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History and Development of Vaccine

Chun-Yi Lu

Division of Pediatric Infectious Diseases,
Department of Pediatrics, National Taiwan University Hospital

The history of vaccination spans more than a millennium, reflecting humanity’s long struggle against
infectious diseases and its evolving scientific understanding. Early forms of inoculation emerged in Asia, where
practices such as Chinese variolation and Indian cutaneous inoculation sought to induce mild smallpox infection
to confer protection. These empirical methods laid the conceptual groundwork for modern immunization. In 1796,
Edward Jenner’'s demonstration that cowpox inoculation protected against smallpox marked the beginning of
scientific vaccinology. Its widespread use led to the institutionalization of compulsory vaccination in the nineteenth
century. Building upon this foundation, Louis Pasteur advanced germ theory and developed the principles of
attenuation and inactivation, while Behring’s discovery of antitoxins and the subsequent creation of toxoids and
adjuvants established key pillars of immunology. The twentieth century marked a period of profound technological
advancement. Cell culture techniques enabled the development of viral vaccines, including poliovirus, measles,
mumps, and rubella, dramatically reducing global childhood morbidity and mortality. The rise of recombinant DNA
technology, conjugate vaccines, and viral reassortant platforms greatly enriched the vaccine toolkit, a progress
reflected in the achievements of hepatitis B vaccination and the widespread decline of invasive bacterial diseases.
Entering the twenty-first century, reverse vaccinology, structural vaccinology, and mRNA platforms revolutionized
antigen design and accelerated vaccine development, as demonstrated during the COVID-19 pandemic.
Vaccination has eradicated smallpox, brought poliomyelitis to the brink of elimination, and profoundly reshaped
global public health. Yet vaccine hesitancy, inequitable access, and emerging pathogens continue to pose
significant challenges. Sustained scientific innovation, transparent communication, and international cooperation
will be essential to guide the next century of vaccinology.
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