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Figure 1 Evolution of vaccines
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ACAM2000J5 i B114.7%(169/1149)H A R F:,  H I
AR EBET IR W, BT RS 21/380120% 8
S5 R I G kAR OGO, I R T A R T K A
GPEMFIA SRR E MBI, JCEERKIIN TR R L
BANTE T G 2R G052 45N T R A A0 2 1 0 XU
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PERGE, JUEE G M S B 220 B R R B AR RS
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T PR HER T A 254 T S BANAR 2RSS K, FETCTANM A4
B R AT DA BB BN, R R T i T e
M ANBERIRE R R % T B, ROR(R TR a A e v i i
R RISV R M AT A R Sz —. A
I, BEXF L KHIVESE B kg, it

793



M4 F b & 20255538 £70% FTH

M5l BRI DL RS s i R AR TR AL K
.

P RET P S I A A DR 37 B e B T AR B9 95—
FEHEAR. MRERAYIRSTE . S B S sl | S airg
FPHNANEEHE L DL 5 55 2207 T K 3R R
BT, R HOHT B e 22 v A A S e I SR
(spike, S)HEH MY | 2 i Y S AL I T B 2 G e 1k
i, AR HBUH S PR R AP RO R
AR T RAS R, A EE T LU R R 7 9 AR
RNAJHEE, I RE I DNAJGTE, 57 8 A U A X 22
A0 R [ ORIE TR IR ALHE. LA, KAL)
KA E 2 I RS, REZBRALRE R AT A
BOTAR RS SRR T AN ATB AN M B %), B R e 1 &
PAmRNAJE i FIE 0 3 R . 2300 BRI mi e
BRI PP TR AR R e S~6 N H A, /I
SRR A e S LA K R R ALK AR R RS S, 94T
AT SEBRH EE LT () 58 AT L REE R AR T
BRI, (B AT A A R AP R, )
it v S i PR (9 S5 AN IE.

AR AR e 1) 2 R AT I S R IX, PR
PE T AEAR Y DX (] B PEXT BRI B U 2. i
AR Y s XA A S e IR BRI N R B, /B WHO
AN PR 32, BERTHERET AL . I, BRI B v
FRIRIT 2 s 25 R A M DX o 5 B 2 PR T ) 22 LB AR,
FEBIT SRR IR | HERBOE A A L AR RS . Y7 A
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Modern vaccinology enables rapid “intelligent manufacturing”
of vaccines for emerging infectious diseases: insight from the
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Throughout the relentless struggle between humanity and disease, vaccines have remained a steadfast shield safeguarding
life and health. From ancient practices like variolation of material from smallpox lesions in China or vaccination of cowpox
material in the West to the rapid advancements in modern vaccinology and the innovative integration of artificial
intelligence (Al), vaccine development has evolved from its rudimentary beginnings to a phase of accelerated progress.
However, in today’s densely populated and highly interconnected world, the frequency of human-to-human and human-to-
nature interactions has escalated to unprecedented levels. This has led to an increased occurrence of emerging and re-
emerging viral infectious diseases, with viruses spreading more rapidly and extensively than ever before. In recent years,
viruses such as SARS-CoV-2, the influenza virus, and the monkeypox virus (twice declared a Public Health Emergency of
International Concern, PHEIC) have posed unprecedented challenges to global health and have raised the bar for modern
vaccine development in terms of safety, efficacy, and accessibility.

Meanwhile, the rise of emerging technologies such as Al has introduced transformative capabilities to vaccine
development, propelling the field into a new era of “intelligent manufacturing”. By leveraging a comprehensive
understanding of immune responses induced by viruses and conducting in-depth analyses of viral virology and
epidemiology characteristics—including transmission patterns, geographic distribution, high-risk populations, region of
vaccine deployment, and required production capacities—we can tailor personalized strategies for diverse viral vaccine
developments in terms of immunogen design, adjuvant development, vaccine platform, and delivery system selection. This
precise and efficient vaccine development framework, “smart manufacturing”, not only enables rapid responses to
emerging viral challenges but also facilitates the creation of safer, more potent, and more accessible novel vaccines against
potential future outbreaks of “Disease X”.

This paper outlines the historical evolution of vaccinology, proposes the development direction of modern vaccinology in
the Al era—focusing on the rapid “intelligent manufacturing” of vaccines tailored to emerging pathogens—and examines
the opportunities and challenges in this field. Using the development and limitations of novel vaccine development during
the mpox outbreak as a case study, the paper explores the potential of rapid “intelligent manufacturing” in addressing future
public health crises.

modern vaccines, rapid vaccine development, intelligent manufacturing, rational design, monkeypox virus
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