
Vaccine 37 (2019) 5525–5534
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine
Review
Defining hard-to-reach populations for vaccination
https://doi.org/10.1016/j.vaccine.2019.06.081
0264-410X/� 2019 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: UNC Eshelman School of Pharmacy, CB# 7574, Beard Hall 115H, Chapel Hill, NC 27599, USA.
E-mail address: ozawa@unc.edu (S. Ozawa).
Sachiko Ozawa a,b,⇑, Tatenda T. Yemeke a, Daniel R. Evans c, Sarah E. Pallas d,
Aaron S. Wallace d, Bruce Y Lee e,f,g

aDivision of Practice Advancement and Clinical Education, UNC Eshelman School of Pharmacy, University of North Carolina, Chapel Hill, NC, USA
bDepartment of Maternal and Child Health, UNC Gillings School of Global Public Health, University of North Carolina, Chapel Hill, NC, USA
cDuke University School of Medicine, Durham, NC, USA
dGlobal Immunization Division, U.S. Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA
e Public Health Computational and Operations Research (PHICOR), Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA
fDepartment of International Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA
gGlobal Obesity Prevention Center (GOPC), Johns Hopkins University, Baltimore, MD, USA
a r t i c l e i n f o

Article history:
Received 22 February 2019
Received in revised form 24 June 2019
Accepted 25 June 2019
Available online 7 August 2019

Keywords:
Hard-to-reach
Definition
Vaccination
Immunization
Unvaccinated
a b s t r a c t

Extending the benefits of vaccination to everyone who is eligible requires an understanding of which
populations current vaccination efforts have struggled to reach. A clear definition of ‘‘hard-to-reach” pop-
ulations – also known as high-risk or marginalized populations, or reaching the last mile – is essential for
estimating the size of target groups, sharing lessons learned based on consistent definitions, and allocat-
ing resources appropriately. A literature review was conducted to determine what formal definitions of
hard-to-reach populations exist and how they are being used, and to propose definitions to consider for
future use. Overall, we found that (1) there is a need to distinguish populations that are hard to reach
versus hard to vaccinate, and (2) the existing literature poorly defined these populations and clear criteria
or thresholds for classifying them were missing. Based on this review, we propose that hard-to-reach
populations be defined as those facing supply-side barriers to vaccination due to geography by distance
or terrain, transient or nomadic movement, healthcare provider discrimination, lack of healthcare provi-
der recommendations, inadequate vaccination systems, war and conflict, home births or other home-
bound mobility limitations, or legal restrictions. Although multiple mechanisms may apply to the same
population, supply-side barriers should be distinguished from demand-side barriers. Hard-to-vaccinate
populations are defined as those who are reachable but difficult to vaccinate due to distrust, religious
beliefs, lack of awareness of vaccine benefits and recommendations, poverty or low socioeconomic status,
lack of time to access available vaccination services, or gender-based discrimination. Further work is
needed to better define hard-to-reach populations and delineate them from populations that may be hard
to vaccinate due to complex refusal reasons, improve measurement of the size and importance of their
impact, and examine interventions related to overcoming barriers for each mechanism. This will enable
policy makers, governments, donors, and the vaccine community to better plan interventions and allo-
cate necessary resources to remove existing barriers to vaccination.

� 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Following the initial success of the Expanded Programme on
Immunization, routine immunization coverage in many countries
has stalled due to difficulties reaching traditionally under-
vaccinated subpopulations [1,2]. The under-vaccination of these
subpopulations threatens the attainment of overall vaccination
goals. For example, after years of progress, international polio erad-
ication and measles elimination efforts have shown that some pop-
ulations have been particularly difficult to reach with vaccination
[3,4], resulting in unnecessary child deaths and disabilities, persis-
tent polio-endemic areas, and recurring measles outbreaks.
Recently, ‘‘hard-to-reach” populations (also known as high-risk
or marginalized populations, or reaching the last mile) has
emerged as a term to describe populations that have never been
vaccinated or have not consistently received all recommended
doses of the vaccine [5–7].

The public health community has found it difficult to define and
describe these hard-to-reach populations. Hard-to-reach popula-
tions cannot be defined based on the outcome—individuals not
vaccinated—because methods for predicting and implementing
interventions prior to the vaccination outcome are needed. Neither
can whole population groups (such as those typically defined by
place of residence, nationality, or ethnicity) be labeled as hard to
reach because they are not innately hard to reach; rather, there
may be mechanisms, such as natural or established processes oper-
ating in particular social and environmental contexts, that pre-
clude certain individuals from receiving vaccination. Having a
clear definition of hard-to-reach populations is important for esti-
mating the size of target populations, identifying strategies, and
allocating resources for vaccinating additional individuals. A liter-
ature review was conducted to determine what formal definitions
of hard-to-reach populations exist, how the term has been used,
and the current state of knowledge on this topic, and to propose
definitions to consider for future use.
2. Methods

Based on a prior conceptual framework of determinants of vac-
cination coverage [8] and expert knowledge of the literature,
researchers generated a list of mechanisms that could make popu-
lations hard to reach for vaccination. A mechanism was defined as
the natural or established process by which individuals become
difficult to reach for vaccination. For example, rather than labeling
specific types of individuals (e.g., migrants) as hard to reach, mech-
anisms by which a person can become hard to reach (e.g., transient
movement) are described. Although special vaccination strategies
may be used to reach hard-to-reach populations, this review
mainly took into account traditional approaches of health-
facility– or school-based vaccination, outreach vaccination, and
periodic campaigns as the reference points for considering defini-
tions of populations as hard to reach.

The initial list of mechanisms by which populations become
hard to reach was confirmed and modified, based on identified
papers and emergent themes from an iterative process consisting
of keyword database searches and ad hoc purposive searches. For
keyword searches, five databases were searched from 2000 to
2018 (through July 15): PubMed, Embase, Web-of-Science, Scopus,
and Google Scholar. Search terms related to ‘‘hard to reach” com-
bined with ‘‘vaccination” or ‘‘immunization” were used. Hard-to-
reach search terms incorporated commonly associated terms, such
as distant, isolated, remote, inaccessible, disadvantaged, deprived,
hidden, vulnerable, marginalized, mobile, displaced, unsettled, or
high-risk populations (see the Appendix for full search terms).
Recent evidence was synthesized by mechanism to identify gaps
in the literature. Recent or seminal papers that describe each
mechanism are cited.
3. Identified literature gaps

Although studies that described hard-to-reach populations in
terms of determinants of non-vaccination [8–11] were identified,
comprehensive definitions of hard-to-reach populations were not
found in the literature. For example, studies have examined the
reasons for non-vaccination and under-vaccination, identifying
factors related to immunization systems, family and caretaker
characteristics, attitudes, and knowledge to explain poor vaccina-
tion coverage [9,11]. Individuals’ mistrust of health professionals,
low literacy, and cultural factors have been used, among others,
to characterize populations that are hard to reach for vaccination
[12,13]. However, these studies did not provide a clear definition
of all hard-to-reach populations. Studies often examined hard-
to-reach populations primarily in geographic terms, focusing on
populations that are far from health facilities or too remote for vac-
cination outreach services to access. Most studies simply described
basic characteristics of the hard-to-reach groups they targeted,
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without a comprehensive definition. Not having a clear definition
of hard-to-reach populations hampers strategy, planning, and
determination of resource needs for extending immunization
coverage.

Additionally, hard-to-reach populations were described with
low specificity [14–17]; categories used to define these popula-
tions were often broad enough to encompass individuals who were
vaccinated, under-vaccinated, or unvaccinated. For example, it was
common to find imprecise definitions, such as populations ‘‘with
limited or no geographical access, the urban poor, minorities, and
children in conflict situations” [14]. Other studies described entire
religious groups, all migrants, and nomadic groups as hard to reach
for vaccination [15]. Moreover, existing definitions mostly classi-
fied specific population groups as hard to reach rather than
describing the mechanisms that made individuals hard to reach.
For example, one definition described hard-to-reach populations
as ‘‘people who do not seek treatment in traditional care settings
such as provider offices or clinics” [16] without describing the
mechanisms that make care-seeking difficult. Other studies
described hard-to-reach individuals as those who feel threatened
by acknowledging to belong to a group, as well as group members
who are distrustful of nonmembers [17], which ultimately did not
define the mechanisms that make these populations avoid the
health system in the first place. Labeling entire populations as hard
to reach rather than characterizing them based on the mechanisms
that make them difficult to reach introduces ambiguity about the
population described and tends to lead to over-estimates of the
actual numbers of individuals in these populations.

In addition, supply-side and demand-side barriers to vaccina-
tion often were not separated in descriptions of hard-to-reach pop-
ulations. Although policy makers, governments, and donors tend to
describe hard-to-reach populations in terms of supply-side barri-
ers to reaching populations for vaccination, descriptions in the lit-
erature also included demand-side barriers, such as individuals
who did not vaccinate even if vaccines were made available. Not
separating the supply-side and demand-side barriers makes it dif-
ficult to understand the underlying problem and implement appro-
priate strategies.

Finally, there were few tools or scales identified in the literature
that can be used to measure how hard to reach individuals are.
Consequently, criteria or thresholds to classify individuals by
how hard versus easier it is to reach them were rarely used in
the literature, thus making definitions vague and the size of
hard-to-reach or hard-to-vaccinate populations unquantifiable.
Identifying and utilizing thresholds for clearly defining hard-to-
reach and hard-to-vaccinate populations is important for planning,
implementing, monitoring, and evaluating interventions to
improve vaccination coverage. Identifying where populations exist
along the spectrum, from easy to reach to hard to reach, and exam-
ining where thresholds are drawn to classify those who are hard to
reach and hard to vaccinate can make a sizable difference in terms
of the resources required and strategies applied.
4. Proposed definitions of hard-to-reach and hard-to-vaccinate
populations

Based on these literature gaps and a list of mechanisms
identified from the literature search, two separate definitions are
proposed: one for hard-to-reach populations and one for hard-to-
vaccinate populations. Specifically, populations that are hard to
reach because of supply-side barriers are distinguished from
populations who delay or refuse vaccines despite the availability
of vaccination services and are therefore hard to vaccinate.
This distinction is important because ‘‘hard to reach” focuses on
vaccine delivery, with health-facility or school-based vaccination,
outreach, and periodic campaigns as the reference points, whereas
‘‘hard to vaccinate” centers on vaccine uptake and acceptance.
Mechanisms that make populations hard to reach or hard to vacci-
nate are part of a continuum because supply-side barriers can
affect demand-side barriers and vice versa. The proposed defini-
tions and mechanisms are classified based on the main demand
or supply-side trigger. Moreover, populations are often influenced
by multiple mechanisms. The proposed definitions of hard-to-
reach populations and hard-to-vaccinate populations as informed
by the literature are as follows:

Hard-to-reach populations are those who face supply-side barri-
ers to vaccination due to geography by distance or terrain, tran-
sient or nomadic movement, healthcare provider discrimination,
lack of healthcare provider recommendations, inadequate vaccina-
tion systems, war and conflict, home births or other home-bound
mobility limitations, or legal restrictions.

Hard-to-vaccinate populations are those who are reachable but
difficult to vaccinate because of demand-side barriers such as dis-
trust, religious beliefs, lack of awareness, poverty or low-
socioeconomic status, lack of time, or gender-based discrimination.

The distinction between mechanisms that make populations
hard to reach and hard to vaccinate is important because they pose
challenges requiring distinct interventions, with supply-side inter-
ventions targeting hard-to-reach populations and demand-side
interventions targeting hard-to-vaccinate populations. Identifying
and describing these populations based on specific mechanisms
that make populations hard to reach or hard to vaccinate facilitates
targeted interventions, taking into account interactions between
supply- and demand-side barriers that simultaneously affect a
population. For example, discrimination of certain populations by
healthcare providers could reduce the supply of vaccination, but
it could also reduce the demand for vaccination based on percep-
tions and experiences of discrimination among these populations.
When both supply- and demand-side barriers exist, supply-side
barriers should be addressed first.

Fig. 1 further illustrates the continuum between hard-to-reach
and hard-to-vaccinate populations. While current immunization
strategies of facility-based vaccination supplemented by outreach
campaigns have reached individuals living in catchment areas with
high supply and high levels of demand, unvaccinated and under-
vaccinated individuals can be categorized into one of three groups.
First are hard-to-reach populations that have high levels of
demand but face low supply. The second group is hard-to-
vaccinate populations who have low levels of demand despite high
supply. Finally, there are individuals who are both hard to reach
and hard to vaccinate who face both low levels of demand and
low supply.

In the following sections, and in Table 1 and Table 2, the mech-
anisms that make individuals hard to reach or hard to vaccinate are
described, and a summary of relevant literature describing each
mechanism is presented. Populations may face multiple mecha-
nisms that make them hard to reach, hard to vaccinate, or both.
Mechanisms that make individuals hard-to-reach or hard-to-
vaccinate are presented in the order of the most to least relevant
processes, based partly on how frequently they were discussed in
the literature.

5. What makes some individuals hard to reach for vaccination?

5.1. Geography by distance

A population’s remote geographic location is a barrier that can
make them hard to reach. The literature discusses how distance
from health facilities makes populations hard to reach for



Table 1
Defining hard-to-reach populations for vaccination, based on current literature.

Hard-to-reach populations

Mechanisms Descriptions

1 Geography by distance Long distances from health facilities prevent individuals from accessing vaccination services and health providers from
reaching individuals during outreach activities.

2 Geography by terrain Inaccessible and difficult to traverse terrain, such as mountainous areas, wetlands, and islands, prevents individuals from
accessing vaccination services and outreach teams from accessing populations.

3 Transient or nomadic movement Movement by transient or nomadic populations, such as migrants, reduces their access to regular health care and
complicates tracking of vaccination status, resulting in missed opportunities for vaccination.

4 Healthcare provider discrimination Discriminated individuals may be denied services or face ill-treatment, which prevents them from receiving health
services and vaccination.

5 Lack of healthcare provider
recommendations

Healthcare providers not recommending or endorsing vaccines results in missed vaccination opportunities.

6 Inadequate vaccination systems Inadequate vaccination infrastructure, human resources, and supply chain disruptions can make people living in
catchment areas served by these systems hard to reach for vaccination.

7 War and conflict In conflict settings, lack of security and destruction of health infrastructure can reduce access to health services and
thwart immunization outreach activities.

8 Home births or other home-bound
mobility limitations

Homebound individuals and mothers delivering at home may lack mobility to access vaccination services at health
facilities.

9 Legal restrictions Onerous paperwork and registration requirements by health facilities can prevent undocumented or migrant populations
from accessing health services. In some instances, care is restricted to those with legal status.
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Fig. 1. Conceptual framework of hard-to-reach and hard-to-vaccinate populations.

Table 2
Defining hard-to-vaccinate populations, based on current literature.

Hard-to-vaccinate populations

Mechanisms Descriptions

1 Distrust Lack of trust in vaccines or health institutions, compounded by misinformation, can lead individuals to refuse vaccination.
2 Religious beliefs Religious populations can object to immunizations based on religious beliefs, such as prohibitions against taking life, dietary laws, or

interference with the natural order.
3 Lack of awareness Lack of awareness of vaccine benefits and recommendations can lead to lower vaccination uptake.
4 Poverty or low

socioeconomic status
Low socioeconomic status can preclude individuals from receiving vaccines. Even when vaccines are offered for free, individuals can
face other financial barriers.

5 Lack of time Inflexible scheduling and long wait times can thwart vaccination, especially among individuals with time constraints.
6 Gender-based

discrimination
Discriminatory norms in the community, such as gender-based discrimination, lead to lack of agency and access to resources,
resulting in fewer vaccinations for women and girls.
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vaccination and impacts vaccine uptake [18,19,106]. Most studies
did not specify a precise distance threshold for a population to
be considered hard to reach; however, two studies used 5 km from
a health center as a threshold [19,20]. Distance not only is a barrier
from the perspective of individuals’ ability to reach the health facil-
ity, but can also impede health providers’ ability to conduct vacci-
nation outreach activities [21].

5.2. Geography by terrain

Inaccessible and difficult-to-traverse terrain can make popula-
tions hard to reach. Such terrain is often found in rural settings char-
acterizedbya lackof roadnetworks, suchas inmountainous regions,
wetlands, and islands [21–23]. Some terrain barriers to vaccination
are seasonal,with rain, flooding, and otherweather patterns causing
impassable terrain and presenting barriers for vaccination access
and delivery [24–26]. No studies were found that mentioned how
long populations were not accessible for vaccination, or how much
extra effort itmayhave taken to reachpopulations facedwith terrain
barriers.One studydescribedhard-to-reachareas ashavingonlyone
way to move, by boat or on foot [27].

5.3. Transient or nomadic movement

Migrants, nomadic groups, and people who are homeless or live
on the streets experience settlement-related barriers that can
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make them hard to reach for vaccination. The literature describes
frequent relocation by migrant populations, making tracking vacci-
nation status difficult and reducing adherence to vaccination
schedules [22,24,28]. However, no studies were identified that
described the frequency of movement or duration per location that
could define when populations became hard to reach due to move-
ment. Lack of a fixed physical address among those who are home-
less or live on the streets also poses a challenge for vaccination
recording and tracking.

Movement makes transient or nomadic populations particularly
hard to reach with vaccines that require multiple doses; these
groups are often lost to follow-up for subsequent doses [22,29].
Because most vaccination programs are located in designated loca-
tions—offered at health centers or schools—movement of individu-
als can make previous locations distant and inconvenient [30].
When transient or nomadic individuals visit a new health facility,
the lack of coordination between immunization information sys-
tems makes verification of vaccination status difficult, resulting
in missed opportunities to complete doses [31,32].

5.4. Healthcare provider discrimination

Discrimination and marginalization of individuals by healthcare
providers can make some populations hard to reach. For example,
healthcare providers may discriminate against patients based on
historical racial prejudice [33,34], which can prevent vaccination
in some population groups. As another example, lesbian, gay,
bisexual, and transgender (LGBT) individuals may not disclose
their sexual identity, personal history, or medical information or
seek healthcare or vaccination because they have previously faced
discrimination [35–38]. Female sex workers or LGBT individuals
who engage in sex work may be stigmatized and discriminated
against by healthcare providers, preventing them from accessing
health facilities and receiving vaccinations [39]. Ethnic and reli-
gious minorities may also experience discrimination and could
be difficult to reach for vaccination. Undocumented and unlawful
migrants and homeless persons have also reported that healthcare
providers discriminate against them, thus discouraging them from
seeking health services and vaccinations [40–42]. Poor people may
also face discrimination, be more likely to be ill-treated by health-
care workers, endure long waiting hours, and be denied services,
thus dissuading them from seeking vaccination [9]. No studies
were identified that measured the level of healthcare provider dis-
crimination or identified individuals who are hard to reach due to
such discrimination.

5.5. Lack of healthcare provider recommendations

Individuals whose healthcare providers do not recommend or
endorse vaccines can be hard to reach. A review of healthcare pro-
viders’ role in vaccination found that providers remain the most
trusted advisor and influencer of vaccination decisions [43]. There-
fore, when providers fail to recommend vaccines, doctor–patient
encounters turn into missed opportunities for vaccination or
patients may simply fail to return to the clinic for a visit [44,45].
Although lack of time and cost considerations are often cited as
main reasons why providers fail to recommend vaccination [45],
absent or weak vaccination information tracking systems can also
make it hard for healthcare providers to identify and recommend
vaccinations to individuals needing doses [46,47]. Even when such
systems exist, healthcare providers sometimes fail to verify vacci-
nation status and recommend vaccination [44,47].

Some subpopulations consistently receive fewer recommenda-
tions, thus making them hard to reach. For instance, vaccine uptake
for human papillomavirus (HPV) vaccine among adolescents is pri-
marily driven by healthcare provider recommendations, but provi-
ders are less likely to recommend the HPV vaccine to boys even
when national guidelines indicate that both sexes should be vacci-
nated [35,48,49]. Language and cultural barriers also affect the
ability of migrants to communicate with healthcare providers,
which results in fewer vaccination recommendations and lower
vaccine uptake [22,23,44]. No studies were found that measured
or identified individuals who are hard to reach due to lack of
healthcare provider recommendations.

5.6. Inadequate vaccination systems

Living within catchment areas where there are inadequate or
dysfunctional vaccination systems can also make individuals hard
to reach for vaccination. Supply-side barriers related to weak
health systems are key drivers of low vaccination coverage in
low- and middle-income countries [50,51]. Inadequacies in vacci-
nation systems include undersupply of vaccines and lack of invest-
ment in vaccine infrastructure such as cold chain storage [52], or
insufficient numbers of appropriately trained and motivated vacci-
nators and supervisors, which can amplify the problem of reaching
individuals for vaccination, thereby creating hard-to-reach popula-
tions [22]. Supply chain disruptions result in vaccine shortages and
sporadic availability [37,47] and disproportionately affect transient
and low-socioeconomic–status populations that cannot make mul-
tiple health facility visits.

Lack of integration of health services in other government-run
systems can also render populations hard to reach. For example,
prisoners can become a hard-to-reach population because health
services may not be integrated in penitentiary systems to provide
adequate vaccinations for incarcerated individuals [53–55]. Other
factors, such as political commitment to immunizations and local
partnerships, have also been shown to be key drivers in vaccination
outcomes [56], where individuals living in catchment areas with-
out these attributes are hard to reach for vaccination; however,
measures or thresholds for the degree of political commitment or
for local partnerships that would render populations hard to reach
have not been defined.

5.7. War and conflict

War and conflict create geographic pockets of hard-to-reach
populations by displacing populations and physically reducing
people’s access to health facilities [57,58]. Reduced access to health
facilities and vaccination services can be caused by destruction of
health facilities and other infrastructure such as roads and other
transport routes [59,60]. Furthermore, conflict often impedes
health workers from providing services, and aggressors sometimes
view health workers with suspicion and threaten health workers’
personal safety, impeding vaccination services [61]. Professional
security assessments are often conducted in areas of conflict to
help immunization program personnel understand the risk profiles
and receive security guidance [60]. No vaccination studies were
found that estimated the number of individuals who are hard to
reach due to war and conflict.

5.8. Home births or other home-bound mobility limitations

Populations with mobility limitations and women who deliver
babies at home can also be hard to reach, where infants of mothers
who deliver at home are less likely to be vaccinated [62]. Home
births can make populations difficult to reach, especially for pedi-
atric vaccines that should be given soon after birth [63,64]. Home-
bound individuals and elders living alone, sometimes described as
elderly shut-ins, are also reported to be difficult to reach [65]. No
vaccination studies were found that examined individuals who
are hard to reach due to home births or mobility limitations.
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5.9. Legal restrictions

Laws can also make some individuals hard to reach by placing
restrictions on how people can access the health system. For exam-
ple, undocumented populations and unlawful immigrants face
legal barriers that can make them hard to reach for vaccination
[66,67]. Onerous paperwork and registration requirements by
health facilities can prevent undocumented and unlawful migrants
from accessing health services and receiving vaccinations
[23,40,67]. Also, fear of detention and deportation deters many
individuals from seeking healthcare, thus preventing vaccination
[40]. No vaccination studies were found that focused on individu-
als who are hard to reach due to legal restrictions.
6. What makes some individuals reachable but hard to
vaccinate?

6.1. Distrust

Some individuals lack trust in the scientific benefits of vaccines
and the legitimacy of health institutions and authorities, making
them physically reachable but hard to vaccinate [68]. Distrust in
vaccines and resulting vaccine hesitancy has been observed glob-
ally spanning socio-economic strata, with contextual influences
varying within and across countries [69]. Distrust in vaccines tends
to affect pockets of the population who perceive the risk of vacci-
nes to be greater than their benefits. This is most common in areas
where vaccination has been successful in reducing the incidence of
vaccine-preventable diseases, so that parents and providers
become less familiar with the diseases vaccines prevent [70]. Belief
in the benefits of acquiring natural immunity from vaccine-
preventable illnesses rather than through vaccines has been shown
to be correlated with less trust in health institutions and less will-
ingness to vaccinate [71]. This mechanismwas one of the few iden-
tified in the review for which measures, such as the Health Care
System Distrust Scale [72] and the vaccine hesitancy survey, [73]
have been developed. However, these measures have not been
applied to identify individuals who are hard-to-vaccinate due to
distrust of vaccines.

Distrust could also arise due to misinformation, such as the dis-
credited link between the measles, mumps, and rubella vaccine
and autism, [74] which can profoundly threaten vaccination pro-
grams. Rumors and community suspicions about profits of vaccine
manufacturers or motives behind immunization promotion, such
as fear of sterilization, have reduced vaccination coverage, spurred
vaccine boycotts, and paused immunization programs [75,76].
Individuals may also distrust healthcare providers, which also lim-
its vaccination opportunities. For example, homeless people living
in shelters report concerns about privacy and confidentiality of
information shared with healthcare providers, resulting in less
use of health services and vaccination [41,42]. Another example
is the fear of discrimination and the resulting distrust of health
providers among LGBT individuals that can result in lower demand
for vaccination, thus making them hard to vaccinate [38].
6.2. Religious beliefs

Some religious group members are hard to vaccinate because
they object to immunizations based on their beliefs [9,77], such
as their objection to 1) taking life, 2) violation of dietary laws, or
3) interference with the natural order by not letting events take
their course [78]. For example, groups such as the Christian Scien-
tists and apostolic faith sects founded in Zimbabwe decline some
or all medical help for disease [79,80], so individual believers often
forego immunization. Dutch Reformed congregations have also
chosen to forego immunization to avoid interference with divine
providence [81,82]. Some Muslims may have concerns about vacci-
nes containing porcine-derived products such as gelatin, although
numerous Islamic religious leaders and legal scholars have deter-
mined such products to be permissible [78]. Although there are rel-
atively few objections that are theological in nature, with varying
interpretations of religious texts, some religious leaders—who
often act as gatekeepers to communities—have discouraged their
followers from receiving vaccinations [81,83]. Preferences for lim-
ited contact with religious community outsiders can impede vacci-
nation and other public health interventions [84]. Few vaccination
studies were found that estimated the number of individuals who
are hard to vaccinate due to religious beliefs through religious
exemptions filed or granted [85].

6.3. Lack of awareness

Lack of awareness of vaccine benefits and recommendations is a
communication barrier that can make some populations hard to
vaccinate [29,44,45]. Lack of awareness about vaccinations dispro-
portionately affects minority, immigrant, and low-socioeconomic–
status populations. Individuals living in poverty are more likely to
have low health literacy and education levels, which has been
associated with low immunization uptake [86,87]. Undocumented
and unlawful populations, even in instances where they are guar-
anteed certain health services, are often unaware of their entitle-
ments and rights [40,67]. Moreover, women who are poorly
educated are less aware of vaccine benefits [88] and are less likely
to seek vaccination. Although these individuals may be within
physical reach, they can be hard to identify and target because they
do not actively seek immunizations. Other individuals may be easy
to reach at one age but become hard to reach at a different age due
to lack of awareness. For example, a child may be easy to reach as
an infant because parents are familiar with the infant vaccination
schedule, but children may become harder to reach when they
are 2 years old or older due to lack of parental awareness of recom-
mended vaccinations for older children [89]. No vaccination stud-
ies were found that estimated the extent of individuals who are
hard to vaccinate due to lack of awareness of vaccine benefits
and recommendations.

6.4. Poverty or low socioeconomic status

Poverty and low socioeconomic status can make some popula-
tions hard to vaccinate [90,91]. Poor people, for example, are less
likely to have health insurance, which could cover vaccination
costs [92]. Charging user fees can be a significant barrier to vacci-
nation, especially for people of low socioeconomic status [9,10,47].
Even when free vaccinations are provided, poor people still face
other financial barriers, such as not being able to afford transport
to health facilities to be vaccinated [90,93]. Undocumented and
unlawful populations as well as those who are homeless or live
on the street often have limited resources to access health services,
resulting in low vaccine uptake [21,40,67]. Poverty may also pre-
clude people from being reached during special vaccination out-
reach initiatives such as school-based vaccination, because poor
children may not be enrolled in schools [22]. The World Bank
defines poverty as making less than $1.90 per person per day
[94], but we did not identify any study that conducted poverty
assessments to identify hard-to-vaccinate populations.

6.5. Lack of time

In addition to lack of financial resources, time constraints can
impede vaccination uptake by making it difficult for people to
use available vaccination services. At health facilities, inefficient
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procedures such as inflexible scheduling and long wait times pre-
clude people with time constraints from accessing services, making
them hard to vaccinate [37,95]. Moreover, individuals living in
poverty face particular difficulty taking time away from work,
and they may have financial insecurities and other competing pri-
orities that can delay or prevent vaccination [9,91]. No vaccination
studies were found that measured and targeted individuals who
are hard to vaccinate due to limited time availability.

6.6. Gender-based discrimination

Gender-based discriminatory norms can make girls and women
hard to vaccinate in some settings [9,88,96]. A preference for sons
in some societies leads to less access to immunization for girls
[88,96]. In some instances, men refuse permission for women to
go or take children for immunization [9]. Such permission is more
likely to be refused if children have had previous side effects from
vaccination or when women need a chaperone to leave the house
[9,88]. Lack of control over household finances can also impede
women’s ability to obtain vaccination for themselves and their
children [88,97]. Although widely used measures of discrimination
such as the Everyday Discrimination Scale have been adapted to
medical settings [98], such measures were not used to define and
identify individuals who are hard to vaccinate due to
discrimination.
7. Considerations

Based on the review of current literature, there is a clear need to
more accurately define hard-to-reach and hard-to-vaccinate popu-
lations. Specifically, consideration should be given to the
following:

& To enable better targeting of interventions, hard-to-reach pop-
ulations facing supply-side barriers should be described sepa-
rately from hard-to-vaccinate populations facing demand-side
barriers.

& Rather than labeling entire populations as hard to reach, they
should be characterized based on mechanisms that make them
difficult to reach. This is important because individuals may
enter and exit from different hard-to-reach and hard-to-
vaccinate populations over time (e.g., at different ages over
the life course). Focusing on mechanisms allows the definitions
of ‘‘hard to reach” and ‘‘hard to vaccinate” to be used in a con-
sistent way when characterizing these populations, permitting
the composition of individuals within each population to vary
over time. This is necessary to better estimate the size of these
populations.

& All mechanisms that make populations hard to reach or
hard to vaccinate should be evaluated for each target
population in need of vaccination because multiple mecha-
nisms may apply, and supply- and demand-side factors
may intersect in reinforcing cycles. This will facilitate consid-
eration of multiple intervention strategies for each target
population.

& Standard measurements of each mechanism that makes popu-
lations hard to reach or hard to vaccinate should be developed
and consistently used. Accurate and validated measures can
be used in surveys and surveillance activities to identify these
populations.

& To inform strategy and planning, benefit–cost tradeoffs of dif-
ferent criteria or thresholds for defining hard-to-reach and
hard-to-vaccinate populations should be examined. Without
clear thresholds, these definitions cannot be operationalized
for policy use.
& Hard-to-reach populations should be targeted with supply-side
interventions, and hard-to-vaccinate populations should be tar-
geted with demand-side interventions. If the population faces
both low supply and low demand levels, a mix of interventions
should be considered, although ensuring sufficient supply
should be addressed first to avoid the potential frustration
and disengagement that may arise from increasing demand
for vaccination services that the health system is not yet
equipped to provide.

& Based on contextual factors of target populations, evidence of
costs and effectiveness of interventions should be examined
to overcome barriers that characterize each mechanism of
hard-to-reach and hard-to-vaccinate populations. Cost-
effectiveness evidence is important for allocating resources effi-
ciently and selecting appropriate interventions.

& The most relevant and cost-effective interventions should be
implemented for each mechanism to reach and vaccinate
hard-to-reach and hard-to-vaccinate populations.

& Beyond interventions within the health sector, cross-sector col-
laborations and non-health interventions should also be consid-
ered to reduce barriers that make populations hard-to-reach or
hard-to-vaccinate. For example, infrastructure improvements
such as better roads and bridges can mitigate barriers related
to distance or terrain that make individuals hard-to-reach.

8. Conclusions

By summarizing the state of knowledge on the topic of defining
hard-to-reach populations based on identified gaps in the litera-
ture, we propose definitions of hard-to-reach and hard-to-
vaccinate populations that separate supply-side and demand-side
factors. While we note that the mechanisms that can make individ-
uals hard-to-reach or hard-to-vaccinate presented here may not be
exhaustive, we highlight those that have been commonly identi-
fied from the literature. Defining these populations clearly is essen-
tial for policy makers, governments, donors, and the vaccine
community to inform strategy, planning, and resource determina-
tions for target interventions to remove existing barriers to
vaccination.

There are other frameworks that exist to help identify determi-
nants of individuals who may be difficult to vaccinate. For exam-
ple, a matrix of determinants of vaccine hesitancy has been
developed by the World Health Organization Strategic Advisory
Group of Experts (SAGE) working group [99] and applied to classify
reasons for vaccine hesitancy across countries [100]. While this
matrix includes some of the hard-to-reach and hard-to-vaccinate
mechanisms identified in this paper, such as geographical barriers
and health provider factors, they may be less focused on supply
side factors that make individuals hard-to-reach.

Further work is needed to examine the benefit-cost trade-offs of
different thresholds for defining hard-to-reach populations, as well
as developing validated measures of hard-to-reach populations to
better estimate target populations. For each mechanism of hard-
to-reach and hard-to-vaccinate populations, evidence of costs
and effectiveness of interventions should be examined, within
the country context, to select the best intervention for reaching
and vaccinating these populations.

By defining mechanisms that make individuals hard to reach or
hard to vaccinate, it is easier for vaccine community stakeholders
to use common language when describing these populations,
enhancing sharing of lessons across contexts. We show the current
imprecise use of the hard-to-reach term across a heterogeneous
mix of supply and demand mechanisms, and propose separating
the term into hard-to-reach and hard-to-vaccinate to better
describe the populations requiring different interventions.
Furthermore, better describing these populations allows for better



5532 S. Ozawa et al. / Vaccine 37 (2019) 5525–5534
targeting of these populations, which in turn enable better advo-
cacy for resources to implement necessary interventions.

By focusing on the mechanisms that make individuals hard to
reach or hard to vaccinate, interventions can be better tailored to
reduce or remove underlying barriers to vaccination, rather than
broadly targeting whole sub-populations. For example, using new
modes of transportation, such as drones, could potentially help
reach populations that are hard to reach due to geography by dis-
tance or terrain, war, or conflict [101]. More nationally or region-
ally integrated vaccine information tracking systems could
improve immunization coverage for hard-to-reach populations
due to transient movement, or for hard-to-vaccinate individuals
currently lacking healthcare provider recommendations [102].
Laws could be modified to remove restrictions to accommodate
vaccination or reduce discriminatory practices. Incentives can be
deployed to increase the use of vaccination among individuals with
socioeconomic hardship or debilitating time constraints prevent-
ing vaccination [103]. Healthcare workers could be trained to
reduce discriminatory practices and improve immunization rec-
ommendations. Community-based education programs may be
carried out to raise awareness, reduce distrust, or involve religious
leaders to accommodate vaccination [104]. Because each mecha-
nism involves different challenges to reach and vaccinate popula-
tions, clearly defining these populations is essential for averting
vaccine-preventable illnesses and deaths.

During the current ‘‘Decade of Vaccines” (2011–2020), the Glo-
bal Vaccine Action Plan aims to prevent illnesses and deaths by
promoting equitable access to existing vaccines for people in all
communities [105]. The goal of the Global Vaccine Action Plan is
to reach 90% national vaccination coverage and at least 80% vacci-
nation coverage in every district or equivalent administrative unit
for all vaccines in the national immunization programs by 2020
[105]. To reach such goals and beyond, better defining and charac-
terizing hard-to-reach populations and hard-to-vaccinate popula-
tions who are either not vaccinated or under-vaccinated is
essential. Better defining thresholds to identify and target these
populations could aid policy makers, governments, donors, and
the vaccine community improve immunization coverage.
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