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a b s t r a c t

Recent projections suggest that by 2035 global health will look dramatically different than it does today.
In what’s called a ‘grand convergence’ the world is likely to be characterized by far more similarities than
differences in the prevailing health and medical problems across populations. This manuscript considers
how key drivers for vaccine use and uptake might change as a result of the grand convergence and how
decisions taken now might anticipate those changes in ways that position immunizations to continue
playing an important role in the future.

� 2016 Published by Elsevier Ltd.

1. Introduction

Recent projections from an international consortium of health
scientists and economists forecast that with a concerted effort to
scale up existing interventions and develop new ones we could see
a ‘grand convergence’ in public health (GCIPH) by 2035 [1]. In
essence, this report projects a massive narrowing in health dispari-
ties between low and middle income countries (LMIC) and rich
countries focused on a few key indicators of population health such
as under 5 mortality rates and the incidence of new HIV or TB infec-
tions by the year 2035. With this GCIPH, it is projected that the pre-
dominant pattern of population health in LMIC will be what is now
typically seen in ‘middle income’ countries - amuch lower burdenof
communicable diseases and a more substantial portion of the total
disease burden being accounted for by non-communicable diseases.

This grand convergence in global health is far from a foregone
conclusion but the trends in place today suggest that, like the Mil-
lennium Development Goals, these levels of health are likely to be
met in at least some, maybe a large number of countries. With this
potential change, and since successfully developing new vaccines
requires upwards of 10–15 years, this paper considers how differ-
ent drivers might influence vaccine development and introduction
by the year 2035 and speculates on some of the implications for
vaccine decision making of those drivers.

I hypothesize that 6 key drivers will increasingly influence the
demand for and use of vaccines in the era of 2035 and beyond.
None of these drivers is new. Each already contributes to vaccine

development and implementation decisions today. However, I pro-
pose that by 2035 the relative influence of these drivers will be
more substantial than it is today.

1.1. Epidemic potential

In an increasingly interconnected world, where international
travel allows diseases to cross borders with alacrity, we should
expect added attention to the issue of prevention of diseases of epi-
demic potential, and subsequently, increased prioritization for vac-
cines that can prevent such epidemics. Recent outbreaks of Zika
virus and Ebola virus disease are clear evidence of the health and
economic disruption that results from epidemic diseases that occur
in regions or sub-regions. Additional efforts to improve the global
community’s ability to respond to epidemics by strengthening
surveillance and outbreak response are in development to facilitate
a more effective response when new threats appear. However, a
coordinated sustainable proactive program to develop and make
available vaccines and other immunologics that diminish the like-
lihood of an outbreak taking hold should also be expected.

1.2. Localized epidemiologic need

The first set of globally recommended vaccines were largely
vaccines that either were transmitted person-to-person (e.g., polio,
measles, pertussis, diphtheria, tuberculosis) or existed everywhere
in an environmental reservoir like the soil (e.g., tetanus). In other
words, advanced levels of health infrastructure and environmental
development did not eliminate the risk of the disease. This focus on
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globally relevant person-to-person infections extended into the
next round of global vaccines against diseases like hepatitis,
meningitis, and cervical cancer. Many of these global infections
are now vaccine preventable and it is likely that diseases that have
wide variations in local risk will gain increased attention for vac-
cine development and use.

Vector-borne infections are an obvious example, where the vec-
tor doesn’t exist the disease is not going to be transmitted, and
there is little demand for the vaccine but where the disease exists
its often a top local priority. Malaria and dengue are obvious exam-
ples. While markets for travelers may also be important for these
vaccines, the locales where the diseases are prevalent will be the
main drivers for the development and use of these vaccines. In
the case of dengue, the Aedes aegypti mosquito that transmits the
virus is distributed across the tropics, the burden of dengue disease
appears to be concentrated in Asia and Latin America and not to be
prevalent in Africa [2,3]. That pattern may change over time but for
now it demonstrates that even within the range of a vector the
rationale for use of a vaccine may be geographically focal.

Interestingly even within person to person transmitted diseases
like meningococcal disease we see examples of diverging patterns
of local epidemiology driving to locally oriented vaccine solutions.
Consider the case of meningococcal disease where serogroup A
vaccines have been developed and manufactured for the meningi-
tis belt of Africa [4] but in industrialized countries the most recent
efforts were focused on developing safe, effective serogroup B vac-
cines [5]. In this way each vaccine is suited to the local epidemiol-
ogy but no one vaccine is made to suit all geographies.

1.3. Vaccine safety

As the incidence of vaccine preventable diseases declines, pre-
sumably due to control of the disease by vaccination but also influ-
enced by other environmental and host factors, it has been
observed that communities will begin to focus more on the adverse
effects associated with vaccination than with the adverse effects of
the disease itself [6]. This paradoxical interaction would fore-
shadow a predictable increase in vaccine safety concerns as disease
rates decrease, and potentially an increase in vaccine hesitancy, as
a consequence in the years ahead.

In current developing country vaccine programs, vaccine safety
is an important consideration and every effort is made to deliver
immunizations as safely as possible. This effort has, to date,
focused on issues associated with the administration of the vaccine
with innovations such as the vaccine vial monitor and the auto-
disable syringe as examples of ways technology has helped to
make immunization safer in developing country environments
[7,8]. However, in making the decisions to procure vaccines, vac-
cine safety is just one of the product characteristics considered
and in many cases, other characteristics of a vaccine, besides the
frequency of adverse events, take precedent in selecting the vac-
cine. For example, in developing country programs the superior
efficacy, duration of protection, and lower priced but more reacto-
genic whole-cell pertussis combination vaccines are typically pre-
ferred over the less reactogenic but higher priced, less efficacious
acellular pertussis vaccines. Similarly, in countries using mumps
vaccine, vaccines based upon the more reactogenic Urabe strain
are often used. In wealthier countries this is typically reversed
and may portend a future where countries will increasingly prior-
itize, and pay for a less reactogenic vaccine when the perceived
threat of disease decreases.

1.4. Delivery system strength

From 1974 to 2010 the global expanded program on immuniza-
tion in developing countries delivered just a few vaccines and

depended solely on a handful of contact points. Each contact point
required administration of typically one, or at most, two injectable
vaccines and one oral vaccine. With the success of vaccine develop-
ment and spurred in part by Gavi, the Vaccine Alliance, this situa-
tion is going to be vastly different in 2020 and beyond. Some
countries emerging into middle-income status such as Ghana
now deliver a far wider range of vaccines to their communities.
Pneumococcal, meningococcal, human papillomavirus, rotavirus,
and a second dose of measles-containing vaccine are just some of
the examples of vaccines now given to children in Ghana.

Expansion of the number of vaccines delivered has also required
accompanying increases in cold chain equipment capacity, health
care worker training, and community engagement to assure the
public and individual parents support the program. As systems
become more resilient, options for incorporating new vaccines by
flexing the system’s characteristics become more likely. For exam-
ple, the first licensed malaria vaccine, MosquirixTM, will likely
require a regimen of up to 4 doses and with three of the 4 doses
given at ages that are not currently part of the routine timing of
immunization visits for well children in many highly endemic
countries. Most infant vaccines in the EPI are given at ages 6, 10,
and 14 weeks and age 9 months. The MosquirixTM regimen is likely
to begin at about age 5 months of age and deliver four doses in
total between ages of 5 and 18 months, a period where only one
typical immunization contact currently exists in many of the vac-
cine programs where the vaccine may be deployed. In the era of
global convergence, stronger, more resilient immunization systems
will be better equipped to accommodate new vaccines into their
programs by flexing the contact points to accommodate the added
injections or maximize the immunologic properties of the vaccine.

1.5. Value for money

For the past 40 years, the risk to children in developing coun-
tries from death due to vaccine preventable diseases like measles,
meningitis, pneumonia or diarrhea has been substantial and far
greater than the risk in wealthy countries. This combination of
absolute risk rates and relative inequalities, combined with the rel-
atively cost-effective investment in vaccines, has enabled justifica-
tion of large sums of international aid to support vaccination
programs in low-income or even lower-middle income countries.
This simple, humanitarian crisis type of justification will be
increasingly difficult to justify in the era of the grand convergence
and decreasing disease risk.

As the grand convergence analysis predicts, we can expect that
overall inmostdeveloping countries the trendwill be towarddeclin-
ing child mortality rates. Furthermore, it’s likely that this trend will
bemost substantially observed in children aged 1–4 years old and a
slower rate of decline in newbornmortality. In these environments,
the emphasis on ‘life-saving’ interventions will shift toward new-
bornmortality, where vaccinesmay play a role by reducing the inci-
dence of respiratory syncytial virus and group B streptococcal
diseases but this decrease is likely to be far smaller than the histor-
ical impact of vaccines like measles on overall child mortality.

Also in the grand convergence era it may be more difficult to
justify incremental investments of domestic resources in immu-
nizations. The value for money for immunization procurement will
compete with other more horizontal investments like environmen-
tal improvements in water and sanitation, or health systems
strengthening to help deliver a broad package of interventions
and impact a wide range of conditions rather than just one disease.

1.6. Community ownership and individual normative behaviors

The strongest immunization programs are often the ones where
there is a strong tradition of normative behaviors that demand
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