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Abstract

The first quarter of the 21st century has been characterized by a "poly-crisis" landscape, where health
systems globally face a convergence of biological, climatological, and geopolitical threats. This systematic
review comprehensively examines the intersection of health security and healthcare system resilience
(HSR), positing that the historical bifurcation of these fields has created critical vulnerabilities in national
and international response mechanisms. Drawing upon a diverse array of literature, policy documents, and
empirical case studies from 2023 and prior, this report investigates the operational, financial, and
sociopolitical determinants that enable health systems to absorb, adapt to, and transform in the face of acute
shocks. The analysis reveals that resilience is not merely the ability to bounce back to a pre-crisis state but
a dynamic capacity for transformation that must be intentionally programmed into health system functions.
Key findings indicate that command-and-control governance, while effective in the early phases of
containment (as evidenced in Vietnam), must be balanced with decentralized community engagement (as
seen in Kerala, India) to sustain long-term resilience. Furthermore, the review highlights the catastrophic
failure of "just-in-time" supply chain efficiency models, advocating for a strategic pivot toward "just-in-
case" redundancy and local manufacturing capabilities. Economically, the evidence suggests that
investments in resilience yield significant returns, with every dollar invested in preparedness potentially
saving exponentially more in response costs, yet financing remains fragmented between vertical security
programs and horizontal system strengthening. Ultimately, this report argues for a unified framework where
health security is embedded within the fabric of universal health coverage (UHC). It identifies critical
research gaps in the measurement of resilience, noting that pre-pandemic indices largely failed to predict
actual country performance. The synthesis concludes that future preparedness relies on addressing the
"silent" foundations of resilience—workforce well-being, trust capital, and data interoperability—rather
than solely focusing on the visible hardware of outbreak response.

Introduction
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The Imperative of Resilience in a Poly-Crisis Era

The contemporary global health landscape is defined by an unprecedented convergence of threats that
challenge the fundamental assumptions of health system design. We have entered an era of "poly-crisis,"
where biological outbreaks, climate-induced natural disasters, economic volatility, and geopolitical conflict
do not occur in isolation but rather interact to produce compounding shocks. The devastation wrought by
the COVID-19 pandemic, the recurrent Ebola outbreaks in West Africa, and the increasing frequency of
extreme weather events have exposed deep structural fractures in health systems across high-, middle-, and
low-income countries alike. These events have precipitated a necessary paradigm shift in public health
philosophy: moving from a reactive "crisis management" approach, which focuses on containing distinct
events as they arise, to a proactive, systemic focus on "resilience" [1].

Resilience in this context is defined not as an inevitable byproduct of general health investment, but as a
specific capacity that must be actively cultivated and intentionally programmed. The World Health
Organization (WHO) and other global bodies define resilient health systems as those capable of effective
prevention, preparation, detection, adaptation, response, and recovery from public health threats while
ensuring the maintenance of quality essential and routine health services in all contexts [1]. This definition
underscores a dual obligation that forms the crux of the resilience challenge: a system must possess the
surge capacity to "fight the fire" (the emergency) while simultaneously maintaining the stability to "keep
the house running" (routine care for chronic diseases, maternal health, and acute trauma). The tension
between these two functions—often competing for the same finite financial and human resources—forms
the central inquiry of this report.

From Efficiency to Redundancy: A Strategic Pivot

For decades, health system management, particularly in high-income contexts, was dominated by principles
of lean efficiency. The prevailing orthodoxy prioritized the reduction of bed capacity, the minimization of
inventory through "Just-in-Time" supply chains, and the optimization of workforce utilization rates for
"blue sky" scenarios [2]. The literature suggests that this relentless focus on efficiency stripped systems of
the operational slack or "redundancy" necessary to handle high-impact emergencies [3]. When shocks
occurred—whether biological like the SARS-CoV-2 pandemic or environmental like Hurricane Maria in
Puerto Rico—the lack of redundancy led to rapid system saturation, collapse of critical care functions,
excess mortality, and severe economic contraction [4].

The concept of resilience fundamentally challenges this efficiency orthodoxy. It posits that what was
previously viewed as "waste" or "inefficiency" (e.g., unoccupied beds, stockpiled supplies, underutilized
staff with broad skill sets) is, in fact, a necessary insurance policy against catastrophe. A resilient system
possesses the agility to reorganize resources, modify service delivery models, and maintain public trust
when confronted with unprecedented challenges [2]. This report explores how this shift is operationalized
across different health system building blocks, from supply chains that prioritize local manufacturing to
governance structures that allow for rapid decision-making under uncertainty.

The Security-Resilience Nexus

Simultaneously, the discourse on "Global Health Security" (GHS) has evolved significantly. Initially, GHS
was often framed through a statist lens, focused on preventing the cross-border spread of infectious diseases
to protect the national interests and economies of the Global North. However, recent evidence indicates that
security is inseparable from the broader agenda of Health System Strengthening (HSS) [S]. The "Health
Systems for Health Security" framework suggests that true security cannot be achieved through vertical,
disease-specific silos alone; it requires a robust primary health care foundation capable of early detection,
community engagement, and routine service delivery that builds trust [1].

However, the integration of GHS and HSS is not without friction. Critics argue that the "securitization" of
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health can divert attention and resources away from the burden of chronic disease and maternal mortality
toward threats perceived as "security risks" by wealthy donors [6]. This report investigates these tensions,
analyzing whether integrated frameworks effectively balance domestic health needs with global security
obligations. It examines national strategies, such as Saudi Arabia's Vision 2030, which attempts to align
health management reforms with national security goals, highlighting both the successes in mass gathering
preparedness and the lingering gaps in inter-agency coordination [7].

Literature Review: Conceptualizing Resilience and Security
Defining the Resilience Cycle and Its Dimensions

The academic and policy literature has moved towards a consensus that resilience is a multi-dimensional
capability. It distinguishes between "everyday resilience" (the ability to handle routine stresses like seasonal
flu outbreaks, economic fluctuations, or aging populations) and "structural resilience" (the capacity to
survive sudden, acute shocks like pandemics or large-scale economic collapses) [2]. A robust resilience
framework, as synthesized from the literature, involves a cycle of four key stages:

1. Anticipation: This involves the proactive faculties to foresee potential threats through surveillance,
risk assessment, and horizon scanning. It moves beyond passive monitoring to active intelligence
gathering regarding biological and environmental risks [8].

2. Absorption: The ability of the system to buffer the initial shock without collapsing. This is often a
function of "hard" capacities, such as the number of hospital beds, the size of the workforce, and the
availability of stockpiles [9].

3. Adaptation: The capacity to change operations in real-time to manage the crisis. This involves "soft"
capacities like leadership, flexibility in licensing, task-shifting, and the repurposing of facilities [8].

4. Transformation: The long-term structural changes enacted based on lessons learned to improve
future performance. Resilience transcends the immediate ambit of recovery to the status quo; it aims
to "build back better" [8].

Recent studies underscore that resilience imbues an adaptive, forward-looking dimension into the
procedural fabric of crisis management [8]. This contrasts with traditional disaster recovery, which often
focuses on returning to the pre-disaster state. The literature argues that in a world of increasing volatility,
the pre-disaster state is often the source of vulnerability, and thus transformation is the ultimate goal of
resilience [10].
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Figure 1: The Adaptive Resilience Cycle.

WWW.DIABETICSTUDIES.ORG 607


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. S2 2025

The Global Health Security Agenda (GHSA) and Universal Health Coverage (UHC)

The relationship between the GHSA and UHC is a dominant theme in recent scholarship. The GHSA,
launched to accelerate compliance with the International Health Regulations (IHR 2005), focuses on the
capacity to prevent, detect, and respond to infectious disease threats. Conversely, UHC focuses on ensuring
that all people have access to the health services they need, when and where they need them, without
financial hardship [6].

Historical analysis shows that these agendas have often operated in parallel, sometimes competing silos.
However, the COVID-19 pandemic demonstrated their profound interdependence. Countries with broader
UHC and robust primary care coverage (e.g., Vietnam, Cuba) were often better positioned to mobilize
populations for public health measures, suggesting that UHC is a functional prerequisite for effective GHS
[11]. The WHO's 2023 position paper explicitly links these goals, arguing that investments in essential
public health functions (EPHF) serve both the equity goals of UHC and the stability goals of security [12].

Nevertheless, significant opportunity costs remain. In resource-constrained settings, the prioritization of
high-tech surveillance systems required by the security agenda can detract from basic service delivery
infrastructure [6]. Theoretical frameworks now attempt to align these goals, suggesting that "security"
should include protection against the economic devastation of illness (a UHC goal) and "resilience" should
include the capacity to detect outbreaks (a security goal) [5]. This synthesis suggests that the dichotomy
between "health of the individual" (UHC) and "health of the state" (GHS) is a false one; the resilience of
the state is dependent on the health security of the individual.

Economic Perspectives on Preparedness

The economic literature on health resilience has shifted from viewing preparedness primarily as a cost
center—an insurance premium that may never pay out—to viewing it as a high-yield investment. The "cost
of inaction" is now understood to be orders of magnitude higher than the cost of preparedness. The global
economic contraction caused by SARS-CoV-2, estimated in the trillions of dollars, dwarfs the estimated
costs of strengthening global surveillance and health systems [13].

Systematic reviews of economic evaluations indicate that while calculating the exact Return on Investment
(ROJ) for resilience is complex due to the stochastic nature of pandemics, the benefits of interventions
generally outweigh costs. Interventions such as vaccination, integrated surveillance, and flexible hospital
capacity consistently show positive cost-benefit ratios. The World Bank and other financial institutions
have begun to incorporate "resilience dividends"—the co-benefits of preparedness investments that accrue
even if no disaster occurs, such as better routine care efficiency and improved supply chain reliability—
into their valuation models [14]. This represents a critical shift in how finance ministries prioritize health
spending, moving it from "social spending" to "critical infrastructure investment."

Methodological Approaches in Health Security Research

Understanding the strength of the evidence base for health security requires a critical examination of the
methodologies used to generate that evidence. The field is characterized by a mix of quantitative modeling,
qualitative case studies, and systematic reviews, each with distinct strengths and limitations.

Risk of Bias and Quality Assessment in Observational Studies

Given that randomized controlled trials (RCTs) are rarely feasible or ethical for studying health system
responses to pandemics or disasters (one cannot randomize a country to experience a pandemic), the
evidence base relies heavily on observational studies, natural experiments, and retrospective analyses. This
necessitates rigorous quality assessment tools to determine the validity of the findings.
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The ROBINS-I (Risk Of Bias In Non-randomized Studies - of Interventions) tool is critical in this domain.
It evaluates bias across seven domains, viewing observational studies as attempts to emulate a "target trial".
This tool is essential for differentiating between correlation and causation in policy analysis—for example,
determining whether a country's low mortality rate was due to its health policies (the intervention) or its
younger demographic profile (a confounder). Recent updates to ROBINS-I (Version 2) have improved its
usability, addressing issues such as "immortal time bias" which can skew survival analysis in outbreak
settings [15].

Similarly, the Newcastle-Ottawa Scale (NOS) is widely employed to assess the quality of non-randomized
studies in systematic reviews, focusing on the selection of study groups, the comparability of the groups,
and the ascertainment of the exposure or outcome [16]. However, limitations exist; some researchers argue
that the "star system" of NOS can be reductive. Studies have suggested that detailed subgroup analysis
based on study design is more rigorous for understanding heterogeneity in health system performance than
a simple quality score [17]. Authors and reviewers often differ in their NOS assessments, highlighting the
subjectivity involved in evaluating observational data in complex systems [18].

The Challenge of Measurement: The Index Failure

A significant methodological finding in the literature is the failure of pre-pandemic predictive indices. The
Global Health Security Index (GHSI), which ranked countries based on their technical capacity to handle
outbreaks (e.g., number of labs, legislation, stockpiles), showed little to no correlation with actual COVID-
19 outcomes such as infection rates or excess mortality [19]. Countries ranked highest for preparedness
(e.g., the USA, UK) often experienced the highest mortality rates, while countries with lower rankings (e.g.,
Vietnam) performed exceptionally well.

This "measurement gap" has led to calls for new frameworks that incorporate "softer" or functional metrics
that were previously overlooked. These include:

e Political Will and Governance: The speed and decisiveness of decision-making, which cannot be
captured by checking if a law exists on paper [13].

e Social Trust: The population's willingness to adhere to public health mandates, which acts as a force
multiplier for policy effectiveness [19].

e System Agility: The ability to repurpose existing resources rather than just the quantity of resources
available [20].

Current research aims to validate new indices that account for these dynamic capabilities, moving beyond
static counts of laboratories and legislation to measure functional resilience [21]. The development of tools
like the "Health System Resiliency Analysis Framework" aims to offer a comprehensive, multisectoral self-
assessment capability that includes financing, governance, and socioeconomic context as key variables [22].

Systematic Review Methodologies

This report utilizes a systematic review approach influenced by the "best-fit framework synthesis" method,
which is particularly useful for complex policy questions [13]. This involves selecting an a priori conceptual
framework (e.g., the WHO building blocks or a resilience framework) and coding evidence against it, while
allowing new themes to emerge inductively. The literature search strategies employed in the reviewed
studies typically cover major databases (PubMed, Scopus, Web of Science) and grey literature from
international organizations, reflecting the need to capture rapid-cycle policy reports alongside peer-
reviewed science [23].

Results: Pillars of Resilient Health Systems

The synthesis of the collected research material identifies four foundational pillars that determine a health
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system's resilience against high-impact emergencies: Governance & Workforce, Supply Chain &
Infrastructure, Information Systems, and Financing. These pillars are interdependent; a failure in one can
compromise the resilience of the entire system.

1. Governance, Leadership, and Workforce Surge
Command, Control, and Coordination

Effective governance during high-impact emergencies requires a delicate balance between centralized
command and decentralized execution. The literature indicates that "command-and-control" structures are
vital for rapid decision-making in the early phases of a crisis [24]. However, long-term resilience depends
on "whole-of-society" engagement mechanisms [25].

In Saudi Arabia, the integration of health management policies with national security strategies under
Vision 2030 facilitated a coordinated response to COVID-19. The study of this integration revealed strong
convergence in mass gathering preparedness and digital investments, yet identified persistent gaps in inter-
agency coordination (rated 64.3/100 by policymakers) and data governance [7]. This highlights that while
top-down mandates can drive resource allocation, the operational glue of inter-agency cooperation often
requires more mature institutional culture.

The Human Factor: Workforce Resilience

The health workforce is the most critical yet most vulnerable component of resilience. The "surge capacity”
of a system—its ability to rapidly expand care delivery—is constrained not by beds but by staff.

e Burnout and Attrition: The COVID-19 pandemic precipitated a "great resignation,” with healthcare
workers facing unprecedented stress. Studies show that contact with death, fear of infection, and
professional burnout were significant drivers of attrition [26]. This creates a vicious cycle: as staff
leave, the burden on remaining staff increases, leading to further burnout and eroding future resilience
[27].

e Task Shifting and Flexibility: Successful surge responses utilized task-shifting (e.g., using non-
specialist nurses for ICU support under supervision) and flexible licensing (allowing out-of-state or
retired clinicians to practice). States that rapidly adjusted scopes of practice and engaged in interstate
licensure reciprocity were better able to meet demand [28].

e Mental Health as Security: There is robust evidence that protecting the mental health of healthcare
workers is a security imperative. Resilience is compromised when staff are traumatized, leading to
higher error rates and lower quality of care [26]. The psychological toll of crisis response is a long-
term liability for the health system that must be managed proactively.

Quantitative analysis of pandemic mortality rates reinforces the importance of the workforce. A study found
that total healthcare workers per capita was positively associated with fewer "missed hospitalizations" (a
proxy for system resilience), while higher stringency indices (lockdowns) were associated with more
missed care, suggesting that workforce capacity is a better guarantor of resilience than restrictive non-
pharmaceutical interventions [4].

2. Supply Chain Resilience: The End of "Just-in-Time"

The pandemic exposed the fragility of globalized, efficiency-optimized supply chains. The "bullwhip
effect"—where small fluctuations in demand cause massive upstream disruptions—was exacerbated by
panic buying, export bans, and the concentration of manufacturing in a few geographic regions [29].

Strategies for Supply Resilience

The literature identifies a decisive move from "Just-in-Time" (JIT) to "Just-in-Case" (JIC) models,
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characterized by:

e Diversification: Reducing reliance on single-source suppliers. The reliance on single regions for
critical components (e.g., APIs from Asia) was a major vulnerability. Diversification involves
qualifying multiple suppliers across different geopolitical zones [30].

e Strategic Stockpiling: Maintaining safety stocks of critical items (PPE, ventilators). However,
evidence suggests that stockpiles are insufficient without dynamic management. The U.S. Strategic
National Stockpile (SNS) experience highlighted the need for better inventory rotation and integration
with state and local stockpiles to prevent expiration and ensure rapid deployment [31].

e Local Manufacturing: Developing domestic capacity for essential medical countermeasures is
increasingly viewed as a national security priority. Countries like Tanzania and Indonesia have
invested in local reagent production and veterinary lab capacity to reduce dependency on global supply
chains [32]. This "industrial base expansion" is a key recommendation for future preparedness [31].

e Vendor-Managed Inventory (VMI): Collaborative models where suppliers manage inventory levels
at the hospital or regional warehouse. This improves visibility and reduces the administrative burden
on health facilities, preventing the "hoarding" behavior that exacerbates shortages [33].
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Figure 2: The "Fortress of Resilience" Framework

Table 1: Summary of the benefits of information sharing in supply chains

Benefit Category Specific Outcome

Inventory reduction, efficient management,

Operational Efficienc . e
P y improved resource utilization

Cost reduction, significant reduction of the

Cost Management bullwhip effect
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3. Integrated Information and Surveillance Systems
Resilience is information-dependent. The speed of detection determines the scale of the response.

e Integration: Systems that integrate data from multiple sources (clinical, laboratory,
veterinary/environmental) provide earlier warnings. Studies show that integrated surveillance systems
improve data quality and timeliness, with sensitivity improvements ranging up to 100% in some
contexts [34].

e Interoperability: A major barrier identified is the lack of interoperability between electronic health
records (EHRs) and public health databases. In Saudi Arabia and other contexts, digital health
investments have improved mass gathering preparedness, but data governance remains a hurdle [7].
The inability of hospital systems to "talk" to public health agencies delayed situational awareness
during COVID-19.

e One Health Approach: Monitoring zoonotic spillover threats (animals to humans) is critical. The
integration of veterinary and human health surveillance (as seen in Indonesia and Tanzania) is a key
component of preventing the next pandemic [35].

4. Financing Resilience

Financial resilience refers to the ability of the system to mobilize funds rapidly and sustain service delivery
during economic shocks. The traditional model of rigid, line-item budgeting is antithetical to resilience.

Economic Returns on Resilience

Economic analyses provided in the literature demonstrate high returns on investment (ROI) for resilience-
building activities.

e Infrastructure: World Bank analysis suggests that for every $1 invested in resilient health
infrastructure, the benefits (including avoided costs) range from $168 to $317 [14].

e Innovation: Investments in drone-based medical supply chain delivery showed an estimated ROI of
$416 per $1 invested, highlighting the efficiency gains of leapfrog technologies [14].

e Telehealth: Text-based telehealth services showed a return of $15 per $1 invested, demonstrating the
value of low-cost, scalable interventions [14].

e Vaccination: Cost-benefit analyses consistently show that vaccination strategies are cost-saving
compared to unmitigated pandemic scenarios. For instance, cell culture-based vaccines were found to
be a highly cost-effective strategy [36].

The Cost of Preparedness vs. Response

Economic evaluations consistently show that the cost of prevention (surveillance, R&D, stockpiles) is a
fraction of the cost of response. A World Bank project in Eastern and Southern Africa aimed at health
emergency preparedness showed a positive Net Present Value (NPV) of $1.34 billion and an Internal Rate
of Return (IRR) of 29.5%, proving that preparedness is financially viable even in resource-constrained
settings. However, financing remains fragmented. Developing countries often face "donor fatigue" and the
volatility of external aid. There is a critical need for domestic resource mobilization and flexible financing
mechanisms that allow funds to be reprogrammed instantly during an emergency [25].

Discussion: Contextualizing Resilience
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This section synthesizes the results through comparative case studies and thematic analysis, exploring how
resilience operates in different political and environmental contexts. It moves beyond the "what" of
resilience to the "how" and "why" of its success or failure.

Comparative Analysis of National Responses

The divergence in national responses to COVID-19 and other threats offers profound lessons on the
"software" of resilience (culture, politics, trust) versus the "hardware" (equipment, hospitals).

Vietnam: The Low-Cost, High-Impact Model

Vietnam's response illustrates that resilience does not require high-income status. Despite limited resources,
Vietnam achieved remarkable early success through a "low-cost, high-impact" strategy [37].

e Proactive Governance: The government acted with extreme speed, implementing border closures
and health checks before community transmission was widespread. This decisiveness, driven by a
"command-and-control" governance style, was crucial [24].

e Social Mobilization: The state leveraged a "wartime" narrative to foster public solidarity. The entire
political system, including the military and local party cells, was mobilized for contact tracing and
quarantine support [38].

e System Structure: Instead of relying on expensive mass testing (which it could not afford initially),
Vietnam used a robust public health infrastructure to conduct extensive contact tracing (up to three
degrees of separation) and targeted quarantines. This allowed them to keep the economy largely open
while containing the virus [37].

e Lesson: Preparedness (the state of readiness) combined with decisive governance can compensate for
resource limitations.

Kerala, India: The Nipah Virus and Community Resilience

The state of Kerala faces recurrent zoonotic threats, specifically the Nipah virus (NiV). Its resilience is
rooted in deep social capital and long-term investments in education and primary health [39].

e Rapid Detection: During the 2018 Nipah outbreak, alert clinicians and a connected surveillance
system enabled the rapid identification of index cases. This was not a function of expensive technology
but of high-quality medical training and awareness [40].

e Community Trust: Kerala has high literacy rates and a decentralized health system with strong
community participation. This meant that public health communication was effective, and the
community trusted the government's guidance on isolation and burial protocols [41].

e Lesson: Resilience is a product of long-term social development. A literate, engaged population is a
critical asset in containment.

Cuba: Disaster Integration and Primary Care

Cuba's model emphasizes the integration of disaster preparedness into routine primary care, creating a
"culture of safety" [42].

e The "Consultorio" Model: The presence of a doctor and nurse in every neighborhood (approx. 1 per
1,000 people) allows for granular surveillance. These teams know their populations intimately,
allowing for the rapid identification of vulnerable individuals during hurricanes or epidemics [11].

e Civil Defense: A highly organized civil defense system integrates the health sector with meteorology,
local government, and community organizations. This ensures efficient evacuation and medical
response during natural disasters [42].

e Lesson: A strong primary health care system is the most effective disaster response mechanism.
Vertical programs cannot replace the capillarity of a community-based system.

WWW.DIABETICSTUDIES.ORG 613


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. S2 2025

Conflict Settings: Resilience as Survival

In fragile and conflict-affected settings (FCAS), resilience takes on a different meaning—survival and
absorption.

e Absorption vs. Transformation: A scoping review of resilience in conflict zones (e.g., Mali, Syria)
shows that systems often manage to absorb shocks (keep basic services running) through the heroism
of individual staff and NGO support, but rarely have the capacity to transform or improve [43].

e Fragmented Governance: The reliance on humanitarian aid can create parallel systems that
undermine long-term state resilience. In Syria, UNRWA professionals demonstrated resilience
through adaptive management, but the broader system remained fragmented [44].

e Lesson: Building resilience in conflict requires bridging the humanitarian-development nexus. Aid
must focus on strengthening local systems rather than just delivering services, transitioning from relief
to resilience [45].

The Climate-Health Nexus

Climate change acts as a "threat multiplier," exacerbating existing vulnerabilities and challenging the
resilience of health infrastructure.

e Dual Adaptation: Health systems must adapt in two ways:

1. Environmental Sustainability: Reducing the sector's own carbon footprint (mitigation) to
prevent further climate change [46].
2. Climate Resilience: Hardening infrastructure against extreme weather (adaptation) [46].

e Evidence of Impact: Studies show that hurricane-impacted areas experience elevated mortality rates
for years after the event. For example, older adults in areas affected by Hurricane Sandy showed a
19% higher risk of mortality up to 5 years later, highlighting the long-tail impact of infrastructure
failure and stress [47].

e Technological Integration: Early warning systems that combine meteorological data with health data
(e.g., predicting cholera outbreaks after floods or heat stress in India) are emerging as critical resilience
tools. However, these often face implementation challenges such as lack of stakeholder engagement
and data silos [48].

Bioterrorism and Dual-Use Threats
The resilience required for natural pandemics overlaps significantly with preparedness for bioterrorism.

e Dual-Use Capabilities: Investments in laboratory networks, surveillance, and rapid response teams
serve both natural and intentional threat reduction. The "all-hazards" approach is the most efficient
way to prepare for bioterrorism [49].

e Hospital Preparedness: Frameworks for hospital disaster resilience emphasize the need for
decontamination capabilities, mass casualty triage, and security protocols. However, studies of
hospital preparedness (e.g., in Riyadh) often find gaps in emergency response planning and inter-
hospital coordination [50].

e Community Engagement: Just as with natural outbreaks, the public's ability to recognize threats and
follow guidance is the "last mile" of defense against bioterrorism. Community-based participatory
research has shown that involving the public in response planning improves the tactical effectiveness
of the response [49].

Barriers and Research Gaps

Despite the clear imperative, significant barriers to resilience remain, particularly in Low- and Middle-
Income Countries (LMICs).

e Structural Barriers: Lack of financial resources, fragmented leadership, and poor data infrastructure
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impede the translation of policy into practice. A lack of trained personnel and assessment tools are
frequently cited barriers [51].

e Measurement Gap: There is a lack of validated metrics to quantify "resilience" before a crisis hits.
Current tools measure capacity (inputs) rather than capability (outputs/outcomes). Developing a
unified framework that can capture the relational and dynamic aspects of resilience is a key research
priority [20].

e Siloed Funding: Donor funding is often disease-specific (vertical), whereas resilience requires
system-wide (horizontal) investment. This fragmentation leads to inefficiencies and "islands of
excellence" in a sea of system weakness [13].

Conclusion

The analysis of health security and healthcare system resilience in this systematic review reveals a critical
turning point in global health policy. The era of optimizing health systems solely for efficiency and cost-
containment has proven disastrous in the face of 21st-century threats. The evidence synthesized in this
report underscores that resilience is not a passive attribute but an active, programmable function of a health
system that requires sustained investment, political commitment, and social trust.

Key Synthesis Points:

1. Resilience is a Dividend, Not a Cost: The economic case is unequivocal. The cost of preparedness
is a fraction of the cost of response and recovery. Investments in resilient infrastructure, supply chains,
and workforce pay dividends even in non-crisis times through improved daily care, reduced
hospitalizations, and system efficiency.

2. Universal Health Coverage is Health Security: There is no security without a strong foundation of
primary care. Systems that rely on vertical security programs while neglecting basic health access fail
when tested. The integration of UHC and Global Health Security is not just ethical; it is operationally
essential.

3. The Human Element is Paramount: Technology and stockpiles are useless without a trained,
protected, and motivated workforce. The "burnout epidemic" is a security threat of the highest order.
Future resilience strategies must prioritize the physical and mental well-being of the health workforce
as a critical infrastructure asset.

4. From Global to Local: The failure of global supply chains mandates a shift toward regionalization
and localization. Strategic autonomy in essential medical supplies, combined with robust local
surveillance and governance, creates a system that can withstand global shocks.

5. Proactive vs. Reactive: The epistemological shift from reacting to crises to anticipating them is
incomplete. True resilience requires "anticipatory governance"—using data, foresight, and simulation
to stress-test systems before the emergency occurs.

Future Outlook:

As the world faces the compounding threats of climate change, zoonotic spillover, and geopolitical
instability, the "resilience agenda" must move from rhetoric to operational reality. This requires a
fundamental restructuring of health financing to incentivize redundancy and adaptability. It demands new
metrics that measure a system's ability to flex and surge, rather than just its static capacity. Ultimately, the
resilience of a health system is a reflection of the resilience of the society it serves; building trust, equity,
and social capital is as important as building laboratories and hospitals.

Table 2: Comparative Analysis of Resilience Models

Efficiency Model Resilience Model
(Pre-Crisis (Post-Crisis

Feature Key Enablers
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Orthodoxy) Paradigm)
Just-in-Time (JIT); Just-in-Case (JIC); Vendor-Managed
. s ; ’ Strategic stockpiles; .
Supply Chain Minimal inventory; CS Inventory; Local
. diversified/local . .
Global sourcing . manufacturing capacity
sourcing
Surge capacity; Task- L .
Lean staffing; Rigid shifting; Flexible Cross-training; Medical
Workforce ] = : 2 reserve corps; Staff
roles; Specialized focus | licensing; Mental well-beine programs
health support & prog
Integrated "One Inter-agency
Governance Siloed departments; Health" approach; committees;
Top-down hierarchy Whole-of-society Community leaders;
engagement Decentralized authority
Interoperable; Real- AI/ML forecasting;
Fragmented; . . ) :
Data Systems Retrospective reportin time surveillance; Integrated electronic
P P € | Predictive analytics health records
_ Flexible emergency . . .
Fee-for-service; . Disaster risk financing;
. . . ) funds; Capitated . . ;
Financing Disease-specific : . Resilience dividends in
. payments; System-wide .
vertical funds . budget planning
investment

Recommendations for Policy and Practice

Based on the systematic review of the evidence, the following strategic actions are indicated for
policymakers and health leaders:

1.

Institutionalize Resilience: Move beyond ad-hoc emergency committees. Create permanent, legally
mandated bodies responsible for cross-sectoral health security coordination, ensuring that "health in
all policies" becomes a reality.

Invest in the "Soft" Infrastructure: Prioritize the retention and mental health of the healthcare
workforce. Develop national strategies for workforce surge capacity that include legal protections,
rapid credentialing, and mental health support.

Localize Supply Chains: Conduct vulnerability assessments of medical supply chains. Incentivize
domestic production of critical consumables and establish regional mutual-aid agreements for supply
sharing.

Harmonize Data: Mandate interoperability standards for health data. Invest in "One Health"
surveillance systems that integrate human, animal, and environmental data streams for early warning.
Stress-Test the System: Regularly conduct simulation exercises that test not just the "hardware"
(beds/ventilators) but the "software" (decision-making/coordination). Use these exercises to identify
and close gaps in the adaptation and transformation phases of the resilience cycle.

By embracing these principles, health systems can transition from a posture of fragility to one of robust
resilience, ensuring they are prepared to protect populations against the inevitable high-impact emergencies
of the future.
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