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Simply put: Vaccination saves lives

Walter A. Orenstein®' and Rafi Ahmed®

Few measures in public health can compare with the
impact of vaccines. Vaccinations have reduced dis-
ease, disability, and death from a variety of infectious
diseases. For example, in the United States, children
are recommended to be vaccinated against 16 dis-
eases (1). Table 1 highlights the impact in the United
States of immunization against nine vaccine-preventable
diseases, including smallpox and a complication of one
of those diseases, congenital rubella syndrome, showing
representative annual numbers of cases in the 20th cen-
tury compared with 2016 reported cases (2, 3). All of the
diseases have been reduced by more than 90% and
many have either been eliminated or reductions of
99% or more have been achieved. A recent analysis of
vaccines to protect against 13 diseases estimated that for
a single birth cohort nearly 20 million cases of diseases
were prevented, including over 40,000 deaths (4). In ad-
dition to saving the lives of our children, vaccination has
resulted in net economic benefits to society amounting
to almost $69 billion in the United States alone. A recent
economic analysis of 10 vaccines for 94 low- and middle-
income countries estimated that an investment of $34 bil-
lion for the immunization programs resulted in savings of
$586 billion in reducing costs of illness and $1.53 trillion
when broader economic benefits were included (5). The
only human disease ever eradicated, smallpox, was

eradicated using a vaccine, and a second, polio, is near
eradication, also using vaccines (6, 7).

Vaccines not only provide individual protection for
those persons who are vaccinated, they can also
provide community protection by reducing the spread
of disease within a population (Fig. 1). Person-to-
person infection is spread when a transmitting case
comes in contact with a susceptible person. If the
transmitting case only comes in contact with immune
individuals, then the infection does not spread be-
yond the index case and is rapidly controlled within
the population. Interestingly, this chain of human-to-
human transmission can be interrupted, even if there
is not 100% immunity, because transmitting cases do
not have infinite contacts; this is referred to as “herd
immunity” or “community protection,” and is an im-
portant benefit of vaccination.

Mathematical modelers can estimate on average
how many persons the typical transmitting case is
capable of infecting if all of the contacts were susceptible
(i.e., a population of 100% susceptibility). This number is
known as Ry, or the basic reproductive number. The
immunity threshold needed within the population for
terminating transmission can be calculated in percent
as (Ry — 1)/Ro x 100 and is a guide to setting immunity
levels and vaccination coverage targets for various
diseases (8). For example, measles is one of the most

Table 1. Comparison of 20th century annual morbidity and current estimates vaccine-

preventable diseases

20th Century annual 2016 Reported Percent
Disease morbidity (2) cases (3) decrease (%)
Smallpox 29,005 0 100
Diphtheria 21,053 0 100
Measles 530,217 69 >99
Mumps 162,344 5,311 97
Pertussis 200,752 15,737 92
Polio (paralytic) 16,316 0 100
Rubella 47,745 5 >99
Congenital rubella syndrome 152 1 99
Tetanus 580 33 94
Haemophilus influenzae 20,000 22* >99

*Haemophilus influenzae type b (Hib) < 5y of age.
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Fig. 1. (A) A highly susceptible population in which a transmitting case is likely to come in contact with a susceptible
person leading to a chain of person-to-person transmission. (B) A highly immune population in which a transmitting case
is unlikely to come in contact with a susceptible person, thereby breaking the chain of transmission and achieving

indirect protection of remaining susceptibles because they are not exposed.

contagious of vaccine-preventable diseases, with an es-
timated immunity threshold of 92-94%. In contrast, the
protection threshold for rubella is estimated at 83-85%.
Thus, eliminating rubella transmission is easier than mea-
sles, and when there are gaps in immunization coverage
leading to accumulation of susceptibles, measles is often
the first vaccine-preventable disease identified. Because
of community protection induced by vaccines, persons
who cannot be vaccinated (e.g., have contraindications
or are younger than the age for whom vaccines are rec-
ommended), as well as persons who fail to make an
adequate immune response to the vaccine (although
most vaccines are highly effective, they are not 100%
effective), can be protected indirectly because they are
not exposed (Fig. 1). Thus, for most vaccines, achieving
high levels of coverage is important not only for individ-
ual protection but in preventing disease in vulnerable
populations that cannot be directly protected by vacci-
nation. This provides the rationale for interventions to
achieve high population immunity, such as removing
barriers that may prevent access to vaccines (e.g., pro-
viding recommended vaccines without cost), as well as
mandates for immunization requirements for attending
school (9). There are many reasons why vaccinations may
not be received as recommended. One extreme is out-
right opposition to vaccines. Probably even more com-
mon may be that making the effort to receive vaccines
(e.g., making the healthcare visits at the appropriate time
so vaccines can be administered) may be a low priority
compared with other issues, so in the absence of having
a mandate for vaccination, other things take priority.
Thus, appropriate mandates could help in making vacci-
nation a priority for all (10).
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It's often said that vaccines save lives, but this is not
strictly true; it is vaccination that saves lives. A vaccine
that remains in the vial is 0% effective even if it is the
best vaccine in the world. Thus, itis imperative that we
all work together to assure that a high level of cover-
age is obtained among populations for whom vac-
cines are recommended. In some sense, vaccines
have become victims of their own success. Diseases
that once induced fear and sparked desire for vaccines
are now rare, and there is a false and dangerous sense
of complacency among the public.

In addition, in recent years, growing numbers of
persons have become hesitant about vaccines, fearing
side effects and not appreciative of the enormous
health and economic benefits that vaccines provide. A
CDC report on 159 measles cases reported between
January 4 and April 2, 2015, showed that 68 United
States residents with measles were unvaccinated, and
of these 29 (43%) cited philosophical or religious
objections to vaccination (11). A 2014 national web-
based poll of parents in the United States estimated
that 90.8% (89.3-92.1%) reported accepting or plan-
ning to accept all recommended noninfluenza child-
hood vaccines, 5.6% (4.6-6.9%) reported intentionally
delaying one or more, and 3.6% (2.8-4.5%) reported
refusing one or more vaccines (12). A national survey
of pediatricians in the United States reported that the
proportion of pediatricians reporting parental vaccine
refusals increased from 74.5% in 2006 to 87.0% in
2013 (13). A 67-country survey on the state of vaccine
confidence reported an average of 5.8% of respon-
dents globally were skeptical about the importance
of vaccines, with that proportion rising to more than

Orenstein and Ahmed


www.pnas.org/cgi/doi/10.1073/pnas.1704507114

L T

/

1\

15% in some countries (14). One of the major concerns
in recent years has been the allegations that vaccines
can cause autism. There are three major theories ad-
vanced on the role of vaccines in causing autism: (i)
measles, mumps, rubella vaccine (MMR); (ii) thimero-
sal, an ethyl mercury containing preservative in many
vaccines in the United States in the past, now mostly
out of vaccines recommended for children; and (iii)
too many vaccines (15). There have been multiple
well-conducted studies and independent reviews of
those studies by the Institute of Medicine (now the
National Academy of Medicine) that do not support
a role for vaccines in causing autism (16). Indepen-
dent evaluation of the safety of the immunization
schedule has found it to be extremely safe (17).
However, translating the science into information
capable of influencing vaccine skeptics has been
difficult.

The National Vaccine Advisory Committee (NVAC)
in the United States issued a report in 2015, with
23 recommendations to assure high levels of
vaccine confidence (18). The recommendations have
five focus areas: (i) measuring and tracking vaccine
confidence, (ii) communication and community strat-
egies to increase vaccine confidence, (iii) healthcare
provider strategies to increase vaccine confidence,
(iv) policy strategies to increase vaccine confidence,
and (v) continued support and monitoring of the state
of vaccine confidence. Critical to assuring confidence

is evidence-based research to evaluate which inter-
ventions are most effective. The NVAC recommended
that a repository of evidence-based best practices for
informing, educating, and communicating with par-
ents and others in ways that foster or increase vaccine
confidence be created. And while we have focused on
children, vaccine preventable diseases exact a sub-
stantial health burden in adults and immunization cov-
erage rates for most recommended vaccines are
substantially lower for adults than those achieved for
recommended vaccines in children. Thus, there is
need not only in enhancing immunization rates in chil-
dren but also in adults.

In summary, vaccines are some of the most effective
and also cost-effective prevention tools we have. But
vaccines that are not administered to persons for whom
they are recommended are not useful. It is incumbent
upon all of us who work in the healthcare setting, as well
as community leaders, to stress to our friends and
colleagues the importance of vaccination both for the
individual vaccinated as well as for the communities in
which the individuals live. Also critically important, there
remains an urgent need for greater emphasis on re-
search to develop vaccines for global diseases for which
vaccines either do not exist or need improvement.
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