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Pathogens for which vaccines have been licensed 
continue to be a high priority for epidemic preparedness
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Comparing global and regional 

(Africa) priorities

COVID-19

Crimean-Congo haemorrhagic fever

Ebola Virus Disease

Marburg Virus Disease

Lassa fever

MERS coronavirus & SARS

Nipah and henipaviral diseases

Rift Valley fever

Zika

Cholera

Yellow fever

Meningitis

Measles

Dengue fever

Polio

Rabies

Mpox

Chikungunya

Disease X*

Both WHO & 

Africa CDC

WHO only

Africa CDC 

only

Ranking regional preparedness and 

response priorities in Africa (2022)
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Disease
Risk 
score

WHO pre-

qualified 
vaccines

Preparedness 
score

Africa CDC, 2024

WHO, 2023 & Africa CDC, 2024



Outbreaks are becoming more frequent and severe, 
especially in settings with multiple converging risks
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Risk of 
outbreaks

Biologic 
properties, 

transmission, 
virulence

Social-
economic 
context, 

demographics, 
& mobility

Conflict, forced 
displacement, 

& medical 
deserts 

Endemicity, 
seasonality, & 
environment-

human 
interface

Strengthening health systems for epidemic 

and pandemic preparedness

• Surveillance & research

• National capacities
• Governance, coordination & financing

• Equitable supply of medical countermeasures

• Vaccines are cost-effective, preventing 

disruptions from outbreaks

• Vaccines available for ~20 life-

threatening diseases (WHO, 2024)

• Success story: 150+ million lives saved 

in 50 years of routine immunization 

(GAVI, 2024)

• COVID-19: 20 million lives saved in the 

first year of use (Watson, 2022)

• Extend benefits of vaccines to 

accelerate universal health coverage



Unhealthy vaccine markets lead to insufficient 
and delayed access
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Consequences of the vicious cycle:

• Unclear current and future market needs

• Low market attractiveness (few suppliers)

• Limited geographic diversification of production

• Delayed and unmet demand
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Unhealthy vaccine markets lead to insufficient 
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Consequences of the vicious cycle:

• Unclear current and future market needs

• Low market attractiveness (few suppliers)

• Limited geographic diversification of production

• Delayed and unmet demand

Emergency vaccine stockpiles

• Managed  by the International Coordinating Group on Vaccine Provision 
(WHO, UNICEF, IFRC, MSF)

• Meningitis (1997), Yellow Fever (2001), Cholera (2013), & Ebola (2021)

• For Cholera & Ebola, ~100% vaccines used are supplied from stockpiles

Turning a vicious cycle into a virtuous 

cycle: increased supply, lower cost, & 

more equitable access
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and	price	of	vaccine

vaccine

uptake
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long	production
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vaccine	stockpile
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good	market	health
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Vaccine stockpiles serve as buffer mechanisms to overcome 
demand uncertainty

Project goal: Identify the underlying drivers of stockpile dynamics to inform their design
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Literature 

search

Semi-

structured 

interviews

Database 
selection: 

PubMed & Scopus

Papers to be 
screened:

495

Data set:

47 papers

Stakeholders: 
Multilateral 

agencies, industry, 

government, 

NGOs, etc.

Stakeholder 
outreach: 

Snowball sampling

Data set:

8 interviews

Iteratively develop 

and validate system 
diagrams

Map stakeholders 

& roles

Identify system 

levers

Considerations:

• Stockpile decisions depend on numerous, interacting processes and stakeholders
• Perishable inventory with intermittent demand 
• Difficult to assess value – relative costs and benefits – over long time horizons

Methodology:

� ∗ − �

replenish

deploy

waste

� ( � )

� ( � )

� ( � )

�



Growing unmet demand for oral cholera vaccines as 
outbreaks surge
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“Conflict, poverty, the 

climate crisis and 
global socioeconomic 
inequities are all 

underlying reasons why 
outbreaks tend to be 

larger and deadlier...” 
– WHO, DG, 2024



Complexity emerges from asynchronous supply and demand 
dynamics, with competing feedback mechanisms
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Replenishment dynamics:

Aim: reduce the stockpile gap

Core dynamics r(t)
• Number of suppliers

• Capacity allocation

• Scaling-up capacity

• Adjusting target stockpile level based 

on disease threat

Related mechanisms

• Programmatic funding

• Anticipating demand (forecasts)

Deployment dynamics:

Aim: improve health outcomes

Core dynamics dt)
• Surveillance and non-pharmaceutical 

interventions

• Current and future disease risks

• Vaccination strategy and vaccine-induced 

immunity
• Health system capacity

• Community perceptions

Related mechanisms

• Growing evidence on vaccine 
effectiveness

• Political and financial support



Managing priority pathogens: contrasting examples of 
Cholera & Ebola
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Policy aim for disease management

Khawar et al, 

2023

Vaccination strategy: global (SAGE) & national

Proactive

Immunization

(e.g., annual birth 

cohorts)

Reactive 

Immunization

(e.g., contact tracing 

& ring-based)

New outbreaks & corresponding CFR, 

Ebola Virus - Zaire (1976-2024)
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Dynamic stockpile behavior promotes continuous learning 
and system re-design
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Stockpile performance serves as an indicator of market health
• Chronic stock-outs ~ scarcity of vaccine supply

• Chronic wastage ~ low visibility on vaccine demand, limited uptake

• Delayed order fulfillment ~ logistical, regulatory, and structural hurdles

• Capture how disease burden, vaccine demand, and supply evolve with time

Static

(reactive only)
Adapt size

(reactive only)

Rotating - 

Adapt use
(reactive & 
proactive)

Integration in 

EPI program
(no stockpile)

Increasingly ambitious disease management strategy driven by policy aims 

(relative value is disease and vaccine dependent)

The role of stockpiles adapts to meet shifting public health goals

Long-term 

stockpile strategy
(adapt size, 

regional stockpiles, 

decommissioned)



Systems analysis provides a foundation for quantitative 
modeling and simulations

17

There is a need for models that better integrate 

vaccine supply and demand dynamics
• Requires active and frequent engagement 

stakeholders across disciplines/sectors

• Builds on deep understanding of historical behavior 
for model validation

• Allows users to define and explore relevant 
scenarios and interventions

Baseline: assuming 500k stockpile, with a 

demand of 750k doses every 6 months

days

d
o

s
e
s

0

250k

500k

1 251 501 750 1000

inventory

days

0

1M

2M

1 251 501 750 1000

unmet	orders

orders	delivered

days

0

1.5M

3M

1 251 501 750 1000

unmet	orders

orders	delivered

days

d
o

s
e
s

0

250k

500k

1 251 501 750 1000

inventory

Leverage point: reducing 

replenishment time

Increasing stockpile sizeIncreasing production capacity

days
d
o

s
e
s

0

250k

500k

1 251 501 750 1000

inventory

Reducing process time 

(product innovation)

Leverage point: increasing 

buffer capacity

days

d
o

s
e
s

0

300k

600k

1 251 501 750 1000

inventory

Prioritizing orders 

(limit deployment)
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