face of compound crisis.

6.3.3.2 Design and setting for the study

We chose a case study design because this approach is particularly instructive in instances
where the boundary between a phenomenon of interest and the context in which it occurs is
blurred (245). The setting for the study was Lebanon, a country which currently hosts the
largest proportion of refugees of any country in the world following large-scale arrivals from
Syria from 2012 onwards. Lebanon has more recently experienced significant disruption
arising because of COVID-19, a multi-dimensional political and economic crisis, and a large
explosion which destroyed sections of the capital Beirut in August 2020 (206). These shocks
together constitute the compound crisis that forms the exposure of interest for this study; a
detailed timeline of events during the study period is set out in Appendix 3.

International actors (donors, technical agencies and non-governmental organisations or
NGOs) have long played an important role in supporting health service delivery in Lebanon
(224,225). Since the beginning of the Syria Crisis, however, the international presence has
grown markedly and is coordinated through at least three distinct frameworks: the Lebanon
Crisis Response Plan (LCRP) (addressing refugee arrivals from Syria), the Emergency
Response Plan (ERP) for Lebanon (addressing needs among vulnerable Lebanese following
the economic crisis and Beirut blast), and the regional response plan providing support to
refugees displaced from Syria (3RP). The LCRP and ERP each contain dedicated health

components including support to primary care service provision, working with the MoPH.

Lebanon has historically had comparatively high health spending per capita in regional terms,
driven by a large and powerful private sector. Governance and service delivery arrangements
for routine vaccination are fragmented. Central oversight is provided by the MoPH, but the
vast majority of the Ministry’s budget is allocated to funding curative care (289). The MoPH
procures routine immunisations through UNICEF. Since 1996 it has also overseen, and
provided technical support to, an expanding network of Primary Healthcare Centres (PHCSs)
through which vaccinations are delivered, but the Ministry does not directly fund these
facilities. The private sector has historically been a powerful player in vaccination delivery:
until 2019, private providers delivered at least 50% of childhood immunisations. This is in
addition to multiple service pathways for refugees depending on their point of origin. These

include administration through the PHC network for displaced Syrians, a parallel system for
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Palestinian refugees led by the UN Reliefs and Works Agency (UNRWA), and a growing

network of informal providers used by non-Lebanese from various countries (235).

Routine childhood vaccination coverage in Lebanon has historically been among the highest
in the region, but coverage rates for key antigens declined precipitously both in the immediate
aftermath of refugee arrivals from Syria, and more recently following the imposition of
lockdowns for COVID-19 control. Analyses published since 2011 have indicated both
substantial variation nationwide in the extent of coverage, and significant differences in the

effectiveness of delivery (including timeliness) across populations (237-239).

6.3.3.3 Data gathering and management

We drew on three data sources to explore governance dynamics influencing resilience in
routine vaccination delivery: (i) key informant interviews; (ii) meeting minutes; and (iii) strategy
and operational documents. A total of 30 interviews were conducted with stakeholders working
at national or regional level in Lebanon, including government officials, representatives from
donors and technical agencies, and representatives from NGOs, and carried out in two waves
(February-March 2020; and June 2021-January 2022 6).

Table 9. Breakdown of interviews conducted, by stakeholder group and timing — paper 4.

Stakeholder group Sub-category Wave 1 Wave 2 Full
(Feb-Mar 2020) | (Jul 2021-Jan | analysis
2022) set
National Government 2 1
Donors 0 4
17
Agencies 5 4
Private sector 0 1
Regional Government 0 1
Agencies 0 2 3
Implementing partner organisations (span 1 9 10
national, regional and local)
Wave total 8 22
Overall total 30 30

Interviewees were purposively sampled from among these groups. Interviews lasted on
average one hour and were semi-structured. We used a topic guide that sought information
on (i) the respondents’ general perception and experiences of the structure of the vaccination
delivery system in Lebanon and its operation, and then (ii) probed specifically around effects
— and system responses — linked to the major shocks of interest, including the governance

capacities outlined in the theoretical framework in Figure 29. Interviews were predominantly
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carried out remotely via Zoom because of COVID-19 restrictions, and were audio recorded.

All were conducted in English. Recordings were transcribed into MS Word prior to analysis.

We also drew on 28 sets of written meeting minutes from the national health sector working
group (HSWG) for the response to Syrian refugee arrivals, which are publicly available from
the UNHCR operational data portal for the Syria Crisis response in Lebanon (207). These
meeting minutes spanned HSWG meetings for the period from November 2013-December
2021. Finally, we included strategy and operational documents including (i) MoPH strategies
relating to health in general, and EPI vaccination in particular, for the period 2006-21; (ii)
annual reports from the PHC network in Lebanon, published by the MoPH; and (iii) agency
contingency planning and LCRP operational documents relating to the refugee response, and
then from 2020 onwards, relating to the Emergency Response Plan for Lebanon. Documents

published in Arabic were translated into English prior to analysis.

Data in all three of the categories described above were uploaded into NVivo 12 for analysis.

All material was analysed in February 2022.

6.3.3.4 Analytical approach

Each of the data sources described above were analysed separately using the framework
approach (257,258). This pragmatic method combines inductive and deductive coding and
was chosen because of the existence of an established conceptual framework after Blanchet
et al (10) on which we could build. Framework analysis involves five discrete steps: [i]
familiarisation with the data, in which an inductive approach is taken to identifying important
themes from a subset of data; [ii] identification of a thematic framework — which typically
combines themes from the familiarisation stage, with a priori themes drawn from prior work or
the wider literature; [iii] indexing, in which material from remaining primary data are indexed
according to the working framework; [iv] charting, in which material is organised by case or
theme; and finally [v] a synthetic “interpretation” step in which key themes and links between
them are distilled. Themes identified for each data source were compared with the other two

to triangulate findings.

6.3.3.5 Ethics

Ethical approval was secured in the UK from the London School of Hygiene and Tropical
Medicine (ref 17461), and in Lebanon from the American University of Beirut (ref SBS-2019-
0376).
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6.3.4 Results

In this section, we draw out material relating to three principal themes that emerged from data
analysis: [i] resilience governance inputs; [ii] actors and networks; and [iii] legitimacy and
system oversight. Each theme has a series of corresponding codes and — where relevant — is
cross-mapped to resilience capacities from the theoretical framework in the final column in
Table 10.

Theme Codes Relevant resilience capacities
from the governance framework

Resilience governance | The importance of stable financial and N/A — new
inputs human resource inputs
Perceived prioritisation of routine N/A — new

vaccination delivery

Effective preparedness and planning for Uncertainty
shock-response

Actors and networks Tensions between governance Interdependencies
fragmentation and central control in routine

vaccination delivery

Effectiveness of information exchange and Interdependencies; uncertainty;

networking between actors in the system knowledge
Legitimacy and system | Building institutional legitimacy through Interdependencies; legitimacy
oversight shock-response

Table 10. Key themes and codes contributing to the maintenance or improvement of routine vaccination

coverage over time in Lebanon, as identified through framework analysis.

6.3.4.1 Resilience governance inputs

Interviewees across stakeholder groups consistently highlighted the importance of inputs in
two principal domains — financing and human resources — for effective governance of
responses to shocks over time. Prioritisation of vaccination delivery, and proper attention to

preparedness and planning also emerged as key factors influencing resilience.

The importance of stable financial and human resource inputs

Financial — and as a result of this, human resource — inputs to vaccination delivery were widely
perceived as insufficient to the scale of the demands being place on the system by sequential
shocks. To some extent, this problem predated the Syria Crisis and reflected the historically

low priority given to the MoPH in government in budget allocations relative to other ministries:

“We do not receive a big budget from the Ministry of Finance to provide health
services. And the budget was mainly going to the hospital admissions and to
cancer drugs and only for Lebanese people. So when Syrian refugees came
to Lebanon UNHCR was taking charge of those health needs” [LFS11,

government official].

155



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

As one international agency employee explained, “why additional things were not done, it was
mainly because of financial constraints. The sector was underfunded, and...if a national
campaign needed to be implemented at that time, the money was not available” [LFSO01,
agency]. Interviews and meeting minutes point to a persistent need for ‘just-in-time’ fund-
raising efforts to support critical response activities including campaigns and supplementary
immunisation activities (SIAs). Human resource constraints were identified as a critical factor
at all levels from national down to facility-level: “the biggest challenge was for us in health was
finding resources. Because in health you know, its staff, its medicine and logistics. If you have

these three things you can open a clinic” [LFS02, agency].

Although the involvement of international actors was key to addressing these shortfalls,
instability in the flow of these inputs over time was also perceived as a key constraint to
mobilising durable shock-responses. For example, interviewees described a boom-and-bust
effect in which a surge in donor funding particularly from 2016-18, helped to cover a large
increase in the number of staff directly employed at Ministry level, only for a change in funding
policy away from staffing and towards activities soon afterwards. This policy change,
combined with a central government hiring freeze to reduce the public sector wage bill in
Lebanon in the face of worsening economic conditions, resulted in significant staffing
shortages in the MoPH. This had implications for the effectiveness of oversight for vaccination

delivery:

“You know UNICEF alone supported us with [around 100 staff on [district] and
central level for two years in 2016, 2017. And then they stopped... now we
don’t have anybody here... And at the peripheral level, we have only three, our
colleagues that are Ministry staff. And also at the [district] level we don’t have
anybody now supporting. So now we are in real, real shortage of staff at

central and at peripheral level.” [LFS03, government official]

By 2020-21, the effects of the economic crisis had added a new dimension to the human
resource retention challenge. Spiralling inflation depressed the value of salaries for
government employees, meaning many could no longer afford to continue working in the

public sector.

Perceived prioritisation of routine vaccination delivery

Interviewees broadly agreed that childhood vaccination was perceived as a service priority,
and that this contributed to resilience in service delivery over time. Routine vaccination
coverage for children under 5 was identified as a key target area under the Lebanon Crisis
Response Plan (LCRP), and this filtered down to facility level: “for the Primary Healthcare

Centres, [vaccination is] always a priority because it's a priority for the MoPH and they are
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always pressing on PHCs you have to ensure proper management of the cold chain, you have
to ensure the correct quantity, you have to follow-up on all your children” [LFS12, implementing
partner]. Particular priority was given to preventive vaccination for polio, which was perceived
as a serious health security threat especially in the early years of the Syria crisis. Interviewees
emphasised the importance of this in explaining why there had not been any confirmed cases
of the disease in Lebanon despite a series of outbreaks in regional neighbours since 2012.

Effective preparedness and planning for shock-response

Chronic financing and staffing shortages undermined central capacity to forward plan and
respond effectively to newly emergent challenges. Referring to staffing at the MoPH, one
interviewee said “they are all well-meaning and with great intentions, but | just feel they are all
stretched ...they are always in crisis mode, so | don’t think they have the ability or the luxury
to think of strategic direction forward because they are so stretched due to capacity gaps”
[LFS16, donor]. At meso-level, implementing partner interviewees noted the difficulty of long-
range planning in a climate of continuing uncertainty over funding, and steadily reducing
project cycle lengths supported by donors: “my main request...[was] to have multi-year
funding, which is more efficient, less use of money, because once you do a multi-year funding,
you will have strategic planning for 2-3 years, and you will know better to work, and it’s more
motivating for the team and more sustainable for the community” [LFS10, implementing

partner].

Short-termism was also linked by some interviewees to political instability and to the terms of
donor engagement with the MoPH. For example, rapid ministerial turnover (sometimes every
few months, at most every few years) contributed to constant agenda change for the MoPH
leadership and undermined capacity to develop long-term strategies to address the challenges
the Ministry faced from 2012 onwards: “every new minister, and we’ve seen this at the MoPH,
starts from scratch, does not really look at a long term plan that the Ministry as an institution

has, but rather at his own agenda” [LFS17, donor].

Although interviewees highlighted activities carried out to increase preparedness for “worst
case” events — particularly outbreaks of polio and cholera — their accounts and those from
meeting minutes and official documents suggested much of this was reactive rather than
proactive. Meeting minutes from 2013, 2014 and 2015 note a series of early planning
exercises for responses to suspected polio cases and outbreaks of diarrhoeal disease
including cholera (290,291). Several preventive polio vaccination campaigns were carried out
in 2013 and 2014 to reduce incident case risk following the emergence of confirmed cases in
Syria. However, we found no evidence in national strategies and preparedness documents to

indicate prior risk-assessment and planning for conflict, refugee arrivals or sudden surges in
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service demand for routine immunisation, despite Lebanon’s recent history of conflict and
cross-border movement of refugees (292,293). Similarly, there was no discussion of
vaccination deployment to displaced populations in the national health strategy preceding the
crisis (292). Cross-sectoral contingency planning documents published in the first few years
of the Syria Crisis response address vaccination delivery only in very high-level terms
(294,295). Finally, although a whole-system strategy to respond to Syrian refugee arrivals in
Lebanon was eventually introduced in the form of the LCRP, this was not published until 2015,

three years after the first refugees had arrived in-country.

6.3.4.2 Actors and networks
The range of stakeholders involved in routine vaccination delivery in Lebanon has historically
been diverse. In this section, we focus on findings addressing stakeholders and network

effects underpinning vaccination delivery over time.

Tensions between governance fragmentation and central control in vaccination delivery
Interviewees described a diverse set of delivery arrangements for childhood vaccination
across populations in Lebanon. Interviewees noted particular historical limitations to the writ
of the MoPH:

“The Ministry has very limited capacity. For example, for vaccines specifically,
a lot of support is given to the Ministry...UNICEF are procuring the
vaccines...and also recruiting staff to support vaccination, having IT support
to create the tracking platform and training of the PHCs on all of that, but in
terms of support to PHCs across the country, it has always been through
NGOs not the Ministry directly. And also the PHCs are managed either by local
NGOs or municipalities or the Ministry directly or the Ministry of Social
Affairs...there was always a need for INGOs and big local NGOs to receive
the funds and provide support to both PHCs and the Ministry.” [LFS12,

implementing partner]

Some interviewees acknowledged the potentially positive effects of fragmented governance
for system resilience, highlighting how implementing partners’ financial independence from
the MoPH had contributed to preserving service delivery capacity especially as the economic
crisis took hold from 2019 onwards. This created space for some of the most important
innovations in service delivery in response to refugee arrivals, including the introduction of
payment-by-results, variable clinic hours, and the expanded use of mobile medical units for
outreach vaccination promotion and delivery. For the economic crisis response, resilience was
attributed to external financing streams, but the limitations of this kind of model particularly for

vaccination delivery were also emphasised: “the problem with the use of the term resilience is
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that in Lebanon it is very much linked to the healthcare sector being so loosely governed...
when it comes to vaccination this is actually a disadvantage [...] because actually vaccination

requires a lot of central planning and coordination” [LFS23, agency].

Under both the LCRP and ERP, health sector coordination was provided through international
agencies (UNHCR and WHO), but with involvement from representative NGOs on governance
and oversight bodies (296,297), although interviewees all agreed on MoPH’s primacy in
governance for vaccination delivery overall. However, there was a tendency towards
proliferation of coordination mechanisms, rather than streamlining, due to funding
arrangements but also to operational frameworks to which working group members were
required to report. Despite the established presence of the LCRP health sector working group,
a parallel working group to support the ERP for Lebanon was launched following the Beirut
blast in August 2020. This covered financial and other forms of support to primary healthcare
delivery through emergency response mechanisms. These two working groups were merged
in January 2022 (298).

In addition, the emergence of multiple governance frameworks organised to a greater or lesser
extent around specific refugee populations contributed to a perception of exclusion among
host communities in Lebanon in the early years of the crisis response, when it came to access

to essential services including vaccination:

“‘When Syrian refugees came to Lebanon UNHCR was taking charge of
those health needs, and after the support the PHCs and some health centres
provided free services for Syrian refugees. This made a conflict between
Lebanese and Syrian populations, because Syrians were covered by
UNHCR when Lebanese people have to pay for health services” [LFS11,

government official].

A number of interviewees commented on delays in recognising the scale and scope of
vulnerability among host communities especially as the economic crisis took hold, and the

implications this had had for targeting of health sector response work.

A key point of contestation during the initial phases of the Syria Crisis response was between
the MoPH and private clinics delivering vaccinations on a fee-for-service basis. Historically,
private clinics in Lebanon operated independently of the MoPH and did not report data on
vaccination uptake or adverse events. This trend continued during the Syria Crisis response.
Examples included the continuing inability of the MoPH to impose a broadly observed national

immunisation schedule, with implications for trust in vaccination delivery:
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“In Lebanon you do not have a single immunisation schedule...this diversity
in schedules...creates an unstable process of immunisation: [if] you look at
the immunisation record of some patients, you see that they have taken 4
vaccines, OPV, DTP, polio etc every month. And this is a financial cost for
the family, when in fact you can give all these vaccines with a single visit to
the physician. It will change the confidence in the vaccination process as a

whole” [LFS26, private sector representative].

The economic crisis, however, changed this dynamic. Declining revenues for private clinics as
economic conditions worsened helped to spur an increasing number of practitioners to work
with the MoPH by signing memoranda of understanding. Under these agreements, private
clinics would receive free vaccine doses from the MoPH (procured by UNICEF) on condition
that they were administered free of charge to patients, and uptake data were reported to the

ministry.

Information exchange and networking

Interviewees emphasised that there had been significant changes in information gathering and
exchange across actors involved in routine vaccination delivery since the beginning of the
Syria Crisis. However, most of these had been concentrated among those directly involved in
the LCRP and/or ERP (Figure 30).

New information exchange channels included, among others, the introduction of two electronic
record systems — the Mobile Epi Registry Application (MERA) and PHENICS — in 2018-19 for
tracking patient-level vaccination uptake and reporting up to the MoPH from participating
facilities (299); and an electronic stock-management system for tracking available vaccine
doses nationally. These were in addition to long-standing vaccine-preventable disease (VPD)
surveillance systems. These included the active case surveillance system for Acute Flaccid
Paralysis run through the Epidemiological Surveillance Unit (ESU) at the MoPH, and
occasional, formal analyses of vaccination coverage (cross-sectional, vaccination card-based
surveys, but also at least one population level sero-survey). A recurrent theme in interviews,
however, was the continuing dependence of the MoPH, donors and other actors on soft data
and human intelligence gathered through the MoPH'’s network of regional coordinators, district

physicians, and through health sector coordination meetings.
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Figure 30. Schematic representations of key information flows within the vaccination delivery system.
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Strengthened formal and informal networking had important implications for the quality of
situational awareness across the system and ability to mobilise resources to support
vaccination delivery. At facility level, interviewees described improved tracking of missed
opportunities for vaccination because of the introduction of e-record systems centrally
coordinated by the MoPH:

“It needed support from the MOPH actually because...the follow-up was great
and the circle would be closing with the PHCs we were supporting. But if the
child went to a PHC we were not supporting, we would not have access to
their data and here we asked for the MOPH to...unify the system and ask
those PHCs to report on these children” [LFS12, implementing partner].

Some also described new mechanisms for informal information exchange, some of which had
strengthened surge capability. These included a voluntary network initiated through the health
sector working group in 2014 that allowed for recruitment of partners working outside
vaccination delivery under normal conditions (e.g., on WASH, or education) to mobilise to

support community mobilisation during campaigns and supplementary immunisation activities.

Nevertheless, in 2021 a large majority of the dispensaries and the private clinics in which over
half of routine vaccination doses nationally were given, continued to operate outside these
systems. Among other implications, this meant that vaccination coverage estimation could

only ever be approximate:

“60-70% of Lebanese do go to the private sector but we have not one data
from the private sector. So | can only speak about children going to the public.
| have no idea about all these children going to the private. | also have no idea
about the quantity of vaccines procured privately by the private sector” [LFS05,

agency].

In addition, pressures linked to the economic situation and COVID-19 were beginning to roll-
back some of the progress that had been made. Nationally, demand for detailed COVID-19
data prompted a re-prioritisation of ESU resources towards pandemic response and away
from VPD surveillance. Interviewees expressed alarm at the implications for monitoring high-
risk VPDs, and ability to rapidly mobilise vaccination-based responses if they arose: “during
COVID all the ESU systems and the active surveillance were focusing more on COVID, so the
active surveillance was not properly done so we don’t know if there were really AFP cases
that were not properly detected” [LFS11, government official]. Routine VPD reporting returned
as a consistent feature of health sector working group meetings only from May 2021 onwards
(300). Interviewees also described challenges to electronic data entry at facility level because

of electricity shortages, and growing difficulties in accessing service data:
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For a while because we were trying to go paperless so we can have an
accurate data and the data will all be on the servers of the Ministry and we can
rely on this to calculate the drop-out rate and the vaccination service provision,
but now with the interruption of the internet connection, we have a lot of
problems. Because we...took a lot of time to shift from paper to electronic
system, but now when we are doing well...instead of improving and upgrading

we will go down to a paper system.” [LFS11, government official]

Finally, a number of interviewees pointed out areas in which information join-up remained
incomplete. One example was vaccine dose usage: “where there is a gap is between the
central warehouse and the primary health centres. So that is a bit of manual process, and
there is often a disconnect in terms of what is being used at the primary health centres, the
consumption at the primary health centres and what has been dispatched for example”
[LFS04, agency]. Some were linked to lack of robust population denominators, and the inability
to properly disaggregate vaccination delivery data between key population groups: “we have
no denominators. The last census for Lebanon was 1932. Since then we are estimating the
population, and we have no idea when we say 80%, | mean | can tell you 1,287,000
vaccinations injected. What does that mean in terms of coverage? | also have no
disaggregated numbers. | have total PCV injected is XX in January, but | can't tell you how

many Lebanese, how many Syrians.” [LFS05, agency].

6.3.4.3 Legitimacy and system oversight
In this section, we review results relating to the perceived legitimacy of institutions and publicly
supported providers and the implications of this for resilience in routine vaccination delivery in

Lebanon.

Building institutional legitimacy through shock-response

Earlier results have noted positioning of the MoPH as the key domestic partner for donor
support to the Syria Crisis response and more recent Emergency Response Plan for Lebanon.
Interview evidence also demonstrated how successive shocks in Lebanon — to some extent
the Syria Crisis response but particularly the economic crisis — had been exploited to try to

bolster the legitimacy of the MoPH as central norm-setting institution for vaccination delivery.

One aspect of this concerned the expansion of the MoPH’s domain of influence over primary
care providers through the PHC network. Here, access to resources through donor support
and the Syria Crisis response including free vaccine doses, chronic disease medications and
capacity-building interventions was provided in exchange for an agreement to administer

vaccinations to patients free of charge, and to report uptake data:
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“The Ministry has monitoring and evaluation power over these centres,
coordinators, regional coordinators visit these centres on routine basis. They
provide on the job support, training to nurses there, they also provide formal
training sometimes there, they also provide formal training there sometimes, the
Ministry provide formal training to these staff and support as well. So this is how
the Ministry tried to increase the governance” [LFS01, agency].

MoPH support was provided in-kind, with funding coming instead from implementing partner
NGOs, charitable and/or municipal sources. However, expansion of the network over time was
substantial — rising from 138 participating facilities in 2010 to over 250 centres by 2020
(301,302).

A second aspect concerned private sector engagement. The MoPH had tried consistently to
improve private sector engagement from 2015 onwards when a Ministry circular was issued
calling for private clinics to partner with them to provide vaccination free of charge, in exchange
for free supplies of vaccine doses. This initiative enjoyed strong support from agency partners
who saw an opportunity to re-shape patterns of vaccination delivery for greater long-term

resilience by co-opting private providers:

“If we bring massive public free immunisation, we are killing the private system. So
where we are now is really trying to work with the paediatricians, that from the time of
the campaign they are with us, they vaccinate the children, that eventually we give

them the vaccines and they report to the Ministry of Health” [LFS05, agency].

However, these engagement attempts initially yielded limited results with only a handful of

partnership contracts signed by early 2022.

The economic crisis from late 2019 onwards appeared to turn the power dynamic between the
MoPH and private providers, for three reasons. Firstly, escalating import costs that meant
private clinics were no longer able to purchase vaccine doses as usual. Secondly, private
clinics could no longer guarantee cold storage space because of electricity cuts. And thirdly,
collapsing household incomes meant that many Lebanese who would previously have sought
vaccination through private clinics could no longer afford to do so. In this climate, private
providers increasingly saw partnership with the MoPH for access to free vaccine doses as
necessary to maintain patient (client) relationships: “now we are resorting to making contracts
with the MoPH as private sector to get vaccines from them for free, and deliver vaccines for
free for our clients...this is the only way to keep on with immunisation” [LFS26, private sector

representative].
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6.3.5 Discussion

6.3.5.1 Summary of main findings

Drawing on in-depth fieldwork in Lebanon, this analysis has underscored advantages and
drawbacks for system resilience arising from fragmented governance models that have been
identified elsewhere (152,168,170,285,303). A high degree of pre-crisis governance
fragmentation in vaccination delivery in Lebanon, and limited attention to preparedness or
planning for large-scale refugee movement meant that a set of spaces existed for donors,
technical agencies and implementing partner NGOs to innovate and to support scale-up of
services. This helped to meet rising demand linked to Syrian refugee arrivals initially, and the
economic crisis later on. It supported short-range, and in many cases adaptive responses to
each of the shocks that formed the compound crisis. However, governance fragmentation also
contributed to challenges of coordination and tracking in a service area (vaccination delivery)
where there is a normative tendency to strong, hierarchical control. This tension was
exacerbated by the historically limited authority of the MoPH, and the slow mobilisation of
system-level responses to refugee arrivals from Syria in what has been termed elsewhere as

a deliberate “policy of no-policy” (304).

There were important changes in networking and particularly information exchange over time
that suggested the beginnings of a transition to polycentrism. Information flows that were
initially primarily upward and often ad hoc became more integrated and formalised across the
system in the period up to 2019. However, difficulties in sense-making persisted because of
the lack of join-up between information systems, and as the economic crisis took hold
electronic information exchange became increasingly vulnerable. Adaptive, perhaps even
transformative, changes in this domain were also limited in their reach, excluding large parts
of the private sector, dispensaries and a network of health centres operated by the Ministry of
Social Affairs, for example. Finally, the practical autonomy of many key actors — most
obviously the MoPH — continued to be constrained by funding and human resource shortages.
Interviewees repeatedly emphasised system dependency on external funding and technical

support.

A striking feature of the response to successive shocks in Lebanon was the strategic effort to
strengthen the MoPH’s legitimacy as a norm-setter and coordinating focus for vaccination
delivery. This is in contrast to critiques of resilience-promotion that have framed it as cover for
a ‘neoliberal’ impulse to roll back the state (40,166,305). This effort actively exploited the
operating space created by system shocks. Initially, it was tied to resources available only
because of the Syria Crisis response but it took advantage particularly of changing power
dynamics between private providers and the MoPH as demand for private services collapsed

in the face of economic crisis. By early 2022, these activities had resulted in a large expansion
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of the number of PHCs within the network and signalled a potentially transformative change
in the accessibility of childhood vaccination for host communities and refugees alike. However,
the model of institutional legitimacy on which this change was primarily transactional. The
expansion of the MoPH’s role in oversight and coordination of vaccination delivery was built
on the promise of access to resources for partner organisations (in turn dependent on donor
funding), as much as on the order-based or procedural forms of legitimacy identified elsewhere
in the resilience literature (e.g. 11). There is an important policy question concerning the long-
term sustainability of this kind of strategy in Lebanon as in other humanitarian settings where

the legitimacy of state institutions is in question.

In this case study, shocks reinforced some existing power dynamics — in particular the central
roles of donors, technical agencies and implementing partners in vaccination delivery. They
also, however, contributed to changing others although these effects were often contingent on
the nature of the shock. This was most evident in the engagement of private providers. This
effort had limited success until 2019; it was not until the economic crisis undercut private
providers’ ability to purchase vaccine doses, and precipitated a demand shift towards the PHC

network, that this balance of power appreciably changed.

Above all, our findings emphasise the critical importance of inputs — financing, human
resources and preparedness/planning — to effective resilience governance in systems facing
crisis. Interviewees repeatedly emphasised the limitations imposed by funding and human
resource shortages on ability to take a long-term view of vaccination delivery needs, as
highlighted elsewhere (281). They also, however, noted the resilience-promoting effects of
widespread consensus on the importance of routine childhood vaccination as an essential

service.

6.3.5.2 Strengths and limitations

To the best of our knowledge, this is the first study to empirically evaluate the framework
developed by Blanchet et al as a means for understanding the role of governance in health
system resilience at macro-level; previous work has focused on bottom-up governance
approaches in the context of climatic shocks (270). Findings reported here suggest that while
the conceptual framework in Figure 29 accounted well for dynamics influencing governance
responses to shocks in Lebanon, potential modifications might account for the upstream role

of critical inputs in determining those responses.

Limitations included the fact that interviews were carried out some years after the first refugee
arrivals from Syria, increasing the risk of recall bias. We addressed this by triangulating using
additional sources including meeting minutes and strategy and implementation reports. As in

all purposively sampled qualitative work, our intention was to gather a diverse range of views
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but it is possible that some themes were missed because of our sampling approach: we did
not interview service users, so material on effects of community-level dynamics on system
governance did not form part of our analysis. Finally, some potentially relevant topics — in
particular the role of corruption — were not addressed in detail by interviewees despite probing,
possibly because remote interviewing (during the pandemic) limited opportunities for trust-
building that would have been available if a face-to-face approach had been used.

Specific limitations applied to the use of meeting minutes from the health sector working group.
Firstly, the meeting minute record was not complete and notes from some discussions,
especially in the early years of the Syria Crisis, were missing. Secondly, meeting minutes were
generally brief and although all included attendee lists, the absence of contextual notes limited
the extent to which power relations between key actors “in the room” could be discerned.
Finally, there may have been dynamics relating to informal or less visible actors influencing

governance systems which would not have been captured.

6.3.5.3 Implications for policy

Four broader policy implications arise from our analysis. First, effective governance for
resilience to shocks depends, at a minimum, on stability in funding and human resource inputs,
and usually on an ability to rapidly mobilise increased resources. Both of these areas have
potential for operationalisation as measures of system resilience. For donor organisations, an
important implication is that short funding cycles undermine resilience at all levels by
promoting short-termism and reducing mental and physical space for innovation and strategic

planning.

Second, shocks can provide moments of opportunity for shifting health sector power-relations
in directions that can promote universal health coverage — provided these are recognised. In
Lebanon, the groundwork for expanded publicly supported primary healthcare provision had
been laid long before a profound economic crisis helped create the conditions for a transition
away from private provider dominance. The scale of this shift in patient behaviour linked to the

economic crisis did not appear to have been anticipated in advance.

Third, transactional approaches may offer viable short-term strategies for building legitimacy
of key health institutions, with international support, in humanitarian settings. However, careful
consideration will be needed to the sequencing of transition to legitimacy-building via other
means including consent and improved transparency, for long-term sustainability. Finally,
trade-offs matter: for vertically oriented services such as vaccination delivery there is a natural
tension between the impulse to distributed governance to allow space for innovation in
response to crisis, and the need for strong oversight particularly in controlling high-risk VPDs

such as poliomyelitis.
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6.3.5.4 Implications for future research

Findings from this study suggest rich possibilities for future work on health system governance
and resilience. Comparative work will be important in empirically testing the consensus in
fields outside health that polycentric models improve system resilience, by looking at other
service areas within and outside health (121,152,286). Further work is also needed to
understand the impact of trade-offs between distributed governance and central control in
critical health service domains. From a methodological perspective, although this study
highlighted the central importance of networking and interdependencies in explaining the
nature of system responses over time, there are natural limits to what may reasonably be
inferred regarding either of these using the framework analysis approach employed here.
Future work should explore the potential of network analysis for research purposes, and to
support resilience assessment and measurement. Finally, empirical evaluation of a resilience
governance conceptual framework in Lebanon showed that it offers good explanatory power
in trying to understand system responses. However, it also showed that there is scope for
adapting it to include critical inputs — particularly in the domains of financing and human

resources — without which effective governance responses do not seem to be possible.
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6.4 ldentifying system vulnerabilities and leverage points

This chapter has shown how governance systems for vaccination delivery in Lebanon evolved
in response to sequential shocks. Responses to each of the shocks in Lebanon were
characterised by a high degree of de facto decentralisation in service delivery. This stemmed

partly from the historically fragmented governance of the health sector and limited norm-
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setting legitimacy of the MoPH. However, there was a concerted attempt — through shock
responses — to build the legitimacy of the MoPH, particularly in the space for change created
by the economic crisis. Secondly, although there were important improvements in situational
awareness systems following the refugee influx, changes linked to COVID-19 and the
economic crisis reduced the availability of critical information to actors at all levels regarding

routine vaccination delivery and population vulnerability to vaccine-preventable disease.

Returning to Meadows’ leverage points framework as described in Chapters 4 and 5, new or
reinforced insights linked to the analysis presented in this chapter are given in red in Table 11
(overleaf). The analysis presented in this chapter shows how changes to information flows,
and the rules governing the vaccination system (leverage points 5 and 6 in the table) helped
to support system responses to shocks in Lebanon. They also show how higher order levers
concerning system goals, and conversely lower order ones concerned with system inputs,
also influenced system capability to deliver vaccinations across population groups. From a
system goals perspective, interviewees emphasised the extent to which vaccination delivery
was identified as a policy priority from an early stage of the response to the Syria crisis, and

importance of this in ensuring mobilisation of funding and technical support.

However, changes implemented through these leverage points were vulnerable. Attempts to
increase the norm-setting capability of the MoPH, for example, were predicated on continued
donor support (in the form of procurement of vaccines doses) and stability in financing flows
and human resource levels. Both became increasing sources of vulnerability during the
economic crisis, although the effect of this was partly offset by collapsing demand in the private
sector (see chapter 5). This reinforces the view that leverage points in Meadows’ framework
should not be viewed in isolation: they are meaningful only within a broader system structure.
Relatedly, these findings suggest that successful action in one domain is often contingent on

appropriate support through leverage points elsewhere in the system.
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No Type of lever Leverage point Leverage points identified through the analysis Example interventions by leverage point

12 Events or patterns of | Constants or e Aggregate financial inputs into the system e Humanitarian response funding
behaviour within the parameters withinthe | «  Number of vaccine doses available to administer | ¢  Procurement with UNICEF support to maintain
system system through PHC network supply at facility level at nominal cost to service

users
e Number of clinic attendances for vaccination e  Multiple — spanning vaccination campaigns and
SIAs, community engagement work, diversification
of service access points, and others
e Cost of vaccination to service users (at facility e Policy change to reduce the cost of vaccination to
level) service users through the PHC network
11 Buffers e Human resource availability at central (policy) and | ¢  (Temporary) donor funding of staff salaries;
facility (doctors, nurses, managers) level change in currency of payments to staff during the
e Implementing partner funding to facilities economic crisis
e Regular, contracted funding to maintain services,
combined with surge funding to manage near-term
demand increases (before donor response funding
was mobilised)

10 System structure(s) Stock-and-flow e Physical infrastructure supporting the cold chainto | ¢ Introduction of solar fridges; cycling back of
explaining events and | structures facility level vaccine vials to district level when electricity
patterns of supplies unreliable

9 behaviours The length of ¢ Time to identification that a shock was unfolding e NA

important time delays | «  Time to mobilisation of donor funding e N/A
e Time to distribution of vaccine doses from the e Implementation of an electronic stock
national storage warehouse to facility level management system at the central warehouse in
Karantina
8 The strength of e Loop linking PHC crowding to staff willingness to e  Staff training in infection prevention and control;

balancing feedback

loops

vaccinate and vaccination uptake during COVID-
19

provision of PPE; patient flow measures including

171



Sharif Ismail

Vaccination system resilience to shocks in Lebanon December 2022

clinic cancellations or use of fixed appointment

times

The strength of

reinforcing loops

e Loop linking nurse-led administration vaccine e Financial incentives to PHC managers to promote

administration to vaccination uptake nurse-led vaccination
e Community engagement work to increase service

user trust in nurse-led vaccination

Information and
controls systems
influencing how the

system works

The structure of

information flows

e Perception of changing demand for vaccination e Introduction of new e-record systems to document

services at facility level (tracking of vaccination uptake and facilitate identified of MOVs

uptake)
System rules e  Norm-setting capability (legitimacy) of MoPH e Financial and technical support from donors and
agencies to procure vaccines for the EPI program
e  Contracts between the MoPH and private
providers to provide vaccines at nominal cost and
report uptake in exchange for free doses
Self-organisation e Parallel service pathways to maximise e Selective use of MMUs, opening of border

opportunities for access to vaccination crossing sites

Mental models
(values, beliefs and
assumptions) that
govern how the

system works

System goals

e Importance attached to vaccination vis-a-vis other | ¢  LCRP and MoPH strategy documents

strategic priorities for health actors underscoring the prioritisation of vaccination
e  Strategic orientation regarding the inclusion of e Policy change to open PHCs as a common access
refugees as a target population for vaccination

through the PHC network

point for Syrian refugees and host communities,

for vaccination at nominal charge

The paradigm out of N/A N/A
which the system

arises

Transcending N/A N/A

paradigms

Table 11. Mapping system leverage points identified through the thesis against purposeful interventions implemented to support vaccination delivery in Lebanon since 2012.

For reasons of space this table is indicative rather than comprehensive. New leverage points highlighted by this study are given in red text.
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CHAPTER 7: Strengthening vaccination delivery system
resilience in the context of protracted humanitarian crisis — a

realist-informed, systematic review

7.1 Introduction: background to the review

The CLDs presented in Chapter 5 and the qualitative analysis in Chapter 6 highlight a series
of system bottlenecks contributing to ongoing challenges in maintaining routine vaccination
coverage in Lebanon. These bottlenecks acted as constraints to system performance but were
conversely also potential leverage points for action. From a supply perspective, there were
readily identifiable, macro-level delays in, for example, crisis recognition by key actors
(including government, but perhaps especially humanitarian actors) with implications for
speed of mobilisation of funding and other resources for response. These contributed to time
delays in mobilisation of funding and resources down to facility level. At micro-level, problems
included a lack of, and delays in recruitment of, qualified nurses to administer vaccinations.
Interviewees also highlighted a need to prioritise preservation of health worker salaries

especially in the face of worsening economic conditions on the ground in Lebanon.

From a demand perspective, the need for robust and ongoing community engagement
emerged as a strong theme. A series of loops in the CLD point to low baseline confidence in
public facilities especially among host communities. This underscored the importance of
ongoing engagement with this population to encourage attendance at PHCs for vaccination,
as well as the need to convince them of the quality of vaccination administered in these

centres, by nurses (following task shifting).

Each of these time delays and aspects of system behaviour are, theoretically, amenable to
intervention, to further enhance vaccination system resilience and ultimately vaccination
coverage. This chapter considers policy and practice strategies that may be effective in
addressing bottlenecks in the interests of long-term system resilience, drawing on evidence
from the international literature. In doing so, it addresses the final research objective, namely
to identify evidence-based interventions to strengthen vaccination delivery system resilience
to shocks, and their potential applicability in the Lebanese context. Here, | present the results
of a realist-informed systematic review of existing literature on system-level interventions to
strengthen resilience in vaccination delivery in crisis-affected settings, focusing particularly on
protracted crises. Further justification of the methodological approach (in particular the choice

of a realist-informed approach to data extraction and analysis) is given in Chapter 4.

173



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

7.2 Research paper cover sheet — paper 5

LONDON Landon School of Hygiene & Tropical Medicina
SCHOOLof Keppel Street, London WC1E 7HT
HYGIENE g

& I'RLJ)I TCAL T:+44 (0)20 7209 4646

F:+44 (0)20 7299 4656
www Ishtm.ac.uk

MEDICINT

RESEARCH PAPER COVER SHEET

Please note that a cover sheet must be completed for each research paper included within a thesis.

SECTION A — Student Details

Student ID Number 1806401 |Tile | Dr
First Name(s) Sharif Adel

Surname/Family Name | Ismail
Resilience to shocks in national vaccination delivery systems:

Thesis Title from analysis of shock effects to resilience-strengthening
intervention approaches in Lebanon
Primary Supervisor Professor Josephine Borghi

If the Research Paper has previously been published please complete Section B, if not please move
to Section C.

SECTION B — Paper already published

Where was the work published? BMC Health Services Research
When was the work published? 23/10/2022

If the work was published prior to
registration for your research degree, N/A
give a brief rationale for its inclusion

Was the work subject
to academic peer Yes
review?

Have you retained the copyright for the Y
* €s
work?

*If yes, please attach evidence of retention. If no, or if the work is being included in its published format,
please attach evidence of permission from the copyright holder (publisher or other author) to include this
work.

SECTION C — Prepared for publication, but not yet published

Where is the work intended to be
published?

Please list the paper’s authors in the
intended authorship order:

Improving health worldwide www.lshtm.ac.uk

174



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

Stage of publication Choose an item. |

SECTION D — Multi-authored work

I concerved the review; designed the protocol with
methodological input from SB and JB; performed the
For multi-authored work, give full details of literature searches; selected studies from inclusion with
your role in the research included in the support from STL; extracted the data with support from
paper and in the preparation of the paper. STL; synthesised the data; wrote the first full draft of
(Attach a further sheet if necessary) the manuscript; revised the manuscript with supervisory
input from JB, KB and SB, and mcorporating revisions
from all authors.
SECTION E
Student Signature Sharif Ismail
Date 02/12/2022

Supervisor Signature Josephine Borghi
Date 02/12/2022

Improving health worldwide Page 2 of 2 www lshtm.ac.uk

175



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

7.3 Paper 5: Strengthening vaccination delivery system resilience in the

context of protracted humanitarian crisis: a realist-informed systematic review

Authors: Sharif A. Ismail**, Sze Tung Lam?, Sadie Bell!, Fouad M. Fouad?, Karl Blanchet?,

Josephine Borghit

Affiliations

1 Department of Global Health and Development, London School of Hygiene and Tropical Medicine, UK
2 National University of Singapore, Saw Swee Hock School of Public Health, Singapore, Singapore

3 Faculty of Health Sciences, American University of Beirut, Lebanon

4 Geneva Centre of Humanitarian Studies, Faculty of Medicine, University of Geneva, Switzerland

* Corresponding author:

Sharif Ismail
Department of Global Health and Development
London School of Hygiene and Tropical Medicine

E: sharif.ismail@Ishtm.ac.uk

Keywords:

Vaccine, vaccination, humanitarian crisis, protracted crisis, refugee, health system

7.3.1 Abstract

Background

Childhood vaccination is among the most effective public health interventions available for the
prevention of communicable disease, but coverage in many humanitarian settings is sub-
optimal. This systematic review critically evaluated peer-review and grey literature evidence
on the effectiveness of system-level interventions for improving vaccination coverage in
protracted crises, focusing on how they work, and for whom, to better inform preparedness

and response for future crises.
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Methods

Realist-informed systematic review of peer-reviewed and grey literature. Keyword-structured
searches were performed in MEDLINE, EMBASE and Global Health, CINAHL, the Cochrane
Collaboration and WHOLIS, and grey literature searches performed through the websites of
UNICEF, the Global Polio Eradication Initiative (GPEI) and Technical Network for
Strengthening Immunization Services. Results were independently double screened for
inclusion on title and abstract, and full text. Data were extracted using a pre-developed
template, capturing information on the operating contexts in which interventions were
implemented, intervention mechanisms, and vaccination-related outcomes. Study quality was

assessed using the MMAT tool. Findings were narratively synthesised.

Results

50 studies were included, most describing interventions applied in conflict or near-post conflict
settings in sub-Saharan Africa, and complex humanitarian emergencies. Vaccination
campaigns were the most commonly addressed adaptive mechanism (n=17). Almost all
campaigns operated using multi-modal approaches combining service delivery through
multiple pathways (fixed and roving), health worker recruitment and training and community
engagement to address both vaccination supply and demand. Creation of collaterals through
service integration showed generally positive evidence of impact on routine vaccination uptake
by bringing services closer to target populations and leveraging trust that had already been
built with communities. Robust community engagement emerged as a key unifying
mechanism for outcome improvement across almost all of the intervention classes, in building
awareness and trust among crisis-affected populations. Some potentially transformative
mechanisms for strengthening resilience in vaccination delivery were identified, but evidence

for these remains limited.

Conclusion

A number of interventions to support adaptations to routine immunisation delivery in the face
of protracted crisis are identifiable, as are key unifying mechanisms (multi-level community
engagement) apparently irrespective of context, but evidence remains piecemeal. Adapting

these approaches for local system resilience-building remains a key challenge.

7.3.2 Introduction

Childhood vaccination one of the most effective interventions in the armoury available to public
health policymakers and practitioners (42—46), but there are major impediments to effective
delivery in humanitarian settings and vaccination coverage in many of these contexts is low

(47,48). Vaccine-preventable diseases (VPDs) have historically been, and continue to be, a

177



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

major cause of mortality and morbidity population-wide, can undermine health service capacity
through health worker absence due to illness, and lead to long-term reductions in economic
productivity (46,306—308). In humanitarian settings, risks are intensified both to displaced
populations (to whom vaccination delivery is often disrupted and in whom the prevalence of
important risk factors for poor outcomes, such as malnutrition, tend to be higher than for settled
populations) and to host communities (through disruptions to vaccination programme and

indirectly through risks to herd protective effects).

The challenge of low coverage in humanitarian settings is compounded by a long-term shift in
displacement patterns in humanitarian crises away from camps towards informal, urban or
peri-urban settlements in which over 80% of refugees globally now reside (66—68).
Populations living in these areas are often more mobile than those in camps, posing
challenges for service delivery and for health information systems, especially so because
many vaccines require multiple doses to ensure adequate protection. They also experience
more pronounced barriers to care access through both national systems (in countries in which
refugees and host communities are served through common public service pathways), and
agency-led delivery systems (in countries where refugees continue to be served primarily
through parallel arrangements). The evidence base to address this in crisis-affected settings
is piecemeal (51,52,309). Most guidance focuses on acute rather than protracted crises
(82,84), with little or no consideration of resilience-building or promoting measures that might

improve national system resilience over the long-term.

The aim of this review was to identify system-level interventions to strengthen health system
capacity to maintain and improve vaccination coverage in protracted humanitarian settings by
bolstering the resilience of delivery systems. We use the definition of system resilience
employed by Blanchet et al in their work on resilience governance, namely “the capacity of a
health system to absorb, adapt or transform when exposed to a shock...and still retain the
same control over its structure and functions” (10). This approach sets out three main
mechanisms for system resilience: absorption, involving delivery of services at the same level
(in terms of quantity, quality and equity) and using the same resources and capacities;
adaptation, in which services are delivered at the same level but with fewer and/or different
resources; and transformation, in which health system actors transform the structure and
function of the system to respond to environmental change (10). The term “humanitarian crisis”
also encapsulates a very wide range of contexts in which the pressures experienced by health
systems, and the spectrum of appropriate responses to these, is considerable. Our analytical
approach therefore drew on an emerging body of realist review work focusing not just on
identifying which interventions work, but more particularly explaining how they work, and

contextual factors shaping this (259,260), with a view to tailoring findings to different settings.
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We developed a guiding conceptual framework that linked important health system functions
(encapsulated by the health system building blocks) and aspects of the wider operating
context, to mechanisms, and finally vaccination delivery-related outcomes, as illustrated in
Figure 31. Given the diversity of intervention types considered here, developing a unitary
programme theory (in line with convention for realist reviews) was neither feasible nor
desirable. Instead, our focus was on describing the putative mechanisms by which included
interventions worked, as an adjunct to a systematic review methodology (261-263). The
process by which the conceptual framework was derived is outlined in more detail in Appendix
9.

Figure 31. Guiding conceptual framework for the review.

The framework links contextual aspects (conceptualised using the WHO building blocks framework, but also
conditions linked to the broader national context and aspects of the specific humanitarian crisis in the setting for
each intervention) and activities strengthening resilience attributes, the mechanisms for enhancing system
resilience (absorption, adaptation, transformation) and finally the vaccination-related outcomes achieved (in this
case population-level vaccination coverage for antigens included in the review). For more detail on how this

framework was developed, please refer to Appendix 9.
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7.3.3 Methods

This was a realist-informed systematic review of peer-reviewed and grey literature. The review
was performed in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (PROSPERO protocol reference CRD42021273124 —
available here and in Appendix 10). We considered evidence relating to vaccination delivery
for refugee, internally displaced and host community populations in LMICs affected by
protracted humanitarian crises with a particular focus on children aged 0-5 as the target
population for most routine vaccination programmes, but incorporating older displaced

children, teenagers and adults in consideration of, for example, catch-up programmes.

7.3.3.1 Definitions, inclusion and exclusion criteria

There is no broadly agreed definition of the term “protracted crisis” in the literature. We
adopted the approach used in the Global Humanitarian Assistance Reports, including any
country subject to at least five, consecutive years of UN-coordinated humanitarian action at
any point between 2001 and 2021 (310). A shortlist of eligible countries was generated using
this approach to determine which contexts to include in searches (see Appendix 11).

We gathered evidence on system strengthening interventions aimed at one or more of the
WHO health system building blocks at meso- or macro-level, with explicit or potential effects
on either or both of the primary and secondary outcome domains set out below. For inclusion,
[i] there needed to be sufficient programmatic detail in the article to form a clear view of
intervention design and how it had been implemented, and [ii] interventions had to operate at
meso- or macro-level. Meso-level interventions included supply-side measures such as area-
based interventions (i.e. district, governorate or equivalent level and above), health sector
interventions addressing system resilience directly, or alternatively specifying activities under
one or more of the WHO'’s six health system building blocks; or interventions targeting specific
tranches of the vaccination delivery pathway e.g. cold-chain maintenance; or demand-side
interventions focused on refugee or otherwise displaced populations in crises with
demonstrated effects on population health outcomes (e.g. cash transfer programmes), with
the overall objective of increasing population demand for, and uptake of, vaccination. Macro-
level interventions, on the other hand, addressed system resilience at national level directly,
or concurrently addressed a number of the WHO'’s six health system building blocks at national
level; or described interventions targeting specific tranches of the vaccination delivery pathway
at national level. Micro-level interventions such as the use of tailored text-messaging or other
forms of individualised outreach were excluded from the review. Shorter-term activities such
as vaccination campaigns were included provided there was demonstrable evidence that

these contributed in some way to longer-term resilience-promotion (e.g., through training of
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workforce cadres, leveraging of existing structures in new ways). A full outline of inclusion and

exclusion criteria is given in Table 12.

Table 12. Inclusion criteria applied in the selection of studies for this paper.

Domain

Criteria

Study type

e Journal articles, conference abstracts, agency and NGO evaluation reports,
government reports and plans, presentations, WHO SAGE documents, guidelines
and guidance documents

e For peer-reviewed papers, study designs may span systematic reviews and meta-
analyses, randomised controlled trials, interrupted time series analyses, repeated
cross-sectional studies, qualitative analyses (i.e., primary studies).

e Grey literature sources will need to report original findings from population-based
studies of the kinds identified above, or programme or policy evaluations. Formats
may include formal reports, working papers, PowerPoint presentations etc.

Sources that neither cite nor directly report research results will be excluded.

Search period

01/01/2001-09/11/2021

Populations

Refugees, internally displaced populations and host communities in settings meeting
the geographical inclusion criteria set out below.

Intervention type

For inclusion, the paper must have an interventional focus, must describe a macro or
meso-level intervention as outlined in the main body of the paper, and crucially, must
provide detail on the mechanism by which the intervention acted. Micro-level
interventions were not included. Finally, studies had to report against one or both of the

outcomes (primary or secondary) identified below.

Immunisation focus

Articles referencing any or all of the antigens listed in WHO guidance on interventions
for application in humanitarian emergencies(82) — specifically: Cholera, Diphtheria,
Haemophilus influenzae type b, Hepatitis A, Hepatitis B, Hepatitis E, Human
papillomavirus (HPV), Influenza, Japanese encephalitis, Measles, Meningococcal
disease, Mumps, Pertussis, Pneumococcal disease, Poliomyelitis, Rabies, Rotavirus,

Rubella, Tetanus, Tuberculosis, Typhoid fever, Varicella, Yellow fever

Geographical

coverage

LMICs (defined according to World Bank Country and Lending Groups classification)
with significant refugee or internally displaced populations and included according to
whether they met a pre-determined “protracted crisis” definition, based on duration of
humanitarian or refugee response plan coverage during the study period (see
Appendix 11).

Outcomes

The primary outcome measure was population level vaccination coverage for any of the
antigens listed above. Secondary outcome measures included vaccination delivery
metrics such as drop-out rates, reported caseload for vaccine-preventable diseases;
and resilience metrics (variable according to the study).

Languages

Arabic, English and French
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7.3.3.2 Outcome measures

The primary outcomes of interest in this study were population level vaccination coverage for
the vaccines outlined in the aims and objectives section above (defined according to the WHO
schedule). We also considered secondary outcomes in two categories: [i] vaccination delivery
outcomes as defined by included studies but including rates and reported caseloads for
vaccine-preventable diseases (VPDs); access to routine immunization (typically defined as
the proportion of eligible children within a given time period in receipt of a particular antigen
dose); drop-out rates (for multiple dose regimens); and [ii] system resilience indicators where
these were given e.g. the presence of systems for protecting financing for vaccination,
composite measures such as facility readiness metrics, available vaccine stock, workforce
numbers and reserve and so on (with variations from study to study according to design and

setting).

7.3.3.3 Identification of studies

Keyword-structured searches were performed in MEDLINE, EMBASE and Global Health (all
via Ovid), CINAHL (via EBSCOHost), the Cochrane Collaboration and WHOLIS. These were
accompanied by targeted searches for grey literature through the UNICEF, Global Polio
Eradication Initiative (GPEI) and Technical Network for Strengthening Immunization Services

(Technet — https://www.technet-21.org/en/) websites, because of the role these organisations

and initiatives have played in producing and collating evidence and technical guidance to
support routine immunisation delivery including in humanitarian contexts. All literature
searches were performed between 3 and 9™ September 2021. A sample search strategy is

provided in Appendix 12.

7.3.3.4 Selection of studies

Studies were independently screened for inclusion on title and abstract, and then full texts
reviewed by two members of the research team working independently, using the criteria
outlined in Table 12. The first stage of screening (title and abstract) for articles identified
through established search engines was performed using Rayyan QCRI, a free web
application to support the conduct of systematic reviews by researchers working remotely
(311). For results obtained from the UNICEF, GPEI and TechNet websites, initial screening
was performed in MS Excel because it was not possible to download full reference details in
an appropriate format for use in referencing software. Full text screening for all sources was
conducted exclusively using MS Excel, and with reference to article PDFs. At each step,
disagreements were resolved based on discussion between the two members of the screening

pair.
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7.3.3.5 Data extraction, assessment of study quality, and data synthesis

Data were extracted in duplicate from each included study using a pre-developed extraction
template in MS Excel (Appendix 13). The extraction template was structured around the
context-mechanism-outcome triumvirate emphasised in guidance on realist reviews
(260,312). The template gathered basic study characteristics, general features of the
intervention context (including the type of humanitarian crisis, and whether the intervention
was geared towards prevention or outbreak response), the target disease; data on intervention
structure using an approach informed by the WHO’s health system building blocks but
including additional components such as service-user-focused aspects (demand management
approaches such as community mobilisation and communications initiatives to bolster
vaccination uptake); and finally measured outcomes. Importantly, the tool focused specifically
on how inputs contributed to absorption, adaptation or even delivery system transformation
(i.e., the intervention mechanism). Findings were synthesised using a thematic approach

informed by the framework given in Figure 31.

Study quality was assessed independently using the Mixed Methods Appraisal Tool (MMAT),
a validated tool developed which has been developed to help facilitate appraisal of public
health research studies with multiple study designs and interventions within a single
framework (313). Results from the duplicate extractions were inspected and areas of

disagreement resolved by discussion between the two authors engaged in the extraction.

7.3.4 Results

A total of n=50 studies focused on childhood vaccination delivery were included after
screening (see the flowchart in Figure 32, quality appraisal summary in Appendix 14, and
summary table in Appendix 15 for further details). Included studies addressed interventions
implemented in a range of settings, but the largest number of studies were from Nigeria (n=15,
30%), followed by South Sudan and Afghanistan (n=4, 8%), and Cameroon, Haiti and Somalia
(n=3, 6%). Four studies (8%) addressed interventions applied across multiple settings. There
was considerable diversity in health system and wider crisis contexts in which interventions
were being implemented. Considering crisis settings, over half of the included studies
described interventions in settings of active conflict or that were immediately post-conflict
(n=27, 54%); a third were implemented in complex humanitarian emergencies including large-
scale population displacement (n=18, 36%); and two studies (4%) focused on interventions
implemented in the aftermath of natural disasters (Figure 33). Further detail on contextual

settings is provided below.
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We identified eight broad intervention classes (Figure 33), of which the commonly described
were vaccination campaigns (n=17, 34%). Eight studies (16%) addressed multi-dimensional
interventions, some of which included campaigns as one aspect of what was delivered but
might also incorporate community mobilisation activities and governance or surveillance
system strengthening among other activities. Health financing interventions were addressed
in 7 studies (14%), including an evaluation of the effects of aid on immunization-related
outcomes, and 2 studies on the application of national performance incentive policies
implemented at the level of facilities or health workers. Community engagement activities were
also considered in 4 studies (8%). Other papers addressed more narrowly focused
interventions such as service integration (n=6, 12%), those geared towards improving
governance coordination in vaccination delivery (n=3, 6%), health information (n=3, 6%) and
health workforce (n=2, 4%). Finally, most studies addressed either interventions targeting
multiple antigens from the routine schedule (n=17, 34%) or those aimed at improving coverage
of different classes of poliomyelitis immunisation (n=19, 39%). A smaller number considered

cholera or measles vaccination specifically.

A large majority of included studies (n=29, 58%) were mixed-methods program evaluations,
but methodological approaches across the complete set were diverse. We did not identify any
systematic reviews that explicitly addressed vaccination delivery in humanitarian settings and
met the inclusion criteria for the study — specifically with regard to intervention design and
delivery. This partly reflects a primary focus of this study on gathering information on

intervention mechanisms, as well as measured effects.
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Figure 32. PRISMA flowchart describing the results of the screening and article selection process.

In this review, the selection process is described in two flows; one relating to peer-reviewed literature sourced through formal databases (the left-hand stream), and one

December 2022

describing selection of peer-reviewed, grey and other sources identified through searches of organisational and other websites relevant to vaccination delivery (right-hand

stream).
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Figure 33. Breakdown of included articles by intervention class and the type of humanitarian context described.
Campaigns were the most-commonly described interventions, and predominantly from complex humanitarian

crisis settings.
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Significant methodological limitations were identified across almost all of the included studies
(see summary MMAT judgements in Appendix 14). Table 13 provides a summary of the
principal intervention types identified in the review, the mechanisms by which these were seen
to act (in all cases either adaptive, transformative or potentially transformative), a summary of
relevant outcomes, and some of the key contextual modifiers in each case. A study-by-study
summary of results is given in Appendix 15. As Table 13 shows, most included interventions
supported system resilience through adaptation. Although reported outcomes varied
according to the study, some important contextual modifiers were identified that cut across a
number of studies, including: the level of insecurity in the operating environment; the level of
population trust in providers; and the existence of pre-existing health system infrastructure
(especially linked to polio eradication activities in security-compromised areas) around which
to implement new interventions. The remainder of the results section is organised according
to broad intervention class, beginning with vaccination campaigns. In each section, details of
intervention mechanism are given alongside relevant contextual information to help explain

how and why the intervention took the form that it did.
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Intervention Intervention Mechanism Outcomes Contextual modifiers Relevant
class type studies
Campaign Adaptive. Variable according to campaign structure Wide variety of contexts described. Active (314-
approaches (see Appendix 15). All studies noted | conflict/insecurity strongly influenced choice of 330)
increases in coverage post-campaign but with service delivery modality, in particular the extent
variations according to geography or population to which community mobilisers were involved in
group. demand-generation activities.
Health Payment for Adaptive Variable evidence of effects on coverage for All included studies applied in conflict-affected (331-
financing performance selected antigens depending on the study — one settings. (Positive) wider health system financing 333)
showing a positive effect, one showing no effect, environment likely to have influenced outcomes in
and one showing a marginal decrease in one of these studies (331).
coverage over time.
Funding Adaptive Rapid decline over time in difference between Applied in conflict-affected setting only. (334)
disbursement funds disbursed to health workers and funds Availability of a partner bank in-country with
accounted for. capacity to support mobile phone-based funding
disbursement important to intervention delivery.
Private sector Transformative | Statistically significant increase in coverage for Community-embeddedness of the intervention — (335)
engagement selected antigens in intervention area by through engagement of local councils — was
comparison with controls. important in supporting demand for vaccination
through the public-private partnership.
Development Adaptive Improvements in coverage for selected antigens Relevant countries included in both studies were (336,337)

financing

over time following uplift in macro-level financing.

primarily conflict-affected, with significant and

ongoing disruption to health service delivery.
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Service Mobile Health Adaptive Improvements in coverage for selected antigens Both interventions applied in conflict-affected (338,339)
integration Teams over time but with variations across population settings. Existence of established governance
groups. mechanisms (linked to agreed basic package of
care in one study, and a strategic plan and
accountability framework in the other)
Nutrition and Adaptive Increases in number of children immunised in one | Both studies implemented in South Sudan in (340,341)
routine study (coverage not reported) and coverage for context of ongoing instability. Existing service
immunisation selected antigens in the second study following integration policy identified as important success
implementation. factor for the intervention in supporting pooling of
funds across service domains.
Polio eradication | Potentially Increases in coverage for selected antigens Both interventions implemented in conflict- (342,343)
and routine transformative | following implementation of the integrated affected contexts. Ability to mobilise sufficient
immunisation interventions. financial resources to support delivery identified
as a key success factor, as well as existence of
established polio eradication architecture on
which to capitalise.
Governance Civil-military Potentially Improvements in accessibility for targeted areas Both interventions applied in conflict-affected (344,345)
and engagement transformative | noted following intervention implementation, as settings. Existence of governance mechanisms
coordination well as reductions in number of zero-dose linked military leadership at regional level and the
children. polio eradication programme in each country
identified as an important factor in promoting civil-
military engagement.
Cross-border Transformative | Improvements in vaccination coverage, case Political commitment from country governments (346)

coordination

ascertainment for AFP among high-risk
populations identified following intervention

implementation.

and brokering by WHO identified as important to
success of intervention. Contextual challenges
tempering effects included ongoing population
movement from South Sudan and local factors
including a health worker strike in Kenya.
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Health Volunteer Adaptive Reduction in the number of missed opportunities Supportive infrastructure of the polio eradication (347)
workforce community for polio vaccination following intervention initiative in-country identified as key to success of
mobilisers introduction. the VCM intervention, as was population-level
trust in these providers.
Technical surge Adaptive Reduction in both missed opportunities for polio Substantial funding (in this case from BMGF) (348)
capacity vaccination and documented polio cases identified as an important contextual factor
following intervention implementation. supporting the intervention, as well as prior
implementation of a performance and
accountability framework in WHO country offices
that supported assessment of performance
against surge personnel contracts.
Health Monitoring and Adaptive Variable according to the intervention — see Prior experience of the polio eradication initiative (349,350)
information planning Appendix 14. Reduction in the number of with deployment of GIS-based population
and geographical locations with zero vaccination mapping supported intervention implementation.
surveillance coverage by comparison with control areas in one | Continuing population movement undermined the
(GIS-based) intervention. Effectiveness of rapid effectiveness of rapid monitoring for campaign
monitoring for campaign delivery unclear. targeting in the second study.
Outreach Adaptive Reduction in reported polio case load, and Applied in a single post-conflict setting only. (351)
surveillance improvements in performance against a series of
AFP surveillance criteria.
Community Community Adaptive Increases documented in vaccination coverage, All four studies were implemented in northern (352—
engagement mobilisation or reductions in missed opportunities for Nigeria. An important factor influencing 355)
activities vaccination depending on the study. programme success in at least two of the studies

included the long-established position of the polio
eradication initiative and the supporting
infrastructure it provided around which to build

community mobilisation activities. Population trust
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in providers was also a key factor influencing

success.

Table 13. Summary of interventions included in the review, the mechanisms by which these supported system resilience, outcomes and key contextual modifiers.

Multi-dimensional interventions are not included in this table because they comprise multiple discrete interventions acting in a variety of ways — please refer to the main text for

further information on these.
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7.3.4.1 Supply-side interventions

Vaccination campaigns

A total of 17 studies in this category met the inclusion criteria, most (n=10) describing
campaigns delivered in complex emergency settings, and a large proportion (n=7) focused on
cholera prevention or control, with measles (n=4) and polio (n=3) also commonly targeted
pathogens. Most studies were either post-hoc campaign evaluations (n=9) or cross-sectional
surveys assessing campaign impact (n=8). These studies were distinguished from material on
supplementary immunisation activities (SIAs) by the duration of engagement during the
intervention, with an understanding that campaigns were short — up to a maximum of a few
months in length for each individual round. Included articles described campaigns delivered
in a broad range of country contexts, with the best-represented country again being Nigeria
(n=4), and two studies from Cameroon.

All vaccination campaign studies described short-term and adaptive responses to crisis,
including mobilisation of significant additional resources (financial, human and other)
domestically and from international donors and other non-governmental actors. Those studies
reporting the largest effects all concerned multi-component campaigns involving vaccination
delivery through multiple service delivery modes (fixed site, mobile clinics and sometimes
mass vaccination sites), but accompanied by community mobilisation activities, health worker
recruitment and training, and support to cold chain improvement, among other interventions.
For example, two linked studies addressing different aspects of the same cholera vaccination
campaign among displaced persons in Borno, in northern Nigeria, showed 90% (95% CI 88-
92%) first dose, and 73% complete (68-77%) OCV coverage in the target population following
a multi-dimensional intervention involving door-to-door and fixed-site delivery modes, multiple
information dissemination and communication routes (word-of-mouth, flyers, announcements
and media spots) and health worker capacity building. However, the two studies also note
important contextual factors contributing to success: the campaign benefited from a long-
standing partnership governance model in which the Ministry of Health led but agencies and
NGOs supported on the ground delivery, and preparedness in two key areas before the
outbreak: training in cholera preparedness that had incidentally been run by the Nigeria CDC
earlier the same year, and the licensing of OCV for use in Nigeria in the months prior to the
outbreak (323,324).

These studies also emphasised the importance of prior networks built through polio
eradication work in Northern Nigeria, and the ability of campaigns to capitalise upon this. Two
further evaluation studies from Nigeria, considering polio and measles campaigns
respectively, documented the use of polio eradication infrastructure to support short-term

activities, including the use of existing GPEI governance structures, outreach capabilities
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especially in less secure areas that had been developed previously in partnership with the
Nigerian military, and the integration of measles surveillance within case-based information
gathering on acute flaccid paralysis (AFP). In these cases, near-term, adaptive responses built
on long-term capacities in the vaccination delivery system in Nigeria intended to bolster
resilience against the spread of poliomyelitis, although the results reported by the first study
should be treated with caution because administrative coverage estimates exceed 100%
(316,328).

Two studies from Cameroon considered campaign rollout for cholera and meningococcal
vaccines against the backdrop of COVID-19 spread nationally. These studies emphasised the
importance of central coordination through the Ministry of Health, the recruitment and training
of cadres of vaccination workers (including community mobilisers to enhance outreach into
remote and insecure communities) and the use of multiple communication modes with target
populations — including through community leaders — to enhance uptake. Both studies
reported large improvements in administrative vaccination coverage following the respective
campaigns but noted large regional variations. Neither study included a formal cross-sectional
survey or time-series analysis to statistically evaluate campaign impact, so results should be
treated with caution (314,315).

Drawing transferable lessons from other campaign-focused studies in this review is limited by
the diversity in contexts in which they were implemented, ranging from multi-vaccine delivery
in low-income settings in the midst of active conflict (319,325), to OCV and MMR deployment
among displaced Rohingya refugees in Bangladesh (320). However, common strategies
emerge across a number of these studies, including the use of multiple service delivery
pathways (318,321,322,327,329), intensive community engagement and mobilisation
activities (318,319,322,326,330), and central coordination led by the domestic Ministry of
Health (317-321), which in combination were intended to increase vaccination coverage by
mechanisms including bringing services closer to users, enhancing awareness of the need for

vaccination and trust in service providers.

Health financing

Seven studies considered health financing interventions that ranged in focus from adaptive
capacity building to potentially transformative activities. These included two that looked at
macro-level financing — specifically the value or otherwise of development aid in promoting
improved health outcomes, including for vaccination, and system-strengthening in Gavi-
supported countries (336,337); one study that considered private sector provider engagement

in routine immunisation provision (335); and four that considered in one way or another
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improvements to local level incentives for vaccination delivery (331-334). Of these four, three
studies considered explicit incentivisation to facilities or health workers via pay for
performance (P4P) (331-333); and one considered improvements to disbursement of
programme funds to local level to promote vaccination delivery as a means of reducing the
risk of delayed payment to HCWs (334). Most of these studies were from low-income settings
in Sub-Saharan Africa, and 5 of the 6 considered interventions in conflict or post-conflict

environments. The overall picture from these studies was mixed, as outlined below.

Pay for performance (P4P) and financial disbursement mechanisms

Studies on P4P and disbursement mechanisms involved changes of a potentially
transformative nature for system resilience by changing structures and accountability systems
governing financing for vaccination delivery. Of the three studies that looked at P4P, two were
from time-series analyses from Burundi (331,333) in the near-post conflict period, and one
from Afghanistan (332) was a high-quality cluster RCT in the context of an ongoing, complex
humanitarian crisis. All involved programmes overseen by the Ministry of Health in each
country, but with contracting arrangements to facility level involving humanitarian actors and
NGOs in service delivery. One study from Burundi found evidence of an improvement in
completion rates for routine vaccination courses, especially for children from poorer
households, after the introduction of the intervention (331), but the other two studies found no
meaningful effect on vaccination uptake overall. The difference in measured effect may be
partly down to intervention design: in Afghanistan incentives were provided directly to
healthcare workers, whereas in Burundi payment was issued to facilities. Results in the
Burundi study showing a positive effect on completion were also potentially influenced by
context, because the intervention was implemented at the same time as a large overall

increase in facility level budgets (for which the authors were unable to control) (331).

The study on disbursement mechanisms did not consider any of our primary outcomes but did
address intermediate effects (secondary review outcomes) including successful completion of
health worker payments, widely understood to be a key operational challenge for programme
delivery in LMICs in general, and humanitarian settings in particular (334). In this intervention,
the WHO oversaw direct disbursement to the local level through a variety of activities including
a newly introduced e-payment system, the establishment of close-to-facility payment sites and
later the use of mobile payment systems, with reconciliation of funding distribution through
partner meetings and other forms of information exchange. The intervention mechanism was
two-fold: [i] to increase funding availability at the local level to support service delivery, and [ii]
improve health worker satisfaction and motivation to deliver vaccination, as a result of prompt
payment. In this observational study, the number of HCWs successfully paid increased

markedly over the course of the programme, and match-up between funds disbursed and
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accounted for trended to 100%. This scheme was eventually extended beyond polio, to other

routine immunisation workers, to help contribute to long-term system resilience.

Private sector engagement

One study considered the integration of private providers into routine immunisation delivery
through a public-private partnership (PPP) in Uruzgan province in central Afghanistan, which
had historically suffered from both profound insecurity and chronic underinvestment in primary
health care services (335). This cross-sectional analysis found a statistically significantly
greater uptake of polio, DTP and measles vaccinations in intervention locations targeted by
the PPP by comparison with control areas where access was primarily through mass
vaccination campaigns. Involvement of private providers was promoted through a wide-
ranging support package including payments to private practitioners (which did not appear to
be performance-linked), provision of vaccine doses and consumables, HCW training and
financial other forms of support to improve facilities. Private providers were also wrapped into
broader community engagement through local councils, to improve awareness of the new

service offer.

Development financing and vaccination delivery

Finally, one ecological study looked at the effectiveness of development financing for health
in South Sudan, linking macro-level donor and government investment in health to outcomes
at national level through a population survey. This study concluded that despite considerable
domestic instability, donor funding to support HSS had resulted in statistically significant
improvements in measles (11.2% improvement in coverage, +/- 4.2%, p<0.001), DTP3 (13.1
+/- 3.6, p<0.001) and all-vaccination coverage (11.3, +/- 3.0, p<0.001) over 5 years from 2011-
2015, albeit from low levels (337). These global findings covered marked variation at sub-
national level, for which the study could offer not mechanism-based explanation as data on

information on service delivery models and partnerships at this level were not gathered.

Service integration

Six studies considered system adaptation through service integration — four from sub-Saharan
Africa and two from South Asia (Afghanistan and Pakistan). Two studies evaluated the impact
of Mobile Health Teams (MHTSs) offering integrated PHC including vaccination delivery in
Afghanistan and Nigeria (338,339); two looked at integration between nutrition and routine
immunisation services in South Sudan (340,341); and the final two studies considered
integration of routine immunisation with polio outreach activities in Nigeria and Pakistan
(342,343). All bar one were observational studies; the final study was a high-quality cluster
RCT from Pakistan (343).
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Use of Mobile Health Teams

Two studies on the use of MHTs both showed statistically significant improvements in
vaccination coverage, although the nature of these effects varied. A well-conducted, case-
control study in Afghanistan found significant improvements only in uptake of first dose
measles vaccination (338) by comparison with control areas (p=0.02), whereas in Nigeria, a
document review-informed programme evaluation found improvements in all-vaccination
coverage and course completion rates (from 19-55% over the duration of the intervention) in
infants aged 12-23 months (339). The mechanisms by which MHTs worked had much in
common across contexts, including an element of population targeting (especially in Nigeria
where MHTs were deliberately targeted to settlements in the North of the country that were
deemed high-risk for further AFP cases); intensive community engagement and outreach
activities (integrated into the intervention through the inclusion of community mobilisers into
the MHT in Nigeria, but parallel to it in Afghanistan) to promote awareness of, and trust in,
services provided; a system of regular visits over time to build local population trust, rather
than one-off interactions; and transparency regarding visit scheduling so that service users

knew when teams would be in their locality.

Integrating childhood immunisation and nutrition services

Two low-quality, observational studies considered the effect of integrating nutrition and
immunisation services through single access points in South Sudan (340,341). Both showed
improvements in uptake for routine immunisation following integration, but statistical analysis
was rudimentary. In the first of these studies integration was into nutrition clinics in an IDP
camp setting (341), whereas the second involved EPI integration into primary healthcare
clinics (PHCs) where this service had not previously been provided (340). The community-
focus of these integration efforts was important: in the second study, pentavalent vaccination
uptake was 23% greater (rate ratio 1.23, 95% CI 1.12-1.36) in PHCs by comparison with
paediatric outpatient departments (the control sites), suggesting a service-user preference for

close-to-residence delivery settings.

Integrating polio eradication and childhood immunisation services

Two studies addressed integration of routine immunisation and polio services. One of these,
a high quality, cluster randomised trial of an integrating routine and polio immunisation
activities, compared a control arm offering standard services, with two intervention arms
offering an integrated programme of activities including community mobilisation and the use
of additional fixed service delivery sites was used in security-compromised areas of Pakistan
(the difference between intervention arms was chiefly in the polio vaccine formulation used —
OPV in one arm, and IPV in the second). This study showed statistically significant

improvements in the proportion of fully vaccinated children (7-3% [95% CI 4-5-10-0] increase
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in one arm vs control; and a 9-5% [6-9-12-0] increase in the second arm vs control). In both
the intervention arms, the key mechanism changes were [i] the provision of multiple service
delivery pathways (collaterals) and [ii] the use of intensive community mobilisation activities
that were delivered in a culturally sensitive way (343). The second study, a programme
evaluation from Nigeria considering the integration of routine immunisation with polio
eradication work, also emphasised culturally appropriate community outreach, through female
community volunteer mobilisers, and saw a rise in the proportion of fully immunized children

in the catchment areas from around 18% to 49% over the term of the intervention (342).

Governance and coordination
Three studies considered governance and coordination activities, two emphasising adaptive
capacity through civil-military engagement, and the final study describing transformative

capacity change through inter-governmental cooperation.

Civil-military engagement for improved vaccination coverage in the context of insecurity

The two studies on civil-military engagement both addressed the use of military and/or security
personnel to improve access and polio vaccination uptake in security compromised areas of
Angola (344) and Nigeria (345) respectively, against a backdrop in both countries of enduring
wild- and vaccine-derived polio circulation (including localised outbreaks). Both studies
reported increases in uptake and reductions in the number of missed opportunities for
vaccination (MOVSs) in these settings although methodological limitations especially in the first
of these studies limit the extent to which these gains can be ascribed to the interventions
themselves. The mode of action of these interventions also differed: in Angola, military
personnel were directly recruited to the programme, whereas in Nigeria, a cadre of civilians
who had been supporting the military through community engagement in areas affected by
the Boko Haram insurgency in the North were used to reach out to potentially eligible
individuals. The key hallmark of both these interventions was a “feet on the ground” approach
to improving uptake including in areas of significant insecurity, and the use of “hit-and-run”

approaches to vaccine delivery with security cover during periods of unrest.

Cross-border governance coordination for VPD prevention and control

A final study considered a cross-border governance and coordination initiative between the
Kenyan, Somalian, Ethiopian and South Sudan governments to reduce the risk of polio
transmission in the context of ongoing population movement. This was essentially a
preparedness and planning intervention in which, with the support of WHO, representatives
from respective country Ministries of Health met on a regular basis to identify important formal

and informal population crossing points and transit hubs, agree on selection and recruitment
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of immunisation staff, and develop materials for workforce training and surveillance
strengthening, among other activities. ldentified improvements in vaccination coverage,
strengthened cross-border situational awareness were reported (346). This could be
described as a transformational change in resilience capacity at regional level by introducing
and formalising new spaces for cross-border coordination and knowledge exchange that had
not previously existed (i.e., wholly new system structures), underpinned by improvements in
situational awareness, and connectivity between partner ministries, as well as stronger cross-

border planning for future potential outbreaks.

Workforce development, flexibility and surge capacity

Two studies focused on the contributions of workforce interventions to improving vaccination
outcomes, operating at different levels: one on the value-added of technical surge capacity to
support immunisation delivery at local level, and the second on the contribution of community
volunteers in mobilising service users to take up vaccination (although these were addressed
indirectly by a number of other studies, covered elsewhere in the results section). Both studies
were from Nigeria, and both focused on polio vaccination delivery (347,348). The first study
considered ability to bolster surge capacity using variable terms and other contractual changes
for national or zonal staff, to enhance technical support to local areas during vaccination
deployment. The use of surge technical capacity in this way was linked to progressive
improvements in coverage, substantial declines in MOVs (a decrease in the number of
localities with >10% of children missed by campaigns from 21% in 2012 to 3% in 2015) and
improvements in intermediate indicators (e.g. the frequency with which micro-plans were
updated) (348).

The second study looked at volunteer community mobilisers (VCMSs) in Nigeria to address
persistently low uptake in security compromised areas, vaccine scepticism, and distrust in
government and officials. In this study, VCMs had an integrative role including supporting
routine immunisation, but also WASH and other intervention promotion. These were financed
through stipends and other (material) incentives, but the main livelihood source is elsewhere.
This intervention showed evidence of improvements in coverage but also a sharp decline in
MOVs (from 4.5% in 2014 to 0.8% in 2018) which the study attributes to high levels of trust in
VCMs because of their social position, cultural sensitivity of their approach, engagement
modes including house-to-house visits, and their ability to update programme coordinators

with critical soft information on pockets of low uptake (347).
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Health information and surveillance

Three studies focused solely or primarily on situational awareness through health intelligence
and surveillance activities — although as noted elsewhere in the results section, many of the
interventions in other categories involved surveillance/health intelligence-focused
components. All three studies were concerned with mechanisms for strengthening situational
awareness in contexts featuring population movement and/or ongoing insecurity that could

undermine the efficacy of more conventional approaches.

Two of the studies considered systems for strengthening awareness for campaign delivery
and evaluation. One examined the use of geographical information system (GIS) technology
to support microplanning processes for a measles campaign in Nigeria in 2017-18, focusing
particularly on applications in conflict-affected northern states where tracking of mobile
populations was much more challenging than in stable areas. Specifically, GIS mapping was
used to geo-locate population centres to inform the positioning of fixed sites for the campaign,
and resulted in a reduction in the number of wards with zero vaccination coverage by
comparison with states where standard population estimation approaches were used. The
mechanisms by which this intervention were thought to have worked included [i] more accurate
enumeration of target populations especially in the context of ongoing population movement,
and [ii] a clearer view of ward boundaries than conventional (hand-drawn) approaches — both
of which improved microplanning accuracy (349). The second study looked at the use of rapid
monitoring approaches to gauge coverage and help improve campaign targeting in post-
earthquake Haiti (350). In this study, a convenience sampling approach was used to assess
household uptake at regular interviews; findings were used to better target mop-up vaccination
activities. This approach helped strengthen resource management during the campaign but
proved only partially effective as a monitoring technique because of continuing population
movement. For this reason, the authors contended that it would be better suited to chronic

rather than acute crisis situations.

Afinal, descriptive, study from Irag considered the use of outreach surveillance activities linked
to AFP case ascertainment for polio, to help assess uptake and effectiveness of immunisation
in Irag. This intervention involved use of AFP outreach workers to gather soft intelligence on
RI delivery to pinpoint areas where microplanning for delivery needed to improve (alongside
guantitative health data through immunisation delivery systems), and to help build awareness
of services available among affected populations (351). The authors documented
improvements in routine immunisation uptake and reductions in reported AFP case numbers

through the outreach system.
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7.3.4.2 Demand-side interventions: community engagement and mobilisation

Although — as the summary table in Appendix 15 makes clear — the vast majority of studies
referenced community engagement as a trust-building measure to a greater or lesser degree,
four studies explicitly focusing on this aspect met the inclusion criteria for the review, all of
which concerned multi-dimensional community mobilisation activities (352,354,355), and one
of which combined community mobilisation activities with direct observation of polio
vaccination by officials to ensure proper administration of vaccination (353). All four were
implemented in Nigeria, and most were concerned with improving polio vaccination uptake.
Community mobilisation activities in Nigeria all took place in districts in the north and east of
the country, against a backdrop of the Boko Haram insurgency, and all involved a strong
element of cooperation with local community and religious leaders to build trust with affected
communities. These complex interventions involved multiple outreach strategies including the
use of roadshows, in-kind incentives (e.g. provision of soap or detergent, foodstuffs), health
camps, and communication via multiple channels (355), agreement of mutually convenient
vaccination point locations with community leaders (352) among other activities; a number
incorporated recruitment and training of VCMs as part of the intervention (354). These
strategies were used to encourage service use through demand-generation activities,
reducing access barriers by positioning access points in areas where service users were more

likely to take them up, and by enhancing trust in service providers.

Study outcomes focused predominantly on measures of administrative coverage and missed
opportunities for vaccination. Three of the studies relied on narrative assessments of impact
without formal statistical testing (352,354,355); the final study presented a rudimentary time
series analysis (353). Two of the four studies found declines in the proportion of children who
had not received any OPV doses during the study period (353,354); another showed
concurrent, large increases in pentavalent vaccination coverage from an integrated
intervention designed to improve uptake in hard-to-reach communities in Northern Nigeria

(352), albeit with marked variations across geographies.

7.3.4.3 Cross-cutting and multi-component interventions

Eight studies addressed sustained, multi-dimensional interventions. These interventions also
tended to act at multiple levels, spanning macro-level governance and coordination changes,
through to health worker training, and community outreach activities. Three of these studies
looked at integrated, strategic interventions in response to poliomyelitis outbreaks, all in
conflict-affected settings (241,356,357) and all featuring vaccination campaigns as part of the

overall package. All emphasised the importance of strengthened coordination between key
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actors. A study from Somalia documented the introduction of a national polio control and
coordination room to bring together key partners, improve communication and provide a
framework for information/intelligence sharing; national coordination mechanisms were
important in Ukraine and Syria (241,357); and regional mechanisms were used in Middle East
and North African (MENA) countries for the 2017-18 polio outbreak response (242). Multi-

modal social mobilisation activities were also central to achievement of improved outcomes.

Of these three studies, two considered regional activities in response to polio outbreaks in
conflict-affected countries in the Middle East and North Africa, both involving multi-phase
response plans not just to interrupt initial transmission, but then to focus on high-risk areas for
importation. These evaluation reports indicate that through intensive community engagement
it is possible to raise vaccine coverage even in areas of profound insecurity and constant
population movement, but also that focused surveillance is really important in allocating
resources appropriately and that multiple data points were triangulated for this (241). The first
of these studies emphasised importance of targeting in identifying AFP hotspots, and the
contribution of electronic syndromic surveillance systems in picking up emergent VPD case
clusters and improving situational awareness (241). Results from the second study indicate
that intermittent supplementary immunisation activities (SIAs) can be supportive of long-term
system capacity by refreshing training and other essential functions and bolstering support for
community outreach and surveillance initially built during an acute outbreak response,
although these effects tail off over time (242). This study noted that gradual degradation of
systems since the first SIA in 2013-14 may have contributed to the risk of re-emergence of
polio cases in Syria in 2017-18 (242).

A further four studies looked at integrated, preventive responses, three focused on SIAs (358—
360) and one on a district-level, NGO-led intervention to increase cholera vaccination uptake
in urban slums in Haiti following the 2010 earthquake (361). SIAs achieved their measured
effects through a combination of community mobilisation activities, capacity building of local
health staff, mobilisation of funds from multiple sources (including international donor support)
and supply chain strengthening activities. In Somalia, improvements linked to the SIAs
contributed to long-term cold chain strengthening for all routine immunisation delivery (358).
The district-level intervention in Haiti comprised multiple components including the
introduction of new governance mechanisms (a coordinating committee), a communication
plan, and re-allocation of the majority of NGO staff to supporting vaccination delivery for the
duration of the intervention. This adaptive response to low coverage in their target
communities benefited from an ability to surge staff from other areas — a disruptive approach
for the NGO'’s broader activities which is unlikely to have been sustainable beyond the term of
the intervention (361).
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7.3.5 Discussion

7.3.5.1 Summary of key findings

This review identifies a series of interventions that may support vaccination system resilience
capacities for improved routine childhood vaccination coverage (some of which also
addressed catch-up vaccination delivery for older children) in settings of protracted
humanitarian crisis. Most of these interventions reinforced adaptive resilience capacities but
some (especially governance and workforce interventions) had transformative potential even
if study results did not necessarily indicate radical change had been achieved within the term
of the study. Although the diversity of settings described in this review precludes easy
generalisation regarding important contextual factors, more successful interventions relied on
leadership from domestic ministries of health, funding and — importantly — flexibility from
agency and donor partners, and an ability to negotiate safe access for vaccinators and

outreach workers.

Considering adaptive capacity, vaccination campaigns were the most extensively evidenced
interventions and while their effects may appear to be short-lived, many of the examples
considered here both built on existing capacities and contributed to development of new ones
in a range of areas, including through introduction of novel governance structures and
workforce capacities developed during previous activities. The most successful campaigns
were multi-dimensional interventions that incorporated a mix of service delivery approaches
(fixed-site, mobile team and mass-vaccination sites), intensive community mobilisation efforts,
health worker training, and supply chain strengthening work. They were also often multi-
phased to help both break chains of transmission (where the primary strategic objective was
outbreak control) and prevent future outbreaks. The long-term sustainability of capacity
strengthening through campaigns necessarily depends, however, on mobilisation of funding
and other resources beyond the intervention lifecycle — some of which can be addressed by
sustaining intervention through SIAs. None of the studies exclusively focused on campaigns

offered detail on sustainability planning post-intervention.

Other adaptively focused interventions included service delivery changes such as service
integration and the use of MHTs. All included studies on service integration demonstrated
improvements in vaccination coverage and course completion rates albeit with varying effect
sizes and in studies of generally low quality. MHTs seemed to improve vaccination coverage
by enabling outreach especially into poorer and more marginalised communities, by improving
trust through regular interactions and the supporting activities community mobilisers drawn

from the communities they served.
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Some common mechanisms emerged across the higher-impact interventions identified in the
review. For example, strengthening trust and increasing the range of access points were key
themes especially among communities living in security-compromised zones, and many
interventions directly addressed this through outreach models including the use of community
volunteers, messaging through community (including religious) leaders, but also more
controversially through cooperation with security personnel. Political and ethical challenges
revolving around the deployment of security personnel in support of routine vaccination are
considerable and this route is unlikely to be feasible or desirable in all settings. On the other
hand, community volunteers were frequently identified as critical in tackling scepticism
towards government and officials, but also contributed to bolstering situational awareness
through improved case ascertainment for VPDs (as a linked, situational awareness-improving

function).

Finally, a large proportion of the papers related directly or indirectly to lesson learning from
polio eradication, and the resilience-building contributions PEI infrastructure could make with
respect to routine immunization more generally. Particular areas of learning included the use
of multi-modal approaches to vaccination and surveillance in security-compromised areas, the
value and use of existing outreach networks into communities, and messaging strategies.
Obijectives for polio control (specifically eradication) are very different to those for many other
VPDs where primary aims are more likely to be interruption chains of transmission in the
context of outbreaks or to keep the burden of mortality and morbidity low in the face of
endemicity (for diseases such as measles for example). This should not, however, preclude
the use of infrastructure developed for polio control to support wider routine immunisation

objectives.

Evidence in some areas was notable by its scarcity. For example, material on governance and
financing was both limited and showed conflicting evidence on vaccination-related outcomes,
although some promising interventions were identified in these domains, including the use of
direct disbursement mechanisms for health worker payment, and a model of cross-border
cooperation in the Horn of Africa to support preparedness and planning to reduce poliomyelitis
risk. In addition, while some studies touched on leadership and oversight capacity
development, we identified no studies that explicitly focused on leadership models contributing
to resilience capacities for routine immunisation. Similarly, evidence on governance reforms
such as decentralisation, which have been implemented in some eligible countries (e.g.,
Kenya and Tanzania) was not forthcoming, although one study briefly considered the
importance of decentralised decision-making as a contextual contributor to the success of a
nutrition-immunisation integration intervention (340). Finally, although we did not specifically

screen to include studies on cost and cost-effectiveness, data on costs associated with
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intervention implementation were conspicuously absent from included studies. This is a
notable shortcoming given the fundamental importance of sustainable financing for health

system resilience especially in crisis-affected settings.

A number of systematic reviews have been published in recent years addressing the
effectiveness of interventions in humanitarian settings, some including data on vaccination
delivery (309,362), and there is now a large body of evidence considering the effectiveness of
interventions to improve vaccination coverage from community level upwards in low- and
middle-income settings more generally (e.g. 16). This review is, however, distinctive in its
macro- and meso-level interventional focus, in employing a realist perspective to understand
how, where and why interventions may be effective, and its emphasis on gathering data from
protracted crisis settings. Many existing studies and guidance documents focus on acute-
phase responses without consideration to ways in which these may support, or undermine,
long-term capacity within the system to respond to changing circumstances on the ground, or
the mechanisms by which they may do so (82,83,364).

Nevertheless, many of the central messages from this review — including the value of recruiting
local staff to improve trust and vaccination uptake, flexibility in service delivery modes
(including the use of mobile services), and use of electronic systems to strengthen supply
chain management and health intelligence — support findings from reviews and guidance
elsewhere (37,83,362). Findings also suggest that SIAs, as integrative interventions, can have
important and wide-ranging effects not just on vaccination uptake, but also on wider system
capacity through e.g., workforce training, introduction of new governance and coordination
mechanisms, and support to outreach activities. These effects should be balanced against
potential undermining effects on routine immunisation through fixed centres that have been
observed in some settings (365), but SIAs are likely to remain an important part of the adaptive
armoury to expand coverage in humanitarian settings given their effectiveness at picking up
children missed through routine delivery (366). In addition, a number of promising practices
are identified, including the use of flexible contracting for healthcare workers and novel
financial disbursement mechanisms, for which evidence remains limited but which

nevertheless could address delivery problems widely acknowledged in these settings.

7.3.5.2 Limitations of the review

Limitations to the findings reported here relate to both the nature of the underlying evidence
base, and the way in which the review was conducted. As the quality appraisal results show
(see Appendix 14), most included studies were observational works with significant

methodological limitations. This particularly affected descriptive, quantitative analyses
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included in the review (most of them program evaluations). Outcome reporting was in general
poor: measures were incompletely described and frequently related weakly to study objectives
or included no clear baseline data against which to measure effects. The quality and detail of
intervention description was highly variable, making it difficult to tell which particular

intervention components were driving reported results.

Although we were careful to use explicit definitions to guide the review, clarity in the wider
literature on some of the key terms is lacking and may have contributed to relevant results
being missed. For example, we used a response plan-driven definition of protracted crises
that assumes that the introduction of a RP coincided fairly precisely with the duration of the
crises of interest. This is often not the case: there may be delays of up to several years before
RPs are formulated and agreed — as in the case of the Syria Crisis response, for example.
Secondly, an important goal of this review was to capture data from a wider range of sources
than the peer-reviewed literature alone, to better capture emergent best practice. Structured
searching of grey literature sources remains challenging, and it is likely that some relevant

material was missed.

As with all systematic reviews, our findings also cannot account for unpublished or negative
results. This may explain the lack of data relating to absorption as a resilience mechanism —
that they were not reported simply because they involved services performing in much the
same way but more intensively (e.g., through changes to service opening hours, workforce
redeployment etc). Because of the diversity of intervention types, study designs and study
contexts included, it was neither possible nor desirable to produce summary statistics of

intervention effects beyond those reported in the results section.

Finally, we noted imbalances in the geographical representativeness of studies included. On
one hand, the balance of included evidence was skewed strongly towards unstable, low-
income settings. This is unsurprising given that most countries in protracted crisis today fall
into this category, but it reduces the potential transferability to middle income countries hosting
large, displaced populations today. Evidence from countries such as Jordan, Iran and Turkey,
for example — all of which host large populations displaced by conflict — was notably absent in
this review. On the other, a large proportion of included studies were conducted in Nigeria —
reflecting historical challenges with vaccine delivery and particularly polio control in the north

of the country.

7.3.5.3 Policy implications
Findings from this review suggest that no “silver bullet” solution exists to promoting resilience

in vaccination delivery systems in protracted humanitarian crises, and adaptations are likely
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to be needed across a range of fronts to address significant access barriers (many of which
stem directly from population displacement and chronic insecurity), low trust in service
providers, and limitations to effective VPD prevention and control imposed by national borders.
Periodic intensification of vaccination delivery via campaigns and SlAs is likely to be a
mainstay of adaptive responses to crises whatever the context, to account for shortfalls in
routine delivery. However, there is a strong steer from this work for recruitment of non-
traditional workforce cadres from within affected communities — including community
mobilisers — to help enhance uptake over the long-term, especially in security compromised

areas where trust in government and agency representatives may be low.

Resilience in vaccination coverage is also likely to be enhanced through the concurrent use
of multiple service channels to reach affected populations, including MHTs and integration
with in-demand services such as nutritional support. However, there will inevitably be trade-
offs in cost terms to expanded service availability in this way given resource constraints in
many humanitarian settings, and the success of any of these interventions will ultimately
depend on the willingness of domestic and international actors (including donors) to ensure

stability in funding flows to crisis-affected countries.

7.3.5.4 Conclusion

Strengthening the resilience of vaccination delivery systems in protracted humanitarian crises
depends on system adaptation across a range of areas, including bolstering access through
strengthened outreach, multiple service pathways and better integration with other essential
services, as well as demand-generation activities. Future work should consider evidence not
just on adaptive and transformative measures to support improvements in vaccination
coverage in these settings, but also economic analyses given the significant resource

constraints under which decision-makers in humanitarian contexts have to operate.
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7.4 Situating review findings in the Lebanese context: policy implications

The review highlights a series of potential interventions, a number of which have already been
implemented at various points in Lebanon, to help address changing service demand in the
face of shocks. Returning to Meadows’ system leverage points framework, we can map
approximately how and where in the system these interventions might act (Table 14).
Outstanding intervention areas identified in this analysis mostly concern those in which
evidence from the review was weaker — including financial disbursement mechanisms to

facility level, and the use of outreach surveillance and population mapping.
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reinforcing loops

administration to vaccination uptake

No Type of lever Leverage point Leverage points identified through the analysis Example interventions by leverage point
12 Events or patterns of | Constants or e  Aggregate financial inputs into the system e Humanitarian response funding
behaviour within the parameters within | «  Number of vaccine doses available to administer | ¢  Procurement with UNICEF support to maintain supply at
system the system through PHC network facility level at nominal cost to service users
¢ Number of clinic attendances for vaccination e  Multiple — spanning vaccination campaigns and SIAs,
community engagement work, diversification of service
access points including MHTs/MMUSs, others
e Cost of vaccination to service users (at facility e Policy change to reduce the cost of vaccination to
level) service users through the PHC network
11 Buffers e Human resource availability at central (policy) e (Temporary) donor funding of staff salaries; change in
and facility (doctors, nurses, managers) level currency of payments to staff during the economic crisis
e Use of surge technical advisers
e Implementing partner funding to facilities e Regular, contracted funding to maintain services,
combined with surge funding to manage near-term
demand increases (before donor response funding was
mobilised)
10 System structure(s) Stock-and-flow e Physical infrastructure supporting the cold chain e Introduction of solar fridges; cycling back of vaccine vials
explaining events and | structures to facility level to district level when local electricity supplies unreliable
9 patterns of The length of e Time to identification that a shock was unfolding e N/A
behaviours important time e Time to mobilisation of donor funding e Fast financial disbursement mechanisms
delays e Time to distribution of vaccine doses from the ¢ Implementation of an electronic stock management
national storage warehouse to facility level system at the central warehouse in Karantina
8 The strength of e Loop linking PHC crowding to staff willingnessto | ¢  Staff training in infection prevention and control;
balancing vaccinate and vaccination uptake during COVID- provision of PPE; patient flow measures including clinic
feedback loops 19 cancellations or use of pre-arranged appointments
7 The strength of e Loop linking nurse-led administration vaccine e Financial incentives to PHC managers to promote nurse-

led vaccination
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e Community engagement work to increase service user

trust in nurse-led vaccination

6 The structure of e Perception of changing demand for vaccination ¢ Introduction of new e-record systems to document
information flows services at facility level (tracking of vaccination uptake and facilitate identified of MOVs
uptake) e Use of outreach surveillance and GIS-based population

mapping to target interventions
Information and

5 System rules ¢ Norm-setting capability (legitimacy) of MoPH e Financial and technical support from donors and
controls systems ] ]
] ] agencies to procure vaccines for the EPI program
influencing how the

e Contracts between the MoPH and private providers to
system works

provide vaccines at nominal cost and report uptake in

exchange for free doses

4 Self-organisation e Parallel service pathways to maximise e Selective use of MMUSs, opening of border crossing sites
opportunities for access to vaccination e  Service integration (various models)
3 System goals ¢ Importance attached to vaccination vis-a-vis e LCRP and MoPH strategy documents underscoring the
other strategic priorities for health actors prioritisation of vaccination
e  Strategic orientation regarding the inclusion of e Policy change to open PHCs as a common access point
Mental models ) o ) .
. refugees as a target population for vaccination for Syrian refugees and host communities, for
(values, beliefs and L .
through the PHC network vaccination at nominal charge

assumptions) that

2 The paradigm out | N/A N/A
govern how the
of which the

system works )
system arises

1 Transcending N/A N/A

paradigms

Table 14. Mapping system leverage points identified through the thesis against purposeful interventions implemented to support vaccination delivery in Lebanon since 2012.
For reasons of space this table is indicative rather than comprehensive. Interventions identified by the review but previously implemented in Lebanon are highlighted in green;
areas of partial implementation are in orange; and new intervention areas are highlighted in red. Other interventions, implemented in Lebanon but not specifically identified

through the review, are given in regular text.
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Chapters 5 and 6 highlighted the importance of periodic vaccination campaigns and SIAs in
Lebanon both to address urgent needs following peak periods of refugee arrival in 2013-15,
to help stem the national measles outbreak in 2018-19, and to address missed opportunities
for vaccination (MOVs) more recently. MHTs (referred to as MMUs in the Lebanese context)
have also been used at various points for outreach to rural communities and marginalised
groups, particularly in the initial phases of the Syria Crisis Response. Having fallen out of
favour with MoPH officials for a time because of concerns over quality of care and cost-
effectiveness, MMUs have returned in limited form for both deployment of COVID-19
vaccination and for catch-up routine immunisation because of the physical access difficulties
service users in Lebanon are increasingly facing. Finally, community health workers have for
some time been a key part of the outreach component of demand-generation work across
populations, through agreements between UNICEF and implementing partner organisations,

for example.

Some of the described interventions have also been partially implemented. For example,
public-private partnerships with private clinics have been a key delivery objective for the MoPH
for some years, to help establish greater regulatory control over what vaccinations are
delivered to children in Lebanon and when, as well as for reporting purposes. In Chapters 5
and 6 we saw how entrenched opposition to this from the private sector collapsed in 2021/22
as economic conditions worsened, demand fell, and private physicians found themselves
without vaccine doses they could administer. There is clear scope for increasing the reach of

this initiative through recruitment of additional private providers.

A final set of interventions identified in the review have not, to date, been implemented. In
some instances, this is plainly on grounds of practicality. For example, engagement or
interaction with military and security personnel to bolster uptake has not been attempted and
is unlikely to be seen as practical or desirable in Lebanon given historically fragile relations
between armed non-state actors and state institutions, especially in South Lebanon and the

Bekaa.

On the evidence presented above, however, service integration looks promising as an avenue
for strengthening resilience in vaccination delivery in Lebanon. This is already offered to a
degree through the PHC network in Lebanon, but only in the context of delivery of mainstream
health services. A central finding from the qualitative work in Chapter 5 was that service users
were increasingly prioritising subsistence needs over preventive health interventions such as
vaccination, as the economic crisis in Lebanon increasingly took hold. There is, therefore, a

potential opportunity to further integrate provision of WASH, basic nutrition and other
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interventions (e.g., access to sanitary products) with routine immunisation or advocacy around

the need for vaccination, especially within the inter-sectoral framework of the LCRP.

Finally, there may be scope to look at rapid financial disbursement models to facility-level staff.
Although the evidence presented on this approach in the review is limited, it would address
one of the principal delays identified in the CLD and would also help to address one of the
main barriers to health worker retention in the current economic climate in Lebanon. However,
rapid disbursement models are likely to be implementable only with the support of
implementing partner NGOs, without whose financial and material resources many PHCs

would have ceased functioning over the past two years.

7.5 Chapter summary

This chapter has identified a series of interventions that can bolster resilience in vaccination
delivery systems, drawing on the international literature. It has also related these to activities
already ongoing in Lebanon, highlighting some areas where the existing service offer could
be further strengthened — e.g., through integration. As the review findings in this chapter make
clear, however, there is no “silver bullet” intervention. Long-term resilience-building will
depend on a combination of measures, and an ability (and willingness) to tailor packages over
time in response to changing circumstances on the ground — a point addressed more fully in

the Discussion in Chapter 8.

210



CHAPTER 8: Discussion and thesis conclusions

8.1 Summary of main findings and relationship to the wider literature

This thesis sought to enhance conceptual understanding and empirical analysis of health
system resilience across a range of areas. These spanned shock conceptualisation, the
empirical analysis of shock effects (with specific emphasis on compounding shocks) and
system responses, and finally the identification of resilience strengthening measures — through
the prism of a case study on vaccination delivery in Lebanon. Findings showed that while we
might view each of the shocks in Lebanon — refugee arrivals from Syria, COVID-19 and the
economic crisis — as exogenous from a system dynamics perspective, each interacted with
existing system structures in a range of ways at different system levels to produce distinct

effects.

Some common points of vulnerability within the vaccination delivery system were identifiable
across shocks, many of them acting at facility level. These included variables such as facility
level crowding, which appeared to drive down service uptake in and of itself but was also
perceived as a proxy for quality of care. A key set of feedback loops was identified around
uptake of vaccination through private clinics, linking changing demand patterns as household
incomes fell, to mitigation measures introduced into the system to try to promote task-shifting
to nurse-led vaccine administration. In addition, points of interaction between sequential
shocks were identified that appeared to drive escalating risk in specific parts of the system as
new shocks occurred. This was exemplified most clearly in the cold chain: the use of solar
fridges, introduced to help mitigate cold chain vulnerabilities in the wake of Syrian refugee
arrivals, proved problematic during the economic crisis as import restrictions made it harder
to obtain spare parts to repair them. At the same time, the rising cost of fuel for generators,
and decreasing reliability of mains electricity supplies in Lebanon meant that few practical,

fallback options existed at facility level to maintain the cold chain.

A series of absorptive and adaptive measures were implemented to try to mitigate the effects
of shocks on the vaccination delivery system, many operating at facility level. Absorptive
measures included workload containment or redistribution (e.g., changing clinic hours during
COVID-19), of the kind reported in work elsewhere looking at resilience in UNRWA systems
in response to refugee movement (111,182), but also documented previously in Lebanon
(281). Adaptive measures included medium-term activities to strengthen workforce skill-mix,
and — importantly — task-shifting to promote nurse-led vaccination delivery, a move that
depended for its success on a combination of [i] policy change at national level, [ii] the use of

financial incentives to facilities, and [iii] a gradual, and then sudden, change in demand



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

behaviour among host communities who had historically preferred physician-administered

vaccination in private clinics.

Attributes or capacities that seem to have been important for system responses in Lebanon
were also identified, many corresponding with findings reported elsewhere in the literature,
especially from socio-ecology (14,18,28,152). Decentralised funding streams were crucial in
ensuring that vaccination delivery and other essential health services through PHCs were
maintained. Facilities with implementing partner support had access to funds that helped them
manage near-term changes in demand. Macro-level funding mobilisation, by contrast, took
time. However, findings also suggested that the balance between centralised and distributed
modes of working is not straightforward, notwithstanding the promotion of decentralisation in
the wider resilience literature (168,170). On one hand, fragmentation in funding arrangements
paradoxically enhanced near-term resilience to shocks. On the other, a concerted effort was
underway during the data collection period to reinforce the norm-setting and oversight position
of the MoPH vis-a-vis primary healthcare facilities across the public, third and private sectors,
to support more equitable vaccination delivery over the long term. Findings in Chapter 7
underscored the critical importance of predictability in financing flows, and adequate human
resourcing as inputs to effective resilience governance, reinforcing findings on critical

resilience attributes reported elsewhere (18,28).

A key insight from Donella Meadows’ work (see section 4.2.5) is that leverage points present
positive opportunities for change within systems but are most often exposed when things go
wrong. Table 15 maps leverage points identified across all the empirical studies in the thesis,
spanning the vulnerabilities identified in Chapters 5 and 6 (including, for example, around
human resourcing, funding flows, and time and material delays), with the points of action of
key interventions (such as task-shifting at facility level, and policy change to reduce the cost
of vaccination to refugees). This mapping shows that, while a range of leverage points were
identified across the system, interventions focused predominantly at the level of events or
system structures, and particularly around modification of parameters or constants in the
system, and buffers. Although Meadows viewed interventions here as lower in impact than
control system or mental model changes (248), interviewees for this research project
repeatedly emphasised the transformative potential of appropriate human and financial

resourcing for vaccination delivery.
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No | Type of | Leverage Leverage points identified through the analysis Example interventions by leverage point
lever point
12 Constants or Aggregate financial inputs into the system Humanitarian response funding
parameters Number of vaccine doses available to administer through Procurement with UNICEF support to maintain supply at
Events or within the PHC network facility level at nominal cost to service users
patterns of
behaviour system Number of clinic attendances for vaccination Multiple — spanning vaccination campaigns and SIAs,
within the community engagement work, diversification of service
system access points including MHTSs, others
Cost of vaccination to service users (at facility level) Policy change to reduce the cost of vaccination to service
users through the PHC network
11 Buffers Human resource availability at central (policy) and facility (Temporary) donor funding of staff salaries; change in
(doctors, nurses, managers) level currency of payments to staff during the economic crisis
Use of surge technical advisers
Implementing partner funding to facilities Regular, contracted funding to maintain services, combined
with surge funding to manage near-term demand increases
(before donor response funding was mobilised)
10 | System Stock-and-flow Physical infrastructure supporting the cold chain to facility Introduction of solar fridges; cycling back of vaccine vials to
structure(s) structures level district level when electricity supplies unreliable
9 explaining The length of Time to identification that a shock was unfolding N/A
events and important time Time to mobilisation of donor funding Fast financial disbursement mechanisms
patterns of delays Time to distribution of vaccine doses from the national Implementation of an electronic stock management system
behaviours storage warehouse to facility level at the central warehouse in Karantina
8 The strength of Loop linking PHC crowding to staff willingness to vaccinate Staff training in infection prevention and control; provision
balancing and vaccination uptake during COVID-19 of PPE; patient flow measures including clinic cancellations
feedback loops or use of fixed appointment times
7 The strength of Loop linking nurse-led administration vaccine administration Financial incentives to PHC managers to promote nurse-led

reinforcing

loops

to vaccination uptake

vaccination
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e Community engagement work to increase service user trust
in nurse-led vaccination
The structure e Perception of changing demand for vaccination services at | ¢ Introduction of new e-record systems to document uptake
of information facility level (tracking of vaccination uptake) and facilitate identification of MOVs
Information flows e Use of outreach surveillance and GIS-based population
and controls mapping to target interventions
systems System rules ¢ Norm-setting capability (legitimacy) of MoPH e Financial and technical support from donors and agencies
influencing to procure vaccines for the EPI program
how the e Contracts between the MoPH and private providers to
system provide vaccines at nominal cost and report uptake in
works exchange for free doses
Self- e Parallel service pathways to maximise opportunities for e Selective use of MMUSs, opening of border crossing sites
organisation access to vaccination e  Service integration
System goals e Importance attached to vaccination vis-a-vis other strategic | ¢ LCRP and MoPH strategy documents underscoring the
Mental priorities for health actors prioritisation of vaccination
models e  Strategic orientation regarding the inclusion of refugees as e Policy change to open PHCs as a common access point for
(values, a target population for vaccination through the PHC Syrian refugees and host communities, for vaccination at
beliefs and network nominal charge
assumptions) | The paradigm N/A N/A
that govern out of which
how the the system
system arises
works Transcending N/A N/A
paradigms

Table 15. Mapping system leverage points identified through the thesis against purposeful interventions implemented to support vaccination delivery in Lebanon since 2012.

For reasons of space this table is indicative rather than comprehensive. Further details can be found in Chapters 5, 6 and 7.
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Notable intervention gaps — partly because these reflect some of the most politicised aspects
of the response to the shocks Lebanon has faced — concern time delays in shock recognition,
and for funding mobilisation. Findings presented here also reiterate observations in other
disciplines regarding the synergistic effect of interventions addressing one leverage point on
the success of those in others (367): task-shifting likely would not have been successful
without supporting financial incentives from implementing partners, and the demand shock to

the private sector following the economic crisis also contributed heavily.

8.2 Contributions of the thesis

This thesis set out to make contributions in three main areas (see section 1.7):

1. Conceptual: improving understanding of system shocks, and of how sequential or
overlapping shocks may interact with one another to influence risk; understanding of
resilience in health systems in general, and vaccination delivery systems in particular,
in the context of protracted humanitarian crises;

2. Methodological: the application of system dynamics modelling to the study of resilience
in vaccination delivery systems;

3. Policy: identifying approaches to bolstering resilience in childhood vaccination delivery,
whether through formal (programmatic) interventions, or through action on critical

system leverage points.

In this section, | discuss key insights from the analyses presented in preceding chapters, as

they relate to these areas.

8.2.1 Conceptual contributions

8.2.2.1 Theorising shocks
This thesis has shown that shocks — in themselves diverse — can produce very varied and

sometimes unexpected effects within vaccination delivery systems. The use of CLDs in
Chapter 5 showed that some of these variations could be linked to time and material delays
(e.g., in recognition of an unfolding crisis, and in the mobilisation of response funding), but that
many stemmed from the range of leverage points within the system on which a particular
exogenous shock acted. The economic crisis was, in this sense, qualitatively different from
the others considered in this thesis in the extent of its impact, because it concurrently affected

both demand- and supply-side structures.

It is, to my knowledge, the first study to systematically analyse the effects of compound
shocks, and the ways in which these may give rise to cascading risks within health systems
(in this case, vaccination delivery systems). Results in Chapters 6 and 7 show how shock

interactions in Lebanon amplified vulnerabilities in specific parts of the vaccination delivery
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system, but also created opportunities for transformational change. This was exemplified by
the facilitating effect the economic crisis was beginning to have for governance transformation
with respect to private providers, following policy changes initially implemented in the wake of
refugee arrivals. Further interrogation of the interactions between multiple shocks on different
services, and in different contexts, should be a priority both for academic researchers and
practitioners seeking to strengthen risk assessment and preparedness approaches for health

systems.

8.2.2.2 Theories of system resilience

Attributes or capacities of resilient systems

This thesis makes a series of original contributions to our understanding of resilience in
vaccination delivery systems, and to health systems more widely. Important insights emerge
regarding attributes or system characteristics that seem to support or undermine resilience
over time. Firstly, the wider health systems literature — drawing particularly on organisational
theory — shows that resilience is usually seen to depend on availability of collateral pathways
(i.e., parallel pathways that might not see extensive use under normal conditions but can be
mobilised to provide surge capacity in the event of a shock) (18). This is reinforced by
observations from Lebanon, although findings reported in this thesis imply that redundancies
in specific areas are particularly important. For example, findings in Chapter 5 show that the
availability of multiple funding lines to health facilities proved especially important for the
continuation of local level service delivery particularly as the economic crisis in Lebanon
worsened. Maintenance of essential services probably would not have been possible had
these facilities drawn a majority of their funding from the MoPH, given the budget constraints
imposed on the Ministry from 2017 onwards. Similarly, findings in Chapter 6 illustrate the
importance of strengthened information exchange across the vaccination delivery system over
time, and how better integration of these systems contributed to more effective identification

of missed opportunities for vaccination.

Similarly, diversity emerges as a strong theme, but not perhaps in ways typically expected. A
core part of the critique of the health sector in Lebanon historically has been that it is
fragmented, that this contributes to burden-shifting onto service users and accentuates
transaction costs for service providers (206). In the face of the shocks described in this thesis,
however, it was precisely this pluralism (in funding lines, in the range of implementing partners,
donors and other actors involved in vaccination delivery) that provided a buffer against some

of the worst effects of the shocks, especially the economic crisis, on service delivery (368).
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System responses to shocks: transformative change

While studies elsewhere have documented absorptive and adaptive changes in health
systems in response to shocks (11,12), a novel feature of this thesis was in showing how
shocks can create moments of opportunity which can be used to drive system transformation.
Successive shocks in Lebanon have been used by the MoPH, with donor support, to bring
about rapid expansion of the PHC network, and, through publicising the availability of
vaccination free of charge in this network, to drive movement of service users from the private
to public sectors. As Chapter 5 shows, strategies were used at multiple system levels to
reinforce this change. Nationally, UNICEF provided procurement support to the MoPH to
ensure a consistent supply of vaccine doses that could be distributed to PHCs and private
providers who agreed to deliver vaccines free of charge. There were national level policy
changes to promote PHC network expansion, and to facilitate cooperative agreements with
private providers. At facility level, service providers worked to draw service users in for
vaccination if they attended for other reasons (e.g., to obtain chronic disease medications,
which are increasingly scarce in Lebanon now). What was perhaps especially significant about
the change in private provider behaviour was that the original policy directive permitting
agreements between the MoPH and private clinics was put in place in 2015, but it was not
until the economic crisis that it gained any meaningful traction on the ground. These changes
may, if funding and political commitment can be preserved, lead to a positive and

transformative change in service delivery, and better access, for the long-term.

To the best of my knowledge, this thesis is the first to use system dynamics to show how
health system transformations can occur in response to a shock in a humanitarian setting. We
found evidence indicating transformative change in a number of areas but particularly around
task-shifting for service delivery, the recruitment of private clinics to support routine
vaccination delivery at nominal cost, and efforts to build the institutional legitimacy of the
MoPH as a norm-setter. The first two of these changes gave rise to wholly new system
structures — although these changes were seen as meso- and micro-level rather than at
national level. By contrast, work to bolster the MoPH’s norm-setting power was national in
scope with the potential to drive whole system transformation, although at the time of writing
it was too early to say how far this experiment would progress. Although analyses of
governance transformation in health systems have been published previously, these have
been in stable settings and have tended to focus on the implementation of reform programmes
— health service decentralisation in Kenya, for example (369-371) — rather than describing
shock responses as part of a broader analysis of system resilience. As the review in chapter
2 showed, empirical studies of system transformation in the wider literature on resilience are

also in short supply.
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8.2.2 Methodological contributions

A key methodological contribution of this thesis has been in the application of system
dynamics to the study of resilience in vaccination delivery systems in humanitarian settings. A
handful of studies have considered the role of specific factors e.g., trust in influencing
vaccination uptake in stable settings (63), and trade-offs in service delivery between
vaccination and other domains e.g. maternal health in humanitarian contexts including
Afghanistan (81) by applying system dynamics. However, none of these studies have explicitly
considered system vulnerabilities and resilience; none have considered in detail the effects of
shocks on the systems in question; and none have used SDM to consider the impact of

compounding shocks, as performed here.

As ‘proof of concept’, the material presented in Chapter 5 in particular illustrates that analysing
shocks and system responses using system dynamics, and more specifically using a
purposive text analysis approach, in these settings is feasible, and that it can produce
important inferences regarding causal drivers of system behaviours. The holistic view of
causal drivers influencing system responses that was provided by the CLDs offered important
advantages over other qualitative approaches which might clarify particular aspects, but could

not provide a whole-system view.

However, experiences in performing system dynamics using purposive text analysis
demonstrated that it is labour-intensive and that findings take time to derive. A GMB-based
approach has been used to support health systems work in humanitarian contexts previously
including Lebanon (110,111,251,372). This approach could have helped reduce the labour
intensity of CLD development and validation, but GMB was not used in this thesis because of
concerns regarding the extent to which complex power relations between actors in Lebanon
could be managed in a group context — particularly the extent to which it would be possible to
give voice to perspectives from the ground. Successful deployments of GMB in other
humanitarian settings have tended to involve engagement with stakeholders from a single
organisation (albeit at multiple levels) (111), or to more narrowly defined stakeholder groups
(251). This suggests a tension in performing qualitative system dynamics work especially in
humanitarian contexts where resources are often short, and decisions need to be made
quickly. On one hand, purposive text analysis offers strong methodological rigour and better
ability to manage stakeholder relations but is labour and time intensive. On the other hand,
GMB demands strong group facilitation skills to counteract potentially adverse power

dynamics, but results are more immediately derived.
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8.2.3 Contributions to policy development and implementation

8.2.3.1 Approaches to resilience assessment and measurement

Although this was not an explicit focus of the research reported in this thesis, a number of
insights emerge that are nevertheless relevant to resilience assessment and measurement.
Firstly, empirical analyses in Chapters 5 and 6 pointed to domains potentially amenable to
measurement as early warning indicators for system vulnerability. Stability in human
resourcing emerges as a consistently important factor in explaining system resilience (or the
absence thereof) irrespective of the shock. Profound difficulties arose at policy and service
delivery levels in Lebanon because of human resource attrition. This was especially
pronounced as the financial crisis took hold. Human resourcing problems were linked to a
central government hiring freeze, to changes in donor policy concerning the extent to which
they were willing to pay for staff salaries, and to health worker emigration as salaries rapidly
devalued from 2020 to 2022. Similarly, stability in financial inputs was widely viewed as critical.
An important critique emerged from interviews of increasing short-termism in donor funding
and progressively shorter project cycle lengths. This reduced the capacity and capability of
implementing partners to adequately respond to service needs on the ground over time. These
findings suggest that trends in human resource availability, distribution and metrics for key
stocks and flows at facility level are likely to provide good early warning indicators for system

resilience.

Findings in Chapter 5 also identified a series of delays acting as bottlenecks influencing speed
of response on a system level — some of which may be amenable to measurement. At macro-
level, times from funding donor funding mobilisation to deployment to facility level, and time to
distribution of vaccine doses to key junction points in the cold chain are both likely to be

important indicators of system responsiveness.

More broadly, the application of system dynamics in Chapter 6 showed that in-depth analysis
to model out cause and effect relationships in systems can provide valuable insights regarding
system behaviours in response to shocks that might not otherwise be available to system

stakeholders.

8.2.3.2 Bolstering vaccination delivery system resilience in humanitarian settings in general,
and in Lebanon specifically

Findings across Chapters 5, 6 and 7 provide important policy and practice insights regarding
resilience-promoting strategies for vaccination delivery systems in general, and Lebanon in
particular. The first and most important insight is that there is no “silver bullet” solution and
that resilience promotion likely depends on multi-component packages of support, the precise

composition of which will need to be modified over time in response to emerging needs.
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However, findings also point to a series of recommendations for the consideration of specific

stakeholder groups:

Stakeholder group Recommendation

Lebanese government | e«  Consider permitting further, targeted extensions to current use of MMUs, with
implementing partner support, to increase uptake among low coverage
populations;

e  Explore opportunities for integration of services in the PHC network with other
essential services (in health and other domains) to maximise opportunities for
vaccination uptake;

e  Work with implementing partners to introduce, and where relevant expand the
use of, community mobilisers recruited from within low coverage host

communities, refugee and migrant populations;

Donors and technical e Explore flexible approaches to financing and contracting with partners in

agencies Lebanon to allow space for longer-term, strategic approaches to maximising
vaccination uptake;

e Consider temporarily reinstating salary support for human resourcing in critical
positions in the vaccination delivery system to combat staff attrition;

Implementing partner e Lobby for increased financial allocations from donors to support strengthened

organisations resilience in the vaccination delivery system;

¢ Perform (or where relevant publish the results of existing) evaluations of pay-
for-performance and other incentivisation interventions to determine the extent

to which different models have improved coverage for key vaccinations;

Academic and policy e Generate and disseminate evidence on different intervention portfolio designs,
researchers and ways in which these may be tailored for use at different levels in the

vaccination delivery system in Lebanon.

Table 16. Policy recommendations to key stakeholder groups arising from the research findings.

8.3 Limitations of the thesis
In this section, | focus on general limitations of the research project as a whole. Limitations

specific to each individual study are addressed in more detail in the relevant chapters.

8.3.1 Conceptual limitations

Limitations of the research project are both conceptual and methodological. From a conceptual
perspective, one important limitation is the application of a national lens in defining the
boundaries of the system for analysis — although the empirical studies in chapters 5 and 6
explicitly considered dynamics at multiple system levels (sub-nationally). The challenges of
boundary definition have long been recognised in the wider literature on systems thinking
(373-376). There has been much discussion in the health systems literature of the limitations
of using nationally-defined analytic boundaries when so many contemporary health systems

problems are influenced by dynamics at multiple levels — from local through to supra-national
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(24,39). In some respects, this thesis reinforces these by focusing on the Lebanese
vaccination delivery system as defined in national terms. One important hallmark of the
Lebanese context — pointed out by a number of interviewees — which mitigates against this
limitation, is the small size of the country meaning that while regional and local dynamics do
influence health service delivery in important ways, this effect is not as dramatic as is seen in

other, larger (and administratively more complex) contexts.

Steps were also taken through the design and delivery of the research project to address this
limitation. A scoping study was performed to clarify the most appropriate boundary definition
to apply — and confirmed a stakeholder preference for a primarily national view. Purposive
sampling of interviewees included a subset working for international donor organisations, and
many of the implementing partner representatives worked for organisations with an
international footprint. This enabled critical engagement with transnational factors shaping
service delivery including the speed of crisis recognition, of donor funding mobilisation, and
issues around the procurement and shipment of vaccines, for example. Interviewees were
also recruited at regional and local level in two areas of Lebanon to try to capture dynamics at
these levels. Finally, an explicit goal of the qualitative study was to address questions
concerning the influence of transnational relations on governance approaches for vaccination

delivery in Lebanon, to complement the bounded analysis presented in Chapter 5.

Conceptual limitations extend to subject coverage in the findings. For example, there was a
surprising lack of discussion of the role of corruption in influencing system resilience by
participants, especially in the qualitative study reported in Chapter 6, although wider health
systems work makes clear the impact this can have on system performance (377,378).
Although some probing around the role of corruption was attempted through the stakeholder
interviews, little material was elicited. While it is possible that this was because interviewees
did not feel corruption played an important role in driving system resilience, more likely
explanations include [i] concerns over professional exposure despite our assertion that all data
gathered would be treated in confidence, [ii] the “taboo” nature of discussions around
corruption (although it is increasingly acknowledged in Lebanon, especially since 2019), and
[iii] the difficulty of building relationships and trust with participants in the context of primary

data collection conducted largely remotely via Zoom (see section 8.3.3).

A gap that is more difficult to explain concerns the Beirut blast of August 2020 — both as a
discrete system shock, and as a trigger point for resilience-promoting system responses. The
blast featured much less prominently in the CLDs in Chapter 5, and the governance material
covered in Chapter 6, than other shocks. Interview data indicated this may have been partly

because vaccine doses held at the national warehouse in Karantina were relocated to cold
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storage at the Rafiq Hariri University Hospital within 24 hours and so practical effects on the
supply chain were limited. Impact on service delivery also appears to have been relatively
contained within greater Beirut. Finally, while interview and other data sources confirm that
substantial relief funding mobilisation did occur in response to the blast, this was not explicitly
targeted to vaccination delivery. Resources for this continued to be drawn primarily via existing
funding channels under the LCRP.

A final, general, conceptual limitation of this thesis concerns the generalisability of findings.
This thesis was built around an in-depth case study in a single setting — Lebanon — with specific
contextual features, and around a specific essential health service as a cipher (childhood
vaccination). A key theme throughout the thesis concerns the importance of due attention to
context in understanding the effects that shocks give rise to (explored through chapters 5, 6
and 7). The particular confluence of shocks in Lebanon was globally unusual. While this made
it a very good environment in which to study system resilience, there are natural limitations to
the extent to which findings can be generalised to other settings, where health system and
service delivery arrangements may look very different. The question of the extent to which
findings can be generalised beyond Lebanon is one that | am exploring currently through
follow-on work as part of this research project in Uganda (a country that has also experienced
large-scale population displacement, and a COVID-19-related shock in recent years). It is an
area that merits wider conceptual and methodological consideration by health systems

researchers more generally.

A related set of questions concerns the generalisability of findings to other service domains.
On this, insights from the wider literature are encouraging. The discussion in section 8.1 notes
clear points of commonality between findings regarding resilience attributes and leverage
points identified in this analysis, with those observed in other work in humanitarian settings
applied to service areas as diverse as non-communicable disease prevention and control and
mental health service provision (111,182,250), as well as from work on system resilience in
stable contexts (11,12,14).

8.3.2 Methodological limitations

A number of methodological limitations can be identified — many discussed in more detail in
Chapters 5 and 6. Important limitations were imposed by the timing of the analysis. As Chapter
3 makes clear, the operational environment in Lebanon has been very volatile especially over
the past two years. The analysis presented in this thesis addresses a humber of system-level
exposures (the shocks) interrelationships between which are complex and still evolving. This
made disentangling causal drivers of system behaviour in Chapter 5 challenging. In addition,

data collection occurred during a window in which system behaviours in response to the first
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shock (the refugee movement) had settled to some degree, but those in response to COVID-
19 and the economic crisis were still unfolding. This introduced a risk of recall bias in relation
to the refugee movement, which | tried to address by probing for information specifically
around interviewees’ lived experiences, and by emphasising the need for them to highlight
areas where their recollection was uncertain. In relation to COVID-19 and the economic crisis,
conditions on the ground evolved so quickly during the period in which wave 2 interviews were
carried out that participants’ evolving perspectives may not have been fully captured. Similarly,
the February 2022 cut-off for interviews imposed a somewhat artificial endpoint to data
collection at a time when system responses were continuing to develop. On the other hand,
saturation testing through the CLD development and qualitative analysis reported in Chapters
5 and 6 suggests a good level of agreement between interviewees on key shock effects and

system responses during this period.

Selection bias is always a risk in qualitative interviewing. Purposive sampling can be a helpful
strategy in ensuring coverage across the most relevant stakeholder groups, but naturally
cannot capture the full spectrum of potential perspectives. Two specific shortcomings for this
analysis were that it was not possible to sample a broad cross-section of interviewees from
the private sector (noting its historically important role in vaccination delivery), and there were
no participants from the MoSA’s SDC network. These limitations were partly offset by the
boundary definition for the analysis, emphasising dynamics relating to the PHC network. In
addition, the explicit goal of purposive sampling is not to select a statistically representative
sample, but rather to gather as full a range of perspectives as possible within the time and
resource limitations of a defined research project. The use of saturation testing (both in the
form of variable, link, delay and feedback loop tracking during CLD development in Chapter 5
—see Appendix 7 —and in the thematic analysis reported in Chapter 6) was central in ensuring
that data collection was brought to a halt only when new variables, causal links or themes

ceased to emerge.

A related limitation concerns the absence of a formal service user perspective. This was
instead assumed by proxy, by interviewing those involved in frontline service delivery and
probing their knowledge of service user behaviours. However, their reflections may not have
accurately captured the true range of service user perspectives across populations, especially
as these evolved over time. The decision to limit the focus of analysis to perspectives from
those involved in vaccination supply was a pragmatic one given the time and resource
constraints to the research project this thesis describes, but one that future work should look
to address. This is particularly important given an emerging focus on community perspectives

on health system resilience particularly in response to climatic shocks (269,270), and given
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what we know about the diversity of population needs and health seeking behaviours in
Lebanon (206,214,379).

Finally, this thesis reports insights derived from qualitative system dynamics only. The
absence of quantitative, simulation modelling imposes important limitations to what can be
said about dynamic behaviour within the system. As David Lane has highlighted, causal
mapping has representational limitations, and can only be used to infer behaviour, whereas
formal simulation modelling deduces this behaviour in quantitative terms (380). More
specifically, CLDs can obscure potentially important dynamics by not incorporating stock-flow
relationships. Formal findings in these areas can be gleaned only from quantitative modelling
(381). This is a deficit that | am addressing in follow-on work, to develop a simulation model
for Lebanon based on the CLD reported in Chapter 5.

8.3.3 Reflexivity

Some limitations to this work derive from my own position as lead researcher. As a qualified
medical doctor with experience working on vaccination policy in the context of the COVID-19
response, | was able to relate professionally to many of the participants in the study and the
topic under investigation. | also had some knowledge of the operating context in Lebanon and
of issues relating to health service provision for Syrian refugees before starting this research
project, from past research work with partners in-country including at AUB (235,236,382).
Finally, | was able to draw on a mixed British-Egyptian heritage and extensive past experience
living and working the wider Middle East, and to some degree on knowledge of Arabic, in
supporting the fieldwork for the project, although a majority of interviews were carried out in
English. This helped to build rapport with participants.

However, | was also in a number of respects identifiably an ‘outsider’ to interviewees, most
obviously as a researcher based at a British university. This — and the source of funding for
the work — required careful explanation before each interview. Secondly, relevant service
experience before starting the project derived almost entirely from the UK, and from previous
work with a large international donor organisation, rather than on-the-ground delivery in
Lebanon. Thirdly, limitations to my knowledge of the dialect of Arabic in Lebanon sometimes

made fluency in interviews challenging.

Finally, and importantly, a perception of ‘outsider’ status is likely to have been exacerbated by
disruptions to the research project because of COVID-19. The pandemic imposed major
constraints on what was possible in terms of field data collection on the ground in Lebanon
and necessitated a substantial re-design of the research project. The unexpected need to shift
to remote data collection partway through the project naturally limited the extent to which it

was possible to build rapport with study participants, and greatly reduced opportunities for
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‘soft’” information gathering around the work to help contextualise findings (e.g., through

compiling field notes).

These factors all contributed to challenges in engaging stakeholders for the project but were
partly offset in three ways. Firstly, the Primary Healthcare Department at the MoPH was
supportive throughout the project and included a formal letter of introduction to PHCs in the
network to aid recruitment. Secondly, | worked closely with an in-country co-investigator based
at AUB who was known to a number of the participants. Thirdly, | was fortunate to have support
from a Lebanese research assistant to help address this barrier in the few interviews carried

out entirely in Arabic.

Outsider status may have contributed to challenges in data collection in specific areas of the
research project. For example, while engagement from national and regional level
stakeholders (many of whom worked for international NGOs and technical agencies) was
generally good, interviews with facility-level actors proved far harder to secure. This may,
however, simply have reflected day-to-day challenges many facilities were facing at the time
| was carrying out data collection. A second area concerned discussion of politically
contentious topics. For instance, there is a large literature from Lebanon on the role of
confessional politics in determining allocation of health resources (206,383-386). Despite
probing around this topic, few interviewees addressed it. This may have been because they
did not believe that it played a significant role in vaccination delivery. A more likely explanation,
however, was insufficient interviewer-interviewee rapport. As highlighted above, corruption
was also rarely addressed although evidence suggests it plays an important role in shaping

service delivery in many settings (377,378).

8.4 Directions for future research

Findings reported in this thesis suggest some immediate areas for onward investigation, some
of which are already in progress. Section 8.3.1 highlighted concerns over the generalisability
of findings, which may be partly addressed by a supplementary case study linked to this
research project which is being carried out in Uganda. Section 8.3.2 also highlighted a need
to formally test findings using simulation modelling — for which a quantitative system dynamics
model for Lebanon is currently under development. These investigations should help to

address some of the limitations to the thesis identified above.

Findings reported here also point to a wide range of areas for further research — broadly
aligning with each of the objectives. The analysis of shocks and their effects presented in this

thesis is novel but naturally focuses on a single case study. There is ample scope for
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comparative work to investigate the differential effects of comparable shocks (perhaps
classified according to the broad type of event — e.g., climatic, conflict-related — or scope of
impact) in different settings. Further work might also consider the mediating effects of context
and different system architectures and governance arrangements on system behaviour. There
is enormous potential for further examination of compound shock effects especially in
humanitarian settings (complex crises, for example). The application of system dynamics for
this purpose in this thesis has shown promise and may help to inform more rigorous

approaches to risk assessment for health systems facing compound shocks in future.

A key area for further development — especially for practitioners — concerns resilience
assessment and measurement. Section 8.3.2.1 highlighted some of the domains in which
findings from this thesis might support the development of resilience measures. Future work
following on from this thesis to develop a quantitative simulation model may support indicator
development, as well identifying patterns of behaviour to look for, for monitoring purposes.
The urgency of further research in the area of resilience assessment and measurement for
health systems is now widely acknowledged (14,19,387), and one where insights from other

disciplines are again likely to be critical (155).

A further gap concerns community perspectives on health systems resilience, and the way(s)
in which these are integrated into meso- and macro-level work of the kind reported here. As
noted in section 8.3.2, the decision not to interview service users was a pragmatic one given
time and resource constraints. Diversity across displaced and host community populations in
Lebanon is also considerable, introducing challenges for robust sampling. In general, the pool
of work addressing community perspectives on health systems resilience is limited (269,270),
reflecting a wider criticism of health system resilience activities that have appeared to overlook

the importance of communities and trust (388).

Finally, from a methodological perspective, important questions remain best approaches in
humanitarian settings. This thesis has shown the potential value of system dynamics in
exploring health system resilience in humanitarian settings but emphasised the labour
intensity of using a purposive text analysis approach. Findings reported here also do not
address the critical question of research translation. CLDs are hard to communicate to non-
specialist audiences. There is an urgent need for further work to interrogate which methods
offer clearest value for decision-makers seeking to improve system resilience in humanitarian

settings given the combination of resource, security and time pressures they face.
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8.5 Concluding remarks

At the time of writing, economic and social conditions in Lebanon continue to deteriorate
rapidly. The recent deaths of 89 people following the sinking of a boat carrying migrants from
the country seemingly bound for Syria (389), exemplify the struggle for everyday existence for
people living in Lebanon, of which equitable access to preventive health services is just one
dimension. For those living through the shocks described in this thesis, the weight of language

should not be underestimated. As one interviewee for this research project put it:

“l started to get annoyed by the word resilience...at one point of time, resilience was a
positive term in the Lebanese context. Now you are getting your knocks on the head
in more frequent situations that you are no longer able to experience recovery in a
way. This is only human, we cannot be supermen and women — after you get 2, 3, 4,
5 knocks same day or some moment, it is no more resilience it is either you die or you

don’t die, it is survivorship” [LFS12, government official]

This is a salutary reminder to health system researchers that our work should be grounded,
always, in a practical commitment to moving beyond theory, to improve the lives of the

research participants with whom we work, and the communities in which they live.
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APPENDICES

Appendix 1: A general introduction to systems methods

Al.1 Overview of methods for framing the system, and problem, for investigation

While a panoply of analytical decision-support tools now exists in health, many of these (e.qg.,
the Strategic Choice Approach, or Multi-Criteria Decision Analysis) assume a reasonable
degree of consensus on the part of stakeholders regarding the nature of “the problem” and
the range of options available to address it (390). The focus of analysis is then on rational
approaches to deciding between defined policy options, based on evidence assessment and
potentially quantitative analysis of likely impact. There is much less methodological certainty
concerning best approaches in instances where fundamental questions remain regarding
problem definition and boundaries. Chapters 1 and 2 illustrated some of the ways in which
such consensus is absent for many questions concerning health service delivery in
humanitarian settings in general, and childhood vaccination delivery in particular, emphasising
core challenges in defining system characteristics and boundaries, and even what is meant

by the term “shock”.

Conventional analytical decision-support tools also frequently assume linearity in system
behaviour (or try to find linear approximations to non-linear system behaviour) — an
assumption that rarely applies to system behaviour in reality. For better approximations to the
non-linear behaviours that social systems actually display, we need to turn instead to a cluster
of analytical techniques that have emerged from systems science, including approaches
focused on exploring the nature of networking between system actors (e.g. Social Network
Analysis, or SNA), the effects of causal relationships and feedback loops on system behaviour
(system dynamics modelling, or SDM), or those that emphasise the adaptability of individual

system actors (e.g. Agent Based Modelling, or ABM) (97).

In domains where there are fundamental uncertainties over problem definition, we can look to
a further set of consensus-building tools, to help delineate system characteristics and
objectives for decision support work. Table 17 outlines some of the key methods contributing
to system boundary delineation, analysing relationships between stakeholders, and arriving at
consensus on system problems as a precursor to quantitative system modelling, or ex ante
evaluation of interventions. These are reliant, for the most part, on qualitative research
methods (97). The table also indicates the analytical functions that each of these methods can
perform, ranging from simply describing systems and boundaries, through to formally

supporting decision-making through negotiation between stakeholders.
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Boundary critique®!

Soft systems

methodology22

Causal loop

diagramming?®

Network analysis®*

Process mapping?®

Table 17. Qualitative methods for analysis and boundary definition of complex systems.

Each of these approaches carries strengths and weaknesses for problem-framing and
boundary definition. A detailed, comparative assessment of these approaches is beyond the
scope of this appendix, but for the purposes of this thesis, an analytical approach is needed

that blends aspects of:

1. Boundary definition;
2. Building understanding of system problems — in particular, of “pinch points” in
vaccination delivery which underpin performance problems and which may be

amenable to improvement or change; and

21 Boundary critique has been described as a “reflective systems approach” to encourage researcher reflection
on problem boundary definitions, and why certain boundary judgements are made by researchers rather than
others. In particular, through linked approaches such as Critical Systems Heuristics (CSH), it promotes a political
economy perspective to clarify the reasons why researchers judge that certain stakeholders, stakes or issues
should be defined as “inside” or “outside” the boundaries of a problem of interest (420,421).

22 Soft Systems Methodology (SSM) provides a structured process for problem definition, stakeholder
engagement in model development, and a framework for discussion of potential solutions. There is a degree of
flexibility in the specific approaches used to support this, but the emphasis of SSM is on encouraging participants
to consider differences between the current (problematic) situation and an alternative, ideal-type future scenario,
and then the actions that may be required to move from one to the other. Common applications of SSM include
its use as a precursor to formal quantitative modelling through, for example, discrete event simulation, by helping
to delineate the problem which is then addressed through modelling (422).

23 Causal loop diagramming describes the qualitative components of system dynamics modelling — outlined in
further detail in section 4.1.2. It involves the elucidation of variables relevant to a problem of interest, and the
mapping out of causal links between these.

24 Network analysis focuses on mapping out key actors in a system and relations between these, with a focus on
information exchange. Social network analysis is described in more detail in section 4.1.2.

25 Process mapping is a systematic approach for the delineation of important system processes (in an end-to-end
way) to identify potential bottlenecks affecting system performance. Although there is some scope for
incorporation of feedbacks within the maps, this approach by definition assumes a degree of linearity in
processes leading to key service outcomes.
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3. Supporting decision-making through construction of shared understanding of system

problems and leverage points to drive service delivery improvements.

These requirements preclude the use of some problem framing approaches (e.g., boundary
critiqgue, network analysis), and underscore the potential value of others (e.g., causal loop

diagramming).®

A1l.2 Understanding dynamic change within systems: spectrum of possible
approaches

The purpose of this thesis is not merely to describe vaccination delivery systems and
relationships between stakeholders within them, but to support decision-making through the
application of systems methods. A broad set of systems methods and techniques has
emerged over the past 50 years that seek to strengthen understanding of complex problems,
and the value of systems thinking approaches for analysing health systems is increasingly
recognised (391). These approaches acknowledge the importance of context and emphasise
relationships and feedback between elements of a system and how these evolve over time
(96,97,392,393). They also identify particular kinds of behaviour as characteristic of complex
systems, notably including emergence i.e., novel behaviours generated by the combination of

elements in a system, rather than by individual elements themselves (95).

When modelling dynamic systems, the choice of method depends on the centrality or
otherwise of system elements (or agents) to the analysis, and, if they are deemed to be
important to understanding the problem at hand, the extent to which they can change over
time (see Table 18) (282). Where agent characteristics are similar or have no direct effect on
system behaviour, but linkages between those elements are thought to be important, SNA is
the preferred approach. Where elements differ in important ways, it is the nature of dynamic
interactions between these elements (agents) and the environment that matter — and ABM is
the preferred approach (192). If neither of these conditions are satisfied, and dynamic
behaviour within the system is regarded as more important, SDM is preferred (see Table 18 —
adapted from (282)) (97).

26 Although a full discussion of epistemological considerations in selection of systems methods is beyond the
scope of this thesis, there are also important reasons why the combined use of approaches such as boundary
critique or SSM with other systems methods might not be appropriate — linked to the disciplinary and
philosophical traditions from which each originates. Boundary critique and SSM both originate from what has
been termed the “critical systems” tradition (after Peter Checkland and others) and are subjectivist in orientation.
The most important hallmark of this tradition is a belief that relevant methods do not, or cannot, describe systems
as real, empirical objects of enquiry — in contrast to system dynamics. The extent to which subjectivist problem
structuring methods such as SSM can be combined with “hard” methods such as system dynamics remains a
topic of some controversy in the academic literature on systems approaches (420,422).
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Have characteristics of individual agents been
demonstrated to be essential to understanding
the problem?
No (homogeneity of Yes (heterogeneity of
system elements) system elements)

Has the social network | Yes (compartments Social network analysis Agent-based modelling

linking elements matter) (ABM)

(agents) been No (there is perfect Differential equation

demonstrated to be mixing between modelling (principally,

essential to compartments) system dynamics or

understanding the SDM)

problem?

Table 18. Matrix for selection of appropriate complex systems analysis methods.

An important function of the preliminary scoping study for this research project (see Appendix
2) was to inform the selection of which systems method to apply in this project. This selection
was also informed to some degree by the results of paper 1. Initial scoping work suggested
that a multi-level view of dynamics affecting vaccination coverage was needed, and because
neither the nature of system agents nor network effects offered a full explanation for observed
patterns of behaviour in the vaccination delivery system in Lebanon in response to the initial

shock (population movement), system dynamics was selected as the preferred approach.

A1.3 Justification for the overarching methodological approach for the research
project

This research project employed a qualitative, mixed-methods approach with a particular
emphasis on SDM, to understand vaccination delivery system responses to shocks. As we
have seen, systems thinking approaches allow for the complexity of relationships between
elements of a system to be unpacked, recognising the non-linear nature of system behaviour
over time, and the potential for unintended consequences when new interventions or
contextual changes are applied to them, in contrast to conventional evaluation approaches
(93,94).

The project applied SDM in preference to other systems thinking methods (see sections Al.1
and Al1.2 for an overview of these) principally because of the flexibility and range that SDM
offers in addressing everything from boundary definition and problem identification (through
stakeholder engagement in causal loop diagramming) through to identification and testing of
potential solutions (through quantitative system dynamics modelling). None of the other
systems thinking methods described above offer comparable analytical range. SDM has three
additional advantages when compared with other relevant systems thinking methods such as
SNA and ABM (390):
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1. Macro-level perspective: SDM typically models systems at aggregate level, focusing
on the effects of feedback loops on system behaviour over time in response to
disturbances. This is in contrast to ABM which emphasises the characteristics of
individual agents (usually individual people) within a system at micro-level;

2. Handling of uncertainty: SD models are models of decision rules governing
relationships between system elements, rather than models that privilege data per se
(118). SD simulation models can be high fidelity, data-intensive ones that allow for
prediction of actual trends (a function for which they have routinely been used as part
of the COVID-19 response in the UK and other countries, for example), or higher-order
policy models that provide general projections of system behaviour. SD policy models
typically have less stringent data input requirements in contexts where data is in short
supply than SNA. This is a considerable advantage in humanitarian contexts where
data poverty is a common hallmark (93,95);

3. Modelling of dynamic change, flows and feedback loops between elements in a
system: SDM emphasises linkages between system elements and both intended and
unintended consequences of system change(s). This has important advantages in
investigating the effects of system stressors or disturbances in humanitarian settings,
by comparison with SNA, where the emphasis in modelling is on network structure

alone.

While there is burgeoning interest in systems science approaches in health (95-97), and
acknowledgement that they have the potential to significantly improve ex ante and ex post
evaluation of policy and programme designs (93), empirical applications of systems modelling
methods in LMICs have been relatively few (62,81,98—-106). Only a handful of studies using
systems modelling approaches empirically in crisis-affected settings have been conducted
(spanning all sectors) (81,107-109) — just one of which explicitly addressed vaccination
delivery (81).

Nevertheless, some assumptions inherent to SDM introduce limitations especially when
applied to modelling of social systems. The most important of these is the centrality of what
Richardson terms “the endogenous view” in system dynamics: specifically, the assumption
that all significant behaviour relevant to the problem is driven by feedbacks and time or
material delays within the system’s boundaries (112). In this sense, SDM models closed
systems (with behaviours characteristic of complex physical systems, or CPS). Social systems
are, by contrast, predominantly complex adaptive systems (CAS) with open boundaries, and
with behaviours that may be heavily influenced by actors outside those boundaries or by
environmental factors (124). From a quantitative modelling perspective, modelling CAS

typically precludes the use of ordinary or partial differential equations that underpin SDM, and
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modelling approaches such as ABM or communication network modelling are typically
preferred (3). For CPS, differential equation-based modelling methods — of which system

dynamics modelling (SDM) is the best recognised — are appropriate.

A fundamental challenge in analysis of systems is that is often impossible to say with certainty
whether the system behaviours are predominantly endogenously or exogenously driven. In
Richardson’s view, adopting an endogenous view can be likened to a wager in which the
modeller assumes endogeneity because assuming an exogenous state of affairs means
acknowledging limited control over mechanisms to achieve change (112). In the context of
this study, an endogenous view allows us to focus on aspects of vaccination delivery system

behaviour that may be amenable to change through policy or other means.

It is also the case, however, that humanitarian settings are unusually penetrated from a
governance perspective. In particular, dynamics in humanitarian settings may be subject to
changing contextual features including the motivations and actors of international actors such
as donor organisations, the drivers of which lie well outside the boundaries of problem focused
narrowly on national health service delivery. For this reason, the central methodological thread
of the research project (SDM) in study 1 was complemented by a more conventional qualitative
analysis (study 2) focusing on the broader governance context in Lebanon within which
childhood vaccination delivery has been embedded. Further justification of the methodological

approaches employed in each of the studies in this thesis are given in Chapter 4.
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Appendix 2: Scoping study methodology and results

This appendix sets out results from a preliminary scoping study carried out in 2018 and 2019
to set the terms for the research project and to help identify appropriate methods and data
collection approaches. Results span Lebanon and, in addition, Uganda — the site for a second
case study intended to inform an assessment of the generalisability of findings from the main
work in Lebanon. Work in Uganda is ongoing and for this reason results are not reported in
the thesis. Findings from the scoping study inform the problem statement and reference

modes set out in section 1.5, and the aims and objectives in section 1.6.

Findings reported below reflect the period in which the scoping study was conducted. They do
not take account of the most recent changes in Lebanon, for example, nor for the impact of
the COVID-19 pandemic on either of the study settings — all of which occurred after the scoping

study was completed.

A2.1 Theoretical approach to problem articulation

The scoping study focused on defining the problem to be addressed. Although arguably the
most important phase of any research project using systems thinking approaches, there is
little consensus in the systems science literature on preferred approaches to problem
articulation. Approaches ranging from established decision support methods such as Strategic
Options Development and Analysis (SODA), through to network analysis, boundary critique
or soft systems methodology (SSM) have been advanced depending on whether the emphasis
is on understanding system problems, relationships between key stakeholders, or other
practical considerations (97,390,394,395).

A composite set of methods was therefore used to [1] define the problem of interest, and [2]
determine the appropriate methodological approach for investigating it. Additional findings
from the scoping study (concerning model boundaries, time horizons and so forth) are

summarised in section 1.4 in the main report.

A2.2 Scoping study methodology
The scoping study used a mixed methods approach, triangulating data from multiple sources
in three steps as outlined in the table below. Details of approaches and findings under each

step are described in the sections that follow.

Step Inputs Methods employed Outputs

1-mixed |e Peer-reviewed and |e Thematic analysis of | Problem identification
methods non-peer reviewed literature

subject- literature e Thematic analysis of

discussion notes
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area e Exploratory
analysis discussions with a
selection of global
vaccination delivery
and financing
stakeholders

2 — mixed e Peer-reviewed and Case studies (following Problem identification

methods non-peer reviewed | the selection procedure
country literature from outlined above)

case Lebanon and

studies Uganda

e Exploratory
stakeholder
discussions

e Audit of the nature
and availability of
data on routine
vaccination delivery

in Lebanon and

Uganda
3- e Thematic codes ¢ Review of thematic e Working problem
synthesis e Secondary data coding definition
from publicly e Descriptive analysis | e Selection of
available sources of statistics modelling

methodology

Table 19. Steps in the scoping review carried out to determine problem definition for the study.

A2.3 Scoping study results

A2.3.1 Step 1: mixed methods subject-area analysis

This section describes the results of a narrative review of peer- and non-peer reviewed
literatures on vaccination delivery systems and determinants of vaccination coverage in LMICs
including those affected by humanitarian crises. Exploratory discussions also took place with
stakeholders involved in policy development and implementation for vaccination delivery in
crises at a global level, including representatives from UNICEF with responsibility respectively
for general aspects of humanitarian response (as part of the Emergency Response Team
based in New York), immunization delivery in general, and supply chain management
specifically, and from the Department of Immunization, Vaccines and Biologicals at WHO,
which has an important role in norm-setting and guideline development for immunization

delivery globally.
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If we understand the goal of routine vaccination delivery as ensuring enhanced population-
level immunity to key communicable diseases, and at a more proximate level, population
vaccination coverage, then a broad body of evidence now exists across high, middle- and low-
income settings describing key determinants of coverage — including for countries in crisis

(1,118,119 - among a number of other studies). This literature distinguishes:

¢ Demand for vaccination, in turn shaped by a range of interlinked factors spanning
popular perceptions of vaccine effectiveness, concerns over potential harms, and other
factors;

e Supply of vaccination, spanning aspects of both community access, and facility and
healthcare worker (HCW) readiness to administer products, as well as overarching

system features including financing and governance.

A2.3.1.1 Drivers of demand for, and supply of, vaccinations

A recent systematic review of evidence from LMICs identifies the decision to vaccinate as the
product of favourable population attitudes, pro-vaccination norms in society at large, and
individuals’ or families’ perceived control (or self-efficacy) over the process of vaccination
delivery (42). These three normative drivers of demand are underpinned by a host of factors,
operating at a number of levels. Societal norms around vaccination, for example, may be
influenced by factors including population awareness of the effectiveness of vaccination,
perceived safety of different products and popular perceptions of need, as well as the views
and influence of informal healthcare providers in LMIC settings (62) — and in crisis-affected
settings especially, by trust in services (63,64). A large body of work emphasises the
importance of wider determinants of vaccination uptake, including family socioeconomic

status, levels of maternal education and ethnicity (65).

Vaccination supply, on the other hand encompasses factors including facility readiness,
community access to facilities and HCWs and global considerations such as financing and
governance. Facility readiness spans local infrastructure considerations (such as storage
capacity, stock and flow awareness, inventory management and waste disposal), human
resource considerations (including workforce numbers and training), but is also influenced by
meso-level factors (including product distribution methods and equipment) and macro-level
factors (including financing, leadership and degrees of political commitment to vaccination)
(42). To these may be added system factors including pluralism in vaccine providers, and
pathway or service-delivery questions such the prevalence of out-of-hospital births — which
may influence the extent to which newborns receive post-delivery follow-up services including
routine vaccinations (65). In many low- and middle-income settings, the private sector has a

prominent role in delivering EPI vaccinations — which frequently expands in crises (396,397).
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There can be specific challenges to vaccine delivery in crisis settings, including disruptions to
financing flows and supply chains, loss of qualified staff due to death and/or displacement,
and outright destruction of health facilities. Factors emphasised during exploratory stakeholder
discussions included competing stakeholder agendas, the challenge of maintaining cold
chains especially in remote and rural areas into which initial displacements frequently occur
in crises, lack of robust health intelligence in contexts featuring mobile populations, and
financing shortfalls especially in the growing humber of middle-income countries now affected
by crises but ineligible for funding support from Gavi. Stakeholders also emphasised that
demand dynamics can change in important ways in crises, and that early and intensive
community engagement is often key in minimising disruption to vaccination coverage in these

settings.

Adaptive approaches to maintaining vaccination coverage in crises include negotiating secure
physical access, outreach campaigns, and even “barrier” methods in which VPD transmission
is contained by vaccinating populations around the periphery of areas that are difficult to
access (64). A body of recent work has considered the potential of flexible dosing and
administration schedules (47,64), and prioritisation of different antigens (83) to improve
coverage in areas where insecurity or other physical access barriers may preclude delivery of

full or optimal vaccination courses — usually in the acute phase of humanitarian crises.

A2.3.1.2 Vaccination delivery system components and system strengthening interventions

A predominant focus of the literature cited above is on individual behavioural, or at most meso-
level, determinants of vaccination coverage. There is a much smaller literature considering
system-level factors influencing vaccination delivery, much of which is technical and tends to
describe “ideal-type” systems (82,83,398,399), or addresses particular system functions such
as monitoring (400). Most evidence comes from high income settings (401) or stable LMICs
(398) rather than crisis settings. The bias towards individual behaviour is repeated in the
research literature considering intervention strategies to improve coverage, which also focus

on encouraging uptake at individual- or household-level (363).

The literature from humanitarian settings is particularly small, with just a handful of studies
addressing approaches in these settings (63,81). Most existing work focuses on
considerations such as modes of engagement with communities, and flexible dosing
schedules in areas where access is challenging (47,51,64,86) rather than system
characteristics, and is largely silent on key questions including the relationship between
national immunisation systems and vaccination delivery under humanitarian response
mechanisms. Recent technical guidance from the WHO on decision-making and programme

implementation in crisis settings marks an important departure in emphasising system-level
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considerations in vaccination delivery but is focused on the acute phase of crises (82,83).
These deficits inform the selection of questions for the systematic review proposed as part of

this research project (see the protocol in Appendix 10).

A2.3.1.3 Conclusion: problem identification
On the basis of material presented above, an initial problem conceptualisation was that there
is a lack of understanding of how and why vaccination delivery systems respond to

disturbances such as population movement in the ways that they do.

A2.3.2 Step 2: mixed-methods country case study
This section presents a narrative overview of the operating context in Lebanon, and dynamics
of vaccination delivery, based on a synthesis of peer- and non-peer-reviewed literature

sources, exploratory discussions with system stakeholders and analysis of secondary data.

A2.3.2.1 Routine vaccination in Lebanon

A2.3.2.1.1 Operating context

Lebanon is a small country in the Middle East covering around 10,500 km?, and with an
estimated population of just over 6 million — although this figure is contested (200). Although
political sensitivities mean that data from Lebanon are fragmented (199,402), it is clear that
the demographic picture is changing rapidlyy. The Syria Crisis is the proximate cause of the
latest in a long series of large-scale population displacements into Lebanon and within its
borders, with around 920,000 registered Syrian refugees residing in the country as of
November 2019 (alone constituting at least a quarter of the population) and a sizeable
additional, unregistered refugee population (207). The proximate “shock” occurred from early
2013, when refugee arrivals in Lebanon from Syria rose rapidly and although cross-border
movement in both directions continues, a large number of Syrians continue to reside in
Lebanon (figure 6). The country also has a registered population of some 469,600 Palestinian

refugees to whom health services are provided by UNRWA (208).
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Figure 34. Ten-year trend in the total number of refugees registered by UNHCR in Lebanon since 2008.

The vertical red-line indicates the point at which cross-border movement from Syria escalated rapidly —
corresponding to the system shock of interest in this study. The beginning of the conflict in Syria is indicated by
the dashed vertical line. UNHCR has been prevented from registering any new entrants from Syria by the

Lebanese government since May 2015. Source: (403).

Although Lebanon operated a de facto open-border policy towards Syrian refugees between
2011 and 2014, the government’s positioning vis-a-vis the crisis has been complicated by
concerns over potentially destabilising spill over effects from the conflict there, embodied in
the Dissociation Policy?” introduced in 2012 (210,211). Since 2015, there has been a
hardening of political rhetoric towards Syrian refugees, and in May of that year the government
formally requested that UNHCR stop registering new arrivals from Syria (212). Relations
between the government and many of the major agencies involved in the response are testy
(213). The million or more displaced Syrians currently living in the country are scattered across
2,100 formal and informal settlements, many of them in governorates bordering Syria where
public service access and quality for host communities have historically been poor. Some 76%

of the displaced Syrian population in Lebanon live below the poverty line (203).

A2.3.2.1.2 Vaccination delivery, uptake and population coverage trends

The health sector in Lebanon is fragmented with a large private sector and complex
relationships between “mainstream” health services and humanitarian response actors (223—
227). Although some contemporary accounts emphasise the resilience of the health system
in the face of large-scale population movements since the start of the Syria crisis (54), ground-
level reality especially since 2013 (when cross-border movement escalated significantly) has
been one of rapidly increasing demand and strain on health services, policymaking and

implementation processes (203,231-233).

Vaccination access points in Lebanon vary by population?®. The Ministry of Public Health
(MoPH) administers a nationwide EPI vaccination system for all those living in Lebanon,
delivered through dispensaries and primary health centres (PHCs) and theoretically available
to all (including refugees) for a nominal fee (234). A proportion of dispensaries and PHCs
receive in-kind support from the MoPH but are operated and funded by third parties —
principally not-for-profit providers. Other delivery mechanisms exist for displaced populations.
Palestinian refugees are served by a network of clinics operated through the UN Relief and
Works Agency (UNRWA). Syrian refugees can access routine vaccination at reduced cost

through the EPI programme, the private sector and an emergent informal provider sector for

27 This was intended to enforce neutrality by political actors in Lebanon towards the crisis but has had the effect
of providing cover for limited recognition of rights for Syrians, who have no meaningful prospects of integration in
Lebanon, and for whom — as an article of official government policy — no refugee camps can be established.

28 Exploratory stakeholder discussion 3.
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those who are not registered?®. People living in Lebanon also frequently access vaccination
(both routine and non-mandated) from private healthcare providers — for which no systematic,
national-level data collection exists. Costs across these access points also vary. Vaccination
delivery through the EPI system is heavily subsidised so that patients theoretically cover only
administration fees (typically ranging from US$5-10 per consultation for Lebanese residents,
$2-5 for Syrian refugees)®°. Private provider fees for vaccination range from US$20-100 per

consultation excluding vaccine product costs.

From a governance and financing perspective, public and not-for-profit facilities in the PHC
network must report EPI vaccination delivery data to the MoPH, which regulates activities in
the sector. Financing and product procurement for the EPI programme overall lies with the
MoPH with support from UNICEF (since 2013), which also provides technical input to
programme oversight (234). Private sector providers operate independently of this system,
procuring through separate mechanisms and delivering both routine and off-schedule
vaccinations. A central theme in stakeholder discussions was the parlous state of financing
for vaccination through the national EPI programme in Lebanon. As a middle-income country,
it has limited recourse to funding support from international organisations such as Gavi and
the MoPH is heavily dependent on domestic funding sources — leading several stakeholders

to question the long-term sustainability of the programme in the face of rising demand.
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Figure 35. Ten-year trend in population-level DTP3 coverage in Lebanon from 2008 to 2017 from the Lebanese
MoPH, and WHO/UNICEF.
The vertical red line indicates the “shock” point at which refugee arrivals escalated rapidly, and which — even in

officially reported figures — manifests in a sharp decline in population DTP3 coverage.

29 |bid.
30 Exploratory stakeholder discussions 2 and 3.
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Building a clear picture of vaccination coverage and its determinants across populations in
Lebanon is challenging because of data limitations (404). Coverage estimates derive from
nationally reported figures (from MoPH and WHO/UNICEF — for which trends are discrepant,
see figure 7) and periodic, cross-sectional population coverage surveys, most recently in 2016
(239). Nationally-reported coverage rates for both DTP3 and MCV1 (first dose measles
vaccination) showed marked declines from 2013 onwards — the point at which refugee
movement into Lebanon from Syria accelerated steeply. We also know that there are
substantial variations in coverage across segments of the population and according to
geographical location. The most recent EPI survey for Lebanon showed that DTP3 coverage
rates among children in the Lebanese host population varied from 56.3% in the northern
district of Bcharré (32% of children in this district had received no DTP doses at all at age 59
months) through to 95.1% in West Bekaa in the centre of the country. Overall coverage among
Syrian refugees sampled in the survey (across Bekaa and Northern governorates) was 81.3%
(239). Results from various geographically localised, cross-sectional analyses tend to show
lower coverage rates among Syrian refugees than the Lebanese population on average
(238,240,405).

These figures highlight limitations to the health system response to rising demand since 2013.
While steps have been taken to strengthen cold-chain management nationwide3!, stakeholder
discussions suggest that there have been significant distorting effects on vaccination demand
as a result of population movement, with reductions in particular from Lebanese residents
through the EPI system in preference for private providers (partly as a result of declining trust
in the quality of services at EPI providers, but also because of perceived competition from
refugees)®?, and continuing access barriers related to affordability for refugees (203,223,404).
In addition, significant measles outbreaks in 2013, and again from 2018 onwards indicate
endemic infection (406,407) and suggest that coverage for critical vaccinations among key

segments of the population are sub-optimal.

A2.3.2.2 Routine vaccination in Uganda

A2.3.2.2.1 Operating context

Uganda is a large, sub-Saharan African country covering some 240,000km?, and with a total
population of 42.7 million in 2018 (200). As in Lebanon, the refugee population in Uganda is
sizeable (an estimated 1,347,000 refugees in total as of November 2019 — around 3% of the
population), but rather than large-scale, predominantly unidirectional population movement,
the country has instead seen movement in multiple directions resulting from a series of

concurrent humanitarian crises on its borders — notably in South Sudan to the north, and the

31 Stakeholder discussion 2.
32 Stakeholder discussions 1 and 2.
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Democratic Republic of Congo (DRC) in the west — alongside internal factors. The main,
proximate driver for movement was the outbreak of conflict in South Sudan in 2013, as a result
of which over a million refugees have moved into the country (as of June 2019), but there has
been a new influx since October 2018 from DRC (figure 8). Cross-border movement from DRC
is active and currently increasing, with around 140,000 new arrivals since October 2018 (408).
Refugees are distributed across the country but with particularly large populations in the north

of the country, especially Yumbe and Adjumani districts in the far north (408).

As in Lebanon, Uganda hosts a number of refugee camps but has, as an article of official
policy, moved away from encampment towards a degree of integration — at least in terms of
access to services — with host communities. However, most refugees continue to live in
settlements and the practical level of service integration and labour market opportunities open
to them are variable across the country and over time (409). The Ugandan government has
recently introduced an integrated health sector response plan which addresses aspects of
health service delivery for refugees — including vaccination — through access to public sector
health facilities (410).

A2.3.2.2.2 Vaccination delivery, uptake and population coverage trends

Routine vaccination in Uganda is administered through the national EPI programme (UNEPI)
at the Ministry of Health (MoH), with technical input from the Ugandan National Immunization
Technical Advisory Group (UNITAG). Nationally, UNEPI covers conventional governance
functions including norm-setting, quality assurance, monitoring and evaluation and
procurement (for the EPI vaccines for the routine schedule) (411). UNITAG’s function centres
on evaluation of clinical and health economic evidence on vaccine products to inform changes
to the routine schedule (412). Responsibility for management and delivery of immunisation
services lies with district, sub-district and facility-level actors — and the key local coordinating
role is performed by the District Health Officer (DHO) in each of Uganda’s 127 administrative
districts, who oversees implementation and evaluation of immunisation-related activities
across the public, private and third sectors. Districts typically also have a cold chain officer to

ensure that vaccine stocks are appropriately maintained (411).
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Figure 36. Ten-year trend in the total number of refugees registered by UNHCR in Uganda since 2008.
The vertical red line represents the proximate “shock” — the outbreak of conflict in neighbouring South Sudan

which was the prompt for the latest surge in cross-border movement into Uganda. Source: (403).

Funding, product procurement and technical support for vaccination delivery is provided by
the Ugandan government, with independent pathways for private providers. The Ugandan
MoH is heavily reliant on donor support for vaccination financing. This includes substantial
support from Gavi, the vaccine alliance, which has disbursed some $407 million since 2000
for activities spanning cold chain optimisation, health system strengthening, and delivery of
both routine vaccination and catch-up campaigns (pentavalent vaccination for some years,
and measles in 2018, for example) (413). Gavi also supports delivery of selected non-
mandated vaccinations (pneumococcal and HPV vaccines for example). UNICEF provides
major financial and technical contributions to vaccination delivery for refugee and host
community populations in Uganda, although it is difficult to disaggregate funding specifically
covering vaccination from general health-related expenditure (414). UNHCR is also a key
financial and technical supporter for primary healthcare delivery (including immunisation)
through public or NGO intermediaries in the West Nile districts that accommodate the majority

of the refugee population in Uganda (415).

In contrast to the mixed picture in Lebanon, access to routine vaccination for both host
communities and refugee populations is primarily through the national EPI program and —
following the abolition of user fees at first-level health facilities in Uganda in 2001 — this is
nominally free of charge (416). There is, however, evidence that informal costs or co-payments
are in practice hindering access to primary care services including vaccination (417). While

vaccination — both on- and off-schedule — is also available through private providers, in
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practice these account for a very small proportion (3%) of all facilities providing immunisations
nationwide — the vast majority (82%) are in the public sector. Provision of immunisations to
refugee populations under the Ugandan Minimum Service Package is also a core commitment
under the country’s Health Sector Integrated Refugee Response Plan, published earlier in
2019. This spans access to routine vaccinations such as DTP3, and both routine and catch-
up delivery of vaccination for epidemic-prone infections such as measles (410).

Data in the public domain on vaccination coverage for Uganda show marked improvements
in coverage of key vaccinations in the early to mid-2000s (figure 9), followed by stagnation
thereafter, though there are important variations nationwide. System-level drivers for the
observed levelling off in population vaccination coverage have been explored elsewhere (102)

but without an explicit focus on the potential role of population displacement.
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Figure 37. Trends in population-level DTP3 coverage in Uganda from 2008 to from the Ugandan MoH, and
WHO/UNICEF.
The vertical red line indicates the “shock” point at which refugee arrivals from South Sudan escalated rapidly.

While national level coverage figures vary over time (see Figure 37), and no explicit
association can be demonstrated here between population movement and aggregate
vaccination coverage, there have been pronounced declines in officially-reported rates for
almost all major vaccine products over 2017-18 as the number of refugees moving into the
country has increased — including measles (from 97% in 2013 for MCV1 to 80% in 2018),
DTP3 (97% to 79%) and inactivated polio vaccine (pol3 — 99% to 66%) (244). Detailed
evidence on vaccination coverage among refugee populations by comparison with host
communities from nationwide survey data suggests that rates are broadly comparable — albeit
slightly lower among refugees on average (96.6% for measles among host communities, and

91.1% among refugees in a population-based survey carried out in 2017, for example) (418).
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However, it should be noted that these data predate the large upswing in cross-border

movement since 2016.

There is strong interest among policymakers in Uganda in means for addressing stagnating
vaccination coverage — not least given a perception that UNEPI is one of the better-functioning
health service delivery mechanisms in the country (418). Recent initiatives in this space have
included the introduction of the Immunization Act in 2017, which theoretically mandates
compulsory immunisation for children, women of reproductive age and “other target groups”

(419) — although it remains unclear to what extent this law is implemented at local level.

A2.3.2.3 Conclusion

This section has outlined the scale and scope of population movements into Lebanon and
Uganda in recent years, highlighting their dynamic and ongoing nature. It has describe the
complex patterns of service delivery and access across populations that now exists in each
country, and the contributory effect these factors have had on disruptions to routine
vaccination delivery, and ultimately vaccination coverage. The working problem statement

derived from this analysis is given in section A2.4.1.

A2.3.3 Step 3: synthesis

This section brings together findings from steps 1 and 2 to specify the methodological
approach to be adopted for this research project. Rahmandad and Sterman present a useful
framework for selecting the most appropriate complex systems modelling methodology
depending on the characteristics of the system in question — between ABM and compartment-
based approaches including SDM (192). The distinction between these two approaches
hinges on whether the characteristics of individual agents and their networks or system
structures are seen to be more important determinants of behaviour. “Agents” often refer in
systems science to individuals but can also be actors such as organisations. While literature
evidence and stakeholder testimony in the scoping study made clear that individual service
user characteristics and perceived self-efficacy can be important determinants of demand,
when considering vaccination delivery, interactions between elements of the system (for
example in maintaining the cold chain, ensuring effective procurement or gathering and
disseminating health intelligence) emerge as more important than the characteristics of agents
themselves. This steers away from agent-based modelling as the most appropriate
methodology. Further justification for the choice of modelling approach is given in section 1.4.3

in the main body of the thesis.
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A2.4 Problem definition

A2.4.1 Problem statement
The working problem statement on the basis of findings outlined in the scoping study above

is as follows:

Vaccination coverage may be disrupted over time in environments where there
are large-scale population movements, with an attendant risk that the incidence
and severity of vaccine-preventable diseases (VPDs) may increase.
Maintaining threshold levels of population vaccination coverage under resource
constraints in these contexts is a major policy and service delivery challenge for
national vaccination programmes. We do not have a clear picture of either [1]
the vaccination system characteristics or capacities that may explain how and
why these systems adapt (or otherwise) to new service pressures when large-
scale population movements takes place, or [2] intervention strategies that are

likely to reinforce system ability to maintain or exceed threshold coverage rates.

A2.4.2 Reference modes
The reference mode assumes that, given an at least relatively well-functioning vaccination

delivery system prior to the shock, population level vaccination coverage will steadily
increase up to the point at which a major displacement occurs. At that point, we can expect a
reduction in total population coverage, which — depending on the effectiveness of the system

response — may or may not be transient.

Three stylised scenarios can be envisaged from this point forward (illustrated in the figure

below):

e Optimal response: coverage recovers and continues on an upward trajectory towards
a defined threshold.

e Sub-optimal response: coverage levels recover weakly and reach an equilibrium point
below the threshold for herd immunity.

e Failure: population influx overloads the system and its adaptive or transformational
capacity, so that population coverage falls so far below the threshold for herd immunity

that population health protection cannot be guaranteed.
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Figure 38. Reference mode and three putative trajectories for population vaccination coverage in each of the
case study countries in the event of large-scale population movement

This figure assumes that the movement is cross-border (refugees) rather than internal displacement. The vertical
red line represents the “shock” point — in this case a sudden population influx.

These reference modes will act as bases for discussions with stakeholders during primary
data gathering, to try to understand how vaccination delivery systems in Lebanon and Uganda

have actually responded to population movement.

271



Sharif Ismail

Appendix 3: Timeline of key events

Vaccination system resilience to shocks in Lebanon

December 2022

Contextual developments

Vaccination delivery system developments

National accreditation programme for PHCs 2009

launched

Beginning of Syria Crisis 2011

Beginning of large-scale cross-border population 2012 Implementing partner NGOs begin vaccine

movement delivery to displaced populations through
MMUSs, in partnership with MoPH

March: inter-agency regional response plan to

Syria Crisis initiated

Registered refugee numbers increase from circa

12,000 in Feb/March to 156,000 by end

December

Cases of AFP reported in Syria; polio 2013 Nationwide measles and mumps outbreak

vaccination campaign launched reported

804,848 registered refugees by 30/12/2013 National cluster survey for routine vaccination
coverage carried out but does not include data
on Syrians specifically

Dec: EU regional trust fund launched to support 2014 | April: MoPH issues circular requesting

delivery of donor funds for projects in Lebanon vaccination be administered free of charge at all

and other countries, including for health PHCs

1,146,405 registered refugees by 31/12/2014 May: MoPH issues circular promoting
cooperation with private providers including
through provision of vaccine doses procured
through the Ministry
Nationwide measles and mumps outbreak
continues

Lebanese Government requests UNHCR stop 2015 Jan: LCRP launched — surge in donor

registering new refugee arrivals in Lebanon commitments through the plan

1,069,111 registered refugees by 31/12/2015 May: MoPH issues circular reinforcing shift from
physician-administered to nurse-administered
routine vaccination in PHCs (without
consultation fees)

1,011,366 registered refugees by 31/12/2016 2016 National cluster survey for routine vaccination

coverage carried, disaggregating Syrian and

host community coverage rates for the first time
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Cases of AFP reported in Syria; polio 2017 Donor policy shift from funding staff and

vaccination campaign launched overhead costs to prioritising programmes;
funding for MoPH staff reduced

June: Lebanon Health Resilience Project (World

Bank) launched, with module focusing on Revised National Immunisation Strategy and

primary care service strengthening EPI multi-year plan of action issued

997,552 registered refugees by 31/12/2017

948,849 registered refugees by 31/12/2018 2018 Nationwide measles outbreak reported
PHENICs e-record system launched
Policy shift away from use of MMUs towards
promotion of vaccination uptake for all
populations through PHCs and other fixed sites

October: protest movement begins; Lebanese 2019 National measles vaccination campaign

currency begins slide in value against US dollar launched with donor support

914,648 registered refugees by 31/12/2019 Mobile Epi Registry Application (MERA) e-
record system launched

February: first COVID-19 cases reported in 2020 MoPH launches programme to contract private

Lebanon clinics to deliver routine vaccinations free of
charge, in exchange for vaccine dose supplies

March-May: first COVID-19 lockdown Large decline in reported vaccination uptake
through PHCs

August: second COVID-19 lockdown; Beirut National vaccination storage facility transferred

blast from Karantina to Rafiq Hariri University
Hospital in Beirut to preserve cold chain

865,531 registered refugees by 31/12/2020 following Beirut blast

November: government subsidies on the costs 2021

of regular medications lifted

840,929 registered refugees by 31/12/2021

825,081 registered refugees by 30/09/2022 2022 Expanded use of MMUs to meet local

population demand for vaccination
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Appendix 4: Introduction to causal loop diagrams

Causal loop diagrams (CLDs) show cause and effect relationships between variables in a
system. In a CLD, variables are linked by arrows which indicate both the direction of perceived
effects, and — through the polarity (as indicated by a ‘+’ or ‘-* sign) — the nature of the
relationship. A positive polarity indicates a reinforcing relationship between variables so that
as one increases, the linked variable does in turn. A negative polarity indicates an opposing
effect, so that a rise in the value of the starting variable leads to a reduction in the resultant

variable.

The use of hashed lines across an arrow linking two variables indicates a delay in movement
from one to the next. These delays can broadly be of two types: (i) information delays, which
describe the time taken to assemble and interpret relevant information that enables a system
change to be perceived or acted upon; and (ii) material delays, which describe the time taken
for movement of materials affecting downstream system behaviours. Supply chain and
logistics problems are good examples of material delays; in the case of vaccination delivery,
one might consider the delay between disbursement of vaccine doses from a central storage
facility to their arrival at a health service provider for administration, and the range of potential

factors contributing to this.

Figure 39 provides a simple illustration, showing the link between two variables used in this
project: PHC crowding, and Perceived ability to socially distance in PHCs. In this example, as
PHCs become more crowded, service users’ confidence in being able to socially distance
properly within those facilities reduces. There is also an information delay, in that it takes time
for service users to become aware that local health facilities are crowded (unless they happen

to be present in person).

Perceived ability to
= zocialty distance in
- PHCs

PHC crowding I

Figure 39. lllustration of a negative polarity relationship between two variables using standard CLD notation.
This visualisation shows the link between primary healthcare facility crowding and service user-perceived ability
to socially distance in those facilities (in the context of COVID-19 spread).

For more complex behaviours, variables may be linked together to form loops, in which
feedback behaviour occurs. These can be reinforcing or balancing. In a reinforcing loop, a
series of variables may be linked together by positive polarities, so that a positive feedback
loop is created. These kinds of loops can lead to rapid growth or decline in the variables of
interest over time. A balancing loop, by contrast, tends towards equilibrium, and is seen when

the relationships between variables within a loop even each other out. Further detail on the
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interpretation of CLDs can be found in a number of sources including Tomoaia-Cotisel et al
(117), or for those with time and interest to pursue more detail, in Sterman (113) or Morecroft
(115).

Figure 40 provides an illustrative example of a balancing feedback loop, based on the stem
given in Figure 39. In this example, an increase in the perceived ability to socially distance in
health facilities, reduces the perceived risk of contracting COVID-19, in turn promoting
attendance at those facilities, with a resulting increase in vaccination uptake. However, there
is a feedback effect because as attendance rises, so too does PHC crowding, which tends to

reduce perceived ability to socially distance, ultimately discouraging further PHC attendance.

Perceived ability to

socially distance in -
PHCs

Perceived risk of @ '
contracting COVID-19 in PHC crowding
health facilities +
x\Attendance at
PHCs
Vaccination
*  coverage

Figure 40. Example of a balancing feedback loop.
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Appendix 5: Research tools used to support data collection through interviews

A5.1 Consent form

Title of Project: Strengthening national vaccination delivery systems for displaced populations in

protracted crises

Name of Principal Investigator/Researcher responsible for project:

(AUB)

Name of Co-Investigator:
(LSHTM)

Dr Fouad Fouad

Dr Sharif Ismail

Statement

Please initial or
thumbprint*
each box

| confirm that | have read the information sheet dated September
2020 (v4) for the above-named study. | have had the opportunity to
consider the information, ask questions and have these answered

satisfactorily.

OR

| have had the information explained to me by study personnel in a
language that | understand. | have had the opportunity to consider

the information, ask questions and have these answered

satisfactorily.

| understand that my participation is voluntary and that | am free to
withdraw at any time without giving any reason, without my legal

rights being affected.

I understand that data about/from me/the participant may be shared
via a public data repository or by sharing directly with other

researchers, and that | will not be identifiable from this information

| agree to take part in the above-named study

Printed name of participant Signature of participant
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Printed name of impartial withess* Signature of impartial witness*
Date

| attest that | have explained the study information contained in the information sheet dated
September 2020 (v4) for the above study accurately, and that this was understood to the
best of my knowledge by the participant, and that he/she has freely given their consent to

participate* in the presence of the above named impartial witness (where applicable).

Printed name of person obtaining consent Signature of person obtaining consent  Date

[*Only required if the participant is unable to read or write.]

Note to study participants: if your interview is taking place in person, Dr Ismail will ask you
to sign a copy of this form at the time of the interview. If it is taking place remotely, please
complete and sign this form as outlined above, and send it to Dr Ismail directly at:

sharif.ismail@Ishtm.ac.uk.

A5.2 Semi-structured interview topic guides

A5.2.1 Topic guide for policymakers
INTERVIEW SCHEDULE FOR POLICYMAKERS

TITLE: Strengthening national vaccination delivery systems for displaced populations

in protracted crises

PREAMBLE
Thank you for agreeing to speak with me today.

I am a researcher from the London School of Hygiene and Tropical Medicine in the UK and
am conducting research in Lebanon with colleagues from American University of Beirut to
understand how childhood vaccinations are delivered to different populations, and how we can
help increase the number of people who have access to, and take up, those vaccinations in
humanitarian settings. | am particularly interested in finding out more about how vaccination

delivery from national to local in Lebanon works for host communities and for refugees, and
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in understanding how recent challenges that Lebanon has been experiencing — including
COVID-19 - have influenced this.

As outlined in the information sheet for this study, any information that you share in this
discussion will be treated in confidence and will be fully anonymised for any onward publication

arising from this work.

INTRODUCTORY QUESTIONS

1. Please outline your current role and explain your key responsibilities.

2. Please explain the role(s) your organisation plays in vaccination delivery in Lebanon.
a. PROBE: Delivery for host communities vs refugee populations

3. Please explain what the term “resilience” means to you.
a. PROBE: Do you think it is a meaningful to talk about system resilience in
Lebanon at the moment? If not, how/where should attention be focused instead?
b. PROBE: What factors do you think influence the resilience of the vaccination

delivery system, and why?

DYNAMIC RESPONSES OF THE SYSTEM (likely that most interviewees will discuss,
interchangeably, the effects of population displacement, economic crisis and COVID-19 —

guestions as ordered are for guidance only):

4. What effect (if any) has population displacement had on immunization delivery in
Lebanon?
a. PROBE: for each listed effect — why did it occur?
b. PROBE: effects on the caseload of vaccine-preventable disease (VPDs)
c. PROBE: How has the national program/system responded to new demands
placed on it?
i. PROBE: Where there aspects or parts of the program that performed well?
Why?
ii. PROBE: Where there aspects or part of the program that did not perform
well? Why?
iii. PROBE: Where there differences in how the program responded to meet

the needs of different populations, or different parts of the country? Why?
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iv. PROBE: If outbreaks of VPDs have occurred across these populations,
can you describe the nature of the response? Why did the response

pan out in this way?

In this next part, I'd like to turn to some of the more recent events in Lebanon and their

effect(s) on vaccination delivery.

5. What impact have economic difficulties since October 2019 had on vaccination delivery if
any? Why?
a. PROBE: Human resourcing issues, supply chains, access to foreign currency;
others
b. PROBE: Effects on service demand — have any changes been noted, and if so
what/how? Have particular populations been affected?
c. PROBE [trade-offs]: How have these pressures influenced what you do (if at all)?

Have you had to change the way(s) you work, and if so how?

6. What impact has COVID-19 had on childhood vaccination delivery, and how has your
organisation/the system responded to this?
a. PROBE: What effect, if any, has COVID-19 had on demand for routine
immunisations?
b. PROBE: Did you have to make any changes to the way you work to allocate
resources to COVID-19 and if so how?
c. PROBE: What effect(s), if any, did this have on delivery of/your work on routine
immunisations? Why/how?
d. PROBE: Are you/is your organisation involved in COVID-19 vaccination delivery?
If so, how?
i. Have there been any knock-on effects for routine immunisation in allocation
of resources/effort to COVID-19 vaccination delivery? If so, how/why?
ii. Has it been possible to leverage your work on routine immunisation to

support COVID-19 vaccination delivery? If so, how?

METRICS (if not already picked up in earlier sections)

279



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

7. What do you think are the most important measures of success in vaccination delivery,
and why?
a. PROBE: ask about specific metrics that the interviewee uses or is aware of, or
that they use in their role

b. PROBE: data sources — routine and otherwise — for these metrics

WRAP-UP

8. Is there anything else that you would like to raise with me today?

9. Isthere anyone else you would recommend that | speak to about this?

Thank you for taking the time to speak with me today.

A5.2.2 Topic guide for service managers
INTERVIEW SCHEDULE FOR SERVICE MANAGERS

TITLE: Strengthening national vaccination delivery systems for displaced populations

in protracted crises
PREAMBLE
Thank you for agreeing to speak with me today.

I am a researcher from the London School of Hygiene and Tropical Medicine in the UK and
am conducting research in Lebanon with colleagues from American University of Beirut to
understand how childhood vaccinations are delivered to different populations, and how we can
help increase the number of people who have access to, and take up, those vaccinations. |
am particularly interested in finding out more about how vaccination delivery from national to
local in Lebanon works for host communities and for refugees. | would like to hear more about
your perspective on vaccination service delivery, and how recent challenges that Lebanon has

been experiencing — including COVID-19 — have influenced this.

As outlined in the information sheet for this study, any information that you share in this
discussion will be treated in confidence and will be fully anonymised for any onward publication

arising from this work.

INTRODUCTORY QUESTIONS
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10. Please outline your current role and explain your key responsibilities.

11. Please tell me about the clinic/service that you manage.

a. PROBE: What population(s) do you serve? How many people attend your
service/clinic in a day/week/year? How many vaccinations do you administer in a
day/week/year?

b. PROBE: How many health workers are employed by your service/clinic? How

many are directly involved in vaccination deliver?
12. What does the term “resilience” mean to you?

a. PROBE: Do you think it is meaningful to talk about system resilience in Lebanon

today?

THE STRUCTURE OF THE SYSTEM

13. Please describe how routine vaccinations are delivered in [AREA/DISTRICT]?
a. PROBE: What are the key components of service delivery for vaccination locally?
i. FURTHER PROBE: who do you report to concerning the performance of
your service/clinic on vaccination, and how?
b. PROBE: What are the costs of vaccination delivery for your service?
c. PROBE: do processes and costs differ in significant ways between host
communities, refugees and those who are internally displaced? How/why?
d. PROBE: What role (if any) does outreach play in service delivery in your area?
e. ANCHORING PROBE: have any of the details you outline changed
significantly since [DATE OF SHOCK]? If so, what was different then?

DYNAMIC RESPONSES OF THE SYSTEM

14. What effect (if any) has population movement had on your ability to deliver vaccination
locally?
a. PROBE: demand-side and supply-side factors
b. PROBE: for each listed effect — why did it occur?

c. PROBE: perceived effects on the caseload of vaccine-preventable disease (VPD)

15. How has your service responded to demand from different population groups locally
since [DATE OF SHOCK]?
a. PROBE: Where there aspects or parts of the service that performed well? Why?
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b. PROBE: Where there aspects or part of the service that did not perform well?
Why?

c. PROBE: Have there been stock-outs (vaccine products or ancillary products
needed to deliver them)? If so, why? And how have staff responded to these?

d. PROBE: Where there differences in how the service was able to respond to meet
the needs of different populations or geographical locations? Why?

e. PROBE: If outbreaks of VPDs have occurred, can you describe how your

service/clinic has responded?

16. What impact have economic difficulties since October 2019 had on vaccination delivery
locally?
a. PROBE - demand: effects on service usage/uptake
b. PROBE - supply: effects on HR, supply chains, service demand
c. PROBE: Have you had to work differently in delivering vaccinations to your

beneficiaries, and if so how?

17. What impact has COVID-19 had on routine childhood vaccination delivery in your

clinic/service, and how have you responded to this?

a. PROBE - demand: effects on service usage/uptake

b. PROBE: Did you have to make any changes to the way you deliver services to
allocate resources to COVID-19 response and if so how?

c. PROBE - trade-offs: What effect(s), if any, has this had on delivery of routine
immunisations? How/why?

d. PROBE: Are youl/is your organisation involved in COVID-19 vaccination delivery?

If so, what model(s) are you using to do this?

METRICS (if not covered elsewhere)

18. What do you think are the most important measures of success in vaccination delivery,
and why?
a. PROBE: ask about specific metrics that the interviewee uses in their work or is
aware of

b. PROBE: data sources — routine and otherwise — for these metrics

WRAP-UP
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19. Is there anything else that you would like to raise with me today?

20. Is there anyone else you would recommend that | speak to about this?

Thank you for taking the time to speak with me today.

A5.2.3 Topic guide for healthcare workers
INTERVIEW SCHEDULE FOR HEALTHCARE WORKERS

TITLE: Strengthening national vaccination delivery systems for displaced populations

in protracted crises

PREAMBLE
Thank you for agreeing to speak with me today.

I am a researcher from the London School of Hygiene and Tropical Medicine in the UK and
am conducting research in Lebanon with colleagues from American University of Beirut to
understand how childhood vaccinations are delivered to different populations, and how we can
help increase the number of people who have access to, and take up, those vaccinations. |
am particularly interested in finding out more about how vaccination delivery from national to
local in Lebanon works for host communities and for refugees. As a healthcare worker
delivering vaccinations in your day-to-day work | would like to hear more about your work and

factors that make it easier or harder to do your job.

As outlined in the information sheet for this study, any information that you share in this
discussion will be treated in confidence and will be fully anonymised for any onward publication

arising from this work.

INTRODUCTORY QUESTIONS

21. Can you please outline your current role and explain your key responsibilities?
a. PROBE: How did you come to occupy your current position?

b. PROBE: What role do you have in administering or providing vaccinations?

22. Can you please tell me about the service/clinic in which you work?
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a. PROBE: How many health workers, besides yourself, are involved in giving
vaccinations?
b. PROBE: How many patients do you see in a day/week for vaccination

administration and who are they?

THE STRUCTURE OF THE SYSTEM

23. Can you describe how, in your view, routine vaccinations are delivered in your
clinic/centre?

a. PROBE: Can you describe the process of delivery in your clinic/centre?

b. PROBE: What are the costs of vaccination delivery for your clinic/centre?

c. PROBE: Do the processes and costs you have outlined above differ between
patient groups (host communities, refugees, those who are internally displaced)?

d. ANCHORING PROBE: have any of the details you outline changed
significantly since [DATE OF SHOCK]? If so, what was different then?

24. What do you think are the most important measures of success in vaccination delivery,
and why?
a. PROBE: ask about specific metrics that the interviewee uses in their work or is
aware of
b. PROBE: data sources — routine and otherwise — for these metrics

25. What factors do you think determine the ability of your clinic/centre to provide
vaccinations for people living in [AREA/DISTRICT], and why?

a. PROBE: around the WHO health system building blocks as above

b. PROBE: supply-side factors e.g. procurement, supply chain management, cold
chain management etc
PROBE: demand-side factors e.g. population size, patient perceptions etc

d. PROBE: do these differ in meaningful ways for different vaccine-preventable
diseases?

e. PROBE: do these factors, or the balance between them, differ according to the
target population(s) identified above?

f. ANCHORING PROBE: have any of the details you outline changed
significantly since [DATE OF SHOCK]? If so, what was different then?

DYNAMIC RESPONSES OF THE SYSTEM
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26. What effect (if any) has population movement had on your ability to deliver vaccination
locally?
a. PROBE: what proportion of the patients that you see do you think are
refugees/members of host communities?
b. PROBE: demand-side and supply-side factors?
c. PROBE: for each listed effect — why?

27. How has your service responded to the challenges identified above, and why?

a. PROBE: Where there aspects or parts of clinic/centre’s work that performed well?
Why?

b. PROBE: Where there aspects or part of the clinic/centre’s work that did not
perform well? Why?

c. PROBE: have there been stock-outs (vaccine products or ancillary products
needed to deliver them)? If so, how have staff responded to these?

d. PROBE: Where there differences in how the clinic/centre was able to respond to
meet the needs of different populations or geographical locations? Why?

e. ANCHORING PROBE: have any of the details you outline changed
significantly since [DATE OF SHOCK]? If so, what was different then?

28. What are the key challenges that your clinic/centre has faced recently in delivering
vaccinations [OR SPECIFY DURATION DEPENDING ON LENGTH OF TIME IN POST],
and why?

a. PROBE: background and nature of the challenges identified — using the WHO
health system building blocks if necessary

b. PROBE: nature and duration of effect(s)

c. PROBE: geographical location/spread of impact

WRAP-UP

29. Is there anything else that you would like to raise with me today?

30. Is there anyone else you would recommend that | speak to about this?

Thank you for taking the time to speak with me today.
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Appendix 6: RIQ template for purposive text analysis

As outlined in Chapter 4, the qualitative system dynamics component of this thesis employed
purposive text analysis as those chosen approach to analysis of interview data. Full details of
the method as given in Chapter 4. Here, the template for interpretation of quotes is provided,

along with a sample quote interpretation.

Participant “Nevertheless, some mumps, measles outbreaks took place, sometimes it

quotation: was because of the [refugee] influx, but also sometimes because it was low

coverage in some specific areas in Lebanon.”

Analysis
Quote segment Variable identified
“Nevertheless, some mumps, measles VPD outbreaks

outbreaks took place”

“Sometimes it was because of the [refugee] Refugee arrivals

influx”

“Sometimes because it was low coverage” Vaccination coverage

“low coverage in some specific areas in Cadasters with low vaccination coverage
Lebanon”

Interpretation

Causal structure Explanatory text from the quote

Refugee arrivals -->+VPD outbreaks in Some outbreaks took place...sometimes because

Lebanon of the influx

Vaccination coverage-->-VPD outbreaks in Some outbreaks took place...sometimes because

Lebanon it was low coverage

Cadasters with low vaccination coverage-- Some outbreaks took place...sometimes because

>+VPD outbreaks in Lebanon it was low coverage in some specific areas in
Lebanon

Visual interpretation:

Vaccination
coverage

+
™ VPD outbreaks

Refugee

arrivals
+

7

Cadasters with
low vaccination
coverage
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Appendix 7: Tracking saturation through CLD combination and validation

In order to test the extent to which saturation had been reached in development of combined
CLDs from different stakeholder groups, saturation plots were generated for both CLD
combination, and subsequent validation of the final, aggregated CLD. These plots are
intended to give a quantitative sense of the contribution of new manuscripts to elaborating the
CLD, and measure, respectively, the number of new variables, links, delays and feedbacks
introduced with each additional CLD. As CLD development proceeds to saturation, one would

expect the number of new additions with each transcript to tend towards zero.

The plots overleaf for CLD combination give a visual indication of the extent to which saturation
was reached across stakeholder groups. Clusters correspond to the stakeholder categories
identified in section 4.3.2. The second set of figures visualises saturation in CLD validation

using the validation set of interviews.
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Figure 41. Saturation curves by variable addition, link addition, delay addition and feedback loop addition for each additional CLD added from the anchor CLD during the CLD

combination phase.
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Clusters correspond to the stakeholder category (where cluster 1 = national level stakeholders; cluster 2 = regional stakeholders and implementing partners; and cluster 3 =
facility-level interviewees).
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Figure 42. Saturation curves by variable addition, link addition, delay addition, and feedback loop addition, for each additional validation interview added beyond the anchor

In this case the anchor was the aggregated CLD from the initial CLD development step.
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Appendix 8: Ethical approvals
A8.1 LSHTM approval - UK

London School of Hygiene & Tropical Medicine LONDON

Keppel Street, London WC1E THT b(‘H(_‘J.(_)Lof

United Kingdom i o
Switchboard: +44 (0)20 7636 8636 E’P;K(EJII}%LNA% ﬁ ;[c E}
www.Ishtm.ac.uk MEDICINE i

Observational / Interventions Research Ethics Committee

Drr Sharif Ismail
LSHTM

11 December 2019

Dear Dir Sharif Temail

Study Tithe: Smengthening nafionsl vaccinstion delivery systems fior displaced populstions in proaacted orises: modelling delivery in the context of large-scale displacement in
Lehanon and Uzanda

LEHTM Ethics Ref: 17461

Thank you for responding to the Observational Committes's request for farther information on the abowe research and submitting revised dooamentation.

The further information has been considered om behalf of the Committes by the Chair.

Confirmation of ethical opindan

Om behalf of the Committss, | am pleased to confirm a favourable etivical opinicn for the above research on the basis described in the application form, profocol and supporting documentation
as revised, subject to the conditions specified below.

Condlitions of the faveurable opinden
Approval is dependent on |ncal ethical approval havieg been received, where relevant.
Approved documents

The final list of doruments reviewsd and approved by the Conmmitize is as follows:

Docoment File Name Date Version
Type
Protocol / Sharif Tsmail _thesis reseanch protocol_w0.01 2682019 1.0
Eroposal
Tvestigator Short CV intemational 2019 w0.02 2770820019 1.0
cv
Protocol / Ell schedule policymakers w0.01 2040820019 1.0
Proposal
Protocol / EII schedule HCWs_v0.01 200820019 1.0
Proposal
Protocol / Ell schedule_service managers_vw{.01 20082019 1.0
FProposal
Protocol / Ell schedule generalizshility testing, w0.01 204082019 1.0
Proposal
Advertisements Becruitment email template policymskers CLD .01 30082009 1.0
Advertisements  Fecmitment email template service manazers CLD w0001 304082009 1.0
Advertisements Recnuitment email template_policymakers zeneralizability test w0001 300820019 1.0
Advertisements Fecnmiment email template service mansgers generalizability st v0.01 3040872009 1.0
Information ‘Template information sheet_menagers and healthcare workers_generalizability 30082019 1.0
Sheet test_vL0L
Information “Tenplare informarion sheet_ policymakers_semeralizshilicy wsr w001 30082019 1.0
Sheet
Information ‘Template infromation sheet managers and healtheare workers CID w001 30082019 1.0
Sheet
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Information Tempiate mfonmstion sheet policymakers CLD 0,01 30082019 1.0

Sheet

Protocol / Sharif Ismail thesis research protocol +0.02_TRACEED 02122019 2.0

Proposal

Covering Respanse Cover Letter SHARTF ISMATL. 02 122019 021272019 2.0

Letier

Orther NIHF. Good Clinical Practice (CF) certificare SHARTF ISMATL 02122019 1.0

Other NIHF. Good Clinical Practice ((CF) Fefresher el eaming, Good Clinicsl Practice 021272019 1.0
Refresher Centificae SHARIF ISMATL

Other CTTI certification_buman subjects research SHARIF ISMATL 02122019 1.0

Information Informed consent template w0002 027122019 2.0

Sheet

After ethical review

The ChiefIn (1) o duh s sible for indi the ethics committes of any suhsequent changes to the application. These must be submitted to the Committee for review

using an A .| b form. A dnsents mvust not be initated before receipt of written Bvourable opinbon from the commitiee.

‘The C1 or delegate is also required to notify the ethics commitbes: of any protoced violations and/or Suspected Unexpected Serious Adverse Reactions [SUSARs) wiich occur during the project
by submitting a Serlous Adverse Event form,

An anmusal report should be sebmitted to the committes using an Anmual Report form on the anniversary of the approval of the study during the lifetime of the shady.
AL the end of the study, the Cl or delegate must notify the commitiee using an End of Stedy form.

All sforementioned forms are available on the sthics anline applications website and can ondy be submdtted o the commitbes via the webisite at: kttpe/ leolshim acuk

Additional information is avadlable ak: www lshitm.acuk/ethics

Yours sincerely,

Professor [inmmy Whibworth
Chair

ethics@lshim ac.uk

Improving health worldwide
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A8.2 AUB approval — Lebanon

(#AUB

Institutional Review Board | «Udyay) aoal www, 3ub.edu.lb
American University of Beirut
APPROVAL OF RESEARCH

February 4, 2020

Dr. Fouad M. Fouad
American University of Beirut
01-350000 Ext. 4654
mm57(@aub.edu.lb

Dear Dr. Fouad,

On February 4, 2020, the IRB reviewed the following protocol:

Type of Review: Initial, Expedited

Project Title: Strengthening national vaccination delivery systems for
displaced populations in protracted crises: modelling
delivery in the context of large-scale displacement in
Lebanon and Uganda

Investigator: Fouad M. Fouad

IRB 1D: SBS-2019-0376

Funding Agency: Wellcome Trust Clinical Research Training Fellowship
(award no. 215654/7/19/7)

Documents reviewed: Received September 20, December 30, 2019 & January 31,
2020:

Response Letter,

Amended IRB Application,

Proposal,

Interview Guide- Policymakers (Arabic and English
versions),

Interview Guide- Managers (Arabic and English versions),
Interview Guide- Healthcare workers (Arabic and English
versions),

Amended Invitation Script- Policymakers (Arabic and
English versions),

Amended Invitation Seript- Healthcare workers + Managers
(Arabic and English versions),

Amended Participant Information sheet + Consent-
Policymakers (Arabic and English versions),

Amended Participant Information sheet + Consent-
Healthcare workers + Managers (Arabic and English
versions).

The IRB approved the protocol from February 4, 2020 to February 3, 2021 inclusive.

Before December 3, 2020 or within 30 days of study close, whichever is earlier, you are to submit
a completed “FORM: Continuing Review Progress Report™ to request continuing approval or
study closure.

Page 1 of 2 Template Revision: February 4, 2020
Beirut PO Bax 11-0236 (F15), Riad El Soth 1107 2020, Beirus, Lebanon | Tek 4961 1 350000 Ext: 5445 | Fax: +961 1 738025 | Emall: irb@subedulb
New York 3 Dag Hammarskjold Plaza, 8h floor | New York, NY 10017-2303, USA | Tel: +1-212-583-7600 | Fax: +1-27 2-583-7651
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~

EETN

3 *AI ]B Institutional Review Board | Zldyay) aial www. aud.edu.lb

American University of Beirut

A AR

If continuing review approval is not granted before the expiration date of February 4, 2021,
approval of this research expires on that date.

Please find attached the stamped approved documents:

¢ Proposal (received September 20, 2019),

¢ Interview Guide- Policymakers Arabic and English versions (received September 20,
2019),

¢ Interview Guide- Managers Arabic and English versions (received September 20, 2019),

¢ Interview Guide- Healthcare workers Arabic and English versions (received September
20, 2019).
Invitation Script- Policymakers Arabic and English versions (received January 31, 2020),
Invitation Script- Healthcare workers + Managers Arabic and English versions (received
January 31, 2020),

* Participant Information sheet + Consent- Policymakers Arabic and English versions
(received January 31, 2020),

e Participant Information sheet + Consent- Healthcare workers + Managers Arabic and
English versions (received January 31, 2020).

Only these IRB approved consent forms and documents can be used for this research study.
Thank you.

The American University of Beirut and its Institutional Review Board, under the Institution's
Federal Wide Assurance with OHRP, comply with the Department of Health and Human Services
(DHIS) Code of Federal Regulations for the Protection of Human Subjects (“The Common
Rule”) 45CFR46, subparts A, B, C, and D, with 2ICFR36; and operate in a manner consistent
with the Belmont report, FDA guidance, Good Clinical Practices under the ICH guidelines, and
applicable national/local regulations.

Sincereli',

Michael Clinton, PhD
Co-Chairperson IRB Social & Behavioral Sciences

Cc:

Fuad Ziyadeh, MD, FACP, FRCP

Professor of Medicine and Biochemistry

Chairperson of the IRB

Ali K. Abu-Alfa, MD, FASN, FAHA

Professor of Medicine

Director, Human Research Protection Program

Director for Research Affairs (AUBMC)

Page 20f2 Template Revision: February 4, 2020

Beirut PO Box 11-0235 (F135), Riad £l Saih 1107 2020, Reirut, Lebanon | Tek +961 1 350000 Ext: 5445 | Fax: 4951 1 7 25 | Email: tbaaub edulb
New York 3 Dag Hammarskjold Plaza 8:h floor | New York, NY 10017-2303, USA | Tel: 41-212-583.7600 | Fax: +1-212-583-74"
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Appendix 9: Systematic review — developing a working analytical framework
Understanding of which interventions may bolster system resilience in health, and how remains limited
partly because of enduring analytical differences over the way in which resilience is conceptualised
(9,12). There is, however, a degree of consensus in the health literature on the kinds of attributes
associated with system resilience, if not necessarily the means by which these can be enhanced. They
include “hard” attributes such as availability of material and human resources, and the existence of
collateral pathways (i.e. the existence of multiple mechanisms through which, for example, medical
products or health services can be delivered) (18,139). Effective information management is also vital
although the balance between formal surveillance and softer, more immediate data from human
intelligence systems in shaping system responses has emerged as an area of debate in humanitarian
settings and in the context of COVID-19 responses (153,154). “Soft” attributes include features such as
networking and connectivity (141). Empirical studies of resilience governance and system leadership
have been few including in health, although existing health research does identify attributes including
legitimacy and knowledge management as important (10,137,152). These attributes may derive in part
from the health system and wider context in which interventions operate, but also form part of activities
linked to the intervention itself.

While the ultimate goal of vaccination delivery systems can be considered to be generating
improvements in vaccination coverage, and thereby population health outcomes (including mortality and
morbidity from VPDs), the attributes described imply a focus on interventions that act through
intermediate pathways, such as improvements in the quality of health information, integration with other
services and service providers, the scale and durability of resource inputs (human, financial and others)
and so on. These, and other similar outcomes, form an important focus for this review: our focus was
not just on vaccination delivery endpoints (population coverage, deaths and hospitalisations averted, for

example) but also on the system outputs and outcomes through which these effects were achieved.
We therefore developed a working framework to enable a layered reading of included articles, exposing:

e Context: including both the broader national context and humanitarian crisis within which the
intervention implementation occurred, as well as the background state of the health system
(understood with reference to the WHO health system building blocks)

e Mechanism: as a function of intervention activities on the health system building blocks, the
ways in which these supported the development of recognised resilience attributes (such as
collateral service pathways, strengthened networking and other features highlighted above) and
ultimately the specific mechanism (whether absorptive, adaptive, or transformative) by which
resilience was strengthened as a result of the intervention.

e Outcomes: vaccination-related outcomes as set out in the methods section, and as reported by

included articles.
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The framework outlines a loose progression from inputs to outcomes (e.g., increased vaccination
coverage) but does not make explicit assertions about causal links between individual elements, about
feedback loops that are, in reality, likely to apply, or about the dynamic nature of the relationship between
interventions and wider context. This is because the nature of these relationships is likely to vary from

intervention to intervention.
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Appendix 10: Systematic review — protocol

This appendix provides the systematic review protocol as documented on PROSPERO.

Interventions for strengthening vaccination delivery systems in the context of
protracted humanitarian crises: protocol for a realist-informed systematic review

Citation

Sharif Ismail, Walter Lam. Interventions for strengthening vaccination delivery systems in the context of
protracted humanitarian crises: protocol for a realist-informed systematic review. PROSPERO 2021
CRD42021273124 Available from:
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021273124

Review question
The review will address the following research questions:

* What is known about the impact of system-level interventions on vaccination coverage in countries
experiencing protracted humanitarian crises, when, where and for whom (considering host communities,
refugees and internally displaced populations)?

» What promising, system-level interventions may be identified with early-stage evidence of impact on key
vaccination delivery outcomes in these settings?

* What is known about how these interventions operate at system-level, with a view to tailoring them
to local implementation?

Searches

Searches will span peer-reviewed journal databases including MEDLINE, the Cochrane Central Register of
Controlled Trials (CENTRAL), Cumulative Index to Nursing and Allied Health Literature (CINAHL), EMBASE,
Global Health and the WHO Library Information System (WHOLIS).

Searches will also be conducted across relevant portals for technical evidence and guidance (e.g.
Technet-21) and websites of key global organisations including WHO, Global alliance for vaccine and
immunisation (Gavi), and UNICEF among others to identify relevant peer-reviewed and grey literature.

Reference snowballing will be performed from studies identified through the above to find additional studies of
potential relevance.

In broad terms, the review will include peer-reviewed journal articles, conference abstracts, agency and NGO
evaluation reports, government reports and plans, presentations, WHO SAGE documents, guidelines and
guidance documents. With respect to study designs:

+ For peer-reviewed papers, study designs may span systematic reviews and meta-analyses, randomised
controlled trials, interrupted time series analyses, repeated cross-sectional studies (i.e. primary studies).

+ Grey literature sources will need to report original findings from population-based studies of the kinds
identified above, or programme or policy evaluations. Formats may include formal reports, working
papers, powerpoint presentations, etc.

A basic principle for inclusion is that studies will need to report data (qualitative, quantitative or mixed-
methods in origin).
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Types of study to be included

In broad terms, the review will include peer-reviewed journal articles, conference abstracts, agency and NGO
evaluation reports, government reports and plans, presentations, WHO SAGE documents, guidelines and
guidance documents. With respect to study designs:

+ For peer-reviewed papers, study designs may span systematic reviews and meta-analyses, randomised
controlled trials, interrupted time series analyses, repeated cross-sectional studies (i.e. primary studies).

+ Grey literature sources will need to report original findings from population-based studies of the kinds
identified above, or programme or policy evaluations. Formats may include formal reports, working
papers, powerpoint presentations, etc.

A basic principle for inclusion is that studies will need to report data (qualitative, quantitative or mixed-
methods in origin).

Condition or domain being studied
The focus of this review is on routine (EPI) immunisation delivery in low- and middle-income countries (LMICs)

affected by protracted humanitarian crises.

Participants/population

Populations in LMICs affected by humanitarian crisis (but beyond the acute response phase) with a particular
focus on children aged 0-5 as the focus of most routine vaccination programmes, but incorporating older
displaced children, teenagers and adults in consideration of, for example, catch-up programmes.

Intervention(s), exposure(s)

System interventions at meso- or macro-level with explicit or potential effects on either or both of the primary
and secondary outcome domains defined below. Interventions must operate at the relevant system level,
defined as follows:

1. Meso-level:

+ Supply side: area-based (i.e. district, governorate or equivalent level and above), health sector interventions
addressing system resilience directly, or alternatively specifying activities under one or more of the WHO'’s six
health system building blocks; OR interventions targeting specific tranches of the vaccination delivery pathway
e.g. cold-chain maintenance;

+ Demand side: meso-level interventions focused on refugee or otherwise displaced populations in crises
with demonstrated effects on population health outcomes (e.g. cash transfer programmes), with the
overall objective of increasing population demand for, and uptake of, vaccination

2. Macro-level: interventions addressing system resilience at national level directly, or alternatively
concurrently addressing a number of the WHO'’s six health system building blocks at national level; OR
interventions targeting specific tranches of the vaccination delivery pathway at national level.

Comparator(s)/control

This will vary according to the design of individual, included studies.

Context
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LMICs (defined according to World Bank Country and Lending Groups classification) with large, within-year
refugee movements or internally displacements documented (>10, 000 individuals). A target country list will
be identified by mapping the following against one another:

1. Numbers of registered refugees, by year, for all LMICs in the period 2005-2020 drawing on publicly available
UNHCR data;

2. Numbers of internally displaced persons, by year, for all LMICs in the period 2008-2020 drawing on
publicly available data from the Internal Displacement Monitoring Centre (IDMC).

Main outcome(s)

Vaccination coverage for one or more of the antigens short-listed in the WHO's 2017 guidance document
outlining decision-making approaches for vaccination delivery in acute humanitarian emergencies
(https://apps.who.int/iris/handle/10665/255575).

Measures of effect

Coverage rate (administrative or survey-based) for specific antigens considered in included studies.

Additional outcome(s)
Secondary outcomes will be considered in two categories:

+ Vaccination delivery outcomes as defined by included studies but likely including rates and reported
caseloads for vaccine-preventable diseases (VPDSs); access to routine immunization (typically defined as the
proportion of eligible children within a given time period in receipt of a particular antigen dose); drop-out rates
(for multiple dose regimens); facility readiness metrics; and

+ Stated system resilience indicators e.g. the presence of systems for protecting financing for vaccination,
available vaccine stock, workforce numbers and reserve etc (these are likely to vary from study to study
because the resilience literature is nascent).

Measures of effect

These will vary according to the secondary outcome considered.

Data extraction (selection and coding)

Screening for inclusion will be performed sequentially on title/abstract and then full text. Screening will be
performed in duplicate by two members of the study team, with discrepancies resolved by consensus.

Extraction will then be performed, also in duplicate, using a pre-developed data extraction proforma. For many
sources this will likely involve an alternative reading (focused on resilience capacities and factors underpinning
these) of papers that conceptualise their analyses around non-resilience-focused frameworks such as the
WHO building blocks approach. Resilience themes may be identified inductively (through the material) or
deductively (drawing on resilience attributes identified through the resilience theory review).

Risk of bias (quality) assessment [1 change]

Quality assessment will be performed using the Mixed Methods Appraisal Tool (MMAT), a tool which was
developed to help facilitate appraisal of public health research studies with multiple study designs and
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interventions within a single framework. Appraisal will be performed independently by two members of the
study team, with resolution of disagreements through consensus.

Reference: Hong QN, Pluye P, Fabregues S, Bartlett G, Boardman F, Cargo M, Dagenais P, Gagnon M-P,
Griffiths F, Nicolau B, O’Cathain A, Rousseau M-C, Vedel I. Mixed Methods Appraisal Tool (MMAT), version
2018. Registration of Copyright (#1148552), Canadian Intellectual Property Office, Industry Canada..

Strategy for data synthesis [2 changes]

Findings from the review will be narratively synthesised under headings linked to the main study questions,
and organised according to the class or type of intervention, based on data gathered from the extraction
proforma. Data on classes of intervention will be reported in summary tables outlining actions of each
intervention type on key health

system components (e.g. governance, financing, workforce development etc), and variations in implementation
processes according to the delivery setting, drawing on information on intervention implementation contained in
the included studies. We will prioritise findings from higher quality studies (as assessed using the MMAT tool),

and those where more detailed descriptions of intervention context and implementation processes are provided.

Because of the diversity of intervention types, study designs and study contexts likely to be included in the
review, it is not anticipated that formal meta-analysis will be either possible or desirable. If data are sufficient in
volume to permit this, harvest plots may instead be used to illustrate overall direction of effects arising from
specific intervention classes

on key study outcomes. Where quantitative data are reported that are relevant to the primary study outcomes
(e.g. change in vaccination coverage rates pre- to post-intervention, change in drop-out rates and related
metrics), these may additionally be reported as ranges with median values, provided sufficient background
information on the study population is provided to properly contextualise these findings.

Analysis of subgroups or subsets

None planned.

Contact details for further information

Sharif Ismail

sharif.ismail@Ishtm.ac.uk

Organisational affiliation of the review

London School of Hygiene and Tropical Medicine

Review team members and their organisational affiliations
Dr Sharif Ismail. London School of Hygiene and Tropical Medicine

Dr Walter Lam. National University of Singapore

Type and method of review

Epidemiologic, Intervention, Narrative synthesis, Prevention, Service delivery, Systematic review
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Anticipated or actual start date

02 August 2021

Anticipated completion date

31 December 2021

Funding sources/sponsors

Wellcome Trust

Conflicts of interest

None

Language

English

Country

England, Singapore

Stage of review [1 change]

Review Completed published

Details of final report/publication(s) or preprints if available [1 change]

Ismail SA, Lam ST, Bell SL, Fouad FM, Blanchet K, Borghi J. Strengthening vaccination delivery system
resilience in the context of protracted humanitarian crisis: a realist-informed systematic review. medRxiv.
2022 (April 26); doi:

10.1101/2022.04.21.22273340
https://www.medrxiv.org/content/10.1101/2022.04.21.22273340v2.article-
info

Subject index terms status

Subject indexing assigned by CRD
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Subject index terms

Adolescent; Adult; Altruism; Child; Child Health; Child, Preschool; Communicable Disease Control; Delivery
of Health Care; Disasters; Disaster Victims; Healthcare Disparities; Health Status Disparities; Humans;
Immunization Programs; Infant; Infant Health; Mass Vaccination; Primary Prevention; Public Health; Relief
Work; Vaccination; Vaccination Coverage; Vaccines

Date of registration in PROSPERO

27 September 2021

Date of first submission

13 September 2021

Stage of review at time of this submission [2 changes]

Stage Started Completed
Preliminary searches Yes Yes
Piloting of the study selection process Yes Yes
Formal screening of search results against eligibility criteria Yes Yes
Data extraction Yes Yes
Risk of bias (quality) assessment Yes Yes
Data analysis Yes Yes

Revision note

Update submitted to provide details of the preprint published by medRxiv summarising results from this
review. A parallel journal submission has been made and is under editorial consideration. If/when a peer-
reviewed journal paper from this review is published, a further update to the record will be made providing a
link to this.

The record owner confirms that the information they have supplied for this submission is accurate and
complete and they understand that deliberate provision of inaccurate information or omission of data may
be construed as scientific misconduct.

The record owner confirms that they will update the status of the review when it is completed and will
add publication details in due course.
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Appendix 11: Systematic review — list of eligible settings and their eligibility

periods

Using data from the UN OCHA, and the humanitarian information gathering portals ReliefWeb
and Humanitarianresponse.info, the following countries were categorised as eligible for
inclusion as protracted crisis settings during the study period. Note that not all listed countries
were eligible for the entire study period; some were eligible only for specific time points
(coinciding with periods when they were covered by a HRP or equivalent) — but that all
countries had to have had a run of at least 5 years under a response plan of one kind or

another to meet the criteria for a protracted crisis setting.

Country

Eligible period(s)

Relevant response plans

Core countries (with country-specific RPs +/- relevant regional RPs of which they formed part)

Afghanistan Full duration of the study Consolidated inter-agency appeals since 1995-96
(and prior to this); consecutive HRPs from 2009-
2021

Angola 2001-2002 Consolidated inter-agency appeals, 1995-2002;
DRC RRP

Burkina Faso 2013-2021 Consecutive HRPs from 2013-2021

Burundi 2016-2021 Consecutive HRPs from 2016-2021; DRC RRP

Cameroon 2014-2021 Consecutive HRPs from 2014-2021

Chad 2004-2021 Consecutive HRPs from 2004-2021

Central African 2003-2021 Consecutive HRPs from 2003-2021

Republic

Democratic Republic of | Full duration of the study Consecutive HRPs from 1999-2021

Congo

Ethiopia 2017-2021 Consecutive HRPs from 2017-2021

Haiti 2010-2021 Consecutive HRPs from 2010-2021

Honduras 2014; 2021-22 Drought emergency response 2014; HRP from
2021-22

Iraq Full duration of the study Consolidated inter-agency appeals since at least
1995/6; consecutive Syria 3RPs 2015-2021;
consecutive HRPs from 2014-2021

Lebanon 2015-2021 Lebanon war response 2006-7; Syria 3RP 2015-
2021; ERP 2021-present

Libya 2011-2021 Consecutive HRPs 2015-2021

Mali 2012-2021 Consecutive HRPs from 2012-2021

Myanmar 2013-2021 Consecutive HRPs from 2013-2021

Niger 2011-2021 Consecutive HRPs from 2011-2021

Nigeria 2014-2021 Consecutive HRPs from 2014-2021

Occupied Palestinian
Territories

Full duration of the study

UNRWA presence since 1949; Consecutive HRPs
from 2003-2021

Somalia

Full duration of the study

Consecutive HRPs from 1998-2021
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South Sudan

2011-2021 (2010 if including
HRP prior to independence)

Independence in 2011; Consecutive HRPs from
2010-2021

Sudan Full duration of the study Consecutive HRPs from 1993-2021

Syria 2012-2021 Syria HARP 2012 and subsequent domestic plans;
3RP from 2015 onwards.

Ukraine 2014-2021 Consecutive HRPs from 2014-2021

Yemen 2008-2021 Consecutive HRPs from 2008-2021

Countries included as partners in regional refugee response plans only

Bangladesh 2017-2021 Rohingya RRP 2017-21

Congo 2018-2021 DRC RRP 2018-21

Egypt 2015-2021 Consecutive Syria 3RPs 2015-present

Iran Full duration of the study Afghanistan RRP

Jordan 2015-2021 Consecutive Syria 3RPs 2015-present

Kenya 2008-2021 Refugee response plan 2014-2020; Emergency
HRP 2008-2013; South Sudan RRP

Pakistan Full duration of the study Afghanistan RRP

Rwanda 2018-2021 DRC RRP 2018-21

Tajikistan Full duration of the study Afghanistan RRP

Tanzania 2018-2021 DRC RRP 2018-21

Turkey 2015-2021 Consecutive Syria 3RPs 2015-present

Turkmenistan

Full duration of the study

Afghanistan RRP

Uganda 2018-2021 DRC RRP 2018-21; South Sudan RRP
Uzbekistan Full duration of the study Afghanistan RRP
Zambia 2018-2021 DRC RRP 2018-21

Abbreviations: 3RP (Syria Crisis only) = Regional Refugee and Resilience Plan; ERP

emergency response plan; HARP = humanitarian assistance response plan; HRP

humanitarian response plan; RRP = regional response plan for refugees.
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Appendix 12: Systematic review — sample search strategy

Sample search structure as applied in MEDLINE:

Ovid MEDLINE(R) ALL <1946 to September 03, 2021>

~N o o b

10
11

12

13
14

exp Immunization, Passive/ or exp Immunization Schedule/ or exp Immunization/ or exp
Immunization, Secondary/ or exp Immunization Programs/

exp Vaccination/ or exp Mass Vaccination/

Vaccines/ or bacterial vaccines/ or toxoids/ or viral vaccines/ or cholera vaccines/ or
diphtheria-tetanus vaccine/ or Diphtheria-Tetanus-acellular Pertussis Vaccines/ or
Diphtheria-Tetanus-Pertussis Vaccine/ or Diphtheria-Tetanus Vaccine/ or Pertussis
vaccine/ or Haemophilus Vaccines/ or Meningococcal Vaccines/ or BCG vaccine/ or
tuberculosis vaccines/ or Heptavalent Pneumococcal Conjugate Vaccine/ or
Pneumococcal vaccines/ or Papillomavirus vaccines/ or Human Papillomavirus
Recombinant Vaccine Quadrivalent, Types 6, 11, 16, 18/ or Measles-Mumps-Rubella
Vaccine/ or Measles Vaccine/ or Mumps Vaccine/ or Rubella VVaccine/ or Poliovirus
vaccines/ or Poliovirus vaccine, inactivated/ or Poliovirus vaccine, oral/ or Viral Hepatitis
Vaccines/ or hepatitis A vaccines/ or hepatitis b vaccines/ or Rotavirus vaccines/ or
chickenpox vaccine/ or Influenza Vaccines/ or Typhoid-Paratyphoid Vaccines/ or Tetanus
Toxoid/ or Yellow Fever Vaccine/

or/1-3

exp child/ or exp infant/ or mothers/ or women/ or pregnant women/ or female/

4and5

((vaccinat* or revaccinat* or immunization or immunisation) adj3 (child* or infant? or
newborn? or neonat* or baby or babies or toddler? or woman or women or
mother?)).ti,ab.

((immunization or immunisation or vaccination) adj (rate* or coverage or uptake or adher*
or complian* or drop-out or drop out or access*)).ti,ab.

(((immunization or immunisation or vaccination) and (system* or service* or delivery or
pathway)) adj (readiness or prepared* or responsive* or quality or safe* or resilien* or
robust* or adapt* or absorb* or absorp* or transform*)).ti,ab.

6or7or8or9

relief work/ or exp "warfare and armed conflicts"/ or refugees/ or exp disasters/ or

genocide/ or ethnic cleansing/ or exp disasters/ or exp disease outbreaks/ or

December 2022

192796

92277
182764

301617
10199346
133861
22878

14272

101

144976
311247

earthquakes/ or volcanic eruptions/ or floods/ or landslides/ or tidal waves/ or tsunamis/ or

cyclonic storms/ or droughts/ or starvation/ or famine/ or disaster medicine/
(humanitarian* or protracted crisis or protracted crises or complex emergenc* or conflict-
affected or conflict affected or fragile countr* or "fragile state* fragile and conflict affected"
or "fragile and conflict-affected" or FCAS or insecur* or secur* or transition* countr* or
internal displace* or internally displaced person* or displaced population* or mobile
population* or forced migrat* or forced migrant or typhoon* or cyclone* or hurricane* or
aid work* or financial crisis or economic crisis).hwkfti,ab,cp.

1lor12

Developing Countries.sh,kf.
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15 (Africa or Asia* or Caribbean or West Indies or South America or Latin America or Central 473656
America or Eastern Mediterranean or Americas or Western Pacific).hw,kf ti,ab,cp.
16 (Afghanistan or Bangladesh or Burkina Faso or Burundi or Central African Republic or 253763
CAR or Chad or Colombia or Democratic Republic of Congo or DRC or Eritrea or Ethiopia
or Iraq or Lebanon or Mali or Myanmar or Niger or Nigeria or Pakistan or Peru or Somalia
or Sudan or South Sudan or Syria or Syrian Arab Republic or Turkey or Uganda or
Ukraine or Venezuela or Yemen).ti,ab.
17 (Albania or Algeria or Angola or Argentina or Armenia or Azerbaijan or BBelarus or Belize 962412
or Benin or Bhutan or Bolivia or Botswana or Brazil or Bulgaria or Cambodia or Cameroon
or Chile or China or Congo or Costa Rica or Cote dlvoire or Ivory Coast or Cuba or
Democratic Peoples Republic of Korea or DPRK or North Korea or Djibouti or Dominica
or Dominican Republic or Ecuador or Egypt or El Salvador or Gambia or Georgia or
Ghana or Guatemala or Guinea or Guinea Bissau or Haiti or Honduras or India or
Indonesia or Iran or Jamaica or Jordan or Kazakhstan or Kyrgyzstan or Kyrgyz Republic
or Kenya or Laos or Lao PDR or Lao or Liberia or Libya or Madagascar or Malawi or
Malaysia or Maldives or Mauritania or Mexico or Mauritania or Moldova or Mongolia or
Montenegro or Morocco or Mozambique or Namibia or Nepal or Nicaragua or Republic of
North Macedonia or North Macedonia or Palestine or Occupied Territories or Occupied
Palestinian Territories or Gaza or West Bank or Papua New Guinea or Paraguay or
Philippines or Russia or Russian Federation or Rwanda or Senegal or Serbia or Sierra
Leone or Sri Lanka or South Africa or Tajikistan or Tanzania or Timor Leste or Togo or
Thailand or Turkmenistan or Uzbekistan or Vietnam or Western Sahara or Zambia or
Zimbabwe).ti,ab.
18 ((developing or less* developed or under developed or underdeveloped or middle income 113426
or low* income or underserved or under served or deprived or poor*) adj (countr* or
nation? or population? or world)).ti,ab.
19 ((developing or less* developed or under developed or underdeveloped or middle income 697

or low* income) adj (economy or economies)).ti,ab.

20 (low* adj (gdp or gnp or gross domestic or gross national)).ti,ab. 292
21 (low adj3 middle adj3 countr*).ti,ab. 21684
22 (Imic or Imics or third world or lami countr*).ti,ab. 9521
23 14o0r150r17or18or19or 20 or 21 or 22 1386105
24 13 and 23 63847
25 (10 and 24) or (10 and 16) 6413
26 exp health policy/ or exp health services administration/ or health services/ or child care/ 9868768

or personal health services/ or community health services/ or community health centers/
or health facilities/ or ambulatory care/ or universal health care/ or child health services/ or
maternal-child health services/ or telemedicine/ or preventive health services/ or "health
services needs and demand"/ or workforce/ or health workforce/ or community health
workers/ or exp medical informatics/ or public health informatics/ or exp population
surveillance/ or behavioral risk factor surveillance system/ or epidemiological monitoring/
or exp "equipment and supplies"/ or "equipment and supplies utilization"/ or leadership/ or

health education/ or healthcare financing/ or financing, government/ or financing,
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personal/ or induced demand/ or vaccination promotion/ or vaccination campaign/ or
communication/ or exp "Health Care Quality, Access, and Evaluation"/
27 (strengthening or system strengthening or health system strengthening).ti,ab. 35858
28 (social mobili*ation or community mobili*ation or community outreach or community 28371
engage* or community health volunteer or outreach or mobile unit or mobile medical unit
or mobile team or cash transfer or cct or cash incentive or demand generat*).ti,ab.

29 (logistic* or deliver* or supply chain* or supply-chain* or cold chain* or cold-chain*).ti,ab. 1073065
30 (governance or accountab* or oversight or regulat* or stewardship).ti,ab. 2053531
31 260r27o0r28or29or30 12104943
32 25and31 4604
33 limit 32 to (yr="2001 -Current" and (arabic or english or french)) 3719
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Appendix 13: Systematic review — data extraction template

December 2022

The data extraction sheet for the review was divided into a series of segments as follows:

Segment 1 — study characteristics and the operational setting:

Study characteristics - CONTEXT -
Study design Preventive or
PAPER  [First Year of (where outbreak Other contextual features
CODE author Title publication [Source type relevant) Country | Type of crisis _ [response? of note [free text]
Segment 2 — Intervention mechanism:
General description of the  [Key actors involved Governance Funding/financing Situational awareness

intervention/programme

Addressing questions like:
what is the intervention,
what were the key
components, target
population, scale/scope
etc?

Role of govt, private
sector, NGOs, donors,
service users, others.
Any detail on the
perceived legitimacy of
these actors, or trust in
them from the public.

Details on leadership
structure, management,
preparedness or
planning for future
shocks (including things
like developing
preparedness plans),
and in particular any
detail on coordination
between implementing
partners in support of
these functions

How was funding for the
intervention/programme
mobilised? Availability
of financial reserves to
enable innovation.

Covering surveillance
systems, information,
monitoring and
evaluation

Human resources

Service delivery

Products

Service users

Other (unclassified
mechanisms)

Availability, capacity
(including surge
capacity), capability
including through
training

Covering modes of
service delivery, use of
collaterals or redundant
pathways; and details of
innovation or capacity to
innovate in service
delivery

Covering issues such
as stock procurement,
distribution (including
pre-positioning in
preparation for future
vaccine delivery needs,
or anticipated
outbreaks), actions to
strengthen the cold
chain

Information on demand-
management
approaches (such as
strategic comms,
community mobilisation
etc) to try to bolster
vaccine uptake

Anything else covered

n the article likely to be

relevant to resilience in
vaccine delivery, not
addressed under the
themes at left

Segment 3 — outcomes:
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OUTCOME - Success factors and constraints -
Constraints on the programme or
Outcome measures intervention identified by the study Success factors identified by the study
used Reported effect(s)/impact(s authors authors

A final section of the template collated information on study quality based on assessment
using MMAT (see Appendix 14).

309



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022

Appendix 14: Systematic review — quality appraisal template and results
This appendix provides a list of the quality appraisal questions used to inform the systematic
review reported in Chapter 7, and reports overall findings from this process spanning all

included studies.

Yes No Can't tell
n % % n %
SCREENING S1. Are there clear research questions? 50 | 100% 0% | 0 | 0%
QUESTIONS S2. Do the collected data allow to address the
. 48 | 96% 2% | 1 | 2%
research questions?
1. QUALITATIVE 1.1. Is the qualitative approach appropriate to
a PP . pRrop 10 | 100% 0% | 0 | 0%
STUDIES (n=10) answer the research question?
1.2. Are the qualitative data collection methods
) 8 | 80% 0% | 2 | 20%
adequate to address the research question?
1.3. Are the findings adequately derived from the
9 | 90% 0% | 1 | 10%
data?
1.4. Is the interpretation of results sufficiently
. 9 | 90% 10% | O | 0%
substantiated by data?
1.5. Is there coherence between qualitative data
. ) . . 9 | 90% 0% | 1 | 10%
sources, collection, analysis and interpretation?
2. RANDOMIZED 2.1. Is randomization appropriately performed? 2 | 100% 0% 0%
CONTROLLED 2.2. Are the groups comparable at baseline? 2 | 100% 0% 0%
TRIALS (n=2) 2.3. Are there complete outcome data? 2 | 100% 0% 0%
2.4. Are outcome assessors blinded to the
) i ) 1 | 50% 50% | 0 | 0%
intervention provided?
2.5 Did the participants adhere to the assigned
. ) 2 | 100% 0% | 0 | 0%
intervention?
3. NON- 3.1. Are the participants representative of the
. 4 | 80% 0% | 1 |20%
RANDOMIZED target population?
STUDIES (n=5) 3.2. Are measurements appropriate regarding
. ) 5 | 100% 0% | 0 | 0%
both the outcome and intervention (or exposure)?
3.3. Are there complete outcome data? 4 | 80% 0% 1 | 20%
3.4. Are the confounders accounted for in the
) ) 1| 20% 80% | 0 | 0%
design and analysis?
3.5. During the study period, is the intervention
administered (or exposure occurred) as 4 | 80% 0% 1 | 20%
intended?
4. QUANTITATIVE | 4.1. Is the sampling strategy relevant to address
) 34| 97% 0% | 1 | 3%
DESCRIPTIVE the research question?
STUDIES (n=35) 4.2. Is the sample representative of the target
) 23 | 66% 0% | 12 | 34%
population?
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4.3. Are the measurements appropriate? 33| 94% (2| 6% | O | 0%
4.4. Is the risk of nonresponse bias low? 13| 37% | 5| 14% | 17 | 49%

4.5. Is the statistical analysis appropriate to
) 31| 89% |2| 6% | 2 | 6%
answer the research question?

5. MIXED 5.1. Is there an adequate rationale for using a
METHODS mixed methods design to address the research 2 |100% 0| 0% | O | 0%
STUDIES (n=2) question?
5.2. Are the different components of the study
effectively integrated to answer the research 1 (50% |1|50% | 0 | 0%
question?

5.3. Are the outputs of the integration of
qualitative and quantitative components 1 (50% |1|50% | 0 | 0%
adequately interpreted?

5.4. Are divergences and inconsistencies
between quantitative and qualitative results 1| 50% |0| 0% 1 | 50%
adequately addressed?

5.5. Do the different components of the study
adhere to the quality criteria of each tradition of 1 ({50% [0 0% | O | 0%
the methods involved?
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Appendix 15: Systematic review — results table

See overleaf.
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Amani Campaign Cameroon Cholera Program Epidemic Adaptive Reactive Overall post-
(314) evaluation response intervention campaign
focused on following vaccination
South/South- mobilisation of coverage of around
West of the vaccine doses from 82% but with large
country in the International geographical and
context of Coordinating Group | age-based
insecurity, (ICG) stockpile. variations (>95%
political crisis, Multi-pronged among adolescents

and significant
constraints to
health service
availability,
access to
Water
Sanitation and
Hygiene
(WASH) and
potable
drinking water,
and livelihood-
linked
population
movements.

campaign under
oversight of
Cameroonian
Ministry of Health,
involving
recruitment and
training of
vaccinators and
social mobilisers.
Heavy emphasis on
community
mobilisation
through public
messaging,
advocacy with
religious and
community leaders
to improve both
awareness and
trust among

in the intervention
area, <80% in
adults aged >20yrs.
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affected
populations.
Amani Campaign Cameroon Meningitis | Program Conflict- Adaptive Preventive mass Overall coverage
(315) evaluation | affected campaign against post-campaign was
setting. Focus Men ACWY 81.97% but with
on refugee targeting children large variations by
camps in the aged 2+, under geography and by
far North and coordination of age, and only two
East of the national Ministry of areas achieved the
country, in the Health with target coverage of
context of international >95%. Impact of
population agency and donor campaign affected
movement financial support. by (i) ongoing
from the Recruitment and population

Central African
Republic, Chad
and Nigeria.
Existing health
service access
in affected
areas
predominantly
supported by
international
relief agencies.

training of
vaccinators and
community
mobilisers.
Interactions with
religious,
community and
other camp leaders
to increase uptake
through improved
awareness and
trust in service
providers.

movement into
affected areas, and
difficulties in
tracking new
arrivals to ensure
vaccination, and (ii)
limitations to cold
chain capacity
given unreliable
power supplies.
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Aradhi
(351)

Health
information
and
surveillance

Iraq

Polio

Program
evaluation

Vaccination system resilience to shocks in Lebanon

Conflict-
affected
setting.
Reports
surveillance
and
immunisation
response in
Karbala
province to
confirmed polio
cases
identified in
Baghdad in
2014. Wider
health system
context in Iraq
at this time
was influenced
by ongoing
conflict and
included
destruction of
health facilities,
health worker
attrition and
resulting
access
constraints, as
well financial
resourcing
shortfalls.

Adaptive

Multi-pronged
response including
SIAs, household
outreach, in-person
surveillance work to
follow-up on
reported AFP cases
at facility level,
among other
activities, to help
target vaccination
and improve
awareness of the
importance of
immunisation
among affected
populations.

December 2022

11 AFP cases were
reported from
Karbala during the
course of the study.
Increases in
vaccination
coverage for OPV3,
BCG and measles
vaccination were
recorded in Karbala
following the
intervention.
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Arale (346)

Governance
and
coordination

Multiple

Polio

Program
evaluation

Vaccination system resilience to shocks in Lebanon

Complex
humanitarian
crisis.
Intervention
addressing
polio
prevention and
control in
Kenya and
Somalia in
context of
porous
borders,
movement of
displaced and
nomadic
populations,
insecurity, and
limited health
service access
due to
geographical
remoteness of
locations and
limited
resourcing
from the centre
(low funding,
workforce
recruitment
and retention
difficulties, low
skills base of
health
workers).

Transfor-
mative

Multi-dimensional
governance and
coordination
intervention
involving
establishment of
new cross-border
coordination
mechanisms, and
governance bodies
in Kenya and
Somalia bringing
together national
and local partners;
harmonisation of
recruitment
approaches for
community health
volunteers, and
information
exchange (on
informal border
crossing points,
migratory routes
etc); capacity
building for
community-based
surveillance
activities, and other
approaches. These
activities
contributed to
improved
situational
awareness
(including hotspot
identification) to
support vaccination
targeting, and
improved service
delivery through
training and
standardisation.

December 2022

Large year-on-year
increases in the
number of children
<5 vaccinated
through SIAs linked
to the programme,
in the number of
children aged 12-
59 months in
receipt of at least 1
dose of polio
vaccine, and in the
number of AFP
cases reported at
district level (due to
improved case
reporting).
Progressive
increases over the
lifecycle of the
intervention in the
number of
community health
volunteers
recruited, cross-
border initiative
coordination
meetings held, and
other intermediate
measures.
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Baptiste Campaign

(316)

Nigeria

Measles

Other

Vaccination system resilience to shocks in Lebanon

Complex
humanitarian
crisis.
Campaign
carried out in
northern
Nigerian Borno
State in
context of
large, national
measles
outbreak, and
targeting mixed
population of
internally
displaced
persons
(IDPs),
refugees and
nomads living
in and outside
camp settings,

Adaptive

Reactive mass
vaccination
campaign carried
out in two phases
under coordination
of Nigerian
government.
Describes use of
polio eradication
architecture
including case-
based measles
surveillance that is
integrated with AFP
surveillance for
identification of
hotspots, supported
by newly trained
community health
workers. Hard-to-
reach settlements
were accessed with

but all with support of military
limited access escorts (in event of
to health insecurity) and use
services of local

through fixed infrastructure
sites. Wider through the GPEI,
context of contributing to
ongoing improved service
insecurity in reach.

Borno linked to

the Boko

Haram

insurgency.

December 2022

Reported weighted
coverage of 85.7%
post-campaign
(95%Cl: 79.6—
90.1). Reported
coverage was
highest in children
under 9 months,
and 24-35 months
at 100% and 92.8%
respectively. Study
authors note
difficulties in
coverage
estimation in
context of ongoing
population
movement in
affected areas.
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Bawa (342)

Service
integration

Nigeria

Multiple

Program
evaluation

Vaccination system resilience to shocks in Lebanon

Conflict-
affected
setting. Service
changes in
response to
polio cases
reported in
Northern
States (Bauchi,
Borno, Kano
and Yobe) in
context of
ongoing
insecurity
linked to
insurgency,
and long-term
service access
challenges
resulting from
the challenging
terrain, and
ongoing
population
movement
(nomadic and
forced).

Adaptive

Expanded
implementation of
existing intervention
offering routine
immunization
together with a
basic integrated
package of primary
healthcare
interventions
focused on
maternal, newborn
and child health.
This was
coordinated
through the national
polio emergency
operations centre,
with financial and
logistical support
from international
actors (principally
WHO, UNICEF and
the BMGF). Use of
mobile health
teams to reach
outlying areas, and
monitoring of reach
using geographical
information
tracking. Local
engagement
through community
mobilisers,
recruited from
affected
communities.

December 2022

At baseline, 19.6%
of children in the
surveyed
intervention area
had routine
immunisation cards
17.8% were fully
immunized. By the
end of the survey
period, 49.1% had
routine
immunisation cards
and 49.0% were
fully immunized.
The proportion of
zero dose children
declined from
11.5% to 4.7%.
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Bonfrer Health Burundi Multiple Time Conflict- Adaptive Intervention acting Statistically
(331) financing series affected through changes to significant increase
analysis setting. At the facility-level in uptake of a full
time of the incentive structures | vaccination
study Burundi to enhance supply package, including
was among the of services for all of its
lowest income various components (BCG,
countries in the interventions polio, DTP and
world with a including childhood measles) following
GDP of 251 vaccination. performance-based
current US$ Implementation of financing
per capita, and performance-based | introduction,
a health financing, with especially among
system around 700 health the poorest
recovering care facilities households.
from civil war. nationally paid
Study focused retrospectively
on based on the
implementation quantity and quality
of an adaptive of services
intervention at provided. Bundled
national level. services included
antenatal care, HIV
preventive
interventions and
delivery of routine
immunisations to
children under 1
year of age.
Bwire (317) | Campaign Uganda Cholera Cross- Complex Adaptive Reactive, multi- Estimated
sectional humanitarian pronged coverage of 94%
survey crisis linked intervention led by (95% CI 92-95%)
primarily to Ugandan Ministry with at least one
population of Health, initially dose, and 78% (76-

displacement
from
neighbouring
Democratic
Republic of
Congo (DRC).
Response
concerned with
refugees living
inside and
outside
refugee
camps, but
also to address
risk of infection
spread to host
communities in
affected areas
of northern
Uganda.

incorporating
WASH
interventions and
enhanced
surveillance
following refugee
movement, but then
including a
vaccination
campaign delivered
in partnership with
WHO, UNICEF and
MSF among other
partners once the
first cholera cases
had been identified.
Campaign
delivered as
intensive
intervention to
390,000

81%) with two OCV
doses following the
campaign.

319



Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022
households in four
targeted areas,
using OCV, using a
door-to-door
approach to
improve service
access.
Dadari Health Multiple Multiple Program Multiple Adaptive Health system Marginal
(336) financing evaluation | settings — strengthening improvements in
study activities to national vaccination
evaluates promote equity in coverage trends for
Gavi- vaccination delivery | DTP3 in countries
supported, across populations eligible for inclusion

health system
strengthening
programming
in 13 countries,
including a
number
meeting the
inclusion
criteria for the
study
(Afghanistan,
CAR, DRC for
example).
Large
variations in
context
according to
the country
concerned.

— focusing
specifically on the
use of pro-equity
strategies to
improve
governance. Multi-
pronged
approaches
incorporating
strengthened
situational
awareness
systems, human
resource capacity
building (e.g. peer-
support groups for
health workers in
remote areas),
mobilisation efforts
using community
outreach volunteers
and local
community
champions to
improve uptake.

in this review over
the period 2016-19
(patterns variable
by country).
Primary outcome
focus of the study
was on
implementation of
pro-equity
strategies in Gavi
partner countries.
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Dadgar
(318)

Campaign

Afghanistan

Measles

Cross-
sectional
survey

Vaccination system resilience to shocks in Lebanon

Conflict-
affected
setting. Study
focused on the
period 2001-2,
shortly after
Coalition
operations
began. The
campaign
described
continued one
that had begun
under the
Taliban
administration
but was
disrupted by
the invasion,
ona
background of
low overall life
expectancy,
25% mortality
in children
under 5, and
poor access to
primary
healthcare
services
including in the
areas of
central
Afghanistan
addressed in
this study.

Adaptive

Preventive and
reactive vaccination
campaign targeting
children aged 6mo-
12years in central
Afghanistan in light
of high background
measles incidence
rates, known low
coverage and an
ongoing outbreak
over the preceding
2 years.
Intervention built on
architecture
previously
developed for
National
Immunisation Days.
Children were
targeted for
vaccination
irrespective of prior
vaccination status.
Campaign
coordinated by
Ministry of Health
with international
support from WHO,
UNICEF and
national and
international NGOs.
Delivery supported
by health worker
training and task
shifting, use of
mobile teams, and
administration in
community settings
including mosques.

December 2022

77% of children in
targeted areas
identified as eligible
were vaccinated,
with reported
coverage being
lowest in the
capital, Kabul
(62%). Estimates
influenced by
significant
difficulties in
denominator
estimation
especially in Kabul,
where population
movement (in and
out) had been high
in the months
leading up to, and
following, the
invasion.
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Duru (347) Health Nigeria Polio Program Conflict- Adaptive Introduction and Principal focus of
workforce evaluation | affected use of Volunteer the intervention
setting. Community was on reducing
Intervention Mobilisers (VCMs) the number of zero
focused on to support polio dose children
northern vaccination through reductions
Nigerian states delivery. Supported in missed
affected by by multi-level opportunities for
chronic supervision vaccination. Study
insecurity, but arrangements, reports decline in
also low health VCMs were used to | the percentage of
service access, support missed children,
health worker surveillance from 4.5% in 2014
shortages, through soft to 0.8% in 2018.
persistently low intelligence
vaccination gathering, training
coverage and to support vaccine
intermittently logistics and
reported polio monitoring, and
cases. Broader worked with
social context communities (from
affecting which they were
vaccination recruited in the first
uptake place) to promote
including uptake, in
distrust of partnership with
public health local religious and
providers, and community leaders.
religious
factors.
Edmond Service Afghanistan | Multiple Case- Conflict- Adaptive Expanded use of Outcome
(338) integration control affected Mobile Health measurement
study setting. Teams (MHTSs), focused on vaccine
Describes coordinated visits as proxies for
integrated through Ministry of uptake. Observed
service Health. MHTs effects differed by
delivery in 54 offered services in antigen.
intervention accordance with Pentavalent and
and control the basic package measles vaccine
districts in of care agreed visits were similar
central, nationally, visiting in clinics in the
southern and each village within intervention and
northern their allocated control districts
Afghanistan in geographical area overall, but there
context of intermittently for 1-2 | was a statistically
ongoing days at a time to significant
conflict, poor deliver primary care | improvementin
access to services. Services receipt of first dose
health delivered were measles vaccine in
services, and recorded in the intervention
continuing electronic health sites compared to
access information controls (p=0.02).
challenges, systems. MHTs had

with less than
50% of infants

fixed structures,
and health workers
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December 2022

in 2015 in received induction
receipt of all and annual
vaccinations refresher training.
per the EPI
schedule.
Elsayed Campaign Sudan Measles Other Complex Adaptive Reactive Around 93% of the
(319) humanitarian vaccination accessible
crisis. Focus campaign under population (defined
on Darfur in coordination of on the basis of
Sudan in Ministry of Health, residence in areas
context of working with WHO, where security
armed conflict UNICEF and other allowed a higher
over the partners, but with degree of access)
preceding support from a and 77% of the

year, internal
displacement
and refugee
movement
affecting >1m
people in
Sudan and into
neighbouring
Chad; limited
access to
WASH,
nutrition and
basic health
services
among
displaced
populations,
and measles
transmission
noted among
IDPs in camps
in the area.

technical working
group including
NGOs. The
campaign was
donor funded, and
depended for
success on prior
negotiation of
physical access
with parties to the
ongoing conflict.
Mixed mode of
delivery combining
fixed sites,
temporary posts
and mobile
outreach. Service
delivery integrated
with polio
vaccination and
nutritional
supplementation
given needs in the
target populations.
Vaccination
activities supported
by community
mobilisation via

total target
population were
vaccinated during
the campaign.
Coverage was
highest in most
secure areas
(South Darfur), but
lowest in parts of
the country (West
Darfur) where
accessibility was
most challenging
because of
security, terrain and
other factors.
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mass media and
community level
activities to bolster
demand.

December 2022

Engineer Health

(332) financing

Afghanistan

Multiple

RCT

Conflict-
affected
setting.
Introduction of
payment for
performance
(P4P) across
11 provinces in
442 primary
care facility
level in
Afghanistan, in
the context of
ongoing
conflict and
instability.
Authors note
prior
experience in
Afghanistan in
use of P4P to

support payments centrally. not optimal) and
aspects of Mode of paymentto | incentivisation that
contracting for health workers was insufficient to
the basic themselves was promote the
health service determined by desired
package. facility managers performance

(e.g. blanket or improvements.

weighted

payments)

Adaptive

Introduction of P4P,
with bonuses paid
to healthcare
workers, based on
quality scoring for
services delivered
linked to
information
gathered via the
health management
information system
(HMIS). Health
facilities also
submitted monthly
activity reports that
were used to inform
the size of incentive
payments that were
made. Managing
NGOs retained
10% of the

Similar effects were
observed at end-
point by
comparison with
baseline, although
for one antigen
(pentavalent
vaccination)
coverage in the
pre-post period
compared with the
comparison areas
actually declined
(-5.7%, P 0.01).
Speculated
reasons for limited
effects of this
intervention include
the timeliness of
payment to health
workers (which was
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Falisse Health Burundi Multiple Time Conflict- Adaptive Wider roll out of No statistically
(333) financing series affected P4P through significant effect in

analysis setting. facility-level vaccination uptake
Describes contracting. by antigen (BCG,
wider roll out of Intervention polio, measles,
Burundi in involves subsidy DTP) or overall in
post-conflict payments to children in the
period, facilities based on intervention areas
following an the volume of following
initial period of services given (but introduction of P4P.
piloting in without an explicit
2006-10. Wider service quality
health system premium attached
context was to these payments).
one of chronic The intervention
under-funded was delivered with
and human funding support
resource from the EU and
attrition partly external technical
linked to support, under
insecurity but leadership of
also low pay national Ministry of
and poor Health.
working
conditions.
Fekadu Governance Angola Polio Program Conflict- Transfor- Partnership Presents soft data
(344) and evaluation | affected mative intervention with on outcomes only.
coordination setting. the Angolan military | Reports that “the
Intervention to support polio average number of
focuses on vaccination delivery | children vaccinated
efforts to and integrated per day by a
reduce risk of services in security military vaccination
polio compromised team was found to

transmission in
the early post-
conflict phase,
against
background of
poor
accessibility in
affected
districts due to
insecurity and
poor
infrastructure.
In 1999,
Angola had
experienced
the biggest
poliomyelitis
epidemic ever
recorded in the
African Region
up to that
point, with

areas, creating
wholly new service
delivery
architecture.
Activities were
coordinated by an
inter-agency
coordination
committee under
the Ministry of
Health, but on
which military
representatives
also sat. Included
support to
administration of
oral polio vaccine,
vitamin A,
deworming agents,
social mobilization,
monitoring
campaign quality,

be double than the
other volunteer
vaccinators. It was
also witnessed that
there were less
number of missed
children in military
covered area than
the areas covered
by vaccination
volunteers”.
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1117 cases surveillance and
and 113 logistics. Military
deaths caused vaccinators were
by wild also engaged in
poliovirus type community
land 3. mobilisation
activities, mostly
through information
provision (leafleting
etc).
Habib Service Pakistan Polio RCT Conflict- Transfor- Two intervention The proportion of
(343) integration affected mative arms offered fully vaccinated
setting. vaccine (OPV or children increased
Integrated IPV depending on in the two
polio the arm) in addition intervention arms
vaccination to comprehensive compared with the
and prevention community control arm (7.3%
activities mobilisation [95% CI 4.5-10.0]
delivered in activities, enhanced | increase in the first

geographical
areas
specifically
chosen for
service
delivery
challenges
linked to
ongoing
insurgency
(Bajaur and
Karachi) and
general
insecurity
(Kashmore).
Wider context
of ongoing
polio
endemicity in
Pakistan at the
time of the trial,

communication
work, and multiple
service delivery
modes combining
fixed vaccination
points as well as
mobile “camps”.
Delivery was via
teams comprising
both vaccinators
and community
outreach workers.
Prior negotiation
with community
leaders also
occurred to ensure
access.

intervention arm vs
control; 9.5% [6.9—
12.0] increase in
second intervention
arm vs control;
overall p<0-0001).
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in common
with only a
handful of
other countries
globally at this
time.
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Haddison
(360)

Multi-
dimensional

Cameroon

Polio

Program
evaluation

Conflict-
affected
setting. Focus
of the
intervention in
far north of the
country,
against
background of
insecurity
linked to Boko
Haram
insurgency,
and then new
political unrest
in the
northwest and
southwest.
Health facilities
in the affected
areas closed
for periods
owing to
insecurity,
leading to
disruptions to
routine
immunisation
delivery.

Adaptive

Combined “Mother
and Child Week”
and SIA with overall
objective of
improving polio
vaccination
coverage in
affected areas,
coordinated
through an existing
central technical
group for the EPI
programme. Funds
were drawn from
the Ministry of
Health, WHO and
UNICEF. Focus on
recruitment and
training of
vaccination
workers, and
delivery through
combination of
fixed sites and
mobile outreach.
Supported by
community
mobilisation
activities including
engagement with
local religious and
community leaders.

Reported
administration
coverage following
the SIA of 89.9%
compared to 91.2%
following a
preceding
campaign in 2017
(although data for
the earlier
campaign are
disputed owing to
problems with
denominator
estimation). Notes
variations in
reported coverage
by geographical
area and a number
of administrative
estimates in excess
of 100% suggesting
inaccurate
denominator
estimation.
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Hamman- Community Nigeria Multiple Program Conflict- Adaptive Community OPV coverage for
yero (352) engagement evaluation | affected engagement and children below 1
and setting. mobilisation year of age was
mobilisation Describes intervention 44% at baseline;
community bolstering training this rose to 76%
engagement for existing health overall by the fourth
activities in service personnel, quarter of the
four northern introducing intervention. Large
Nigerian states supervisory variations in
(Kano, Bauchi, checklists for coverage across
Borno, and community the geographical
Yobe), some outreach activities, areas for the
affected by and working with intervention were
chronic community and noted however.
insecurity. religious leaders to Some variations
sensitive were noted also
communities prior according to the
to mobile health antigen — third dose
team visits. pentavalent
Volunteer vaccine coverage
mobilisers were rose from 22% to
used to help refer 62% in eligible
children and children in the
pregnant women intervention period
into services to over the four
improve uptake. quarters.
Idris (340) Service South Multiple Program Complex Adaptive Integration of Increases in uptake
integration Sudan evaluation humanitarian immunisation and by antigen were
crisis. nutrition services in seen for all
Intervention one arm of the vaccines delivered

implementation
in South Sudan
in context of
ongoing
conflict,
population
movement and
high levels of
underlying
population
vulnerability
including
malnutrition,
limited health
service access.
Prior to the
intervention,
immunisation
services had
predominantly
been delivered
in a vertical
way linked to
specific

intervention, and
immunisation with
regular paediatric
outpatient services
in the other arm
(these arms were
geographically
separated by
county boundaries).
Intervention
implementation was
supported by a
decentralised
governance model
allowing a degree
of discretion for
local service
managers in how to
integrate. The
paediatric
outpatient
department
intervention also
included use of
uptake-promotion

across both the
nutrition-
immunisation
service integration
sites, and the
outpatient-
immunisation
service integration
sites. This effect
was more
pronounced for first
dose pentavalent
vaccine in nutrition-
immunisation sites
that in outpatient-
immunisation sites
(rate ratio of 1.23
(95% CI 1.12-1.36)
but no significant
difference was
seen for other
doses or antigens.
Statistically
significant
improvements in
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programme measures such as uptake across a
funding. service audits and range of antigens
calendar reminders and doses were
to patients. noted in nutrition-
immunisation
integration sites by
comparison with
baseline.
Kamadjeu Multi- Somalia Polio Program Complex Adaptive SlAs launched to Overall coverage of
(356) dimensional evaluation humanitarian improve OPV OPV across
crisis featuring uptake among assessed districts
ongoing children <5, following the
conflict, children <10 and campaign varied
population then people of any from 72% to 82%,

displacement
and significant
constraints on
health service
access.
Background to
the intervention
was a large
outbreak (189
confirmed wild-
type poliovirus
1 cases) of
polio in
Mogadishu and
surrounding
districts, and
active attempts
by actors
opposed to the
government to
ban
immunisation
among
populations
living under

age successively.
Cross-border
coordination was
supported by
coordination
meetings in
Somalia and in
Kenya. Service
delivery was via a
combination of
fixed posts and
mobile outreach.
This was supported
by intensive
community
engagement to
bolster uptake.

from a national
baseline of <50% in
2012 (prior to the
outbreak). By the
end of 2013 there
had been an
unbroken period of
25 weeks with no
new WPV cases
reported — which
the study authors
took as indicative of
the success of the
SlAs.
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their
jurisdiction.
Khan (320) | Campaign Bangladesh | Multiple Cross- Complex Adaptive Vaccination Reported coverage
sectional humanitarian campaign spanning | post-campaign
survey crisis. Focused measles, rubella, varied from as low

on displaced
Rohingya
refugees from
neighbouring
Myanmar, on
background of
ongoing
conflict, and
temporary
residence for
up to a million
refugees in 32
camps
scattered
across Cox’s
Bazaar. Most
refugees at the
time of the
study were
living in
makeshift
shelters with
limited access
to WASH and
health
interventions.

poliomyelitis and
oral cholera
vaccine for all
individuals living in
Cox’s Bazaar save
for children under
the age of 1. The
target population
group for
poliomyelitis
vaccination was
children aged 0-5.

as 38% (measles-
rubella) to 94% for
first dose oral
cholera vaccine.
Possible reasons
for this variation
identified by the
study team
included (i) the
short time span for
the campaign; (ii)
continuing
population
displacement into
Cox’s Bazaar
during the
campaign; and (iii)
low awareness
amongst the
refugee population.
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Khetsuriani | Multi- Ukraine Polio Program Conflict- Adaptive Multi-dimensional Reported OPV
(357) dimensional evaluation | affected intervention coverage increased

setting. focused on SIAs from 64.4%
Broader but supported by a following the first
context of new national SIA round to 80.7%
conflict with governance following round 3.
Russia (2014) mechanism Effects on public
and ongoing bringing together perceptions of the
political and the Ukrainian importance of polio
economic government with vaccination were
crisis, as well international also documented:
as large partners including awareness of polio
declines in WHO and UNICEF among caregivers
coverage to support polio increased from
across a range vaccination 68% at the
of antigens delivery. beginning of the
observed since International outbreak to 89%
2009 owing to partners provided following SIA round
(i) rising vaccines, technical, 1, 91% following
vaccine financial and round 2, and 96%
hesitancy, (ii) logistical support following round 3,
declining and helped develop | mirrored by rising
resource advocacy materials support for the
allocations to to support the SIAs. | need for
health in face Wider capacity supplemental polio
of ongoing building included vaccination among
crisis, and (iii) training activities for | these populations.
low HCWs but also for
acceptance journalists to try to
among health improve public
care workers messaging, and
among other was supported by
factors. wider advocacy and

community

engagement

activities.

Korir (353) Community Nigeria Polio Time Conflict- Adaptive Micro-level Overall decline in
engagement series affected intervention to the number of zero-
and analysis setting. promote directly dose children
mobilisation Intervention observed polio across all targeted

implementation vaccination, geographical areas
in a series of accompanied by from 2.4% in
northern incentives to draw August 2014
Nigerian states parents into (baseline) to 1.1%
including services to have in May 2016
Borno, which their children (endpoint). Steady

at the time of
the study was

vaccinated. In
Borno specifically,

appreciation in the
proportion of

subject to members of a children in receipt
ongoing, military liaison force | of four doses or
insurgency- helped provide more of OPV in
related security to support Borno from 75% in
insecurity. The vaccination delivery | 2013 to 86% in
broader in outlying areas. 2016. After a
operating Incentives to cluster of vaccine-
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context in
Borno at this
time included
poor access to
health services

parents were in
kind (soap, milk
sachets, noodles,
sugar etc) and were
supported by

December 2022

derived polio cases
in Borno in 2014
prior to the
intervention, 1
further case was

and health community reported over the
worker attrition engagement following 24
owing to a activities with local months.
range of leaders.
factors
including low
pay.
Lam (321) Campaign Iraq Cholera Cross- Complex Adaptive Reactive campaign 2-dose OCV
sectional humanitarian using OCV. A 2- coverage in the
survey crisis. Cholera dose campaign was | targeted camps

outbreak in the
context of
ongoing
conflict and
high levels of
internal
displacement
in Iraq, and
refugee
arrivals from
neighbouring
Syria — the
intervention
described
focused on IDP
camps.
Displacement
settings were
frequently
overcrowded
and with poor
access to
shelter, WASH
and basic
health
services. The
wider health
system context
in Iraq during
this period
included
financial
austerity
measures
linked to an

designed targeting
>255,000 aged 1
year and over living
in IDP camps,
refugee camps and
other collective
settings. Campaign
coordination was
provided by the
Iragi Ministry of
Health working in
partnership with
international and
local actors.
Delivery was via a
combination of
fixed sites and
door-to-door
outreach and used
vaccination teams
of fixed composition
(1 vaccinator, 1
recorder and 1
“crowd controller”),
and included the
use of community
mobilisers and
public information
campaigns to draw
service users in,
although only 10%
of those surveyed
reported having
received any
information about

was reported as
87% (95% CI 85%—
89%). Two-dose
OCV coverage in 3
northern
governorates
targeted (91%;
87%—-94%) was
higher than that in
the 7 southern and
central
governorates (80%;
77%—82%).
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ongoing
economic
crisis, which
reduced
resources for
front-line
services and
contributed to
ongoing
problems with
cholera
transmission.

the campaign via
these routes.
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Lubogo
(322)

Campaign

Somalia

Cholera

Cross-
sectional
survey

Complex
humanitarian
crisis. Reactive
campaign
implemented in
context of
ongoing
conflict, high
levels of
internal
displacement,
and in the
specific time
period of this
outbreak, a
drought
contributing to
depleted water
sources and
further
concentration
of IDPs in
settlements
with limited
access to
WASH and
basic health
services.

Adaptive

Reactive, two-
round vaccination
campaign
implemented in 11
targeted districts in
2017. The mode of
service delivery
was via a
combination of
fixed sites
(including schools,
health services and
public spaces) and
door-to-door
outreach, to
maximise reach,
and using a phased
approach to focus
efforts on a specific
district before
moving on to the
next one. The
campaign was
preceded by a
microplanning
exercise led by the
Ministry of Health,
with international

Reported coverage
for two doses of
OCYV following the
campaign was
92.5%, with 7.0%
receiving just a
single dose. There
were large
variations in
coverage by
district, ranging
from a maximum of
100%, to as low as
85.9% in one area.
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partner support,
and included
training for
vaccinators, as well
as the use of
community
mobilisers (selected
for prior experience
through polio
eradication work) to
promote uptake.
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Mbaeyi
(241)

Multi-
dimensional

Multiple

Polio

Program
evaluation

Complex
humanitarian
crisis.
Describes
regional
response to a
polio outbreak
focused on
Syria and Iraq,
in context of
ongoing
conflicts in
both countries,
large cross-
border
movements
and high levels
of internal
displacement.
This occurred
against a wider
health system
context of
financial
resource
constraints,
health worker
flight and
outright
destruction of
health facilities

Transfor-
mative

Governments of
eight MENA region
countries
designated the
outbreak a public
health emergency
and worked with
Global Polio
Eradication
Initiative (GPEI) to
develop a
regionally-
coordinated
response plan
focused on
improved
surveillance for
AFP cases, and
polio vaccine
administration to
over 27m children
regionally. The plan
was multi-phase,
focusing initially on
halting
transmission, then
identifying
importation and
transmission
hotspots, and finally
immunisation

Reported effects
varied by country,
with generally
better evidence of
impact in Syria than
Iraq (of the two
countries most
directly affected by
conflict). The
proportion of non-
polio AFP cases
among children
aged 6-59 months
who were reported
to have received at
least 3 doses of
OPV in Syria rose
from 82% in 2013
to 94% in 2015, but
was unchanged at
93% among Iraqi
children of the
same age during
this period. Of
those children aged
6-59 months with
non-polio AFP, the
proportion who had
never received
polio vaccination of
any form

334




Sharif Ismail Vaccination system resilience to shocks in Lebanon December 2022
(in Syria in system decreased from 9%
particular), and strengthening. in 2013 to 2% in
broader Surveillance 2015 in Syria, but
governance strengthening work rose from 1% to 3%
fragmentation. included in Iraq over the

introduction of same period.

EWARN systems in

some countries,

and improvement to

case detection.

Access in areas of

insecurity was

secured through

negotiation with

community leaders.

Mbaeyi Multi- Syria Polio Program Conflict- Adaptive Reactive SIAs Reported coverage
(242) dimensional evaluation | affected following improved following

setting. identification of SIA rounds.
Describes polio cases, with Following round 1,
response to a activities focused coverage in one
new polio on two rose from 79% to
outbreak in the governorates (one 88%, but the
context of of which was change in the
ongoing Civil nominally under the | second was
War in Syria, control of Islamic uncertain owing to
widespread State at the time of large differences

destruction of
health facilities,
health worker
attrition and
steep declines
in population
coverage of
key antigens
since the war
began. In
addition, bans
on vaccination
campaigns had
intermittently
been imposed
by governing

the first round). The
campaign used
OPV for all children
<5, but IPV was
added for the
second round for
children aged 2-23
months. Social
mobilisation and
community
engagement
activities to improve
public perceptions
of vaccination were
a key mechanism
for improving

between
administrative
coverage and post-
campaign
monitoring
estimates. Post-
campaign
monitoring results
for the governorate
most affected by
conflict at the time
(Raqga) indicated a
large increase in
second dose OPV
coverage from 57%
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authorities in
the targeted
governorates.
In 2010, the
national 3-dose
OPV coverage
estimate by the
age of 1 83%,
but by 2016
this had fallen
to 48%. In
addition, the
success of
previous OPV
SlAs following
a polio
outbreak in
2013-14
appeared to
have been
limited:
reported
administrative
coverage
following these
two campaigns
was 7% and
23%

uptake among
targeted
populations.

December 2022

in round 1, to 84%
in round 3.

respectively.

Mirza (358) | Multi- Somalia Multiple Program Complex Adaptive Reducing cost and Analysis of health

dimensional evaluation humanitarian other access facility data and

crisis. Multi- barriers to health reported CHD
dimensional services by bringing | coverage
intervention them to demonstrated that
implemented in communities in the proportion of
setting of Somalia. CHDs regions with routine
ongoing focused on delivery | measles coverage
conflict and of an integrated >50% increased
population service packaged from 10% at

displacement,
with extensive
damage to
infrastructure
(including
health
facilities). In
this context,
Child Health
Days (CHDs)
have been
used regularly
in Somalia to
provide
outreach

including
immunization
(especially against
measles and
tetanus), vitamin A
supplementation,
oral rehydration
therapy, use of
insecticide-treated
nets, and treatment
of malaria.
Mechanisms for
improving uptake
included the use of
social mobilisation
communities

baseline (using
regular EPI
activities only) to
>84% in 2009
following the
introduction of
CHDs alongside
regular EPI
activities.
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health services drawing in local
to children <5. leaders, and health
worker training in
logistics and
monitoring. Wider
system
strengthening
included use of
CHD resources to
support cold chain
improvements that
would last beyond
the life-cycle of the
intervention.
Ngwa Campaign Nigeria Cholera Cross- Complex Adaptive Reactive OCV 90% (95%Cl: 88-
(323) sectional humanitarian campaign. A key 92%) of the
survey crisis, driven success factor population targeted
primarily by identified was the by the campaign
conflict. The fact that the Nigeria | received at least
study focuses Center for Disease one dose of OCV.
on campaign Control had held a Weighted complete
activities in cholera coverage was 73%
Borno State in preparedness (68-77%) among
northern workshop earlier in the target
Nigeria in the the year, including population. The
context of an activities to lay the highest increase in
ongoing groundwork for an coverage between
insurgency, application to the rounds was seen
population global OCV among girls aged
displacement, stockpile, and 1-4 years.
and poor agreeing

health service
access
especially in
outlying areas.

mechanisms for
deployment within-
country. This was
accompanied by
provisional
licensing for OCV in
Nigeria which sped
up necessary
approvals when the
outbreak began.
Service delivery
mechanisms drew
on existing GPEI
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infrastructure, and
polio microplanning
templates originally
developed in Sierra
Leone.
Comprehensive
community
engagement work
was also carried
out including
segmenting
messages by
population groups
and translating
materials into local
languages.
Ngwa Campaign Nigeria Cholera Qualitative | Complex Adaptive See above. Reports a case
(324) study humanitarian fatality rate by the
crisis, driven end of the outbreak
primarily by of 1.14% - but this
conflict. The is the counterpart
study focuses study to Ngwa (30)
on campaign (see further results
activities in below)
Borno State in
northern
Nigeria in the
context of an
ongoing
insurgency,
population
displacement,
and poor

health service
access
especially in

outlying areas.
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(345)

Governance
and
coordination

Nigeria

Polio

Time
series
analysis
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Conflict-
affected
setting. Focus
on Borno State
in northern
Nigeria, in
context of
ongoing
insecurity
linked to
insurgency,
population
displacement
and
constrained
health service
access
especially in
outlying areas.

Adaptive

Intervention
focused on
promoting civil-
military
engagement,
through deployment
of a civilian joint
task force (CJTF),
described as a
“community-
initiated security
network” supporting
the Nigerian military
against the Boko
Haram insurgency
in the north of the
country. CJTF
members do not
necessarily have
military training but
are drawn from the
communities they
are working with.
CJTF brokering
helped to secure
agreements with
local actors to
permit “hit and run”
vaccination
activities during
periods of active
conflict, and to
support movement
of consumables
and in-kind
incentives to
households to
support uptake.
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The principal effect
of the intervention
was to improve
accessibility and
led to a 47%
increase in the
number of wards
perceived as
accessible for
vaccination staff
over the 6 months
of the intervention.
The percentage of
zero-dose children
decreased from 8%
to 3%.
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Oladeji Service South Multiple Time Complex Adaptive Integration The number of
(341) integration Sudan series humanitarian intervention linking children vaccinated
analysis crisis. outpatient across all antigen
Intervention therapeutic types reported to
implementation program (OTP) have risen a year
in South Sudan centres (for on from baseline
in context of malnutrition analysis, but
ongoing interventions) with coverage estimates
conflict, neighbouring (and statistical
population primary healthcare significance) is not
movement and centres where reported.
high levels of immunisations are Vaccination
underlying typically delivered. dropout rates were
population Children attended assessed to be
vulnerability the OTP centres lower from the OTP
including were screened for centres than from
malnutrition, immunisation status | primary healthcare
limited health and had any centres in the
service access. missing comparison arm
The specific vaccinations (OR for dropout
geographical administered by from OTP was 0.27
focus of the EPI staff attached in one sector and
intervention to the centres for 0.45 in another —
was a large the duration of the both statistically
IDP camp intervention. Funds significant).
(Bentiu). to support
integrated delivery
were pooled from
nutrition and EPI
sources.
Ongwae Service Nigeria Polio Program Conflict- Adaptive Service delivery The percentage of
(339) integration evaluation | affected supported by MHTs | children aged 12—

setting. Focus
of the
intervention on
six northern
Nigeria states
including
Borno, a site of
insecurity
linked to
insurgency at
this time.
Wider
contextual
features of the
operating
context in
Borno are as
described
above for other
studies based
in this region.

and VCMs to target
communities
deemed at high risk
for polio
transmission.
Primary mechanism
for improving
uptake was
community
engagement:
communities were
involved in
selection of
candidate VCMs
who were then
trained in vaccine
administration,
surveillance data
gathering and other
activities by
implementing
partner
organisations.

23 months who
were fully
immunized rose
from 19% to 55%
over the course of
the intervention.
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Traditional religious
and community
leaders were also
engaged in
selection of timing
and approach to
vaccination
outreach activities.
MHTs were used to
increase reach in
remote areas.
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Oteri (349)

Health
information
and
surveillance

Nigeria

Measles

Program
evaluation

Conflict-
affected
setting. The
intervention
was national
but this study
includes
focused
discussion of
challenges in
implementation
in Borno State
— a context
affected by
insurgency-
related
insecurity as
noted for other
studies above.

Adaptive

Use of
geographical
information system
(GIS) tools to
support
denominator
estimation for
eligible populations
for a measles
vaccination
campaign.
Comparison was
made between
accuracy of GIS-
based estimates for
northern states
including Borno,
and a walk-through
methodology
applied in southern
Nigeria. GIS was
used to map
optimal post
locations to ensure
that no population
settlement was
more than 1km
away from a site
capable of
delivering
vaccinations — on
the assumption that

Mean variance of
denominator
estimates using
GIS for northern
states was lower
(8.2%) than for
southern states
where the walk-
through
methodology was
used (19.6%) —
although these
global estimates
hid large variations
by state and
variation for Borno
was particularly
high (44.5%).
Reasons for this
are not clearly
described in the
study but could
include ongoing
population
displacement after
GIS estimates were
generated.
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distance was a key
barrier to access.
Peyraud Campaign Central Multiple Cross- Conflict- Adaptive Multi-pronged, Statistically
(325) African sectional affected multi-antigen significant
Republic survey setting. Study campaign designed | increases in
describes a to provide a new coverage of all

post-conflict
vaccination in
CAR, which
had been in
active conflict
from 2012-15.
Authors
significant
health service
delivery
challenges
even before
this, with only
48% of primary
healthcare
facilities having
sufficient
capacity to
deliver EPI
vaccines.
Conflict-related
damage to
infrastructure
was significant,
and included
outright
destruction of
around 25% of
health facilities,
and plundering

baseline for
childhood
vaccination
coverage, and
targeting only
children aged <1 in
a single prefecture
(state). The
campaign was
delivered as a
partnership
between the CAR
Ministry of Health
and MSF. Service
delivery was
integrated with
other interventions
dependent on the
campaign round:
distribution of
vitamin A in the first
round, nutritional
screening in the
second round and
soap provision in
the second and
third rounds.

included antigens
from pre- to post-
campaign except
for dose 3
pneumococcal
vaccine and the
yellow fever
vaccination (which
was not introduced
until the third round
of the campaign).
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of cold chain
and logistics
equipment.
Porta (326) | Campaign South Cholera Program Complex Adaptive Preventive mass Administrative
Sudan evaluation | humanitarian vaccination coverage after

crisis.
Intervention
implementation
in South Sudan
in context of
ongoing
conflict,
population
movement and
high levels of
underlying
population
vulnerability
including
malnutrition,
limited health
service access.
Prior to the
intervention,
immunisation
services had
predominantly
been delivered
in a vertical
way linked to
specific
programme
funding.

campaign for
cholera focused on
four refugee camps
and the
surrounding host
community
population (on the
basis of presumed
contact between
them and refugees
e.g. in market
settings).
Campaign was
carried out in two
rounds. All people
aged >1 yr were
included, without
intercurrent illness.
Service delivery
through a
combination of
fixed site and
mobile outreach,
where fixed sites
were agreed with
communities in
advance, and
outreach activities
were designed to
focus on common
access points e.g.
markets. Social
mobilisation
activities started
around a week

round 1 was
recorded as 84% or
more (with some
variations by
geography) and 53-
90% variably for
dose 2 depending
on the area.
Intensity of vaccine
administration was
greater lower with
the fixed site
strategy (circa 250
vaccinations per
day) whereas the
outreach approach
vaccinated (500-
700 individuals per
day).
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before the
campaign to
increase
engagement.
Rainey Health Haiti Multiple Program Natural Adaptive Focused on 23% of 310
(350) information evaluation | disaster —on information vaccinated camps
and background of gathering around a included in the
surveillance a severe multi-antigen study had been
earthquake campaign monitored by the
that struck administering either | time it concluded.
Haiti in DTP or tetanus and | 32 (44%) of those
January 2010. diphtheria vaccine monitored were

This led to the
emergence of
temporary
camps housing
an estimated
1.5 million
internally
displaced
children and
adults. The
wider health
system context
is described as
fragile with
long-standing
resource
shortages
(financial and
human) and
variations in
vaccination
coverage by

because a
diphtheria outbreak
had occurred in
Haiti in 2009. A
rapid monitoring
approach was used
to assess uptake
following rounds of
the campaign —
using outreach
workers to visit
camps and
settlements and
effectively generate
tallies for eligible
children who were
vaccinated and
unvaccinated.

identified as targets
for mop-up
vaccination — a
much higher than
expected fraction
likely because of
ongoing population
movement.
However, only six
of them had
received repeat
vaccination when
further checks were
carried out 6 weeks
later. This marginal
effect was likely
due to lack of
capacity among
vaccinating teams
to respond to need.
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antigen, as
well as nearer-
term effects
linked to
destruction of
facilities in the
earthquake.

Rouzier Multi- Haiti Cholera Program Natural Adaptive Multi-dimensional 90.8% of the

(361) dimensional evaluation | disaster — intervention to population
cholera deliver cholera identified as eligible
outbreak vaccination in received two OCV
following the proof-of-concept doses, with an
2010 intervention estimated overall
earthquake, targeting residents vaccine coverage
leading to an of urban slums in among the local
estimated the Haitian capital. population of
650,258 cases Intervention drew 74.8%. Dose
and 8,048 as on established wastage was very
of March 2013 position of a NGO low — 99.9% of
(the time at serving this doses received by
which the population, which the NGO for the
study was set up a new campaign were
conducted). central coordinating | reported as
Wider health committee, novel administered.
system context communication
of fragility plans, and
including engagement with

limited access
to clean water
(63% of the

population has

community leaders
to bolster uptake for
OCV. Large
investments were

access to made in human
improved resourcing, for
water) and which 20% of the
sanitation total operating staff
(17% access to of the NGO were
improved transferred to
sanitation), as support the

well as high intervention, and
levels of training in vaccine
population administration and
need (ongoing monitoring.
epidemics of
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HIV and
tuberculosis).
Sheikh Campaign Kenya Polio Program Complex Adaptive Reactive campaign. | Coverage (based
(327) evaluation | humanitarian Under leadership of | on caregiver recall)

crisis. Reactive
campaign in
response to
seven polio
cases in
refugee camp
residents and
six in
surrounding
communities
near the
Kenya-Somalia
border.
Broader
context of
large, semi-
settled refugee
population in
Kenyan border
regions but
ongoing
displacement
linked to
conflict in
Somalia.

the Kenyan Ministry
of Health, one
national and five
subnational OPV
campaigns were
carried out between
May—November
2013, followed by a
combined IPV-OPV
combined in a
campaign directed
at approximately
126,000 children
aged <59 months
including those who
lived in five refugee
camps and
surrounding
communities near
the Kenya-Somalia
border. Service
delivery was
through a
combination of
fixed sites and
mobile outreach
and was
accompanied by
community
mobilisation
activities informed

with OPV and IPV
in the December
campaign was
92.8% in the
refugee camps and
95.8% in
surrounding
communities.
Receipt of OPV in
the November
campaign was
97.2% in the
refugee camps and
97.3% in
surrounding
communities.
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by lesson learning
from the GPEI in
Kenya.
Shuaibu Campaign Nigeria Polio Program Conflict- Adaptive Reactive Administrative
(328) evaluation | affected vaccination coverage in Yobe
setting. Focus campaign involving (OPV) and Borno
on Yobe and introduction of IPV (IPV) was in excess

Borno States
which reported
46.3% of all
polio cases in
Nigeria during
the study
period, but are
affected by
significant
security
challenges
linked to
ongoing
insurgency.
Wider health
system context
that some
areas of these
states are
inaccessible,
and
surveillance is
an ongoing
challenge.
Armed conflict
has contributed
to destruction
of health
facilities and

alongside three-
dose OPV for polio,
coordinated
through both
national and state-
level polio
emergency control
centres. Service
delivery was
supported by
temporary
recruitment of
vaccinators from
the private and
voluntary sectors
alongside public
providers, followed
by training in
vaccination
administration and
monitoring.
Community
mobilisation was
supported by
targeted messaging
and use of
community
roundtables among
other routes.

of 100% following
the campaign —
suggesting
challenges in
denominator
estimation in the
face of ongoing
population
displacement. IPV
coverage in Yobe
was 94.9%
following the
campaign (again,
administrative).
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cold chain
equipment.
UNICEF Multi- Lebanon Multiple Program Complex Adaptive SlAs led by National coverage
Lebanon dimensional evaluation humanitarian Lebanese Ministry estimation for the
(359) crisis, featuring of Health and study period was

large-scale
population
influx from
Syria and
deteriorating
economic
conditions
among others.
Wider health
system context
of provider
fragmentation
for childhood
vaccination,
including a
prominent role
for the private
sectors,
although
refugees and
host
communities
alike are
theoretically
able to access
EPI
vaccination
free of charge
through
publicly-
supported
providers.

UNICEF, with
implementing
partner support.
Multiple service
delivery modes but
emphasis on
publicly-supported
primary healthcare
facilities, and
dispensaries
(pharmacies)
supported by the
Ministry of Health.
Outreach activities
were also
extensively used to
identify zero-dose
or undervaccinated
children and refer in
to fixed sites for
vaccine
administration.

not available at the
time the report was
written. However,
findings show a
progressive
increase in the
number of zero-
dose children
identified at each
SIA round, from
65% in round 1 (of
whom 44% were
then vaccinated);
78% during round 2
(51% vaccinated);
and 85% in round 3
(55% later
vaccinated).
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Usman Community Nigeria Polio Program Conflict- Adaptive Focusing on First dose OPV
(354) engagement evaluation | affected expanded coverage increased

and setting. community from 54.8% in 2014
mobilisation Implementation engagement and t0 99.0% in 2018

in northern mobilisation, with a and OPV3
states in particular focus on coverage among
Nigeria tackling perceived children aged 12 —
including misinformation 23 months
Borno (see regarding polio increased from
above for vaccination. 47.2% in 2014 to
references to Intervention 88.4% in 2018. The
impact of Boko implemented with percentage of fully
Haram central coordination | immunized (all
insurgency). from the national antigens) children
Wider health emergency rose from 33.0% at
system setting operations centre baseline in 2014 to
in which for polio. VCMs 67.0% in 2018,
parties to the recruited under the illustrating spillover
conflict had programme are effects on trust in
targeted and women drawn from vaccination in
killed polio the communities general arising
workers, they are working from a community
disrupted polio with, and work mobilisation effort
campaigns, using intensive focused primarily
and damaged outreach. Further on polio.
or destroyed efforts to
health facilities. strengthen trust by

working in

partnership with

community and

religious leaders,

among other

strategies.

Valadez Health South Multiple Program Complex Adaptive Macro-level Measles
(337) financing Sudan evaluation humanitarian financing through vaccination

crisis. donors to support coverage in
Intervention health system children aged 12—
implementation strengthening in 23 months

in South Sudan
in context of
ongoing
conflict,
population
movement and
high levels of
underlying
population
vulnerability
including
malnutrition,
limited health
service access.
Prior to the
intervention,
immunisation

South Sudan in the
context of ongoing
conflict. Targets for
financing included
improving human
resource capacity
at the Ministry of
Health, health
financing,
governance and
information
systems, and
strengthening
service delivery and
informatics. World
Bank financial
support specifically

increased by 11.2%
(p<0.001) to 49.7%.
Child immunisation
coverage overall
improved
significantly by the
study end-point
(p<0.001) but
remained low with
about half of the
children obtaining a
measles
vaccination (49.7%,
95% CI +2.8), and
20.8% in receipt of
all childhood
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services had
predominantly
been delivered

addressed delivery
of a basic health
services package

December 2022

immunisations
(£2.3%).

in a vertical including childhood
way linked to immunisation.
specific Service delivery
programme changes linked to
funding. funding included
task-shifting and
health worker
capacity
building/training.
Venczel Campaign Haiti Measles Program Complex Adaptive Reactive Post-campaign
(329) evaluation humanitarian vaccination monitoring activities
crisis. Broader campaign in indicated coverage

context in Haiti
of high levels
of inequality,
poverty and
globally poor
health outcome
indicators
including low
life expectancy
and high rates
of HIV and
tuberculosis.
Wider health
system context
including
limited health
service access
especially for
low-income
urban
populations,
and low
resourcing for
health services
in general.

response to
emergent measles
outbreak,
incorporating door-
to-door outreach
and vaccination,
using cadres of
vaccinators some
of whom were
recruited and
trained specifically
for the campaign.
Uptake was
independently
monitored in
parallel to the
campaign. The
authors note that
ability to carry out
the campaign
depended on
mobilisation of
significant financial
resources almost
all of which came
from outside Haiti.

in the eligible
population (children
<10) of 88% but
with significant
variations in
coverage across
geographical areas
targeted.
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Health
financing

Afghanistan

Multiple

Cross-
sectional
survey
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Conflict-
affected
setting. Wider
context in
Afghanistan at
the time of the
study has been
described for
other included
studies above.
This
intervention
focused on a
single province
— Uruzgan —
where 97% of
the population
lives in rural
areas, and
health
outcomes are
poor: 30.4% of
pregnant
women make
use of
antenatal
services and
during their
delivery only
23.5% are
assisted by a
skilled birth
attendant;
5.7% of the
children aged
12-23 months
received all
necessary
vaccinations
prior to the
intervention.

Transfor-
mative

Public-private
partnership
between Dutch
NGO and private
providers in
Uruzgan, drawing
in 34 private
providers to
administer
childhood
vaccinations. This
was achieved
through introduction
of financial
incentives to
replace lost income
for private
providers, and was
supported by
training for health
providers in the
partnership on
vaccination
techniques,
safety/hygiene
methods and
monitoring.
Facilities were
renovated and
consumables
supplied. A local
council for each
clinic was also set
up to strengthen
relations with the
community.

December 2022

DTP3 and MCV1
coverage were
significantly higher
in intervention
villages (73.5%,
66.4% and 69.9%
respectively) than
in control villages
(36.0%, 5.2% and
26.2% respectively;
P < 0.0001 for all
comparisons). The
proportion of
children being fully
vaccinated
(excluding BCG)
was 54.9% in the
PHP villages and
4.9% in the control
villages (P <
0.0001). A key shift
was in the location
of vaccination — in
control areas, most
children were
vaccinated in mass
campaigns,
whereas most in
intervention areas
were vaccinated at
fixed sites.
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Warigon Community Nigeria Polio Program Conflict- Adaptive Increasing uptake The proportion of
(355) engagement evaluation | affected through community children with non—

and setting. Focus mobilisation and polio-associated
mobilisation on northern engagement. AFP who received
Nigerian states These included (i) at least four OPV
including use of in-kind doses rose from
Borno and incentives to 80% in 2012 to
Yobe increase uptake 97% in 2014. The
(conditions in (e.g. foodstuffs); (i) proportion of
these areas road shows; (jii) children who were
are as engagement underimmunized —
described for through local defined as
other studies religious leaders; incomplete OPV
included (iv) engagement courses — declined
above). with nomadic from 17% to 4%.
communities The proportion of
through nominated zero dose children
intermediaries; (v) also declined from
outreach into 3% to 1% over the
security- time course of the
compromised intervention.
zones, and (vi)
health camps. All of
these activities
were focused on
improving trust in
vaccine providers,
and addressing
reasons for
hesitancy, to
increase demand.
WHO/GPEI | Campaign Multiple Polio Other Multiple sites Adaptive Change in dosing For the two case
(330) addressed, but strategy for OPV, study countries: the
the two of and the implications | shorter interval
immediate this has for service dosing campaign in

relevance to
this study were
Somalia
(complex
humanitarian
crisis featuring
chronic
insecurity with
limited access
in several
areas of the
country, and
ongoing cross-

delivery. Shorter
interval dosing
allowed
concentration of
field supervisors
over a shorter time
period to provide
stronger oversight
of vaccination
delivery across
populations in both
settings, but also
depended on

Somalia resulted in
an early end to
polio transmission
in these areas by
comparison with
control areas. In
Pakistan,
administrative
coverage following
the campaign was
93%, and 86% by
post-campaign
monitoring,

border and stronger community | suggesting high
within-border engagement and uptake is possible
population advocacy activities given a higher
movement); to sensitive intensity campaign.
and Pakistan, communities to the

particularly in likelihood of

the context of multiple dose
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ongoing
conflict
following
military
operations,
where Swat
valley (the
focus of the
GPEI

administration in a
campaign context.

December 2022

intervention
discussed) was
inaccessible
between
November
2008 and
August 2009.

Yehuala- Health Nigeria Polio Program Conflict- Adaptive Recruitment and Substantial

shet (348) workforce evaluation | affected deployment of improvements
setting. technical surge noted in core polio
Intervention capacity to support prevention
implemented improved polio indicators (e.g.
across vaccine uptake in non-polio AFP rate,
northern the context of and stool sample
Nigerian ongoing adequacy). The
states, but transmission proportion of wards
particularly particularly in the across these areas
including north of the with >10% children
conflict- country. WHO missed by
affected States worked with the vaccination
in the north of Ministry of Health campaigns

the country
such as Borno
and Yobe (see
context notes
for other
studies above).

and other domestic
actors to identify a
roster of technical
experts, and risk-
assess
geographical
regions for the
extent of
transmission.
These inputs were
used to assign (on
a biannual basis)
technical experts to
underperforming
areas, so that the
most experienced
experts were
allocated to areas
were current
performance was
poorest. The
intervention was
underpinned by use

decreased from
21% in 2012 to 3%
in 2015.
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of variable contract
types.

December 2022

Yehuala-
shet (334)

Health
financing

Nigeria

Multiple

Program
evaluation

Conflict-
affected
setting.
Intervention
implemented
nationally, but
included
conflict-
affected States
in the north of
the country
such as Borno
and Yobe (see
context notes
for other

studies above).

Adaptive

Introduction of
direct payment
disbursement
mechanism to
ensure timely
payment of eligible
vaccination
personnel, improve
payment
transparency, and
release operational
funds quickly to
local areas to
support vaccination
delivery. WHO and
UNICEF worked
with the Nigerian
government and
with a leading bank
to set up
disbursement
systems, but also
established 280
new payment
points in less
accessible parts of
the country to
speed up access to
funds for health
workers operating

Total volume of
funds disbursed via
this mechanism
increased year on
year following its
introduction.
Percentage
variation between
funds disbursed
and accounted for
for SIA activities
declined to 0%
within three years
of the introduction
of the intervention.
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in these areas.
Guidance on
budgets and
spending
allocations were
developed and
distributed by WHO
prior to each round.
The aim of the
intervention was to
promote
vaccination delivery
through timely
financing of local
vaccination teams.

December 2022
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