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ABSTRACT

The global response to pandemic threats remains inadequate, failing to translate the 
lessons of COVID-19 (coronavirus) into sustained investment and preparedness. 
The “panic and neglect” cycle persists, amplified by pandemic fatigue, denialism, 
misinformation, resistance to public health measures, and limited international 
cooperation. Against this backdrop, volume 2 of the fourth edition of Disease 
Control Priorities (DCP4) synthesizes scientific literature and expert knowledge 
to establish priorities for preventing, preparing for, and responding to future 
pandemics. This chapter synthesizes key insights from volume 2. It identifies 
priority actions based on the available evidence, while acknowledging that economic 
evaluations remain limited. Substantial reductions in pandemic risk can be 
achievable through targeted national and regional efforts, including the following:

•	 Recognizing the high ongoing pandemic risk (especially from influenza) and 
building adaptable, threat-agnostic frameworks rather than focusing solely on 
past experiences

•	 Implementing measures to minimize pathogen introduction from natural and 
human-made sources, and developing robust, layered early warning surveillance 
systems
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•	 Rapidly characterizing novel pathogens to assess transmission and severity risks, 
and initiating timely containment actions based on available evidence, even if 
incomplete

•	 Investing in core public health functions (for example, surveillance and 
contact tracing), interlinked with resilient health care systems (for example, 
laboratory networks, oxygen supply, and emergency care) with adaptable 
surge capacity

•	 Tailoring public health and social measures to the specific pathogen, timing, and 
local socioeconomic context, moving beyond rigid preexisting pandemic plans

•	 Making critical investments in both rapid medical countermeasure development 
and regional manufacturing capacity, alongside streamlined regulatory pathways 
and robust delivery systems

•	 Establishing prearranged financing with swift disbursement based on clear, 
effectively designed triggers; prioritizing investments in dual-purpose 
infrastructure (for example, ventilation); and differentiating financial 
instruments for early (collective) versus late (domestic) needs.

DCP4 underscores that pandemic preparedness can be markedly improved through 
national and regional efforts. The annex to this chapter offers an initial prioritization 
framework synthesized from expert opinion. Although the evidence base for many 
interventions continues to evolve, this framework provides a structured starting 
point for context-specific adaptation and helps identify priority areas for future 
research and evaluation. Breaking the cycle of panic and neglect requires action 
now—not after the next pandemic begins.

INTRODUCTION

The fourth edition of Disease Control Priorities (DCP4) expands upon the 
foundation laid by previous DCP editions, translating health and economic 
evidence to help countries navigate a fair pathway to achieving universal 
health coverage. For the first time, an entire volume (volume 2) focuses on 
pandemics—a decision catalyzed by COVID-19 (coronavirus). Even before 
the pandemic, DCP3 demonstrated foresight by dedicating two chapters to 
pandemic preparedness (Fan, Jamison, and Summers 2017; Madhav et al. 
2017). The first chapter highlighted the magnitude of the economic risk posed 
by influenza pandemics, arguing that they received insufficient attention 
compared to other health priorities (Fan, Jamison, and Summers 2017). The 
second presented estimates of the probability of influenza pandemics, assessed 
the evidence on pandemic impacts (health, economic, social, and political), 
and synthesized the limited evidence on pandemic response measures and cost-
effectiveness (Madhav et al. 2017). Like others (Hoffman and Silverberg 2018; 
International Working Group on Financing Preparedness 2017), this work 
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highlighted the persistent “panic and neglect” cycle driven by multiple 
barriers: systematic underestimation of pandemic risk, constrained budgets, 
disincentives for investing in global public goods, and challenges in preparing 
for hypothetical threats.

The work of curating DCP4, volume 2, has shown that these challenges have only 
intensified. Widespread fatigue and disillusionment with pandemic response 
measures and public health interventions after COVD-19 have further complicated 
preparedness efforts. Despite numerous high-level reports outlining necessary 
improvements for pandemic preparedness (Horton 2021; Sachs et al. 2022; The 
Independent Panel 2021), momentum for change remains weak. As Helen Clark 
and Ellen Johnson Sirleaf noted in June 2024, the enormous political challenges to 
negotiating and ratifying a pandemic treaty, along with international mistrust, have 
left critical vulnerabilities, allowing “pathogens to spill over, slip through, and spread 
fast” (Clark and Sirleaf 2024, 9).

This chapter synthesizes key insights from volume 2 of DCP4. The volume addresses 
the full pandemic cycle framework (figure 1.1): prevention (actions to reduce 
spillover risk and pathogen emergence before outbreaks occur), preparedness 
(building capabilities to respond effectively when threats emerge), response 
(containing outbreaks and mitigating pandemic impacts), and recovery (rebuilding 
systems and communities after a pandemic).

Figure 1.1  Framework for the Phases of the Pandemic Cycle

Source: Original figure created for this publication.
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Given persistent global gridlock, the recommendations focus primarily on actions 
achievable at regional, national, and local levels. To support these recommendations, 
the annex to this chapter (comprising tables 1A.1–1A.6) presents a set of 
interventions prioritized through a synthesis of expert opinion. This chapter argues 
that targeted investments and reforms across all phases of the pandemic cycle can 
substantially reduce pandemic risks, even without global alignment and collective 
action. Despite a limited number of economic evaluations, the chapter identifies 
priority actions based on the available evidence and expert consensus. Although 
international reforms remain important, countries and regions need not wait for 
global consensus to strengthen their pandemic readiness.

REASSESSING PANDEMIC RISK: OVERCOMING RESISTANCE 
AND COMPLACENCY

During COVID-19, a common narrative emerged that such catastrophic events 
occur only once per century (Gates 2020). This narrative fosters complacency and 
undermines efforts to invest in preparedness (International Working Group on 
Financing Preparedness 2017). Today, the challenges facing pandemic preparedness 
extend beyond mere complacency. The experience of COVID-19 has transformed 
public attitudes in many societies from indifference into active resistance against 
public health measures, creating substantial barriers to implementing even basic 
preparedness initiatives (Nicolo et al. 2023).

However, new modeling by Madhav et al. in chapter 2 of this volume challenges 
the assumption that pandemics on the scale of COVID-19 are a once-in-a-century 
phenomenon. Using historical outbreak data and probabilistic modeling (while 
acknowledging the inherent uncertainties in any attempt to model extreme events), 
those authors estimate that the likelihood of another respiratory pandemic with 
mortality on the scale of COVID-19 or worse is roughly 20 percent over the next 
decade. On average, this translates to about 2.5 million estimated deaths annually, 
implying that their expected harm ranks on par with the greatest global infectious 
disease challenges we face.

The modeling finds that pandemic influenza presents the greatest threat, with 
expected annual losses roughly double those from epidemic novel coronaviruses, 
and greatly exceeding expected losses from filoviruses. This finding carries 
implications for pandemic preparedness. Although we must learn from COVID-19 
response strategies and their varying success across nations, we cannot allow these 
lessons to narrow our focus to coronavirus-like threats alone. Influenza pandemics 
typically affect younger populations more severely than COVID-19 did—a key 
consideration for health care planning, public health and social measures (PHSM), 
and financial risk protection. Even within influenza pandemics, however, there 
is enormous variation: historical pandemics have varied widely in terms of their 
severity, duration, health impacts across age and demographic groups, and broader 
economic and societal impacts. Our preparedness frameworks must therefore 
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remain adaptable to diverse threat profiles, rather than becoming overly calibrated to 
historical experience (including our most recent experience).

OPPORTUNITIES FOR PREVENTION: ADDRESSING SPILLOVERS, 
BIOSAFETY, AND BIOSECURITY

Most pandemics have originated from zoonotic pathogens that crossed from animals 
to humans. The frequency and severity of these spillover events continue to increase, 
largely because of changes in land use, agriculture, and wildlife trade (Meadows et al. 
2023). In principle, preventing such spillovers at or near their source could avert a 
pandemic (Morse et al. 2012). Dobson et al. (2020) estimate that interventions to 
achieve this goal might cost about US$20 billion–US$30 billion per year. Despite 
uncertainty about the effectiveness of these measures, which makes optimal 
investment levels difficult to pinpoint, the potential cost of inaction is significant.

Chapter 3 explains how preventing spillovers requires first detecting and monitoring 
potential pandemic pathogens in animal populations before they reach humans. 
Strengthening integrated surveillance systems across wildlife, livestock, human, 
and environmental health sectors (a “One Health” approach) is a prudent step 
toward prevention. Early detection in animal populations allows authorities to 
implement preventive measures before widespread human cases occur, making such 
surveillance systems critical for pandemic prevention.

Detection alone, however, is insufficient. Effective containment—the capacity to 
control animal disease outbreaks once identified—is also required. The ongoing 
spread of highly pathogenic avian influenza A (H5N1) demonstrates both the value 
of surveillance and the immense challenge of containment (Peacock et al. 2025). 
This virus originally emerged in wild birds, later spread to poultry, and now infects 
dairy cattle (Peacock et al. 2025). It has shown concerning adaptations that could 
enable human-to-human transmission (Garg et al. 2024). Despite detection of the 
virus, insufficient livestock biosecurity has allowed for extensive spread in dairy 
herds. This containment failure not only threatens animal health but also creates 
more opportunities for viral adaptation through repeated spillovers (Simoneau, 
Hirshfield, and Speer 2024). Achieving better control also faces systemic barriers: 
farmers risk significant economic losses from livestock culling or trade bans, and 
authorities may fear political or reputational damage from acknowledging outbreaks. 
Policy solutions, including fair compensation for losses, may help overcome these 
barriers by building trust and encouraging transparency (Rushton et al. 2005).

Further upstream, preventing wildlife-to-human spillovers requires different 
approaches than controlling livestock outbreaks. Reducing wildlife-to-human 
transmission risk calls for careful monitoring and regulation of markets and trade 
(Vora et al. 2023). The origins of COVID-19, likely linked to the sale of wildlife 
in Wuhan’s live animal markets (Crits-Christoph et al. 2024), illustrate both the 
catastrophic potential of wildlife trade and the speed with which policy can change 
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once threats are taken seriously. China’s 2020 wildlife trade ban demonstrates that 
rapid regulatory shifts are possible when political will aligns with public health 
imperatives (Koh, Li, and Lee 2021).

Chapter 4 illustrates how advancements in biotechnology present a separate source 
of pandemic risk beyond zoonotic spillovers. Although biological research is a 
cornerstone in reducing pandemic risks, as more facilities engage in high-level 
research, the potential for accidental pathogen release increases. Even minor 
laboratory mishaps can have major consequences, yet reporting of such incidents 
remains inconsistent. Unlike wildlife-human interfaces, the scale of which makes 
selective sampling necessary, laboratory biosafety requires universal surveillance. 
National and local authorities should, in line with the high-priority interventions 
outlined in table 1A.1, enforce mandatory lab biosafety standards, licensing, and 
incident reporting. Transparent reporting is essential for identifying common failure 
points, improving biosafety standards, and preventing unintentional outbreaks.

A parallel concern is the deliberate misuse of biotechnology, including the potential 
development of bioweapons. The accelerating capabilities of synthetic biology, 
automated laboratories, and artificial intelligence could enable smaller groups, or 
even individuals, to create or modify pathogens with pandemic potential (Pannu 
et al. 2024). This risk requires a dual approach to security. For legitimate research, 
governance frameworks must balance innovation with appropriate oversight of 
dual-use research (Wheeler 2025). However, malicious actors operating outside 
regulatory frameworks, like hostile states or criminal organizations, require different 
countermeasures. These countermeasures include robust intelligence capabilities, 
monitoring and regulation of equipment and material transfers (for example, DNA 
synthesis screening), and technical safeguards that limit a large language model’s 
ability (like ChatGPT) to facilitate malicious acts. Addressing these interconnected 
threats requires coordination between scientific, security, and technology 
communities across borders (Lipsitch and Bloom 2012).

EARLY DETECTION AND IDENTIFYING NOVEL THREATS

Once a pathogen has emerged in human populations, swift and accurate 
detection determines whether an outbreak is contained or escalates globally. Early 
identification provides a critical window for intervention, enabling timely resource 
allocation and response. Although understanding a pathogen’s characteristics (for 
example, transmissibility and severity) is discussed in the next section, it bears 
emphasizing that timely and comprehensive detection lays the groundwork for these 
deeper assessments and the evidence-based decisions and actions they inform.

Frontline clinicians and diagnostic laboratories are often the first to raise the 
alarm (Hussein 2014; Lingappa et al. 2004; Mahase 2020; MMWR 1996, 2009; 
Pellejero-Sagastizábal et al., forthcoming). In December 2019, a cluster of atypical 
pneumonia flagged by Wuhan doctors signaled the earliest stage of the COVID-19 
pandemic (The Independent Panel 2021). Relying solely on clinical vigilance can 
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delay detection, however, because new pathogens are rarely top-of-mind for busy 
practitioners and often suspected only after excluding common causes, potentially 
weeks into hospital care (Chappell et al. 2021; Ecker 2020; Pellejero-Sagastizábal 
et al., forthcoming). To catch outbreaks earlier will require more systematic 
approaches. Chapters 5 and 11 illustrate how strengthening passive surveillance 
with genomic sequencing offers a promising strategy. For instance, targeted 
sequencing of a representative subset of influenza and COVID-19 polymerase chain 
reaction (PCR) detections can track pathogen evolution and diversity, whereas 
more novel approaches, such as respiratory viral metagenomics for severe acute 
respiratory infection (SARI) may enable the detection of entirely new pathogens.1 
By moving beyond predefined test panels, genomic methods reduce the risk of 
missing emergent threats and may avert weeks or months of undetected community 
transmission (Chappell et al. 2021).

Pathogen genomics, although powerful, presents challenges for low-resource settings 
because of its cost and complexity (Marais, Hardie, and Brink 2023; WHO 2021). 
Investing in sequencing infrastructure, specialized reagents, and trained staff may 
not seem locally cost-effective when the threat of a new pathogen appears low 
(Marais, Hardie, and Brink 2023; WHO 2021); however, this calculation changes 
dramatically when viewed from a global perspective. The localized expense of 
surveillance is orders of magnitude smaller than the societal and economic costs 
averted by stopping a pathogen at its source. For this reason, genomic surveillance 
and early warning systems should be treated as a global public good that merits 
external financing and coordinated support. Under such arrangements, countries 
with fewer resources can begin with simpler, tiered approaches: initially focusing 
on foundational laboratory and surveillance capacity and then establishing targeted 
sequencing of a small subset of influenza or COVID-19 samples, and referring more 
unusual or complex cases to regional reference laboratories for more advanced, 
untargeted sequencing. Over time, broader capacity to monitor febrile or respiratory 
illnesses can be expanded, enabling earlier detection and characterization of 
zoonotic threats that may spill over without yet transmitting from human to human.

Alongside clinical genomic sequencing, wastewater surveillance offers a 
complementary, relatively inexpensive approach (lower in cost per person than 
individual testing) for early detection (Sanjak et al. 2024). Municipal systems 
typically require substantial numbers of infected individuals to produce a detectable 
signal; however, targeted sampling in high-risk or high-traffic nodes (such as 
airports or hospitals) may yield earlier insights because such sampling requires 
fewer cases to produce a measurable signal (Morfino 2022). This approach can be 
particularly valuable in areas with limited clinical testing capacity or where health 
care access barriers exist.

RAPID CHARACTERIZATION AND CONTAINMENT

When a novel pathogen is detected, rapid characterization of its epidemiological 
and molecular features is essential. That initial assessment determines the public 



16	 Investing in Pandemic Prevention, Preparedness, and Response  |  Siddhanth Sharma et al.

health risk, guides immediate containment measures, and informs the development 
of countermeasures. A key early task, clarifying whether human-to-human 
transmission is occurring, is achieved through epidemiological investigation and 
genomic sequencing. If transmissibility is low, targeted measures like case isolation 
and controlling the zoonotic source may halt the spread. If an outbreak shows 
efficient person-to-person spread, however, governments face a narrow window 
to avert wider dissemination. The early response hinges on understanding key 
parameters including transmissibility, severity, and the extent of asymptomatic and 
presymptomatic spread.

Initially, determining these key parameters relies on intensive epidemiological 
work: detailed case finding, contact tracing, and analysis of early transmission 
chains. If a pathogen spreads rapidly, however, these traditional outbreak 
investigation methods can be quickly overwhelmed. The sheer volume of cases can 
make individual-level tracing unsustainable, leaving public health authorities with 
an incomplete picture of the outbreak’s true scale and speed. In such scenarios, 
broader surveillance tools become valuable. Although expanding PCR testing 
capacity is critical, early-stage bottlenecks in laboratory infrastructure and 
supply chains are common. Developing and mass-producing point-of-care tests, 
particularly as a prepandemic goal supported by global research and development 
efforts (table 1A.5), may offer a more viable way to rapidly scale testing. 
Complementing individual diagnostics, wastewater surveillance can help track 
the extent of community spread. In several cities during the COVID-19 omicron 
wave, wastewater monitoring often predicted spikes 5–10 days before official case 
counts rose, providing valuable lead time for interventions (Cheng et al. 2023; 
Torabi et al. 2023).

Even with robust surveillance it may still be unclear whether the outbreak will 
evolve into a pandemic and cause significant harm. This uncertainty necessitates 
acting on incomplete information. Rapid risk assessment and decisive action, even 
with suggestive evidence, are more effective than waiting for certainty when the 
potential consequences are catastrophic. The COVID-19 timeline demonstrates 
this point: despite mounting evidence suggesting human-to-human transmission 
by mid-January 2020, many country, regional, and global health authorities waited 
for definitive proof before acting (The Independent Panel 2021). It took the World 
Health Organization (WHO) several weeks to gather sufficient evidence to confirm 
human transmission, and a full month to declare a public health emergency of 
international concern (The Independent Panel 2021). Major centers for disease 
control (for example, the European Centre for Disease Control and Prevention, 
and the US Centers for Disease Control and Prevention) showed similar hesitancy 
in their pathogen characterization and risk assessment, waiting for conclusive 
evidence before recommending important public health measures (ECDC 2020; 
Patel 2020).

Some Asia-Pacific economies moved faster. The Republic of Korea, Singapore, 
and Taiwan, China, quickly recognized presymptomatic and airborne 
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transmission risks, enabling early deployment of large-scale testing, border 
closures, contact tracing, and mask recommendations—measures other countries 
adopted months later (Jamison et al. 2024; Jamison and Wu 2021). Their 
experience illustrates a key pandemic response principle, often described as a 
“no regrets” approach: decisions must be made using available evidence weighing 
the relatively low costs of early intervention against the potentially catastrophic 
consequences of delay (Smallwood et al. 2021). These economies achieved lower 
transmission rates and less economic disruption throughout 2020 precisely 
because they acted on incomplete but suggestive information. Accordingly, 
this chapter lists PHSM decision frameworks as a key priority (table 1A.2) to 
prepare before the next pandemic (Jamison et al. 2024; Jamison and Wu 2021). 
Early interventions can often be adjusted or scaled back if the threat proves less 
severe than initially feared, whereas opportunities for effective containment, once 
missed, may be impossible to recover.

Political and social barriers, however, often block early action. Leaders hesitate to 
implement substantial measures that might later appear unnecessary if successful—
creating a paradox in which effective prevention appears in hindsight to be an 
overreaction. Pathogens with moderate severity but high transmissibility, as 
witnessed with COVID-19, create a distinctive risk perception challenge. Unlike 
diseases with high case fatality rates that immediately trigger alarm (such as Ebola), 
pathogens that cause more moderate levels of severe disease or death appear 
manageable when viewing individual cases. Their high transmissibility, however, 
means that they can rapidly infect millions, transforming a seemingly moderate 
threat into one with catastrophic aggregate impact that can overwhelm health care 
capacity. This combination is particularly challenging for decision-making because 
the window for effective early intervention often closes before the cumulative harm 
becomes evident enough to overcome political resistance to disruptive containment 
measures. Data-driven triggers—which chapter 14 argues should be simple, 
transparent, objective, verifiable, and preagreed—may help overcome these obstacles 
by making decisions more technical than political.

Infectious disease modeling can help guide the early response through 
understanding core parameters such as reproduction number, incubation period, 
and asymptomatic transmission rates (Davies et al. 2020; Ferguson et al. 2020). By 
simulating different scenarios, models can also help project future cases, anticipate 
hospital surges, and evaluate which interventions might best reduce transmission. 
Whereas single models provide useful insights, ensemble approaches like the US 
COVID-19 Forecast Hub better account for uncertainties and varying assumptions 
(Howerton et al. 2023). Modeling effectiveness, however, depends on data quality 
and transparent communication of results and limitations, highlighting the need 
for integrated surveillance systems and a clear description of model assumptions, 
uncertainties, and scenario analyses.

When effective pathogen characterization, risk assessment, and timely response align—
backed by political commitment—containment becomes possible. If containment is 
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deemed infeasible (Fraser et al. 2004), these same tools guide the shift to harm 
reduction and health care system resilience. Building these capabilities into 
preparedness plans enables faster mobilization during the critical containment 
window, or swift pivot to mitigation if that window closes (Craxì et al. 2020).

STRENGTHENING CORE PUBLIC HEALTH AND HEALTH SYSTEM 
CAPABILITIES

Chapters 5, 6, 7, and 12 emphasize that a core lesson from COVID-19 is the need 
for strong public health and health system capacities. Basic functions such as 
surveillance, contact tracing, laboratory networks, and clear protocols for isolation 
were pivotal in controlling transmission. Foundational investments such as building 
disease notification and contact tracing systems are essential for enabling seamless 
use of these functions. Japan and Korea demonstrated how applying these measures 
effectively, particularly before vaccines became available, can slow outbreaks 
(Imamura, Saito, and Oshitani 2021; Issac et al. 2020). Japan’s approach was 
especially instructive. Health authorities focused on the “three Cs” (closed spaces, 
crowded places, and close-contact settings) and prioritized backward contact 
tracing in these high-risk environments. This targeted strategy helped authorities 
identify infection sources, disrupt transmission chains, and use limited public 
health resources more efficiently (Imamura, Saito, and Oshitani 2021; Imamura 
et al. 2020).

Investing in foundational health care capabilities, especially oxygen systems, basic 
clinical care, and essential diagnostics (refer to the high priority health system 
interventions in table 1A.2), may be one of the highest-priority actions nations can 
take, as chapters 11 and 12 illustrate. These core capabilities serve dual purposes: 
they strengthen routine care for chronic conditions while providing surge capacity 
for outbreaks. The tragic oxygen shortages during India’s Delta wave in 2021 
highlighted this critical need: hospitals simply could not maintain adequate oxygen 
supplies as demand surged (Acosta et al. 2022; Sachs et al. 2022). Effective oxygen 
delivery requires reliable electricity, enabling facilities to generate oxygen on-site 
rather than relying on transported cylinders, thus providing greater scalability and 
lower long-term costs.

All core capabilities must include surge capacity. COVID-19 showed how rapidly 
demands can escalate across all aspects of response, from contact tracing teams to 
laboratory networks to hospital beds (Imamura, Saito, and Oshitani 2021; Sachs 
et al. 2022). Many countries struggled to expand these systems during the crisis, 
creating bottlenecks that undermined effective response. Building flexibility into 
routine systems, with clear escalation protocols and regular scenario exercises, 
enables more rapid and effective scale-up when needed. This approach helps 
health systems manage both the initial surge of cases and the sustained pressure 
of a full pandemic.
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PUBLIC HEALTH AND SOCIAL MEASURES: BALANCING EVIDENCE, 
TIMING, AND CONTEXT

COVID-19 prompted governments worldwide to implement a broad range 
of PHSM, from mask mandates to complete lockdowns. As chapters 6 and 8 
explain, however, strong evidence on the effectiveness of each individual 
measure remains limited. Evaluating these interventions has been difficult 
because many countries (and jurisdictions within countries) introduced 
multiple measures simultaneously, with different degrees of strictness, in 
varying social and economic contexts (Talic et al. 2021). Still, comparing 
how different nations responded has offered useful insights on designing and 
implementing PHSM. 

A key lesson is that PHSM deployment should be guided more by the specific 
epidemiological characteristics of the pathogen than by predefined pandemic 
plans (Huang et al. 2021). Decisions about stricter measures depend on factors 
such as how the pathogen spreads, its severity, and who is most at risk—all 
of which underscore the importance of gathering and analyzing evidence 
quickly in an emerging outbreak instead of simply applying strategies from 
past pandemics. Guided by preexisting influenza pandemic playbooks, many 
governments prioritized droplet- and fomite-based nonpharmaceutical 
interventions: physical distancing, hand hygiene, surface disinfection, 
and school closures (GIP 2019; Viner et al. 2020). Evidence from cluster 
investigations and an open letter by 239 scientists soon highlighted aerosol 
build-up in poorly ventilated venues as a dominant transmission route 
(Morawska and Milton 2020). Nevertheless, authoritative ventilation guidance 
and broad mask mandates often lagged by several months, especially in Europe 
and North America, compared with early adopters in East Asia.2 Similarly, 
although pre-COVID-19 evidence suggested that travel restrictions would 
merely delay rather than prevent spread and would incur significant economic 
costs, during COVID-19 this delay proved important in buying time to prepare 
health systems and avoid overwhelming hospital capacity, especially before 
vaccines become available.

The timing of PHSM implementation strongly influences impact, particularly 
for highly restrictive measures such as stay-at-home orders (Zweig et al. 2021). 
Acting early when transmission is still low buys time to strengthen health 
systems, limit case numbers, and implement more targeted controls and shorter 
lockdowns; however, context matters significantly. India’s nationwide lockdown 
in early 2020 demonstrated that strategies successful in wealthier countries can 
cause serious harm where social safety nets and financial support are weaker 
(Miguel and Mobarak 2022). This problem underscores the importance of 
tailoring public health responses to local conditions, with careful consideration of 
social and economic impacts, particularly in resource-limited settings.
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JUMPSTARTING MEDICAL COUNTERMEASURE PRODUCTION 
AND DELIVERY

COVID-19 exposed profound inequities in access to medical countermeasures. 
High-income countries, representing just 19 percent of the world’s adult 
population, secured over half of all COVID-19 vaccine doses through advance 
purchase agreements, as illustrated in chapter 9. By mid-2022, only 16 percent 
of people in low-income countries had received a single vaccine dose, compared 
to 80 percent in high-income countries. The pandemic also demonstrated 
unprecedented acceleration in vaccine development. Traditional vaccine 
development typically takes a decade or more, but mRNA platforms, overlapping 
phase I–III trials, and substantial investments compressed this timeline to under 
a year (GAO 2021). This achievement showed how concentrated global effort and 
innovative technologies could dramatically speed up the development of medical 
countermeasures.

The economic case for investing in accelerated vaccine development and 
manufacturing capacity is compelling. Chapter 9 compares “100-day vaccines” to 
a one-year development timeline under two pandemic scenarios. In a moderate 
scenario with an estimated 38 million deaths, fast vaccine creation prevented 
99 percent of deaths and saved a combined US$53.7 trillion in mortality and 
economic losses. Under a more severe scenario with 146 million potential deaths, 
97 percent of deaths were averted and US$191.6 trillion saved. Although equitable 
distribution enhanced these benefits, the greatest gains came from speed of 
development and deployment. Achieving the full scale of these benefits depends 
critically on having sufficient manufacturing capacity in place before a pandemic 
strikes. After the first COVID‑19 vaccines were authorized, supply constraints were 
the main bottleneck to increasing global coverage through most of 2021.3 Chapter 10 
estimates that, to build this capacity, investing approximately US$60 billion up 
front and US$5 billion annually to build worldwide production capacity could yield 
US$500 billion in net present value over 10 years.

Geographically distributed manufacturing capacity improves resilience by insulating 
supply from export controls and purchasing power imbalances. During COVID-19, 
nations with strong purchasing power dominated vaccine supply, and manufacturing 
countries occasionally restricted exports (Duke Global Health Institute 2020). 
Although regional production may incur higher peacetime costs, it provides 
protection against supply nationalism. Smaller economies can share the fixed costs 
by establishing joint manufacturing hubs, which in interpandemic periods can 
produce routine adult influenza and COVID‑19 vaccines. In many low-income 
settings, however, demand for seasonal influenza vaccines remains low, partly 
because its moderate efficacy and uncertain cost-effectiveness weaken the case for 
large public procurement (Gharpure et al. 2022).

Regulatory frameworks and delivery systems require equal attention to ensure 
that innovations translate into impact. Swift rollout of vaccines, diagnostics, and 
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treatments depends on streamlined regulatory approvals and robust clinical trial 
networks capable of rapidly evaluating new candidates (Mak et al. 2020; Wright 
et al. 2023). During COVID‑19, WHO’s Emergency‑Use Listing and regional 
joint‑review platforms such as the African Vaccine Regulatory Forum provided 
expedited pathways that dramatically shortened the usual regulatory timeline, 
allowing vaccines and other countermeasures to reach patients far sooner than 
would have been possible under routine procedures (Mak et al. 2020; Wright 
et al. 2023). 

Meanwhile, last-mile delivery depends on resilient cold-chain logistics, well-
trained health care workers, and proactive community engagement to foster trust 
and counter misinformation. Unlike typical mass vaccination campaigns for 
diseases like measles or polio that rely on substantial external support, pandemic 
vaccination efforts must often be scaled using local resources, because many 
countries simultaneously compete for scarce resources. COVID-19 highlighted 
how even abundant supplies can fail to achieve widespread coverage in a 
timely manner if public health systems do not receive sufficient resources or if 
misinformation erodes confidence. Strengthening these foundational elements 
(both upstream in regulatory processes and downstream in distribution) 
can accelerate equitable access and maximize the effectiveness of pandemic 
response efforts.

REFORMING PANDEMIC FINANCING ACROSS THE 
PANDEMIC CYCLE

Chapter 13 explains how COVID-19 exposed critical weaknesses in global health 
financing. Reliance on multiple organizations and disparate funding mechanisms 
increased complexity and slowed the mobilization of resources. Most financing 
was negotiated during the outbreak rather than prearranged, leading to avoidable 
delays when rapid action was essential. These delays in securing and distributing 
resources hindered early containment efforts and later attempts to reduce morbidity 
and mortality. Wealthier countries secured supplies more swiftly, exacerbating global 
inequities. New initiatives like COVID-19 Vaccines Global Access (commonly 
known as COVAX), launched to promote equitable vaccine access, arrived late 
and were overshadowed by individual countries’ bilateral purchasing. Although 
international coordination remains important to address these disparities, 
current geopolitical realities, such as the United States’ withdrawal from WHO 
and significant cuts to its international aid, underscore the need for alternative 
approaches. Strengthening regional financing mechanisms (such as the African 
Union’s African Vaccine Acquisition Trust and the Association of Southeast Asian 
Nations’ COVID-19 response fund) could provide a more reliable and agile solution, 
allowing funds to be activated quickly and managed more efficiently than through 
global efforts alone.
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Regional financing could support pandemic prevention and preparedness activities 
that function as global public goods—activities that safeguard every country by 
lowering both the chance that new pathogens emerge and the speed at which they 
spread. To ensure that regional or national investments genuinely boost these 
capacities, however, chapter 13 recommends the use of clear and independently 
verified metrics for readiness. Such indicators may be drawn from frameworks 
like WHO’s International Health Regulations (or a comparable system) and tied to 
incentive-based funding, ensuring that resources directly strengthen prevention. 
Priority should go to building dual-purpose infrastructure (such as laboratory 
networks, surveillance systems, and clinical care and public health workforces) that 
both improve routine health care delivery and bolster outbreak response capacity. 
Countries with greater capacity can bear a larger share of these costs, whereas 
lower-income nations will require collective regional financing to address critical 
gaps. Whether funded domestically or through pooled mechanisms, these efforts 
contribute to global health security by strengthening frontline defenses against 
emerging threats.

Chapters 13 and 14 also draw attention to the need for clear, predefined release 
mechanisms to enable swift early outbreak response. The system should operate like 
a circuit breaker, releasing funds when key thresholds are met without requiring 
lengthy approval processes. A combination of contingency funds and pandemic 
insurance could provide this rapid funding, with preset agreements governing how 
and when money flows. Early regional collaboration carries strong incentives for 
all parties: swift, coordinated action at the outset of an outbreak serves collective 
interests, similar to how (as chapter 13 illustrates) containing a small fire protects 
an entire neighborhood from widespread damage.

In contrast, late response and reconstruction efforts primarily address domestic 
concerns. Although humanitarian considerations might justify external assistance, 
the incentive for collective self-interest is not there. Continuing the fire analogy 
made in chapter 13, although neighbors might help extinguish the blaze, 
responsibility for repairs and rebuilding generally falls on the homeowner. For this 
phase, prepurchased pandemic insurance, prearranged contingent loans, or grants 
act as essential financial safeguards. These mechanisms, tailored to a country’s ability 
to pay, can provide a practical path to recovery.

CONCLUSION

In summary, this second volume of DCP4 confirms that the challenges 
highlighted in prior editions—neglected pandemic risks, weak preparedness, 
and political inertia—have only intensified. Nevertheless, this volume 
identifies clear opportunities for meaningful progress at national and regional 
levels. Among the top of these insights is that early decisive action based 
on incomplete information often achieved better outcomes than waiting 
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for certainty. The COVID-19 pandemic also highlighted significant gaps 
across the preparedness and response spectrum—from surveillance and health 
system readiness to equitable access to countermeasures and the importance 
of context-specific public health measures. The expert analysis and evidence 
synthesized in this volume demonstrates that timely, evidence-based, and 
context-specific measures can save millions of lives and trillions in economic 
losses, even in today’s era of fractured global cooperation.

ANNEX 1A

Tables 1A.1–1A.6 present a set of interventions prioritized through a 
synthesis of expert opinion. The interventions specifically address pandemic 
prevention, preparedness, and response rather than broader global health 
priorities. This prioritization considered factors such as potential impact, 
feasibility, and cost, aiming to identify interventions offering significant value 
in pandemic prevention, preparedness, and response. The set of interventions 
is not exhaustive. Interventions are delineated for both national/local 
(tables 1A.1–1A.3) and global/regional (tables 1A.4–1A.6) contexts. Because of 
the currently limited evidence base for many interventions in diverse low- and 
middle-income country settings, the priorities should be considered tentative 
and are intended to stimulate context-specific analysis and guide future research 
to build a more robust evidence base. For global/regional contexts, tables focus 
on high-priority strategic interventions requiring international collaboration and 
coordination.

The national/local tables distinguish two key intervention categories: targeted 
measures refer to test, trace, isolate, and quarantine programs focused on identifying 
infectious individuals and their contacts; and PHSM encompass populationwide 
interventions such as gathering limits, mask mandates, ventilation improvements, 
and border controls. The tables use relative cost indicators ($, $$, $$$) for broad 
comparative prioritization of financial investment within a low- or middle-income 
country setting:

•	 $ (low cost). Modest financial resources (for example, policy, coordination, and 
leveraging existing resources)

•	 $$ (medium cost). Substantial investment (for example, comprehensive training, 
new protocols/equipment, and moderate infrastructure)

•	 $$$ (high cost). Significant financial outlay (for example, 
large-scale infrastructure, extensive technology, and broad multisectoral 
programs).
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Table 1A.1  Pandemic Prevention Prioritization, National/Local

Priority High Medium Low

One Health • �Implement livestock biosecurity. $$

• �Establish intersectoral One Health 
coordination (risk assessment and 
data sharing). $

• �Train frontline human/animal health 
staff within hot spots in zoonoses. 
$$

• �Conduct animal-human interface 
surveillance (sentinel surveillance 
with sampling and sequencing at 
hot spots). $$

• �Implement wet market risk reduction 
(licensing and regulation). $$

• �Implement livestock vaccination. $$

• �Reduce deforestation. $$$

Biosafety/biosecurity • �Enforce mandatory lab biosafety 
standards, licensing, and incident 
reporting. $

• �Implement biological research 
governance (review boards and risk-
benefit assessments). $$

• �Invest in biorisk workforce (training, 
career paths, and certification). $$

• �Tabletop exercises for accidental or 
deliberate threats. $$

Source: Original table compiled for this report.

Note: $ = low cost; $$ = medium cost; $$$ = high cost.

Table 1A.2  Pandemic Preparedness Prioritization, National/Local

Priority High Medium Low

Targeted measures • �Build local capacity for contact 
tracing. $$

• �Plan repurposing of existing venues 
for isolation/quarantine facilities. $

• �Plan to support home isolation and 
quarantine. $

• �Develop digital tools to support 
contact tracing. $$

• �Construct purpose-built isolation/
quarantine facilities. $$$

PHSM • �Establish PHSM evidence-based 
decision frameworks. $

• �Develop and maintain essential 
service continuity plans. $

• �Develop community engagement 
and risk communication plans. $

• �Implement low-cost ventilation/
filtration upgrades. $

• �Define context-specific border 
control protocols (closure, screening, 
testing, and quarantine). $

• �Develop hybrid work/education 
infrastructure and policies. $$

• �Expand ventilation/filtration 
upgrades. $

• �Support evidence generation to 
determine PHSM effectiveness. $$$

Health systems • �Develop clinical care surge plans. $

• �Invest in dual-purpose capacity 
(emergency care and infrastructure/
workforce). $$

• �Strengthen critical supply chains 
(for example, oxygen, PPE, and 
therapeutics). $$

• �Ensure universal basic/advanced life 
support training and equipment. $$

• �Develop modules to rapidly expand 
critical care competencies during 
emergencies. $$

• �Strengthen advanced care 
capabilities (ECMO and renal 
replacement) at referral centers. $$$

• �Develop adult immunization delivery 
platforms. $$$

table continues next page
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Priority High Medium Low

Surveillance • �Strengthen disease notification 
systems. $$

• �Build essential public health lab 
capacity. $$

• �Strengthen syndromic and event-
based surveillance capabilities. $$

• �Establish clinical-laboratory data 
link. $$

• �Build genomic surveillance. $$

• �Implement wastewater monitoring 
in targeted settings. $$

• �Build epidemological modeling 
capabilities. $$

• �Implement comprehensive genomic 
and wastewater surveillance. $$$

Products and 
manufacturing

• �Develop rapid procurement 
processes. $

• �Build and manage stockpiles. $$

• �Invest in cold chain infrastructure. $

• �Establish expedited regulatory 
review for emergencies. $

• �Establish lines of credit to finance 
at-risk capacity investments. $$

• �Develop local manufacturing 
capabilities for essential 
countermeasures. $$

• �Invest in full-scale countermeasure 
development. $$$

Source: Original table compiled for this report.

Note: ECMO = extracorporeal membrane oxygenation; PHSM = public health and social measures; PPE = personal protective equipment; $ = low cost; $$ = medium cost; 
$$$ = high cost.

Table 1A.3  Pandemic Response Prioritization, National/Local

Priority High Medium Low

Targeted measures • ��Implement contact tracing for high-
risk contexts/settings. $

• ��Provide guidance and support for 
self-isolation and quarantine. $

• ��Test symptomatic contacts. $$

• �Expand contact tracing to low- to 
medium-risk contacts. $$

• �Establish/repurpose isolation 
facilities. $$

• ��Deploy digital tools to support 
contact tracing. $

• ��Attempt comprehensive contact 
tracing for all potential exposures. 
$$$

PHSM • ��Develop and activate emergency 
operations centers to coordinate 
surveillance, planning, and 
operational response. $

• ��Deliver timely, transparent, and 
factual risk communication. $

• ��Promote and enable core personal 
protective behaviors (for example, 
mask use and hand hygiene). $

• ��Improve ventilation and air quality 
in high-traffic areas, prioritizing low-
cost solutions. $$

• ��Adopt school modifications that 
minimally disrupt education. $$

• �Implement policies to reduce 
workplace density. $$

• �Enforce capacity limits in public 
venues. $$$

• ��Implement mask mandates, 
particularly for specific high-risk 
indoor settings (for example, 
health care, aged care, and public 
transportation). $

• �Implement broad restrictions on 
movement, nonessential business 
operations, or public access 
(lockdowns). $$$

• �Implement widespread domestic 
travel restrictions. $$$

• �Implement hotel quarantine and 
testing upon border entry. $$$

Table 1A.2  Pandemic Preparedness Prioritization, National/Local (continued)

table continues next page
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Priority High Medium Low

Health systems • ��Activate national and subnational 
surge policies (as mentioned in 
table 1A.2). $$$

• ��Redirect resources to essential 
interventions:

 – �Health centers and clinics (triage 
and basic life support, including 
oxygen) $$

 – �First-level hospitals (basic 
diagnostics and supportive care for 
respiratory failure and shock, such 
as mechanical ventilation). $$

• �Manage supplies of key 
commodities, especially oxygen. $$$

• �Maintain/protect essential 
nonpandemic services (including 
interventions in health benefits 
package). $$

• �Expand rehabilitation services 
for patients following critical 
illness episodes and patients with 
postinfection disability syndromes. 
$$

• �Expand supportive care for 
respiratory failure and shock to 
health centers. $$

• �Designate select referral hospitals 
for

 – �Advanced diagnostics and 
supportive care and $$$

 – �Advanced surgical and intensive 
care procedures. $$$

Surveillance • �Monitor and openly report key 
indicators (for example, cases, 
hospitalizations, and deaths). $

• �Ensure laboratory capacity for 
essential pandemic diagnostics (for 
example, PCR and culture). $$

• �Conduct targeted genomic 
surveillance. $$

• �Apply epidemiological analyses to 
inform response actions. $

• �Perform strategic wastewater 
monitoring. $$

• �Deploy targeted asymptomatic 
testing in high-risk groups. $$

• �Conduct epidemiological modeling 
to inform response planning. $$

• �Undertake populationwide 
asymptomatic testing. $$$

Products and 
manufacturing

• �Activate emergency procurement 
plans for diagnostics, therapeutics, 
oxygen, and basic PPE. $$$

• �Streamline emergency regulatory 
pathways for pandemic products. $

• �Boost domestic production of 
essential generic medicines, basic 
medical supplies (for example, PPE 
and sanitizers), and relevant raw 
materials. $$

• �Participate actively in international 
clinical trials for new pandemic 
countermeasures. $

• �Independently fund development 
of novel (early-stage) vaccine 
candidates. $$$

• �Lead “moonshot” (high-risk, high-
reward) biomedical R&D programs 
$$$

Source: Original table compiled for this report.

Note: PCR = polymerase chain reaction; PHSM = public health and social measures; PPE = personal protective equipment; R&D = research and development; $ = low cost; 
$$ = medium cost; $$$ = high cost.

Table 1A.3  Pandemic Response Prioritization, National/Local (continued)
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Table 1A.4  Pandemic Prevention High-Priority Interventions, Global/Regional

Priority High-priority interventions

One Health • �Develop coordinated animal-human interface surveillance networks (for example, testing humans at spillover hotspots 
and cross-border and intersectoral data sharing).

• �Implement harmonized wildlife trade regulation (coordinated monitoring, bans, and enforcement on the riskiest zoonotic 
species).

Biosafety/biosecurity • �Develop and implement international biosafety standards and peer-review audits.

• �Establish multilateral research governance norms and funding conditions (for example, mandatory risk reviews in donor 
requirements and journal policies).

• �Form a global DNA synthesis security consortium (access-controlled sequence databases, uniform screening protocols, 
and cross-border enforcement).

• �Establish a global registry of BSL3 and BSL4 labs, including both public and private.

Source: Original table compiled for this report.

Note: BSL3 = biosafety level 3; BSL4 = biosafety level 4.

Table 1A.5  Pandemic Preparedness High-Priority Interventions, Global/Regional

Priority High-priority interventions

PHSM • �Support evidence generation to determine effectiveness of PHSM.

• �Invest in R&D for improved environmental controls (ventilation, filtration, and germicidal ultraviolet light) and PPE.

Surveillance • �Strengthen global pathogen data-sharing platform (genetic sequences, test protocols, and validation data).

• �Strengthen global pathogen alert and rapid-response systems (rules for escalating high-risk signals and triggering regional/global 
support).

• �Implement strategic genomic surveillance at novel pathogen emergence hot spots.

• �Implement and strengthen strategic wastewater surveillance at high-risk areas (for example, major transportation hubs).

• �Drive R&D for broad-spectrum point-of-care diagnostics.

Priority High-priority interventions

Products and 
manufacturing

• �Invest in “warm” (rapidly repurposable) global manufacturing capacity.

• �Fund R&D for countermeasure platform technologies (vaccines, therapeutics, and diagnostics).

• �Prioritize R&D for high-priority pathogens (for example, universal vaccines and broad-spectrum antivirals).

• �Strengthen global clinical trial infrastructure (for example, recruit preselected cohorts who have given consent ex ante).

• �Strengthen oxygen supply chain and production capacity.

• �Multilateral development banks should establish credit mechanisms to help low- and middle-income countries finance at-risk 
capacity investments in the event of a pandemic

Source: Original table compiled for this report.

Note: PHSM = public health and social measures; PPE = personal protective equipment; R&D = research and development.
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Table 1A.6  Pandemic Response High-Priority Interventions, Global/Regional

Priority High-priority interventions

PHSM • �Facilitate rapid evidence synthesis, and disseminate updated PHSM guidance for the current pathogen and its 
variants.

• �Support systematic evidence generation to evaluate PHSM guidance.

Surveillance • �Standardize and facilitate global reporting of core epidemiological indicators (for example, cases, deaths, 
hospitalizations).

• �Coordinate global surveillance (genomic, phenotypic), and enable rapid data sharing. 

• �Provide global/regional epidemiological modeling, forecasting, and technical support to countries.

• �Conduct rapid risk assessments of transmission and disease potential to guide country responses.

• �Support and coordinate international wastewater surveillance to monitor pathogen trends.

Products and manufacturing • �Mobilize and coordinate global manufacturing capacity for the rapid scale-up of needed countermeasures.

• �Coordinate equitable global allocation and distribution of essential countermeasures (diagnostics, therapeutics, 
vaccines, and PPE).

• �Support and expedite the rapid development, evaluation (including clinical trials), and adaptation of 
countermeasures.

• �Coordinate global efforts to ensure access to medical oxygen and essential related clinical supplies.

• �Incentivize vaccine manufacturing firms to build at-risk capacity.

• �Use vaccine capacity efficiently (for example, “first doses first” policy).

• �Invest in a diverse portfolio of vaccine candidates (across vaccine platforms).

Source: Original table compiled for this report.

Note: PHSM = public health and social measures; PPE = personal protective equipment.

NOTES

1.	 World Health Organization, “Surveillance Case Definitions for ILI and SARI” (accessed 
February 22, 2025), https://www.who.int/teams/global-influenza-programme/surveillance​
-and-monitoring/case-definitions-for-ili-and-sari.

2.	 Our World in Data, “Face Covering Policies during the COVID-19 Pandemic” (accessed 
April 19, 2025), https://ourworldindata.org/grapher/face-covering-policies-covid.

3.	 World Health Organization, “CoVDP Frequently Asked Questions” (accessed May 12, 
2025), https://www.who.int/news-room/questions-and-answers/item/covdp-frequently​
-asked-questions.
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