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Abstract: More than 300 COVID-19 vaccine candidates were under development as of April 26, 2022 [1]. Many
COVID-19 vaccines are now available that reduce the probability of becoming infected and in reducing side effects
for those individuals who become infected. Even after tens of billions of dollars of investment [2], the commercial
vaccines in most countries do not prevent individuals from being infected. As such, variants will continue to develop
that can reduce the effectiveness of existing vaccines, have increased infectivity, and lead to medical facilities
becoming overwhelmed.

Many time-consuming engineering tasks are involved in going from the biology of creating a COVID-19 vaccine to
the vaccination of billions of individuals needed to protect the world population. A major bottleneck to world-scale
vaccination is the time required to develop a process to manufacture billions of doses within the existing supply
chains and equipment while maintaining the highest levels of safety in the product. This talk describes ways in which
process systems and control engineering is being applied for the purpose of reducing the current time required to
manufacture large numbers of doses of vaccine. The primary emphasis is on mucosal vaccines, which provide much
more robust immune response and stronger protection against viral infection than the non-mucosal vaccines such
as sub-unit protein and mRNA vaccines currently commercially available for COVID-19 [3-6].

After a brief summary of the most promising COVID-19 vaccines and the bottlenecks in vaccine manufacturing in
general, ways are described for using feedback control to shorten the timeline. The first set of technologies are
applicable to all vaccine types and involve the use of fully automated modular manufacturing systems [7-9]. Control
theory and algorithms are described for addressing the characteristics of these highly uncertain, nonlinear, hybrid,
distributed parameter systems. The second set of technologies is specific to the main class of vaccines, live-
attenuated viral vaccines, which use a weakened form of the virus. The close similarity of the vaccines to the natural
infection creates a strong and long-lasting immune response. Such vaccines include influenza (flu), measles, mumps,
rubella, rotavirus, smallpox, chickenpox, and yellow fever. In a case study, feedback control enables more than a
factor of five increase in vaccine production.
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