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Supply and delivery of vaccines for global health
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Vaccines developed in high-income countries have been
enormously successful in reducing the global burden of
infectious diseases, saving perhaps 2.5 million lives per year,
but even for successful cases, like the rotavirus vaccine,
global implementation may take a decade or more. For
unincentivized vaccines, the delays are even more profound,
as both the supply of a vaccine from developing country
manufacturers and vaccine demand from countries with the
high disease burdens have to be generated in order for impact
to be manifest. A number of poverty-associated infectious
diseases, whose burden is greatest in low-income and
middle-income countries, would benefit from appropriate
levels of support for vaccine development such as Group A
Streptococcus, invasive non-typhoid salmonella,
schistosomiasis, shigella, to name a few.

With COVID-19 vaccines we will hopefully be able to provide
novel vaccine technology to all countries through a unique
collaborative effort, the COVAX facility, led by the World Health
Organization (WHO), Gavi, and the Coalition for Epidemic
Preparedness Innovations (CEPI). Whether this effort can
deliver vaccine to all its participating countries remains to be
seen, but this ambitious effort to develop, manufacture,
distribute, and vaccinate 60-80% of the world’s population will
hopefully be a lasting legacy of COVID-19.
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Introduction

Vaccines are one of the most successful and cost-effective
disease prevention strategies ever implemented [1]. One
of the biggest challenges in global health has been secur-
ing access to these technologies for people in greatest
need. Projections suggest that barely more than half the
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world’s children will be fully immunized by 2030 [2]. To
extend the beneficial impact of vaccines and vaccination
on global health, new vaccines for additional diseases as
well as improved supply and delivery mechanisms need
to be developed, particularly in low-income and middle-
income countries (LMIC) [2,3]. While considerable
attention has been given to new vaccines for emerging
or re-emerging diseases by developing a proactive
approach and novel mechanisms such as CEPI, other
poverty-related diseases and/or neglected tropical disease
vaccines have raised much less attention [4].

Vaccine impact and access

The Global Vaccine Action Plan (GVAP) 2011-2020
endorsed by the World Health Assembly estimated that
substantial progress toward GVAP goals could potentially
avert 25 million vaccine-preventable deaths by the end of
the decade. In its Midterm Review, however, the World
Health Organization (WHO) Strategic Advisory Group of
Experts on Immunization (SAGE) concluded that stren-
uous efforts by all countries and immunization stake-
holders were needed to catch up and achieve GVAP goals
(reviewed in Ref. [5]).

Vaccine coverage is an important indicator of the perfor-
mance of national health and immunization systems
(Table 1). Although coverage rates of DTP3 reached
85% globally, there were still 19.3 million children who
failed to receive basic vaccines. Full Immunization cov-
erage also varies by income group [6], with low-income
countries (LLIC) achieving just 74% in 2019 while lower
middle-income countries (MIC), upper-MIC and high-
income countries achieved 84%, 92% and 89-95%,
respectively [7]. Further, while immunization coverage
rates and new vaccine introductions have been increasing
over the past several years, they have now stagnated and
risk decline in the midst of the current COVID-19 pan-
demic [8]. Routine vaccination in MICs lags behind
countries with the weakest economies as well as those
with ongoing socio-political instability. Unsupported
MICs are also forgoing introduction of important new
vaccines that have huge impact on death and disease rates
(pneumococcal conjugate vaccine, rotavirus vaccine). In
countries that transitioned out of Gavi, economic growth
not distributed equitably can lead to inequities in access
to new vaccines as well [9].

Determinants of vaccine coverage in LMICs vary by
vaccine and can be influenced by factors including facility
readiness, characteristics of the child, mother’s ability and
willingness to vaccinate and awareness, perceptions, and
social norms within the community [10]. Community
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Table 1

Percentage of global population vaccinated, by antigen, and by
year

2019 2018 2017 2016 2015 2000 1990 1980

BCG 88 89 89 89 87 80 81 15
DTP1 90 90 90 90 89 83 88 30
DTP3 85 85 86 86 85 72 75 20

HepB BD 43 41 40 35 35 5
HepB3 85 83 84 84 83 30 1

Hib 3 72 71 71 70 63 13

IPV1 82 72 57 46 22

MCV1 85 85 85 85 85 72 73 16
MCV2 71 69 68 67 63 18

PCV3 48 46 44 42 37

Pol3 86 85 85 85 85 73 75 21
RCVA1 71 69 52 48 47 21 8 3

rotac 39 34 27 24 22

TT2plus 71 72 73 72 70 62 55 9

YFV 46 45 44 42 41 11

engagement and education are key factors for success
[11-13]. Financing can be a barrier at a national and
subnational level, impacting vaccine access, particularly
in MICs. Supply side factors are influenced by poor
forecasting, planning capacity or ability to procure at
affordable prices [14] and challenges in managing budgets
and the flow of funds can lead to a lack of product
availability or stockouts [10]. Geographical inequities
explored in mapping vaccination coverage are greatly
influenced by the country vaccine delivery mechanisms.
Understanding the spatial variation in vaccination cover-
age in the context of varying vaccine delivery strategies is
important for evaluating the performance of vaccination
programs [15].

The expectation that more and more vaccinations can be
administered concomitantly is increasingly unfeasible
(Table 2). Child health programs are seeking opportu-
nities for new contacts within the first two years of life to
deliver vaccines and other services in an integrated way.
Moreover, some vaccines must be given at ages outside
traditionally scheduled wvisits to induce protective
immunity. New platforms will be required, including for
maternal immunization to prevent neonatal diseases (e.g.
respiratory syncytial virus, group B streptococcal disease),
adolescent immunization (e.g. human papilloma virus,

Table 2

dengue, tuberculosis), and in the second year of life (e.g.
malaria), and young adults (HIV) [16], and now all age
groups at unprecedented scale for COVID-19 vaccines.

One of the consequences of the COVID-19 pandemic is its
impact on the delivery of health services, including
immunizations in LMICs [17]. Preventive mass vaccination
campaigns can also inadvertently contribute to COVID-19
spread, and WHO is recommending that these campaigns be
carefully considered based on a benefit-risk assessment
(WHO/2019-nCoV/immunization_services/2020.1). There
will be a need for ‘catch-up’ campaigns, to identify those
who missed their immunizations as well as re-establishing
community demand. During the last Ebola outbreak, twice
as many children died of measles than of Ebola in the
Democratic Republic of the Congo [18]. The deaths
prevented by sustaining routine childhood immunization
in Africa outweigh the excess risk of COVID-19 deaths
associated with vaccination clinic visits, especially for the
vaccinated children. Routine childhood immunization
should be sustained in Africa as much as possible, while
considering other factors such as logistical constraints, staff
shortages, and reallocation of resources during the COVID-
19 pandemic [19].

Vaccine demand

Promising vaccines for diseases that disproportionately
affect people in LMICs need help to reach the market
[20°°]. This requires the development of novel technolo-
gies and health and societal economic models able to
capture not only the cost—benefit of vaccination, but also
its full societal value [21,22]. Estimates of the magnitude
of these broader benefits suggest that vaccination has
been substantially undervalued [23°°].

Implementation gap

Experience provides several examples of vaccines where
access has been delayed in the so-called ‘second valley of
death’ [24] or the implementation gap, the period
between product licensure and public health implemen-
tation and impact, particularly due to delays in prequali-
fication of Strategic Advisory Group of Experts (SAGE)
recommendations.

EPI vaccines and variants (per age groups and geographic location), Emerging Infectious Disease vaccines, and development gaps

EPI vaccines and variants

BCG, OPV/IPV, DPT/DTaP/DT, MMR, HBV, HiB, PCV, Rota, PCV, JE, seasonal flu, VZV, HAV,

HPV (2-dose, single dose), OCV, MenACWY, TCV, Yellow Fever, malaria, HEV, dengue

EPI vaccine gaps

RSV, CMV, universal seasonal flu, improved TB vaccine, improved malaria, shigella, ETEC,

Campylobacter, Staphylococcus aureus, paratyphoid A, invasive Non-Typhoid Salmonella, Group B
Streptococcus, Group A Streptococcus, schistosomiasis, other helminthiasis, Chikungunya, plague

EID licensed vaccine Ebola
EID vaccine gaps

Rift Valley

COVID-19, HIV, pandemic flu (avian, swine), Zika, SARS, MERS, Lassa, Nipah, Marburg, West Nile,

Current Opinion in Immunology 2021, 71:13-20

www.sciencedirect.com



Supply and delivery of vaccines for global health Excler, Privor-Dumm and Kim 15

Some lessons learned

Following Phase 3 trial results in 2014 [25] the European
Medicines Agency issued a positive scientific opinion for
RTS,S malaria vaccine in 2015 and WHO recommended
pilot implementation to assess the feasibility of adminis-
tering four doses of required vaccine in children, the
vaccine’s role in reducing childhood deaths and severe
malaria, and its safety in the context of routine use. It
took, however, four years for the world’s first malaria
vaccine from the demonstration of R'T'S,S partial protec-
tion against malaria in young children before implemen-
tation in three sub-Saharan African countries.

Hepatitis E vaccine (Hecolin®), Xiamen Innovax, China)
has >90% efficacy at five years but has not yet been
prequalified (PQ); requirements for PQ were not priori-
tized and additional clinical studies were requested by
the SAGE. The absence of PQ and SAGE recommenda-
tion have impaired its use in a number of hepatitis E
outbreaks, where mortality in pregnant women can be in
excess of 40%.

The example of Oral Cholera Vaccine (OCV) is instruc-
tive. In 2009 SAGE recommended use of OCV in areas
with endemic cholera and consideration for use in areas at
risk for cholera outbreaks. Shanchol™ OCV was pre-
qualified in 2011, Euvichol® in 2015, and a Gavi-funded
stockpile created in 2013, but only available for out-
breaks. Shantha Biotech (Sanofi) would not commit to
increase production. WHO announced a global plan to
reduce cholera deaths by 90% by 2030, and countries that
previously had hidden cholera behind ‘acute watery diar-
rhea’ were preparing national cholera control plans. In
order to achieve a virtuous cycle of supply and demand,
manufacturing, funding for clinical development, and
regulatory approvals (including WHO PQ) were needed
on the supply side, while for demand — disease burden,
cost effectiveness, SAGE recommendation, and a global
eradication campaign were needed to convince ministries
of health (and finance) that there was substantial benefit
in procuring and implementing OCV vaccination. For
‘unincentivized’ vaccines funding and coordination are
critical to avoid implementation gaps.

Impact of COVID-19 on routine immunization programs

Some other lessons should be remembered as we imple-
ment COVID-19 vaccination worldwide, in adults as well
as children. Rotavirus vaccine (RV) is an example. A
highly effective vaccine against rotavirus diarrhea was
approved in the US in 2006 and was prequalified and
recommended by WHO in 2009. By 2015, only 20% of the
world’s children had received all three doses of RV
(International Vaccine Access Center, 2016); 11 years
after its recommendation, in 2020, 60% of children glob-
ally had not received three doses of RV. With premium
vaccines, like rotavirus, pneumococcal conjugate, and
HPV, the greatest number of unvaccinated children live

in MIC, countries also hard-hit by COVID-19. COVID-19
vaccines must not suffer the Access Gap and should be
globally accessible and equitably distributed [26°%,27].

Policy recommendations for new vaccines may only be
realized through implementation research to determine
how to most effectively ensure widespread use, particu-
larly for populations that have not been a target for
vaccination in the past [28°]. Failure to tackle this imple-
mentation phase with the same commitment shown to the
research and development phase poses substantial risk for
vaccines developed for the world’s poorest and most
vulnerable people.

Unincentivized vaccines

Unincentivized vaccines are those for which there is little
awareness of the target disease among the public, policy
makers, and scientists and little perceived incentive for
major vaccine manufacturers to engage in vaccine devel-
opment activities. In addition to vaccines included on a
list of WHO Neglected Tropical Diseases, vaccines
targeting hepatitis E, Group A Streptococcus (GAS,
Streptococcus pyogenes), invasive non-typhoidal Salmonella
(IN'TS), and Shigella belong to this category.

GAS is responsible for a wide range of acute and chronic
clinical manifestations in humans. GAS infections and
adverse consequences are estimated to cause about
500 000 annual deaths, in all age ranges, mostly in young
adults. Yet, GAS has received little attention in global
health programs, and existing tools for prevention are
insufficient [29]. In 2018 a World Health Assembly reso-
lution on rheumatic heart disease (RHD), a potential
complication of GAS infections, highlighted the need
for GAS vaccines to complement control strategies. An
R&D roadmap and preferred products characteristics are
published [30°°] and a Full Value of Vaccine Assessment
(FVVA) has been undertaken by the Strep A Vaccine
Global Consortium (SAVAC, https://savac.ivi.int/about).

iNTS is another major public health problem in Sub-
Saharan Africa [31,32]. The need for vaccines against
INTS is now increasingly being recognized, but there
is no iN'T'S vaccine available for use in humans. A similar
FVVA process has been undertaken to accelerate the
development of vaccine candidates.

Vaccine supply and delivery

A traditional partnership model consists of research and
development with large pharma leading to licensure in a
high income country first (e.g. rotavirus vaccine, HPV
vaccines). Whether the company continues to supply to
high-income and middle-income and Gavi-supported
countries is subject to multiple considerations, and
global shortfalls in production are often seen (HPV,
pneumococcal conjugate, rotavirus). Companies some-
time license an aspect of manufacturing (e.g. fill/finish)
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or the complete manufacturing process to developing
country vaccine manufacturers (DCVMs) [33], as
recently illustrated for COVID-19 vaccine with the
AstraZeneca partnership with Serum Institute of India
for the supply of the vaccine to the Indian Government
but also to a large number of LMICs (AstraZeneca press
release, 6 January 2021).

This model would be sustainable for all parties [34].
However, global access to vaccine technology becomes
more of a reality when DCVMs develop similar products
and compete in vaccine tender requests from major

purchasers (UNICEF, PAHO).

Developing countries vaccine manufacturers and
technology transfers

An alternative model envisions accelerating the develop-
ment of vaccines for LMICs by in- house development or
early technology transfer to a DCVM from a research
organization (university, product development partner-
ship, etc.). Funding could be derived from the DCVM
(such as the Bharat Chikungunya vaccine) or from a
funding agency such as the Bill and Melinda Gates
Foundation (meningitis A vaccine, oral cholera vaccine,
etc.). Licensing would be established between technol-
ogy owner and the DCVM. The DCVM becomes respon-
sible for the manufacturing and clinical development,
perhaps supplemented by the funding partners, followed
by regulatory approval for licensure and WHO prequali-
fication (PQ).

The Developing Countries Vaccine Manufacturers Net-
work (DCVMN) was established in 2000 with the mission
to increase the availability and affordability of quality
vaccines to protect against known and emerging infec-
tious diseases [35]. About 70% of the global EPI vaccine
supplies and about 75% procured by UN agencies are
produced by DCVMN [36]. Several technology transfers
to DCVMs have occurred over the past decades to sig-
nificantly contribute to global health.

Followingan initial collaboration on OCV between Sweden
and VABIOTECH in Vietnam, IVI improved the OCV
then transferred the technology to several DCVMs includ-
ing Shantha Biotechnics (ShancholTM), India; EuBiologics
(Euvichol®), Republic of Korea; and Incepta (Cholvax),
Bangladesh. Shanchol™, Euvichol®, and Euvichol®
Plus are WHO-prequalified are the major contributors to
the WHO stockpile [37] while Cholvax is marketed in
Bangladesh.

The Typhoid Conjugate Vaccine (TCV) candidate
developed by IVI consists of Vi-polysaccharide conju-
gated to DT (Vi-DT). Initially transferred to Shantha
Biotechnics, the technology was transferred to SK
bioscience (Republic of Korea), PT Bio Farma
(Indonesia), and Incepta Vaccines (Bangladesh) [38°].

After promising Phase II results [39], SK bioscience
Vi-DT has completed Phase 3 in Nepal and the
Philippines, and plans for WHO PQ.

Creating the demand and ensuring the supply chain
The introduction of vaccines in LMICs has been plagued
by a vicious cycle of uncertain demand leading to limited
supply, which keeps prices relatively high and, in turn,
further uncertainty of demand. Based on experience with
accelerating the adoption of Hib, pneumococcal and
rotavirus vaccines, a framework for new vaccine adoption
was proposed organizing the major steps in the process
into a continuum from evidence to policy, implementa-
tion and finally access [40].

In order to be effectively used in global health settings,
assuming they are listed among the Gavi priorities, vac-
cines must go through several steps, including, WHO PQ
enabling procurement by UN agencies, a recommenda-
tion by SAGE and position paper by WHO, approval by
the Gavi board to release funding support and a tender
issued by UNICEF to enable procurement. Additionally,
countries must apply for Gavi support, and Gavi may
enable procurement for the country and issue a vaccine
introduction grant so the country can plan for introduction
(Figure 1). The process can happen fairly quickly, par-
ticularly when outbreaks are a concern or can take several
years [27] (Figure 2). Timelines vary significantly by
product and steps taken to accelerate vaccine introduc-
tion [40].

WHO has developed the Country-led Assessment for
Prioritization on Immunization, (CAPACI'TI), based on
the Total System Effectiveness (TSE) framework to
assist national policy-makers in prioritizing vaccines. A
rotavirus vaccine (RVV) test case was used to compare the
decision criteria made by the existing processes for vac-
cine prioritization and the TSE-pilot model, using
Thailand-specific data. The existing decision-making
processes in Thailand and TSE offered similar recom-
mendations on the selection of a RVV product and the
TSE process was deemed a well-reasoned and step-by-
step approach for countries, especially LMIC, to develop
a systematic and transparent decision-making process for
immunization policy [41].

Presentation and delivery methods, thermostability and
cold chain

The addition of new vaccines to the EPI schedule
resulted in an increase in the cost and complexity of
the immunization supply chain and vaccine delivery.
In some cases, approximately half of the costs to vaccinate
a child are associated with management of vaccine supply
logistics and health care worker administration [42].
Innovative technologies and approaches are needed to
simplify vaccine delivery by removing the need for a
cold chain, minimizing the packaging footprint, easing
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Timeline and milestones of the supply chain for five vaccine preventable diseases (VPD). Courtesy of International Vaccine Access Center.

administration, and reducing waste [43,44]. For example,
technology improvements may include fractional dose for
intradermal delivery (inactivated poliovirus vaccine),
microarray patches (measles-rubella vaccine), controlled
temperature chain allowing storage and distribution of the
vaccine out of the traditional 2—-8°C cold chain in ambient
temperatures up to 40°C, for three days or more, depend-
ing on the antigen (meningitis A vaccine) [45]. Another
example is the presentation of OCV (Euvichol®) in
plastic tubes instead of glass vials that considerably
simplified the manufacturing process, reduced the unit
cost, storage and administration of OCV and significantly
contributed to increase the WHO stockpile [37].

SARS-CoV-2 vaccines — learning curve

Until end 0f 2019, the vaccine world followed its usual cycle
of discovery, development, and delivery. Then came an
unexpected and unprecedented worldwide public health
threat that disrupted lives, economies and society at
large. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) emerged in Wuhan, China. Exposure to
SARS-CoV-2 results in a range of COVID-19 clinical out-
comes, from asymptomatic infection to severe acute respi-
ratory distress and death [46]. On 30 January 2020, WHO
declared the outbreak a public health emergency of inter-
national concern, and on 12 March 2020, a pandemic.

Considerable mitigation measures were undertaken by
some countries and have resulted in reductions (for a
period of time) of the number of infections and deaths
[47,48]. The pressure of the pandemic on economies,
health systems, and populations highlighted the need for
the rapid development of safe and effective vaccines, as a
critical strategy in containing this pandemic.

Developers, manufacturers, regulators, and public health
authorities have been confronted to a series of new
paradigms including development of unprecedented
number of vaccines simultaneously, extensive use of
global contract manufacturing and licensing to scale up
production, and global cooperation via COVAX. Will
these be legacies for other global health vaccines or fall
into oblivion once the pandemic has recessed?

Several vaccine manufacturers have recently announced that
their SARS-CoV-2 vaccine candidates were safe and effica-
cious against COVID-19. Hopefully promising results with
other vaccines will soon follow as billions of doses will be
needed worldwide over the next years. However, the true
global health impact of these vaccines remains to be demon-
strated through scale-up, systems to manage cold chain,
vaccine acceptance, and the ability to demonstrate long-term
safety, among other things.
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Figure 2
100%
s
©
(0] 0% o = - e e e en an e e e e e a e e e e e e En e e e S |
2 “100% of target coverage rate reached” miletone
o 80%
o
<
k] 70%
K=
[
3 60% -
o ¢
£ 2 s50%
3 - - o wh o - - - -
% 40% “50% of target coverage rate reached”
e milestone
> 30%
o
o
P 20%
[
o 10,
5 10%
R
° 0% , . . .
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
# of Years from 1st Gavi-funded Introduction
Penta RVV PCV (all) IPV
Current Opinion in Immunology

Vaccine timelines and uptake from first Gavi-supported introduction for four Vaccine Preventable Diseases (Penta: pentavalent (diphtheria, tetanus,
whooping cough, hepatitis B and Haemophilus influenzae type B) vaccine; RVV: rotavirus vaccine; PCV: pneumococcal conjugate vaccine; IPV:
inactivate poliomyelitis virus vaccine). Courtesy of International Vaccine Access Center. Source: World Health Organization. WHO/UNICEF
Estimates of National Immunization Coverage for 1980-2016, 2017. https://apps.who.int/immunization_monitoring/globalsummary/timeseries/

tswucoveragedtp3.html.

COVAX partners’ (Gavi, CEPI, WHO) fair allocation
mechanism defines quantities each country will receive
when a COVID-19 vaccine becomes available [49], and
the WHO SAGE Values Framework provides guidance
on how a country might prioritize doses received. At least
in the first phase of allocations, each country will receive a
proportional amount of their population beginning at 3%
going up to 20%. The first priority includes frontline
health and social care workers who are at high risk of
disease and support critical infrastructure in the country.
Older adults and those who have underlying conditions
are next.

The distribution of COVID-19 vaccines will be a task of
unprecedented magnitude and scale, involving logistical task
forces, in particular for cold chain and vaccine administration
(some vaccines will require ultra-cold chain storage and
delivery which many countries are not set up to handle),
coordination to ensure just-in-time supply and follow-up for a
second dose, accountability, and communication.

Concerns about delivery include transitioning a system
largely set up for children (the extended program on immu-
nizations (EPI) to a universal, staged immunization program.
Older adults generally do not access vaccination systems,
and mechanisms and infrastructure established for women
and children go for vaccination need to be expanded or
supplemented [28°]. Ebola provides some important lessons

learned, although we also need to acknowledge that a
vaccine program of this magnitude has never been
attempted. We must also consider that dialogue around
speed of development and the use of novel unlicensed
technologies have also caused some to be suspicious of
new vaccines. Vaccine hesitancy and misinformation repre-
sent substantial obstacles to achieving coverage and com-
munity immunity [50,51]. Differences in intentions of the
public to receive COVID-19 vaccines ranged from almost
90% (China) to less than 55% (Russia) [52°].

Effectiveness, virus variants, and safety surveillance

The major reason for conducting vaccine effectiveness
assessments 1s to make sure a vaccine protects people
from getting a disease under real-world conditions, out-
side of the strict setting of clinical trials, modulated by the
effectiveness of non-pharmaceutical interventions [53].
Vaccine effectiveness assessments can also provide
important information about how well a vaccine is work-
ing in groups of people not included or not well repre-
sented in clinical trials. Surveillance of circulating SARS-
COV-2 variants in vaccinated and non-vaccinated popu-
lations is also critical to assess whether vaccine-induced
immune responses are still countering the virus [54°].

Unanswered questions around safety and longer-term
adverse events will require continued follow-up of vac-
cine trial participants and as monitoring of adverse events
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following immunization (AEFI) after vaccines are intro-
duced [55°°]. Key lessons could be learnt from introduc-
tion of new vaccines in response to previous pandemic
and epidemic emergencies (HIN1, Ebola). Infrastruc-
ture, pharmacovigilance capacity and plan for safety of
COVID-19 vaccines should be in place in all countries
before new vaccines are introduced and continued post
introduction. Sophisticated systems are needed to track
and trace on a global scale who was immunized with
which COVID-19 vaccine product, where and when.
Public concerns about the safety of the novel vaccines
and rumors that can arise during the current and future
pandemics and the need for program managers to be
ready to address them through appropriate vaccine safety
pharmacovigilance and communication strategies.

Conclusion

Vaccines developed in high-income countries have been
enormously successful in reducing the global burden of
infectious diseases, saving perhaps 2.5 million lives per
year, but even for successful cases, like the rotavirus
vaccine, global implementation may take a decade or
more. For unincentivized vaccines, the delays are even
more profound, as both the supply of a vaccine from
DCVMNSs and vaccine demand from countries with the
high disease burdens have to be generated in order for
impact to be manifest. A number of poverty-associated
infectious diseases, whose burden is greatest in LMICs,
would benefit from appropriate levels of support for
vaccine development — GAS, iNTS, schistosomiasis,
shigella, to name a few.

With COVID-19 vaccines we will hopefully be able to
provide novel vaccine technology to all countries through
a unique collaborative effort led by WHO, Gavi, and
CEPIL. Whether COVAX can deliver vaccine to all its
participating countries remains to be seen, but this ambi-
tious effort to develop, manufacture, distribute, and vac-
cinate 60-80% of the world’s population will hopefully be
a lasting legacy of COVID-19.
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