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Comparative Review of SARS-CoV-2, SARS-CoV, MERS-CoV, and Influenza A Respiratory Viruses
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General characteristics of SARS-CoV-2, SARS-CoV, MERS-CoV & influenza A viruses
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Abdelrahman Z. Front Immunol 2020;11:552909. doi: 10.3389/fimmu.2020.552909
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Infectious disease in an era of global change &
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Human connectivity and infectious disease outbreaks in pre-modern and modern times
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Development of effective anti-influenza drugs: congeners and conjugates — a review e
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Timeline showing influenza pandemics caused by mfluenza A viruses

Seasonal Flu: Pandemic Flu: 2013
Vaccination & Drugs Drugs Avian flu
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Shie and Fang Journal of Biomedical Science (2019) 26:84
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What the activity of Influenza disease: WHO, CDC, ECDC, Taiwan &
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Virus detections by subtype reported to FluNet
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Trends in COVID-19 Diagnostic Test Development

Timeline shows the value of diagnostic tests at different phases of the COVID-19 pandemic
Virus sequence, mutation, evolution (NGS) fRE&EREEL |
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https://bioprocessintl.com/analytical/diagnostics/trends-in-development-of-covid-19-diagnostic-tests/
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SARS-CoV-2 Variants 40
Omicron 2k Litg s
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Tseng YJ, Olson KL, Bloch D, Mandl KD. Smart Thermometer-Based Participatory Surveillance to Discern the Role of Children in Household Viral
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An OfF ce Based Approach to Influenza: Clinical Diagnosis and Laboratory Testing
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Serum antibody (HI) titer
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- 81

*—Coryza is an acute inflammatory condition of the nasal mucous rmembranes with a profuse discharge

from the nose.

t—Serum antibody titer was 64 at day 21.

Am Fam Physician 2003;67(1):111-118.
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Influenza Viruses: Targetting Conserved Viral Ha-Stem, Matrix and Nucleo-Proteins to Disarm a Resilient and Recurring Pandemic

/m,u rﬁ:TTLE$E+E

HA/NA types of Influenza virus

a Hemagglutinin b Neuraminidase
Influenza A Influenza A —
Group 1 Group 1 z 2

bat
HAs bat
NAs
8/74
Influenza B
Influenza A Influenza A
Group 2 006 Group 2 0.06

Babayemi Olawale Oladejo and Covenant Femi Adeboboye
Submitted: February 16th, 2022 Reviewed: April 1st, 2022 Published: May 6th, 2022
DOI: 10.5772/intechopen.104770
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Genesis and pathogenesis of the 1918 pandemic H1IN1 influenza A virus

<«——» Birth years with highest frequency of antibody to seasonal HIN1 (A/Hong Kong/117/77)
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Influenza virus: the flu, Genetic Drift & Shift, Neuraminidase & Hemagglutinin
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Reassortment of segmented genome

2RHRE

Random mutations

Completelynewsurface antigen | Slightlydifferent surface antigen
Happenssuddenly Happensslowly
“Everyona'is susceptible Some of the population isimmune

(antibodies from previousinfections
are still partially effective)

Epidemics & occasionalPandemics | Epidemics
InfluenzaA InfluenzaA& B
Rotavirus Many other viruses

“Spanish” flu
(H1N1)

Asian flu Hong Kong flu  Russian flu
(H2N2) (H3NZ) {HiN1)

71 [
R
- [N \ W
2 e
#z4 | Shift in HA '
==| andNA l
L]
[=]
=
4 Shiftin HA
]
=]
g
Major Shift ~
in HA and NA
- — Nucleoprotein
-== Neuraminidase (NA)
— Hemagglutinin (HA)
1918 1957 1968 1977

https://www.sciencedirect.com/topics/nursing-and-health-professions/seasonal-influenza
https://www.stomponstep1.com/influenza-virus-the-flu-genetic-drift-shift-neuraminidase-hemagglutinin/
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Influenza activity and peaks

Summary of Influenza Activity and Occurence in Different Climates

Northern Hemisphere: Winter peak
Southern Hemisphere: Winter peak
Tropical: Year-round (endemic) iliness with wet season peak

il S (R

J FM A M J J A S O N D

Adapted from: Relchelderfer PS, Kendal AP, Shortridge KF, Hampson A. et al. Influenza surveillance
in the Pacific Basin. In: Current Topics in Medical Virology 1988: 412-38
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https://www.slideshare.net/shubhanshug1/influenzaepidemiologyprevention-and-control



Effectiveness of the seasonal flu vaccine and new production methods
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Impact and challenges of the flu virus

i R
Haemaggiutinin (HA) IMPACT OF FLU
Promotes binding and entry g
into the host cell. The World Health Organization

estimates that flu causes about

Neuraminidase (NA)
Allows budding and release e
of the virus from the host cell.

cases of severeillness, and about

ANTIGENIC DRIFT & B] 02 % 25OK_500K
Genetic mutations in type A viruses can

result in minor changes to the surface
proteins, called antigenic drift, which

makes protection from previous - .
exposure to similar viruses incomplete. 5-10%

deaths annually worldwide.

™ ATTACK RATE

Eight RNA [ Influenza has
strands each Type E an annual 20-30%
contain one or viruses also attack rate of
two genes that undergo about 5-10%
encode for a The M2 protein antigenic in adults and
viral protein. functionsasa drift, but to a 20-30%

proton channel lesser extent in children.

and is essential to than type A

viral replication. viruses.

The Pharmaceutical Journal 29 OCT 2015



How many people die from the flu? October 20, 2022
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The risk of death from resplratory diseases increased exponentially with age
Relative risk of death

How much higher is the risk of death compared to someone aged 607

10 Cause of death:
All causes
Influenza
1 Covid-19
OAx = § — — — Trmeee- -

; o On average, people aged 20 have
0.01x o a tenth of the risk of death from
g gL influenza as people aged 60.

'I-’-

0.001x
0 20 40 60 80

https://ourworldindata.org/influenza-deaths



Comparing SARS-CoV-2 with SARS-CoV and influenza pandemics ‘_-{ Lose
B2 F 7t BN A 55 B rE i 3R SR BB HYSE T BB

Mortallty from Influenza & Coronaviruses

esprazaions Number of deaths Mean age at death Years of life lost
2009 I (adjusted toyear 2000 (years) (adjusted toyear
il l-- : population) 2000 population)
2009 influenza pandemic 7500-44100%; 374 (BVH) 334000-1973000;
8500-17 6007 328900-680300
1968 influenza pandemic 86000 622 (FEEFAN) 1693000
1957 influenza pandemic 150600% 646 (PEFA) 2698000
1918 influenza pandemic 1272300% 272 (BKA) 63718000
1979-2001average influenza 47800 757 (BEFA) 594000
A H3N2 season
2003 SARS-CoV 774 Unknown (B aAt&) Unknown
2012 MERS-CoV 858 =65-0 Unknown
2019 SARS-CoV-2 3020595 4 Unknown (P& A) Unknown

Eskild Petersen. Lancet Infect Dis 2020 Published Online July 3, 2020
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Number of reported diseases/syndromes of confirmed outbreaks — Taiwan, 2018/2022/2023

COVID-19 ZE{&AT  COVID-19 &151%(2022) COVID-19 &151(2023)

Reported diseases/syndromes number of

Reported diseases/syndromesNumber of outh

Influenza-like iliness ¥ jﬁlﬁz 217 ] , .
Acute diarthea 290 Acute respiratory infection 157
Acute respiratory infectionstEFIRERZE 211 o Bk
Acute respiratory infection 43 Acute diarrhea 309
Acute diarhea = 1EREE 161 = M ﬂi"ﬂ&%ﬁ@i 7
Varicella/chickenpox 7K S g Tuberculosi 14 Enterovius infections "1
Tuberculosis Bt 45 4% 29 Var]ce”a/ch[ckenpox 12 Varice||a/ChiCkenp0X 43
Dengue fever ZEE 14 Unknown cause of fever 1 Tuberculosis 11
?i
Unknown cause of fever B 10 - %0 Fever of unknown cause 5
Enterovius B G 9
idlih Totl 123
Pertussis E E I],;,Z 2 |
Measles  [fifiJZ 1
Total 763

Taiwan CDC Annual Report 2019/2023/2024
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https://www.cdc.gov.tw/Category/MPage/JNTC9qza3F_rgt9sRHqV2Q

202551248 (2025/3/16— 2025/3/22)(FF R EFFE =)

& mEES

2024-2025 i FE R FREETE S ERNIETRFET
5] o o 5t #k 25T O I 94T
LS E
NS 3R 8 2 1.90 0.48
3-6 % 5 1 0.71 0.14
7-18 2% 17 3 0.69 0.12
19-24 #% 5 0 0.33 0.00
25-49 % 136 28 1.57 0.32
50-64 #% 321 63 6.08 1.19
65 & X E 684 168 15.57 3.82
43t 1,176 265 5.02 1.13
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wENEREME:E 8-11 BREREE LA E A mﬁ/\ BAl. Hb A B HINL &

62.4% -~ B &5 19.6% - A ZY H3N2 5 18.0% - a8 B BY SELBEF -

2024 2025 AR EZREIREBIIREDITER - 96.0% (217/226) A/HIN1 HREIREEE
&% AJVictoria/4897/2022 (HIN1)pdm09 HiEMART - 78.0% (32/41) A/H3N2 FiElE S

B L% A/Thailand/8/2022 (H3N2) /44840 ; ﬂ/ﬁiFZFE/\ﬁﬁﬁki’JZ%B/Vlctorla B

100% (31/31)E25& & 4% B/Austria/1359417/2021 (B/Victoria lineage)[R 48T

WHO 32 ik 2024-2025 Fi g F b KA SR B4 Bk (%) &R BER (%)
A/Victoria/4897/2022 (H1N1)pdmO09 109 (97.3%) 3 (2.7%)
A/Thailand/8/2022 (H3N2) 9 (81.8%) 2 (18.2%)
B/Austria/1359417/2021 (B/Victoria lineage) 9 (100.0%) 0 (0.0%)

3E Ao BROER 4 4] sk (Hemagglutination inhibition) & 5 » /K48 £ 8 42 14 . A {8 R Bk

7o EIURME
2024-2025 7k F R Hiiq Lk (Oseltamivir) g HEm F AR o7& K40 TF & ¢
TR B A M 3 % EFLRME, n (%)
A (H1N1) 126 4 (3.2%)
A (H3N2) 7 0 (0.0%)

B 8 0 (0.0%)
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Global distribution of AIV with zoonotic € &
potential observed since 1 Oct. 2024
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Update on human emerging respiratory

pathogen public health events (as of Nov. 31, 2024)

Novel influenza Cumulative Case Count Deaths Case Fatality Rate % Date of Last Report
Avian flu

A(HIN2) 0 0% January 2019
A(H3N8) 1 33% March 2023
A(H5NX) 34 0 0% November 2024
A(H5N1) 945 470 50% November 2024
A(H5N2) 1 1 100% May 2024

A(H5N6) 93 57 61% July 2024

A(H5NS8) 7 0 0% February 2021
A(H7N4) 1 0 0% February 2018
A(H7N9) 1,568 615 39% April 2019

A(HON2) 141 2 1% November 2024
A(H10N3) 3 0% April 2024
A(H10N5) 1 100% January 2024

Swin Flu Cumulative Case Count Deaths Case Fatality Rate % Date of Last Report
A(HIN2)v 55 0 0% August 2024
A(H3N2)v 451 1 <1% September 2024

https://www.canada.ca/en/public-health/services/surveillance/human-emerging-respiratory-pathogens-bulletin/2024/november.htmi
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f& AR : “Flu” syndrome: Tw-CDC R EER

—ﬁn RERGE : (E8MEK, CK/CKMB %

5. 10357884t : CF(S-Ag) * HI(V-Ag) * EIA
6.1R{EH : IFA (81 1440%~80%)
7.7%5= 7% . MDCK, MK2, PMK, Vero cell etc.
8.7 &R  BEREEKE
9.7 BIEAETE : CDC
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~ Antiviral therapy
~ Symptomatic medication
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Respiratory symptoms
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~Ease the Flu symptoms
~Timing: As early as possible
~History of seasonal Flu vaccination
~Risk of /get complication: underlying medical condition
~Risk of transmission: Transmitter--Occupation
~Risk of dissemination: Transportation, place of work
~Endemic/epidemic risk: new virus strain
~Travel/contact risk
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i ZEE A 1)EE (endonuclease) #PEI% Baloxavir
marboxil (Xofluza) > FEAREIIR48/ MR OR—EIB AR °

fluza: - . cEmEEay  Rapivab
xo Zq Tam‘tx H (z | FIHl unnnsn peramﬁf injection

(baloxavir marboxil) tablets &%

FZ{® Baloxavir Oseltamivir Zanamivir Peramivir

L i’;}%ﬁﬁg FABRERSINEIE (NAIS)

®E  OR m]:5 RA -
B 40~80mg T75mgH{X 10mgEX B
il —R iR e 300mg —R
MRAZ 1X 5K 5% 1%

BHFI%KR : DailyMed Product Information
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(Neuraminidase inhibitor) (Endonuclease inhibitor)
HEHEBE Amantadine Rimantadine Oseltamivir Zanamivir Peramivir Baloxavir
BmA Amantadin, Flumadine Tamiflu, Relenza Rapiacta Xofluza
Amandin,
R Eraflu
manta,
Amandine, Zneil
HiumEE R A A AKB AKB AKB AKB
=1V gJ gJ | gJ IFEEE |
aE L N | =] =] =]
RiZ4EE N1X H1X Ni~v15K  A1~15K #1X #1X
= B EIl{EH BL-EE- BO-FEE-  BO@ow) BL-EE- EBG10%) - EB(B%) 85X
KEE(5-10%)  KIE(1-3%)  MEAE(8%) ° ;%%ﬁé(s%) 0 Rt (2%)
EE'E(Z“/O) (5%)
s Bz Bz SHERE ZERSE SRS SRS
BllnEEIE: A A B 7=} B

FEEMMEREE 2023F128 183] FatmmEa TEFMH
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1. — iRk A K >125% R E A 20mgit 2 (Baloxavir
Marboxil 40mg)E X OR4 %% - (HIEE>80kgEE &
20mgiE4iE (Baloxavir Marboxil 80mg)&E R [OAR%S

28 o
2, — e Rim12E R ENERORABZEZREUNT :
#e A e
>40kg (2 g::(?)ﬁsiﬁfMarboxil 40mg) Z@‘%‘“
R
20kg ~ <40kg (zg::g)ﬁ\]l.fMarboxil 20mg) :
10kg ~ <20kg (lg::gﬁ\l,f Marboxil 10mg) oad mﬁ%%

Japan Xofluza Package Insert, Feb. 2018
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2009F Z AR {TRIHINL Aﬂ}ﬁmﬁ\ioseltamivir%%’-}ﬁ}*?ﬂ‘i'ti BH2009%F H1N1 XiifT
PLZRYFTHINL AL RKE1A(ED pHINL) - 9BEBRZM - £ 2024 F1F - ZEUHRTAI HINL AR -
H3N2 ABSR B AIBEY R R B A Z R I5E oseltamivir f1 zanamivir 98I E ¢ - BEFEHIR—LHn

24555 - Baloxavir marboxil (Xofluza)EF# BB E =& K[ - £2024% - baloxavir
marboxil¥i K ZERMITHRRRBIRITBARL -

aE =1V
RS 2 2 H
PLi B EEY) ¥z & FHE“% i EHES (BT
<12HE%5% 3 mg/kg b.i.d. HARSK >3 H ; 3 mg/kg q.d. HAR7 R
> 12ARE
f2E < 15kg 30 mg (0.4#) b.i.d. MARS5K 30 mg (0.4#) q.d. MAAR7X
Oseltamivir gz | 15,93 g 45 mg (0.6#) b.i.d. CBRS X 45 mg (0.6#) q.d. CBR7X
B > 23040 kg 60 mg (0.8#) b.i.d. AR5 K 60 mg (0.8#) q.d. OAR7 K
f85 > 40 kg 75 mg (1#) b.i.d. AARSK 75 mg (1#) q.d. AAR7X
Zanamivir > 5 &5E 10 mg (ﬁ”fb’_}_f'i%-“’ Mg OB ASE 10 mg (j;”)fﬁ%& MOBATR
Peramivir <18 10 — 12 mg/kg - max 600 mg  EEEIRIX - 159 AEE
2 5mRE
_ f8E <20 kg 20 mg once AAR1R 20 mg once ORI
Baloxavir f8E 20~80 kg 40 mg once AAR1R 40 mg once AAR1R
f2E > 80 kg 80 mg once ORI 80 mg once ORI

https://www.pids.org.tw/index.php?route=education/education&path=130
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O&i& : >1{EF~18RRERS/VEERXRIO mg/kg - %600 mg - 185%(=)L B X300
mg - &x%600 mg °
OBZA : sAERXR300 mg - A EEEBEARCZENRES - BIB1KEXR600 mg - of
MEREEZH N EBIREE ;| %BE10 mg/kg - 52600 mg -
= : 6@ 3 ~125% - 12 mg/kg& %600 mg ; > 135% 600 mg -
OBREE : 1)2~125 8 < 504 - 12 mg/kg ; 2)= 50T - 600 mg : 3)2= 13%% 600 mg *

vV—LEERER - HRBEERE(S iﬂ]ﬁ“"< R) - o] {Z B oseltamivir WEIENNE - 2
SERTUABKEYRERRGE - BEXR r'ﬁ%ﬁ?ﬁ ) A B PR A 55255

/ij‘ﬁ’\ﬂiif'f'm\ - FAROES Peramivir T%FE_ HEGRASK REBREEEUEERLERME
ARG - aEENEFESHIRREEE) -

v it o ZE W) B ﬁHE—E =EMEY  —RIBFE MM EY) AZZ AN TEREAE - &5
SekitRE  HELE—RAB AL  HEAREEETEMITEmE @ oJEZERERE
MREGETEEMRAZE - Cn—ER28R  FRAHEARGEARTEUEZER - WAEETR
FhtsE A - o] F8Bh{E FA Y Z24)) & Oseltamivir, Zanamivir & Baloxavir -

v'Oseltamivir & Zanamivir FEFFMEE BRI £/ - BIEXfER—RIL7X ; Baloxavirf&8FhtH
FHEEEAE  EREH -

https://www.pids.org.tw/index.php?route=education/education&path=130
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3 CDC Prevention Recommendations for health care worker
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Influenza produces such serious symptoms, CDC issued these prevention
recommendations:
~Take time to get flu vaccinations.
~Take every-day preventative actions:
-Try to avoid close contact with sick people.
-While sick with the flu, limit contact with others as much as possible to keep from infecting them.
-When sick with flu-like illness, stay home for at least 24 hours after your fever is gone except to
get medical care or for other necessities. (Your fever should be gone for 24 hours without the use
of a fever-reducing medicine.)
-Cover your nose and mouth with a tissue when you cough or sneeze; throw the tissue in the trash
after you use it.
-Wash your hands often with soap and water. If soap and water are not available, use an alcohol-
based hand rub.
-Avoid touching your eyes, nose, and mouth; germs spread this way.
-Clean & disinfect surfaces & objects that may be contaminated with germs like the flu.
~Take flu antiviral drugs if recommended by a primary care provider.
~If an outbreak of flu occurs in your area, follow the advice given by public health officials. Such
information may include how to increase distance between people and other measures.
(CDC, 2018d)

https://wildirismedicaleducation.com/courses/flu-update-ceu-2019-2020
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CELL-BASED VACCINE
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https://www.express.co.uk/news/science/960060/pandemic-ebola-zika-johns-hopkins-disease-outbreak




Targeting neuraminidase: the next frontier for broadly protective influenza vaccines 9 | ‘i
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Key events in the history of influenza vaccine development

2009
High dose
Flu Vaccine 2011
1935 1962 1983 2009 Intra_ldermal
Propagation of Propagation of ~ Protein expression  Adjuvanted Flu Vaccin(FluZone)
influenza virus influenza virus in in baculovirus Flu Vaccine
INn eggs MDCK cells system
1933 1945 N\ 2003 2012 2013
Human Inactivated Live-attenuated | Cell-based Recombinant
influenza vaccine vaccine vaccine vaccine
isolated licensed licensed licensed licensed
) | 2020
—I mRNA
Flu Vaccine
1918 1957 1968 1977 2009 2018
H1N1 H2N2 H3N2 Re-emergence H1N1 NIAID strategic plan
pandemic pandemic pandemic of H1N1 pandemic for a universal

influenza vaccine

Wu NC. Trends in Immunology 2024;45(1):11~
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Vaccine Effectiveness: How Well Do the Flu Vaccines
Work?

Questions & Answers

i | Getting a flu vaccine is more important than ever during 2020-2021 to protect yourself and the people around you
~— from flu, and to help reduce the strain on healthcare systems responding to the COVID-19 pandemic.

How effective is the flu vaccine?

CDC conducts studies each year to determine how well the influenza (flu) vaccine protects against flu illness. While vaccine
effectiveness (VE) can vary, recent studies show that flu vaccination reduces the risk of flu illness by between 40% and 60%

| among the overall population during seasons when most circulating flu viruses are well-matched to the flu vaccine. In general,
current flu vaccines tend to work better against influenza B and influenza A(H1N1) viruses and offer lower protection against
influenza A(H3N2) viruses. See “Does flu vaccine effectiveness vary by type or subtype?” and “Why is flu vaccine typically less
effective against influenza A H3N2 viruses?” for more information.
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https://www.cdc.gov/flu/professionals/vaccination/effectiveness-studies.htm
https://www.cdc.gov/flu/professionals/vaccination/effectiveness-studies.htm
https://www.cdc.gov/flu/professionals/vaccination/effectiveness-studies.htm
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Vaccine Effectiveness: How Well Do the Flu Vaccines
Work?

Questions & Answers

Factors:

1. Strains matched or not?

Getting a flu vaccine is more important than ever d 2. Duration of protection after vac shot?
from flu, and to help reduce the strain on healthcar 3. Immune resposne of recepient'?
4.Type of flu vaccines?

How effective is the flu vaccine?

CDC conducts studies each year to determine how well the influenza (flu) vaccine protects against flu illness. While vaccine
effectiveness (VE) can vary, recent studies show that flu vaccination reduces the risk of flu illness by between 40% and 60%

| among the overall population during seasons when most circulating flu viruses are well-matched to the flu vaccine. In general,
current flu vaccines tend to work better against influenza B and influenza A(H1N1) viruses and offer lower protection against
influenza A(H3N2) viruses. See “Does flu vaccine effectiveness vary by type or subtype?” and “Why is flu vaccine typically less

effective against influenza A H3N2 viruses?” for more information.
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How long do vaccines last? The surprising
answers may help protect people longer

Influenza vaccine

effectiveness
Influenza vaccine effectiveness
40%
34.75%
20
0

25 20 75 100 125 130
Days after vaccination

J. FERDINANDS ET AL., CLINICAL INFECTIOUS DISEASES, VOL. 64, 544, 2017

https://www.sciencemag.org/news/2019/04/how-long-do-vaccines-last-surprising-answers-may-help-protect-people-longer
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Vaccines to Prevent Infectious Diseases in Older Population:
Immunological Challenges & Future Perspectives

Vaccines to Prevent Infectious Diseases in the Older Population: Immunological Challenges and Future Perspectives e
“’

% ok 4l (EU) st
- older population s X EAR B __\
o T 4 B A it
F%rﬁ § 2014/2015 % &
l 5175% s 4
cTeased [19k Kor iNcRoTe i sevene impaired immune responses to
DOwe of eosee infections and vaccines

MEHASRERRE | RREEREBRE

Wagner A. Front. Immunol. 11:717. doi: 10.3389/fimmu.2020.00717
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Evolution of Influenza vaccine types

Immunogenicity

Vaccine types Main Characteristics

Stagel
whole-virion

ERBEE

Stagell
SPLIT

{spit vaccines)

RREEE

Virus inactivation and minor
cleanup

Contains 15 pug of each strain
of influenza virus and
reactogenic lipoproteins of the
virus wall

Stagelll _Contair_l 15 pg of inﬂuen:{_a_ »
] virus antigens (hemagglutinin Medium
subunit and neuraminidase) Belowaverage
B EE
Stage IV Contains reduced amounts of

influenza virus antigens: 5 pg
per strain and S00 pg of
Polyoxidoniumadjuvant.

subunit adjuvanted
(anpol Plus. anpol

AR EEIEER

https://grippol.ru/en/vaccination/type/



An Overview of Influenza Viruses and Vaccines
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Influenza vaccine manufacturing processes

()

2
Mo’ E . E £H ik WHO candidate
Plasmid DNA

-+
2
L]

Viral vector
(Baculovirus)

|

S

HA expression
into a host cell

l Cell-b::::s
M

Incubation and virus
growth in cultures

\ Protein (HA)
harvesting and ==

purification

Step 1

Incubation and virus growth
/ in embryonated eggs

Step 2 @ -
Harvesting, separation, m—) i c\:limii ‘
filtration, and purification SRS Wikcla vidas
R RRSE o1
e | W Step 3 2 &
MMM [ e il | e s
: e :"gﬁ |
"""" Vieus Split vaccine
TS disruption SfiFty
&% *e
| sesa —

T o e
T¥T — __i/i REEH

Recombinant HA P“::fi\l,:gf;nd
HESHE

-~
Step 4
=
| "'
=
L)
Packaging and delivery

Nuwarda RF. Vaccines 2021, 9, 1032.
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Influenza vaccine production timelines and the preparation time of vaccine strains

nnnnnnnm,

i§§

Gegirvs INEIIZIED D DD

A CSL Company zm Hﬂ i

. M Recombinant HA >

EZDNAEH
LGRSy es(nsecteel) 4 4

Vaccine strain Optimization of Manufacture bulk
preparation and virus growth vaccine, QC test

Release of vaccine

verification (CDC) condition & pool


https://www.futuretech.org.tw/futuretech/index.php?action=product_detail&prod_no=P0008700002331&web_lang=en-us
https://www.futuretech.org.tw/futuretech/index.php?action=product_detail&prod_no=P0008700002331&web_lang=en-us
https://www.futuretech.org.tw/futuretech/index.php?action=product_detail&prod_no=P0008700002331&web_lang=en-us
https://www.futuretech.org.tw/futuretech/index.php?action=product_detail&prod_no=P0008700002331&web_lang=en-us

Influenza Vaccination: Effectiveness, Indications, and Limits in the Pediatric Population
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Factors and condltlons affecting Influenza Vaccine Effectiveness (VE)

VACCINATION INFLUENZA VIRUS
= Vaccinationlustorv renirigernic
distcrice Inpotiiesis) ) = Antigenic shift

= “Vaccination coverage = Antigemc diift

= TUnigue properties of A(H3N2
VACCINE 4 prop ( )

~
3
= Type

¥
| VACCINES 9" i\
Vaccine-strainmatch

= Egg passage in manufacturing

ek B

AN

A stupy Bras i,
Difficult in assessing VE Marvaist
Small cohorts of patients

BERER
HOST

= Age (dntigeriic Serriority;, QAS)

=  Malnutrition/overnutrition Diﬂ:‘c'f‘“ in comparing VE in
Chronic infection = different seasons
Immunosuppressive diseases - {l]_.‘tferent ages

= Immune response o = different vaccines

» Unmeasured and unadjusted
\ \ confounding factors /

iR R 3E(Original Antigenic Sin) - X E T £37 % (Hoskins effect) - 255 EREAREE BRI AV RRRBLEM ARSI : mSNAE)E - ERFIA
AIREENRERE - MIFBRELEREREBN—ERY - EEERERAZHRIORRES I CNEERE - MAESHHZBNRRBRREESAVNIRE(RIRZ
MARIEBNARRRERTLNEE) RRRERFNRZFERHERRRS - EEH - ABRERBASHIV)NESR—LRSER -

Frontiers in Pediatrics 2019;7:317~
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Advancing influenza vaccines: A review of next-generation candidates and their potential for global health impact Y
. 0 \ ' e b g
j BE EAIRIR
S
4l o] 358 3 7R BX A E5 BV &
Framework of improving influenza vaccines

Next-generation
influenza vaccines

Enhanced seasonal iIon vaccines

influenza vaccines

Universal inflGenza vaccines

|
Broadly protective influenza vaccines

Next-generation seasonal influenza vaccines

~~~~~~~~~~ < Adjuvanted inactivated influenza vaccines

Design or manufacturing improvements

S e + High-dose inactivated influenza vaccines

-------------- » Recombinant seasonal influenza vaccines

Traditional seasonal
influenza vaccines

v

Performance improvements
(Efficacy/effectiveness, breadth, or duration of protection)

Taaffe J. Vaccine 2024;42: 126408
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( Aerosolized
+ Mucosal and lung immunity

+ Mass vaccination with nebulizer or
inhaler or by spraying animals

— Safety issues in humans

Intranasal
+ Mucosal and lung immunity
— Safety issues in humans

“Oral

+ Cheap mass vaccination
+ Mucosal immunity

_— Stability in the Gl tract

+ Clinically relevant

+ Systemic immunity

— Needle required (new
needle-free ‘vaccine patch’
transcutaneous technologies
are in development)

[ Intramuscular

+ Clinically relevant
+ Systemic immunity
— Needle required

YRR R R R EEEEEEEEEEEEEEEEEEEEEEEEEBY

Intraperitoneal

+ Used for some candidate
cancer vaccines

— Safety issues

Intravenous

+ Used for some candidate
cancer vaccines

—Safety issues

b

In ovo

+ Mass vaccination of animals
— Labour intensive

Nature Reviews | Microbiology

Nature Reviews Microbiology 2010;8:62-73.



An Overview of Influenza Viruses and Vaccines ¢

Licensed seasonal influenza vaccines available in the US (the
northern hemisphere) & Australia (the southern hemisphere)

No Tradename Manufacturer Age Group Country
HPEAEFIEREEE Inactivated Influenza Vaccine, Split Virion, Egg-Based
1 Afluria Quadrivalent Seqirus Pty. Ltd. Six months and over s
@ Fluarix Quadrivalent GlaxoSmithKline Biologicals  5ix months and over Us
. ID Biomedical . )
3 FluLaval Quadrivalent Corporation of Quebec Six months and over Us
141 Fluzone I_-]ughduse Sanofi Pasteur, Inc. 65 vears and over uUs
e Oruadrivalent 4
5 Fluzone Quadrivalent Sanofi Pasteur, Inc. Six months and over s
Flu adri Sanofi-Aventis Australia Six months and over Australia
Vaxigrip Tetra Sanofi-Aventis Australia Six months and over Australia
8 Fluarix Tetra GlaxoSmithKline Biologicals  Six months and over Australia
9 Afluria Quadrivalent Seqirus Pty Ltd. Five yvears and over Australia
10 Influvac Tetra Mylan Health Three vears and over Australia

R AR BRI RS E

Inactivated Influenza Vaccine, Surface Antigen, Adjuvanted, Ege-Based

Fluad Seqirus, Inc. 65 yvears and over Us
Fluad Quadrivalent Seqirus, Inc. 65 vears and over Us
13 Fluad Quad Seqirus, Inc. 65 vears and over Australia

BRSEHRRER

Recombinant Vaccine

14 Flublok Quadrivalent

Sanofi Pasteur, Inc.

18 vears and over Us

MRS EARERRER

HREMRSRRER

Inactivated Subuorif In

Flucelvax OQuadrivalent

Seqirus, Inc.

wenza Vaccine, Cell Cultnre-Based

Live Attennated Influenza Vaccine

Four yvears and over

"o

& FluMist Quadrivalent

.’

.

o
0

Medlmmune, LLC

Two years through

49 vears Us

Nuwarda RF. Vaccines 2021, 9, 1032.
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Comparative characteristics of selected seasonal influenza vaccines

Fi/ MR EREREEELE

2 years to less than 18 years
in edgible year groups or in a clinical risk group”

6 months to less than 2 years
in a clinical risk group™

QiVe (Coll based quadnvident
Influenza vaccns)

or QiVe Cuadrivilent influenza
vacono, egg grown) i Qive

not avallable

Py
OD-QP

Cell-based Quadrivalent
Influenza Vaccine ¥

CSL Seqirus

No contraindications
to LAIV

LAIV (Lives attervsted
Influenza vaccing
nasal spray suspansion)

Fluenz
AstraZeneca

2 ——

licensed from
2 years to less than
18 years of age

18 years to less than 60 years
N a clinical risk group™ and pregnant women

I LAIV contraindicated or QiVe (Cal-based quadnivlent nfuerea waccing)
otherwise unsuitable™! or QiVe (Cuadrvaent Inflierea vaconn

QiVe Cob-bassd quadrhsient egg-grown) ¥ Qe not avallable

Inflenza vacona)

or QiVe Cuadrviont

Influerva vacone. ago
grown) 1 Qe not svadablo

9-9® ©0-00

Influenza Tetra MYL
Viatris

Quadrivalent
Influenza Vaccine
Sanofi

60 years to less than 65 years™
in a clinical nsk group

QiVe ol basoad quackivalont
fuanzs vacons)

QIV-HD (High-dose quadnvalent
NNz vaccrn, 0pg growry

or QiVe Cuadrmalent infuonze
vaccing, egg growny it Qive and
QV-HD not walablo

09-00

Quadrivalent Influenza
Vaccine - High Dose ¥
Sanof

licensed from
60 years of age

65 years™
and over

2QIV (Aduvaniod ogg
grown quadthalent
nfuoniza vacomsl) *
QIV-HD (High dose
uacrivelent influenza
VIOO), 9g0-growry
or QlVe (Cat-basad
uacrivdent influenzs
vacom) if &IV or
QIV-HD not avesiable

o
5 o &)

Adjuvanted Quadrivalent
Influenza Vaccine ¥
CSL Seqirus

https://www.thebeechesmedicalcentrewidnes.nhs.uk/1576-2/
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RemE

TEREEE AdimFlu-S (QIS) ik 3mMlE AR/ AEMEE T FERENRREERENNA L EREER -
= MVC FLU Quadrivalent pre- Sl 3l B

filled syringe injection

SEFE Vaxigrip Tetra BETE 6 ERELE
FIiEH Fluarix Tetra EWMEE=R 6EELE
FER= (F1%E)
R e FLUAD TETRA =% 65l E =% EREBEER NG EREZ SR .Tﬁﬂﬂ1&?_25;.?-’%*?&“"5%*@’3?%Z??E
UG HTE 65 X "tE%a BEREERENE - 22208 - DIERGE:
ZEE (FfisEE—)
3. BEIE®
. BRISE (EEER
HREE FLUCELVAX QUAD P 6EALE LNH#/ EECELSEREBEd SUERFSERRLEES .FE%EHI
=k MR N/E & E (adaptation) » EEMMRBEEIEN JPW'T?_W r“@.g»%
e E s @ SR EEMHMARKEE  EENEFSEE - S50
R T AREEEHEE ﬁﬁ%%%@éﬁ ¥ 18-64 EEBRERETRE - 2
SUNE - LRFERzEE  BRFoE8RENS (HERE_ - £=)
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The human antibody response to influenza A virus infection and vaccination

R MAEARHERREENRERE

44

Antibody responses induced by natural influenza virus infection and vaccination

Antibody response type  Natural influenza

virus infection
BPARE
Serum antibody response  Strong
MmiEniexE
Mucosal antibody Strong
response 3 i5 B = &
HA-specific response Strong
NA-specific response Strong
Antibodies to M2 Detectable
Antibodies tointernal Detectable
proteins
Longevity Very long-lived or
B RE S ifelong
Breadth {Rs€Ezt  Moderate

LAIV

EERSEH

Moderate induction
inchildren

Moderate induction

inchildren (3%
Moderate

Weak R,
Unclear

Unclear

Moderate

Some breadth

Whole inactivated

virus vaccine
FHEAEIEES

Strong
Weak or none

Strong
Moderate

Unclear:probably none

Detecffible
Mogt likely short

dlTow

Split virus or subunit [

Recombinant

vaccine : HA-based vaccine

REE/RERE | HARREHEE:

Strong : Strong :
&) W) :

Weak or none : Weak or none

Strong TA Strong

Weak ENDI‘IE :

Unclear; probablynone None

Detectable : None

Short  Short

Narrow Surne breadth

HA, haemagglutinin; LAIV, live-attenuated influenza virus vaccine; M2, influenza A virus ion channel; NA, neuraminidase.

Krammer F. Nature Reviews Immunology 2019;19:383-97.




Influenza
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Inactivated influenza A virus vaccine manufacture

Circulating
strain

Master,
high-growth
strain

Allantoic
fluid

High- growth influenza
A/Puerto Rico/8/1934
(PR8) virus strain

Embryonated egg

Embryo

Inactivated
influenza
vaccine

Allantoic fluid

. . » :D
’ ' o 7 Oq
s i

s l(Selection) [Ampliﬁcation) (VHarvest )

\ 4

Inactivation
Split
Partial purification

5 WHO Collaborating Centres
for Reference & Research on
Influenza, which are located in
1.the United States

2.the United Kingdom
3.Australia

4.Japan

5.China

Krammer F. Nature Reviews Disease Primers 2018:4:3



<
Inactivated influenza vaccines primarily contain hemagglutinin “’
from influenza viruses that have been inactivated and broken apart

IIVs are non-replicative and are made up of viral components derived

from whole viruses!

[Inactivation process3 The virus is inactivated by:
— Chemical compounds (formaldehyde or B-propiolactone)

— Physical manipulation (ultraviolet radiation or gamma-

Route of irradiation)
Administration |
1P O3 types of IIV; whole-virus, split-virus and subunit inactivated
vaccines

4

Intramuscular
injection?

O Both split-virus and subunit vaccines are chemically disrupted
O Subunit vaccines go through further purification processes

Mode of action O Serum antibody (IgG) responses

O Limited mucosal responses and cell-mediated immunity

1. Nuwarda RF. Vaccines. 2021;17;9(9):1032; 2. Houser K. Cell Host Microbe. 2015;17(3):295-300;
3. Sabbaghi A. Rev Med Virol. 2019;29(6):e2074; 4. Cox RJ. Scand. J. Immunol. 2004;59(1):1-5.



Cell Culture-based Influenza Vaccines as Alternatives to Egg-based Vaccines

AL Iab g =u

Unstable |
supply |

Time
(~6 month)
< /

| Selection of |
Variants

Egg-
based
Influenza

Vaccine

\

- =

Waste
disposal

Allergic
reaction

Contami- ;
nation J

T  \ &

Cell
culture-
based
Influenza
Vaccine

f process |

Security of .‘]‘
 supply |

J/

| Time
L(~ 3 month) J

Rapid
. scale-up

N

Well-

. characterized
| X
. vaccine

Antigenic

HIFTEMKZEHERER

stability

& —

| Sterile
3 |

J Bacteriology and Virology March 2013;43(1):9 DOI:


https://www.researchgate.net/deref/http:/dx.doi.org/10.4167/jbv.2013.43.1.9?_sg[0]=ibDR9juxPnh0hme_VvEw6jN_oH8OXFNd1osMBQ2M42vln_VconiGOOkWNoKOHed15Z4yzGZTEKUh3ncTkabJERMhmw.9k34OzR4sVF53vpqbflqyU4XF4TwXncq4qzUzBhGD2EVsUJlVe9OuNErkJ4GBI0Ry1ze6fvS3HPY1zAnJd59Vw

Efficacy of a Cell-Culture—Derived Quadrivalent

Influenza Vaccine in Children

Cell-Based Influenza Vaccines
(Canine Kidney Cell Line)

1IV4c Vaccine

CONCLUSIONS:

Cell-culture—derived influenza vaccine IIV4c

was effective over three influenza seasons in

healthy children and adolescents with or

without previous influenza vaccination.

Limitations

O Lack of an influenza vaccine comparator
precluded direct comparison of vaccine efficacy.

O Vaccine efficacy was lower against influenza
A/H3N2 than against other types.

Laboratory-Confirmed Influenza and Vaccine Efficacy
in Children and Adolescents 2 to <18 Yr of Age

Influenza Incidence (Any Strain)
259

" 95% Cl, 45.7 to 62.1
§ 54.6%
‘O Absolute 16.2%
k= 154 Vaccine Efficacy
s 1
o
G
°
g}n 10+ [}
o 7.8%
E —H
[
e 54
[+
o
0
11IV4c Group Comparator Group
N=2257 N=2252
Solicited and Unsolicited Adverse Events
[IV4c Group Comparator Group
no. (%)
Solicited adverse event within
30 min after vaccination (L LS (P
Solicited adverse event between
6 hr and 7 days after vaccination L) e
Unsolicited adverse event from
day 1 to day 22 or 50 633 (28.0) 630 (27.9)
Vaccine-related adverse event 97 (4.3) 89 (3.9)
Serious adverse event 25 (1.1) 30(1.3)

Nolan T. N Engl J Med 2021;385:1485-1495
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Solicited local and systemic reactions in the 7 days after vaccination

Subjects (%)

Subjects (%)

35 °
30 -
25 T
20 -
157
10 7
5
0 -

35 7
30
25 -
20 -
15 1
10 -
5 -
0 -

CCIV: cell culture—derived influenza vaccine B cciv (mild/moderate)

Pain

1IN

TIV: egg-derived trivalent inactivated vaccine TIV (mild/moderate)

[] Placebo (mild/moderate)
B severe*

* The frequency of each severe adverse event was <1%

Erythema

Chills

B D=l il e

Induration

Ecchymosis Swelling

Myalgia Arthralgia Headache Sweating Fatigue Fever

Frey S. Clin Infect Dis 2010;51:997~1004.



Estimation of Reduction in Influenza Vaccine Effectiveness Due to Egg-Adaptation Changes—Systematic Literature Review &
and Expert Consensus “
~

Mean estimates of the increase in IVE in th
absence of egg adaptations

Germany
+13%

For all strains per country (TIV & QIV only) for A (H3N2) per country (TIV & QIV only)
Lejarazu-Leonardo RO. Vaccines 2021;9:1255. https://doi.org/10.3390/vaccines9111255



Vaccine adjuvants: mechanisms and platforms &

7= B AT BV 38 R AR
Timeline of major events in the research history of vaccine adjuvants

Freund's adjuvant MF59 (oil-in-water ~ AS03 (oil-in-water CPG ODN 1018 was  Lipid nanoparticle

(water-in-oil emulsion) emulsion) was first  emulsion) was first  firstlicensed in (LNP) was first
viss Inverted licensed in human licensed in human human vaccine licensed in human
vaccine (Influenza)  vaccine (Influenza) (HBV) vaccine (COVID-19)

Freund's MF-59 CPG
adjuvant ODN 1018
@ ) e
1997 2017
®
1926 2005 2017
Notes:
Adjuvants marked in
red are those that
have been licensed
The adjuvant The adjuvant effects AS04 (composed of AS01 was first in human vaccines
effects of alum of bacterial detoxified LPS and alum) licensed in human
were first lipopolysaccharides  was first licensed in human vaccine (Zoster)
discovered (LPS) were reported vaccines (HBV and HPV)

Zhao T. Signal Transduction and Targeted Therapy (2023) 8:283
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Day 0 Day 7 Day 30 Day 365
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‘/ﬁﬂ:j'hr n‘ / 1E mﬁur / _I;.l_ VaccllI;lation
E/ E.EHHE Vacciléation response

VREHS | EEHBHEEA e
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VHRZEREE - H3N2-2013 ( 1R ot
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L

H3N2-2013 HA titer
(ng/mL)
w
8
E
=t
Pt
2

Percentage of high-avidity

H3N2-2013 HA IgG
5 3
Fodireee
cnie i},
[ .
ned ¢
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- LT
- Aagify S F
w—‘\-h%(’ .
o e
Fafi
e rpapdar
Eostfov—re

o
n

0 7 303650 7 303650 7 303650 7 30365

M|AH ) no T -~
+ ESSUE }nﬂa HARS IR
,£“|:| : Adjuvant vaccine induces high-avidity H3-2013 in humans. A randomized clinical trial
to assess eIIV immunogenicity compared with S-IIV sampled blood plasma at Days 0

(baseline), 7, 30, and 365 after vaccination (A). H3N2-2013 HA titers (B), high-avidity H3N2-

\/ 1ZE @IEIJ 3ﬁ E‘Z E H 3 N 2 IgG 1:)-‘1: E% ’ E ,H‘E ﬁ, 2013 HA (C) IgG responses were measured by ELISA.

& e B E19(p<0.05) ABGEEHL, EREAEE  LEEHIN2 19GH,
LRS- BrERen BB

v'A, adjuvant vaccine; aTIV, adjuvanted trivalent influenza vaccine; ellV, enhanced inactivated influenza vaccine; ELISA, enzyme-linked immunosorbent assay; HA, hemagglutinin;

HD-TIV, high-dose trivalent influenza vaccine; IgG, immunoglobulin G; R, recombinant; rQIV, recombinant quadrivalent influenza vaccine; S, standard vaccine.
v'Kavian et al. 2020. Assessment of enhanced influenza vaccination finds that FluAd conveys an advantage in mice and older adults. Clin Transl Immunol 9:E1107.
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aTIV vs. TIV: S|gn|f|cantly greater GMT ratios for heterologous strains, mainly H3N2, in a meta-analysis

St“dy DeSign: A) GMT Ratios

v'"Meta-analysis from 23 Phase I through III T Ratio 95K ) alls I3
. Study 1
trlals (1992-2013) A/H3N2 (Brisbane) —— 149 (1.33-1.67) 887 880
v aTIV VS. TIV AJH3NZ (Wisconsin) —— 138(125-152) 887 881
. B strain {Malaysia) - 1.09 (0.95-1.21) 887 880
v'11,105 subjects =65 years old e
A/HIN1 (Texas) ' 4 2.06(1.39-3.03) k] 35
Res u I ts : A/H3N2 (Beljing) + 1.85(1.12-3.03) 39 35
. . . . B strain {Panama) + 2.16(1.54-3.02) E] 35
v'Antibody vs. heterologous strains significantly .
greater for aTIV in 7 out of 10 strains (5x AJH3N2 (Befing) —— 19 (145266 71 6
H3N2, 1x B, 1x H1N1) AJH3N2 (Shandong) + L3(60309) M 67
Study 14
A/HIN1 (Beijing) —— 1.18{0.98-1.42) 209 119
MF59 associations with increased breadth of immune [ &= T o e s s

response suggest potential for greater protection -——_ = )3'5

. . o . . Fav;rsllva Favors allV3
against vaccine-mismatched virus strains

Nicolay et al. Immunogenicity of alIV3, MF59-adjuvanted seasonal trivalent influenza vaccine, in older
adults > 65 years of age: Meta-analysis of cumulative clinical experience. Int. J Infect Dis 2019;85S: S1-S9.
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Introductory paper: High-dose influenza vaccine e

Study of High dose Influenza vaccine

®  Licence in US for TIV high dose (trivalent) with * Licence in US, Canada and EU

+ commitment to post-icensure efficacy study o for QV high dose (quadrivalent)

EFEDDEIEDDEIENEIEIDEIDEDEREIEDEDDEIEDEDENEDEDED
-
Young-Xu ef al, Van Alst of al
Longitudinal study

All studies were conducted
in the US and Canada,

in persons 2 65 years
versus SD

- Immunogenicity trials for registration

with TIV high dose (trivalent)

- Outcome-based Randomized trials
with TIV high dose (trivalent)

- Outcome-based observational studies
with TIV high dose (trivalent)

Immunogenicity and outcome-based
randomized trials with QIV high dose
(quadrivalent)

DiocoM et al:
Influenzo high dose
Voccine. Voccine 2021.

https://www.sciencedirect.com/science/article/pii/S0264410X20311476

Diaco M. Vaccine 2021;39(S1):A1-A5



Introductory paper: High-dose influenza vaccine

Randomized Clinical Trials are the gold standard of clinical research.
Superior relative efficacy was established: trivalent high-dose vaccine was

24.2% (95%Cl: 9.7 to 36.5) more effective than standard-dose influenza
vaccine in preventing lab-confirmed influenza in adults > 65 years of age.

Immunogenicity studies of high p
dose influenza vaccine = [I —’)O

A 0 T 0 e _,ZQ
Outcome based observational (95%C| : 97, 365)

studies of high dose influenza vaccine Relative Efficacy for

A protocol defined influenza-like

Outcome based RCTs of high iliness compared o SD
dose influenza vaccine n= 31989

DiazGranados, C.A., et al., Efficacy of high-dose versus standard-dose influenza vaccine in older adults. N Engl J Med, 2014. 371(7): p. 635-45.

https://www.sciencedirect.com/science/article/pii/S0264410X20311476



Demonstrated safety with fluzone high-dose
vaccine for adults 65+ in a phase III trial

= | = 325 ,:z e HIGH-DOSE VACCINE | Standard Flu VACCINE
SY R N = 2560-2572) % N = 1258-1260) %
MYALGLA 1.4 183
= MALAISE 18.0 14.0
7 HEADACHE 168 144
L
FEVER 36 23
= PAIN 356 243
=
==
SE ERYTHEMA 149 108
S @
i SWELLING 89 5.8




Relative Effectiveness of Influenza Vaccines Among the United States Elderly, 2018-2019 ¢
“‘

Inverse probability of treatment weighted
(IPTW)-adjusted relative vaccine effectiveness
(RVE) estimates for primary outcome analyses

Four-vaccine comparison

Influenza hospital encounters Influenza inpatient stays
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Izurieta HS. J Infect Dis 2020;222:278~287.



Adult Immunizations Update 2016 &

Intradermal Influenza vaccine

* Indicated for persons 18
through 64 years of age

* Contraindications
» Severe egg allergy

* Associated with higher rates of
injection site reactions
(elgthema, induration, swelling,

nd pruritus, but not pain) than
the IM inactivated influenza
vaccines

» Erythema (>75%)
* Induration (>50%)

» Swelling (>50%) N ’
» Pain (>50%) Intramuscular

* Pruritus (>40%)

..
- ’ 1
..'..“.,‘g .
EE B LF -

Subcutaneous '

’

-
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Y

\

https://slideplayer.com/slide/10



Recent Progress in Recombinant Influenza Vaccine Development Toward Heterosubtypic Immune Response

General construction process of recombinant protein,

s 1.
DNAﬂ’

VLP, vector-based, and mRNA influenza vaccines

Ly ¥

Influenza Virus Artificially Modification of
constructed Sequences/
oo Saoments Influenza Virus Production of cDNA
Influenza Virus Gene Segment o

O—{ |
Construction of
recombinant transfer vector Propagation in

1 vector or in PCR

!

Purification of
plasmids

Transfection and
expression in cell cultures

\ n e
Protein
Purification

)
”
vy
A\
*»

—s

Recombinant DNA
Vaccine

Recombinant
Protein Vaccine

Promoter

Selection marker

Target gene in
cDNA

Insertion of gene in
plasmid

!

Transfection and
expression in cell cultures

l e

S, € &
= \\JI.& TS
SO e 4
7T Y g
40w
Self-assembly of virus-like

particles and purification

!

=

3
o
<

Recombinant Virus-
like Particle Vaccine

N

OQO O

Expression of structural genes in
recombinant transfer vector

co@ O~/

Transcription of mMRNA
using phage RNA

l polymerase
O @ : ‘/

Selection of transfected
vectors

. ©),
S e %@

Propagation of transfected
vectors Complexation

! !
i i

® O

s S

Recombinant Vector
Vaccine

Transfection in vectors

Post-transcriptional
modification

Recombinant mRNA
Vaccine

Carascal MB. Front Immunol 2022;13:878943.
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Recombinant influenza vaccines contain viral hemagglutinin

Recombinant vaccines: are non-replicative and made up of influenza HA

proteins, produced in insect cells*

N

O Recombinant vaccines are made using insect cells to express
[Inactivation process3] the influenza virus’ surface protein from small pieces of DNA
encoding HA

O These proteins are extracted and purified for use in the
Route of vaccine

Administration .

/ O Recombinant hemagglutinin (HA) vaccine

Mode of action O Recombinant HA vaccine and IIV have a similar mechanism
of action

1. Nuwarda RF. Vaccines. 2021;17;9(9):1032;
2. Cox M. FluBlok, a recombinant hemagglutinin influenza vaccine. Influenza other respir viruses. 2008; 2(6):211-9.

Intramuscular
injection?
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Recombinant or Standard-Dose Influenza “
Vaccine in Adults under 65 Years of Age

Influenza Virus

/ High-Dose Recombinant Standard-Dose

@ Quadrivalent Influenza Vaccine Egg-Based Vaccine Y./
N (N=279,400) N=395,852 j]’
?

CONCLUSIONS:
The high-dose 4-valent recombinant

influenza vaccine was more effective than an

egg-based standard-dose vaccine in
preventing PCR-confirmed influenza among

adults between 50 and 64 years of age over

two influenza seasons.

Cases per 1000

|

Recombinant Vaccine Standard-Dose Vaccine

Cases per 1000

—

Recombinant Vaccine Standard-Dose Vaccine

PCR-Confirmed Influenza

Relative vaccine effectiveness, 15.3%
(95% Cl, 5.9-23.8); P=0.002

2.00 2-34
(559 participants) (925 participants)

B

PCR-Confirmed Influenza A

Relative vaccine effectiveness, 15.7%
(95% Cl, 6.0-24.5); P=0.002

2.18

(862 participants)

B

1.87
(522 participants)

Hsiao A. N Engl J Med 2023;389:2245-2255
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REIFEE DT 50-64 7%= 42% (15-61)
>647%= 17 (-20-43%)
O rVE=1-(attack rate in rllV group/attack rate in ellV group)
E?ﬁﬁﬂ%‘éﬁ%ﬁﬁ?ﬁﬁT AiREN - ORIV RETHEREERTEFNERE  ENREE8R SR -
O ENRE=s8Rs  BEANEEETNIR r&*%’“’“ﬁ’]raﬁ oJge BV EI D R Y IREWNE -

1. Treanor]], El SahlyH, King ], Graham I, IziksonR, KohbergerR, et al. Protective efficacy of a trivalent recombinant hemagglutinin
protein vaccine (FluBlok®) against influenza in healthy adults: a randomized, placebo-controlled trial. Vaccine. 2011;29(44):7733-9.
2. DunkleLM, IziksonR, PatriarcaP, GoldenthalKL, Muse D, Callahan J, et al. Efficacy of recombinant influenza vaccine in adults 50 years

of age or older. New England Journal of Medicine. 2017;376(25):2427-36.
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2.Systematic review of the efficacy, effectiveness and safety of nhewer and enhanced seasonal influenza vaccines
for the prevention of laboratory-confirmed influenza in individuals aged 18 years and over. ECDC
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Live attenuated influenza vaccines contain attenuated viruses
similar to wild-type, but which do not cause influenza iliness

LAIV are made up of attenuated viruses containing HA and NA from
circulating viruses. Vaccine viruses rely on replication to drive protection?®

Attenuation process O The virus is attenuated, cold-adapted & temperature
sensitive?
O Donor viruses have undergone several passages with gradual
reduction in temperature to 25°C256

Route of
Administratio

Intranasal — : : )
Spray Mode of action O Immune response similar to wild-type (natural influenza);

does not cause illnessz=*

O Mucosal secretory antibody response at site of potential
virus infection3>

O Serum IgG response and cell-mediated immunity3#

O Vaccine viruses have reduced replicative function, replicate
optimally in the nasal passages, and are unable to
replicate in the lung?3°

1. World Health Organization (WHO). Types of seasonal influenza vaccine. WHO Europe website. May 13, 2010;

2. Nuwarda RF et al. Vaccines. 2021;17;9(9):1032; 3. Mohn KG et al. Hum Vaccin Immunother. 2018;14(3):571-578;
4. Hoft et al. J Infect Dis. 2011;204(6):845-853; 5. Beyer et al. Vaccine. 2002;20(9-10):1340-1353;

6. FluMist. Prescribing Information. August, 2024.



LAIV Expresses the Same Surface
Antigens as the Influenza Virus!.2

The vaccine virus strains express the surface proteins of hemagglutinin and neuraminidase from the
wild-type viruses identified by the WHO that are expected to circulate during the season!.23

LAIV "QUADRIVALENT * INFLUENZA VIRUS *

Hemagglutinin(HA)—.ﬁ ARl 4—— Hemagglutinin (HA)

Neuraminidase(NA)—} R Nz ,4,:, IS ) €—— Neuraminidase (NA)

“““

Attenuated
Cold-adapted
Temperature-sensitive

““““

Nucleoprotein (NP)

A live attenuated vaccine is designed to help stimulate a natural immune response4-8

1. FLUMIST QUADRIVALENT prescribing information. August 2023; 2. Hayden FG and Palese P. Clinical Virology. 4th ed. New York: Churchill Livingstone
Inc; 2017:1009-1058; 3. World Health Organization. The immunological basis for immunization series; 4. Hoft DF et al. J Infect Dis. 2011;204(6):845—
853; 5. He XS etal. J Virol 2006;80(23):11756-11766; 6. Basha S et al. Hum Immunol. 2011;72(6):463-469; 7. Kreijtz JH et al. Virus Res.
2011;162(1-2):19-30; 8. Mohn KG et al. Hum Vaccin Immunother. 2018;14(3):571-578.



Live Attenuated Influenza Vaccine — for the prevention of influenza

Key Attributes of Live Attenuated Influenza Vaccine

OCold-adaptation resulted in LAIV master strains
with a defined phenotype!:

v Attenuated (att): Weakened so as not to cause
influenza disease (non-virulent in ferrets)

v'Cold-adapted (ca): Replicates efficiently in cooler
areas of the nasopharynx (efficient growth at 25°C)

v Temperature-sensitive (ts): Does not replicate
efficiently in the warmer areas of the lower
respiratory tract (restricted growth at 37—
39°C, which is permissive for many wild-type viruses)

OPhenotype is controlled by multiple loci in
multiple genes (genetic stability)

1. Maassab HF and DeBorde DC. Vaccine.1985;3(5):355-369.



Immune responses after live attenuated influenza vaccination

SRS R e G skE T8

A suggested working model of how live attenuated influenza vaccine (LAIV) elicits immune response

® B cell
@ T cell

\)
N -
kﬁ% Dendritic cell
\

Yy

. Plasma cell

YYYY Y
Nasal antibodies (slgA)

\

@ Tonsils vY
L Yyy

Salivary antibodies (slgA)

( N Y Antibody

Virus/Virus antigen

Serum antibodies

¥ (1gG, IgA, IgM)
Y \
® ,Y.Y \

o

Mohn KG-I. Human Vaccines Immunotherapeutics 2018;14(3):571-578



Immune responses after live attenuated influenza vaccination @
BB R EEN R EREBLILR

A comparison of the immune responses after natural infection, and immunisation with inactivated
influenza vaccine (IIV) or live attenuated influenza vaccine (LAIV)

Immune response Natural infection I1IV LAIV
Serum Ab response (HI) + + +++ +
Antibody secreting cells ++ ++ +
Memory B cells ++ + ++
Nasal IgA ++ -/+ +++
CD4 T-cells ++ ++ +++
CDS8 T-cells ++ - +
Cross protective immunity +++ -/ + ++

Mohn KG-I. Human Vaccines Immunotherapeutics 2018;14(3):571-578



LAIV is the recommended vaccine in many

Recommendations for 2024 /25 season (except where indicated otherwise)

Country

countries for use in children

Population

Age range

Market type

Spaint (2023/24) N/A >2 years Public and private?

UK3-7 Healthy? children >2 years Public

Austria8 Healthy? children 2-18 years Public LAIV is
Denmark? (2023/24) Healthy? children 2-6 years Public preferential
Francel® (2023/24) Healthy? children 2-17 years Public recommendation
Bulgariall (2022/23) N/A >6 months Public

Ireland!2 (2023/24) Healthy? children 2—-17 years Public

Poland!3:.14 (2022/23) At-risk children >6 months Private

Israelb:1> Healthy? children 2-17 years Public and private

usie Healthy? ch!Idren >2 years Public and-pnvate LAIV and TIV
Finland17 (2023/24) Healthy? children 2-6 years Public recommended at
Germany!18 Healthy? children 2—-17 years Privatel® parity within
Norway?2° N/A 2-17 years Public and private?! indicat_ed
Hong Kong?? N/A >2 years Public and private?3 populations

Italy2*

Healthy? children

6 months — 6 years

Public

SlovakiaZ (2023/24)

Healthy? children

6 months — 12 years

Public?®

FLUMIST QUADRIVALENT Prescribing Information. August 2022




LAIV is Approved for Use in the US

OLAIV is approved for use in persons aged 2~49 years

A

Contraindications

OSevere allergic reaction to any component of LAIV, including egg
protein, or after a previous dose of any other vaccine
OConcomitant aspirin therapy in children and adolescents

Warnings and precautions

O Children <2 years may have an increased risk of hospitalization or wheezing
following FluMist administration

O Children <5 years with recurrent wheezing and persons of any age with
asthma may be at increased risk of wheezing following the administration

O If Guillain—Barre syndrome has occurred within 6 weeks of any prior
influenza vaccination, the decision to give LAIV should be based on careful
consideration of the potential benefits and risks

O LAIV has not been studied in immunocompromised individuals

FLUMIST QUADRIVALENT Prescribing Information. August 2022



LAIV is Approved for Use in the Taiwan ﬁ
on April 2" 2025 by TFDA

LAIV is approved for use in children & adolescents aged 24 months ~ 17 years

Contraindications
O Severe allergic reaction to any component of LAIV, including egg
protein, or after a previous dose of any other vaccine
O Concomitant aspirin therapy in children and adolescents
O Severe immunocompromised children/adolescent such as acute and
chronic leukaemias, lymphoma, symptomatic HIV infection, cellular immune
deficiencies, and high-dose corticosteroids

Warnings and precautions
O Children <5 years with recurrent wheezing and persons of any age with
@ asthma may be at increased risk of wheezing following the administration

O If Guillain—Barre syndrome has occurred within 6 weeks of any prior
influenza vaccination, the decision to give LAIV should be based on careful
consideration of the potential benefits and risks

OLAIV has not been studied in immunocompromised individuals

O Prevent to close contact with severe immunocompromised patients

FLUMIST QUADRIVALENT Prescribing Information. August 2022



Summary of LAIV

)

Influenza has a

substantial burden of

disease in the
USt

LAIV induces a broad
immune response that

closely resembles
natural immunity to
influenza”

Annual vaccination is the
most important step

in preventing
influenza-associated
iliness, hospitalization, an
d death23

Intranasally
administered LAIV is

an effective and
important vaccine
option#8?

FLUMIST QUADRIVALENT Prescribing Information. August 2022



A revolutionary new weapon in the battle against influenza (20 May 2024)

MRNA Vaccine

-7 3
= === \
\o b
1 T
1. The encapsulation 2. Messenger RNA 3. Ribosomes read 4. Antigens presented 5. Antigens stimulate
of a mRNA into (mRNA) delivery the mRNA and to T-cells and cellular immunity, and
a lipid nanoparticle into target cells produce antigens B cells humoral immunity

https://lens.monash.edu/@medicine-health/2024/05/20/1386737/a-revolutionary-new-weapon-in-the-battle-against-influenza



Multiple Vaccines and Strategies for Pandemic Preparedness of Avian Influenza Virus

FEERBVE IR

Advantages and disadvantages of traditional and next-generation influenza vaccines.

{ Traditional vaccines }

1 Safety nsk m mmmnocomprossoed
1 Reversiom 30 wikdhype possible
:kmﬁamb_\'naemddnés :

|}
|
|l
| |
\ QWH =
|
'i

( Next-generation vaccines
& TS TS 00 RS :
: Advantages ' Disadvantages :
| Safe :'Cmd;m&!nl‘ process |
; Present conformational epiopes * '
; " '
I 1! !
:s.a& :Ecum 1o develop an effective |
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Xu H. Viruses 2023;15:1694.



20242025 BERBAEER ¢

DO P L — s \ "

2= N dommson =) =
e el = 'T-;: e
i 5 E TR TF B (i‘ﬁﬁT\ GSKEME B&BERF = I
B ZER WS Ri@
& Vaxigrip Tetra AdimFlu-S | FLUCELVAX |Fluarix Tetra Fluad Tetra
(Qis) QUAD
HRIEEM e a% B feE 52 5% Bl
ERAT HEMA BEMK |MDCKmrast 4 | BEWK - FHHRlE HSRER
R 418 418 418 418 AfE A&
MiFT$ % 6f@R LI L 3@ L 6 ERALILE | 6ERALLE >65mMA >3%
LEIBE rE/BE QRE/BE \’AEIEE y PE/IBE =HE QEB/EHE




WHO? T Hi¥IB/Yamagatafm Sk iR 2 ﬁ
ﬁuu’:gr *95?1_#&-2.”‘:

O 52020 &3 ALK - WHO KRzl 25 B A E£RIB/Yamagata % - #F{AB/Yamagata
F%EKEEA/\EﬂPE% FRER 2 N BB KE NE -
2SN FE A EAB/Yamagatam B R EHEIEEHREEE - Bm L ARRERZES
*%E%ﬁﬁ/\%iiﬁfﬁ - MA&B/Yamagatalm BB IR - ol EFRILE R -
O HLE - WHOR R E B mBERANEEEEE s, EAREEPTABERTEZES
B/Yamagata BmEMHRHNINIR - BEEXREREAKNTER -
O JEFEHEEN L EEEATIV/QIVEEEH W -

O ZHEUEEE
VETEHE - KEH=EESNERSUEESBRGEER
vEEE  FANEEENREERYEES T CE=BRENTT
VBEBMBLSEERNAREHT  BEAER TEE, RE

OIS . Bt ASHRREERECSTAQIVER Y82  BREEmE
B E AR ERE
OB/Yamagata /m&=HE L IRAVE P -

v BRIRES A Z2 47 & DABE 1B/ Yamagatalm B r e & B R IR
VIREBQIVAF OB R AR IR EENEHEE




2024~2026 iR EFRIER Q'

Table 1: Influenza Vaccine Composition Recommendations’?

2025-26 Season 2024-25 Season
Egg-Based Cell-or Egg-Based Cell-or
Vaccines Recombinant- Vaccines Recombinant-
Based Vaccines Based Vaccines
Influenza A/Croatia/10136 A/District of A/Thailand/8/20 | A/Massachusetts/
A/H3N2 RV/2023 (H3N2)- | Columbia/27/20 | 22 (H3N2)-like 18/2022 (H3N2)-
like virus 23 (H3N2)-like virus like virus
[IFHBZ virus
Influenza | A/Victoria/4897/ | A/Wisconsin/67/ | A/Victoria/4897/ | A/Wisconsin/67/2
A/H1N1pd 2022 2022 2022 022
mO09-like (HIN1)pdmO09- (HIN1)pdmO09- (HIN1)pdmO09- (HIN1)pdmO09-
virus like virus like virus like virus like virus
[rI3LINAL
Influenza B/Austria/13594 | B/Austria/13594 | B/Austria/13594 | B/Austria/135941
B/Victoria 17/2021 17/2021 17/2021 7/2021 (B/Victoria
lineage (B/Victoria (B/Victoria (B/Victoria lineage)-like virus
lineage)-like lineage)-like lineage)-like
Virus virus virus

https://www.pharmacytimes.com/view/understand-the-2025-2026-flu-vaccine-composition-recommendations
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https://www.cdc.gov.tw/Bulletin/Detail/JEygeddr8hKkkCvi7i9kUA?typeid=9
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“Normally, I start with deep breathing
to help relieve workplace stress, but in this case...”




