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PERSPECTIVE

Life-course immunization as a gateway to health
Roy K. Philip a, Katie Attwellb, Thomas Breuerc, Alberta Di Pasqualec and Pier Luigi Lopalcod
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Hospital, Limerick, Ireland; bSchool of Social Science, University of Western Australia, Perth, Australia; cMedical Department, GSK, Wavre, Belgium;
dDepartment of Translational Research on New Technologies in Medicine and Surgery, University of Pisa, Pisa, Italy

ABSTRACT
Introduction: Extending the benefits of vaccination against infectious diseases from childhood
throughout the entire life-span is becoming an increasingly urgent priority in view of the world’s
aging population, emergence and reemergence of infectious diseases, and the necessity to invest more
on prevention versus cure in global healthcare.
Areas covered: This perspective discusses how life-course immunization could benefit human health at
all stages of life. To achieve this, the current vaccination paradigm should be changed and all
stakeholders have a role to play.
Expert commentary: To enhance immunization confidence in the population, it is essential that stake-
holders eliminate complacency toward infectious diseases, improve vaccination convenience, remove
barriers among different healthcare specialties, and address prevention as a single entity. They must also
consider societal and cultural mindsets by understanding and including public viewpoints. A new “4Cs’
model encompassing convenience, confidence, complacency, and cultural acceptance is proposed to
convert ‘vaccine availability’ to ‘vaccination acceptance’ throughout life. Life-course vaccination should
become the new social norm of a healthy life-style, along with a healthy diet, adequate physical exercise,
and not smoking. We are ‘all in’ to make life-course immunization a gateway for all people to lead longer,
healthier lives.
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1. Introduction

Due to a combination of factors, including increasing life-span
and decreasing birth rates, the world’s population is aging [1].
Disease prevention strategies are urgently needed to maintain
the health and independence of this aging population.
Vaccination is one of these strategies. It is considered one of
the ten most effective public health achievements [2] and vac-
cines are estimated to save 2–3million lives each year worldwide
[3]. Public perception of vaccination is commonly associatedwith
preventing diseases of infancy and childhood and, although
pediatric vaccination remains crucial, it can no longer be the
only focus of vaccination programs, since there remains a sig-
nificant, unaddressed burden of these diseases in adults [4].
Indeed, protection needs to be expanded to older age groups
as new diseases are emerging (e.g. Zika virus) and old diseases
are reemerging (e.g. measles and pertussis) in adults, and
because of the growing necessity of healthcare systems to invest
more in prevention rather than treatment if they are to remain
effective in the face of an aging population.

Life-course immunization is the concept of vaccination pro-
viding protection and health benefits to people throughout their
lives, at different stages and circumstances. This need to extend
the benefits of vaccination beyond childhood has captured the
attention of physicians and policymakers as part of a global
interest in disease prevention as a means of improving health

and reducing healthcare costs. Whereas most vaccines have
been developed primarily for children, vaccines against a wide
range of pathogens are available for use in adolescents, pregnant
women, adults, older adults, and travelers (Figure 1). In addition
to licensed vaccines, the vaccine industry is gaining momentum
as new vaccines are being developed to address unmet needs
against challenging pathogens and to prevent disease in specific
populations, such as pregnant women and individuals with
immunocompromising conditions or comorbidities.

The purpose of this perspective is to discuss how life-
course immunization can benefit human health throughout
life and why all stakeholders have a role to play in changing
the current paradigm. To reduce the growing burden on
healthcare systems, vaccination needs to become part of the
new social norm of a healthy lifestyle, as is screening of
chronic diseases, healthy diet, physical exercise, and not smok-
ing. To achieve this paradigm change, we need to remove the
barriers to life-course vaccination among different healthcare
specialties and listen to the public in order to understand and
address their questions and concerns about vaccines.

2. Why is life-course immunization needed?

In addition to infants and children, healthy adolescents or
adults may also need to receive vaccine booster doses or
complete their vaccination schedule so that protection against
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infectious diseases can continue into adulthood. Such indivi-
duals may also need new vaccinations due to their occupation
or travels. Specific populations such as older adults, pregnant
women, and individuals with chronic or immunocompromis-
ing conditions require additional strategies to prevent or
reduce the substantial morbidity and mortality caused by
vaccine-preventable diseases [5].

2.1. Older adults

Given that life expectancy is increasing worldwide, improving
the health and quality of life of older adults has become an
important issue. By 2030, almost 1 billion people will be over
65 years of age and, for the first time in history, this age group
will outnumber children below the age of five [1]. In 2002, the
World Health Organization (WHO) developed a policy frame-
work on ‘active aging’ to promote interventions that improve
health throughout life [6].

Many infectious diseases (e.g. seasonal influenza, pneumo-
coccal disease, and herpes zoster) have their greatest inci-
dence and/or severity in older adults [7]. This is usually
because comorbidities and immunosenescence (age-asso-
ciated progressive dysregulation and dysfunction of the
immune system) are more frequent in this population [8].
Infectious diseases in older adults may also worsen existing
comorbidities and accelerate the loss of functionality, increase
frailty, and hasten death [9,10]. Furthermore, due to the suc-
cess of childhood vaccination programs, the burden of some
infectious diseases has greatly decreased in children, shifting
the bulk of the disease burden to older age groups. As a result,
in regions such as Europe with good vaccine coverage in
children, tetanus and diphtheria are now primarily seen in
unvaccinated older adults [11].

Because infectious diseases are an important cause of mor-
bidity and mortality in older adults, disease prevention
through vaccination is an effective means of promoting
healthy aging [12]. Following the WHO, several health autho-
rities have launched healthy aging programs that encourage
older adults to remain healthy, active, and independent for as

long as possible [6,9,10,13–15]. Notably, in April 2017, the
WHO’s annual European Immunization Week focused on the
importance and benefits of immunization at every stage of life
under the slogan ‘#VaccinesWork’ [16]. As the WHO recog-
nizes, this is a global problem – some low and middle-income
countries are already facing similar questions over aging
populations as high income countries but must deal with it
under even more constrained circumstances. For these coun-
tries, effective vaccination – which is one of the most cost
effective of all health interventions – is likely to play an even
more important role. However, so far, most data on adult
burden of vaccine-preventable diseases and on interventions
to deal with it come from high-income countries. These obser-
vations will be the focus of the following discussion – but it
should be remembered that a paradigm shift in attitudes is
needed to get the most out of life-course vaccination.

The first moves in this direction can already be seen. In
Italy, to contain disease resurgence and reverse the trend
toward lower vaccination rates, a life-course immunization
approach was implemented in the 2017–2019 national vacci-
nation plan, with childhood, adolescent, adult, and older adult
vaccinations all being prioritized [17]. This was put in place
after extensive internal discussion between different health
specialties and public health bodies making Italy one of only
a few countries to explicitly make life-course vaccination a
priority [18–20]. While other countries (e.g. France, or
Australia) have recently taken action to boost vaccination, by
launching national consultations or mandating consequences
for refusing vaccination, the primary focus has remained
within pediatric vaccination programs [21,22].

Several vaccines are recommended for adults, depending on
age, underlying medical conditions, vaccination history, treat-
ments, occupation, or planned travels, but these recommenda-
tions differ between countries [5,23]. Although many countries
consider a person to be elderly when they have reached 65 years
of age, this view is often disputed because of improving life
expectancy, quality of life, and level of occupation within an
older population. There is considerable variation among countries
in defining older adults, elderly, geriatrics, or frail elderly [24,25].
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Figure 1. Licensed vaccines support immunization for all age groups. BCG, Bacillus Calmette Guérin; HPV, human papillomavirus.
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The WHO recommends annual vaccination with the seasonal
inactivated influenza vaccine for persons aged ≥ 65 years [26]. In
the United States, the Advisory Committee on Immunization
Practices recommends influenza, tetanus-diphtheria or tetanus-
diphtheria-pertussis (Tdap), herpes zoster, and pneumococcal vac-
cines for this age group [27,28]. In Australia and the United
Kingdom, influenza, herpes zoster, and pneumococcal vaccines
are provided free to older adults [29,30]. All countries in the
European Union and the European Economic Area recommend
seasonal influenza vaccination to older age groups, with the age
ranging from ≥ 50 to ≥ 65 years [31].

In addition to increasing the susceptibility to infections, the
gradual deteriorationof the immune systembrought onbynatural
age advancement, known as immunosenescence, can also reduce
effectiveness of some vaccines [8]. For instance, the efficacy of the
live attenuated herpes zoster vaccine decreases with age. It is 70%
in adults aged 50–59 years, 64% in adults aged 60–69 years, 41% in
adults aged 70–79 years, and 18% in those aged≥ 80 years [32,33].
Consequently, there is a need for specifically designed vaccines to
overcome immunosenescence in older adults. In one such case, a
new adjuvanted subunit vaccine has been developed specifically
for older adults to prevent herpes zoster and its complications. Its
efficacy in preventing herpes zoster does not appear to decrease
with increasing age [34,35].

2.2. Pregnant women

The strategy of maternal immunization is a three-pronged
approach to enhance protection of mothers, their unborn
children, and young infants in their first months of life by
increasing the concentrations of maternal antibodies that
can pass through the placenta [36,37]. This approach is not
new but has recently gained more attention from both the
general population and healthcare professionals. The reasons
for it include the success of reducing neonatal tetanus by
vaccinating women during pregnancy, reducing pertussis
cases in infants in the first few months after birth, and the
positive effect of seasonal and pandemic influenza immuniza-
tion for both mothers and children [36].

In 2012, the WHO recommended that all pregnant women
receive influenza vaccination regardless of the stage of preg-
nancy, and identified pregnant women as the highest priority
group for countries considering to initiate or expand seasonal
influenza vaccination programs [26]. Currently, inactivated influ-
enza, tetanus, and pertussis vaccines are recommended during
pregnancy in several countries [38]. A growing body of evidence
suggests that maternal immunization has an acceptable safety
profile, is well tolerated, and is effective in pregnant women and
their infants [36,39]. New vaccines are also being developed for
maternal immunization to prevent neonatal infectious diseases
such as respiratory syncytial virus (RSV) and group B streptococ-
cus (GBS), for which no vaccines are currently available [36].

2.3. Adolescents, adults, and travelers

Adolescents require additional protection because of the nat-
ural peak in incidence of meningococcal disease, the risk of
sexually transmitted HPV, and the need to extend protection
against pertussis derived from childhood vaccinations [40].

United Kingdom has one of the highest annual incidence
rates of meningococcal disease in Europe, with more than a
third of cases occurring in people ≥ 10 years of age [41].
Overall, the case fatality rate of meningococcal B disease was
4.2% but it was more than twice as high in teenagers and
adults than in infants [41]. In many countries, meningococcal
and human papillomavirus (HPV) vaccines and Tdap boosters
are recommended for adolescents and, in some of them, also
in adults [42]. For travelers, pre-travel immunization with vac-
cines such as hepatitis A, yellow fever, typhoid fever, and
quadrivalent meningitis ACYW135 vaccines may be recom-
mended, or even required, depending on the destination
and the activities planned.

2.4. Emerging and reemerging diseases

Whereas some vaccines induce life-long immunity, others do
not, and require additional doses or regular boosters.
Notable examples of the latter include tetanus, diphtheria,
and pertussis vaccines [43–45]. Ideally, all individuals should
receive priming doses of tetanus and diphtheria toxoid-con-
taining vaccine in childhood, followed by regular boosters
during adulthood to provide long-term protection. Influenza
vaccination is recommended annually because the viruses in
circulation frequently change and because protective immu-
nity is of short duration [46]. Measles outbreaks due to
incomplete coverage for the first or the second vaccine
dose are becoming more and more frequent in adolescents
and young adults. These outbreaks have impacted the
WHO’s objectives to reduce global measles mortality by
95% from the 2000 estimate and to eliminate measles in
five out of six WHO regions before 2020 [47]. Between 2000
and 2015, measles vaccines administered through routine
immunization programs worldwide decreased estimated
measles mortality by 84% and prevented an estimated 20.3
million deaths [48]. Pertussis vaccination is another example
in which regular boosters are now needed in adults and
older adults because the protection obtained either from
the disease or from vaccination is not life-long. Also, the
new threats caused by Zika, Ebola, and pandemic influenza
viruses have shown how needs for immunization may be
changing.

2.5. Community immunity

To interrupt virus or bacteria circulation in a given population,
high vaccination coverage (typically > 90–95%) is needed [49].
When the vaccination rate drops below this threshold, pre-
ventable infectious diseases may reappear. This has been
recently illustrated by measles outbreaks in several regions
of the world. From 2014 to 2015, the number of reported
measles cases increased by 33% in Africa, 18% in the Eastern
Mediterranean region, and 83% in Europe [48].

The phenomenon generally known as herd immunity
occurs when a sufficient proportion of a population is immune
to an infectious disease (through vaccination or natural infec-
tion), which prevents its spread from person to person [50,51].
Thus, the benefits of vaccination programs can extend beyond
the target population to include unvaccinated individuals,
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such as newborns and immunocompromised individuals, who
are conferred some protection because the disease has little
opportunity to spread within the community [51]. This indirect
effect has been illustrated by the decrease in invasive pneu-
mococcal disease in adults aged ≥ 65 years after pneumococ-
cal conjugate vaccines were introduced into childhood
immunization programs [52,53]. However, for some people
who question the efficacy and safety of vaccines, the term
‘herd immunity’ may invoke the idea that people who get
vaccinated are ‘mindless sheep’ who follow the recommenda-
tions of governments, pharmaceutical companies, or physi-
cians, without thinking [54]. Instead, we favor the use of the
term ‘community immunity’ [49,50], which conceptualizes vac-
cine acceptors as a group of people who value vaccination for
themselves and for others [55]. It is therefore imperative that
the community immunity protections offered by routine
immunization programs are not eroded by the factors affect-
ing vaccine uptake that we explore in the next section.

3. Current barriers to life-course immunization

Health recommendations worldwide are increasingly addres-
sing the topic of life-course immunization. However, lack of
knowledge of the benefits of adult vaccination, low vaccine
coverage, lack of confidence, and limited convenience remain
major hurdles in most countries, contributing to poor vaccina-
tion coverage among pregnant women, adults, and older
adults. In Europe, the fact that the vaccines recommended
for adults vary by country is another factor that may confuse
healthcare providers (HCPs) and the general public regarding
the necessity to vaccinate. In less developed countries glob-
ally, health systems’ capacities to implement life-course immu-
nization is stymied by a lack of economic, social, and
governance resources. In such contexts, childhood vaccination
programs remain the oldest, most visible and most well-
known intervention, potentially limiting the rollout of schemes
for adults. However, institutions like WHO, are already looking
at a road-map on how to integrate the life-course approach to
better sustain their healthy aging programs for adults world-
wide [56].

3.1. Complacency

The past successes of vaccination programs have virtually
eliminated most vaccine-preventable infectious diseases in
industrialized countries (e.g. tetanus, diphtheria, and polio),
and these diseases have rarely resurfaced in decades. These
successes have, however, contributed to vaccination compla-
cency in these countries [57,58]. Perception of the risk of
infectious diseases has diminished, while attention to poten-
tial adverse effects of vaccines has been amplified in a society
that expects zero risks from medical interventions. For this
reason, some people now fear the risk of vaccination more
than the risk of disease [42]. Moreover, many do not perceive
the need for vaccines and do not value vaccination, potentially
leading to vaccine hesitancy or refusal. Social science may thus
help propose strategies to address complacency. For instance,
influenza vaccination rates in adults increased by 4% when a
‘nudge’ was used to influence the opportunity of action of the

individuals. This nudge consisted of a mailed reminder that
included a prompt to get vaccinated [59].

3.2. Vaccine hesitancy and refusal

A WHO Strategic Advisory Group of Experts (SAGE) working
group has defined vaccine hesitancy as a delay in acceptance
or refusal of vaccination despite availability of vaccination
services [57]. They explain that vaccine hesitancy is influenced
by factors such as complacency (people may not perceive a
need for a vaccine), convenience (vaccine accessibility or sim-
plicity of the ‘vaccination journey’), and confidence (people
may not trust vaccines or providers), represented in the ‘3Cs’
model [57]. However, hesitancy as it is generally understood is
not the only, or often even the major barrier to vaccination.
Cost, accessibility and social norms also can play major roles.
We therefore advocate that the term ‘vaccine hesitancy’ be
applied only to individuals who are undecided and not to
logistical or opportunity-related factors [60]. Although vaccine
hesitancy has existed since the advent of vaccines, it is now
supported and amplified by information easily available on
the internet. Indeed, the Internet and social networks have
recently emerged as important providers of health information
for the general public and are challenging traditional sources
of medical education and advice, such as physicians [61,62].
‘Dr. Google’ and social media are thus changing the way
people make decisions and prepare for medical appointments
[58,61,63]. The anti-vaccine lobby is firmly entrenched in the
internet and increasingly competes with the influence of the
medical community and public health authorities who have
evidence-based information to share [64–67]. This ‘post-truth’
movement [68] is likely responsible for much vaccine hesi-
tancy. Post-truth relates to circumstances in which people
are more likely to accept an argument based on their emo-
tions and beliefs, rather than one based on facts. People do
not rely only on HCPs or health authorities to make their
choice but also on what they read on the internet, what
they discuss with friends and their community. Of course,
dialogue is still part of medical practice but people have
become the central actors regarding decision-making about
their own health, and the displacement of medical expertise
within this paradigm is a concern.

3.3. Free-riding

Vaccination has both individual and collective benefits. The
collective benefits derive from community immunity [69].
However, high vaccination coverage may encourage ‘free-rid-
ing’, in which people who do not contribute to the collective
effort still benefit from it without any potential adverse events
of vaccination [70]. This means that vaccine-rejecting parents
may be able to make their vaccination decisions without fear
that their children are at risk of catching the diseases.
Qualitative studies in industrialized countries have found that
some parents made their decisions not to vaccinate in part
because they could rely on community immunity [71,72].
Some of these free-riders see the collective effort as some-
thing that is authoritarian and controlling and against an
individual’s choice and freedom [73]. This may lead to
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suboptimal vaccine coverage in the community, and therefore
a higher risk of disease for all. Although they are not trying to
harm anybody, people who choose not to be vaccinated put
both themselves and others in their community at risk by not
contributing to community immunity.

Other individuals may also choose not to be vaccinated
based on what others do (i.e., bandwagoning) [74]. This phe-
nomenon can lead to clusters of unvaccinated individuals that
facilitate local outbreaks of infectious diseases despite high
overall vaccination coverage [75].

3.4. Low vaccine coverage

Vaccines have dramatically decreased morbidity and mortal-
ity from infectious diseases in children, but they have not
had the same impact in adults so far, primarily due to low
vaccine uptake or low vaccine effectiveness, as observed for
influenza and pneumococcal vaccines [23,76–78]. In 2015,
69% of US adults aged ≥ 65 years had received an influenza
vaccine in the previous 12 months and only 34% had
received the herpes zoster vaccine [79]. In Italy, < 50% of
adults aged ≥ 65 years were vaccinated during the
2014–2015 influenza season, despite availability of the vac-
cine free of charge [80]. European national surveys suggest
that improved understanding of barriers to influenza vacci-
nation is needed to increase vaccine uptake and reverse
negative trends [81]. Although influenza and Tdap vaccines
are recommended for all pregnant women in the United
States, coverage rates remain low at around 53% for each
vaccine [82,83]. Among US adolescents, 88% received a Tdap
booster but only 39% received their second meningococcal
vaccine dose and only 43% were up to date with the HPV
vaccination series [84].

Incomplete or delayed vaccination reduces community
immunity and allows diseases to reemerge, as illustrated by
recent measles outbreaks in Europe and the United States
[85,86]. Measles is one of the most contagious diseases of
humans but it is preventable and can be eliminated by vacci-
nation. A second vaccine dose, usually provided in the second
year of life or at school entry, is needed to protect children
who might not have developed protective immunity after the
first dose [47]. In 2015, the worldwide coverage was estimated
as 85% for the first measles vaccine dose but only 64% for the
second dose, with disparities between world regions [87].
Tetanus and diphtheria are other examples. The WHO recom-
mends a primary vaccination series against tetanus and
diphtheria during childhood and regular booster vaccinations
throughout life [43,45] and many countries recommend these
vaccines throughout adulthood, sometimes in combination
with pertussis vaccine [11,28]. However, coverage rates remain
below 75% [23]. The classical approach used so far has not
achieved high vaccine coverage in adolescents and adults
(Figure 2); thus, additional strategies are needed so that tod-
dlers, adolescents, and adults complete their vaccination
courses or receive the necessary boosters.

The leading causes of low vaccine uptake are poor access
due to lack of resources or appropriate infrastructures, and
lack of vaccine knowledge in the general public and in HCPs
[88]. Many HCPs do not actively encourage vaccine use in

adulthood, even if they acknowledge its value [77,89].
However, HCP attitude toward vaccination is perhaps the
strongest influence on the decision-making of parents and
patients [90], as suggested by studies performed in the
United States [82,91,92], the United Kingdom [93], and
Australia [94,95]. In one study that evaluated factors asso-
ciated with influenza vaccine uptake in pregnant women, the
main reason cited for receiving the vaccine was recommenda-
tion from a general practitioner, whereas non-recommenda-
tion and lack of knowledge were cited as the main reasons for
not receiving the vaccine [95].

In addition to not encouraging vaccination among their
patients, some HCPs do not receive vaccines themselves. HCPs
are at high risk of not only acquiring but also transmitting infec-
tions through continual contact with patients and other HCPs
[96,97]. Consequently, vaccination of HCPs in hospitals and ger-
iatric settings is an important measure to control transmission of
infectious diseases. However, vaccination coverage is often low
among HCPs despite vaccination recommendations being in
place for more than three decades in many countries [98]. In
the United States, the vaccination coverage rate among HCPs
was 42% for Tdap in 2014 and 79% for seasonal influenza vaccine
during the 2016–2017 season [99,100]. Notably, the most fre-
quent reason for HCPs not receiving vaccine was fear of adverse
events [101], underlining the need to better inform and educate
HCPs on this matter. However, it is reassuring to see that targeted
quality improvement initiatives can modify the HCP behavior
and increase Tdap uptake from 58% to 90% over an 18-month
period [102].

3.5. Challenges in vaccinating special populations

Historically, randomized controlled trials were designed to
recruit a homogenous group of healthy subjects, from which
pregnant women, subjects with chronic conditions, and frail
subjects were systematically excluded [103]. Currently, health
authorities are requesting that clinical trials also be performed
in these susceptible populations to gather specific data on
immunogenicity, efficacy, and safety. For clinical trials in
older adults, segmenting studies according to the frailty
index [104] could help generate useful data on the impact of
vaccination based on the subjects’ different baseline condi-
tions [103]. Obtaining more specific data in special popula-
tions could help optimize policies and recommendations.

Most current vaccines indicated for adults are not specifically
indicated during pregnancy because they were not studied in
pregnant women in prelicensure trials [105]. However, many
post-licensure studies have evaluated vaccine safety and effec-
tiveness in pregnant women. These studies have shown that
many currently available vaccines have a favorable benefit-risk
profile in pregnancy, for both mothers and infants [36,105].
Based on these results, the WHO and an increasing number of
health authorities worldwide recommend maternal immuniza-
tion against influenza, tetanus, and pertussis [36]. Nevertheless,
HCPs and pregnant women are still cautious about any inter-
vention including vaccines during pregnancy [106]. The situa-
tion has changed in recent years, several new candidate
vaccines are specifically being developed for pregnant
women, and clinical trials are increasingly being conducted in
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pregnant women to ensure, before licensure, that vaccine can-
didates are effective and well tolerated in this population and
that these vaccines, once licensed, are indicated for this parti-
cular population. Unfortunately, enrolment into such trials is
often low because of concerns from both HCPs and pregnant
women due to this old paradigm of not vaccinating in a ‘vul-
nerable population,’ suggesting more education and awareness
initiatives are needed. Another option states can consider is to
increase mandatory vaccines for workers in key public-facing
sectors in order to protect the health of those with whom they
interact.

4. Improving vaccination culture requires a
paradigm shift

4.1. Pediatricians as ambassadors of vaccine culture

Concerns about vaccination reflect the perceptions of vaccina-
tion in specific cultures. Medical anthropologists have identi-
fied local ‘vaccination cultures’ in diverse settings around the
globe [107]. Vaccination acceptance depends on local context,
which may be influenced by health practices, knowledge and
beliefs about vaccination, and past experiences with vaccina-
tions. In today’s world, we suggest that a cohesive vaccine
culture should emerge, with an important role afforded to
pediatricians and public health officers, the individuals who

are historically most involved with vaccinations, plus general
practitioners, because they are closest to the individuals and
families in most healthcare systems. Using an interdisciplinary
perspective, we have the capacity to enhance and extend this
culture to other health professionals and the public in order to
build support for vaccination at all stages of life regardless of
cultural differences in healthcare systems and societal
structures.

While there are inevitably national and regional differences,
in general the culture and knowledge of vaccines and vaccina-
tion are mostly restricted to pediatricians, general practitioners
and public health officers. These key players are, therefore, the
logical gateways to discussions on life-course immunization
with families and other HCPs such as geriatricians, obstetri-
cians-gynecologists, cardiologists, pharmacists, nurses, and
midwives. In some countries, the role of specialists may be
less, while other HCPs such as health visitors and vaccination
teams already playing an expanded role in vaccination advo-
cacy. Because communication about the importance of vacci-
nation, vaccine safety, and efficacy is complex and sometimes
controversial, it warrants innovative solutions that must be
tailored to local conditions. Such solutions should start with
mutual respect and accounting for the needs, concerns, and
underlying motives of patients, parents, and physicians [108].
Involving other HCPs besides pediatricians and general practi-
tioners will be essential for reaching out to older populations

Figure 2. Booster vaccination may be required for some vaccine preventable diseases. © Comic House Amsterdam BV. Used with permission.
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and for sending clear messages to the public. Interprofessional
collaboration in education and practice was identified as an
innovative strategy by the WHO and its partners in diminish-
ing the challenges faced by global health systems [109].
Successful collaboration between different medical societies
has already led to the new life-course vaccination plan in
Italy [17]. We therefore propose that pediatricians and general
practitioners become ambassadors of vaccination culture
toward other HCPs and families, so that vaccination becomes
part of a healthy lifestyle at all ages, like other preventive
measures. Pediatricians and general practitioners liaise with
obstetricians, community midwives, and neonatal teams on a
fairly regular basis and are well placed to pursue the transfer-
ability of vaccination expertise to their fellow professionals.
Discussion on immunization with parents and the extended
family during a pediatric consultation would be an inclusive
approach to communicate the importance of life-course
immunization in day-to-day clinical practice. Moreover, public
health professionals should catalyze the cultural and profes-
sional exchange of knowledge between different sectors of
the healthcare system. Breaking the barriers (i.e. the silos)
between different prevention services and programs may
allow a better implementation of interdisciplinary activities.
As an example, communication on vaccination could be part
of a smoking-cessation program as well as other programs,
such as promoting physical activity in older adults or fighting
obesity among adolescents.

4.2. Improving vaccine convenience

Vaccination coverage rates are generally much lower for
adults than for children [11,23,76]. A frequent cause of low
vaccine uptake in adults is poor accessibility due to lack of
resources or appropriate infrastructures, or a complex vaccina-
tion ‘journey’ that discourages individuals from completing it
[88]. Depending on the healthcare system, reimbursed or free-
of-charge vaccinations and well-designed delivery systems are
needed to improve vaccine convenience. One way to increase
vaccine access for adults is by providing vaccination in the
workplace and at the pharmacy, as tested for influenza vacci-
nation [110,111]. Recall or reminder programs (e.g. by phone
calls, text messages, or postcards) have been shown to
increase vaccination rates [59,112]. According to the nudge
theory, small improvements in the way vaccinations are sched-
uled could increase the likelihood of adults getting vaccinated
[59]. Therefore, governments, policymakers, and HCPs should
work together to find creative ways to ensure vaccines are
more easily available for all.

The pharmaceutical industry, which is involved in the entire
vaccination process, should also ensure, together with govern-
ments and health authorities, that appropriate vaccines are avail-
able, with improvements such as combinations with other
vaccines, fewer doses, ease of administration, and affordability
for the targeted populations. Therefore, health outcome assess-
ments are increasingly considered to support vaccine recom-
mendation and procurement negotiations. An adequate
vaccine supply is another important determinant for successful
vaccination campaigns. This requires a continuous conversation
between manufacturers, health authorities, and providers to

make sure supply forecasts are reliable and sustainable in view
of the complexity and length of the vaccine manufacturing and
delivery process.

4.3. Addressing vaccine uptake by understanding and
including public viewpoints – a new ‘4Cs’ model

Although widespread vaccine hesitancy is an important hurdle
to attaining optimal vaccination coverage, it is far from being
the only obstacle: other factors such as accessibility and public
health support may be as important or more important [60].
Nonetheless, in terms of changing perception and support for
vaccination it cannot be ignored. Existing scholarship argues
that health stakeholders need to act on three levels, repre-
sented in the ‘3Cs’ model: confidence, complacency, and con-
venience [57]. They need to enhance the population’s
confidence about vaccines, remove the complacency about
infectious diseases, and improve convenience by ensuring
vaccines are affordable and easily available. We have sug-
gested that convenience factors should not be included with
hesitancy and prefer to frame the ‘Cs’ model as providing
ways of addressing vaccine uptake. We propose that a fourth
‘C’ for ‘cultural acceptance’ should be added to this toolkit,
producing a ‘4Cs’ model to enhance uptake (Figure 3). Being
mindful of cultural aspects could be an important aspect in
converting ‘vaccine availability’ to ‘vaccination acceptability’.
Patients’ or parents’ vaccination uptake often derives from a
mix of sociocultural, religious, psychological, and political fac-
tors in addition to scientific and economic factors [113,114]. In
Nigeria and Pakistan, implementation of polio vaccination
campaigns have been hampered by rumors circulated by
some political and religious leaders who claimed that the
oral polio vaccine was contaminated with pork (the consump-
tion of which is forbidden by Islam) or HIV or could cause
sterilization in those vaccinated [115,116]. Better understand-
ing of the cultural specificities of the target population is
therefore necessary to sustain or restore confidence in vac-
cines [113].

Several specific measures could help limit vaccine hesitancy.
Appropriate communication strategies toward at-risk popula-
tions and HCPs should be implemented. Transparent and timely
communication to the media and general public about vaccine
safety and efficacy should be a core responsibility of HCPs [117].
Regular proactive communication on the role of vaccines in the
disappearance of certain infectious diseases would also help
fight complacency [118]. To help national health authorities in
this task, the WHO has provided a series of documents to build
and restore confidence in vaccines and vaccination, both when
infectious diseases are under control and during crises [119].
These documents present the scientific evidence behind the
WHO’s recommendations and provide practical guidance for
specific situations. Adapting the communication and language
to the current evolution of societal dynamics and preferences is
also pivotal. Using cartoons or comics may be an innovative
strategy to attract attention and curiosity, or to demystify vacci-
nation concepts for the general public. Compared to text-based
flyers, comics were shown to have positive effects on adult and
teenage attitudes toward the scientific concepts underlying
infectious diseases and vaccination [120,121]. The general tone,
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format, and language of communications need to be adapted to
harness the current behavior change strategies available in our
society to make a difference. This is why behavioral science is
increasingly considered in the implementation of preventive
measures, including immunization [72,122].

Because vaccine decisions are likely to be influenced by
social contacts, the trends of free-riding and bandwagoning
can have negative epidemiological effects. Policy makers must
therefore understand the causes, magnitude, and implications
of these behaviors for disease control. Potential responses to
free-riding include making exemptions to mandatory vaccines
for religious or philosophical objections more difficult, provid-
ing incentives to vaccinate, and restricting unvaccinated chil-
dren’s participation in social activities [70,123], Policymakers at
national and sub-national levels of government in a range of
international settings are introducing such strategies. For
example, while Italy’s new National Vaccine Plan focuses on
a range of factors pertinent to life-course immunization, the
introduction of financial penalties for parents who do not
vaccinate their children directly addresses parents’ contribu-
tion to community immunity. Early indications that the policy
was driving the uptake of catch-up vaccines invite close atten-
tion, as the new government has now weakened the manda-
tory policy [20,124,125]. Different policies recently introduced
in Germany, France, Australia, and various US states provide
natural experiments enabling scholars to observe the effects
of policy design and implementation on uptake, although the
ethics and efficacy of mandatory policies remain topics of
contention [126]. To avoid the risk of bandwagoning, the
idea that vaccination is the social norm should be reinforced.
Making vaccination a social norm for a healthy lifestyle, in the
same way as healthy eating and adequate physical exercise,
could be one way to make it more acceptable across all age
groups (Figure 4).

To make life-course immunization part of the social norm
for a healthy lifestyle, vaccination topics have to be more
embedded in our daily life, on digital channels, at school, in
the workplace, or in leisure time. Only a direct dialogue
between authorities, HCPs, and public will make it possible.
It is essential to listen, understand, and include public

viewpoints to increase vaccine awareness and uptake and
change the culture of vaccination in our societies.

Vaccination expertise exists primarily among pediatricians,
general practitioners, and public health specialists. These
groups should disseminate their knowledge to other HCPs
through interdisciplinary information sharing to improve the
acceptance of national recommendations among the target
populations [58]. Awareness campaigns could also be used to
promote vaccine uptake among different age groups by hav-
ing all the impacted healthcare specialties gathered together
and supported by these ambassadors of the vaccination
culture.

To help achieve higher vaccination coverage among HCPs,
workplace strategies such as vaccination requirements or pro-
motion of free on-site vaccinations may be needed [99].
Campaigns aimed at educating HCPs about the benefits of vac-
cination for themselves, with an emphasis on patient protection
as a fundamental responsibility, could help overcome HCP hes-
itancy [127]. Groups of HCPs not previously involved in this
discussion, such as medical or nursing students, should also be
targeted because vaccinology is still not a main course in many
education programs. Obstetricians-gynecologists, midwives, and
general practitioners are key to ensuring that pregnant mothers
are informed about recommended vaccines. Recommendations
from HCPs and vaccine availability in antenatal clinics are effec-
tive ways to improve vaccine uptake among pregnant mothers
[37]. New interventions to improve education and communica-
tion of maternal vaccination delivered by midwives and obste-
tricians may reduce vaccine hesitancy among women during
pregnancy and post-delivery periods [128]. However, because
education of HCPs is unlikely to be sufficient, parents should also
be targeted through specific public awareness campaigns or
individual interventions during standard care. This is of particular
importance because the process of vaccine decision-making
begins prenatally and, often, first-time mothers are initially hesi-
tant and undecided [128]. Pregnant womenwho reported higher
levels of vaccine hesitancy regarding themselves were also less
likely to have fully vaccinated their child after delivery [128].
Several surveys have shown that parents view vaccination fun-
damentally as something for their child and that vaccinating

Figure 3. How healthcare workers can influence vaccination uptake – the ‘4Cs’ model 4Cs: Convenience, Confidence, Complacency, and Cultural acceptance.
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their child for the good of the community is not a significant
reason for vaccination [73,129]. Increasing awareness that vacci-
nation provides health benefits for their children and for the
community as well is necessary. Therefore, better understanding
of sociological and anthropological factors that impact human
behavior and decision-making is important to have the right
approach to vaccination.

5. Expert commentary

Immunization programs are key preventive measures that
have largely contributed to reducing the burden of infectious
diseases over the last century. Well-functioning childhood
vaccination programs have largely eliminated many formerly
common infections in children, showing what is possible with
good coverage levels. Improving coverage in adolescents,
adulthood and the later stages of the life span (i.e. adoles-
cents, adults, and older adults) offers the potential to achieve
similar gains in health in the face of changing dynamics in
infectious diseases and the world’s aging population.
Furthermore, it aligns with the need to increase disease pre-
vention in current healthcare systems. An aging population is
associated with a higher incidence of chronic, degenerative,
and infectious diseases, all of which have a substantial impact
on health expenditures. Life-course immunization would be
key part of healthy aging and would, as a direct result, help
keep health expenditures under control [130].

Beside demographic changes, population behaviors regard-
ing healthcare are also changing. Research and technological
development are becoming ever faster-paced. Technologies
such as the internet, smartphones, and social media have
revolutionized the relationship between healthcare providers
and patients. People increasingly search for health information
online, meaning that patients have direct access to health
information and are thus increasingly becoming central actors
in maintaining their own health [67].

Despite the recommendations, immunization rates in ado-
lescents and adults remain suboptimal in many countries and
are still much lower than those in children. Healthcare stake-
holders have to act on at least four levels to counteract this

low vaccine uptake: enhance immunization confidence in
population, remove complacency around infectious diseases,
improve convenience by ensuring vaccines are more accessi-
ble, and be mindful of cultural acceptance by better under-
standing and considering different public concerns (Figure 3).

Behavioral, economic, and anthropological studies should
be conducted to better understand the needs and expecta-
tions of the public. These studies would help develop evi-
dence-based strategies to guide health authorities and HCPs
on how best to communicate the importance of vaccination to
vaccine-hesitant parents and patients, both from personal and
societal viewpoints. Improved communication is especially
needed in societies where complacency about vaccine-pre-
ventable diseases has been established for a long time. The
medical community and policymakers should invest more in
proactive strategies to communicate understandable and
accessible scientific evidence and counter antivaccine activists
through fact checking, debunking, or positive narratives about
vaccination [58]. Social media campaigns should be used to
disseminate reliable information about vaccinations to a wide
audience [61].

In many countries, each public health sector is compart-
mentalized and this current ‘silo effect’ [111] is a significant
hurdle for implementing a global public health prevention
plan. Different public health programs (e.g. tobacco control
program, obesity control program, vaccination program) have
to be cross-fertilized to be more efficient. In the future, a ‘stop
smoking’ style campaign could be expanded to all other
healthy lifestyle choices, which includes immunization. A glo-
bal public health prevention plan should be collectively pro-
moted with, at its heart, the healthy lifestyle pyramid updated
to include the role of life-course immunization: ‘Don’t smoke,
eat well, be physically active, and stay immunized at all stages
of life’ should become the new slogan (Figure 4).

The role of pediatricians, general practitioners, and public
health specialists as the providers and ambassadors of vacci-
nation culture toward other HCP categories should be empha-
sized. This would ensure that healthcare systems speak with
one voice to the patients and families. Strong recommenda-
tions from HCPs have been critical to the success of childhood

Figure 4. Life-course immunization as an integral part of a healthy lifestyle pyramid. © 2018 the GSK group of companies.

EXPERT REVIEW OF VACCINES 859



immunization programs, similar recommendations are now
needed to improve adult immunization rates.

Currently, many opportunities for vaccination are being
missed at scheduled medical visits and during in-patient
encounters [131–133]. A missed vaccination opportunity is
defined as a medical visit where a patient eligible for vaccina-
tion remained unvaccinated. In the United States, 90% of
adults with high-risk conditions have missed at least one
potential opportunity for receiving influenza vaccination
[131]. In many countries, there is no structured approach by
which HCPs can use other medical visits (e.g. general check-up
visits, occupational health checks) to check the vaccination
status of individuals and offer missing vaccinations if required.
To avoid missed opportunities for vaccination, HCPs should
systematically assess patients’ vaccination history and recom-
mend the necessary vaccines. Appropriate vaccination docu-
mentation (e.g. electronic vaccination certificates) is therefore
crucial to reliably assess the vaccinations administered
throughout life [11]. The key messages and scope of our
perspective is provided in Figure 5.

6. Five-year view

In the next few years, data from large epidemiological surveil-
lance platforms in many different regions will become avail-
able to help evaluate the local burden of infectious diseases in
populations of all ages, notably in older adults. This will help
determine areas where disease prevention efforts should be
focused. In addition, electronic immunization registries will be
set up to improve the quality of data used for measuring
vaccine safety and effectiveness as well as the impact of
vaccination programs. Such registries will also allow HCPs
and patients to access information on their vaccination status
through user-friendly interfaces, which will improve compli-
ance to vaccination schedules.

Although it is still difficult to recruit special populations (i.e.
pregnant women, frail individuals, and older adults) in clinical
trials, it will be possible in the future if all stakeholders work
together to change the current paradigm [77]. This will

strengthen the scientific evidence supporting adequate vacci-
nation recommendations in these populations.

The overall burden of infectious diseases will continue to
decrease as new vaccines are developed and licensed.
Vaccines against remaining challenges, such as RSV and GBS,
could be available for pregnant women and those with
chronic conditions within the next decade. Universal influenza
vaccines that protect against all type A viruses and which will
bypass the need for annual revaccinations, will enter clinical
development [46,134]. The pharmaceutical industry will also
continue to work toward solutions that increase vaccine
uptake, for example by developing combined vaccines,
improving vaccine immunogenicity to reduce the numbers
of doses required, and developing more convenient adminis-
tration routes.

Further sociological and behavioral studies conducted over
the next few years will help identify new, more effective
approaches and educational materials that can be used to
increase public awareness of the benefits of vaccination through-
out life. Campaigns sponsored by health departments on social
media such as Facebook, Twitter, and Instagram will help reach
the public to disseminate accurate health information. To reach a
real consensus between public health programs, individual vac-
cinators, HCPs, and the general public regarding vaccination and
to help sustain or improve confidence in vaccines, future vaccine
implementation programs should always consider and adapt to
the needs of individuals. This will be possible only if target
populations are convinced of the benefits of vaccines and are
able to receive them in an easy way.

Key issues

● Vaccination provides protection and health benefits at all
stages of life but requires a paradigm shift because vaccina-
tion uptake beyond childhood is poor. The two main
aspects to be added to the classical ‘3Cs’ model is the
removal of silos between healthcare specialties involved in
prevention and a 4th C for cultural acceptance, hence the
new ‘4Cs’ model.

Focus on lifelong prevention

• To increase confidence in vaccination, stakeholders need to address the complacency toward infectious diseases, 
improve vaccination convenience, remove barriers among different healthcare specialties, and address prevention as 
a single entity. 

• A new “4Cs” immunization model encompassing convenience, confidence, complacency, and cultural acceptance is 
proposed to convert “vaccine availability” to “vaccination acceptance” throughout life.

• Extending the benefits of vaccination against infectious diseases from childhood throughout the entire life-span
requires urgent attention due to the emergence and re-emergence of infectious diseases. We need to invest more on
prevention versus cure in global healthcare.

• We hypothesised that life-course vaccination can provide protection and health benefits to people throughout their
lives, at different stages and circumstances.

• This perspective discusses how life-course vaccination could benefit human health at all stages of life.

• We strongly encourage the collective promotion of a global public health prevention plan which focuses on the healthy 
lifestyle pyramid updated to include the role of life-course immunization. Our main message is “Don’t smoke, eat well, 
be physically active, and stay immunized at all stages of life”.

• Pediatricians, general practitioners, and public health specialists have an essential role to play as the providers and 
ambassadors of vaccination culture towards other HCPs. This would ensure that healthcare systems speak with one 
voice to the patients and families. 

• Life-course vaccination could become the new social norm of a healthy life-style.

What is the focus?

What is the impact on current thinking?

What is the context?

Figure 5. Key messages and scope of the perspective on life-course immunization.
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● Improving the convenience, enhancing the confidence,
removing the complacency, and being mindful of cultural
aspects would be important to convert ‘vaccine availability’
to ‘vaccination acceptability’. The recipe for success is
linked to creating digital forums for discussion where the
public viewpoint is listened to, understood, and included to
support life-course immunization.

● It is time to add vaccination to the toolbox of healthy living:
‘Don’t smoke, eat well, be physically active, and get vacci-
nated’ as a whole program and to make vaccination an
integral part of social norms regarding health.

● Disease prevention programs among adolescents, adults,
older adults, and during pregnancy must be improved
and include vaccination components. Behavioral and socio-
logical studies are as important as scientific studies to
ensure the appropriate approaches and communications
are used to increase public awareness and acceptance.

● Progress in healthcare and health technologies has
increased life expectancy. It is now time to improve health
over this longer lifespan through vaccination, so that peo-
ple can live healthier, longer lives.
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