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ABSTRACT

Vaccination remains one of the most effective public health interventions; however, recent global trends indicate a reversal in
routine immunisation coverage alongside resurgent outbreaks of vaccine-preventable diseases. This review synthesises current
evidence on declining immunisation coverage, the re-emergence of diseases such as measles and poliomyelitis, and the growing
influence of vaccine hesitancy and misinformation on vaccine uptake. A systematic search of PubMed, Scopus, and WHO/
UNICEF databases was conducted using terms including ‘vaccine hesitancy’, ‘“mmunisation coverage’, ‘vaccine-preventable
diseases’, ‘misinformation’, and ‘vaccine policy’, covering literature published between 2000 and 2024. We examine how
pandemic-related disruptions, structural inequities, and evolving information ecosystems have collectively weakened immu-
nisation system resilience across diverse settings. Beyond epidemiological consequences, declining coverage reflects broader
challenges related to trust, governance, and equity in vaccine delivery. The review highlights the limitations of reactive,
outbreak-driven approaches and emphasises the central role of strong routine immunisation systems embedded within primary
healthcare. We discuss policy implications for integrating behavioural and social science insights, strengthening risk
communication, and advancing equity-oriented immunisation governance. We conclude that sustaining and extending global
immunisation gains will depend on aligning scientific innovation with public trust and system resilience. Addressing vaccine
confidence as a core component of immunisation performance is essential to safeguarding global health security in the coming
decade.

1 | Introduction These achievements have positioned vaccination as a corner-
stone of global health security and a key driver of gains in life
Vaccination has long been recognized as one of the most cost- expectancy.
effective public health interventions, preventing an estimated
4-5 million deaths annually worldwide [1]. The expansion of

routine immunisation programs throughout the late twentieth

However, recent global trends reveal a concerning reversal.
After decades of steady improvement, routine immunisation

and early twenty-first centuries led to dramatic reductions in
morbidity and mortality from vaccine-preventable diseases,
including measles, poliomyelitis, diphtheria, and tetanus [2].

coverage has stagnated or declined in multiple regions, affecting
both low- and high-income countries [3]. This decline is
particularly evident for measles-containing vaccines, where
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even small reductions in coverage have resulted in outbreaks in
settings previously considered protected [4]. Such developments
highlight the fragility of immunisation gains and underscore
that vaccination success is contingent not only on vaccine
availability, but also on sustained public acceptance and system
resilience.

The COVID-19 pandemic has further exposed and amplified
structural vulnerabilities in global immunization systems. Dis-
ruptions to healthcare delivery, diversion of resources, and
reduced access to routine services led to the largest sustained
decline in childhood immunization coverage in approximately
three decades [3, 5]. While pandemic-related service in-
terruptions initially explained much of this decline, post-
pandemic recovery has been uneven, suggesting that deeper
societal and behavioural factors are now contributing to
persistent coverage gaps.

Central to these challenges is the growing phenomenon of
vaccine hesitancy, defined as delay in acceptance or refusal of
vaccination despite availability of vaccination services [6].
Vaccine hesitancy is complex and context-specific, varying
across time, place, and vaccines, but is increasingly shaped by
misinformation, distrust in institutions, and politicization of
public health interventions [7]. Digital information ecosystems
have accelerated the spread of misleading or false claims
regarding vaccine safety and efficacy, often outpacing evidence-
based communication from public health authorities [8].
Algorithm-driven amplification on social media platforms
further accelerates misinformation reach, creating persistent
exposure asymmetry between false and corrective content [9].

At the same time, unprecedented scientific advances—
particularly the rapid development and deployment of mRNA
vaccines—have reshaped public expectations and scrutiny of
vaccine regulation and safety [10]. While these technologies
represent major breakthroughs with potential applications
beyond COVID-19, they have also become focal points of public
debate, sometimes reinforcing scepticism toward vaccination
more broadly [11]. This spillover effect raises concerns that
controversies surrounding novel platforms may undermine
confidence in long-established routine vaccines.

Importantly, declining vaccine confidence and coverage have
tangible epidemiological consequences. Resurgent outbreaks of
measles, continued transmission of poliovirus in limited settings,
and renewed cholera vaccination campaigns in humanitarian
contexts all signal that progress against vaccine-preventable
diseases is neither linear nor guaranteed [4, 12]. These trends
underscore the need to reassess current immunization strategies
through an integrated lens that encompasses immunological
science, behavioural determinants, and policy frameworks.

This review aims to synthesize recent global evidence on
declining immunization coverage, vaccine hesitancy, and the re-
emergence of vaccine-preventable diseases, with particular
attention to their implications for vaccine policy and public
trust. By situating contemporary challenges within the broader
evolution of vaccination programs, we argue that restoring and
sustaining vaccine confidence is now a central prerequisite for
the effectiveness of global immunization efforts.

2 | Methods

This narrative review was conducted following a systematic
search strategy to identify relevant peer-reviewed literature and
institutional reports. Electronic databases searched included
PubMed/MEDLINE, Scopus, and the Cochrane Library, supple-
mented by grey literature from WHO, UNICEF, Gavi (the
Vaccine Alliance), and the Global Polio Eradication Initiative.
Boolean search terms combined keywords including: ‘vaccine
hesitancy’, ‘vaccine confidence’, ‘immunisation coverage’, ‘vac-
cine-preventable diseases’, ‘misinformation’, ‘zero-dose chil-
dren’, ‘DTP3 coverage’, ‘vaccine policy’, ‘COVID-19 vaccination’,
and ‘routine immunisation’. The search covered literature pub-
lished from January 2000 through December 2024, with no lan-
guage restrictions applied to title/abstract screening. Studies
were included if they addressed immunisation coverage trends,
behavioural determinants of vaccine uptake, epidemiological
consequences of declining coverage, or policy interventions to
improve vaccine confidence at national or subnational levels.
Editorials, conference abstracts, and studies without primary
data or systematic methodology were excluded unless from
authoritative policy sources. Reference lists of included studies
were hand-searched to identify additional relevant sources. Data
extraction focused on quantitative evidence regarding coverage
trends, epidemiological signals, and intervention outcomes. The
review is reported narratively given the heterogeneity of included
evidence types.

3 | Declining Global Immunisation Coverage:
Scope, Patterns, and Determinants

After decades of steady progress, global routine immunisation
coverage has entered a period of stagnation and decline. Ac-
cording to the most recent WHO/UNICEF Estimates of National
Immunisation Coverage (WUENIC), global coverage for the
third dose of diphtheria-tetanus-pertussis-containing vaccine
(DTP3)—a key proxy indicator for immunisation system
performance—declined from a peak of 86% in 2019 to 81% in
2021 before partially recovering to 84% in 2023, with an esti-
mated 14.5 million children classified as ‘zero-dose’ and an
additional 5.5 million under-immunised worldwide [13]. This
decline reversed gains achieved over the preceding decade and
is illustrated in Figure 1. This represents a significant setback
compared with trends observed during the previous decade.

The decline in coverage is not uniformly distributed. Low- and
middle-income countries continue to bear a disproportionate
burden of missed vaccinations; however, recent data indicate
that coverage erosion is increasingly observed in high-income
settings as well [13, 14]. In the WHO European Region,
measles-containing vaccine first dose (MCV1) coverage fell from
95% in 2019 to 92% in 2022, with France, Germany, and Italy each
reporting localised clusters of under-vaccinated children [15]. In
several countries with historically strong immunisation pro-
grams, measles-containing vaccine (MCV1 and MCV2) coverage
has fallen below the threshold required to maintain herd
immunity, thereby increasing susceptibility to outbreaks [16].

Pandemic-related disruptions initially played a central role in
coverage declines. Health system strain, temporary suspension
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Global DTP3 immunization coverage trends, 2000-2023
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FIGURE 1 | Global DTP3 immunisation coverage trends, 2000-2023. Data derived from WHO/UNICEF WUENIC 2024 estimates. Coverage
declined from 86% (2019) to 81% (2021) amid COVID-19 pandemic disruptions, with partial recovery to 84% by 2023. The horizontal dashed line
at 90% represents the WHO immunisation agenda 2030 target. Zero-dose children: children who received no doses of DTP-containing vaccine.

of outreach services, workforce shortages, and reduced
healthcare-seeking behaviour collectively contributed to missed
routine vaccinations during 2020-2022 [5, 14]. While many
countries have since restored service delivery capacity, recovery
trajectories remain uneven. In some settings, immunisation
services have rebounded rapidly, whereas others continue to
experience persistent gaps, suggesting that structural vulnera-
bilities extend beyond acute pandemic effects.

Notably, coverage declines increasingly intersect with social and
behavioural determinants. Analyses from multiple regions
indicate that under-immunisation is no longer driven solely by
access barriers, but also by parental delay or refusal despite
vaccine availability [6, 17]. Demographic analyses from the
WHO European Region and North America indicate that par-
ents with university-level education are paradoxically over-
represented among vaccine-refusing households, suggesting
that higher education does not uniformly translate into vaccine
acceptance [18]. Gender-disaggregated data from South Asia
and sub-Saharan Africa indicate that girls in rural households
face additional structural barriers to vaccination, with female-
headed households in Nigeria showing 12% lower DTP3
completion rates compared to male-headed counterparts [19].
This shift represents a qualitative change in the nature of
immunisation challenges, particularly in urban and peri-urban
populations where health services are readily accessible but
vaccine confidence is eroding.

Geopolitical instability and humanitarian crises further exacer-
bate coverage gaps. Fragile and conflict-affected settings ac-
count for a growing proportion of zero-dose children, reflecting
disruptions to health infrastructure, population displacement,
and weakened governance [20]. In these contexts, routine
immunization systems often compete with emergency health
priorities, complicating efforts to restore coverage. Health sys-
tem capacity constraints—including critical shortages of trained
vaccinators, cold chain infrastructure, and data management

systems—are estimated to contribute to 30%-40% of missed
vaccinations in low-income countries, independent of demand-
side factors [21].

The epidemiological implications of declining immunization
coverage are increasingly evident. Measles incidence has risen
sharply in regions where coverage has fallen even modestly,
reaffirming the high transmissibility of the virus and its sensi-
tivity to immunization gaps [16]. Similar dynamics are observed
for poliovirus, where immunity gaps in under-vaccinated com-
munities enable sustained transmission or re-emergence despite
global eradication efforts [22].

Importantly, declining coverage also threatens progress toward
broader health and development goals. Routine immunization
platforms serve as entry points for integrated maternal and child
health services, including nutrition interventions and disease
surveillance [23]. Erosion of these platforms therefore carries
implications that extend beyond vaccine-preventable diseases
alone.

Current evidence indicates that declining immunization
coverage reflects a convergence of system-level disruptions,
persistent inequities, and evolving patterns of vaccine accep-
tance. Addressing these challenges requires renewed emphasis
on routine immunization recovery strategies that integrate ser-
vice delivery strengthening with targeted efforts to rebuild
public confidence and demand for vaccination.

4 | Resurgence of Vaccine-Preventable Diseases:
Epidemiological Signals and Systemic Implications

Declining immunisation coverage has translated into measur-
able epidemiological consequences, most notably the resurgence
of vaccine-preventable diseases (VPDs) that had previously been
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reduced to historically low levels. Among these, measles has
emerged as a sensitive indicator of immunisation system
fragility due to its high basic reproduction number (RO = 12-18)
and strict dependence on sustained population immunity
[16, 24].

Global measles incidence increased substantially following
pandemic-related disruptions, with outbreaks reported across
diverse epidemiological contexts, including high-income coun-
tries with established immunisation programs [24]. WHO re-
ported approximately 9 million measles cases and 128,000
deaths globally in 2021—the highest burden since 2006—with
major outbreaks documented in Yemen, the Democratic Re-
public of Congo, Nigeria, and India [25]. In the United States,
2024 recorded the highest measles case count since elimination
was declared in 2000, with 285 confirmed cases linked to vac-
cine refusal in close-knit communities [26]. These outbreaks are
frequently clustered within subpopulations characterised by
under-immunisation, reflecting both access barriers and vaccine
refusal. Importantly, measles resurgence illustrates that
national-level coverage estimates may obscure localised immu-
nity gaps capable of sustaining transmission.

Poliomyelitis provides a complementary, albeit distinct, signal
of immunisation vulnerability. While wild poliovirus trans-
mission remains geographically limited, circulating vaccine-
derived polioviruses (cVDPVs) have expanded in settings with
insufficient routine immunisation coverage [22, 27]. Between
2020 and 2023, cVDPV2 outbreaks were reported in 31 countries
across Africa, the Middle East, and Central Asia, paralysing
more than 600 children—a stark reminder that eradication-era
complacency creates new vulnerabilities [28]. These events
underscore the paradox of eradication-era risks: as polio inci-
dence declines, maintaining high coverage becomes more
difficult, yet lapses in immunity create conditions for renewed
transmission.

Cholera outbreaks further demonstrate the consequences of
fragile immunisation systems in humanitarian and climate-
vulnerable settings. Although oral cholera vaccines are
increasingly used as part of outbreak response and preventive
strategies, their effectiveness is constrained by supply limita-
tions and challenges in integrating vaccination with water,
sanitation, and hygiene interventions [29]. Recurrent cholera
epidemics thus reflect broader systemic weaknesses rather than
vaccine failure per se.

Beyond individual diseases, the resurgence of VPDs signals
erosion in the foundational functions of public health surveil-
lance and prevention. Outbreak detection, laboratory confir-
mation, and rapid response depend on robust immunisation
infrastructures that also support disease monitoring [23, 30].
When routine immunisation systems weaken, opportunities for
early outbreak containment diminish, increasing both health
and economic costs. Modelling studies estimate that a 5-
percentage-point decline in DTP3 coverage sustained over
5 years is associated with a 20%-30% increase in diphtheria and
pertussis incidence in low-income settings [31].

The re-emergence of VPDs also carries implications for public
perception of vaccination. Outbreaks can paradoxically

reinforce vaccine demand in affected communities while
simultaneously fuelling misinformation and fear in others,
particularly when cases are misattributed to vaccine failure
rather than coverage gaps [32]. This dynamic complicates risk
communication and underscores the importance of transparent
epidemiological framing.

From a policy perspective, these trends challenge the prevailing
emphasis on emergency response over routine immunisation
strengthening. Reactive vaccination campaigns, while essential,
cannot substitute for sustained high coverage achieved through
resilient primary healthcare systems [33]. The persistence and
re-emergence of VPDs therefore reflect not only epidemiological
vulnerability but also strategic misalignment in immunisation
governance.

5 | Vaccine Hesitancy and the Contemporary
Misinformation Ecosystem

Vaccine hesitancy has emerged as a central determinant of
immunisation performance in the contemporary era, increas-
ingly shaping vaccination outcomes alongside traditional sup-
ply- and access-related factors. Defined as the delay in
acceptance or refusal of vaccination despite the availability of
services, vaccine hesitancy is now recognized as a dynamic and
context-dependent phenomenon influenced by confidence,
complacency, and convenience [6, 34]. Large-scale surveys
across 149 countries estimate that between 10% and 35% of
adults express some degree of vaccine hesitancy, with substan-
tial cross-national variation [35-37]. Recent evidence suggests
that hesitancy is no longer confined to specific vaccines or re-
gions but represents a transnational challenge affecting routine
and novel immunisation programs alike.

The expansion of digital communication platforms has funda-
mentally altered how vaccine-related information is produced,
disseminated, and consumed. Social media ecosystems enable
rapid amplification of emotionally resonant narratives, often
privileging anecdotal claims over scientific evidence [38].
Studies consistently demonstrate that misleading or false vac-
cine information spreads more quickly and broadly than
corrective messaging, creating persistent exposure to narratives
that exaggerate risks and undermine trust in health authorities
[39]. Algorithm-driven recommendation engines on platforms
such as Facebook, YouTube, and TikTok create ‘rabbit hole’
pathways where initial exposure to vaccine-sceptical content
progressively leads users toward more extreme anti-vaccine
material [40]. Research demonstrates that anti-vaccine content
generates approximately 3.7 times more engagement per post
compared to pro-vaccine content, creating a structural asym-
metry in information visibility [41]. Computational analyses of
Twitter/X data found that during major vaccine rollouts,
misinformation reached peak virality approximately 6 hours
before fact-checks were published, creating a critical window of
unchallenged spread [42].

Importantly, contemporary vaccine hesitancy is not solely
driven by misinformation content, but by declining trust in
institutions responsible for vaccine development, regulation,
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and delivery. Surveys across multiple regions indicate that
scepticism toward governmental and scientific institutions
correlates strongly with lower vaccine acceptance, even when
individuals possess basic knowledge about vaccine benefits [43].
The 2019 Wellcome Global Monitor found that only 53% of
respondents in Western Europe strongly agreed that vaccines
are safe, compared to over 90% in South and East Asia [44]. A
2022 cross-national study of 28 countries found that institu-
tional trust accounted for 42% of variance in COVID-19 vaccine
uptake, outweighing health literacy as a predictor [36, 45]. This
erosion of trust reflects broader societal trends, including
political polarization and perceived opacity in decision-making
processes.

Novel vaccine platforms, particularly mRNA-based technolo-
gies, have further reshaped public discourse on vaccine safety
and regulation. While extensive clinical and post-marketing
surveillance data support the safety and effectiveness of
mRNA vaccines, their rapid development during the COVID-19
pandemic contributed to perceptions of insufficient testing
among some population groups [10, 46]. These concerns have,
in some contexts, generalized beyond COVID-19 vaccines,
influencing attitudes toward routine immunizations and booster
programs.

Vaccine policy responses themselves may inadvertently
contribute to hesitancy if perceived as coercive or inade-
quately communicated. Evidence from multiple settings sug-
gests that mandates, certification requirements, and restrictive
measures can increase uptake in the short term but risk
entrenching opposition and distrust among hesitant pop-
ulations if not accompanied by transparent communication
and community engagement [11, 47]. This highlights the
delicate balance between public health protection and societal
acceptance.

Misinformation dynamics are further complicated by the blur-
ring of boundaries between scientific uncertainty and disinfor-
mation. Legitimate scientific debates—such as those concerning
waning immunity, booster dose timing, or rare adverse
events—are often reframed within misinformation narratives to
imply fundamental vaccine failure [48]. Without effective risk
communication strategies, these narratives may reinforce per-
ceptions that health authorities are withholding information or
minimizing risks.

Vaccine hesitancy interacts with existing social inequalities.
Marginalized communities with historical experiences of med-
ical neglect or exploitation may exhibit lower baseline trust in
vaccination programs, rendering them more vulnerable to
misinformation [49]. Addressing hesitancy in such contexts re-
quires approaches that go beyond information correction to
include culturally sensitive engagement and structural trust-
building.

Vaccine hesitancy should be understood not as an individual-
level deficit in knowledge, but as an emergent property of
complex social, political, and informational systems. Failure to
address these underlying drivers risks perpetuating cycles of
declining coverage, outbreak resurgence, and further erosion of
public trust. Integrating behavioural and communication

sciences into immunization policy is therefore essential for
sustaining vaccination programs in the current global context.

6 | Equity, Access, and Trust: Structural
Dimensions of Vaccine Uptake

While vaccine hesitancy and misinformation have gained
prominence in public discourse, structural inequities in access
and delivery remain fundamental drivers of global immunisa-
tion gaps. An estimated 67% of zero-dose children reside in just
10 countries, predominantly in sub-Saharan Africa and South
Asia, where health system capacity constraints, geographic
remoteness, and fragile governance intersect [13, 20, 50]. These
inequities underscore that declining vaccine coverage cannot be
attributed solely to individual-level decision-making, but rather
reflects broader systemic and socio-political determinants.

Geographic, economic, and social barriers continue to limit
access to routine immunisation services. Populations in remote
rural areas, informal urban settlements, and regions affected by
displacement often experience inconsistent service delivery,
limited outreach, and weak health infrastructure [50, 51]. In
such contexts, missed vaccinations are frequently the result of
opportunity costs, transportation barriers, and competing sur-
vival priorities rather than active refusal.

Equity challenges are further compounded by global disparities
in vaccine availability and prioritisation. During the COVID-19
pandemic, unequal access to vaccines between high-income and
low-income countries exposed longstanding imbalances in
global health governance and manufacturing capacity [14, 52].
Although these disparities were most visible for COVID-19
vaccines, similar patterns persist for newer vaccines, where
delayed introduction and constrained supply may reinforce
perceptions of neglect or marginalisation.

Trust in vaccination programs is closely intertwined with these
structural inequities. Communities that experience inconsistent
access to essential health services may interpret vaccination
campaigns as episodic or externally driven interventions,
weakening perceived legitimacy [53]. Historical experiences of
medical exploitation, unethical research practices, and colonial
health interventions continue to shape vaccine perceptions in
some settings, particularly where community engagement has
been limited [49, 54].

Routine immunization systems play a critical role in mediating
trust by providing continuity, predictability, and integration
with primary healthcare. Evidence suggests that countries with
strong primary healthcare foundations demonstrate greater
resilience in immunization delivery and public confidence
during crises [55]. Conversely, reliance on vertical or campaign-
based vaccination approaches, while effective in emergency
contexts, may undermine long-term trust if not embedded
within broader health system strengthening.

Equity-oriented immunization strategies increasingly empha-
size the identification and reach of ‘missed communities’,
including zero-dose populations, as a priority for global vaccine
policy [20, 56]. However, efforts to improve equity must balance
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targeted interventions with universal system improvements to
avoid stigmatization or fragmentation of services.

Ultimately, vaccine equity, access, and trust are mutually rein-
forcing dimensions. Addressing one in isolation is unlikely to
produce sustained improvements in coverage. Instead, inte-
grated approaches that align vaccine delivery with social pro-
tection, community engagement, and transparent governance
are essential to rebuilding confidence and ensuring that im-
munization programs fulfil their public health potential.

7 | Bridging Behavioural Determinants and
Epidemiological Outcomes: An Integrated
Framework

A critical gap in current immunisation science is the absence of
a quantitative framework linking behavioural determinants
directly to epidemiological outcomes. Figure 2 presents an in-
tegrated conceptual model illustrating how behavioural, struc-
tural, and system-level factors converge to shape immunisation
coverage and downstream VPD incidence.

Translating behavioural determinants into measurable epide-
miological impact requires intermediate metrics. A 10-
percentage-point decline in vaccine confidence—as measured
by validated instruments such as the WHO SAGE Vaccine
Confidence Survey or the 5C psychological antecedents model
[34]—has been associated in modelling studies with a 3-8
percentage-point decline in coverage within 12-18 months,
depending on baseline coverage levels and existing health system
resilience [57]. This relationship is non-linear: coverage systems
operating near herd immunity thresholds (e.g., measles at 95%)
are disproportionately vulnerable to even modest confidence

demonstrated 5-15 percentage-point improvements in vaccine
acceptance in clinical trials conducted in the United States,
France, and Ethiopia [58].

Digital health surveillance systems provide emerging opportu-
nities to quantify this behavioural-epidemiological interface in
near-real time. Platforms such as WHO's Early AI-Supported
Response with Social Listening (EARS) monitor vaccine senti-
ment across 50 countries using natural language processing,
providing early warning signals of confidence declines that may
precede coverage drops by 4-6 weeks [57]. Integration of such
digital surveillance outputs with traditional immunisation
monitoring represents a significant methodological advance for
proactive immunisation governance.

8 | Digital Health, Data Systems, and Emerging
Technologies in Immunisation

Digital health systems have emerged as critical infrastructure for
improving immunisation coverage tracking, outbreak detection,
and targeted outreach. Immunisation information systems (IIS)
that digitise individual vaccination records enable real-time
identification of under-vaccinated children, reduction of missed
opportunities, and evidence-based programme planning. India's
electronic vaccine intelligence network (eVIN), deployed across
29 states, demonstrated a 12% improvement in vaccine stock
availability and a measurable reduction in vaccine wastage
within 2 years of implementation [59]. Similarly, Tanzania's na-
tional immunisation registry, linked to community health worker
mobile platforms, contributed to a 7-percentage-point increase in
DTP3 coverage in pilot districts between 2019 and 2022 [60].

Artificial intelligence (AI) and machine learning applications

erosion. Conversely, behavioural interventions—such as offer additional opportunities across the immunization delivery
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risk of coverage decline based on historical trends, demographic
data, and healthcare utilization patterns, enabling pre-emptive
outreach [61]. Al-powered chatbots have been piloted in
Pakistan and Nigeria to address parental vaccine queries in local
languages, demonstrating significant improvements in vaccine
acceptance among hesitant caregivers [62]. Remote sensing and
geospatial analysis tools are increasingly used to identify un-
served populations in humanitarian contexts, informing
outreach deployment in conflict-affected settings [63].

Blockchain technology has been explored for secure manage-
ment of immunization records, particularly in settings with
mobile populations where record continuity is challenging. Pilot
programs in Bangladesh and Kenya demonstrated improved
data integrity and reduced duplicate vaccination, though scal-
ability and infrastructure requirements remain barriers [64].

Social media monitoring tools, including sentiment analysis and
infodemic management platforms, represent another frontier in
digital immunization support. WHO's Infodemic Management
team and national public health agencies have deployed natural
language processing tools to track vaccine misinformation trends
across platforms, enabling targeted counter-messaging. Evidence
suggests that timely digital counter-messaging—deployed within
24 h of misinformation peaks—can reduce the secondary spread
of false claims by up to 30% in controlled experimental
settings [42].

9 | Policy Implications and Future Directions for
Global Immunisation

The convergence of declining immunisation coverage, resur-
gence of vaccine-preventable diseases, and persistent vaccine
hesitancy necessitates a recalibration of global vaccine policy
priorities. Contemporary immunisation challenges extend
beyond vaccine supply and technological innovation, requiring
integrated strategies that address behavioural, structural, and
governance dimensions simultaneously.

9.1 | Re-Centring Routine Immunisation as a
Policy Priority

Emergency vaccination campaigns and outbreak responses have
been indispensable in mitigating acute risks; however, over-
reliance on reactive approaches risks diverting attention and
resources from routine immunisation systems [33, 65]. Evidence
consistently demonstrates that sustained disease control is best
achieved through strong primary healthcare-based immunisa-
tion platforms that deliver predictable, continuous services [55,
66]. Policy frameworks should therefore prioritise routine
immunisation recovery and resilience as foundational compo-
nents of health system strengthening.

9.2 | Integrating Behavioural and Social Sciences
Into Immunisation Policy

Vaccine confidence is increasingly recognized as a measurable
determinant of immunisation performance. Incorporating

behavioural and social science insights into programme
design—such as understanding risk perception, trust dynamics,
and community norms—can enhance the effectiveness of
vaccination strategies [34, 48, 67]. Policy instruments that rely
solely on mandates or compliance mechanisms may yield short-
term gains but risk long-term erosion of trust if not com-
plemented by transparent communication and participatory
engagement. Rwanda's community health worker-based vaccine
promotion programme, which integrated motivational inter-
viewing training, achieved measles coverage above 97% between
2015 and 2022, demonstrating that behavioural science-
informed approaches can achieve and sustain high coverage in
resource-limited settings [58]. Similarly, UNICEF's Vaccine
Acceptance Survey data from 55 countries indicate that partic-
ipatory community engagement strategies achieve 15%-20%
greater improvements in vaccine acceptance compared to
information-only approaches [36, 37, 68].

9.3 | Strengthening Risk Communication and
Counter-Misinformation Capacity

Effective vaccine policy must include proactive, adaptive risk
communication strategies capable of addressing misinformation
in real time. This entails investment in communication infra-
structure, training of healthcare workers as trusted messengers,
and partnerships with digital platforms to limit the amplifica-
tion of demonstrably false claims [39, 69]. Importantly,
communication should acknowledge uncertainty where it ex-
ists, rather than adopting overly reassuring narratives that may
later undermine credibility. The United Kingdom's COVID-19
communication strategy, which rapidly acknowledged uncer-
tainty around the AstraZeneca/ChAdOx1 thrombosis signal in
March 2021 and suspended the vaccine in under-50s pending
review, was associated with maintained overall vaccine confi-
dence in subsequent surveys—illustrating that transparent un-
certainty communication can be protective [70, 71]. Nigeria's
social mobilisation programme for polio eradication, which
trained over 200,000 community influencers between 2015 and
2022, contributed to a 45% decline in polio vaccine refusals in
Northern Nigeria [72].

9.4 | Advancing Equity-Oriented Immunisation
Governance

Global vaccine policy must explicitly address inequities that
shape access and trust. Reaching zero-dose and missed com-
munities requires both targeted outreach and systemic reforms,
including financing mechanisms that support subnational de-
livery, data systems that identify coverage gaps, and account-
ability structures that prioritise equity outcomes [20, 56, 73]. At
the global level, diversification of manufacturing capacity and
technology transfer may mitigate future supply inequities and
strengthen regional self-reliance. Bangladesh's Expanded Pro-
gramme on Immunisation achieved near-universal DTP3
coverage (97%) through a decentralised delivery model
combining fixed-facility, outreach, and community-based
approaches—a model subsequently adapted by Ethiopia and
Vietnam with comparable results [74]. COVAX's distribution to
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146 countries, while achieving only 18% of its 2021 target, cat-
alysed investments in regional manufacturing in Senegal, India,
and South Africa that may substantially reduce supply vulner-
ability by 2030 [52].

9.5 | Aligning Innovation With Public Trust

Scientific innovation remains essential to addressing emerging
and re-emerging infectious threats. However, the deployment of
novel vaccine platforms should be accompanied by robust post-
marketing surveillance, transparent regulatory processes, and
clear public communication regarding benefits and risks [10, 46,
75]. Aligning innovation with trust-building measures can help
ensure that advances in vaccinology translate into sustained
public health impact. The Brighton Collaboration's Safety Plat-
form for Emergency Vaccines (SPEAC) initiative, which pre-
positioned standardized adverse event case definitions before
COVID-19 vaccine rollout, facilitated rapid signal detection and
cross-country comparison of safety data—a model proposed for
future pandemic preparedness [76].

9.6 | Measuring What Matters: Beyond Coverage
Metrics

Traditional coverage indicators, while necessary, may be insuf-
ficient to capture the health of immunisation systems in complex
contexts. Emerging frameworks advocate for complementary
metrics that assess timeliness, equity, missed communities, and
confidence-related indicators [13, 77]. Embedding such mea-
sures into routine monitoring can provide early warning signals
of system stress before epidemiological consequences emerge.
WHO's Immunisation Agenda 2030 explicitly includes a vaccine
confidence composite indicator as a core monitoring metric,
signalling global commitment to measuring demand-side
determinants alongside supply-side coverage [1]. Ghana's
implementation of real-time confidence monitoring through
community-based sentinel surveys offers a practical model for
early warning systems at national level [78].

9.7 | Sustainability in Low-Resource Settings and
Pandemic Resilience

A critical gap in global immunisation strategy is the lack of sus-
tainable, locally-owned financing and delivery mechanisms for
low-resource settings. Gavi's transition policy, while intended to
foster country self-reliance, has been associated with coverage
declines in several post-transition countries, including Indonesia,
Nigeria, and Cameroon, where domestic fiscal capacity has not
kept pace with the cost of sustaining universal immunisation
programs [79]. Investments in local manufacturing, community
health worker infrastructure, and immunisation trust funds with
catastrophic coverage provisions represent priority areas for
sustainable system design [80]. Pandemic-specific resilience
measures should include pre-positioned stockpiles of essential
vaccines, flexible supply chain systems capable of surge deploy-
ment, and standing emergency immunisation protocols that can

be activated without disrupting routine services—gaps starkly
exposed by COVID-19 [5, 21].

10 | Conclusion

Global immunisation programs are confronting a critical in-
flection point. Despite remarkable scientific advances in vaccine
development, declining routine immunisation coverage, resur-
gent outbreaks of vaccine-preventable diseases, and persistent
vaccine hesitancy threaten to erode decades of public health
progress. Evidence reviewed in this article demonstrates that
these challenges are not isolated phenomena but interconnected
outcomes of systemic vulnerabilities spanning service delivery,
equity, trust, and governance.

The resurgence of diseases such as measles and poliomyelitis
illustrates that vaccination success is inherently fragile and
reversible. Immunisation gains depend not only on vaccine
availability and effectiveness, but also on sustained public
confidence and resilient health systems capable of delivering
routine services equitably and consistently. In this context,
vaccine hesitancy and misinformation should be understood as
manifestations of broader societal and institutional dynamics
rather than isolated deficits in individual knowledge.

Global vaccine policy will need to move beyond a predomi-
nantly technology- and emergency-oriented paradigm toward
more comprehensive approaches that strengthen routine im-
munization systems. Evidence indicates that sustaining high
vaccination coverage requires the systematic integration of
behavioural and social science insights, deliberate efforts to
address structural inequities, and the incorporation of trans-
parent and adaptive risk communication within vaccine gover-
nance frameworks. In parallel, evaluation metrics should extend
beyond aggregate coverage estimates to include measures of
equity, timeliness, and population-level confidence. Emerging
digital health tools and Al-powered surveillance systems offer
significant opportunities to strengthen both delivery and
monitoring, though their implementation must be accompanied
by attention to equity of access and data governance.

The long-term effectiveness of vaccination as a component of
global health security is likely to depend on the extent to which
scientific advances are aligned with public trust and institu-
tional legitimacy. Re-centring immunization within robust pri-
mary healthcare systems and inclusive governance structures
represents a pragmatic strategy for maintaining and extending
the public health impact of vaccines over the coming decades.

Author Contributions

Alfi Sophian: conceptualization, writing - original draft, writing - re-
view and editing. Normasari: validation. Andhika Harumanto:
visualization, writing - original draft. Abinawanto: supervision.

Acknowledgements

During the preparation of this work, the authors used generative arti-
ficial intelligence (AI) tools to assist in language refinement and

8 of 11

Reviews in Medical Virology, 2026

85US017 SUOWILIOD SAIERID 3|edt|dde ay) Ag peuienob a1e sejoie O '8sn J0 S9Nl Joj Akeuq18UlUO 8|1 U (SUONIPUCD-PUE-SWSILO A8 | M ARIq 1 BUlUO//SANL) SUORIPUOD PUe SWIS | 8L 89S *[9202/60/60] UO Ateiqiauliuo A8|im ‘fe1dsoH LesH pasdes ueibuoq AisieAlun WA|leH Aq 65T0L AWI/Z00T OT/I0P/W0d" A3 1M Al jpuluoy/sdiy woly papeojumod '€ ‘9202 ‘¥S9T660T



improving the clarity of the manuscript. The authors reviewed and
edited the content as needed and take full responsibility for the content
of the publication.

Funding

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated
or analysed during the current study.

References

1. Immunization Agenda, “2030: A Global Strategy to Leave No One
Behind,” supplement, Vaccine 42, no. S1 (April 2024): S5-S14, https://
doi.org/10.1016/j.vaccine.2022.11.042.

2. W. Orenstein, P. Offit, K. M. Edwards, and S. Plotkin, “Online Sup-
plements,” Plotkin’s Vaccines (2021): 628.e8-628.e19, https://doi.org/10.
1016/b978-0-323-79058-1.00313-3.

3. World Health Organization, UNICEF, Progress and Challenges on
Routine Immunization: 2023 WHO/UNICEF Estimates of National Im-
munization Coverage (WHO, 2024).

4. A. A. Minta, M. Ferrari, S. Antoni, et al., “Progress Toward Measles
Elimination—Worldwide, 2000-2023,” MMWR Morbidity and Mortality
Weekly Report 73, no. 45 (November 2024): 1036-1042, https://doi.org/1
0.15585/mmwr.mm7345a4.

5. K. Causey, N. Fullman, R. J. D. Sorensen, et al., “Estimating Global
and Regional Disruptions to Routine Childhood Vaccine Coverage
During the COVID-19 Pandemic in 2020: A Modelling Study,” Lancet
398, no. 10299 (August 2021): 522-534, https://doi.org/10.1016/s0140-67
36(21)01337-4.

6. N. E. MacDonald, “Vaccine Hesitancy: Definition, Scope and De-
terminants,” Vaccine 33, no. 34 (August 2015): 4161-4164, https://doi.
org/10.1016/j.vaccine.2015.04.036.

7. H. J. Larson, C. Jarrett, E. Eckersberger, D. M. D. Smith, and P.
Paterson, “Understanding Vaccine Hesitancy Around Vaccines and
Vaccination From a Global Perspective: A Systematic Review of Pub-
lished Literature, 2007-2012,” Vaccine 32, no. 19 (April 2014):
2150-2159, https://doi.org/10.1016/j.vaccine.2014.01.081.

8. S. L. Wilson and C. Wiysonge, “Social Media and Vaccine Hesitancy,”
BMJ Global Health 5, no. 10 (October 2020): e004206, https://doi.org/10.
1136/bmjgh-2020-004206.

9. A. Bruns, S. Harrington, and E. Hurcombe, “‘Corona? 5G? or Both?’:
The Dynamics of COVID-19/5G Conspiracy Theories on Facebook,”
Media International Australia 177, no. 1 (August 2020): 12-29, https://
doi.org/10.1177/1329878x20946113.

10. N. Pardi, M. J. Hogan, F. W. Porter, and D. Weissman, “mRNA
Vaccines—A New Era in Vaccinology,” Nature Reviews Drug Discovery
17, no. 4 (January 2018): 261-279, https://doi.org/10.1038/nrd.2017.243.

11. K. Bardosh, A. de Figueiredo, R. Gur-Arie, et al., “The Unintended
Consequences of COVID-19 Vaccine Policy: Why Mandates, Passports
and Restrictions May Cause More Harm Than Good,” BMJ Global
Health 7, no. 5 (May 2022): e008684, https://doi.org/10.1136/bmjgh-202
2-008684.

12. T. Burki, “Gavi, the Vaccine Alliance Supports Rabies Vaccination,”
Lancet Infectious Diseases 24, no. 8 (August 2024): e491-e492, https://
doi.org/10.1016/s1473-3099(24)00447-x.

13. M. Mwale, Persistent Measles Immunisation Gaps in LMICs: In-
sights From the 2024 Revision of the WHO/UNICEF Estimates of Na-
tional Immunization Coverage (2025), https://doi.org/10.2139/ssrn.562
5104.

14. O.J. Wouters, K. C. Shadlen, M. Salcher-Konrad, et al., “Challenges
in Ensuring Global Access to COVID-19 Vaccines: Production, Afford-
ability, Allocation, and Deployment,” Lancet 397, no. 10278 (March
2021): 1023-1034, https://doi.org/10.1016/s0140-6736(21)00306-8.

15. European Centre for Disease Prevention and Control, Measles and
Rubella Monitoring, January 2023 (ECDC, 2023).

16. W. J. Moss, “Measles,” Lancet 390, no. 10111 (December 2017):
2490-2502, https://doi.org/10‘1016/80140-6736(17)31463-0.

17. E. Dubé, M. Vivion, and N. E. MacDonald, “Vaccine Hesitancy,
Vaccine Refusal and the Anti-Vaccine Movement: Influence, Impact
and Implications,” Expert Review of Vaccines 14, no. 1 (November 2014):
99-117, https://doi.org/10.1586/14760584.2015.964212.

18. R. Trepanowski and D. Drazkowski, “The Vaccine-Education
Paradox in a Cross-Country Analysis: Education Predicts Higher and
Lower Vaccination Rates,” Sage Open 14, no. 2 (April 2024):
21582440241253326, https://doi.org/10.1177/21582440241253326.

19. UNICEF, Gender and Immunization: Desk Review (UNICEF, 2022).

20. E. Zerhouni, “GAVI, the Vaccine Alliance,” Cell 179, no. 1
(September 2019): 13-17, https://doi.org/10.1016/j.cell.2019.08.026.

21. J. B. Bangura, S. Xiao, D. Qiu, F. Ouyang, and L. Chen, “Barriers to
Childhood Immunization in Sub-Saharan Africa: A Systematic Review,”
BMC Public Health 20, no. 1 (July 2020): 1108, https://doi.org/10.1186/s1
2889-020-09169-4.

22. Global Polio Eradication Initiative, Polio Eradication Strategy
2022-2026: Delivering on a Promise (WHO, 2022).

23. L. Brearley, R. Eggers, R. Steinglass, and J. Vandelaer, “Applying an
Equity Lens in the Decade of Vaccines,” Vaccine 31 (April 2013):
B103-B107, https://doi.org/10.1016/j.vaccine.2012.11.088.

24. World Health Organization, Global Measles and Rubella Strategic
Framework 2021-2030 (WHO, 2021).

25. World Health Organization, Measles Data and Statistics 2022
(WHO, 2023).

26. US Centers for Disease Control and Prevention, Measles Cases and
Outbreaks (CDC, 2024).

27. G. R. Macklin, K. M. O’Reilly, N. C. Grassly, et al.,, “Evolving
Epidemiology of Poliovirus Serotype 2 Following Withdrawal of the
Serotype 2 Oral Poliovirus Vaccine,” Science 368, no. 6489 (April 2020):
401-405, https://doi.org/10.1126/science.abal238.

28. Global Polio Eradication Initiative, Circulating Vaccine-Derived
Poliovirus Situation Report, 2020-2023 (GPEI, 2023).

29. F. Qadri, T. F. Wierzba, M. Alj, et al., “Efficacy of a Single-Dose,
Inactivated Oral Cholera Vaccine in Bangladesh,” New England Journal
of Medicine 374, no. 18 (May 2016): 1723-1732, https://doi.org/10.1056/
nejmoal510330.

30. S. B. Thacker, J. R. Qualters, L. M. Lee, and Centers for Disease
Control and Prevention, “Public Health Surveillance in the United
States: Evolution and Challenges,” MMWR Supplements 61, no. 3 (July
2012): 3-9, PMID: 22832990.

31. T. H. Kim, J. Johnstone, and M. Loeb, “Vaccine Herd Effect,”
Scandinavian Journal of Infectious Diseases 43, no. 9 (May 2011):
683-689, https://doi.org/10.3109/00365548.2011.582247.

32. A. Kata, “Anti-Vaccine Activists, Web 2.0, and the Postmodern
Paradigm—An Overview of Tactics and Tropes Used Online by the
Anti-Vaccination Movement,” Vaccine 30, no. 25 (May 2012):
3778-3789, https://doi.org/10.1016/j.vaccine.2011.11.112.

Reviews in Medical Virology, 2026

9 of 11

85US017 SUOWILIOD SAIERID 3|edt|dde ay) Ag peuienob a1e sejoie O '8sn J0 S9Nl Joj Akeuq18UlUO 8|1 U (SUONIPUCD-PUE-SWSILO A8 | M ARIq 1 BUlUO//SANL) SUORIPUOD PUe SWIS | 8L 89S *[9202/60/60] UO Ateiqiauliuo A8|im ‘fe1dsoH LesH pasdes ueibuoq AisieAlun WA|leH Aq 65T0L AWI/Z00T OT/I0P/W0d" A3 1M Al jpuluoy/sdiy woly papeojumod '€ ‘9202 ‘¥S9T660T


https://doi.org/10.1016/j.vaccine.2022.11.042
https://doi.org/10.1016/j.vaccine.2022.11.042
https://doi.org/10.1016/b978-0-323-79058-1.00313-3
https://doi.org/10.1016/b978-0-323-79058-1.00313-3
https://doi.org/10.15585/mmwr.mm7345a4
https://doi.org/10.15585/mmwr.mm7345a4
https://doi.org/10.1016/s0140-6736(21)01337-4
https://doi.org/10.1016/s0140-6736(21)01337-4
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1016/j.vaccine.2014.01.081
https://doi.org/10.1136/bmjgh-2020-004206
https://doi.org/10.1136/bmjgh-2020-004206
https://doi.org/10.1177/1329878x20946113
https://doi.org/10.1177/1329878x20946113
https://doi.org/10.1038/nrd.2017.243
https://doi.org/10.1136/bmjgh-2022-008684
https://doi.org/10.1136/bmjgh-2022-008684
https://doi.org/10.1016/s1473-3099(24)00447-x
https://doi.org/10.1016/s1473-3099(24)00447-x
https://doi.org/10.2139/ssrn.5625104
https://doi.org/10.2139/ssrn.5625104
https://doi.org/10.1016/s0140-6736(21)00306-8
https://doi.org/10.1016/s0140-6736(17)31463-0
https://doi.org/10.1586/14760584.2015.964212
https://doi.org/10.1177/21582440241253326
https://doi.org/10.1016/j.cell.2019.08.026
https://doi.org/10.1186/s12889-020-09169-4
https://doi.org/10.1186/s12889-020-09169-4
https://doi.org/10.1016/j.vaccine.2012.11.088
https://doi.org/10.1126/science.aba1238
https://doi.org/10.1056/nejmoa1510330
https://doi.org/10.1056/nejmoa1510330
https://doi.org/10.3109/00365548.2011.582247
https://doi.org/10.1016/j.vaccine.2011.11.112

33. V. Sriram and S. Bennett, “Strengthening Medical Specialisation
Policy in Low-Income and Middle-Income Countries,” BMJ Global
Health 5, no. 2 (February 2020): 002053, https://doi.org/10.1136/bmjgh-
2019-002053.

34. C. Betsch, P. Schmid, D. Heinemeier, L. Korn, C. Holtmann, and R.
Bohm, “Beyond Confidence: Development of a Measure Assessing the
5C Psychological Antecedents of Vaccination,” PLoS One 13, no. 12
(December 2018): €0208601, https://doi.org/10.1371/journal.pone.020
8601.

35. M. Sallam, “COVID-19 Vaccine Hesitancy Worldwide: A Concise
Systematic Review of Vaccine Acceptance Rates,” Vaccines 9, no. 2
(February 2021): 160, https://doi.org/10.3390/vaccines9020160.

36. A. Sophian, D. Sulanjari, and A. Harumanto, “Global Implications
of Recent Changes in U.S. Vaccine Policy: Ethical and Trust Challenges
for Immunization Programs,” Vaccine 77 (April 2026): 128393, https://
doi.org/10.1016/j.vaccine.2026.128393.

37. A. de Figueiredo, C. Simas, and H. J. Larson, “COVID-19 Vaccine
Acceptance and Its Socio-Demographic and Emotional Determinants: A
Multi-Country Cross-Sectional Study,” Vaccine 41, no. 2 (January 2023):
354-364, https://doi.org/10.1016/j.vaccine.2022.10.051.

38. H. J. Larson, “The State of Vaccine Confidence,” Lancet 392, no.
10161 (November 2018): 2244-2246, https://doi.org/10.1016/s0140-6736
(18)32608-4.

39. S. Vosoughi, D. Roy, and S. Aral, “The Spread of True and False
News Online,” Science 359, no. 6380 (March 2018): 1146-1151, https://
doi.org/10.1126/science.aap9559.

40. D. Tillery and M. Carrion, “The Circulation of Vaccine Misinfor-
mation on Social Media Platforms: New Challenges Require New
Methods,” POROI 20, no. 1 (February 2026): 20, https://doi.org/10.1707
7/2151-2957.33956.

41. C.S. B. Ngai, R. G. Singh, and L. Yao, “Impact of COVID-19 Vaccine
Misinformation on Social Media Virality: Content Analysis of Message
Themes and Writing Strategies,” Journal of Medical Internet Research 24,
no. 7 (July 2022): 37806, https://doi.org/10.2196/37806.

42. R. Maertens, J. Roozenbeek, and S. van der Linden, “Inoculation
Against Misinformation,” in The Handbook of Inoculation Theory and
Practice, ed. B. Ivanov, K. A. Parker, and J. Compton (January 2026),
307-320, https://doi.org/10.1002/9781394199372.ch22.

43. A. de Figueiredo, C. Simas, E. Karafillakis, P. Paterson, and H. J.
Larson, “Mapping Global Trends in Vaccine Confidence and Investi-
gating Barriers to Vaccine Uptake: A Large-Scale Retrospective Tem-
poral Modelling Study,” Lancet 396, no. 10255 (September 2020):
898-908, https://doi.org/10.1016/s0140-6736(20)31558-0.

44. Wellcome Trust, Wellcome Global Monitor 2018: How Does the
World Feel About Science and Health? Wellcome Trust (2019).

45. M. C. Mills and T. Riittenauer, “The Effect of Mandatory COVID-19
Certificates on Vaccine Uptake: Synthetic-Control Modelling of Six
Countries,” Lancet Public Health 7, no. 1 (January 2022): el5-e22,
https://doi.org/10.1016/52468-2667(21)00273-5.

46. A. M. Hause, J. Baggs, J. Gee, et al., “Safety Monitoring of an Addi-
tional Dose of COVID-19 Vaccine—United States, August 12-September
19, 2021,” MMWR Morbidity and Mortality Weekly Report 70, no. 39
(October 2021): 1379-1384, https://doi.org/10.15585/mmwr.mm7039e4.

47. R.Biswas, A. Roy, T. Kayal, et al., “Waning Immunity and the Future
of Booster Vaccination Strategies in Global Vaccine Programs Post
COVID-19,” Human Vaccines & Immunotherapeutics 22, no. 1 (February
2026): 2626088, https://doi.org/10.1080/21645515.2026.2626088.

48. S. Basu, G. Ashok, R. Debroy, S. Ramaiah, P. Livingstone, and A.
Anbarasu, “Impact of the COVID-19 Pandemic on Routine Vaccine
Landscape: A Global Perspective,” Human Vaccines & Immunothera-
peutics 19, no. 1 (January 2023): 2199656, https://doi.org/10.1080/216455
15.2023.2199656.

49. A. Anbarasu, S. Ramaiah, and P. Livingstone, “Vaccine Repurposing
Approach for Preventing COVID 19: Can MMR Vaccines Reduce
Morbidity and Mortality?,” Human Vaccines & Immunotherapeutics 16,
no. 9 (June 2020): 2217-2218, https://doi.org/10.1080/21645515.2020.17
73141.

50. World Health Organization, Immunization in Fragile and Conflict-
Affected Settings: Challenges and Opportunities (WHO, 2022).

51. M. C. Restrepo-Méndez, A. J. Barros, K. L. Wong, et al., “In-
equalities in Full Immunization Coverage: Trends in Low- and Middle-
Income Countries,” Bulletin of the World Health Organization 94, no. 11
(August 2016): 794-805A, https://doi.org/10.2471/blt.15.162172.

52. A. D. Usher, “A Beautiful Idea: How COVAX Has Fallen Short,”
Lancet 397, no. 10292 (June 2021): 2322-2325, https://doi.org/10.1016/s0
140-6736(21)01367-2.

53. L. Gilson, “Trust and the Development of Health Care as a Social
Institution,” Social Science & Medicine 56, no. 7 (April 2003): 1453-1468,
https://doi.org/10.1016/s0277-9536(02)00142-9.

54. N. Nunn and L. Wantchekon, “The Slave Trade and the Origins of
Mistrust in Africa,” American Economic Review 101, no. 7 (December
2011): 3221-3252, https://doi.org/10.1257/aer.101.7.3221.

55. M. E. Kruk, A. D. Gage, C. Arsenault, et al., “High-Quality Health
Systems in the Sustainable Development Goals Era: Time for a Revo-
lution,” Lancet Global Health 6, no. 11 (November 2018): €1196-e1252,
https://doi.org/10.1016/s2214-109x(18)30386-3.

56. Gavi, the Vaccine Alliance, Reaching Zero-Dose Children: Progress
and Challenges (Gavi, 2022).

57. World Health Organization, Early AI-Supported Response With So-
cial Listening (EARS) Platform: Methodology and Validation (WHO,
2023).

58. J. Morris, W. Wang, L. Wang, K. M. Peddecord, and M. H. Sawyer,
“Comparison of Reminder Methods in Selected Adolescents With Re-
cords in an Immunization Registry,” Journal of Adolescent Health 56, no.
5 (May 2015): S27-S32, https://doi.org/10.1016/j.jadohealth.2015.01.010.

59. S. Bhattacharya, A. Thiyagarajan, and D. Khaladkar, “Role of
Electronic Vaccine Intelligence Network (eVIN) System for Quality
Improvement in Immunization Data in India,” CHRISMED Journal of
Health and Research 6, no. 2 (2019): 128, https://doi.org/10.4103/cjhr.cjh
r_123_18.

60. Tanzania Ministry of Health, National Immunization Information
System: Annual Report 2022 (MoH, 2023).

61. M. A. Alemayehu, “Machine Learning Algorithms for Prediction of
Measles One Vaccination Dropout Among 12-23 Months Children in
Ethiopia,” BMJ Open 14, no. 11 (November 2024): e089764, https://doi.
org/10.1136/bmjopen-2024-089764.

62. A. M. Fahmy, “Opportunities and Challenges of Applying Artificial
Intelligence in Healthcare,” Premier Journal of Artificial Intelligence 28
(October 2024), https://doi.org/10.70389/pjai.100003.

63. A. N. Sbarra, S. Rolfe, E. Haeuser, et al., “Estimating Vaccine
Coverage in Conflict Settings Using Geospatial Methods: A Case Study
in Borno State, Nigeria,” Scientific Reports 13, no. 1 (July 2023): 11085,
https://doi.org/10.1038/s41598-023-37947-8.

64. M. Shaikh, S. A. Memon, A. Ebrahimi, and U. K. Wiil, “A Sys-
tematic Literature Review for Blockchain-Based Healthcare Imple-
mentations,” Healthcare [Internet] 13, no. 9 (May 2025): 1087, https://
doi.org/10.3390/healthcare13091087.

65. F. T. Cutts, P. Claquin, M. C. Danovaro-Holliday, and D. A. Rhoda,
“Monitoring Vaccination Coverage: Defining the Role of Surveys,”
Vaccine 34, no. 35 (July 2016): 4103-4109, https://doi.org/10.1016/j.vacci
ne.2016.06.053.

10 of 11

Reviews in Medical Virology, 2026

85US017 SUOWILIOD SAIERID 3|edt|dde ay) Ag peuienob a1e sejoie O '8sn J0 S9Nl Joj Akeuq18UlUO 8|1 U (SUONIPUCD-PUE-SWSILO A8 | M ARIq 1 BUlUO//SANL) SUORIPUOD PUe SWIS | 8L 89S *[9202/60/60] UO Ateiqiauliuo A8|im ‘fe1dsoH LesH pasdes ueibuoq AisieAlun WA|leH Aq 65T0L AWI/Z00T OT/I0P/W0d" A3 1M Al jpuluoy/sdiy woly papeojumod '€ ‘9202 ‘¥S9T660T


https://doi.org/10.1136/bmjgh-2019-002053
https://doi.org/10.1136/bmjgh-2019-002053
https://doi.org/10.1371/journal.pone.0208601
https://doi.org/10.1371/journal.pone.0208601
https://doi.org/10.3390/vaccines9020160
https://doi.org/10.1016/j.vaccine.2026.128393
https://doi.org/10.1016/j.vaccine.2026.128393
https://doi.org/10.1016/j.vaccine.2022.10.051
https://doi.org/10.1016/s0140-6736(18)32608-4
https://doi.org/10.1016/s0140-6736(18)32608-4
https://doi.org/10.1126/science.aap9559
https://doi.org/10.1126/science.aap9559
https://doi.org/10.17077/2151-2957.33956
https://doi.org/10.17077/2151-2957.33956
https://doi.org/10.2196/37806
https://doi.org/10.1002/9781394199372.ch22
https://doi.org/10.1016/s0140-6736(20)31558-0
https://doi.org/10.1016/s2468-2667(21)00273-5
https://doi.org/10.15585/mmwr.mm7039e4
https://doi.org/10.1080/21645515.2026.2626088
https://doi.org/10.1080/21645515.2023.2199656
https://doi.org/10.1080/21645515.2023.2199656
https://doi.org/10.1080/21645515.2020.1773141
https://doi.org/10.1080/21645515.2020.1773141
https://doi.org/10.2471/blt.15.162172
https://doi.org/10.1016/s0140-6736(21)01367-2
https://doi.org/10.1016/s0140-6736(21)01367-2
https://doi.org/10.1016/s0277-9536(02)00142-9
https://doi.org/10.1257/aer.101.7.3221
https://doi.org/10.1016/s2214-109x(18)30386-3
https://doi.org/10.1016/j.jadohealth.2015.01.010
https://doi.org/10.4103/cjhr.cjhr_123_18
https://doi.org/10.4103/cjhr.cjhr_123_18
https://doi.org/10.1136/bmjopen-2024-089764
https://doi.org/10.1136/bmjopen-2024-089764
https://doi.org/10.70389/pjai.100003
https://doi.org/10.1038/s41598-023-37947-8
https://doi.org/10.3390/healthcare13091087
https://doi.org/10.3390/healthcare13091087
https://doi.org/10.1016/j.vaccine.2016.06.053
https://doi.org/10.1016/j.vaccine.2016.06.053

66. C. G. Victora, K. Hanson, J. Bryce, and J. P. Vaughan, “Achieving
Universal Coverage With Health Interventions,” Lancet 364, no. 9444
(2004): 1541-1548, https://doi.org/10.1016/s0140-6736(04)17279-6.

67. N. T. Brewer, G. B. Chapman, A. J. Rothman, J. Leask, and A.
Kempe, “Increasing Vaccination: Putting Psychological Science Into
Action,” Psychological Science in the Public Interest 18, no. 3 (December
2017): 149-207, https://doi.org/10.1177/1529100618760521.

68. UNICEF, Vaccine Acceptance and Demand: Global Landscape
Analysis (UNICEF, 2023).

69. J. Roozenbeek, S. van der Linden, and T. Nygren, “Prebunking In-
terventions Based on the Psychological Theory of ‘Inoculation’ Can
Reduce Susceptibility to Misinformation Across Cultures,” Harvard
Kennedy School Misinformation Review (February 2020), https://doi.org/
10.37016/mr-2020-008.

70. S. Mallapaty and E. Callaway, “What Scientists Do and Don’t Know
About the Oxford-AstraZeneca COVID Vaccine,” Nature 592, no. 7852
(March 2021): 15-17, https://doi.org/10.1038/d41586-021-00785-7.

71. H. J. Larson, R. M. Clarke, C. Jarrett, et al., “Measuring Trust in
Vaccination: A Systematic Review,” Human Vaccines & Immunothera-
peutics 14, no. 7 (May 2018): 1599-1609, https://doi.org/10.1080/2164551
5.2018.1459252.

72. O. Ogundele, C. A. Adeyanju, and A. A. Omotoso, “Insurgency in
Northern Nigeria: Implication for Polio Eradication in Nigeria,” Sudan
Journal of Medical Sciences 14, no. 4 (December 2019): 252-256, https://
doi.org/10.18502/sjms.v14i4.5903.

73. D. R. Hogan, G. A. Stevens, A. R. Hosseinpoor, and T. Boerma,
“Monitoring Universal Health Coverage Within the Sustainable Devel-
opment Goals: Development and Baseline Data for an Index of Essential
Health Services,” Lancet Global Health 6, no. 2 (February 2018):
e152-e168, https://doi.org/10.1016/s2214-109x(17)30472-2.

74. M. Adhikary, R. Haque, and S. Tanira, “Determinants of Child
Immunization Under Expanded Programme on Immunization (EPI) in
a Rural Setting of Bangladesh,” Journal of Dhaka Medical College 22, no.
2 (January 2015): 201-206, https://doi.org/10.3329/jdmc.v22i2.21543.

75. J. Bonhoeffer, K. Kohl, R. Chen, et al., “The Brighton Collaboration:
Addressing the Need for Standardized Case Definitions of Adverse
Events Following Immunization (AEFI),” Vaccine 21, no. 3-4
(December 2002): 298-302, https://doi.org/10.1016/50264-410x(02)0044
9-8.

76. M. C. Engelbrecht, N. G. Kigozi, and J. C. Heunis, “Factors Asso-
ciated With Limited Vaccine Literacy: Lessons Learnt From COVID-19,”
Vaccines 10, no. 6 (May 2022): 865, https://doi.org/10.3390/vaccines1006
0865.

77. M. C. Danovaro-Holliday, E. Dansereau, D. A. Rhoda, D. W. Brown,
F. T. Cutts, and M. Gacic-Dobo, “Collecting and Using Reliable Vacci-
nation Coverage Survey Estimates: Summary and Recommendations
From the ‘Meeting to Share Lessons Learnt From the Roll-Out of the
Updated WHO Vaccination Coverage Cluster Survey Reference Manual
and to Set an Operational Research Agenda Around Vaccination
Coverage Surveys’, Geneva, 18-21 April 2017,” Vaccine 36, no. 34
(August 2018): 5150-5159, https://doi.org/10.1016/j.vaccine.2018.0
7.019.

78. S. E. Danso, A. Frimpong, N. A. H. Seneadza, and M. F. Ofori,
“Knowledge, Attitudes, and Practices of Caregivers on Childhood Im-
munization in Okaikoi Sub-Metro of Accra, Ghana,” Frontiers in Public
Health 15 (September 2023): 11, https://doi.org/10.3389/fpubh.2023.123
0492.

79. J. Kallenberg, W. Mok, R. Newman, et al., “Gavi’s Transition Policy:
Moving From Development Assistance to Domestic Financing of Im-
munization Programs,” Health Affairs [Internet] 35, no. 2 (February
2016): 250-258, https://doi.org/10.1377/hlthaff.2015.1079.

80. H. Saxenian, R. Hecht, M. Kaddar, S. Schmitt, T. Ryckman, and S.
Cornejo, “Overcoming Challenges to Sustainable Immunization

Financing: Early Experiences From GAVI Graduating Countries,”
Health Policy and Planning 30, no. 2 (February 2014): 197-205, https://
doi.org/10.1093/heapol/czu003.

Reviews in Medical Virology, 2026

11 of 11

85US017 SUOWILIOD SAIERID 3|edt|dde ay) Ag peuienob a1e sejoie O '8sn J0 S9Nl Joj Akeuq18UlUO 8|1 U (SUONIPUCD-PUE-SWSILO A8 | M ARIq 1 BUlUO//SANL) SUORIPUOD PUe SWIS | 8L 89S *[9202/60/60] UO Ateiqiauliuo A8|im ‘fe1dsoH LesH pasdes ueibuoq AisieAlun WA|leH Aq 65T0L AWI/Z00T OT/I0P/W0d" A3 1M Al jpuluoy/sdiy woly papeojumod '€ ‘9202 ‘¥S9T660T


https://doi.org/10.1016/s0140-6736(04)17279-6
https://doi.org/10.1177/1529100618760521
https://doi.org/10.37016/mr-2020-008
https://doi.org/10.37016/mr-2020-008
https://doi.org/10.1038/d41586-021-00785-7
https://doi.org/10.1080/21645515.2018.1459252
https://doi.org/10.1080/21645515.2018.1459252
https://doi.org/10.18502/sjms.v14i4.5903
https://doi.org/10.18502/sjms.v14i4.5903
https://doi.org/10.1016/s2214-109x(17)30472-2
https://doi.org/10.3329/jdmc.v22i2.21543
https://doi.org/10.1016/s0264-410x(02)00449-8
https://doi.org/10.1016/s0264-410x(02)00449-8
https://doi.org/10.3390/vaccines10060865
https://doi.org/10.3390/vaccines10060865
https://doi.org/10.1016/j.vaccine.2018.07.019
https://doi.org/10.1016/j.vaccine.2018.07.019
https://doi.org/10.3389/fpubh.2023.1230492
https://doi.org/10.3389/fpubh.2023.1230492
https://doi.org/10.1377/hlthaff.2015.1079
https://doi.org/10.1093/heapol/czu003
https://doi.org/10.1093/heapol/czu003

	Global Vaccine Confidence at a Crossroads: Immunisation Coverage Declines, Misinformation, and the Future of Vaccine Policy
	1 | Introduction
	2 | Methods
	3 | Declining Global Immunisation Coverage: Scope, Patterns, and Determinants
	4 | Resurgence of Vaccine‐Preventable Diseases: Epidemiological Signals and Systemic Implications
	5 | Vaccine Hesitancy and the Contemporary Misinformation Ecosystem
	6 | Equity, Access, and Trust: Structural Dimensions of Vaccine Uptake
	7 | Bridging Behavioural Determinants and Epidemiological Outcomes: An Integrated Framework
	8 | Digital Health, Data Systems, and Emerging Technologies in Immunisation
	9 | Policy Implications and Future Directions for Global Immunisation
	9.1 | Re‐Centring Routine Immunisation as a Policy Priority
	9.2 | Integrating Behavioural and Social Sciences Into Immunisation Policy
	9.3 | Strengthening Risk Communication and Counter‐Misinformation Capacity
	9.4 | Advancing Equity‐Oriented Immunisation Governance
	9.5 | Aligning Innovation With Public Trust
	9.6 | Measuring What Matters: Beyond Coverage Metrics
	9.7 | Sustainability in Low‐Resource Settings and Pandemic Resilience

	10 | Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement


