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ABSTRACT

This chapter discusses the fundamental role of vaccination in preventing and
mitigating future pandemics. It reviews the health, social, and economic benefits

of vaccination and discusses strategies to ensure accelerated development,
manufacturing, and deployment of vaccines should a future pandemic emerge.

The chapter also analyzes the health and economic costs of global vaccine

inequity, the existing barriers to vaccine equity, and potential solutions. A simple
simulation exercise demonstrates the value of investing in accelerated development,
manufacturing, and equitable allocation of vaccines.

INTRODUCTION

The COVID-19 (coronavirus) pandemic has had staggering health, social, and
economic costs. As of October 2023, the official number of COVID-19 deaths
worldwide amounted to almost 7 million,! with estimates of excess deaths (that

is, the number of deaths from all causes attributable to the crisis conditions) at
about 27 million (Economist 2022). Globally, school closures affected 1.6 billion
students, who lost on average an estimated 35 percent of a year’s worth of learning
(Betthiuser, Bach-Mortensen, and Engzell 2023). Because of disruptions to routine
immunization, one in five children is now undervaccinated, a proportion last seen in
2008 (UNICEF 2023). In 2020, global gross domestic product (GDP) decreased by
3.1 percent. Even though most economies have recovered since then, high inflation
and financial instability jeopardized the process (IMF 2023). The health, social, and
economic benefits of preparing for future pandemics are indisputable.
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The COVID-19 pandemic also highlighted the key role of vaccination in pandemic
management and the importance of rapid development and deployment of safe

and effective vaccines. COVID-19 vaccines were developed at a historically
unprecedented speed (Bloom et al. 2021), with less than 12 months between
identification of the genetic sequence of SARS-CoV-2 and vaccine manufacturing
and deployment. The mass COVID-19 vaccination campaigns in 2021-22
substantially reduced the numbers of deaths, hospitalizations, and severe illnesses
due to COVID-19 (Steele et al. 2022; Watson et al. 2022) and allowed the progressive
reopening of the economy and the return to prepandemic patterns of economic
activity and socialization (Hansen and Mano 2023).

Vaccine rollout proceeded at widely varying paces throughout the world. As of
October 2023, approximately 65 percent of the global population had completed
the initial COVID-19 vaccination protocol (that is, two doses for most vaccines).
However, whereas in higher-income countries more than 70 percent of the
population had completed the initial protocol, among low-income countries only
28 percent had done so (Mathieu et al. 2020). This global inequality has left lower-
income countries exposed to significant preventable deaths (Moore et al. 2022),
caused an uneven recovery across countries (UN DESA 2021), and been linked

to the emergence of new variants (Wagner et al. 2021). Multiple factors explain
COVID-19 vaccination inequity, including manufacturing constraints, vaccine
nationalism, logistical and infrastructure constraints, and vaccine hesitancy (Larson,
Gakidou, and Murray 2022; Wouters et al. 2021).

In light of the COVID-19 pandemic experience, this chapter reflects on the

role of vaccination in preparation for the next pandemic. In particular, it covers
three related topics. First, it provides an overview of the many health, social, and
economic benefits of vaccination should a future pandemic emerge, and argues

for a comprehensive assessment of those benefits in the economic evaluation

of vaccines. Second, it highlights the benefits of accelerating the development

of vaccines against pathogens with pandemic potential. The uncertainty about

the timing of the next pandemic and the lengthy process to develop, test, and
manufacture vaccines call for moving vaccine development to prepandemic periods
as much as possible. Third, it discusses the costs of vaccine inequity and reflects

on the optimal allocation of vaccines. To illustrate its arguments, it presents the
results of a simulation exercise that estimates the number of deaths and economic
costs averted by vaccination in various scenarios. The scenarios differ in terms of
characteristics of the next pandemic, timing to develop a vaccine, and equity in the
distribution of vaccines. The simulation exercise is based on the model described in
chapter 2 of this volume.

Because of space limitations, this chapter will not cover other important vaccination-
related topics. Those topics include supply-side issues such as research and
development, financing, public-private partnerships, and vaccine patents (refer to
chapter 11 of this volume); the optimal stockpiling of vaccines (Carlson et al. 2024);
vaccination of animals as a means of preventing human diseases (Monath 2013);
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and the complementarity between vaccination and nonpharmaceutical interventions

during outbreak responses (refer to chapter 7 of this volume).

THE VALUE OF VACCINATION AGAINST FUTURE PANDEMICS

This section provides an overview of the literature on the health, social, and
economic benefits of vaccination against future pandemics and demonstrates the
potential value of accelerated vaccine development through a simple simulation
exercise.

The Benefits of Vaccination

Vaccination is one of the most effective tools for fighting infectious diseases and
reducing mortality and morbidity, especially among children. Vaccines have
contributed to the worldwide eradication of smallpox and to the substantial
reduction in deaths from other major diseases such as polio and measles. More
recently, Ebola vaccines have drastically reduced morbidity and mortality during
outbreaks, with a recent study finding a 50 percent reduction in deaths (Coulborn
et al. 2024). Over the past several decades, coverage rates for basic immunizations
have steadily increased, dramatically reducing under-five mortality and overall
mortality (Li et al. 2021; McGovern and Canning 2015).

Vaccination typically has direct and indirect effects (Anderson and May 1985).
Vaccinated individuals are protected from the risk of infection or severe disease
from the targeted pathogens. If the vaccine can reduce the risk of infection or

the risk of transmission, vaccination also benefits unvaccinated individuals.
Increasing the number of vaccinated people reduces the circulation of the infectious
pathogen in the unvaccinated population. If a sufficiently large number of people is
vaccinated, further infection spread is unlikely, and the population has effectively
reached a level of “herd protection” The proportion of the population that needs

to be vaccinated to achieve herd protection depends on the transmissibility of the
disease and the characteristics of the vaccine. For example, for measles an estimated
95 percent of the population has to be vaccinated because measles spreads very
easily (Pandey and Galvani 2023). For polio, the level is about 80-85 percent (Plans-
Rubi6 2012). For COVID-19, herd protection is now considered elusive because

of the constant emergence of new variants that escape vaccine immunity (Morens,
Folkers, and Fauci 2022).

Some vaccines offer long-term immunity, whereas for others immunity wanes over
time, requiring booster shots. For example, the measles vaccine is deemed to offer
lifelong protection for most individuals (Cohen 2019), whereas protection against
mumps wanes on average 27 years after vaccination (Lewnard and Grad 2018). In
the case of COVID-19 vaccines, rapidly waning immunity requires repeated shots,
much like the yearly flu vaccine (Thompson and Cowling 2022). Effectiveness also
varies across vaccines. For instance, two doses of the measles vaccine are about

97 percent effective against measles,2 whereas the annual flu vaccine is typically
less than 50 percent effective. The existing COVID-19 vaccines are very effective at

Pandemic Preparedness and Prevention: Vaccination

245



preventing severe disease and death but less effective at preventing mild symptoms
and infection (Eyre et al. 2022; Laake et al. 2022). However, even low-effectiveness
vaccines are useful. For instance, the US Centers for Disease Control and Prevention
estimated that, although only 36 percent effective,? the 2021-22 flu vaccine still
prevented 1.9 million flu-related illnesses, 26,000 hospitalizations, and 1,500 deaths.#

Vaccination has an indisputably positive impact on preventing morbidity and
mortality from the targeted disease. Growing empirical research shows that
vaccination also provides substantial broad health, social, and economic benefits
(Bloom, Fan, and Sevilla 2018). For instance, vaccination can prevent nosocomial
infections among hospitalized patients and effectively slow the development

of antimicrobial resistance by decreasing the need for antimicrobial treatment
(Schueller et al. 2021). Evidence also indicates that some vaccines protect against
off-target pathogens; for example, measles vaccination can protect against the loss
of acquired immune memory triggered by measles infection (Mina et al. 2019).
By improving individuals’ health, vaccination also confers sizable socioeconomic
benefits. For example, vaccinated adults tend to have higher employment rates
and larger earnings than their unvaccinated counterparts (Atwood 2022; Sevilla
et al. 2020). Vaccinated children tend to perform better at school and have higher
educational attainment (Nandi et al. 2020) and more developed cognitive abilities
(Bloom, Canning, and Shenoy 2011). Vaccination protects against catastrophic
health care expenditures and the risk of falling into poverty, especially in countries
without universal health care (Bloom, Khoury, and Subbaraman 2018), and it
reduces the fiscal costs (such as disability subsidies and government assistance for
catastrophic medical expenditures) imposed by infectious diseases (Connolly and
Kotsopoulos 2020).

The experience with the COVID-19 pandemic highlighted in stark terms the broad
benefits of vaccination. Mass COVID-19 vaccination protected the population from
the risk of severe health outcomes and death, reduced the pressure on overburdened
health care systems, allowed countries to relax the costly nonpharmaceutical
interventions (such as social distancing norms, masking, and school and business
lockdowns) implemented to control the spread of infections, and revitalized global
supply chains (Bloom, Cadarette, and Ferranna 2021).

Benefits of Accelerated Vaccine Development: A Simulation Exercise

Vaccine development, testing, and manufacturing typically involve a lengthy
process. Although COVID-19 vaccines arrived in the market less than one year
from the identification of the genetic sequence of the virus, the typical process
lasts more than a decade. Several innovations allowed the accelerated development
of COVID-19 vaccines, including the use of mRNA technologies that allow fast
production, large-scale investment in manufacturing capacity while clinical trials
were still ongoing, parallel execution of clinical trial phases, and massive public
financial support (Bloom et al. 2021). In preparation for the next pandemic,
establishing an infrastructure that will allow fast development, production, and
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distribution of vaccines is thus essential. The Coalition for Epidemic Preparedness
Innovations recently advanced the idea of “100-days vaccines”; that is, countries,
pharmaceutical companies, and international donors should aim at vaccine
development and large-scale manufacturing within 100 days of the identification
of the pathogen responsible for the next pandemic (Saville et al. 2022). Such a
strategy requires, among other things, developing a full portfolio of vaccines
against pathogens with pandemic potential long before the next pandemic strikes,
expanding manufacturing capacity, establishing infrastructures for quickly testing
new vaccines at large scale, stockpiling raw materials for vaccine production, and
investing in early detection systems globally.

Accelerating the development and manufacturing of vaccines against pathogens
with pandemic potential may prevent an outbreak from turning into a pandemic
and may shorten the length of a pandemic. A simulation exercise based on

the model event catalog described in chapter 2 of this volume illustrates the
potential benefits of faster vaccine availability. The catalog was constructed

by simulating hundreds of thousands of epidemics caused by respiratory
diseases (pandemic influenza and novel/epidemic coronavirus diseases). The
simulated events differ in terms of country of origin of the outbreak, efficacy
of nonpharmaceutical interventions to control disease transmission, and
epidemiological characteristics of the disease (for example, transmissibility,
case-fatality ratio, and incubation period). The events were generated using a
stochastic, disease-specific, global, metapopulation compartmental model that
simulates the daily spatiotemporal progression of disease spread. The model
accounts, among other things, for demographics, contact patterns among
countries, risk of case underreporting, and differences in preparedness across
countries (refer to chapter 2 for further details about the methods).

From the respiratory pathogen model event catalog presented in chapter 2, two
pandemic scenarios are considered. For each pandemic scenario, the simulation
considers different assumptions concerning the availability and global distribution
of vaccines and projects the number of expected deaths in each scenario and for
each vaccination assumption. It then determines the overall benefits of vaccination
(in 2022 international dollar terms) for each pandemic scenario.

The two pandemic scenarios differ in terms of country of origin of the outbreak
and severity of the disease. The country of origin affects the detection threshold
(that is, how soon detection of the outbreak occurs) to account for differences
in detection capacity and infrastructure across countries (Oppenheim et al.
2019). In both scenarios, nonpharmaceutical interventions begin 30 days after
detection in the spark country and 60 days after detection elsewhere. In the
absence of vaccination, Pandemic Scenario 1 results in about 38.1 million deaths
globally, whereas Pandemic Scenario 2 leads to 145.5 million deaths (table 9.1).
Table 9A.1 in annex 9A summarizes the main assumptions underlying the two

scenarios.
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Table 9.1 Benefits of Accelerating Vaccine Development

Short-term output loss

Mortality loss (2022 (2022 international $, Total loss (2022
Number of deaths international $, trillion) trillion) international $, trillion)
Pandemic Scenario 1
No vaccines 38,100,000 497 5.1 54.8
Vaccines developed in one 12,300,000 16.1 30 19.1
year (Assumption A)
Vaccines developed in 100 387,000 0.5 0.6 11
days (Assumption B)
Vaccines developed in 100 384,000 05 0.6 1.1
days and distributed fairly
(Assumption C)
Pandemic Scenario 2
No vaccines 145,500,000 190.0 94 1994
Vaccines developed in one 83,400,000 108.9 7.3 116.2
year (Assumption A)
Vaccines developed in 100 4,500,000 59 19 7.8
days (Assumption B)
Vaccines developed in 100 3,700,000 48 1.7 6.5

days and distributed fairly
(Assumption C)

Source: Original table compiled for this publication.

Each pandemic scenario considers three assumptions about vaccination. Vaccination
Assumption A imagines that vaccines will be available for deployment about one
year after the detection of the outbreak (similar to the COVID-19 pandemic).
Vaccination Assumption B imagines that vaccines are developed and deployed at
accelerated speed (deployment for emergency use 100 days after detection and
deployment at scale 140 days after detection). Vaccination Assumption C imagines
that vaccines are developed at accelerated speed as in Assumption B; however, unlike
Assumption B, vaccines are distributed fairly across countries (proportionally to
their population). The vaccine is assumed to be 80 percent effective at preventing
both infections and deaths. In Assumptions A and B, vaccination coverage and
speed of delivery vary across countries based on their preparedness capacity but are
equal across countries in Assumption C. Table 9A.2 in annex 9A reproduces the
vaccination assumptions. Figures 9B.1-9B.4 in annex 9B display the weekly number
of deaths in the two pandemic scenarios, depending on the vaccination assumptions.

Table 9.1 summarizes the results of the exercise. Compared with the no-vaccination
case, the development and deployment of a vaccine in a year (Assumption A)
prevent about 25.8 million deaths globally in Pandemic Scenario 1 and 62.1 million
deaths in Pandemic Scenario 2. Accelerated development of vaccines in 100 days
from detection (Assumption B) leads to more than 37 million deaths averted in
Pandemic Scenario 1 (or 99 percent of the death toll) and 141.0 million deaths
averted in Pandemic Scenario 2 (or 97 percent of the death toll). Compared with
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Assumption B, accelerated development and fairer distribution of vaccines
(Assumption C) saves 3,000 additional lives in Pandemic Scenario 1 and 800,000
additional lives in Pandemic Scenario 2.

To quantify the total benefits of vaccination, a measure of pandemic loss is
considered that includes the loss of life and the short-term loss of economic output.
For a pandemic that causes D deaths, the following expression gives total loss:

L=VSL*D+Y*A(D)

The first term represents the monetary equivalent of the number of deaths, and
the second term represents the reduction in global GDP caused by a pandemic

that kills D people, where Y represents global GDP and A(D) is the percentage

reduction in GDP as a function of the number of deaths.

The monetary equivalent of the number of deaths is found by multiplying the number
of deaths by a global value per statistical life (VSL). The computations use a VSL of
$1.3 million (2022 international dollars). This value is extrapolated starting from a VSL
of $10 million for the United States and assuming an income elasticity of 1.5 (refer to
annex 9C for further details) (Robinson, Hammitt, and O’Keeffe 2019). Such a value
for a global VSL is also consistent with recent estimates by Ahuja et al. (2021) and
Sweis (2022) and represents a conservative estimate of the value of saving a life.

The expression for the percentage output loss caused by the pandemic, A(D),

is derived from Glennerster, Snyder, and Tan (2023), who estimate the relationship
between annual output loss and pandemic severity using selected pandemic

events in the last century (the 1918 flu pandemic, the SARS outbreak in 2002-03,
Ebola in 2013-16, the Zika outbreak in 2015-17, and the COVID-19 pandemic).
Note that this measure of economic loss captures only short-term output losses
and not the potential impacts of a pandemic on economic growth or human capital
accumulation. Annex 9C includes more details on the calibration.

Compared with the no-vaccination scenario, the availability of vaccines one

year after the beginning of the pandemic (Assumption A) saves $35.7 trillion in
Pandemic Scenario 1 ($54.8 trillion minus $19.1 trillion), which corresponds to

65 percent of the total pandemic burden. However, developing vaccines in 100

days (Assumption B) would save $53.7 trillion ($54.8 trillion minus $1.1 trillion),

or 98 percent of the total burden in the absence of vaccination. The benefits of
vaccination in Pandemic Scenario 2 are even more pronounced in absolute terms. The
benefits of starting vaccination after one year amount to $83.2 trillion ($199.4 trillion
minus $116.2 trillion), or 42 percent of the total burden, whereas accelerated vaccine
development leads to $191.6 trillion in savings ($199.4 trillion minus $7.8 trillion),
or 96 percent of the total burden. In each pandemic scenario, most of the benefits
stem from mortality reductions. If vaccines are developed at an accelerated pace and
distributed fairly across countries (Assumption C), the total burden decreases by
$53.7 trillion in Pandemic Scenario 1 and by $192.9 trillion in Pandemic Scenario 2.
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Table 9.1 illustrates the global benefits of accelerated vaccine development. The
annexes include additional results on the distribution of the vaccination benefits

by geographies (tables 9B.1, 9B.2, 9C.1, and 9C.2). Annex 9C also reports results
using different values of the income elasticity of the VSL and different extrapolation
methods (tables 9C.3 and 9C.4). Compared with these alternatives, the chosen VSL
estimate of $1.3 million leads to a conservative assessment of the overall benefits of

vaccination.

The simulation exercise illustrates the sizable benefits of accelerating vaccine
development and deployment. The exercise considered two potential pandemic
scenarios for illustration purposes. Both pandemic scenarios led to staggering
numbers of deaths in the absence of fast vaccination. The probability of those
pandemics is not negligible. Under nonaccelerated vaccine development
(Assumption A), the two pandemic scenarios correspond to 4 percent (Pandemic
Scenario 1) and 1 percent (Pandemic Scenario 2) of the exceedance probability
function derived in chapter 2. Thus, there is a 4 percent yearly probability of

a pandemic that will cause at least 12.3 million deaths and a 1 percent annual
probability of a pandemic that will cause at least 83.4 million deaths. The
estimates here indicate that accelerated vaccine development substantially curtails
mortality and associated economic losses. A more comprehensive analysis

would require estimating the impact of accelerated vaccine development on the
entire exceedance probability function: If we invested in pandemic preparedness
interventions such that developing and deploying vaccines in 100 days from the
beginning of the next pandemic were possible, what would the expected returns
of such an investment be?

As with any modeling effort, the scenario analysis is subject to necessary
assumptions, limitations, and uncertainty. First, the scenarios are only two
illustrative scenarios and do not encompass all plausible scenarios. Second,
because the scenarios presented here are for illustration purposes, they are
deterministic scenarios that do not include stochastic variation, and uncertainty
estimates were not calculated. Third, model parameterization may reflect gaps
and biases in historical data. Fourth, additional factors besides those included

in the scenarios could affect the availability and effectiveness of vaccines in a
future pandemic. Chapter 2 further discusses limitations. The estimation of the
output loss caused by pandemics is based on a previous study that uses regression
analysis to determine the association between pandemic deaths and output loss
(Glennerster, Snyder, and Tan 2023). Although the small sample size (five historic
pandemic events) jeopardizes the reliability of the estimates, better studies are
lacking.

The exercise sheds new light on the relationship between vaccine inequity and
mortality. It finds, for example, that developing and distributing vaccines sufficiently
quickly can blunt the damaging effects of inequitable access to vaccines. The
incremental benefits of equal vaccine distribution are relatively small compared
with the benefits of accelerated development despite unequal global distribution
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of vaccines (Assumption C versus Assumption B) because, even if lower-income
countries are not prioritized in the allocation of vaccines, the accelerated timeline
implies that they would likely receive the vaccines much sooner than under
nonaccelerated vaccine development. This result underlines the importance of
absolute improvements in vaccine development, production, and delivery timelines
but does not obviate the ethical imperative of equity in vaccine access (refer to the
next section). Clearly, however, this result will not hold if vaccines are developed at
typical speed.

The benefits of accelerated vaccine development are indisputable. The issue now is
whether such a strategy is feasible and affordable. Uncertainty about the pathogen
responsible for the next pandemic requires a large portfolio of investments,
including developing multiple vaccines for pathogens with pandemic potential,
expanding manufacturing capacity by developing infrastructure that can be easily
adjusted to new threats, and improving surveillance systems around the world
(Athey et al. 2022). Glennerster, Snyder, and Tan (2023) estimate that a feasible
program to expand manufacturing capacity would cost $60 billion up front and
$5 billion annually (in 2021 US dollars); the program would ensure capacity to
vaccinate 70 percent of the global population in six months. The estimated costs
of Operation Warp Speed (the US program to invest in the development and
manufacturing of COVID-19 vaccines) amount to $18 billion (Baker and Koons
2020). Historically, the development of a single vaccine, inclusive of failures, costs
roughly $1 billion (Plotkin et al. 2017). Although none of these figures represent
the full cost of investing in accelerated vaccine development, they suggest that the
associated benefits far outweigh the costs.

VACCINE EQUITY

This section discusses the health, social, and economic costs of global vaccine
inequity and the main factors contributing to vaccine inequity.

Definition and Costs of Global Vaccine Inequity

Mechanisms to foster global vaccine equity are a critical component of pandemic
preparedness. Inequitable access to vaccines during a pandemic is costly for
countries negatively affected by such inequity and may produce negative global
health and economic externalities (Ferranna 2024). As World Health Organization
(WHO) Director General Dr. Tedros Adhanom Ghebreyesus said about the
COVID-19 pandemic, “The first priority must be to vaccinate some people in all
the countries, rather than all the people in some countries” (WHO 2020).

Slow and delayed vaccine rollout leaves countries exposed to high preventable
mortality and morbidity risks and to the resulting economic slowdown. For
example, in the case of COVID-19, vaccine hoarding by higher-income countries
cost more than an estimated 1 million lives in 2021 compared with an alternate
scenario in which COVID-19 vaccines were distributed proportionally to the size
of the adult population (Moore et al. 2022). Those preventable deaths occurred
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mostly in low- and middle-income countries. If countries implement costly
nonpharmaceutical interventions (such as economic lockdowns, stay-at-home
orders, and school closures) to control the spread of infections while waiting for the
arrival of vaccines, slow and delayed vaccine rollout means that the population has
to endure longer periods of costly containment measures, with resulting negative
impacts on consumption spending and GDP (Hansen and Mano 2023). Longer
periods of lockdown also translate into higher incidence of mental health problems
(Adams-Prassi et al. 2022) and in larger degradation of human capital (Buffie et al.
2023). Even short schooling disruptions can lead to significant learning losses,
especially in lower-income settings (Patrinos, Vegas, and Carter-Rau 2023). Slow
vaccine rollout during a pandemic increases the risk of school closures, further
widening the learning gap between rich and poor countries and compromising the
economic future of the latter.

Moreover, enhancing global access to vaccines benefits the whole world. If the
vaccine can reduce the risk of disease transmission, increasing vaccination rates in
poorer countries reduces the risk of imported infections in higher-income countries,
prevents the emergence of new virus variants, and reduces the costs of surveillance
(Wagner et al. 2021). Furthermore, equitable access to vaccines reduces the risk of
global supply chain disruptions. In particular, prolonged economic lockdowns in
lower-income countries may cause shortages of intermediate inputs, higher import
prices, and weaker demand for exports of higher-income countries (Cakmakl et al.
2022; Hafner et al. 2022).

Before discussing barriers to global vaccine equity and possible solutions, providing
a more precise definition of global vaccine equity is worthwhile. The United
Nations defines global vaccine equity as a situation in which vaccines are “allocated
across countries based on needs and regardless of their economic status.”* Global
vaccine equity does not necessarily imply global vaccine equality (that is, the same
proportion of people vaccinated in all countries) because countries may have
different needs. However, global vaccine equity does imply that countries’ ability

to pay for vaccines should not affect the global vaccine allocation. For example,

if an Ebola outbreak is detected in country X but not in country Y, people in
country X have a more urgent need for vaccine doses than people in country Y,
and an equitable allocation of Ebola vaccines would require prioritizing country X,
regardless of its economic status.

Defining global vaccine equity during a pandemic requires weighing the
urgency of needs of different countries and ensuring that vaccine availability
across countries matches their needs. Because of the broad health, social, and
economic benefits of vaccination, urgency of needs may be evaluated across
different dimensions. The first dimension is the expected health burden in

the absence of vaccination and the effectiveness of vaccines at reducing it. It
includes, for example, the expected numbers of infections, hospitalizations, and
pandemic pathogen-related deaths averted by vaccination. If the only concern
is to minimize the pandemic health burden, then countries that are predicted
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to bear the brunt of pandemic morbidity and mortality in the absence of
vaccination should have prioritized vaccine access. The geographic distribution of
vaccination’s expected health benefits is pandemic-specific and depends, among
other things, on the characteristics of the pandemic pathogen (for example, the
age gradient of mortality risk), the characteristics of the population (for example,
the age pyramid), the pandemic transmission patterns (for example, where the
outbreak started), the characteristics of the vaccine, and countries’ capacity to
effectively scale vaccine delivery to the population. Note, however, that we can
also consider a broader concept of vaccination’s expected health benefits, one
that includes not only pandemic pathogen-related deaths and cases but also all-
cause mortality and morbidity. For example, the COVID-19 pandemic disrupted
routine immunization systems and other health care services. Countries with less
resilient health care systems may thus expect a larger overall health burden from
a pandemic, all things considered.

The expected social and economic burden in the absence of vaccination is another
dimension to consider in evaluating the urgency of needs. The COVID-19 pandemic
showed that—because of, for example, labor shortages, economic lockdowns
enforced to control the pandemic, and supply chain interruptions—economic
disruptions accompany surges of infections and deaths. Overall, by the end of 2021,
the COVID-19 pandemic had increased the global poverty rate from 7.8 percent

to an estimated 9.1 percent (Mahler, Yonzan, and Lakner 2022). That increase
corresponds to 97 million more people living on less than US$1.90 a day because

of the pandemic. In addition to income losses, pandemics disrupt the education
system. Students in countries with poor online learning infrastructure are thus more
exposed to pandemic-induced educational losses. Countries with fewer resources
for education or welfare programs (for example, unemployment subsidies) are more
likely to bear the social and economic brunt of the pandemic and thus may have a

larger claim for prioritized vaccine access.

In defining the equitable global allocation of vaccines, at least two other issues are
important to consider: the ability of the vaccine to reduce the transmission risk and
the dynamic nature of the problem. The former may call for prioritizing populations
that are more likely to infect the rest of the world because of patterns of economic
and social interactions. The latter may call for prioritizing populations that have

not yet experienced the pandemic burden but may do so in the future (for example,
country X has no Ebola outbreak but, because of commercial patterns, is very likely
to import the disease from other countries).

A key aspect of pandemic preparedness is establishing guidelines for the equitable
allocation of scarce vaccine supplies across countries. Some contributions have
proposed frameworks to guide the distribution of vaccines and to judge their
reliance on principles of fairness. For COVID-19, a noteworthy proposal is the “fair
priority model,” which envisions three phases of vaccine allocation, with the goals of
reducing premature deaths, reducing serious economic and social deprivation, and
reducing community transmission (Emanuel et al. 2020).
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Barriers to Vaccine Equity

Several factors may contribute to slow and delayed vaccine rollout in some
countries. Vaccine supply shortages constitute one of the main barriers to equitable
vaccine distribution. WHO’s estimates suggest that between 2011 and 2015 one-
third of 194 countries ran out of a vaccine for a month or longer (Garrett 2018),
mainly because of the limited number of manufacturers able to produce some
vaccines (Cernuschi et al. 2022). Recent shortages of products such as human
papillomavirus vaccines, Bacillus Calmette-Guérin vaccines, and inactivated polio
vaccines point to the constraints in existing manufacturing capacity (du Preez et al.
2019; Garland et al. 2020; Sutter and Zaffran 2019).

Vaccine supply shortages have significant public health consequences. For example,
the 2016 yellow fever epidemic in Angola strained the global vaccine supply,
prompting WHO to recommend fractional dosing (Wu et al. 2016). Lack of
sufficient vaccine supply was partly responsible for the measles outbreak in 2016-17
in Romania (Dascalu 2019). At the beginning of the COVID-19 vaccination
campaign, global supply constraints forced countries to set rules to identify the
subpopulations to prioritize in allocating vaccine doses within national borders
(Ferranna, Cadarette, and Bloom 2021). Countries also implemented dose-sparing
strategies—such as the United Kingdom’s decision to delay the administration of the
second shot of the Oxford-AstraZeneca vaccine to partially protect as many people
as possible (Imai et al. 2023). At the global level, vaccine supply constraints meant
that lower-income countries started administering vaccine doses several months
after higher-income countries.

Vaccine nationalism—that is, the stockpiling of vaccines by high-income countries—
has been a major issue since the early phases of COVID-19 vaccine distribution (and
was also an issue in the 2009 influenza pandemic). Facing a limited global supply

of COVID-19 vaccines and uncertain future needs, countries with manufacturing
capacity and other high-income countries prioritized the health of their own

people rather than reducing the burden of COVID-19 globally (Katz et al. 2021).
Emblematic is the case of Canada, which reserved enough doses to immunize its
population six times over (Twohey, Collins, and Thomas 2020). Absent a globally
coordinated approach to vaccine allocation, vaccine nationalism will likely be an
issue for the next pandemic also.

Unequal global distribution of manufacturing capacity contributes to unequal
global access to vaccines (Dzau, Balatbat, and Offodile 2022). With few
exceptions (such as the Serum Institute of India), low- and middle-income
countries do not maintain substantial manufacturing capacity, must rely on
international vaccine supplies, and face the risk and consequences of vaccine-
hoarding behaviors (Mukherjee, Kalra, and Phelan 2023). According to WHO
(2023), only 10 manufacturers cover 71 percent of the global demand for
vaccines. Despite manufacturers’ reluctance to provide technology transfers,
efforts to enhance global manufacturing capacity are under way. One example
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is the WHO-supported mRNA vaccine technology hub at Afrigen Biologics and
Vaccines (South Africa), which reverse-engineered the Moderna COVID-19
mRNA vaccine in 2022 (Maxmen 2022). The hub’s ultimate goal is to build up
technological know-how it can apply to other pathogens, including tuberculosis,
malaria, and human immunodeficiency virus (HIV) (Bisbas 2023). Transferring
fill-and-finish operations of established commercial vaccines to factories in
low- and middle-income countries is a pragmatic way to localize manufacturing
(Thompson et al. 2023). Other proposals focus on establishing new vaccine
production facilities strategically located in “less populous countries with

good scientific and training infrastructure, a respect for legal contracts, and a
reputation for fair play” (Jha et al. 2021). This production capacity would be
export-oriented, and countries housing it would have, by virtue of their small
population size, no need to hoard doses for domestic use.

Constraints in health care system capacities further undermine vaccine equity. For
example, COVID-19 vaccines based on mRNA technologies require ultra-cold
chains, but maintaining ultra-cold chains is difficult in rural areas with unstable
electricity supply (Fahrni et al. 2022). Given the seemingly large role that mRNA
technologies will play in the future, solving the ultra-cold chain issue is a priority to
enhance vaccine equity. Shortages in equipment such as syringes could also threaten
vaccination efforts during the next pandemics, especially in lower-income countries
(Fritz et al. 2022). The COVID-19 pandemic also highlighted the fundamental role
of health care workers in increasing trust and ensuring efficient delivery of vaccines
(Ballard et al. 2020). Enabling that role requires constant resources for training and
technical support of the health workforce.

Finally, lack of confidence in the government, in the health care system, or

in the effectiveness and safety of vaccines can undermine vaccination uptake.
Evidence suggests that overall vaccine confidence was decreasing before the
COVID-19 pandemic (de Figueiredo et al. 2020), and the COVID-19 pandemic
may have exacerbated the lack of vaccine confidence in some populations, despite
the successes with the vaccines (Lazarus et al. 2023). Strategies to promote
vaccine uptake need to be tailored to the root causes of hesitancy in the various
populations. These strategies may include implementing informational campaigns
to combat misinformation about the safety and effectiveness of vaccines, such as
through the use of personal narratives that emphasize the benefits of vaccination;
engaging locally trusted persons, like village elders, to boost confidence;
facilitating access to vaccines, for example, with mobile clinics; and providing
incentives in the form of cash, prizes, or health insurance premium discounts
(Bennett, Bloom, and Ferranna 2022). Countries have also employed vaccine
mandates to increase vaccine uptake. For example, school-entry mandates

(such as for measles and pertussis) have been effective in improving uptake of
childhood vaccines (Lee and Robinson 2016). COVID-19 vaccination mandates
spurred vaccine uptake in the countries that implemented them broadly
(Karaivanov et al. 2022).
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CONCLUSIONS

The chapter discusses the fundamental role of vaccination in preventing and
mitigating future pandemics in light of the COVID-19 experience. The analysis
yields several lessons. First, accelerating the global availability of vaccines is key for
containing the negative health, social, and economic effects of pandemics. Despite
the historically unprecedented pace of COVID-19 vaccine development, one year
elapsed between the identification of the virus and the start of the vaccination
campaign, and many countries around the world could vaccinate sizable portions
of their population only several months later. Accelerated vaccine development,
manufacturing, and deployment require, among other things, moving vaccine
research and development (R&D) to prepandemic periods as much as possible, for
example, by conducting phases 1 and 2 of clinical trials of a large number of vaccines
with pandemic potential as the Coalition for Epidemic Preparedness Innovations
suggests in its “100-day vaccines” program; investing in manufacturing capacity

to quickly produce vaccines once they are developed; strengthening surveillance
systems around the world, especially in emergency settings (for example, in
countries with conflicts or following natural disasters); and strengthening health
care systems for rapid deployment of vaccines.

Collective financing of vaccine R&D and manufacturing capacity can encourage
investments in accelerated development and deployment of vaccines (Athey et al.
2022). Vaccines constitute a high-cost, high-risk investment. The process of vaccine
R&D, manufacturing, and delivery carries substantial risk of failure, for example,
because the product is not as safe or effective as expected, because of competition
from other vaccines or therapeutics, or because of growing vaccine hesitancy
undermining the demand for vaccines. Cost-sharing across public and private
sectors can partially absorb the risk of vaccine development, thereby enhancing
pharmaceutical companies’ incentives to invest in vaccines. Financing issues have
particular relevance for diseases that affect mostly lower-income countries (such as
Ebola and Zika) and for which demand is not driven by those with high ability and
willingness to pay. Different mechanisms can be used to de-risk vaccine investments,
including direct public funding of R&D and manufacturing, advance purchase
agreements, bonuses for speed, and social bonds.

Another important lesson from the COVID-19 pandemic concerns the costs of
inequitable global allocation of vaccines. Vaccine inequity leaves (mostly) lower-
income countries exposed to preventable health, social, and economic burdens
caused by pandemics. Global vaccine equity also creates positive externalities.
Vaccine equity reduces the risk of vaccine-escape variants and prevents disruptions
to global supply chains, thereby yielding benefits for all countries. Protocols to
foster fair allocation of vaccines across countries should address barriers on both
the supply side (for example, logistical and manufacturing constraints and property
rights) and the demand side (for example, vaccine hesitancy). Reinforcing existing
health care systems in lower-income settings is also essential to reduce the burden
of infectious diseases and accelerate the distribution of vaccines and other health
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technologies. Developing manufacturing capacity in low- and middle-income
countries can ensure a more equitable global distribution of vaccines, because lower-
income countries will not have to rely on international donors or manufacturing
countries for their vaccine supply. Fill-and-finish agreements for existing vaccines
may offer a starting point for developing manufacturing capacity in lower-income
countries. An enabling environment is also a strong prerequisite for boosting vaccine
manufacturing and achieving vaccine equity. Ensuring such an environment will
require, for example, investing in skilled workers—especially those with expertise

in pharmaceuticals, chemistry, life sciences, biotechnology, and biochemistry—and
boosting regulatory capacity to ensure effective and transparent validation, licensing,
and quality assurance of vaccines.

Mitigating vaccine hesitancy is another essential ingredient for effective pandemic
prevention and preparedness. Although only 65 percent of the global population
completed the initial COVID-19 vaccine protocol, COVID-19 vaccine uptake
was overall successful. However, vaccine confidence seems to have declined since
the onset of the pandemic (Siani and Tranter 2022; UNICEF 2023). The value

of investing in vaccination and the benefits of accelerated vaccine development
depend on the demand for those vaccines, underscoring the importance of
spending resources to encourage vaccine uptake, such as through targeted,
culturally sensitive communication; price mechanisms (vaccine subsidy and
elevated insurance prices and deductibles); and nonpecuniary interventions (for
example, employer mandates).

Finally, the COVID-19 pandemic shed light on the broad health, social, and
economic benefits of vaccination. An accurate appraisal of the overall value of
vaccination should include all those benefits. However, traditional evaluation
methods of vaccination rely on a narrow set of health-related outcomes (such as
deaths and cases averted, or health care cost savings), resulting in an undervaluation
of the benefits of vaccination. This undervaluation implies that vaccination
programs are often underfunded compared with other programs (Bloom, Cadarette,
and Ferranna 2021). To encourage investments in accelerated development,
manufacturing, and fair allocation of vaccines, economic evaluation techniques

should be updated to incorporate the full value of vaccination.

NOTES

1. World Health Organization, “WHO COVID-19 Dashboard,” https://covid19.who.int/.

2. Centers for Disease Control and Prevention, “Measles Vaccination,” https://www.cdc.gov
/vaccines/vpd/mmr/public/index. html#what-is-mmr.

3. Centers for Disease Control and Prevention, “CDC Seasonal Flu Vaccine Effectiveness
Studies,” https://www.cdc.gov/flu-vaccines-work/php/effectiveness-studies/index.html.

4. Centers for Disease Control and Prevention, “Flu Burden Prevented from Vaccination
2021-2022 Flu Season,” https://www.cdc.gov/flu-burden/php/data-vis-vac/2021-2022
-prevented.html.

5. United Nations Development Programme, 2023, “Global Dashboard for Vaccine Equity;’
https://data.undp.org/vaccine-equity/.
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