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Tras una lectura detallada del articulo “Una mirada desde la perspectiva reguladora”,"”’ resulta pertinente reflexionar
sobre las lecciones aprendidas 5 afios después de que la COVID-19 se convirtiera en una crisis sanitaria global que
sacudi6 al mundo. Durante los primeros 18 meses de respuesta cientifica acelerada, se identificaron mas de 270
candidatos vacunales y se encontraban en curso méas de 90 ensayos clinicos;" actualmente, la cifra total (activos o
retirados) supera ampliamente ese niamero.

El desafio regulador fue colosal: mediante autorizaciones de uso de emergencia y revisiones continuas, la primera
vacuna fue aprobada en menos de un afio desde la identificacion del virus, un hecho sin precedentes en la historia de

la vacunologia.”

La presente Carta al Editor tiene como proposito ofrecer una perspectiva general sobre los avances en el campo de la
vacunacion, a 5 afios del inicio de la pandemia.

Segun modelos matematicos, la vacunacion habria evitado cerca de 20 millones de muertes en su primer afio de
implementacion.”) Los avances tecnolégicos también fueron notables: por primera vez se emplearon vacunas basadas
en ARN mensajero en humanos, lo que consolido estas plataformas frente a patogenos emergentes.”) Ademas, se
desarrollaron vacunas con vectores virales, virus inactivados y subunidades proteicas.

Las agencias regulatorias adoptaron marcos flexibles sin sacrificar el rigor cientifico, como describen Vazquez-
Romero y Romeu-Alvarez, " la evaluacion en tiempo real y los disefios adaptativos sentaron precedentes valiosos
para futuras emergencias.

Sin embargo, persisten desafios criticos. A fines de 2021, mas del 70 % de la poblacion en paises de ingresos altos
habia sido vacunada, frente a menos del 5 % en paises de bajos ingresos.” A pesar del mecanismo COVAX, esta
brecha fue especialmente marcada en muchos paises del Africa subsahariana, aunque también se observaron
disparidades intrarregionales en América Latina.®® Modelos epidemioldgicos sugieren que una distribucion mas
equitativa habria contribuido a reducir la propagacion de variantes.) Corregir estas asimetrias sigue siendo
fundamental para enfrentar futuras crisis sanitarias.

Con la mirada puesta en el futuro, se estan explorando vacunas de nueva generacion, incluidas formulaciones
intranasales, combinadas e incluso pancoronavirus.” La inteligencia artificial (IA), mediante herramientas como
AlphaFold o modelos de aprendizaje automatico, ya permite optimizar el disefio de inmundgenos, predecir epitopos
y fortalecer la vigilancia gendmica. Estas aplicaciones han transformado el disefio de vacunas al ofrecer una
precision, velocidad y eficiencia sin precedentes, permitiendo la identificacién de epitopos previamente no
detectados mediante modelos validados experimentalmente como MUNIS y GraphBepi.®

La Organizacion Mundial de la Salud (OMS) ha enfatizado que la cooperacion internacional es crucial. No obstante,
algunos paises han manifestado posturas criticas o han reducido su compromiso con los mecanismos multilaterales
de la OMS,® 1o cual podria debilitar la respuesta global. Fortalecer su papel resulta, por tanto, urgente.
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En resumen, 5 afios después del inicio de la pandemia, se evidencian avances significativos en el campo de la
vacunologia (Tabla 1), aunque persisten brechas importantes. El fortalecimiento de las capacidades regulatorias, el
acceso universal a las vacunas y una cooperacion internacional mas solida deben constituir pilares de una estrategia
de vacunaciéon mas equitativa, eficaz y resiliente.

Tabla 1. Principales avances en la vacunologia 5 afios después de la pandemia de COVID-19.

Area Avance clave

Tecnologia Introduccion y despliegue a gran escala de vacunas de ARNm, junto con plataformas de vectores
virales, virus inactivados y subunidades proteicas.

Regulacion Las autorizaciones de uso de emergencia y las revisiones continuas permitieron aprobaciones rapidas
de vacunas manteniendo los estandares cientificos y éticos.

Impacto Segin modelos globales, la vacunacion contra la COVID-19 evité aproximadamente 20 millones de
muertes durante su primer afio de implementacion.

Equidad Las marcadas disparidades en el acceso entre paises de altos y bajos ingresos revelaron la necesidad
de mecanismos de distribucion global mas justos.

Innovacion Se exploran enfoques de proxima generacion como vacunas pan-coronavirus, combinadas o intrana-
sales, con el apoyo de la Al en el disefio de inmundgenos.

Cooperacion El rol de la OMS y el multilateralismo fue esencial para coordinar respuestas, aunque preocupa el

distanciamiento politico de algunas naciones.

IA: inteligencia artificial; OMS: Organizaciéon Mundial de la Salud.

Letter to the Editor

Advances in vaccination 5 years after the onset of the COVID-19 pandemic

After a detailed reading of the article “A look from the regulatory perspective”,'” it is pertinent to reflect on the
lessons learned 5 years after COVID-19 became a global health crisis that shook the world. During the first 18
months of the accelerated scientific response, more than 270 vaccine candidates were identified and more than 90
clinical trials were underway;"" today, the total number (active or withdrawn) far exceeds that number.

The regulatory challenge was colossal: through emergency use authorizations and continuous reviews, the first
vaccine was approved within a year of virus identification, an unprecedented event in the history of vaccinology.'”

The purpose of this Letter to the Editor is to provide an overview of advances in the field of vaccination, 5 years after
the start of the pandemic.

According to mathematical models, vaccination would have prevented nearly 20 million deaths in its first year of
implementation.® Technological advances were also remarkable: messenger RNA-based vaccines were used for the
first time in humans, consolidating these platforms against emerging pathogens.® In addition, vaccines with viral
vectors, inactivated viruses and protein subunits were developed.

Regulatory agencies adopted flexible frameworks without sacrificing scientific rigor, as described by Vazquez-
Romero and Romeu-Alvarez," real-time assessment and adaptive designs set valuable precedents for future
emergencies.

However, critical challenges remain. By the end of 2021, more than 70 % of the population in high-income countries
had been vaccinated, compared with less than 5 % in low-income countries.”” Despite the COVAX mechanism, this
gap was particularly marked in many countries in sub-Saharan Africa, although intraregional disparities were also
observed in Latin America.®® Epidemiological models suggest that more equitable distribution would have helped
reduce the spread of variants.®” Correcting these asymmetries remains critical to address future health emergencies.
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Looking to the future, next-generation vaccines are being explored, including intranasal, combination and even
pancoronavirus formulations.”) Artificial intelligence (AI), using tools such as AlphaFold or machine learning
models, is already optimizing immunogen design, predicting epitopes and strengthening genomic surveillance. These
applications have transformed vaccine design by offering unprecedented accuracy, speed and efficiency, enabling the
identification of previously undetected epitopes using experimentally validated models such as MUNIS and
GraphBepi.®

The World Health Organization (WHO) has emphasized that international cooperation is crucial. However, some
countries have been critical of or have reduced their engagement with WHO's multilateral mechanisms,® which could
weaken the global response. Strengthening its role is therefore urgent.

In summary, 5 years after the start of the pandemic, significant progress has been made in the field of vaccinology
(Table 1), although important gaps remain. Strengthening regulatory capacities, universal access to vaccines and
stronger international cooperation must be the pillars of a more equitable, effective and resilient vaccination strategy.

Table 1. Major advances in vaccinology 5 years after the COVID-19 pandemic.

Area Major advance

Technology Introduction and large-scale deployment of mRNA vaccines, along with viral vector platforms, inac-
tivated viruses and protein subunits.

Regulation Emergency use authorizations and ongoing reviews allowed for rapid vaccine approvals while main-
taining scientific and ethical standards.

Impact According to global models, vaccination against COVID-19 prevented approximately 20 million
deaths during its first year of implementation.

Equity Marked disparities in access between high and low-income countries revealed the need for fairer
global distribution mechanisms.

Innovation Next-generation approaches such as pan-coronavirus, combination or intranasal vaccines are ex-
plored, with IA support in immunogen design.

Cooperation The role of the WHO and multilateralism was essential to coordinate responses, although the politi-

cal distancing of some nations is a concern.

Al: artificial intelligence; WHO: World Health Organization.
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