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Abstract

Vaccine-preventable diseases have changed the history of public health. Diseases that once caused
repeated childhood deaths, disability and fear can now be controlled, eliminated, and in the case of
smallpox, eradicated through vaccination combined with strong surveillance and public-health
systems. Yet elimination is not automatic. It depends on consistently high immunization coverage,
equitable access, reliable disease surveillance, rapid outbreak response, public trust, strong supply
chains and the ability of health systems to reach children who are missed by routine services. This
narrative review examines the meaning of control, elimination and eradication; the role of routine
immunization; lessons from polio, measles and rubella; barriers such as missed vaccinations, conflict,
geographic access and vaccine confidence; and practical strategies for sustaining progress. Current
WHO and UNICEF estimates show that global childhood vaccination has improved but remains
below the level needed to achieve several elimination goals. In 2025, global DTP3 coverage was
85%, while approximately 13.5 million children received no routine vaccine dose. Measles-
containing vaccine coverage also remained below the approximately 95% level generally needed to
prevent sustained transmission. The review emphasizes that elimination is not simply a vaccine-
delivery target: it is a long-term social and health-system achievement requiring every community to
be reached and every outbreak to be detected quickly.
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1. Introduction
Vaccination is one of the clearest examples of prevention working before illness begins. Instead of
waiting for a child to become seriously sick, immunization prepares the immune system in advance.
Over decades, vaccination has reduced illness, disability and death from many infectious diseases
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and has become a foundation of primary healthcare. WHO reports that immunization prevents
millions of deaths every year and is central to global health security and outbreak prevention.

The phrase vaccine-preventable disease elimination can sound simple, but elimination is a demanding
public-health goal. It means reducing transmission of a disease to zero in a defined geographic area
through deliberate efforts, while continued measures may still be required to prevent re-
establishment. Eradication is a still higher standard: permanent reduction of worldwide transmission
to zero, after which routine interventions may no longer be needed. Smallpox remains the classic
example of eradication. Polio is the major current eradication effort, while measles and rubella are
prominent elimination goals.

The central lesson is that vaccines are necessary but not sufficient on their own. A country may have
an effective vaccine but still experience outbreaks if children miss doses, communities are difficult
to reach, surveillance is weak, or confidence in vaccination falls. Elimination therefore requires a
complete system: vaccines, trained workers, cold-chain capacity, community engagement,
laboratories, data, political commitment and rapid response.

2. Understanding Control, Elimination and Eradication
Term Meaning Example

Control Reducing disease incidence | Long-term  reduction of
or impact to an acceptable | many vaccine-preventable
level through ongoing | infections through routine
measures. immunization.

Elimination Reducing transmission or | Measles or rubella
disease occurrence to zero | elimination goals in specific
in a defined geographic | regions.

area,  with continued
measures needed to prevent
reintroduction.

Eradication Permanent worldwide | Smallpox eradication;
reduction of disease | global polio eradication
transmission  to  zero, | remains an ongoing goal.
making routine  control
measures unnecessary.

3. Why High Vaccination Coverage Matters
®
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Population immunity is the bridge between individual vaccination and community protection. When
a large proportion of people are immune, an infectious agent has fewer opportunities to move from
one person to another. The exact coverage needed depends on how contagious the disease is and how
well the vaccine protects against infection and transmission. Measles is particularly demanding
because it spreads extremely efficiently; WHO's Immunization Agenda 2030 notes that around 95%
coverage with two timely doses of measles-containing vaccine is needed to prevent sustained spread.

Current global figures show why elimination remains unfinished. WHO and UNICEF estimated that
in 2025 about 90% of infants received at least one DTP-containing vaccine dose and 85% received
the third dose. Approximately 13.5 million children were zero-dose children. UNICEF also reports
that first-dose measles-containing vaccine coverage reached 86%, leaving millions of children
without this protection. These are global averages, and averages can hide much lower coverage in
particular communities or districts.

Figure 1. Selected global routine immunization coverage, 2025
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Figure 1. Selected global routine immunization coverage in 2025. Values are WHO/UNICEF
estimates: DTP1 90%, DTP3 85%, and MCV1 86%.

4. The Role of Routine Immunization Systems
Elimination programs are strongest when they are built on reliable routine immunization rather than
depending only on occasional campaigns. Routine services create repeated opportunities to vaccinate
children at the recommended ages and to identify families who have missed appointments. They also
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connect vaccination with other primary-healthcare services such as growth monitoring, nutrition
support and health education.

A strong routine program requires more than vaccines arriving at a national warehouse. Doses must
remain potent through the cold chain, health workers need appropriate training, vaccination sessions
need to be convenient, records must be accurate, and communities need confidence that services are
safe and respectful. WHO's Essential Programme on Immunization now supports vaccination across
the life course, reflecting the fact that immunization is not only a childhood issue.

Equity is especially important. Children who are easiest to reach may already be well protected, while
zero-dose and under-vaccinated children are often concentrated in remote, poor, displaced, conflict-
affected or otherwise underserved communities. Elimination strategies must therefore ask not only
'‘What is the national coverage?' but also 'Who is still missing?'

5. Measles and Rubella: Lessons for Elimination
Measles is a useful indicator of the strength of an immunization system because its high
transmissibility rapidly exposes immunity gaps. When coverage falls, outbreaks can occur even after
years of progress. Rubella presents a different but equally important concern because infection during
pregnancy can cause congenital rubella syndrome and severe birth defects. Preventing rubella
transmission is therefore connected not only to childhood vaccination but also to protecting future
pregnancies.

WHO reports that by January 2025, 179 of 194 countries had introduced rubella-containing vaccine,
while global coverage was estimated at 73%. Although reported rubella cases have fallen
dramatically since 2000, progress is uneven. For measles, regional elimination has also stalled in
several settings. These experiences show that elimination cannot be declared and then forgotten. High
coverage has to be sustained year after year, and imported infections must be detected and contained
quickly.

A practical lesson is that elimination programs should treat every outbreak as information about the
system. An outbreak can reveal a geographic pocket of low coverage, delayed vaccination, poor data
quality, vaccine-access barriers or communication problems. Investigating these causes is more
valuable than simply counting cases.

6. Polio and the Challenge of Eradication
Polio demonstrates both the power of vaccination and the difficulty of finishing an eradication effort.
Decades of immunization have reduced poliovirus transmission enormously, but the final stage is
demanding because any remaining transmission can threaten communities and allow spread across
borders. WHO's 2025 mid-term review of Immunization Agenda 2030 noted that wild poliovirus
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type 1 remained endemic in Afghanistan and Pakistan and that variant poliovirus transmission
continued in several countries.

The polio experience highlights the importance of surveillance, laboratory capacity, rapid
vaccination responses and community trust. Children who are repeatedly missed by vaccination
teams are not simply statistics; they often represent practical barriers such as mobility, insecurity,
inaccessible locations, misinformation, or gaps between health services and communities. Successful
eradication therefore requires social and operational solutions as well as biological tools.

7. Barriers to Vaccine-Preventable Disease Elimination
The barriers to elimination are rarely caused by one factor. Access problems can occur when health
facilities are distant, transport is difficult, vaccination sessions are irregular, or families cannot easily
return for follow-up doses. Conflict and displacement can interrupt services and destroy health
infrastructure. Outbreaks can also follow the disruption of routine programs after emergencies.

Vaccine confidence is another important component. People may have questions about safety, side
effects, effectiveness or the need for vaccination when a disease becomes less visible. The most
effective response is not ridicule or pressure. Health workers should listen to concerns, communicate
clearly, explain benefits and risks honestly, and use trusted local voices. Confidence grows when
people experience respectful care and consistent information.

Health-system barriers can be equally important. Stock-outs, inadequate cold-chain equipment, staff
shortages, weak data systems and poor follow-up of missed children can reduce coverage even when
communities are willing to vaccinate. This is why elimination is fundamentally a health-system
strengthening challenge.

8. Surveillance and Outbreak Response
Vaccination coverage tells us how many people have received a vaccine; surveillance tells us what
Is happening with disease. Elimination requires both. Sensitive surveillance should identify suspected
cases quickly, collect appropriate specimens, confirm diagnoses through reliable laboratories, map
transmission and guide response.

Rapid response matters because vaccine-preventable infections can spread before a health system
realizes that an outbreak has begun. Once an outbreak is detected, response may include case
Investigation, contact and community assessment, targeted vaccination, risk communication and
strengthened routine services. The exact response depends on the disease, local epidemiology and
national guidance.
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Digital records and data systems can improve identification of children who miss doses, but
technology is only useful when information is accurate and frontline workers can act on it. Data
should be used to find gaps and improve services rather than simply to produce reports.

9. Community Engagement and Human Factors
Elimination is ultimately a community achievement. Health workers may deliver vaccines, but
families decide whether and when to attend, community leaders influence trust, and local
organizations can help identify children who are being missed. Programs that understand local
routines, languages and concerns are more likely to reach people effectively.

A humanized approach recognizes that vaccine decisions are often shaped by real experiences.
Parents may be balancing work, transport, childcare, previous experiences with healthcare and
information from family or social networks. Listening before advising can make communication
more effective. Respectful conversations also reduce the risk that people feel judged when they have
questions.

The same principle applies to health workers. Staff need manageable workloads, adequate supplies,
training and supportive supervision. If an immunization program expects excellent performance but
does not provide the tools needed to achieve it, the gap is a system failure rather than simply an
individual failure.

10. Strategies to Accelerate Elimination
Priority Practical strategy Expected benefit

Reach zero-dose children Use local data to identify | Improves equity and closes
underserved settlements and | immunity gaps.

provide convenient
outreach or mobile services.

Strengthen routine services | Maintain vaccine supply, | Makes protection
cold chain, trained staff and | sustainable between
reliable session schedules. | campaigns.

Improve surveillance Link community detection, | Finds outbreaks earlier and
laboratories and  rapid | supports targeted action.
reporting.

Build vaccine confidence Listen to concerns and | Supports informed

communicate with clear, | acceptance and trust.
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respectful, evidence-based
messages.

Use outbreak response | Investigate cases, map | Limits spread and reveals

strategically transmission and vaccinate | weaknesses.

according to  national

guidance.
Maintain political | Fund immunization, | Prevents short-term gains
commitment surveillance and workforce | from being lost.

capacity over the long term.

Figure 2. Conceptual pathway from strong immunization systems to disease elimination

High routine High population Interrupted Elimination
coverage immunity Fewer outbreaks transmission sustained
@ & & & @

Figure 2. Conceptual pathway showing how sustained high coverage, population immunity,
surveillance and rapid response support elimination. This is a conceptual model, not quantitative
data.

11. Elimination, Equity and Primary Healthcare
Elimination programs can strengthen primary healthcare when they are designed to leave useful
systems behind. Cold-chain improvements, trained vaccinators, disease surveillance, laboratory
networks and better community outreach can support many other health programs. Conversely, an
Immunization campaign that operates completely separately from routine services may produce
short-term coverage gains without fixing the underlying access problem.

Equity should therefore be treated as an outcome, not just a principle. National averages can improve
while specific communities remain vulnerable. Disaggregated data by geography and other relevant
factors can help programs locate these gaps. The goal is not merely to achieve a high national
percentage; it is to ensure that protection reaches people who are most likely to be missed.
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12. Discussion
The evidence and experience of global immunization programs point to a consistent conclusion:
elimination is possible, but it is fragile. WHO's mid-term review of Immunization Agenda 2030
reported that the world was off track for several elimination and eradication goals and that large
disruptive outbreaks of vaccine-preventable diseases remained frequent in 2024. At the same time,
the continued expansion of vaccination programs and the large number of deaths prevented each year
demonstrate that progress is achievable.

The most important shift is to view elimination as continuous prevention rather than a one-time finish
line. High coverage must be maintained even when disease becomes rare. Surveillance must continue
even when no cases are detected. Communities must remain engaged even after an outbreak ends.
Health systems must be prepared to identify imported infections and respond before local
transmission becomes established.

This perspective also makes the topic more human. Behind every percentage are children, parents,
health workers and communities. A missed vaccine can mean an avoidable illness; a timely vaccine
can mean that illness never happens. Elimination is therefore not only an epidemiological ambition
but a commitment to protect people who may never know that prevention worked.

13. Conclusion
Vaccine-preventable disease elimination is one of public health's most ambitious and worthwhile
goals. Vaccines provide the biological foundation, but elimination depends on much more: equitable
access, strong routine immunization, reliable cold chains, trained health workers, accurate records,
sensitive surveillance, laboratory confirmation, rapid outbreak response and sustained public trust.

Current global data show both progress and unfinished work. In 2025, global DTP3 coverage reached
85%, yet millions of children remained unvaccinated or incompletely vaccinated, and measles
coverage remained below the level needed to reliably prevent transmission. These gaps remind us
that elimination cannot be achieved by national averages alone. The hardest-to-reach communities
must be reached deliberately and respectfully.

Ultimately, successful elimination is built through consistency. Vaccinate every eligible child,
identify those who are missed, listen to communities, investigate every suspected outbreak,
strengthen routine services and keep political commitment strong. When these actions continue for
long enough, diseases that once seemed inevitable can become rare, then disappear from
communities, and potentially disappear from the world.
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