POINT OF VIEW

Immunization 2050: from eradication to precision. Looking ahead to the next 25 years
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Reflecting on the history of public health, immunization
stands out as the most cost-effective intervention in
medical history. Over the last 50 years, we have witnessed
undeniable milestones: the eradication of smallpox and
a dramatic reduction in infant mortality from infectious
diseases. Vaccines bolstered the global increase in life
expectancy and fueled the economic development of
nations.!

Nowadays, however, the maternal and child scientific
community stands at a crossroads. While we occupy the
threshold of a biotechnological revolution accelerated by
the COVID-19 pandemic, we also face an unprecedented
crisis of confidence. The future of immunization will not
be defined solely by new molecules, but by our ability to
harmonize systems biology with equitable access, shielding
the mother-infant dyad.?

We have broken definitively with the 20™-century
empirical approach — the classic “isolate, inactivate, and
inject”. In the next 25 years, vaccinology will be, above
all, rational and computational. Recent reviews indicate
that artificial intelligence is already accelerating antigen
identification from years to months, enabling a just-in-time
response to emerging threats.?

The pandemic served as a “baptism of fire” that
validated messenger RNA technology (mRNA). This
platform ushered in a new paradigm: we will no longer
deliver the pathogen itself, but rather the “instruction
manual” for the body to produce the target protein. The

profound lesson of this technology was its plasticity and
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safety. Even with the identification of rare events by global
surveillance, the risk-benefit ratio remained robustly in favor
of vaccination.*

For maternal and child health, the plug-and-play nature
of mRNA is transformative. It promises to phase-out the
cumbersome production of egg-based influenza vaccines and
realize the vision of combined vaccines (Influenza + COVID19
+ RSV), thereby simplifying immunization schedules.

But the final frontier of this technology transcends viruses and
bacteria. The coming decades will witness the rise of “therapeutic
vaccines” in the field of oncology. The proof of concept was
further established with the 2024 publication in The Lancet of
the KEYNOTE-942 study results on melanoma, demonstrating a
significant reduction in recurrence,’ and 2023 Nature study, which
presented promising data on pancreatic cancer.®

RSV vaccines are reshaping prenatal care. Recent data
confirm that maternal immunization against RSV dramatically
reduces infant hospitalizations for severe respiratory illness
during the first six months of life.’

Looking ahead to 2050 hinges on the maturation of
microneedle patches, whose new biodegradable polymers
enable stability outside the cold chain.®

We must address vaccine hesitancy as a complex
threat. Recent behavioral research indicates that combating
misinformation requires structured interventions and an analysis
of the communication outcomes of digital strategies.’

As outlined in the World Health Organization’s
Immunization Agenda 2030, trust is the true “social capital” that

will sustain the eradication of diseases in the years to come.!°
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