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Edward Jenner

(1749~1823) Chinese inoculate Jenner Pasteur creates
themselves from creates first rabies vaccine,

smallpox vaccine the first designed
inalab

Wakefield looses Wakefield releases Pasteur uses
his license due paper against the rabies
https://www.economist.com/1843/2019/08/30/the-original-anti-vaxxers to his false vaccination claiming vaccine on a

https://canyonechoes.org/900/wellness/the-history-of-vaccines/ paper it causes autism human
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Using a whole virus . . Parts that trigger
or bacterium Inactivated vaccine the immune system
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https://www.who.int/news-room/feature-stories/detail/the-race-for-a-covid-19-vaccine-explained
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Just the

genetic material
RNAEH

DNAZ H

Moderna * BNT

Viral vector vaccine

AE SRR

AZE 8

https://www.who.int/news-room/feature-stories/detail/the-race-for-a-covid-19-vaccine-explained




SR BER ( Live attenuated vaccines )
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JEEMIEE ( Inactivated vaccines )

- SWREBK ~ AbER - EEERSHERE
- 90 : A~ BAIRFR ~ AE-RERE-AHZ - ASBEERE - mEIE
s EFRENERT - FEAE (adjuvant ) IBEKER
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https://www.nytimes.com/interactive/2020/10/05/science/charting-a-covid-immune-response.html
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« /8 ( antigen )
« {£%&| ( adjuvant )
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World Health Organization. How are vaccines developed? https://www.who.int/news-
room/feature-stories/detail/how-are-vaccines-developed




Secondary immune response
(high affinity antibodies)

Initial Secondary
exposure exposure

Primary immune
response (low
affinity antibodies)

¢
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Concentration of antibody

Time

https://courses.lumenlearning.com/wm-biology2/chapter/immunological-memory/
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[M;5{R& ( seroprotection ) :

15 58 Z M As H R TR = B A PR ag ]

A (efficacy ) : IREZEHRITFWERGRT - BEESNIRES
MR ( effectiveness ) | EETEFR P ENUE

2¥H2%Z ( herd immunity )

Vaccine Efficacy in Specific Subgroups

Vaccine Efficacy(95% Cl) Placebo
Per-Protocol Population (80.%%3%4.6) 96/7019
Non-B.1.1.7 Variant (73%%3%9.5) 28/7020
B.1.1.7 Variant (71%6@%3.5) 58/7020

NVX-CoV2373

10/7020
1/7020

8/7020

Heath et al. N EnglJ Med 2021; 385:1172-1183
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B %5 ( Influenza Virus )

)
= A(H3N2)

—

DRIEER (orthomyxoviridae)
A~ B~ CKED

RS AR R BB
$§ ﬂ /DjU : ~€—— Neuraminidase (NA)
A( H 1 N 1) ~€— Haemagglutinin (HA)
B/Victoria » B/Yamagata
- SNEEZHA 2 EREED
- ALMIKEEZR ( hemagglutinin HA )
o %Elﬂ,i.%ﬁizﬁsz@ ( neuraminidase NA )

ALMEkARER

Membrane of
host cell

A
Rajaram et al.Therapeutic Advances in Vaccines and Immunotherapy, 22 Feb 2020, 8:2515135520908121
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Antigen drift #1 /R i & ":> ih]

w Epidemic
strain
% Antigen shift
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Influenza

Doherty, Peter & Turner, Stephen. Journal of biology 2019. 8. 46. 10.1186/jbiol147. 18



ll

N glll Ao

)?5}

EREHRA

+.+ = )‘Jﬁ ﬁj% ERI=E=¢¢:3d

—fEE2 (110F10A1H#E )
ESNBESFEUZEHEBAAS

- 65U RS

- B/ B 5P S AR —2=FHhESE
6 &AL EZ2B/NABRIZNFR
- 295 - 6 BAM FERZRE

- BEBRERRE -
SREE

Bz SEREYREE 2 BMI30E - ERERBEAREKX

19



EREHRA

)\ glll 5} -H-F‘_')‘Jﬁij% ERI=E=¢¢:3d

- B BTk HNRBEBZRRBAEAEMB LIEFAE
- NREEFTBABMTERBERAE
- BEHEKEYIEAE

ll

)?FT}

£ _PEER (110%F11H15H#E )
- 50 £ 64 mESERZIERAA

20



110FE R EELERER
- EAR2020-2021FRTE

c:o

EHrE ZER BT B2 RER
Vaxigrip Tetra AdimFlu-S(QIS) FLUCELVAX Fluarix Tetra
QUAD
282 g BAIE by BRF Sx
B i 72 X =) == ==
IEEAN zEMA ZEM A A e ZEM A
E 4=
( AZYHINT ~ ABUH3N2 -~ BE!Victoria - B&!Yamagata )

48 FA T 12 >61E 3 >375% >35% >61E H

rE/BE NE+BE NE+BHE NE+HE =k=
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EHrE ZER B B 2 RE R
Vaxigrip Tetra AdimFlu-S(QIS) FLUCELVAX Fluarix Tetra
QUAD
6{E A ~<35% 0.25mL - - 0.5mL
>35% 0.5mL 0.5mL 0.5mL 0.5mL
- HRBERREERUDIIBUENENZEERRE N —RISEAREBLIE  WNE
Ei/j/ng:§$§

- XmIERE - EEYIREFEEFMIDARKER - BEE 28 - BiF48E0 L
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Age as major risk factor

L

<10 years <50 years >60 years >68 years
A

I I
I
COVID-19 cases (percentage of all cases)

Asymptomatic... and mild disease (81%) Critical and deceased (5%)

* ARDS
* Acute cardiac injury
* Multi-organ failure

Incubation period * Fever, fatigue and dry cough
* Ground-glass opacities
* Pneumonia

* Dyspnea
* Coexisting illness
* |CU needed

N J\. DA J

S ~ N

~5 days : ~8 days ~16 days
D

(1-14) Isease onset (7-14) (12-20)

Hu et al. Nature Reviews Microbiology volume 19, pages141-154 (2021)
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VACCINE INNOVATION

Most vaccines take years to develop, but scientists created
multiple vaccines for SARS-CoV-2 within a year.

Year in which pathogen Year in which US
was linked to disease vaccine was licensed
Typhoid | |
fever !
Meningitis ® ®
Whooping
cough @ ¢
Polio . *
M Poor vaccine | —— MNew vaccine
umps developed *° *® development started
Measles e @
Hepatitis B ® o
Ebola ® o
SARS- s
CoV-2

m
1880 1900 1920 1940 1960 1980 2000 2020

Our World in Data; Nature analysis. Adapted from https://www.nature.com/articles/d41586-020-03626-1
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MR -

G )
1

Discovery - g1 25t 88
and

Target  Ppreclinical
Validation Stage

medicin

| 3-8

Translational

Manufacturing
Development

Initial bioprocess,

formulation, and
analytics

E_HY .
ZERE

Phase | Phase 11

Safety Safety and

Regulatory
Phase Il Review

Safety, efficacy, and

immunogenicity regulatory approval

Clinical Assay Dose Regimen
e entry Optimization Selection
(antibody)
Yr (| 2-10 Yr

Innovative
Clinical Trials

Large sample size
needed for safety and
efficacy evaluation

|} 1-2 Yr o

Figure 1. Traditional Vaccine Development Pathway.

Heaton et al. N EnglJ Med 2020; 383:1986-1988
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#h g ik 7%= SARS-CoV-2

MEB
a b
Spike

glycoprotein ssRNA

Spike
glycoprotein (S)

PDB ID:6VW1

RISAE S ER I

I8

Membrane - e PDB ID:6VSB
protein Lipid
membrane

Yang et al. Nat Commun. 2020 Sep 11;11(1):4541 7



Non-replicating viral vector
(such as adenovirus)

No licensed vaccines use this
method, but they have a long
history in gene therapy.

Booster shots can be needed to
induce long-lasting immunity.
US-based drug giant Johnson &
Johnson is working on this
approach.

a_ 1 I > Coronavirus

N N spike gene
e ar -
r“'{ N Viral genes
) (some inactive)
\ . Coronavirus
Ny Lo y spike peptide
I = -
il T
TR e immune
S pradls N response
1-"‘ul-‘\‘ LiTr, »
___\u [} l,l"’-__ :.‘ = "1
"..” : L_\_\-' :." 1l I_::"E e = .‘_‘_-.-'

Virus replicates

Ewen Callaway. The race for coronavirus vaccines: a graphical guide. Nature 580, 576-577 (2020)

COVID-19 Vaccine
AstraZeneca

ABERsEH

- FFHE; EE’JH?T%VE?%W i
E REEZDNAF?_EJ AEE
ARe - ISR

- REES - BEE2-8°Cléfz

- mEHeAOER  WABES
g mECRER RS | EPTS®mH
%I\IIAH BRIAE®RARAREH
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NUCLEIC-ACID VACCINES

RNA vaccine

RMNA is often

-‘_.-" %
encased in a
lipid coat so it
.« canenter cells
RNA

Coronavirus
spike peptide

74

/’ ™ * _, Immune
response

f !
£ . §
/ 'H_.-", /
) » RMNA- and DNA-based
et At vaccines are safe and
Viral proteins easy to develop: to

produce them involves
making genetic material
only, not the virus. But
— B e — 4 they are unproven: no
MRNA licensed vaccines use
this technology.

by

Ewen Callaway. The race for coronavirus vaccines: a graphical guide. Nature 580, 576-577 (2020)

Moderna
Pfizer-BioNTech

MRNAZ &

- fEE R EZE mRNA ;‘HETEEE
ZZerglRNA FIIBAANRE - RER
=

29



PROTEIN-BASED VACCINES
Protein subunits r%_ ﬁm %ﬁ JTI ﬂfﬁ §<( 9';{ +:+

Twenty-eight teams are working on vaccines with viral protein subunits —
most are focusing on the virus’s spike protein or a key part of it called the
receptor binding domain. Similar vaccines against the SARS virus
protected monkeys against infection but haven't been tested in people.
To work, these vaccines might require adjuvants — immune-stimulating

molecules delivered alongside the vaccine — as well as multiple doses. . *U JEH = . E TS'Z TT] 'f’LIE |':|:'| rE&iE
Q EIRTINE=

A A Spike protein STE - FRIGEE - 2 HE RS
e ; E‘Lﬁﬁéﬂvﬁﬁ

- MIREAYE - FEHIUMEHRS
Coronavirus %E = }T’EET\ °

peptide

L4

X

Lo

EHERENUER

M protein

) é Immune
A X response

Ewen Callaway. The race for coronavirus vaccines: a graphical guide. Nature 580, 576-577 (2020)
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=='-=2.$:.‘§ - o
ZE EHBRICOVID-19%H ( ~10/2021)
PRREXLTT* PRAEZIR EERET]
AZ (5[ E—H%71% .
AstraZeneca RIRBAE 5 m|Z4981% - 100%
SR (EE) 5—H192.1% .
Moderna MRNA 5 __94.1% ) 100%
HEImBNT (12 E) E—HI52.4% .
= — ) by | > 0% *
Pfizer-BioNTech MRNA 25 M|94.6% 92% (U B51) Sk
%Hﬁﬁ(é/g E%HEE - - -

“ER=HEFRRISER - DS
o 1R U FOATE 2 495.3% ; 1RIEUS COCHIE B B100%  he @ RIS R EmL BRI el B 2 A

AN

=] Y = = N =
31



COVID-197%& =it ] Bl R K [El bR

ERHIRTE
—l--l\— = S J
AZ (52[EH) 188 F 0.5 mL/ 27 812  APALEE
AstraZeneca
= (=6 \ i 5
SIS (RE) gy 1 0.5 mL/E 27 28K GIESPEREN
Moderna

MEImBNT (=) i 0.3 mL/Hl - S
Pfizer-BioNTech 12 £ (FRIER) 21 28K W75

SiHEE)  208E 05mU/HE B 8K LIS




11 L)

COVID-19%& HEFE

BARRIE

45 AstraZeneca Pfizer-BioNTech Moderna
8 COVID-19%& & COVID-19 & & COVID-19 &=
AR B0 QLR ROETE  IRTET ABNE - i e e BEIARRE - EBIR ; S BBE ; IE,
BER(1/10)  EA BREE RS e tE ;g SR TR R AR SRR en pem s neem; w
?ﬂ §§}% ! = uEui
®5R(21/100 ~ M/NRAETE P IBARL ; RES ; 5T 201U AE s o ' ot
<1/10) AE - 4IBT ; 2545 38 BEEEMUPERR « JZAL ; B0 BRI MAINLE D, 24
AER(21/1,000 ~ HMELEEKL SKREE - B8 - [BIE ; 25T ; - R ,
<1/100) BE, EP MELEREX ; A8 EEISRE
ZE R (<1/1,000) 78 [H] 18 A5 i 22 B TH) 44 £ i 22, A SR RE AR
WZER(<1/10,000) MERSHM/NRETECS
BRIEANEE ENELEEIE R E ; BEL UBENEBEMRE ; B8

LTRSS LHBUME PR ) ; b2RBNERERRFENHE ;| c EEKRBRKRIETE AstraZeneca COVID 19 ZE#% - HIRAREEBERWERREMZESHM/IVRE T ERES - BRE
ResEkme - fl0 KEREREE - AREKEE - UREIKME -

BERRR  BERMNEERESZE COVID 19 & (2021.07) 33



ModernaZZ &3] 18 Z i}

Dose 1 Dose 2 Dose 1 Dose 2
. h | P V - : = -

)4

Dose 1

No recurrence

Patient 2 Patient 4

No recurrence

Patient 8

No recurrence of
palmar rash
No recurrence

Patient 5 Patient 6

Patient 11 Patient 12

Patient 9 Patient 10

Blumenthal et al. N EnglJ Med 2021; 384:1273-1277
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COVID-19%2 1 : ¥

- BYEEAR DB REBHE
- AFNFE-HEEREERERIRE

L]
i
c(l

- AZIEE
OEFE—EEREZENESF /N RE NEIEEE (Thrombocytopenia and

thrombosis syndrome, TTS)

- FFZ5|E 2 M/ {E N FE (Heparin-induced thrombocytopenia, HIT)
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- A2 RERAENNE MR EERRF
- BRAMEENABRSEERR Z—
- 1fifif 2w A 21881018 5 BLE ( susceptible ) & - TABE AN S (B2

» 1963 FEHEa K ERR] - HEAEZEMAEEATELRRN - B
99% A A\ BB S #f ek 22

- ERERBEBRBERET

rMARRRRAN
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Mason WH and Gans HA (2020). Measles. Robert M. Kliegman RM
and Joseph St. Geme (Ed), Nelson Textbook of Pediatrics E-Book, 39
21st Edition (pp.1672). Philadelphia: Elsevier.
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<

« FERAifZ ( measles ) ~ BBAESS ( mumps ) ~ EEiiZ ( rubella )
- SRR BEEE
= JHZEEdmonston E R IBSE R ZE AR I EE T

- BRE
= 19634 Bt
- 1978 ZHEIETEL T EE M
= 19925F HITMMRZH
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MMREH : i EEHRBES]

®
ofEl B 6{E B 12~15{E 8 m5B% ~ AN2RI
3R B ESEE
BvHEE (~9fE@R ) o — |
REF—BIEETHER
Seroconversion EEE%EjJE"HﬁA

98%

95% (‘BERERZEL28K)
s/

MEIEENRERED
97%

9 mo 12 mo 15 mo
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MMREH : FAENRIE

- FEbES R IE

« B (5~10%)

- BMEBLIRAL (2% ) ~ 83X - BB EHE - 5&2~5XK
- FREEM/NEURLDE (FR)

. SEELY  BRE- AP A TR EREESRBREG%
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MMREH : EEER
- BESUITREESRE  NEMERTEN S EE
. BBREE

O TR YEABRBEENRG (YR

« 243 2 Fg
- BB RABRERRIRE (MSD| £

| ‘\, =

N\

V&

2 * neomycin ) BEREBHE

3f@ 8 )
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MM




o
[ ]

MMRIZE
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=18

- B WM EREMMAEREZE (NREIKEH ) @ BERERE
* HBIG : [Efm31E A
- B : EkzelEA
 IMIG : Ef=6fEH
- BEIZEIVIG (>1g/kg ) : EfR11EH

- HEGEY - ERAE

=
E
VSN
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MMREBEBEE

- HREFEEAS
- 2003FAMHHE - CIEBERFTRENTAR
- TRABREELRN  MMREEMBRESRRER - |
- 2019F EERAVAI VIS -
= 1999~2010F HFM6SE R T E
- MMRAEZIENMNBERAENEM ( HR=0.93; 95% Cl, 0.85~1.02 ) - BIfEE BEFENS B R IEE

Factor Hazard Ratio (95% Cl) Cases, n P Value
Unvaccinated Vaccinated

All children 0.93 (0.85-1.02) : : *_.I"* : : 525 5992
f | f | |

0.50 0.75 0.93 15 2.0
Hazard Ratio (95% Cl)

Hviid A, Hansen JV, Frisch M, Melbye M. Measles, mumps, rubella vaccination and autism: a nationwide cohort study. Ann Intern Med 2019;170:513-520. 48
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