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ABSTRACT 6
ABSTRACT

To ensure a healthy society and minimize outbreaks of vaccine-preventable diseases, high
levels of vaccine uptake is expected. Because vaccination provides protection against
infection, especially for vulnerable groups (e.g., children and pregnant women). Vaccination
has averted 14 million deaths, prevented 250 million disability-adjusted-life years, generated

over $150 billion economic benefits and saves two-three million child deaths yearly.

However, one-in-five children globally remain un/partially vaccinated, which contributes to
about 1.5 million preventable deaths annually, half of which are in Sub-Saharan Africa. In
addition to having the highest child mortality globally, vaccination in the region has stagnated
in recent years for several reasons, e.g., vaccine hesitancy. More so, the knowledge gap

associated with vaccine hesitancy are yet to be identified, studied, measured, and addressed.

Therefore, this dissertation aims to increase understanding on drivers of vaccination decision-
making in Sub-Saharan Africa by examining intention, especially among pregnant women, as
well as behaviour among caregivers using the 5C psychological antecedence model and

additional variables such as rumour, religious belief and masculinity, among other measures.

The outcomes of five peer-reviewed articles and one policy brief published in open access
journals made up this dissertation. Two articles are reviews, two articles are quantitative, one

article is qualitative research, and the final article is a policy brief.

The outcomes were mixed. Vaccination decision-making at prenatal (pregnancy) and
postnatal (after childbirth) stages are driven by different factors. The behaviour aligned with
the concept of Transtheoretical Model (theory of stages of change). The added variables were
significant predictors at prenatal (intention) than postnatal (behavior). This dissertation has
helped to unravel some missing gaps on why vaccination demand creation does not have as

much success, especially at increasing vaccination uptake in the Sub-Saharan Africa region.

Keywords: Vaccination behaviour, Vaccine hesitancy, Caregivers, Pregnant women, Sub-

Saharan Africa, Determinants.
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GENERAL INTRODUCTION

Vaccination as a game changer
The role, impacts, and importance of vaccination in public health and the general well-being

of society cannot be reiterated enough. Indeed, the efficacy of vaccination leading to
monumental drops in mortality, morbidity, and disability from vaccine-preventable-diseases
(VPD) has led experts to conclude that vaccination is a global health development success
story, saving millions of lives yearly [1,2]. According to Dr Tedros Adhanom Ghebreyesus
(WHO Director-General) “Vaccines are one of the most powerful tools in the history of
public health...more children are now being immunized than ever before” [3]. Copenhagen
Consensus Centre described vaccination as, “Life expectancy hardly changed before the late
18th century...it is hard to overstate the magnitude of the improvement since 1900, from a
life expectancy of 32 years to 69 now, to 76 in 2050: and the biggest factor is the fall in infant

mortality” [4].

Vaccination is the world’s safest method to protect children from life-threatening diseases,
and for over 200 years it has drastically reduced the scourge of preventable diseases such as
polio, pertussis, and measles [5]. Vaccination saves more than five lives every minute of the
day—preventing up to 3 million deaths and over 75,000 disabilities a year [6,7]. Due to these
immunization successes, children now live longer, happier, and do better in school, which

benefits communities economically.

Vaccination is fast becoming arguably one of the most cost-effective ways of redistributing
global welfare. In addition to being an incredible life saver for children, vaccination has
produced immense net economic benefits to society amounting to almost $69 billion in the
United States alone [8]. Following economic analysis of 10 vaccines in 94 low-and-middle-

income countries, an investment of $34 billion into immunization programs translated into
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savings of $586 billion reduction in costs of illness and $1.53 trillion when contextualized in

broader economic benefits [9].

Current evidence suggests that the value of providing these recommended vaccines extends
beyond childhood as they have been found to impact health and socioeconomic outcomes
throughout the life-course of an individual and communities [10]. In addition, vaccination
decreases the overall disease burden in communities, reduces pressure on local health
systems, and contributes to an improved national economy [11,12]. According to a study led
by the Harvard T.H. Chan School of Public Health, 24 million people in 41 of the world’s
poorest countries will be prevented from falling into poverty due to vaccination between
2016 and 2030 [13]. Furthermore, child deaths have been reduced by more than half, from 90
to 43 deaths per 1000 live births between 1990-2015 [14]. By 2019, global diphtheria-
tetanus-pertussis (DTP3) vaccination coverage was about 86%, an increase from 20% in 1980

[15].

Between 2000 and 2019, over 822 million children have been immunized worldwide, 1.1
billion vaccinations were supported via multiple campaigns, an estimated 14 million deaths
were averted, and $150 billion economic benefits were generated due to immunization [16].
An additional 300 million children were immunized against potentially fatal diseases by the
end of 2020, saving between 5 and 6 million lives, preventing 250 million disability-adjusted
life years, and reducing mortality in under-5 children by 10% [17,18]. The number of under-
vaccinated children fell by over 1.8 million between 2010 and 2017 [19] and vaccination is
revolutionizing the eradication of deadly historical diseases: for example, the world is on the
brink of eradicating maternal and neonatal tetanus [20-22]. Meanwhile, in the last 20 years,
tremendous progress has been achieved leading to a decrease in child mortality. Among
under-5 children, deaths worldwide fell from 12.5 million in 1990 to 5.3 million in 2018,

owing to the critical role played by vaccination programs [23].
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Since the launched of the Expanded Program on Immunization (EPI) in 1974 by WHO, the

disease burden of African countries has declined tremendously. In SSA, vaccination has
played a huge role in facilitating positive health-seeking behaviors in communities during
recent decades, and it has been at the epicenter of national and regional public health
strategies for the past 4 decades. Indeed, there has been tremendous increase in vaccination
uptake following the introduction of EPI [24]. Childhood vaccination covering the full series
of basic DPT3 vaccines, for instance, has risen from 57% in 2000 to 74% in 2016 [25-27],
with a national uptake of 90% in 18 countries [28], and an overall coverage of over 70% for

the first dose of the measles vaccine has been achieved [29].

In SSA, over 400 million people were saved from serogroup A meningococcal meningitis by
2020 [30]; measles-related incidences and deaths declined by 75% and 79%, respectively,

between 2000-2015; and wild polio has been eradicated [31,32].

There have been several other equally amazing success stories regarding the introduction of
new or previously under-utilized vaccines, such as hepatitis B, Haemophilus influenzae
type B, and pneumococcal conjugate. In 2020, 39 out of the 57 eligible countries for GAVI
vaccine support are in SSA [33]. Moreover, due to its intervention between 2010 and 2015,
child mortality declined by an average of 3.6% yearly, saving 4 million children’s lives and
immunizing 300 million more children [34]. In South Africa, within 1 year of introduction of
rotavirus vaccine, hospitalization of children under-5 was reduced by 60% [35]. Therefore,
immunization programs as public health interventions are making a tremendous difference in

SSA.

Despite these unprecedented positive outcomes, immunization coverage at national and sub-
national levels have stagnated and, in some cases, have reversed in many countries. Still, 1 in
5 children globally remain unvaccinated or partially vaccinated, which contributes to about

1.5 million deaths from vaccine-preventable diseases annually [36—38]. About 20 million



GENERAL INTRODUCTION 10

children miss basic vaccination (three doses of DPT3 vaccine) and two-thirds of these
children live in countries supported by global vaccination intervention such as SSA [39]. As
much as 83% of children did not receive the last recommended doses of antigens before their
first birthday, and more than 10 million children in GAVI-supported countries (most of

whom are in SSA) have not received even their first dose of basic vaccinations [39].

Pneumonia and diarrhea account for over 2 million deaths among young people and 29% of
all under-5 mortality [39]. Similarly, 71 million children did not receive the three doses of
pneumococcal conjugate vaccine (PCV) in 2018, while 32% of suspected pediatric

pneumonia cases were not taken to a health facility [40].

Unfortunately, maternal vaccination rates are part of this negative trend. A very important
vaccination is rubella, which is the main vaccine-preventable cause of birth defects. More
than 100,000 children each year are born with severe birth defects due to congenital rubella
syndrome because mothers were infected during pregnancy with rubella since they received
no vaccination against it [40]. Of additional concern, extreme disparities in child deaths

continue to pose challenges across regions as well as within and between countries [41].

Vaccination demand trend in Sub-Saharan Africa

Despite the unmatched changes generated by vaccination, the SSA region is in a dire
situation. While vaccination delivery is promising in SSA, basic childhood vaccination
uptake remains low in several countries in the region [42]. SSA still accounts for the highest
child mortality rate in the world at 76 deaths per 1000 live births in 2019; meaning 1 in 13
children die before their fifth birthday [41,43]. This is huge compared to other regions—the

rate is 16 times more than the 1 in 199 children average ratio in high-income countries [43].

Eighty percent of the 5.2 million child deaths recorded worldwide in 2019 occurred in SSA,

and three (Ethiopia, Nigeria, and the Democratic Republic of Congo) of the five countries



GENERAL INTRODUCTION 11
responsible for half of the world’s child deaths are in SSA [43—45]. Unfortunately, these

deaths are preventable using vaccination interventions [46]. About 20 million children
remained under-vaccinated or unvaccinated with DTP3 in 2019, of which 48% were in SSA,

mostly Nigeria, Ethiopia, the Democratic Republic of Congo, Angola, and Guinea [47].

Some SSA countries have experienced a reversal in gains after a long period of great progress
towards eliminating vaccine-preventable childhood diseases. Moreover, vaccination coverage
and results has been very unequal—from 92% in the Gambia to 56% in Nigeria, plus a large
measles outbreak in the Democratic Republic of Congo [48,49]. Approximately 1 in 5
African children do not receive all the necessary and basic vaccines—as a result, more than
30 million children under-5 still suffer from vaccine-preventable diseases (VPDs) every year
in Africa [50]. Of these, over half a million children die from VPDs annually representing
approximately 58% of global VPD-related deaths [51]. Pneumonia kills one child at least
every 39 seconds worldwide and SSA countries account for more than half of these cases
[52]. Hence children in SSA are 15 times more likely not to experience their fifth birthday
than those from high-income countries, with more than half of these deaths being preventable

with immunization [43].

The top 20 countries with the highest burden of cervical cancer cases globally in 2018 were
all in SSA, except for Bolivia [53,54]. Malawi has the second highest burden of cervical
cancer globally and the highest in the SSA region [55]. Cervical cancer is the most common
cancer in women in the country, accounting for 45.4% of all female cancer incidences and of
all diagnosed cancers among women in Malawi, 80% will die prematurely [54,56]. Overall,
about 5 million Malawian women aged 15—44 years are at risk of developing cervical cancer

[57,58]. Despite these staggering data, HPV vaccine uptake remains low in Malawi [59,60].

Despite the possibility of safe protection against VPD and vaccine availability, vaccine

uptake remained below targets and on a disappointing trend as well, both at global and SSA
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levels due to several factors including vaccine hesitancy [61,62]. Although many factors may
be responsible for low childhood and adolescent vaccine demand, vaccine hesitancy is
recognized as an important contributor [63,64], hence the underlining motive of this
dissertation, to understand what the contributors are and how to measure them, and to

strategically intervene.

Vaccine hesitancy in Sub-Saharan Africa

Since the millennium, vaccine coverage for preventable infectious diseases in SSA has
reached multiple targets, although acceptance and uptake still have the steepest height to
climb [65]. Even where successes have been recorded (increased vaccine uptake), the erosion
of these gains owing to unclassified determinants or drivers and other vaccine-specific-
related controversies in the region complicates responses and makes interventions even
harder [66]. In SSA, where vaccination has been the hallmark of public health intervention
for development in the last 40 years, vaccine hesitancy is causing vaccination uptake to slow
down, stagnate, or even decrease [66—69]. Even where successes have been recorded, in
terms of coverage and sizeable uptake/acceptance, the erosion of these gains owing to social
and behavioral determinants and other vaccine-related controversies in the region makes
intervention even harder. This roller-coaster will continue to plague the region if the
knowledge gap associated with determinants of vaccination hesitancy in SSA is not

identified, studied, measured, and addressed [66,70].

In the WHO African region, basic coverage remains sub-optimal, stagnating over the past 5
years at about 76% [15,71-73], and the region contribute the highest proportion of under-
vaccinated and consequent child deaths from vaccine-preventable diseases globally [74-76].
Of the 10 countries that account for 11.7 (60%) of the 19.7 million non- or under-vaccinated
children globally, 40% are in SSA, including Nigeria, Ethiopia, Democratic Republic of

Congo, and Angola [32]. Similarly, of the more than 3 million people who still die annually
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from vaccine preventable diseases, approximately half are children less than 5 years old who

predominantly live in SSA [40,65,77].

Out of the countries with the highest prevalence of cervical cancer in 2018, more than 90%
were in the SSA region [54,78]. Malawi has the highest incidence of cervical cancer in the
world and is number one for women aged 15—44 years with a 50% mortality rate [54,56,79].
In Nigeria, progress in under-5 mortality has declined considerably compared to previous
years, as fatality rates have increased again with about 120 deaths per 1000 live births and
infant mortality at 70 per 1000 in 2016 [80]. In 2019, Nigeria had an under-5 child mortality
ratio of 201 per 1000 live births, meaning that 1 in 5 Nigerian children do not celebrate their
fifth birthday [80,81]; most of these children die of a vaccine-preventable disease. Despite the
widespread availability of vaccines, 4.3 million children in Nigeria still miss immunization
annually [82]. Moreover, Nigeria remains one of the 10 countries in the world where most
children are without complete immunization [83]. Vaccines remain available in Nigeria and
are free, however uptake is still relatively poor. The reasons for the surge in under-5 mortality
and declining vaccine demand in SSA can be attributed to ineffective intervention due to
knowledge gaps [66]. Hence, identifying appropriate measures is critical in order to

understand vaccine hesitancy drivers in the region.

Regional comparison of vaccine uptake

Table 1 below shows childhood vaccination progression of some basic vaccines in SSA
compared to other WHO regions. The African (AFR) region was unable to achieve the
national coverage target (90%) for any of the vaccines and it also has lowest uptake of

vaccines in the world.
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Table 1: Progress towards reaching the 90% coverage target for vaccines in 2018

Vaccines Global | AFR AMR | EMR EUR SEAR | WPR
BCG 89 80 91 87 93 91 96
DTP1 90 84 92 87 97 92 94
DTP3 86 76 87 82 94 89 93
HepB_BD 42 4 68 33 39 48 83
HepB3 84 76 81 82 84 89 90
IPV1 72 62 86 62 85 74 86
MCV1 86 74 90 82 95 89 95
MCV2 69 26 82 74 91 80 91
Pol3 85 74 87 82 93 89 95

Source: WHO/UNICEF Estimate of National Immunization Coverage 2018 revision (Data of July 2019).
AFR=Africa; EMR=Eastern Mediterranean Region; EUR=Europe; SEAR= South-East Asia Region;
WPR=Western Pacific Region.

Parents or caregivers in general, and mothers in particular, can strongly influence childhood
vaccination decisions [84]. However, little is known about vaccine hesitancy among pregnant

women, and hesitancy among mothers can affect childhood vaccination rates [85-87].

Vaccine hesitancy among pregnant women

While substantial progress has been recorded globally on infant and child mortality rates by
preventing infectious diseases, this has not always been the case for vulnerable populations,
such as pregnant women and newborns, through maternal immunization [88]. Studies have
shown that more than 50% of the 2.76 million annual neonatal deaths are due to vaccine-
preventable infections (22%) or pre-term births (35%), while about half of stillbirths result
from the effects of maternal infections [89,90]. Although child health has improved
substantially through vaccination over the years using EPI, this has not been the case for
other equally vulnerable groups, such as babies who are too fragile to receive routine
immunizations in the first months of life [91]. As “vaccines are one of the most successful
interventions to protect pregnant women and their fetuses, and infants from diseases that
cause substantial morbidity and mortality” [88,92,93], maternal immunization is beginning to

receive increasing attention.
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Pregnant women are more likely to refuse influenza (flu) vaccines compared to DTP3 [94]. In
addition, pregnant women and babies are the most vulnerable groups because immunological
and serological changes that occur during pregnancy can alter the mother’s and the fetus’s
susceptibility to various infectious diseases [95], and they can increase the risk of preterm

birth and fetal death [96].

Pregnant women are among the most vulnerable groups at greater risk of VPD morbidity and
mortality [97,98]. A study of 20,000 pregnant women over a period of 6 years in the United
States, Australia, Israel, and Canada showed that there was a 40% decline in hospitalizations
from influenza amongst those vaccinated [99]. The European Centre for Disease Control
(ECDC) classified pregnant women as among high-risk groups for VPD and they hold a
protective role for their unborn children and early births [100]. Moreover, the burden of
vaccination in infants can be greatly reduced through increased vaccination among pregnant

women [101].

Despite the risks of VPD and the protective assurances of vaccination, one-third of pregnant
women still refuse to get vaccinated despite recommendations, and only about half of eligible
women received vaccinations in 2018 [94,102,103]. In Italy, during the 20162017 influenza
season, 96% of pregnant women were unvaccinated, citing concerns such as adverse events
following immunization (AEFIs) [104]. According to the assessment, vaccine coverage in the
WHO European Region has been declining among high-risk groups [67] and may hinder
responsive preparedness and affect the capacity to protect populations against negative

impact of emerging outbreaks and public health emergencies, such as COVID-19.

Vaccination of pregnant women can achieve a dual goal: protecting the mother from
preventable diseases and preventing infection/disease transmission to the fetus or newborn.
Despite the potential benefits, pregnant women who doubt the real advantages of vaccines

still resist them [101-103,105]. Apart from vaccine-preventable infections being among the
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leading causes of morbidity and mortality in pregnant women, they can also put children in a
vulnerable state early in their lives. Hence, supporting the maternal vaccination decision is
critical during pregnancy because receiving vaccines generates maternal immune protection,
transfers antibodies to the infant for early protection, and helps to assess vaccination attitude
of future mothers during prenatal. Therefore, it is crucial to understand drivers and

determinants of the vaccination decision.

In SSA, contemporary knowledge on the gaps and drivers of vaccine hesitancy, the extent of
their impact on vaccine coverage, and the design of appropriate interventions are all poor
[66]. Hence, to address these shortcomings, there is a need to test and validate measures on

determinants of vaccine hesitancy in SSA.

Currently, vaccine hesitancy is galvanizing unprecedented global attention in view of the
COVID-19 pandemic. However, there is a vacuum of knowledge, especially in the SSA
region, which limits the extent of evidence-based intervention. In addition, there is an
absence of a suitable scientific model in the region to measure vaccine hesitancy and compare
the relative impacts of these influencing factors. Hence, one of the objectives of this
dissertation is to systematically find a successful model that can explain factors that influence
vaccine hesitancy in the SSA region, especially among vulnerable groups such as pregnant
women and caregivers of infants under-5. Vaccine hesitancy is a multifaceted issue, and its
magnitude varies across countries in the region, and factors influencing vaccine hesitancy do
not affect everyone the same because the settings and nature of individuals and countries are
different [106]. However, the SSA region has some social, cultural, and environmental
similarities. Two countries, Nigeria and Malawi, were chosen for the empirical aspect of the

research in this dissertation.
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Vaccine hesitancy and its determinants

Addressing low vaccination demand requires an adequate understanding of the determinants
in order to develop evidence-based strategies to improve uptake. Vaccine hesitancy is driven
by a complex mix of historical, sociopolitical, cultural, and behavioral determinants. The
complexity of vaccine hesitancy can be seen in individuals who despite generally accepting
the principles behind vaccines remain concerned about them, including those who refuse or

delay some vaccines but accept others, and those who refuse all vaccines outright [61,62].

The Strategic Advisory Group of Experts (SAGE) on immunization described vaccine
hesitancy as a “delay in acceptance or refusal of vaccines despite availability of vaccination
services” [61,62]. This description suggests that vaccine hesitancy is a demand-side problem
that influences vaccination uptake because of several complex factors, including perception
about vaccines, fear of adverse events, religious values, and a general lack of trust in
healthcare professionals or the healthcare system. Therefore, vaccine hesitancy is considered
a continuum between delay in acceptance of vaccines to complete refusal (Figure 1). Vaccine
hesitancy is also perceived to be driven largely by factors such as confidence (level of trust in
vaccine or provider), complacency (do not perceive a need for a vaccine or do not value the
vaccine), and convenience (access) [61]. However, it is also complex and context-specific

depending on the time, place, and the vaccine [1].
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VACCINE HESITANCY CONTINUUM

A

No Demand

High Demand

Accept some, delay,
Accept all Accept but p B

unsure refuse some

Figure 1: Vaccine hesitancy continuum

While vaccines save millions of lives annually, a recent paradigm has suggested global health
stakeholders including WHO raise the alarm that vaccine hesitancy is on a dangerous global
trend—to the extent that it is considered one of the top 10 threats to global health in 2019
[107]. This is primarily because of its ability to reverse all the gains already made, not only
with respect to the geometrical decline in mortality and morbidity associated with vaccine
preventable diseases, but it being a potential obstacle to global vaccination uptake. Hence,
since 2014, intensive collective efforts have been made to study and report on the

determinants of vaccine hesitancy in order to appropriately design suitable interventions.

According to the SAGE working group, behavior resulting from the decision-making process
is driving vaccine hesitancy, along with outcomes of different effects (internal or external)
that may influence the decision either to accept or refuse vaccination. However, the group

realizes that vaccine hesitancy determinants are too broad to be predicated on simple sets of
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factors. Hence a comprehensive matrix is developed from a mixture of sources (academic,
practice, and reviews) that embraces contextual, individual/group, and vaccine/vaccine-
specific influences [68]. As the working group evolves, the factors influencing behavioral
changes are also non-static and evolving. Therefore, new knowledge and evidence-based
conclusions will emerge, including outcomes of this dissertation. Therefore, it is important
that national immunization programs and global health stakeholders championing equitable
access to vaccines develop standard models that can track and measure factors driving
vaccine hesitancy across multiple communities and contexts, with a goal of initiating

appropriate evidence-based interventions.

A broad spectrum of social and psychological determinants of vaccine hesitancy have been
identified, ranging from attitudes, antecedence, and cognitive biases [103]—to trust
[16,63,69], social norms/processes, and moral values [108,109]. Therefore, vaccine demand
promotion campaigns and their accompanying messages should be designed based on
behavioral and social evidence, designed to suit a context-specific population, before and

during implementation [110].

Several models have been propagated to understand vaccine hesitancy, as shown in Table 1.
The 3C model puts determinants of vaccine hesitancy into three categories: confidence,
convenience, and complacency [111]. According to the model, confidence measures trust in
vaccines, the systems delivering them, and the motivation behind policy actions on which
vaccines are provided [111]. The model describes complacency as when risk perception of
vaccine-preventable diseases is low and/or there is a weak perceived importance put on the
vaccination. Convenience looks at the quality of immunization services, its delivery methods,
and the environment and cultural circumstances that enables vaccine uptake. Another, albeit

complex, model was developed in which determinants of vaccine hesitancy were grouped
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into three categories: contextual factors, individual and group level factors, and

vaccine/vaccination specific factors [61].

Recently, researchers have supported a more rigorous conceptualization of vaccine hesitancy
grounded in established theoretical frameworks [16,112]. This has led to the development of
the 5C model [16]. The model focuses on exploring psychological antecedents of vaccination
by looking beyond definitions of vaccine hesitancy [113]. The 5C psychological antecedents
of the vaccination model are confidence, complacency, constraints, calculation, and collective
responsibility [61]. Studies have emerged providing empirical evidence that this 5C model is
effective as a measure for vaccine hesitancy [114—117], and this has improved the
intervention scope and knowledge toolkit in the hands of a policymaker for addressing
skepticism about childhood vaccines in these regions and countries. While empirical studies
have been very consistent and have grown in high-income countries (HIC), progress in low-
income countries (where hesitancy is perceived to be greater) has lagged, especially in SSA

countries [113].

5C psychological antecedence of vaccine hesitancy

Betsch et al.’s [16] comprehensive study on the psychological determinants of vaccine
hesitancy attempted to understand why a considerable number of people in identified
populations do not receive recommended vaccinations; and then to measure patterns over
time in order to design appropriate strategies to address and increase vaccine uptake. The
study accessed widely beyond confidence and safety in vaccines and the system delivering
them. The model show that factors such as complacency (not perceiving diseases as high
risk), constraints (structural and psychological barriers), calculation (engagement in extensive
information searching), and collective responsibility (willingness to protect others) equally

determine vaccination intention.
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The Betsch study is one of the most comprehensive studies ever done, albeit in high income
countries, but it is now being validated in low-income country settings such as Nigeria and
Malawi. It represents one of the most comprehensive sets of behavioral models on

vaccination decision-making ever carried out in the region.

Multi-dimensional tools and ways to measure vaccine hesitancy exist, but little is known
about their validity in non-Western settings, such as SSA [66]. Other factors may be relevant
in SSA, but no tool currently exists to assess and extend existing measures. Therefore,
identifying the drivers of vaccine demand has become a subject of interdisciplinary research,

and one of the most studied approaches is the 5C psychological antecedent model.

Based on the 5C models [16], confidence represents trust in the effectiveness and safety of
vaccines and the healthcare system delivering it, including (but not limited to) vaccine-related
risk perceptions and attitudes toward vaccination. Meanwhile, complacency exists where the
perceived risks of vaccine-preventable diseases are low, and vaccination is not deemed a
necessary preventive action. Complacent caregivers or individuals reveal an uninterested
attitude towards vaccination and are they are insufficiently interested to garner knowledge
and awareness around it. Constraints are an issue when physical availability, affordability,
willingness-to-pay, geographical accessibility, ability to understand (language and health
literacy), and appeal of the immunization service affect uptake. Moreover, constraints affect
people with low self-agency regarding vaccination decisions. Calculation refers to
individuals’ engagement in extensive information searching and therefore relates to perceived
assessment of vaccination benefits and disease risks. Collective responsibility is the
willingness to protect others by one’s own vaccination decision. Individuals with these
intentions value communal interest, well-being, and willingness to play their part within a

system.



GENERAL INTRODUCTION 22

The model posited that vaccination increases with confidence (perceiving a vaccine as safe
and effective) and collective responsibility (valuing the protection of others)—but decreases
with complacency (assuming a low risk of infection), constraints (encountering structural or
psychological barriers), and calculation (weighing up the perceived benefits and risks of
vaccination). Vaccination interventions based on these antecedents have produced varying
outcomes. This dissertation adds new knowledge to the existing body of evidence on the

subject.

The outcomes of the 5C model could be very influential in addressing low vaccination uptake
globally and/or the stagnant vaccination situation in the SSA region if interventions are
harnessed well, especially in solving/improving not only the opt-out and reminder
phenomena, but also norms and social actions that influence behavior against positive
childhood vaccination decision-making. Therefore, this dissertation explored the SC model as

the sole measure of vaccination decision-making in the SSA region.
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Table 2: Vaccine Hesitancy Measurement Across General Studies [16]

Models Measures
SAGE Working The 4C model The SA model: Parental Vaccine Global Vaccine Vaccine Vaccine 5C 5C+
group: The 3C (extended 3C Taxonomy for the Attitudes - Confidence | Vaccine Hesitancy Acceptance Confidence antecedents Vaccination
model [111] model) [70] determinants of Childhood Scale Confidence Scale Scale Index of vaccine decision-Making
vaccine uptake Vaccines (VCS) [120] | Index (VHS) [121] (VAS) [122] (VCI) [123] acceptance [124,125]
[118] (PACV) [119] (GVCI) [69] [16]
3 factors 4 factors 5 determinants 15 items 8 items 4 items 9 items 20 items 8 items 5 or 15 items 8 or 18 items
3 sub-scales 3 sub-scales | no sub-scales 2 sub-scales 5 sub-scales 3 sub-scales 5 sub-scales 8 sub-scales
confidence: trust in confidence: acceptance: beliefs about benefits safety lack of perceived trust confidence confidence
effectiveness and negative individuals accept, safety and confidence safety of
safety of vaccines and | attitudes, belief question or refuse efficacy vaccines
the system that in vaccination trust effectiveness confidence
delivers them misinformation, risks of
(health care workers, perceptions of general vaccination perceived
politics) vaccine-related attitudes and harms effectiveness importance
risks trust and necessity of
vaccines
immunization
behavior acceptance of
the selection
and scheduling
of vaccines
positive values
and affect
toward vaccines
perceived
legitimacy of
authorities to
require
vaccinations
convenience: convenience: access: ability of - - -- -- -- -- constraints constraints
physical availability, structural individuals to be
affordability and barriers, reached by, or to
willingness-to-pay, perceived reach, recommended
geographical behavioral vaccines
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accessibility, ability control
to understand
(language and health affordability: ability
literacy) and appeal of of individuals to
immunization service afford vaccination
complacency: complacency: awareness: - - importance -- -- -- complacency complacency
perceived risks of low involvement, | knowledge (need
diseases are low; low general for/availability of
vaccination not seen knowledge, vaccines)
as necessary awareness,
vaccination not
seen as the
injunctive norm
- calculation: - - -- -- -- -- calculation calculation
individuals’
engagement in
extensive
information
search
- - activation: degree to | -- -- -- -- -- -- --
which individuals
are nudged towards
vaccination uptake
(awareness: social - - -- -- -- -- collective collective
benefits) responsibility | responsibility
-- -- compatibility -- -- -- -- Religion: religion
with religious not compatible with
beliefs vaccination
Masculinity:

decision to
vaccinate child rest
on perception of the
father

Rumors: vaccines
contain birth
control agents
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Insight into the WHO/UNICEF Joint Reporting Form (JRF) on vaccine hesitancy in Sub-

Saharan Africa

Vaccine hesitancy is a growing global phenomenon, and the list of cited reasons varies,
although in many instances a pattern seems consistent with Lane’s 1-3 matrix classification
[61,62]. To provide a broad view on vaccine hesitancy determinants and their measurement
models in SSA, 5 years of reporting (2014-2018) by Kenya, Malawi, and Nigeria on the
WHO/UNICEF Joint Report Form (JRF) was examined to determine the reporting frequency
of data in the region as well as the reasons reported for vaccine hesitancy. Based on the data
(Table 3), only 1 out of the 5 years was reported, and they seem to fixate on the SAGE
vaccine hesitancy definition and its applicability in reporting reasons for hesitancy. Sadly, the
assessments were not based entirely on empirical evidence, but instead more on
administrative data, which were not specific to the three countries in focus [126]. Only about
25% of the reported reasons for vaccine hesitancy were based on empirical evidence in most

of these countries [126].

The JRF has no data for most SSA countries between 2014-2018 [127]. For Kenya, only
2018 was reported and the three reasons for vaccine hesitancy in chronological order were:
(i) fear of adverse event following immunization (AEFI), (ii) religious belief, and
(ii1) mythical/conspiratorial and misconception about vaccination. A similar scenario was
seen in Malawi; the three drivers of vaccine hesitancy reported were: (i) religious reasons,
(i1) perception of vaccines, and (iii) inadequate knowledge/awareness. In Nigeria, the reasons
were: (1) religious misconceptions, (ii) no faith in vaccines (confidence), and (iii) fear of side

effects (AEFI).

The conclusion of the JRF data and the significance of the reported determinants of vaccine

hesitancy is that (based on the WHO SAGE classification [61]) vaccine/vaccination-specific
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influence was not cited as a predictor. Therefore, despite the confounding subjectivity
associated with the reasons cited, it further raises the stake on the assumptions surrounding
vaccine hesitancy: i.e., the primary drivers are largely social and behavioral. Overall, the JRF
was a good window to understand how perception was driving vaccination decision-making
in the region. Unfortunately, this cannot be entirely relied upon for evidence-based
intervention because of the nature of its assessment. Hence, the reason for this dissertation (to

address this research gap).

Table 3: WHO/UNICEF JRF reported reasons for vaccine hesitancy in Kenya, Malawi and

Nigeria.
ISO | Country | Region | Status | Indicator Code | Year | Value

Kenya

KEN | Kenya AFRO | member | Vaccine Hesitancy Assessment 2014

KEN | Kenya AFRO | member | Vaccine Hesitancy Assessment 2015

KEN | Kenya AFRO | member | Vaccine Hesitancy Assessment 2016 | No data

KEN | Kenya AFRO | member | Vaccine Hesitancy Assessment 2017

KEN | Kenya AFRO | member | Vaccine Hesitancy Assessment

KEN | Kenya AFRO | member FIRST REASON Fear of AEFI

KEN | Kenya AFRO | member SECOND REASON Religious Factor

Myth &

KEN | Kenya AFRO | member THIRD REASON 2018 | Misconception
Malawi

MWTI | Malawi | AFRO | member | Vaccine Hesitancy Assessment 2014

MWI | Malawi | AFRO | member | Vaccine Hesitancy Assessment 2015

MWI | Malawi | AFRO | member | Vaccine Hesitancy Assessment 2016 | No data

MWTI | Malawi | AFRO | member | Vaccine Hesitancy Assessment 2017

MWI | Malawi | AFRO | member | Vaccine Hesitancy Assessment

MWI | Malawi | AFRO | member FIRST REASON Religious Factor

MWI | Malawi | AFRO | member SECOND REASON Perception

MWI | Malawi | AFRO | member THIRD REASON 2018 | Ignorance
Nigeria

NGA | Nigeria | AFRO | member | Vaccine Hesitancy Assessment 2014

NGA | Nigeria | AFRO | member | Vaccine Hesitancy Assessment 2015

NGA | Nigeria | AFRO | member | Vaccine Hesitancy Assessment 2016 | No data

NGA | Nigeria | AFRO | member | Vaccine Hesitancy Assessment 2017

NGA | Nigeria | AFRO | member | Vaccine Hesitancy Assessment

Religious

NGA | Nigeria | AFRO | member FIRST REASON Misconception

NGA | Nigeria | AFRO | member SECOND REASON No faith in vaccines

NGA | Nigeria | AFRO | member THIRD REASON 2018 | Fear of side effect

Source: WHO/UNICEF JRF — June 2019
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Goal of the dissertation

In order to inform evidence-based policies, intervention, and practices, this dissertation aimed
at assessing determinants of vaccination decision-making (e.g., vaccine hesitancy) as well as
contextual-associated factors driving this phenomenon.

Primary objectives of the dissertation

1. To understand the dynamics of vaccination decision-making and vaccine hesitancy
determinants in SSA.

2. To test and validate the 5C model as an adaptable and practicable framework for
measuring vaccine hesitancy in SSA.

3. To determine whether vaccination intention (prenatal) predicts behavior (postnatal) in
SSA.

Organization of the dissertation

The dissertation begins with a systematic and scoping overview of existing literature on
drivers of childhood vaccination decision-making among pregnant women and caregivers in
SSA. While there is significant amount of literature on caregivers (parents of infants under-
5), there is little on pregnant women and childhood vaccination decisions in SSA, except for
three articles that focused on influenza, pertussis, and tetanus vaccines [128—130]. Of these,

none covered childhood vaccination intention among this vulnerable group in the region.

Hence, the first undertaking of the dissertation in determining the background was to examine
a region elsewhere in the world (Europe) to generate insights. A total of five peer-reviewed
articles and one policy brief constituted the body of the dissertation, while two articles
unrelated to the goal of the dissertation (but giving behavioral insights) were added as other
publications.

The first article focuses on drivers of vaccination decision-making or behavior among
pregnant women in Europe. The second article is on caregivers in selected countries in SSA

(Ethiopia, Kenya, and Malawi), assessing vaccination behavior among caregivers. The third
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article is a longitudinal study, with two time series data collection points: during pregnancy
(prenatal) and 12 months after delivery (postnatal) in Nigeria, with the goal of assessing
vaccination intention and behavior. The fourth article is a cross-sectional study on caregivers’
willingness to vaccinate their children against recommended childhood and adolescent
diseases such as HPV in Malawi. The fifth article is qualitative research, targeting multiple
stakeholders (both demand and supply sides) to generate deeper and context-specific insights
on vaccination decision-making in Malawi. The sixth article is a policy brief generated from
the fifth article to guide policy action. Finally, the general discussion will briefly discuss key
results of the respective articles in order to answer the research questions, and ends with a

conclusion.
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GENERAL DISCUSSION
In order to inform evidence-based intervention and policies, the six articles presented in the
dissertation assessed low vaccination uptake in SSA and their determinants, and whether

vaccination behavior is influenced by intention.

The discussion centers around how the study outcomes provide explanations to the research
questions, including the following. i) What are the drivers of vaccine hesitancy among
vulnerable groups such as pregnant women (Articles 1 and 3a) and caregivers in SSA
(Articles 2, 3b, 4, 5 and 6)? ii) Are the drivers of vaccination intention (pregnant women) and
behavior the same and does the former influence the latter in SSA (Article 3)? iii) Is the 5C
model an adaptable measurement scale for understanding vaccination decision-making

(vaccine hesitancy) in SSA (Articles 3 and 4)?

Therefore, the results of the articles are summarized and briefly discussed in response to the
research questions. Also, windows for practical implications/application of the findings,

future research, and limitations are presented in each of the section.

Drivers of vaccine hesitancy among vulnerable groups (pregnant women)

Insights from beyond Sub-Saharan Africa (Europe)

According to influenza (flu) vaccine and 11 other empirical studies that assessed vaccination
behavior at prenatal in the European region, psychological, contextual, physical,
sociodemographic, and other factors appear to shape pregnant women’s willingness to accept,
delay, or refuse vaccinations [1].

Psychological determinants: Varying factors help us to understand multiple psychological
standpoints on the subject, including low personal risk perception (complacency) among
pregnant women resulting from denial of the threats from influenza infection [1]. As much as

23% of women in Spain held the notion that they were not at risk of contracting influenza
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while being pregnant [2]. Similarly, without evidence, not only were some women
underestimating their personal risk of flu infection, but also they thought that the risks of
adverse events from the vaccine were higher compared to the effects of an infection. Hence,
vaccination is not a priority for these women. Another psychological factor perhaps
contributing the most to prenatal vaccination behavior in the region is vaccine safety and
effectiveness (confidence), especially lack of confidence that the vaccine would not harm the
unborn. This concern reflects women’s feelings of mistrust and personal insecurity when it
comes to receiving the flu shot. For example, in Germany and Ireland, many expectant
mothers believe that it is unsafe to take a vaccine during pregnancy [3,4]. This shows that
negative attitudes toward vaccination can result from low confidence. Furthermore,
susceptibility to conspiracy theories or rumors plays a huge role in confidence and
vaccination behavior among this vulnerable group. For example, among several reasons cited
in an Italian study, pregnant women considered vaccination a business model motivated by

Big Pharma’s desire for more profit [5].

Contextual determinants: Vaccination behavior is also considered to be partly influenced by
the lack of information and adequate recommendations by healthcare providers (constraints).
As a result, a significant number of pregnant women do not know about the general
recommendation at the prenatal stage of pregnancy. A total of 22% of the pregnant women in
a study reported that the vaccine was not directly offered by physicians [5], hence
assumptions were built around its acceptance. Similarly, 44% of the unvaccinated women in
a German study were unaware of the official vaccination recommendation; while another
study found that nearly 30% of pregnant women in Valencia did not know about the flu shot
recommendation [3]. The results show that absence of requisite information and

recommendation to get vaccinated were relevant factors driving vaccination decisions.
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Proximity and multiparity determinants: One of the reasons for not getting vaccinated was
proximity to childbirth. Despite vaccination being recommended to women in their second or
third trimester of pregnancy, some women fear that getting vaccinated at that stage can be
dangerous or not necessary since childbirth is near [2]. Another reason is multiparity, based

on previous experiences of not having been infected during prior pregnancies [6].

Other determinants: Other factors driving vaccination behavior at the prenatal stage in the
European region include lower sociodemographic status (e.g., being an ethnic minority, being
an immigrant or refugee, or having lower educational attainment), perceiving the disease to
be less severe, the need for (more) time to think about the risks and benefits before a decision

(calculation), the fear of needles, and drug objections [6].

Summary

This study provided insights into pregnant women’s vaccination decision-making as well as
the drivers behind vaccine hesitancy. These insights gained from the data help us to
understand women’s behavior and consequently vaccination intention (prenatal) in relation to
their children (postnatal) regarding recommended childhood vaccination. Psychological
factors such as low risk perception (complacency), concerns about the safety and
effectiveness of vaccine (confidence); and others such as lack of information and adequate
recommendations by healthcare providers (constraints), the need for time to think about risk
and benefit before a decision (calculation) constituted drivers of vaccination behavior among
pregnant women. These behaviors are synonymous with those found in the 5C model [7].
Therefore, not only are the drivers of vaccination decision-making at the prenatal stage
understood from this study perspective, but they also provided an understanding of what
vaccination intention of recommended childhood vaccines could be like. Would the behaviors

(in this study) be synonymous with intention to vaccinate (see the study below) for
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recommended childhood vaccines and would the 5C model provide the explanatory gaps?

This was investigated in the SSA region, prompting the next study in Article 3.

Future research should explore the role of collective responsibility in detail (i.e., taking action
in the interests of all stakeholders), as this was not explicitly stated in the study. This
psychological variable could be important for prospective mothers or when designing
interventions that rely on community opinions. Marginalized populations, such as women
with migration backgrounds or groups with specific social or cultural differences, should also

be studied.

Empirical evidence from Sub-Saharan Africa

Many successes have been recorded based on vaccination as a public health intervention in
SSA. These achievements have lessened, however, owing to several determinants including
vaccine hesitancy. In SSA, recommended childhood vaccines are particularly impacted by
this behavior-related phenomenon. Even more significant is an understudied group (pregnant
women) who are at the center of childhood vaccination decision-making. These women and
their unborn babies are the most vulnerable groups because immunological and serological
changes that occur during pregnancy can alter the mother’s and the fetus’s susceptibility to
various infectious diseases. Despite this knowledge, some pregnant women doubt, delay, or
refuse the protection offered in vaccinations [8—12]; hence, this behavior puts children in a

vulnerable state early in their lives [13].

Current knowledge on the gap and drivers of vaccine hesitancy of recommended childhood
vaccines in SSA is very limited, alongside the impacts on coverage [14], thereby reducing
evidence-based capacity to design and executive context-specific interventions in the region.
To address this vacuum, this dissertation tries to assess caregivers from two standpoints: at

intention level/pregnancy (prenatal) and at behavior level/after childbirth (postnatal).
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Therefore, Article 3 is a longitudinal study (3a and 3b), whose first part (3a) focused on
vaccination intention determinants. Using the 5C psychological antecedent scale plus
additional context-specific variables, this framework’s adaption in measuring drivers of
vaccine hesitancy at prenatal in Nigeria shows that age, religion, education, employment, the
5C model, and additional variables such as masculinity (father’s attitude), believing in
rumors/misinformation (i.e., that vaccination can cause infertility) and thinking that one’s
religious belief is incompatible with vaccination were considered influential for intention of
pregnant women to vaccinate children in future (Article 3). However, only four significant
predictors were found. Muslims indicated lower vaccination intention compared to
Christians. Vaccination intention increased when confidence in public authorities/health
system is high but decreased if participants indicated that their husband’s approval was

important for vaccination and if they believed in the rumor that vaccination causes infertility.

Summary

Confidence: Confidence seems to be the strongest driver of intention to vaccinate unborn
children at the prenatal stage, especially confidence in the public authority/healthcare system
or its workers. Confidence in the country’s healthcare system is related to a more positive
intention to vaccinate children in the future—exposure of mothers to vaccination knowledge
at the prenatal stage through healthcare providers, healthcare workers, or public institutions
managing vaccination in SSA increased their intention to vaccinate children with

recommended vaccines, and vice versa.

Therefore, vaccine confidence plays a huge role in assuring mothers at the prenatal stage;
otherwise, vaccinating their unborn children would be very low priority in situations where a
lack of trust existed regarding the systems managing vaccination services [15-19].
Interestingly, and in contrast to the kind of trust found in Article 1 (above) on Europe, which

is associated with vaccine safety and effectiveness, in SSA the trust is associated with the
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healthcare system. It is all about confidence, but what type of confidence? This perhaps
demonstrates that vaccination behavior or decision-making are influenced by context, time,

and places.

One of the reasons why vaccination intention at the prenatal stage in SSA is determined by
trust in the health system could be due to health system managers’ exaggeration about
immunization efficacy to motivate uptake, thereby giving the false impression that
immunization prevents all childhood diseases [20,21]. Hence, the inability or failure of
immunization to prevent all diseases erodes trust and confidence in the public health systems
and institutions managing immunization programs, and eventually there is a loss of faith in

immunization as an intervention to give protection against VPD.

Religion: Religious belief significantly influences vaccination decision-making in many parts
of SSA. However, religious influence being a catalyst for vaccination decision-making
among pregnant women is novel finding in SSA, particularly the finding that being a
pregnant Muslim reduces the chances that an unborn child would be vaccinated as an infant.
This unique finding should enable the scope of intervention to broadened beyond the
traditional focus in the future, but now it is included as an intervention at the prenatal stage
and to a target population. Also, since religion is a not a factor that is part of the 5C model, an
extension of the model to accommodate this variable might be suggested, especially when

building a suitable measurement scale for vaccine hesitancy in the region.

Masculinity: The fact that masculinity influences vaccination intention was a striking
revelation in this study, although several SSA communities are still situated in conservative
low-income countries where a strong patriarchal culture exists [22]. The opinion of a child’s
father or a wife’s husband is crucial in the overall decision-making of the family household,
and this was reflected in the findings in this dissertation. Indeed, the husband’s knowledge

and attitude and/or belief about vaccination or vaccines shapes the entire household’s
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decision on whether a child is vaccinated. When a husband or child’s father encourages or
approves immunization for the child, a positive relationship to vaccination intention was
observed. Invariably, children who are likely to complete full recommended childhood
immunization are those whose fathers possesses good vaccination disposition. Similarly, a
child is less likely to begin or complete a full dosage of recommended childhood
immunization if the father’s attitude toward immunization is negative. Therefore, vaccine
hesitancy or low vaccination intention is common among households where women lack

decision-making autonomy.

Childhood vaccination behavior has been influenced by fathers [23], and because of the
inequitable power relation in some African households, this patriarchal behavior influences a
wide range of issues, including health-seeking behavior such as vaccination decisions
[24,25].

Studies looking at vaccination behavior among caregivers found that children from more
patriarchal households were less likely to complete recommended childhood immunizations
and vice versa [23,26,27]. This dissertation may have found the reason .... a father’s approval

or attitude towards vaccination affects whether their child receives full vaccination.

Rumor: Vaccination intention among pregnant women is also driven by belief in rumors or
conspiracy theories surrounding vaccination. More expecting mothers are less willing to
vaccinate their children if they believe in the rumor that vaccination causes infertility or are a
strategic instrument by Western nations to make girls become infertile (birth control
medicine). This behavior is not unexpected in a generally Muslim-dominated population,
because several studies examining back-end impacts of religion or religious beliefs on
vaccine uptake have found religion to be central to vaccination discourse on decision-making
in SSA [28-32]. However, this study revealed two important new findings: first, that

religious belief is not only a Muslim phenomenon, but is Christian as well, although more
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Muslims have lower vaccination intention. Second, it is surprising that this sentiment still
persists among pregnant women who supposedly are more likely to pursue positive health-

seeking behavior.

In general, using the 5C measure to categorize vaccination intention at the prenatal stage
between pregnant women in Europe and SSA, there seems to be a disconnect in terms of
drivers that falls within the model. While four variables of the 5C scale (confidence,
complacency, constraints, and calculation) are found to be relevant in the European region as
drivers of vaccine hesitancy among pregnant women (vaccination intention), only one
variable (confidence) seems to be a related factor in SSA. Conversely, while religion,
masculinity, and rumor seem to be strong determinants in SSA, they are not relevant
determinants in the European region. Therefore, further research is advised, using the same
5C measure as well as additional variables to assess vaccination behavior rather than

intention.

Drivers of vaccine hesitancy among caregivers in Sub-Saharan Africa

To understand the research question, what the drivers of vaccine hesitancy among caregivers
in SSA are, the dissertation assessed articles 2, 3b, 4, 5, and 6. This section highlights multi-

contextual factors in SSA that contribute to low vaccination uptake in the region.

Evidence from Ethiopia, Kenya, and Malawi

The study in Article 2 reviewed a body of evidence to advance the current understanding on
vaccine hesitancy influencers toward recommended childhood vaccines within the SSA
context, using Kenya, Malawi, and Ethiopia as references. Several factors that affect
immunization uptake were identified and mapped into three themes, namely, caregiver-
related factors, health systems-related factors, and community context [33], although these

factors are complex and interrelated. Community-context factors as broad drivers of low
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vaccination uptake include low autonomy among women, masculinity, nomadic settings of
many populations in SSA, low vaccination due to the rainy season, belonging to minority
ethnic group, and the influence of religious leaders. The health system-related factors are
immunization and health system predicaments such as poor knowledge of immunization,
childbirth outside a health facility (such as at home using traditional birth attendants), and
poor utilization of antenatal and postnatal care services. Caregiver-related factors consists of
low vaccination uptake due to actions of individuals/parents such as increasing childbirth
order, sickness of a family member at the scheduled time for vaccination, trust in traditional
herbal medicines, lack of trust in immunization, fear of side effects of vaccine(s), fear of

injections, low birth weight in children, and negative rumors about vaccines [33].

Meanwhile, the main psychological antecedents to low vaccination uptake that were
identified and categorized in these settings were confidence and constraints. This relationship
is illustrated in the causal loop diagram (Figure 3, Article 2). When caregiver’s confidence in
the immunization system is low, hesitancy toward vaccines increases and vice versa [7,9].
Similarly, when several constraints exist within and outside a caregiver’s control but with low

self-agency, vaccine hesitancy will also increase.

The evidence from Ethiopia, Kenya, and Malawi demonstrated a complex network of factors
driving vaccination behavior in the SSA region, and a psychological context under which
vaccination decision-making can be understood and measured, particularly the extent that
intervention to improve vaccine acceptance needs to target multiple stakeholders at

community, health system, and caregiver levels.

The main limitation of this study is that only 23 studies were identified, and this might have
limited the scope of the identified factors. Also, most studies focused on female respondents;
but as seen in this dissertation, men contribute significantly to vaccination decision-making.

Methodologically, there seem to be an absence of a suitable significant qualitative or mixed
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methods approach to gain deeper insights into the drivers of vaccine hesitancy within SSA-

specific settings.

Empirical evidence from Nigeria

Empirical evidence from Nigeria (Article 3b [T2]) [9], based on recommended childhood
vaccination behavior among mothers of newborns at the postnatal stage (Table 3), shows that
the vaccination decision is more likely to lead to uptake when the mother’s religious belief
aligns with vaccination (religion); when there is high degree of confidence in the
effectiveness of vaccines (confidence); and when mothers consider the interests of the
community (including herd immunity) in health-seeking behavior, the demand for childhood
vaccination gets better (collective responsibility). On the other hand, a higher level of

everyday stress (constraint) increases vaccination hesitancy among caregivers [9].

The influence of a few important demographic indicators (such as age, education, and belief
in rumors or conspiracy theories) on these drivers provided further useful insights (Table 4 in
Article 3), especially for policy action. Age had no influence on vaccination behavior, and
neither did it explain any variance among the discovered determinants of vaccination

demand. On the other hand, education did.

The higher the education of mothers, the higher their belief that vaccines are effective and
that accepting them is in the interest of everyone in the community. Whereas the belief in
negative rumors and misinformation or conspiracy theories about vaccination cuts across all

drivers of vaccination behavior.

Although the WHO/UNICEF JRF for Kenya, Malawi, and Nigeria (Table 2 in Article 3)
classified the religion factor as a driver of vaccine hesitancy [34], other studies including the
Pew survey also considered religious belief as central to the discourse about vaccination

behavior and decision-making in SSA [29-32].
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Religion as a determinant causing low uptake of recommended childhood vaccination
(particularly among Muslim mothers compared to Christian mothers), although not

surprisingly it is novel among caregivers of infants who were assessed at the prenatal stage.

Religious beliefs permeate individual, group, and national decision-making, and the
immunization system is no exception [28]. Several decisions within populations in the region
are filtered or measured according to the lenses and understandings of religious standpoints.
For example, the Muslim-dominated northern region in Nigeria has the highest vaccine
hesitancy level, which translates to it by being the region with lowest immunization coverage:

the least being in the North-West at 8% and the highest being North-Central at 26% [20,35].

Therefore, this dissertation uniquely enriches the insight needed to understand drivers of
vaccination decision-making and why uptake is low or stagnant in SSA. Vaccination
intention was not meaningfully related to actual behavior. However, vaccination behavior is
related to three of the 5C measures on the psychological antecedence scale as well as two
additional variables. These three measures are to the fore when confidence in the vaccine
effectiveness was high (confidence), when mothers felt responsible for collective well-being
(collective responsibility), and when mothers indicated lower levels of everyday stress
(constraint). Likewise, out of the three additional variables assessed alongside the 5C scale,
mothers of infants were more likely to vaccinate their children when vaccination is supported

by religious beliefs (religion).

Rumor and/or misinformation was a very powerful influencer among all four predictors of
vaccination behavior (rumor). Specifically, misinformation or rumor about vaccination
affects these four determinants and thus indirectly affects vaccination behavior. The
significance of confidence, constraints, collective responsibility, religion, rumors, or

misinformation as drivers of vaccination decision-making or behavior were a big step
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towards increasing the dearth of knowledge on vaccine hesitancy and its determinants,

especially among vulnerable and understudied groups in SSA.

The study had some limitations that may (or may not) have affected the outcomes. Based on
observations during the fieldwork, the 5C scale did not produce the desired effect for a few
reasons. Its original constructs and coinage of the items, as used, are a little too broad for the
Nigerian cultural setting. Also, participants with low literacy (i.e., mothers with no or little
education) struggled to fully understand the English grammar of some of the 5C items.
Therefore, in the future, the 5C scale needs to be rewritten in plain English or translated into

local languages.

Empirical evidence from Malawi

Evidence from Malawi (Article 4) provided further good insights for the goal of the
dissertation. In Malawi, the percentage of fully immunized children aged 12-23 months has
been consistently declining since 1992, when coverage peaked at 82% [36,37]. Between
20102016, full immunization uptake decreased from 81% to 76% among children 12-23
months old in Malawi [38]. An insight into some districts’ vaccination coverage and
timeliness with valid doses completed by children were the low rates of 60% in Dowa
District and 49% in Ntchisi District [39]. Besides, 19 out of 20 countries in 2018 with the
highest burden of cervical cancer cases are in SSA [40,41], and Malawi has the second

highest burden globally and the highest in the SSA region [42].

Despite these staggering data, vaccine uptake remains low, due to several factors including
vaccine hesitancy [43—45]. Although several factors may be responsible for the low uptake of
recommended childhood and adolescent vaccines, vaccine hesitancy is recognized as the
major contributor [46,47]. Hence the underlining motives of this dissertation: to identify the

contributors of vaccine hesitancy, to measure them, and to strategically intervene.
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Multi-dimensional tools and ways to measure these contributors exist, but little is known
about their validity in non-Western settings such as SSA [14]. Other social and behavioral
factors may be relevant in SSA; for example, a scientific tool to assess and extend existing
measures is limited or non-existent. Therefore, by using an expanded 5C psychological
antecedent model, as was done in Nigeria according to Article 3a and 3b, significant
outcomes are brought to the fore following assessment of recommended childhood vaccines

and adolescent vaccines such as HPV.

For the recommended childhood wvaccine, confidence in vaccine safety (confidence),
constraints due to everyday stress (constraints), conviction that the topic of vaccination must
be fully understood (calculation), and the importance of a husband’s approval (masculinity)
were the strongest determinants of vaccination decision-making or behavior (Table 2 in
Article 4). Further exploratory endeavors on factors confounding higher or lower levels of
confidence, constraints, calculation, and masculinity, show that age, gender, religion,
education, and employment, as well as belief in rumors and trust in healthcare workers, were

considered confounders (Table 3 in Article 4).

Confidence in vaccine safety among caregivers in Malawi drops when belief in rumors or
misinformation (such as prayers prevent measles and/or HPV vaccine causes infertility/birth
control) is high. Lower confidence in vaccine effectiveness was also caused by general
rumor/misinformation, particularly among unemployed caregivers, but confidence was higher
among those who had male children and who had more trust in healthcare workers.
Conversely, thinking that vaccine-preventable diseases were not severe (complacency) was
affected by multiple variables: older adults (35-60 years), males, those believing in
traditional religions, and those agreeing with the rumor that vaccination was a means to

reduce the population. Caregivers whose child was male, who had at least secondary
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education, and who believed prayers prevented measles indicated more strongly that

everyday stress (constraints) caused them to be less likely to vaccinate their children.

Those who trusted healthcare workers also agreed with the statement that the topic of
vaccination must be fully understood (calculation). Masculinity (husband’s approval for
vaccination) was more prevalent among caregivers who had primary or secondary education,
more trust in healthcare workers, and had a stronger belief that vaccination is a means to

reduce the population and that the HPV vaccine causes infertility.

For the HPV vaccine: Using the same 5C model to assess HPV vaccination decision-making
determinants among caregivers of adolescent girls, among all the demographic variables only
education influenced the willingness to vaccinate daughters. Caregivers with a secondary or
tertiary education showed less intention to vaccinate than those with no formal or primary
education. More caregivers were willing to vaccinate children when trust in healthcare
workers was high, but this willingness decreased when confidence in the safety of vaccines
and the system delivering it was low (confidence). Vaccination intentions increased when the
children’s immune systems were perceived to be strong and as such protect against diseases
(complacency), and when there was a need for husbands to give their approval before
children can be immunized (masculinity). Similar outcomes were observed for measures of

calculation and collective responsibility.

Due to the impacts of rumor or misinformation (i.e., that prayers prevent measles, vaccines
are a means to reduce the population, and that HPV vaccine causes girls to be infertile or are
a form of birth control) on study outcomes in Malawi, further assessment was done to

understand how it affects vaccination decision-making (Table 6 in Article 4).

Age was a significant driver: compared to the youngest group (1824 years), caregivers aged

25-34 years old have more belief in rumors. For older participants, beliefs decreased, with
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the oldest participants (60+ years) showing the least belief. Also, being unemployed

increased the average belief in rumors, while trust in healthcare workers reduced it.

In summary, caregivers’ vaccination decision-making for recommended childhood
vaccination is motivated predominantly by aspects related to the 5C psychological
antecedence model as well as added variables such as masculinity and rumors. Lack of trust
in vaccine safety and effectiveness (confidence), everyday stress (constraints), and some
other influences such as beliefs in the child’s immune system (complacency) and husband’s

approval (masculinity) were also contributing factors in the decision-making.

Other factors include the feeling that vaccine-preventable diseases are not severe
(complacency), fear of doctors (constraints), and risk-benefit analysis and understanding
vaccine topics (calculation). The lack of trust in public authorities managing the vaccination
system (confidence) was also a determinant of vaccination decision-making, especially

among adolescent girls (HPV vaccination).

Overall, confidence in vaccine safety was the strongest predictor for vaccination decision-
making. Not just the safety of vaccines worries caregivers about childhood immunization but
also whether vaccines are effective and whether the caregivers can trust the healthcare system
to make the best decision concerning vaccines. Also, rumor permeates the entire vaccination
decision-making process. Indeed, every caregiver’s behavior and decisions on vaccination are

influenced in some way by this factor.

Furthermore, evidence from Malawi produced some unique undertones such as the role of
population group, levels of education, and rumor or misinformation. Perceptions that vaccine-
preventable diseases are not so severe or are not high-risk diseases and vaccination being
unnecessary were surprisingly common among the older population (35-60 years) compared

to the young adults (25-34 years). One would have expected that, the older people become,
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the higher their health-seeking behavior or self-agency attached to preventive behavior and

vulnerability to diseases [48,49].

This is also contrary to expectations that younger individuals have higher risk-seeking and
invulnerability behavior due to feelings of positive subjective personal health status
[48,50,51]. However, it is remarkable to find this perception among the older generation
instead of the younger generation. Another unique undertone was the role of education. It is
notable because level of education mostly correlates with positive vaccination attitude [52—
54], but interestingly this dissertation found that the opposite was true in Malawi. However,
this correlation is not seen in Malawi alone. The influence of education on childhood
immunization uptake in Spain was found to be unrelated: the less educated parents had higher
childhood immunization rates compared to the more educated once [55]. Similarly, during the
state of health emergency declared in Washington state in 2019 due to a measles outbreak,

affluent and highly educated parents were the most vaccine-hesitant parents [56].

Rumor or misinformation was another undertone. It has hitherto been underestimated in
various vaccine demand creation interventions across the SSA region [57,58], and it is an
important revelation of this dissertation. A relationship exists between rumors and
vaccination intention among caregivers of recommended childhood vaccines, however, belief
in rumors was a major barrier against adolescent girl vaccination for HPV in Malawi [59].
However, young adults having higher belief in rumors is surprising and the reason needs to
be further investigated. Although several factors could influence this, including young
people’s exposure to social media misinformation campaigns where a large amount of

vaccination misinformation or fake news is broadcast [60].
Finally, regarding gender undertones, disparities in immunization coverage between boys and
girls have been identified in some instances in regard to the child’s gender determining

vaccine uptake [61—-63]. This dissertation provided valuable insights on this debate. In
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Malawi, confidence in the effectiveness of vaccines is lower among caregivers whose
children are female, compared to male [59]. Therefore, a female child in Malawi is more

likely to receive delayed or incomplete vaccination coverage, or their parents will refuse it.

A limitation of this study was that it was associated with a relatively small convenient sample
of participants. Additionally, the low internal reliability observed in the 5C scale may be
largely due to similar factors identified in the Nigeria study.

Multi-stakeholder evaluation in Malawi

Article 5 examined multiple stakeholders’ perspectives (using key informant/in-depth
interviews and focus group discussions) on drivers of recommended routine childhood
immunization (RI) decision-making and behavior in Malawi. These stakeholders included
representatives of WHO, UNICEF, NiTAG, and EPI at central and district levels; religious
and community leaders; healthcare workers (HCW); and caregivers. This part of the
dissertation examined beyond causal relation, but it also investigated demand and supply

viewpoints on drivers of decision-making concerning childhood vaccination (see Figure 2).

RI and HPV COVERGENCE

= Inadequate knowledge of
immunization

=  Attitude and lack of confidence

= Inadequate resources leading to
discouraged caregivers

»=  Low literacy level of caregivers

=  Complacency occasioned by
costs placed on immunization

=  Disconnection between

Routine Immunisation
= Problem of
competing
immunisation
services

HPYV Vaccine
= Misconception,
rumours, and
conspiracy
theories

healthcare system and
community leaders
= Inadequate awareness of

vaccination schedule
Religious beliefs

Figure 2: Overview of identified drivers of vaccine hesitancy in Malawi for routine immunization (RI)

(left), human papilloma virus (HPV) vaccination (right), and both (middle)
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The cross-sectional perspectives in this dissertation identified some key drivers or
determinants of vaccine hesitancy, as displayed in Figure 2, to include a lack of awareness of
the vaccination schedule, lack of confidence in the safety and effectiveness of vaccines,
complacency disposition, religious belief, rumors or misinformation, and belief in conspiracy

theories [64].

Misinformation or rumors that vaccination causes infertility as well as the role of fathers or
husband’s attitude towards vaccination are significant factors that affect whether caregivers
get their children vaccinated. A seen in Articles 3a, 3b, 4, and 5, these drivers (rumor,
religious belief, and husbands’ attitude or masculinity) are intrinsically recurrent phenomena
when vaccination decision-making among caregivers are discussed, not just in Malawi but
throughout SSA. The same goes for some of the 5C psychological predictors such as
confidence, complacency, constraints, calculation, and (in the case of HPV) collective
responsibility. Based on the findings, the decision to forego an immunization appointment is
not determined by factors beyond the caregivers’ control such as distance or cost of
transportation (in the case of complacency), but the convenience of doing so vis-a-vis other

equally important commitments and the opportunity cost placed on immunization [64].

The main limitation experienced during this study was the problem of the COVID-19
pandemic, which resulted in unanticipated travel restrictions, substitution of earlier planned
districts (Nsanje and Rumphi) for convenient ones (Salima and Lilongwe) in Malawi, and
inaccessibility to some key stakeholder due to time factors, because some were COVID-19

essential-services personnel.

Policy brief contribution

In order to support Malawi policymakers at EPI and other stakeholders with evidence-based

and empirical findings on combating vaccine hesitancy to improve vaccination uptake, a
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policy brief (Article 6) [65] was developed based on the findings from Article 5. The policy
brief provided useful resources for facilitating evidence-based behavior insight workshops on
countering vaccine hesitancy, guided by WHO Tailoring Immunization Program (TIP)

toolkit.

Why is the policy brief relevance to Malawi policymakers? Malawi is a poor-resource setting
country, with significant successes in reducing child mortality with a series of vaccines [66].
But in recent years, these positive gains are eroding and the country is at risk of severe
setbacks if vaccine hesitancy is not addressed [36,38]. Hence, the policy brief is meant to
support national and local policymakers with better understanding of the latest sentiments
behind low vaccination demand and the need to act urgently. The provided evidence or
knowledge is expected to guide interventions appropriate to the local context in Malawi and it

also may be relevant to other countries in SSA.

The policy recommendations of the brief focused on a few strategies, such as the need to
increase outreach services that enhance visits to hard-to-reach areas; shortening caregiver’s
travel time and accessing more of the population; and grassroot health promotion and
education campaigns should be led by community and religious leaders so that immunization
is deemed to be safe and effective, and to dispel rumors during the process. Also, fathers or
husbands are an important target group and should be given significant priority when
tailoring educational and advocacy strategies, because (based on the findings of the

dissertation) household vaccination decisions in SSA frequently depend on them [9,59,64].

Written vaccination messaging directed at low literacy settings should be designed using
symbols that are easy to understand. Future campaigns should fully consider rural/remote
settings in the production planning and dissemination of immunization knowledge (e.g., using

local languages or dialects).
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Transtheoretical behavior model as explanatory framework
Several theories exist to understand the mechanisms of health behavior such as health belief

model (HBM), transtheoretical model (TTM) otherwise known as stages of change, the
theory of planned behavior, and others [67—-69]. The central attraction for these theories is the
conceptualization that people engage in an internal decision-making process by weighing the

risks and benefits of taking a specific action, especially about vaccination [70].

Specifically, people cognitively evaluate the severity of the health threat and the perceived
benefits or risks of taking or not taking an action based on that threat. This cognitive risk
assessment is motivated by many factors including the perceived risk of a disease, perceived
severity and information available about the disease transmissibility, the source of the
information, physical and social environment, cultural beliefs, political system, and others
[70]. Therefore, in this dissertation, the focus is on a critical section of the population
(pregnant women and caregivers) to understand how their decision-making thought-processes
determine that the personal and social cost of not vaccinating may outweigh the health

benefits of vaccination and vice versa.

In the SSA region, based on outcomes of above articles, especially Article 3a, vaccination
decision-making is in stages and is sometimes vaccine-specific (e.g., RI and HPV), which
relies on decisional balancing and self-efficacy [71]. The evidence shows that pregnant
women were confident in their intention or ability to vaccinate their unborn children when
trust in the healthcare system, workers, or authorities managing vaccine is high. However,
self-efficacy was not significantly associated with vaccination intention [9]. The absence of a
significant relationship may be attributable to the fact that vaccination decision-making

among caregivers in SSA is based on stages of maternal progression.

As suggested by the transtheoretical model (TTM) of behavioral change, people’s health

decision-making tends to be at different stages of their self-efficacy [71,72]. Caregivers with
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this orientation would be difficult to convince to make decisions or change behavior about a
perceived non-existing problem, especially when there is no immediate perceived
susceptibility or when they are yet to get to that stage for building intention to
change/decision. At pregnancy, the immediate danger of harm or perceived disease severity
to the child owing to VPD may not be imminent. Therefore, TTM of health behavior change
considers the readiness and motivation for change among people as a continuum or process,
and that process is a series of six independent stages: precontemplation (no intention of
change now), contemplation (considering change), preparation (effort on an intention,
planning, and committing to change), action (moments of change of behavior), maintenance,

and termination (sustaining long-term behavior change) [73,74].

The centerpiece of TTM suggests that behavior change is a process, and that vaccination
behaviors and decision-making go through these six stages, although it is not always in this
sequential order. Suffice to say, the vaccination decision-making thought-process and
motivation at the prenatal stage (intention during pregnancy) are completely different from
those at the postnatal stage (actual vaccination behavior). Therefore, the vaccination decision-
making process in SSA based on evidence from Nigeria, go through the TTM process.
Hence, intervention in SSA to increase uptake needs to become dynamic as well. That is,
targeted intervention should be carried out according to stages highlighted by the TTM,

beginning from the prenatal stage.

Drivers of vaccination intention and behavior, and the influence of the former on the latter

in Sub-Saharan Africa

This research question was tested in the longitudinal study in Nigeria. Based on the findings
of this dissertation, and using the 5C model as a measurement framework, drivers of
vaccination intention among pregnant women at the prenatal stage (Article 3a) towards

recommended childhood vaccines is not the same as those influencing behavior at the
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postnatal stage in SSA (see Article 3b). Prenatal vaccination intention was driven by religious
beliefs (especially among Muslims compared to Christians,) confidence (especially trust in
public authority and healthcare system providing vaccination services), masculinity (such as
the husbands’ approval or attitude towards vaccination), and rumor (such as “vaccines cause
infertility”) [9]. In the 5C scale, only confidence was a significant predictor of intention to

vaccinate against childhood diseases at the prenatal stage.

However, the driver of postnatal vaccination behavior (Article 3b) was different and related
positively to the predictors in 5C psychological antecedence model [7] compared to the
prenatal stage in SSA. Although not all variables on the 5C scale were significant in Nigeria,
on a broader level, confidence, constraints, and collective responsibility made good impacts.
Similarly, the postnatal vaccination behavior drivers using the 5C scale as measured in
Ethiopia, Kenya, and Malawi (Articles 2, 4, and 5) showed similarities across scale and

determinants.

In Malawi, confidence, complacency, calculation, and collective responsibility were
significant predictors of vaccination behavior among caregivers of infants under-5 [59].
These behavioral outcomes are of course exhaustive in Europe, where this model had been
tested and validated [7]. Even in an understudied group (pregnant women) in Europe,
vaccination decision-making and its drivers are psychologically driven by low-risk perception
(complacency), concerns about the safety and effectiveness of vaccine (confidence), lack of
information and inadequate recommendations by healthcare providers (constraints), the need
for time to think about risk and benefit before making a decision (calculation), among others
[1]. These behaviors at the prenatal stage in Europe are synonymous with those found in the
5C model [7]: suggesting behavior driving vaccine hesitancy in high income countries could

be similar to those in SSA, especially among caregivers of children under-5.
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While the compatibility of drivers of vaccination decision-making at the prenatal and
postnatal stages may be difference based on using 5C measurement scale, one variable or
factor seems to dominate both: confidence. Confidence is key to overall decision-making

regarding vaccination and vaccines in SSA [9,33,59,64,65].

Whether confidence in authority and healthcare system providing vaccines and vaccination or
confidence in effectiveness and safety of vaccines, trust seem to be an underlining influence
in both decision-making stages of life among pregnant women and caregivers in general.
Hence, the common denominator of drivers of vaccination intention and behavior in SSA is

confidence in the health system, safety and effectiveness of vaccine.

Therefore, based on this dissertation and in reference to outcomes of Article 3, prenatal

vaccination intentions do not play a role in actual vaccination behavior or decision-making
[9].

The 5C model as an adaptable measure for understanding vaccine hesitancy predictors in

Sub-Saharan Africa?

Reliability analyses for the 5C scale based on the original model and constructs, and the
sequel after examination, were directly incompatible in the SSA setting. The internal
consistency indicators of the data in SSA were low compared to reliability indicators
obtained in Western samples. That is, the items did not do well in their current constructs
(interpretations) in SSA (e.g., Nigeria) compared to the Western samples; confidence o =
0.39, complacency a = 0.30, constraints a = 0.47, calculation a = 0.51 and collective
responsibility a = 0.22 [9]. Reliability indicators obtained in Western samples were 0.71 and
higher [7]. Therefore, the assumption that the 5C scale or factors that predict vaccine
hesitancy was wholly adaptable and valid in SSA was undetermined in this dissertation so

further testing is needed. However, when subjected to a different analytical model
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(stepwise/backward regression analysis) using the single items but same constructs, it helped
to further put the scale into a different and usable perspectives. Nevertheless, items from the
scale predicted vaccination behavior more than intention in SSA. Overall, the additional
variables such as rumor, religious belief, and masculinity (husband’s attitude or approval)
were significant contributors to the dissertation as important drivers of vaccination decision-

making in SSA [9,59].

Further studies are still necessary to align and further validate suitable scales for measuring
vaccine hesitancy in the SSA region, and the 5C scale is potentially a good starting point.
Rumor or misinformation, religious belief, and masculinity should be significant parts of a
new 5C scale. Future studies may wish to consider the emergence of a new scale using 5C

model and the additional variables as a base.
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Despite immense progress in infant and maternal health in SSA, vaccination coverage (the
primary driver of these achievements) has remained at a standstill for several years in the
region. Attempts to devise appropriate evidence-based interventions requires understanding
what drives vaccination decision-making, and if existing successful measures in a Western
setting could be validated in SSA there would be benefits. This dissertation assessed
vaccination decision-making and the factors driving low vaccination uptake (vaccine

hesitancy) in SSA using six articles presented above.

The outcomes were mixed. While the drivers were succinctly identified, the 5C model as a
framework for measurement did not produce the same exact outcome as seen in the original
setting because the internal reliability was low; but when used as per item basis, it produced
some positive and predictive values. Two sets of results emerged. One, the 5C scale ‘as is’
was not as successful in predicting vaccination intention among pregnant women at the
prenatal stage. However, it was valuable for understanding caregivers’ vaccination behavior
at the postnatal stage in Nigeria, Malawi, Kenya, and Ethiopia. An analysis of single items in

the 5C scale was more useful than an analysis of aggregated items.

First, at the prenatal stage, confidence (especially in the public authority and healthcare
system managing vaccination services) seems to be the main driver of vaccination decision-
making. At the postnatal stage, almost all the 5C variables were positive at predicting
vaccination behavior in Nigeria and Malawi, including some of the secondary data analyzed

from Kenya and Ethiopia.

Second, vaccination intention at the prenatal stage did not predict actual behavior at the
postnatal stage, and confidence in the safety and effectiveness of vaccines was not a

significant predictor of prenatal vaccination intention compared to postnatal actual behavior.
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This means, at prenatal, vaccination is not a priority or an important subject, as explained by
the TTM in reference to stages, rather the decision about such an undertaking takes place

later at postnatal stage.

Third, the outcomes based on the 5C scale show that vaccination prenatal and postnatal
decision-making are driven by completely different factors. But that may not be said of the
added variables. The added variables such as rumor, masculinity, and religious belief were
significant predictors at the prenatal stage (intention) but at the postnatal stage (behavior) not

all were significant.

Therefore, this dissertation concludes that the 5C model for understanding vaccination
decision-making drivers in SSA is more appropriate for vaccination behavior than intention.
However, further validation, after adapting the language and context to the SSA-specific
setting, is important in order to produce the desired results. Also, it is imperative that future
measures include rumors, masculinity, and religious belief as predictors of vaccination
decision-making in SSA. Finally, fathers of children eligible for vaccination or husbands in
general should be a key target group for demand creation. Their vaccination decision-making
authorities (masculinity) in households is very crucial to uptake in SSA. Also, in SSA,
interventions have always centered around vaccination behavior, without knowledge or
insights into the feelings and thinking of caregivers during prenatal. This dissertation has
helped to unravel this missing research gap, as to why vaccination demand creation
interventions do not have as much success as anticipated, especially at increasing vaccination

uptake.



ACKNOWLEDGEMENT OF ROYALTIES 68

ACKNOWLEDGEMENT OF ROYALTIES

I hereby confirm that in the articles co-authored by me, my contributions as shown by Gbadebo

Collins Adeyanju are correct.

_Cornelia Betsch
Name Signature

I hereby confirm that in the articles co-authored by me, my contributions as shown by Gbadebo

Collins Adeyanju are correct.

__Philipp Sprengholz
Name Signature

I hereby confirm that in the articles co-authored by me, my contributions as shown by Gbadebo

Collins Adeyanju are correct.

Y —

__Tene-Alima Essoh
Name Signature

I hereby confirm that in the articles co-authored by me, my contributions as shown by Gbadebo

Collins Adeyanju are correct.
__Sarah Eitze

Name Signature

I hereby confirm that in the articles co-authored by me, my contributions as shown by Gbadebo

Collins Adeyanju are correct.

__Abdu A. Adamu
Name Signature

I hereby confirm that in the articles co-authored by me, my contributions as shown by Gbadebo

Collins Adeyanju are correct.

__Micheal G. Head
Name Signature

I hereby confirm that in the articles co-authored by me, my contributions as shown by Gbadebo




ACKNOWLEDGEMENT OF ROYALTIES 69

Collins Adeyanju are correct.

__Elena Engel

Name

& gl

Signature

I hereby confirm that in the articles

Collins Adeyanju are correct.

_ Laura Koch
Name

co-authored by me, my contributions as shown by Gbadebo

;o . M i
AL B OH

Signature

I hereby confirm that in the articles

Collins Adeyanju are correct.

__Tabea Ranzinger
Name

co-authored by me, my contributions as shown by Gbadebo

Signature

I hereby confirm that in the articles

Collins Adeyanju are correct.

__Imtiaz Bin Mohammed Shahid
Name

co-authored by me, my contributions as shown by Gbadebo

- Intiaz

Signature

I hereby confirm that in the articles

Collins Adeyanju are correct.

__Aristide Aplogan
Name

co-authored by me, my contributions as shown by Gbadebo

y

ey il

Signature

I hereby confirm that in the articles

Collins Adeyanju are correct.

__Haoua Tall
Name

co-authored by me, my contributions as shown by Gbadebo

Signature

I hereby confirm that in the articles

Collins Adeyanju are correct.

__Khadijah Gumbi Sanusi_
Name

co-authored by me, my contributions as shown by Gbadebo

Ot

Signature




	Ehrenwörtliche Erklärung
	Acknowledgement
	Table of Contents
	Vaccination as a game changer
	Vaccination demand trend in Sub-Saharan Africa
	Vaccine hesitancy in Sub-Saharan Africa
	Regional comparison of vaccine uptake
	Vaccine hesitancy among pregnant women
	Vaccine hesitancy and its determinants
	5C psychological antecedence of vaccine hesitancy
	Insight into the WHO/UNICEF Joint Reporting Form (JRF) on vaccine hesitancy in Sub-Saharan Africa
	Goal of the dissertation
	Primary objectives of the dissertation
	Organization of the dissertation
	References (General Introduction)

	GENERAL DISCUSSION
	Drivers of vaccine hesitancy among vulnerable groups (pregnant women)
	Insights from beyond Sub-Saharan Africa (Europe)
	Empirical evidence from Sub-Saharan Africa

	Drivers of vaccine hesitancy among caregivers in Sub-Saharan Africa
	Evidence from Ethiopia, Kenya, and Malawi
	Empirical evidence from Nigeria
	Empirical evidence from Malawi
	Multi-stakeholder evaluation in Malawi
	Policy brief contribution

	Transtheoretical behavior model as explanatory framework
	Drivers of vaccination intention and behavior, and the influence of the former on the latter in Sub-Saharan Africa
	The 5C model as an adaptable measure for understanding vaccine hesitancy predictors in Sub-Saharan Africa?

	CONCLUSION
	ACKNOWLEDGEMENT OF ROYALTIES

