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ABSTRACT

Introduction ‘Shocks’ or external stressors to vaccination
programmes can lead to decreased vaccination coverage
rates. The capacity of vaccination ecosystems to effectively
respond and adapt to shocks demonstrates programme
resilience. This study sought to describe components

that contribute to resilience in national immunisation
programmes.

Methods Mixed-methods study comprising in-depth
interviews and surveys with n=30 vaccination programme
experts in eight countries (Brazil, Costa Rica, Greece,
Japan, Nigeria, Philippines, Spain and the USA). We elicited
data on country-specific shocks, associated effects and
factors that facilitated or impeded programme resilience.
Interviews and open-ended survey responses were
analysed qualitatively, with closed-ended survey questions
analysed using descriptive statistics.

Results Experts described immediate effects of shocks
including decreased vaccine uptake and negative
perceptions of vaccination from the public and media. Late
emerging impacts included increased vaccine hesitancy
and vaccine-preventable disease (VPD) rates. Stakeholder
education, immunisation information systems (IIS) and
programme financing were key factors to strengthening
programme resilience. Appropriately trained frontline
healthcare personnel can counter vaccine misinformation
that otherwise erodes trust and contributes to hesitancy.
The COVID-19 pandemic also exposed structural
weaknesses in programme resilience, with experts
highlighting the need for robust IIS and workforce support
to mitigate burnout and strengthen resilience when a
shock occurs.

Conclusions Our findings provide preliminary insights
into factors that experts believe to be associated with
vaccination programme resilience. Anticipating, adapting
and responding to shocks is central to strengthening
systems, ensuring ecosystem resilience and protecting
against current and future VPD threats.

INTRODUCTION

Globally, immunisation prevents an estimated
4-5million deaths across the age spectrum
annually and is a valuable and cost-effective
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= While the benefits of vaccination are generally well
understood vaccination coverage rates continue
to vary globally demonstrating a need to broaden
immunisation systems and reconsider programme
effectiveness from the perspective of resilience,
particularly in light of the burgeoning literature on
the impact of shocks to the vaccination ecosystem,
including the COVID-19 pandemic.

WHAT THIS STUDY ADDS

= Across multiple country settings, policy experts
described immediate and late emerging effects of
shocks that have increased vaccine hesitancy and
vaccine-preventable disease (VPD) rates. A vaccina-
tion ecosystem resilience is dependent on a number
of factors including pervasiveness of misinforma-
tion, lack of investment in system critical resources
and workforce development. The recent pandemic
revealed several systemic strengths and weakness-
es to vaccine uptake as observed by experts on the
ground.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Anticipating, identifying, adapting and responding
to shocks is central to strengthening vaccination
programmes, ensuring ecosystem resilience and
protecting against current and future VPD threats.
Recent crises, including the COVID-19 pandemic,
highlight the critical need for continued research
into policy and programmatic changes to develop
vaccination ecosystem resilience.

public health intervention." The Global Alli-
ance for Vaccines and Immunization (GAVI)
quantified that vaccines administered in
Gavi-eligible countries between 2000 and
2020 generated >$230 billion (2022 US$)
in economic benefits by preventing illness,
premature death and disability.” * Despite
the well-recognised benefits of vaccination,
vaccination coverage rates (VCRs), or the

BM)

May S, et al. BMJ Public Health 2024;2:¢000381. doi:10.1136/bmjph-2023-000381 1


http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjph-2023-000381&domain=pdf&date_stamp=2024-04-16
http://orcid.org/0000-0002-7228-8440
http://orcid.org/0000-0001-9422-1215
https://doi.org/10.1136/bmjph-2023-000381
https://doi.org/10.1136/bmjph-2023-000381

BMJ Public Health 3

proportion of an eligible population that is vaccinated,
vary globally, demonstrating a continued need to ensure
that vaccination programmes reach their full potential.

At the health system level, various functions work
together to effectively deliver quality services (eg, infra-
structure, workforce, surveillance data, medical products
and technology, finance, governance).* When exposed to
a disruption to the system, such as a vaccine-preventable
disease (VPD) outbreak, supply chain interruption or a
financial crisis, health system functions may be vulnerable
to interruptions that can result in health system strain or
collapse.* System disruptions have also been referred to
as ‘shocks’, defined as a ‘sudden and extreme change which
impacts a health system, and is thus different from the predict-
able and enduring health systems stresses, such as aging popu-
lations’.” How a health system responds and adapts to a
shock is known as ‘resilience’. The concept of resilience
was first applied in Holling and Walker’s seminal work
on ecological systems, which has since been studied and
applied to health systems.” Specifically, in examining the
Ebola epidemic, Kruk and colleagues defined resilience
as the ‘capacity of health actors, institutions, and populations
to prepare for and effectively respond to crises; maintain core
Jfunctions when a crisis hits; and, informed by lessons learned
during the crisis, reorganize if conditions require it During
an infectious disease outbreak, resilient health systems
can minimise social and economic disruption through
‘engaging people as partners in containment efforts, reducing
Jear, and hastening resumption of normal activity’.7 Dubé
and MacDonald further defined resilient immunisation
programmes as those that (1) are able to withstand major
shocks and disruptions, (2) quickly adapt to changing
circumstances and (3) maintain high vaccine uptake and
acceptance over time.”

Within a health system’s infrastructure, vaccination
systems form a complex interconnected network or
ecosystem. The vaccine ecosystems comprised (1) local,
national and international healthcare actors or organi-
sations (eg, healthcare professionals), community and
policy/government leaders and (2) sectors that promote
user uptake (ie, research and development, manufac-
turing, procurement and finance, distribution, logis-
tics, and supply chain management, and healthcare,
including systems designed to support surveillance and
monitoring/tracking).” Each is responsible for provision
of services during periods of stability as well as response
and recovery in crisis periods.” '’ Ecosystems face polit-
ical, economic, environmental (ie, natural disasters/
climate change) and sociocultural pressures that are
shaped by multiple stakeholders, microsystems and poli-
cies, as well as supranational entities and geographical
regions. Additionally, the degree to which vaccination
is deemed acceptable and impacts subsequent uptake
is variable and influenced by multiple factors."' ¥ For
example, perceptions of vaccine safety or efficacy can
impact coverage rates, and lack of vaccine confidence, as
well as personal and religious beliefs about vaccination
can lead to hesitancy or refusal.

Health system shocks that disrupt the vaccine ecosystem
may include conflict and political unrest through
destruction and/or displacement of healthcare facilities,
healthcare workers, infrastructure, resources and equip-
ment."> Moreover, ecosystem disruptions can result in
VPD outbreaks and losses in programme development
investments.'* Since early 2020, the global COVID-19
pandemic has caused substantial disruption to routine
vaccination across the life course.”” '® Throughout the
pandemic, the core elements of health and vaccination
ecosystems have been pressure tested, bringing renewed
attention to strategies for developing and maintaining
resilience.

Despite the articulation of theoretical frameworks and
toolkits around the concept of health systems resilience,
there remains limited research examining the resilience
of vaccination ecosystems in response to an infectious
disease outbreak.'” The primary aim of this study was to
identify and describe the key components and attributes
of ecosystems that facilitate or impede ecosystem resil-
ience during a crisis or shock.

METHODS

Study design

To obtain an understanding of vaccination ecosystem
resilience, a convergent parallel, mixed-methods cross-
national study, involving a 1-hour qualitative interview or
an online survey, was conducted with vaccination experts.
The survey option was provided because the study was
conducted during the COVID-19 pandemic; therefore,
many participants reported time constraints and were
unavailable for a 1-hour interview. Survey and interview
data were collected during the same period, analysed
separately, and results were interpreted together.'

Case study country selection

To inform case study country selection and local vacci-
nation ecosystem context, a targeted literature review
was conducted. Specifically, we were interested in under-
standing the (1) key factors that may support or impact a
system resilience and (2) interaction of identified factors,
over time, in specific shocks or crises and (3) how these
factors strengthened, sustained and/or eroded system
resilience. The targeted literature review included peer-
reviewed and grey literature published between 2006
and 2018. Additionally, data were extracted on infec-
tious disease burden, immunisation programme policies
and VCRs. The review was updated in 2022 to provide
the most recent literature context in interpreting study
results. We identified 27 potential case study countries
whose vaccination ecosystems had experienced a shock
within the past decade. Several factors were considered
in selection: geopolitical and social/cultural diversity;
size, scope and duration of the crisis; and spillover effects
to neighbouring countries/regions. Eight countries were
selected representing variation across: WHO member
state region, population size, healthcare provision
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landscape, country income, VPD incidence/prevalence
and morbidity, and characteristics of the delivery system,
which are detailed in online supplemental figure 1. A
summary of select characteristics at the time of case study
country selection is included in online supplemental
table 1.

Sampling and recruitment

We employed a purposive convenience sampling strategy
to recruit individuals based on their professional expe-
riences and role within each of the selected case study
countries of interest. International and in-country part-
nerships and literature review findings were used to
identify potential key informants from each case study
country. The recruitment strategy was supplemented by
snowball sampling supported by interview participants
who offered to identify and refer other individuals with
similarly relevant professional expertise. Potential partic-
ipants held a broad cross section of positions within
vaccination ecosystem programme policy development,
implementation and surveillance and included policy
experts, current and former leaders of governmental
and non-governmental healthcare agencies, clinicians,
academic researchers and health agency personnel. Eligi-
bility criteria included at least 1 year of direct experience
in implementation, policy or decision-making capacity in
the fields of advocacy, health education, policy or care
delivery, public health programme implementation,
a graduate or medical degree and/or an established
peer-reviewed publication record. We were particularly
interested in identifying individuals involved in decision-
making related to or implementation of a response
following a VPD-related crisis. All potential participants
were initially assessed for eligibility by the study team
based on publicly available information pertaining to
their professional backgrounds, prior to being invited to
participate.

This approach provided the study with participants
possessing a mix of individual characteristics and exper-
tise across the vaccine ecosystem. A letter of invitation
to participate in the study was emailed to prospective
participants. The letter described the project goals
and purpose. Interested respondents were scheduled
for an interview or provided a personalised link to the
online survey. All participants provided their informed
consent for their participation in the study. Although the
research study was sponsored by a life sciences company,
there was no link to any products. The ideas and opin-
ions reported here belong solely to the authors. The life
sciences sponsor had no editorial discretion over any of
the reported research findings.

Data collection

Two data collection methods were used for this study:
qualitative in-depth interviews and a quantitative online
survey. Concepts and gaps identified from the targeted
literature review and feedback from public health
experts informed development of the semistructured

interview discussion guide and survey instrument, the
domains and modules for which are detailed in online
supplemental tables 2 and 3. One-on-one interviews and
online survey data were collected between May 2021 and
January 2022, and May to November 2021, respectively.
In-depth interviews help characterise issues most relevant
to a vaccine-related crisis because the interviewer can
elaborate on individual opinions including the breadth
and range of issues considered in vaccination system
resilience. The discussion guide was divided into topics
on participant experiences with and perspectives on
shocks to the immunisation system, and is included in
online supplemental table 2. The full discussion guide
can be found in online supplemental file 2. All interviews
were conducted via web-based conferencing service and
were audio recorded. Interviews with participants were
conducted in the local language, English or both, with
an interpreter present for live translation as needed.
The online survey enabled data collection from indi-
viduals who were unable to participate in an interview.
Similar to the semistructured interview discussion guide,
survey questions were organised into topics addressing
country-specific vaccination programme infrastructure,
impacts on vaccination ecosystems and components of
resilience. The survey instrument is included in online
supplemental table 3. Survey respondents were provided
the option to complete the survey in the local language
or English.

Data analysis

Aligned with the convergent parallel, mixed-methods
study design, analysis of the interview and survey data was
performed separately, followed by integrating results to
identify areas of convergence, divergence and expansion
during analysis."” Interviews were transcribed verbatim
and translated into English as necessary. Transcripts
were imported into Dedoose (V.9.0.17; 2021) to facili-
tate coding and analysis. Coding began with the devel-
opment of an initial framework of a priori codes derived
from the interview and survey topics (deductive coding).
Members of the study team independently reviewed
a subset of transcripts to identify emergent codes and
potential themes (inductive coding). Next, the team
reviewed the generated codes and prevailing themes and
agreed on a revised coding framework to categorise the
range of experiences and opinions reported. Codes were
further refined into descriptive categories, resulting in a
coding dictionary comprising 13 codes based on discus-
sion guide topics and emergent themes. Next, a team of
three researchers applied codes to all of the interview
data through a systematic review, with quality checks by a
senior member of the team to ensure inter-rater consist-
ency among coders.”’ Coded segments were analysed
using the constant comparative method to identify simi-
larities, differences and patterns in the data around
vaccination ecosystem shocks, recommendations for
responding to shocks, as well as factors that contributed
to resilience or erosion of these systems.21 2 Descriptive
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statistical analysis was performed on closed-ended survey
questions using SAS (V.9.4). Data quality checks were
applied to all participant data to ensure completeness,
consistency, accuracy and reasonableness (ie, the answer
selection made sense) of survey responses. A data satura-
tion grid was employed to determine the prevalence of
themes in the interview and survey data across case study
country settings.” ** Saturation was considered achieved
once no new themes had emerged.*' * Results were then
mapped to the updated targeted literature review find-
ings to provide further context.

Patient and public involvement

Although patients or members of the public were not
directly involved in the conception and design of the
study, seven individuals representing patient advocacy
organisations participated in the study, and their perspec-
tives are represented in the findings.

RESULTS

Participant characteristics

Of 128 individuals invited to participate, 55 (42%)
responded to the email invitation; 35 (27%) expressed
willingness to participate and 30 (23%) participated in
the study. Of the participants who completed an inter-
view (n=13), most interview participants were male
(69%) between the ages of 50 and 69 years (69%), with
more than 10 years of vaccine-related employment expe-
rience and worked in an academic (38%) or non-profit/
non-governmental agency (38%) setting at the time of
the interview. Most participants resided in Japan (31%),
Brazil (23%) or the USA (23%). For those participants
who completed a survey (n=17), most were female (65%)
between 50 and 59 years of age (59%), with more than 10
years of vaccine-related employment experience (88%)
and worked in a hospital or clinic (41%), academic insti-
tutions (18%) or a national government agency (18%).
Most survey participants resided in Costa Rica (29%) or
Spain (24%). Participant demographic characteristics
are detailed in online supplemental table 4.
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Factors that facilitate resilience

Interviewees described various factors that positively
support or impact the vaccination ecosystem in their
country. Survey participants also were asked to select
specific factors that positively impacted the resilience of
the ecosystem without further elucidation. Data about
positive impacts permitted the identification of factors
considered to facilitate vaccination ecosystem resilience
(figure 1).

The role of stakeholder education about vaccines and VPDs
Interviewees described the importance of a rapid
roll-out of public education campaigns in partnership
with professional associations. The aim was to counter
antivaccination information, support vaccination and
encourage conversations between patients and providers
about the importance of vaccination. These campaigns
were typically approached in two ways. First, public educa-
tional campaigns were developed to drive awareness
of and health-seeking behaviours around vaccination.
Campaigns aimed at healthcare practitioners who admin-
ister vaccines were designed to train providers to commu-
nicate clearly and effectively about the importance of
vaccination to their patients. This served to augment
public health education efforts by ensuring that practi-
tioners themselves were (1) cognisant of the effectiveness
of vaccination, (2) confident in vaccine administration
and (3) equipped to effectively communicate the value
of vaccinations to patients and in doing so, engendering
trust among the public. Survey responses validated inter-
view findings with ‘educational campaigns for the public’
and ‘educational campaign for health care practitioners’
as the top two factors believed to positively impact vacci-
nation ecosystems.

Interviewees shared that when community organisa-
tions and governments collaborated around educational
initiatives, such partnerships often resulted in increased
community trust about vaccination. Specifically, in Japan,
the government’s provision of education around vaccines
to specialists in internal medicine, paediatrics, and

M Stakeholder Education about Vaccines and Vaccine-Preventable Diseases

B Immunization Information Systems

Vaccine Program Financing

Policy Mandates

Figure 1 Factors that facilitate resilience.
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obstetrics and gynaecology, and midwives led to greater
public receptivity. Similarly, in Nigeria, extensive training
of healthcare workers such as doctors, nurses and
community health workers played a key role in educating
the public. One participant described the effectiveness
of employing jingles (mass communication on television
and radio), photo depictions of communicable diseases
and the critical role of patient and immunisation advo-
cacy groups in raising awareness and educating the public
about the importance of vaccination.

Investment in vaccination programme financing, infrastructure and
delivery

Multiple factors related to financing and investment
across the vaccination ecosystem were cited by inter-
viewees as critical drivers to facilitate resilience. Survey
participants also ranked ‘increased funding for vacci-
nation programs’ as a factor that positively impacts the
resilience of an immunisation system. Interviewees also
reported that priority setting and competition for public
health resources impacted immunisation policy devel-
opment. This, in turn, impacts programme financing
and inclusion of specific vaccines in National Immuni-
zation Program (NIP) schedules, which is fundamental
for overall system performance. Interviewees high-
lighted the importance of enlisting various influencers
in the ecosystem—politicians, media figures, advocacy
groups and professional societies—to promote govern-
ment investment in programme financing and persuade
decision-makers to enact policy. In the USA, interviewees
cited successful elimination of financial barriers as
increasing access to and coverage for paediatric vacci-
nation; although generally viewed as a model of success,
participants also noted that similar initiatives had not
been attempted in adult populations who have been
historically undervaccinated due to health-related dispar-
ities.

Interviewees also noted that investment in infrastruc-
ture, such as vaccine delivery systems that support access,
rapid response systems and immunisation information
systems (IIS) were key to facilitating resilience. For
example, participants from Brazil described how their
NIP invested in its vaccination delivery system by building
nearly 50 000 vaccination rooms throughout the country;
this facilitated greater access among communities who
otherwise may have not received vaccination services.
This, in turn, led to observable declines in polio, measles
and rubella. The importance of rapid response oversight
committees available to evaluate and respond to vaccine
safety and efficacy crises augmented IIS data and facil-
itated action during a shock. An interviewee in Spain
described the value of a robust, vigilant system where
adverse events are rapidly recognised and addressed.
An immediate response, coupled with transparency, was
credited with building community trust and increasing
VCRs in Spain.

In Brazil, a more cohesive IIS helped to effectively
address acute and long-term vaccination supply concerns

which in turn mitigated VPD outbreaks. One Brazilian
interviewee shared that IIS had initially been adminis-
tered under the direction of federal and state levels. This
resulted in data collection gaps across and within regions.
However, after transitioning to an IIS system whereby
responsibility for data collection was coordinated at the
municipal level (the level also responsible for health-
care delivery), data reporting improved considerably.
Similarly, Japan has made IIS system improvements
that include real-time communicable disease tracking.
Nigeria launched an electronic vaccination monitoring
system application for real-time tracking of adminis-
tration, side effects and hesitancy, connected with the
National Primary Health Care Development Agency for
streamlined monitoring. Select exemplar narratives high-
lighting the findings are presented in table 1.

Factors that impede resilience

Participants were asked to share factors perceived to
negatively impact a vaccination ecosystem resilience, as
well as identifying specific instances they believed contrib-
uted to impeding resilience. Participants overwhelmingly
noted the influence of antivaccination movements to
undermine confidence and contribute to increased hesi-
tancy. In addition, other factors that have impeded resil-
ience include perceptions and reports of vaccine-related
adverse events and lack of investment in vaccination
programmes (figure 2).

Vaccine hesitancy and mistrust

Interviewees cited antivaccination movements and
vaccine hesitancy as negative impacts on ecosystem resil-
ience, with misinformation about vaccination-related
adverse events and subsequent mistrust of vaccine effi-
cacy serving as notable drivers. Nigerian participants
described the spread of misinformation about uncon-
firmed adverse events associated with the oral polio
vaccine. Interviewees from multiple countries described
how well-respected and revered community leaders—who
hold sway among the public—often perpetuated vaccine-
related rumours and misinformation. Participants from
Japan described how widely publicised media portrayals
of alleged adverse events from the human papillomavirus
(HPV) vaccine created fear and angst among adolescent
girls and their parents, leading to governmental suspen-
sion of the programme. This, in turn, impeded resilience
and facilitated a precipitous drop in VCRs among the
target population. Such depictions demonstrate how the
public may focus more on the perceived adverse events
and less on the benefit of protection from infectious
diseases. Ineffective or inadequate communication strat-
egies to counter misinformation serve to augment the
shock, perpetuate mistrust and erode resilience.

Lack of resource investment and lack of workforce development

While investment was identified as a key driver to facili-
tating resilience, several interviewees also reported that
insufficient investment in ecosystem critical resources
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Table 1 Exemplar narratives of factors that facilitate resilience
Factor Exemplar narratives
Stakeholder ‘| think in terms of education, what’s important and what we’ve seen... is that it comes from trusted

education about
vaccines and
vaccine-preventable
diseases

community members or providers... People trust their doctors. They trust their nurses. They trust

their pharmacists... The idea that you’re getting these recommendations, and they’re coming from

that trusted source, is essential. It’s not just necessarily about a campaign going out, but... that it’s
personalized to the community so that you’re actually talking in the right language and the right manner,
using the right content to reach that audience.’ (US participant)

‘...S0 public awareness has been the main key in driving immunization in Nigeria...without that, | mean,
it’s literally a nonstarter. We also have NGOs, non-governmental organizations...to educate people on
immunization...there is a group...they have unleashed an advocacy program towards educating people

on the need of the HPV vaccine...in the last couple of months, has taken over literally everywhere.
People are coming to ask questions. Where is this vaccine? How do we access the vaccine? What are
the problems? Education, fundamentally, is the number one issue. If there is no advocacy, there is no

awareness.’ (Nigerian participant)

Immunisation
programmes and
information systems

‘| think the strongest aspect is our unified healthcare system...the SUS, and the PNI, the immunization
program...they can reach the whole of the population...a crucial factor for the success of the
vaccination is... Brazilians, they believe in vaccines. And this is largely due to the previous success of

the immunization program... Brazilians do believe, and we also believe that now, with COVID, Brazil
is going to be one of the countries with the largest, uh, vaccination covers. As long as we have, uh,
vaccines, the population accepts to be vaccinated.’ (Brazilian participant)

‘...There is always a technical working group that actually meet before there is any rollout of
vaccination. They have a system, electronic medical system, before the rollout. Then that electronic
system kind of—it’s a vaccination system monitoring app, really, that is in almost all the centres
around the country, where it is monitored, where you can actually real-time monitor when vaccines
are administered, if there are any side effects, or if there is any hesitancy, and so on and so forth. It is
all keyed into the electronic medical vaccination system. That also is one of the new innovations that
has been developed locally here in Nigeria, to be able to really, really monitor the vaccination system
across the country. It is all over, at the state level, at the local government level, where immunizations
are administered, so they have that system. It’s connected to a central system at the National Primary
Health Care Development Agency, so that if there’s any concerns at any particular time, the Agency is
able to monitor it real time and quickly provide solutions. | think that’s one of the key thing that have
really, really helped in systematically putting the immunization program on check, literally.” (Nigerian

participant)

Vaccine programme
financing

‘We do have some infrastructure that’s worked really well. The Vaccines for Children program has been
hugely successful in taking away financial barriers and providing access for children. What we saw

in the measles outbreaks in the... the 80s and 90s, is very different now because they instituted the
Vaccines for Children program... We can still work on that in the adult space, but children have access
across the board to a really important preventive service, and so taking away financial barriers has been

a huge success...." (US participant)
Policy mandates

‘...in Greece it has been mandated implementing a health book for every child that is born...every

health act that takes place...in the child’s life is recorded, including all vaccinations, which are required,
throughout the child’s life in order to be enrolled and be in elementary schools and high schools...

and the fact that this was implemented and the vaccinations were mandated, this has resulted in-- and
recorded, this has resulted in a very high percentage of children vaccinations at about 93%.’ (Greek

participant)

confers myriad negative impacts. Interviewees shared
first-hand their observations of how governing bodies
and political actors shaped vaccination priorities and
policies, and impeded investment in ecosystem infrastruc-
ture. One participant from Brazil described how cost-
cutting measures directly led to vaccine shortages, which
impacted VCRs in the short term and accelerated VPD
outbreaks over the long term. Another Brazilian partic-
ipant noted the importance of investing in workforce
development as high personnel turnover led to disrup-
tions in the delivery system. Participants across settings
emphasised how lack of investment in any one critical
area of the system impeded overall system resilience.

Select exemplar narratives highlighting the findings are
presented in table 2.

Shock of COVID-19 pandemic to vaccination ecosystems
Because the study was conducted during the COVID-19
pandemic, interviewees were asked about the impact of
COVID-19 on the vaccination ecosystem, strategies and
programme operations.

Revealed system weaknesses

Interviewees described how the pandemic exposed struc-
tural weaknesses in vaccination ecosystem resilience,
with participants highlighting the need for robust data
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W Misinformation and Hesitancy M Lack of Resource Investment

Lack of Workforce Development

Figure 2 Factors that impede resilience.

systems and personnel training to reduce burnout and
increase resiliency when a stressor arises. For example,
in Nigeria, distribution of the COVID-19 vaccine illu-
minated shortcomings in the vaccine delivery system,
particularly around basic infrastructure such as avail-
ability of temperature-controlled storage facilities.
Second, pandemic-related disruptions to routine vacci-
nation schedules eroded resilience by substantially
reversing gains in coverage levels, effectively wiping out

years of progress made in increasing VCRs. Specifically,
decreased VCRs for measles due to the pandemic threat-
ened gains previously made towards elimination. Several
interviewees noted that the pandemic further highlighted
racial, ethnic and financial disparities, both within coun-
tries and around the world. Participants perceived racial
and ethnic minorities as having been disproportionately
affected by COVID-19, in that the stakeholders had not
developed partnerships within these communities to

Table 2 Exemplar narratives of factors that impede resilience

Factor Exemplar narratives

Vaccine hesitancy
and mistrust

‘What happened was that there was a lot of denial, really, not just even hesitancy, but total denial of the
vaccine because of the fact that people believed that for political reasons, for religious reasons...that there
were some things that were put inside the vaccine...studies had been conducted around the world...that
the polio vaccine was quite safe...” (Nigerian participant)

‘...some journalists in Japan believe that...attacking the government, academia, and big pharmaceutical
companies are good things... most mass media tries to be on the victims’ side...always the vaccine victims
are quite visible...and they appear on the screen [with] symptoms and signs after the vaccination. However,
the people that get benefit from vaccination...are invisible...we can'’t see it...see them because many
people are healthy because of vaccination...but who knows that they are healthy because of vaccination?’
(Japanese participant)

‘...In more recent years, we've seen...a shortage of different types of vaccines.... when we made sure that
we had enough BCG doses...there would be an issue with supply of some other vaccine. And when that
other vaccine was restored or the supply was restored, there was an issue with some other vaccines....

the problem is that when a family goes to a clinic, and doesn't find the vaccine that they need, they're not
coming back.’ (Brazilian participant)

‘...having a strong public health infrastructure is probably the best way wherever you are, and so the
shocks might be different. Your storage and handling capacity going to remote outposts is gonna be
important, but if you have a strong public health infrastructure that supports that, it mitigates the shock. If
you have these huge hesitancies coming through from populations and protests and things like that, having
a strong public health infrastructure that is actively educating, that is actively doing quality improvement,
that’s actively promoting messages and campaigns that work to change behaviour and support the
attitudes that you want to see, a well-funded, well-led program can mitigate a lot of the challenge.’ (US
participant)

‘...for the system to be resilient and to have resilience, we need some form of stability... For example
people need to think about career plans, and institutions need to think about career plans for their
healthcare professionals....in Brazil, there is a great focus on tertiary health but no decent career plans for
physicians or for people who want to continue working in collective health....the institutions don’t exist
without people, and we need to provide better conditions and decent careers for people to make up these
institutions.’ (Brazilian participant)

Lack of resource
investment

Lack of workforce
development
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Table 3 Exemplar narratives on resilience during the COVID-19 pandemic

Factor

Exemplar narratives

Revealed
weaknesses

‘The vaccines must be global, must reach out every part of the world so that we can sustain humanity... this
is one of the key things that COVID has really shown us...the inequalities are real, and we must find a way of
really... really bridging the gap between the poor and the not so poor countries around the world.’ (Nigerian

participant)

‘| think it’s also exposed the racial and ethnic disparities, and maybe just in a different way than what we
traditionally hear about it... when | see that we are wanting to work with people of colour, black, brown,
whatever the situation may be, what that underscores for me is that we have not as an immunization
community consistently invested in appropriate healthcare services in communities of colour so we don’t
have those relationships where trust has been built where you can easily plug and play vaccination efforts.
Instead, we’re starting from scratch and saying... you should come take this vaccine... COVID has shown
that we need those community partnerships, and we need to invest in them consistently not just for
vaccination, but healthcare services overall... into communities that maybe disproportionately affected.” (US

participant)

‘I cannot recall any other incident that has impacted or threatened the health of the Greek population... The
obstacles are coming from three different categories of the population that are refusing to be vaccinated:
The one category of people against vaccinations, and they are the anti-vaccination population. The second
category is the people that are afraid that the vaccine for COVID, the COVID vaccine, was produced a

little bit too fast and thus has not have enough trial time in order to know exactly what the consequences--
what the outcome would be from that. And the third category is mostly younger individuals that just don't
consider and don't think that it is a serious threat to their life and thus don't believe that it is necessary to be

vaccinated.’ (Greek participant)
Revealed
strengths

‘I would use the word ‘transparency’ in general terms, which is what’s going to make the population very
trustful, but when | say transparency that is very important because you have to have a robust system of

vigilance also, and that system of vigilance has to be transparent. Also, we have a system where adverse
effects are addressed very quickly. That creates trust also, but it’s very important that we have this quick
response for adverse effects. And then, that the general health system and also the regional governments
also are very open and clear with the media when they inform, and it’s transparency which also build in the

trust.’ (Spanish participant)

‘Id like to think that there’s a lot of opportunity moving forward. | think some of that’s already started. | think
there’s a new recognition of the value of vaccines, which | think can’t be understated. That is huge, right?...
People understand what they do, why they’re important, and how amazing it is that they were able to create
this vaccine for COVID so quickly. Of course, the technology is 10 years in the making, but it’s still the fact
that they’re able to do this. | think there’s a really bright future and a bright opportunity ahead of us. I think
some areas infrastructure, of course, funding, as we’ve talked about, the IIS’s we’ve talked about, where
we’re working hard to try to bring parity to access, right?’ (US participant)

efficiently deliver vaccines and instil vaccine confidence.
Inequities were observed at the country level as well, with
wealthier countries receiving preferential treatment over
lower income countries.

Revealed system strengths

Interviewees shared that despite challenges, the
COVID-19 pandemic provided an opportunity to evaluate
current structures and processes to better strengthen
vaccination ecosystems. Specifically, while the pandemic
exposed current vaccination programme weaknesses,
the rapid roll-out of the COVID-19 vaccine highlighted a
range of innovative interventions that could be leveraged
and incorporated into routine vaccination programmes.
For example, US participants described how provider
payment for vaccination had been revised to increase
compensation for administering the COVID-19 vaccine.
One participant noted that this revision should be
applied across all vaccines, with COVID-19 serving as the
precedent. Select exemplar narratives highlighting the
findings are presented in table 3.

DISCUSSION

This study sought to identify, elucidate and describe
how shocks have impacted vaccination ecosystems and
examine divergence between theoretical frameworks of
resilience and how resilience manifests in practice. In so
doing, we highlight the degree to which key components
associated with resilience are interrelated and multifac-
torial. Through an analysis of the data and theories on
health systems resilience, our study reveals the on-the-
ground impacts and outcomes that can be mapped back
to elements of resilience explicated in the published
literature.

In describing the emerging concept of resilience,
Fridell et al* identified several terms (eg, major shock,
adapt, maintain, absorb, respond, change, learn, trans-
form, withstand) and characteristics (eg, financing,
health workforce, information, leadership and gover-
nance, access to projects/technology, service delivery)
to describe resilience and the degree to which a health
system is equipped to deal with acute shocks and chronic
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stressors.” Nuzzo et al® described capacities needed
to achieve and maintain health systems resilience in
the wake of an infectious disease shock. Many of the
elements described in these works were highlighted by
our study participants, for example, the importance of
maintaining critical infrastructure, adequately trained
workers, timely access to finances, collaboration and
communication with partners both inside and outside
of the healthcare delivery system, including the integral
role the public plays with in the ecosystem with respect to
vaccine awareness, access and acceptance.” %’ A notable
stressor and impediment to resilient systems described by
study participants is the pervasive mistrust in vaccination
more generally, be that concerns around vaccine efficacy
and safety, or mistrust in the personnel who administer
them. The long and complex history around percep-
tions of vaccine-related side effects has been well estab-
lished across multiple vaccines and disease areas in the
peer-reviewed literature, with vaccine acceptance depen-
dent on public confidence and trust.**™" It is believed
that reversing the trend away from mistrust and towards
trust is best operationalised within the specific context
at local and regional levels. In examining the resilience
of Kenya’s health system, Kagwanja et af” focused on
chronic stressors (rather than acute shocks) and the
responses and organisational capacities underpinning
the responses.” In this study, health manager partic-
ipants reported a wide range of health system stressors
related to resource scarcity, lack of clarity in roles, polit-
ical interference, reduced autonomy in resource allo-
cation and decision-making, and poor human resource
management. Everyday resilience emerged from strate-
gies enacted by managers drawing on a combination of
organisational capacities depending on the stressor and
context.

The COVID-19 pandemic served as a major shock to
vaccination ecosystems across the world, resulting in
acute and extended stress to all aspects of the global
ecosystem. Social distancing measures disrupted essential
primary healthcare services and vaccine administration
globally."” ' %% UNICEF reported that as a result of the
pandemic, 23 million children missed basic vaccinations
in 2020 and approximately 17 million of them did not even
receive a single vaccine (‘zero dose Children’).37 % The
impact was particularly concerning in under-resourced
countries where infants and children are at higher risk
of VPDs such as polio and diphtheria.”” ** With these
disruptions, some governments and health systems
have implemented approaches to address low vaccina-
tion rates, including engaging non-physician healthcare
professionals as vaccinators, leveraging alternative sites
for vaccination services and increasing the use of I18.%* %
Study participants reported substantial disruptions but
also opportunities to re-evaluate and strengthen current
systems, with addressing vaccine hesitancy and misinfor-
mation as a key component. Although vaccine hesitancy
has been a historical public health threat, COVID-19
vaccine hesitancy may have spillover effects with other

vaccines, especially in the context of declining trust in
health experts, political polarisation and the spread of
misinformation.*’*!

Separately (with the exception of one interview partic-
ipant from Greece), vaccine mandates and demand side
interventions, such as incentives to vaccinate, were not
discussed by study participants as a component related to
resilience, however were identified as an area to explore
more in future work considering it as an important aspect
related to vaccine ecosystem resilience. For example, in
the USA, vaccines are federally regulated, while vaccine
mandate (or exemption) authority rests with individual
states where policies may vary; state-level and school-
entry mandates have been associated with historical
declines in diseases such as measles, mumps, pertussis
and polio.”” * In response to VPD outbreaks and anti-
vaccination movements, some countries have adopted or
reformed vaccine mandate policies, with varying degrees
of success. Attwell et al compared the construction,
introduction/amendment and operation of six vaccine
mandates in Australia, France, Germany, Italy, California
and Washington; finding that mandates differed in their
effects on behaviour, as well as with regard to their struc-
ture, exemptions, target populations, consequences and
enforcement, with diverse outcomes as far as the degree
to which mandates restrict or incentivise behaviours
around vaccination.* Another review of vaccination
mandate effectiveness in improving uptake of COVID-19
vaccines in the USA reported that while mandates play a
role in promoting uptake of vaccination, it cannot be the
only approach as ‘imposing mandates does not remove
the need for effective messaging to overcome vaccine
hesitancy’.*

Several study participants noted that shocks can serve
as an opportunity for vaccine ecosystem stakeholders to
assess resilience, develop capacity-building strategies and
implement lessons to inform future preparedness and
resilience, particularly at the country level. Ozair and
Singh*® detailed an approach in their examination of
the Indian healthcare system, which was under chronic
stress before the COVID-19 pandemic, and how the acute
shock of the pandemic created an opportunity to explore
innovative short-term and long-term strategies for equi-
table health services.*® Participants in our study, as well as
previously published research, highlight the continued
need for developing methodologically sound and rele-
vant research, not just concepts or theories, on how
health systems—across stakeholders, sectors and layers—
can maintain resilience in the face of a VPD crisis.*” **
We acknowledge that challenges remain in addressing
impediments to resilience; however, this study provides
formative insights based on vaccination ecosystem stake-
holder experiences and areas in which to pursue future
rigorous, meaningful and sustained research on resil-
ience in both concept and practice.
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Strengths and limitations

Conducting in-depth interviews and online surveys with
study participants allowed for a preliminary investigation
of factors and insights into the considerations that partic-
ipants perceived as integral to impacting resilience of the
vaccination ecosystem. A key strength of this study was the
participation of a broad range of stakeholders responsible
for or contributing to decisions about vaccination policy,
programme development, implementation and outbreak
response. However, our study also has limitations. The
findings represent the views of a small convenience
sample of vaccination experts who were asked to partic-
ipate in the study while an ongoing global pandemic
was impacting healthcare delivery and immunisation
systems. Due to the small sample size, we were unable to
explore how findings diverged by country setting or study
participant characteristics. Data were collected using
qualitative interviews and an online survey. While both
methods have advantages, results are not always directly
comparable. Qualitative research is inherently formative
research, and the small sample size of both survey and
interview respondents limits generalisability. In addition,
the survey format did not allow for in-depth discussion or
elicitation of insights that participants may have had but
did not record in their responses. Lastly, further valida-
tion of views expressed by study participants is warranted
via an in-depth ethnographic study or larger scale surveys
within a specific country setting, and including partici-
pants across all levels of the public and private sectors to
understand how resilience is conceptualised and enacted
(if at all) to various stakeholders across the vaccine
ecosystem.

CONCLUSION

To achieve and maintain resilient vaccination ecosystems,
participants in this study emphasised the need for invest-
ment in comprehensive programme development and
implementation, infrastructure and vaccine access. Addi-
tionally, educational campaigns to raise awareness, build
trust in the effectiveness of health systems and in the
providers who administer vaccines, as well as ensure confi-
dence in the efficacy of vaccines were deemed critical to
ensuring programmes reach their full potential. Antici-
pating, identifying, adapting and responding to shocks
is central to strengthening vaccination programmes,
ensuring ecosystem resilience and protecting against
current and future VPD threats. Recent crises, including
the COVID-19 pandemic, highlight that resilient vaccine
ecosystems require the capacity to swiftly adapt and
respond to VPD-related shocks by implementing policy
and programmatic changes to help minimise declines in
VCRs.

X Suepattra May @Suepattra
Acknowledgements This manuscript was sponsored by Merck Sharp & Dohme

(MSD), a subsidiary of Merck & Co. The interviews and survey which inspired the
development of this article were also funded by MSD.

Contributors Conception or design, or the acquisition, analysis or interpretation

of data for the work: SM, MR, MM, RM, RW, NP, ALE. Drafting the work or reviewing
it critically for important intellectual content: SM, MR, MM, RM, RW, NP, ALE. Final
approval of the version to be published: SM, MR, MM, RM, RW, NP, ALE. Agreement
to be accountable for all aspects of the work: SM, MR, MM, RM, RW, NP, ALE. ALE is
the guarantor, responsible for the overall content.

Funding This work was supported by Merck Sharp & Dohme through a contract
awarded to PRECISIONheor to conduct the research.

Map disclaimer The depiction of boundaries on this map does not imply the
expression of any opinion whatsoever on the part of BMJ (or any member of its
group) concerning the legal status of any country, territory, jurisdiction or area or of
its authorities. This map is provided without any warranty of any kind, either express
or implied.

Competing interests ALE and RM are currently employed at Merck Sharp &
Dohme LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ, USA, who may own
stock and/or stock options in Merck & Co., Inc., Rahway, NJ, USA. SM, MM, MR,
RW and NP are employees of PRECISIONheor, a consulting firm awarded funding by
Merck Sharp & Dohme to conduct this study. SM, MM and MR own equity interest
in Precision Medicine Group, the parent company of PRECISIONheor.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The Advarra Institutional Review Board reviewed study procedure
documents and exempted this study from full review due to the non-interventional
nature of the project (approval: Pro00041189). Participants gave informed consent
to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Suepattra May http://orcid.org/0000-0002-7228-8440
Amanda L Eiden http://orcid.org/0000-0001-9422-1215

REFERENCES

1 Nandi A, Shet A. Why vaccines matter: understanding the broader
health, economic, and child development benefits of routine
vaccination. Hum Vaccin Immunother 2020;16:1900-4.

2 The Vaccine Alliance. Facts & figures. GAVI: The Vaccine Alliance,
2022.

3 New evidence shows investments in vaccination produce even
greater returns than previously thought. 2020. Available: https://
www.gavi.org/vaccineswork/new-evidence-shows-investments-
vaccination-produce-even-greater-returns-previously

4 Fridell M, Edwin S, von Schreeb J, et al. Health system
resilience: what are we talking about? A scoping review mapping
characteristics and Keywords. Int J Health Policy Manag
2020;9:6-16.

5 Thomas S, Sagan A, Larkin J, et al. Strengthening health systems
resilience: key concepts and strategies [Internet]. European
Observatory on Health Systems and Policies: Copenhagen
(Denmark), 2020.

10

May S, et al. BMJ Public Health 2024;2:¢000381. doi:10.1136/bmjph-2023-000381


https://x.com/Suepattra
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7228-8440
http://orcid.org/0000-0001-9422-1215
http://dx.doi.org/10.1080/21645515.2019.1708669
https://www.gavi.org/vaccineswork/new-evidence-shows-investments-vaccination-produce-even-greater-returns-previously
https://www.gavi.org/vaccineswork/new-evidence-shows-investments-vaccination-produce-even-greater-returns-previously
https://www.gavi.org/vaccineswork/new-evidence-shows-investments-vaccination-produce-even-greater-returns-previously
http://dx.doi.org/10.15171/ijhpm.2019.71

3 BMJ Public Health

6

7

10

11

12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

Walker B, Holling CS, Carpenter SR, et al. Resilience, adaptability
and transformability in social-ecological systems. E&S 2004;9.

Kruk ME, Myers M, Varpilah ST, et al. What is a resilient health
system? Lessons from Ebola. Lancet 2015;385:1910-2.

Dubé E, MacDonald NE. Vaccination resilience: building and
sustaining confidence in and demand for vaccination. Vaccine
2017;35:3907-9.

Saadatian-Elahi M, Bloom D, Plotkin S, et al. Vaccination ecosystem
health check: achieving impact today and sustainability for
tomorrow. BMC Proc 2017;11:1.

Morimoto A, Ueda Y, Egawa-Takata T, et al. Effect on HPV
vaccination in Japan resulting from news report of adverse events
and suspension of governmental recommendation for HPV
vaccination. Int J Clin Oncol 2015;20:549-55.

CDC. Vaccines: the basics. 2019. Available: https://www.cdc.gov/
vaccines/vpd/vpd-vac-basics.html

John TJ, Samuel R. Herd immunity and herd effect: new insights and
definitions. Eur J Epidemiol 2000;16:601-6.

de Lima Pereira A, Southgate R, Ahmed H, et al. Infectious

disease risk and vaccination in northern Syria after

5 years of civil war: the MSF experience. PLoS Curr
2018;10:ecurrents.dis.bb5f22928e631dff9a80377309381feb.
Masten AS. Ordinary magic. resilience processes in development.
Am Psychol 2001;56:227-38.

DeSilva MB, Haapala J, Vazquez-Benitez G, et al. Association

of the COVID-19 pandemic with routine childhood vaccination
rates and proportion up to date with Vaccinations across 8 US
health systems in the vaccine safety datalink. JAMA Pediatr
2022;176:68-77.

Kujawski SA, Yao L, Wang HE, et al. Impact of the COVID-19
pandemic on pediatric and adolescent vaccinations and well

child visits in the United States: a database analysis. Vaccine
2022;40:706-13.

Meyer D, Bishai D, Ravi SJ, et al. A checklist to improve health
system resilience to infectious disease outbreaks and natural
hazards. BMJ Glob Health 2020;5:e002429.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting
qualitative research (COREQ): a 32-item checklist for interviews and
focus groups. Int J Qual Health Care 2007;19:349-57.

Creswell JW, Clark VLP. Designing and conducting mixed methods
research. Sage publications, 2017.

Hemmler VL, Kenney AW, Langley SD, et al. Beyond a coefficient:
an interactive process for achieving inter-Rater consistency in
qualitative coding. Qualitative Research 2022;22:194-219.

Glaser BG, Strauss AL. The discovery of grounded theory: strategies
for qualitative research. Transaction Publishers, 2009.

Gubrium JF, Holstein JA. Handbook of interview research: context
and method. 2455 Teller Road, Thousand Oaks California 91320
United States of America: Sage, Available: https://methods.sagepub.
com/book/handbook-of-interview-research

Brod M, Tesler LE, Christensen TL. Qualitative research and content
validity: developing best practices based on science and experience.
Qual Life Res 2009;18:1263-78.

Nelson J. Using conceptual depth criteria: addressing the challenge
of reaching saturation in qualitative research. Qualitative Research
2017;17:554-70.

Guest G, Bunce A, Johnson L. How many interviews are enough?
An experiment with data saturation and variability. Field Methods
2006;18:59-82.

Nuzzo JB, Meyer D, Snyder M, et al. What makes health systems
resilient against infectious disease outbreaks and natural hazards?
Results from a scoping review. BMC Public Health 2019;19:1310.
Schoch-Spana M, Brunson EK, Long R, et al. The public’s role

in COVID-19 vaccination: human-centered recommendations to
enhance pandemic vaccine awareness, access, and acceptance in
the United States. Vaccine 2021;39:6004-12.

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Karafillakis E, Simas C, Jarrett C, et al. HPV vaccination in a context
of public mistrust and uncertainty: a systematic literature review

of determinants of HPV vaccine hesitancy in Europe. Hum Vaccin
Immunother 2019;15:1615-27.

Larson HJ, Clarke RM, Jarrett C, et al. Measuring trust in
vaccination: a systematic review. Hum Vaccin Immunother
2018;14:1599-609.

Kumar S, Shah Z, Garfield S. Garfield causes of vaccine hesitancy
in adults for the influenza and COVID-19 vaccines: a systematic
literature review. Vaccines 2022;10:1518.

Ahmad M, Akande A, Majid U. Health care provider trust in
vaccination: a systematic review and qualitative meta-synthesis. Eur
J Public Health 2022;32:207-13.

Kagwanja N, Waithaka D, Nzinga J, et al. Shocks, stress and
everyday health system resilience: experiences from the Kenyan
coast. Health Policy Plan 2020;35:522-35.

Larson A, Skolnik A, Bhatti A, et al. Addressing an urgent global
public health need: strategies to recover routine vaccination

during the COVID-19 pandemic. Hum Vaccin Immunother
2022;18:1975453.

Patel Murthy B, Zell E, Kirtland K, et al. Impact of the COVID-19
pandemic on administration of selected routine childhood and
adolescent Vaccinations — 10 U.S. jurisdictions, March-September
2020. MMWR Morb Mortal Wkly Rep 2021;70:840-5.

Ota MOC, Badur S, Romano-Mazzotti L, et al. Impact of COVID-19
pandemic on routine immunization. Ann Med 2021;53:2286-97.
Volkov S. At least 80 million children under one at risk of diseases
such as diphtheria, measles and polio as COVID-19 disrupts routine
vaccination efforts, warn Gavi, WHO and UNICEF. 2020.

Wigley A, Lorin J, Hogan D, et al. Estimates of the number and
distribution of zero-dose and under-Immunised children across
remote-rural, urban, and conflict-affected settings in low and middle-
income countries. PLOS Glob Public Health 2022;2:e0001126.
Progress and Challenges with Achieving Universal Immunization
Coverage. 2021 WHO/UNICEF Estimates of National Immunication
Coverage (WUENIC). 2022.

Langdon-Embry M, Papadouka V, Cheng |, et al. Notes from the
field: rebound in routine childhood vaccine administration following
decline during the COVID-19 pandemic - new york city, march 1-
june 27, 2020. MMWR Morb Mortal Wkly Rep 2020;69:999-1001.
Larson HJ, Gakidou E, Murray CJL. The vaccine-hesitant moment. N
Engl J Med 2022;387:58-65.

Ferreira Caceres MM, Sosa JP, Lawrence JA, et al. The impact

of misinformation on the COVID-19 pandemic. AIMSPH
2022;9:262-77.

Wang E, Clymer J, Davis-Hayes C, et al. Nonmedical exemptions
from school immunization requirements: a systematic review. Am J
Public Health 2014;104:62-84.

Bednarczyk RA, King AR, Lahijani A, et al. Current landscape of
nonmedical vaccination exemptions in the United States: impact of
policy changes. Expert Rev Vaccines 2019;18:175-90.

Attwell K, Navin MC, Lopalco PL, et al. Recent vaccine mandates

in the United States, Europe and Australia: A comparative study.
Vaccine 2018;36:7377-84.

Mello MM, Opel DJ, Benjamin RM, et al. Effectiveness of vaccination
mandates in improving uptake of COVID-19 vaccines in the USA.
Lancet 2022;400:535-8.

Ozair A, Singh KK. Delivering high-quality, equitable care in India:
an ethically-resilient framework for healthcare innovation after
COVID-19. Front Public Health 2021;9:640598.

Saulnier DD, Blanchet K, Canila C, et al. A health systems resilience
research agenda: moving from concept to practice. BMJ Glob
Health 2021;6:€006779.

Wang Z, Duan Y, Jin Y, et al. Coronavirus disease 2019 (COVID-19)
pandemic: how countries should build more resilient health systems
for preparedness and response. Glob Health J 2020;4:139-45.

May S, et al. BMJ Public Health 2024;2:¢000381. doi:10.1136/bmjph-2023-000381

11


http://dx.doi.org/10.5751/ES-00650-090205
http://dx.doi.org/10.1016/S0140-6736(15)60755-3
http://dx.doi.org/10.1016/j.vaccine.2017.06.015
http://dx.doi.org/10.1186/s12919-016-0069-y
http://dx.doi.org/10.1007/s10147-014-0723-1
https://www.cdc.gov/vaccines/vpd/vpd-vac-basics.html
https://www.cdc.gov/vaccines/vpd/vpd-vac-basics.html
http://dx.doi.org/10.1023/a:1007626510002
http://dx.doi.org/10.1371/currents.dis.bb5f22928e631dff9a80377309381feb
http://dx.doi.org/10.1037//0003-066x.56.3.227
http://dx.doi.org/10.1001/jamapediatrics.2021.4251
http://dx.doi.org/10.1016/j.vaccine.2021.12.064
http://dx.doi.org/10.1136/bmjgh-2020-002429
http://dx.doi.org/10.1093/intqhc/mzm042
http://dx.doi.org/10.1177/1468794120976072
https://methods.sagepub.com/book/handbook-of-interview-research
https://methods.sagepub.com/book/handbook-of-interview-research
http://dx.doi.org/10.1007/s11136-009-9540-9
http://dx.doi.org/10.1177/1468794116679873
http://dx.doi.org/10.1177/1525822X05279903
http://dx.doi.org/10.1186/s12889-019-7707-z
http://dx.doi.org/10.1016/j.vaccine.2020.10.059
http://dx.doi.org/10.1080/21645515.2018.1564436
http://dx.doi.org/10.1080/21645515.2018.1564436
http://dx.doi.org/10.1080/21645515.2018.1459252
http://dx.doi.org/10.3390/vaccines10091518
http://dx.doi.org/10.1093/eurpub/ckab209
http://dx.doi.org/10.1093/eurpub/ckab209
http://dx.doi.org/10.1093/heapol/czaa002
http://dx.doi.org/10.1080/21645515.2021.1975453
http://dx.doi.org/10.15585/mmwr.mm7023a2
http://dx.doi.org/10.1080/07853890.2021.2009128
http://dx.doi.org/10.1371/journal.pgph.0001126
http://dx.doi.org/10.15585/mmwr.mm6930a3
http://dx.doi.org/10.1056/NEJMra2106441
http://dx.doi.org/10.1056/NEJMra2106441
http://dx.doi.org/10.2105/AJPH.2014.302190
http://dx.doi.org/10.2105/AJPH.2014.302190
http://dx.doi.org/10.1080/14760584.2019.1562344
http://dx.doi.org/10.1016/j.vaccine.2018.10.019
http://dx.doi.org/10.1016/S0140-6736(22)00875-3
http://dx.doi.org/10.3389/fpubh.2021.640598
http://dx.doi.org/10.1136/bmjgh-2021-006779
http://dx.doi.org/10.1136/bmjgh-2021-006779
http://dx.doi.org/10.1016/j.glohj.2020.12.001

	Understanding the factors that shape vaccination ecosystem resilience: a qualitative assessment of international expert experiences and perspectives
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Case study country selection
	Sampling and recruitment
	Data collection
	Data analysis
	Patient and public involvement

	Results
	Participant characteristics
	Factors that facilitate resilience
	The role of stakeholder education about vaccines and VPDs
	Investment in vaccination programme financing, infrastructure and delivery

	Factors that impede resilience
	Vaccine hesitancy and mistrust
	Lack of resource investment and lack of workforce development

	Shock of COVID-19 pandemic to vaccination ecosystems
	Revealed system weaknesses
	Revealed system strengths


	Discussion
	Strengths and limitations

	Conclusion
	References


