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Viral Vector-based Vaccine

Human cell

Viral vector Spike gene
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. Expand immortalized cells /
. Retrovirally transduce cells and produce viral vector with spike gene Immune response

. Vaccination with adenovirus carrying spike gene (antibody) @
. Viral replication of spike mRNA: (A) replicating or (B) non-replicating

. Production of spike protein

. Induction of immune response

OV A WN R

A Visual Aid to Viral Infection and Vaccine Production - Lozier Institute

SR



& SinoBiological

HBERRAFSE

Lab-scale
(in microliters
or mililiters)

mRNA

Scale-up
(in liters)

LNP-mRNA

1M

availability of raw materials

—EF LIRS

4 3 5’
In-vitro transcription Purification
mix under N ("N
specific =
conditions E §
linearized plasmid
@:,;T;te pj‘s,r,"' > chromatography ~ HPLC
phage RNA Pol E g’ 13
o ol i§ ﬁ
A, G,C,my Capl A ° |
+DNase | A 3
npatetns ) bioreactor | (_ TFF_ chromatography |

¥

Downstream processing

3

purification and }

buffer exchange m 4

~

N
Formulation

micro-mixing lipids in
systems ethanol

“ &

. L
ey |
l e
TFF
sterile filtering )
v
fill and finish

— — —

Doi: 10.1016/jymthe.2022.02.016

quality assurance

‘gt

SR



& SinoBiological ®
AFAXREAERER:

EFERER =ES eSS BEBM (HiER) E S s BEXRE
S. cerevisiae HBV Engerix’-B (GSK) 19894F FDA HBsAg VLP
B - Gardasil-9° 2014 4E FDA
S. cerevisiae HPV L1 VLP
(Merck & Co.) 2015 EMA
S . 2007 EMA 2009
High Five™ HPV Cervarix” (GSK) L1 VLP
FDA
R Flublok
® S . ® ® 20]6 ﬂE FDA . .
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Modified Vaccinia Ankara ®
R4V -
3avarian Nordic Virus (=) BiEhH Mvabea (JNJ) 20202EEMA ZEBOV-GP
Chimpanzee adenovirus SARS-Cov-2 Vaxzevria® (AstraZeneca) 20214F EMA spike protein
ADV5 SARS-Cov-2 SRS (CanSino Biologics) 20215ENMPA spike protein
ADV26 SARS-Cov-2 Ad26.COV2S (JNJ) 20214EFDA spike protein
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Influenza Virus-fgsin/Ri@n

Hemagglutinin (HA) ||
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Influenza Virus-ZmHE
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Recommendations announced for influenza vaccine composition for the 2023-2024 northern

hemisphere influenza season

The WHO recommends that quadrivalent vaccines for use in the 2023-2024
northern hemisphere influenza season contain the following:

Egg-based vaccines

«an A/Victoria/4897/2022 (HIN1)pdm09-like virus;

-an A/Darwin/9/2021 (H3N2)-like virus; and

«a B/Austria/1359417/2021 (B/Victoria lineage)-like virus; and
«a B/Phuket/3073/2013 (B/Yamagata lineage)-like virus.

Cell culture- or recombinant-based vaccines

«an A/Wisconsin/67/2022 (HIN1)pdm09-like virus;

-an A/Darwin/6/2021 (H3N2)-like virus;

«a B/Austria/1359417/2021 (B/Victoria lineage)-like virus; and
«a B/Phuket/3073/2013 (B/Yamagata lineage)-like virus.

%

70N

WHO Recommends that trivalent vaccines for use in the 2023-2024 influenza
season in the northern hemisphere contain the following:

Egg-based vaccines

«an A/Victoria/4897/2022 (HIN1)pdm09-like virus;

-an A/Darwin/9/2021 (H3N2)-like virus; and

-a B/ Austria/1359417/2021 (B/Victoria lineage)-like virus.
Cell culture- or recombinant-based vaccines

-an A/Wisconsin/67/2022 (HIN1)pdmO09-like virus;

-an A/Darwin/6/2021 (H3N2)-like virus; and
«a B/Austria/1359417/2021 (B/Victoria lineage)-like virus.

Recommended composition of influenza virus vaccines for use in the 2023-2024 northern hemisphere influenza season (who.int)
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UNIVERSAL INFLUENZA VACCINE TECHNOLOGY LANDSCAPE(BY IVR)
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Influenza VvV

Stalk monomer
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i ' /
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* the nanoparticle
Shielding the ' %

immunodominant HA head Stalktrimer  Stalk expressed in

through hyperglycosylation

HA Headless HA vaccine on nanoparticles

Expression of the
LAH of HA2 only

— 3

N

Head of
Hemagglutinin

~

= ¢ LAH
\ ey LAH fragment vaccine Fragment
1 .

=&
5 o
,JJ -> ->

¢ Stalk of A o <

~ o ) Hemagglutinin identical stalk regions with globular HA head

of other influenza virus
Chimeric HA vaccine

,\(m X \ & Hemagglutinin protein (trimer)
\J\ _

- ‘Sequential immunization of HAs with
I nﬂ uenza Vi rus pa I'tiC|e immunodominant antigenic site on the

globular head from other influenza viruses
“Mosaic" HA vaccine

https://doi.org/10.3390/v14081684

irus-2|

Table 1. Universal influenza vaccines in clinical trials.

monomer, trimer, or

Platform Vaccine Type Target Antigen Stage Trial ID
NCT04960397
Single-replication virus Whole virus (M2-deleted) Phase [ NCT02822105
NCT03999554
LAIV /Inactivated virus Inactivated split virus HA stem (chimeric) Phase [ NCT03275389
Inactivated whole virus Whole virus Phase [ NCT05027932
LATV + ln;:;::ated split HA stem (chimeric) Phase [ NCT03300050
NCT01419925
NCT00877448
. . NCT02293317
Recombinant protein M1, NP, HA Phase I, 11, 11T NCT03450915
NCT01146119
NCT02691130
NCT00921947
Subunit vaccine N . NCT00921973
Recombinant protein M2e Phase I, Il NCT00921206
NCT00603811
Synthetic peptides NP, M, PB1, PB2 Phase [ NCT01265914
NCT03180801
N N NCT02962908
Synthetic peptides M1, M2, NP Phase IT NCT01226758
NCT01181336
Ferritin-based nanoparticles HA stem Phase [ NCT05155319
Ferritin-based nanoparticles HA stem Phase [ NCT04579250
Computational design HA Phase [ NCT04896086
VLP/Nanoparticle nfannpaltllclgs

Oligomerization NP Phase 11 NCT04192500

domain-based nanoparticles
Hepatitis B VLP M2e Phase [ NCT00819013
Hepatitis B VLP M2e Phase [ NCT03789539
NCT03880474
MVA NP, M1 Phase II NCT03883113
Viral vector NCT00993083
NCT01818362
ChAd + MVA NP, M1 Phase [ NCTO1623518
Nucleic acid DNA HA, NA, M2e, NP Phase [ NCT01184976

LAIV: live attenuated influenza virus; VLP: virus-like particle; MVA: Modified vaccinia Ankara; ChAd: chim-
panzee adenovirus.

https://doi.org/10.3390/v14081684
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Influenza Virus-1E@dH#HEE

R&D Status Phase

Vaccine Name
Multimeric-001 (M-001)
Quadrivalent VLP (QVLP)

Novavax (US), Emergent BioSolutions

Nano-Flu (gNIV) (US)

Modified mMRNA vaccine

MRNA-1010 Moderna (US)

FLU-V ConserV Bioscience (UK), Imutex (UK)
deltaFLU Vivaldi Biosciences (US)

M2SR FluGen (US)

MVA-NP+MI1 (VTP-100) Vaccitech (UK)

NasoVAX Altimmune (US)

Vaxart (US)

CIC Vaccine Novavax (US)
OVX836 Osivax (France)
MRNA-1020 and mRNA-1030 Moderna (US)

VXA-ALl oral tablet

Developer [ Location
BiondVax Pharmaceuticals (Israel)

Medicago (Canada)

Pfizer (US), BioNTech (Germany)

Platform
Recombinant proteins

Virus-like particles (VLP)
Non-VLP nanoparticles

Nucleic acid-based
Nucleic acid-based

Recombinant proteins

Influenza virus-based
Influenza virus-based
Virus-vectored
Virus-vectored
Virus-vectored
Non-VLP nanoparticles
Non-VLP nanoparticles

Nucleic acid-based

Inactive

Inactive
Active

Active
Active

Active

Active
Active
Inactive
Inactive
Active
Active
Active

Active

Phase 3
Phase 3

Phase 3

Phase 3
Phase 3

Phase 2

Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2

UNIVERSAL INFLUENZA VACCINE TECHNOLOGY LANDSCAPE(by IVR)
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RSV RNA genome

NS1 NSZ N P M SH G F hf22 L
== RSV has two major subtypes: A and B.
Attachment glycoprotein G
. .,  (membrane-bound form) *The following are the most frequently developed targets for vaccine, drug, and
Fusion glycoprotein i i g ” q y p g g
F (tnmer) Attachment glycoprotein G immunodiagnostic development:
n ‘ (soluble form)
Small htyt!fo&:obic s W . Apolicati
protein S ? —_
\' < & /‘ /‘ & Targets Function pplication
- e e® | N
0L | e : . Fusion and cell entry; ~ Vaccine, drugs, and
v ) B - A i . . . . .
/P,_ *—-.:?.ﬁi?;, - ‘\ Matrix M protein Fusion(F) glycoprotein Highly conservative immunodiagnosis
RANA-dependent ./ 7 Yo Wan |
RNA polymerase L ,. ®©hk - & = . nt: .
@ ‘ G glycoprotein :io(\:]sr’glse\%?it;cblcehme " Vaccine
Phosphoprotein P .
M2-1 Nucleocapsid (N) Envelop virus genome  dccine
) Structural? P P 9 immunodiagnosis

Source: Pablo A- Gonzalez, et al. Rev. Med. Virol. 2012
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RSV VaCCIne a nd mAb SnapShOt TARGET INDICATION: P =PEDIATRIC M =MATERNAL E =ELDERLY
» PHASE 1 > PHASE 2 > PHASE 3 > Ang:i'!‘g\%o
| I I
Ble Lale g;dageon/i,:p intravace : v:n:ciis::sQ LID/i:‘ATS}NE : :
LID/N IH § ) +
| < i [ N =+ -
e | | | ‘FDALIE T RAETEEHNER
ATTENUATED/ @ i i i v
HIMERI pontificia sieL, @ | | |
U KT et ! ! ! «GSKHIA ®
; i | i JArexvy
| | |
I
E E M| BB e ® 1 ™ ) I E f ®
toosava ™ | imanovecne | NS(L T Advcche | NSO TW  pher prizer | . *PfizergyBRYSVO
PROTEIN-BASED  RSV/hMPVVLP RSV SH Protein RSV F Protein : RSV G Protein Protein ? : RSVF Protein RSV F Protein : RSV F Protein
* PARTICLE
| | |
* SUBUNIT X | | |
Virometix | | |
) | | ! \ ===
| i I ° E K . .
| | | ERTEHE:
mMP
NUCLEIC Moderna Sanofi ! ! Moderna ! l:b A [ \
ACID ! ! ! [ ] 6 0
RNA RNA : : RNA : E 2 9 o
| l |
| P | - . ell
RECOMBINANT ! prarmaceuical Lo %a% I
VECTORS | s | M Adenovirl8e ||
| | |
| | |
® ; P | | | (] ®
IMMUNO- GatesMRI gioteemmalogy ! ! | g Jstra
PROPHYLAXIS  [ARtiFFMAB  [AREEFMAB | I | [Nisevimas)  (PaiviEGRES)
| I |
Indicat
UPDATED: May 4, 2023 'é.,,.: https://www.path.org/resources/rsv-vaccine-and-mab-snapshot/ PATH
Y0lA0@/2000
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RSV-ZEHA%AHIIGAIFEE

FEHRMSRISRSEIER

H

F, C-term

F, F,
RSV F(+)Fd
26 109 137 513
Movement =5 A L1 — [ —

Attachment Refolding

v Prehdirpin Fric-tem
" interfhediate " +
f P'e"f_:‘s"’r" 2 P'ff“’s:" P Postfusion F Postfusion F
me protomer protomer trimer

N )
At[achmenl\f \/ Functional
factor \/\) receptor?

Host membrane

RSV FERBEIIIE S =B REH

RSV F%E*’@%Q'ﬁtﬂ%ﬂ%ﬁﬂé{%ﬂﬁ%g DOI: 10.1038/s41579-019-0149-x
DOI: 10.1126/science.aav9033

DOI: 10.1126/science.1234914

Spontaneous  Receptor
induced
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RSV-ZEHA%AHIIGAIFEE

Tt v
TVl M Vaccine Antigen Antibody Specificities Elicited and Potency

Postfusion F trimer

Prefusion F trimer

e Site @ SiteV Site lll Site IV Site Il Site

2 A 2 A

DOl ]OJO]6/].immuni.2019.08.007
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RSV-ZEHA%AHIIGAIFEE

DS-CavliiZEin/faig
it

S190F, V207L (Cav1)

DOI: 10.1126/science.124328
3

Mechanism of RSV F variant Oigomeric Yield . u Physical characterization
stabilization ataie? (mg/L)* Autibady Ko vahue (n) (fractional D25 reactivity)
Site O Site | Sie 1S H Osmolality  Freeze
(mM) thaw
D15 AMIZ 504 131-2a Paliv Mota  10IF S0 T 35 100 10 3o m&
Cavity filling KETF-Vo0L Aggregate 03 1000 -1000  -1000 7.6 17 017 L6 NA NA NA NA NA NA NA
FI3TW-F140W ND <.l NA  NA NA NA  NA NA NA NA NA O NA NA NA NA NA
FI3TW-F140W-FA38W ND. =01 NA NA WA N/A NiA NA NiA NiAa NA NA NA NA NA NA
SIMF-VITLICavy Trimer 22 (X R (1] 03 =10 43 <0 9 08 01 07T 08 10 07 (X3
SIM0F-V296F Aggregate 04 =000 =1000 1000 42 1.7 <0.01 L& NA  NA NA O NA NA  NA NA
VNIL-V220L Aggregate (] =000 =1000 1000 28 0% 0014 0ed  NA NA NA O NA NA NA NA
D4REH-EAST)- FAREW. Trimer [E] oz Lo 34 =10 31 .48 a0 08 01 1 08 13 06 (A}
D489H (TriC)
Fagsw Trimer 1.7 08T 025 27 =100 32 ('8} 4.7 LR ] ('8} 0T 11 (5] 1]
Disulfide formation SIS5C-5290C (DS) Trimer 14 (L2 ) § EL 34 18 04l 22 03 ] Ll 0E 13 08 03
TISIC-NITIC ND. =01 NA NA WA N/A NiA NA NiA NiAa NA NA NA NA NA NA
SA03C-TA200 Aggregate 03 =000 =1000 =000 305 i3 005 LBS NiAa NA NA NA NA NA NA
N-Gilyean addition VITEN Aggregate =01 =000 =1000 1000 72 31 (88} Led NiAa NA NA NA NA NA NA
Postfusion VISSE Aggregate <.l =100d 1004 1000 s | ) 11 164 NA NA NA NA NA NA NA
destabilization
15065 Agsregate <00 1000 1000 1000 &6 17 00H 139 NA NA NA NA NA NA  NA
Acid patch DASEH-EASTO-DME9H  Aggregate 01 =000 1000 1000 1000 95 057 127 NA NA NA NA NA NA  NA
neutralization
Double combinations  DS-Cavl Trimer 19 w15 =01 13 =100 3 nodl 3z 0wy U LE (R jx1} 08 (&)
DS-Tril Trimer LX) w7 =001 EX] 20 48 (X 3 0wy L 03 [ R (&) [&]
Cav1-Tril Trimer [ (X} 0086 51 =100} EE] 17 aa [ R N | 03 0LE 6 s »
Triple combinstions  DS-Cav1-TriC Trimer 13 w7 oz 1% =10 20 .1 a2 s 0 ke 00 06 06 ]
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RSV-BEFFREIGROMEL

RSV F is expressed as a monomer. Hydrophobic forces
Cleavage allows trimerization.
iR EmERT
AR IR

WTaz2 PPTNNRAR}

Hydrophobic interactions lock
drive trimerization. the prefusion conformation.

RR1

WTe1 PAANNRAR
GS linker PAANNQAR}

RE LPRFMNYTLN NAKKTNVTLS KKRKR
RE LPRFMNYTLN NAKKTNVTLS KKRKRH

LGF LLGVG
FLGF LLGVG

26

SSGHSLGE LLGVG

109 1 216 460 524 574
L) p27
F2 ' RR1 RR2 530 550
Furin cleavage b N

491 RR1 unfolding is initiated at the apex
WTaz2 SISQVNEKIN QSLAFIRKSD ELLHNVNAGK STTNIMITTI IIVIIVILLS LIAVGLLLYC KARSTPVTLS KDQLSGINNI AFSN]|
WTs1 SISQVNEKIN QSLAFIRRSD ELLHNVNTGK STTNIMITTI IIVIIVVLLS LIAIGLLLYC KAKNTPVTLS KDQLSGINNI AFSK
Soluble |SISQVNEKIN QSLAFIRRSD ELL
Fibritin ~ |STSOVNEKIN

QSLAFTRRSD

ELLSATGGYT PEAPRDGOAY

VRKDGEWVLL STFL

>EhRit (SC) : MBRp27F5UAIFurinBgtIfim, 209
"GSGSGR" , MFRCImISIRIAIMEAER, BfEpkFibritinF5l,

\
N
. Trimerization creates clashes Release of the fusion peptide
in the upper part of the HRB. triggers the RR2 unfolding.
>ESC_ DM E"JEEHjJ: ’ R R2£E§§§$€E ( SC - TM ) . Formation of the six helix bundl
D486/EAS7TFIMIAEPRBIEEER, HWITHIE,

>RRIXYEEZLEgE (SC-DM) : R DTREBRRIX I A ISR

. XM RHTRE.

Furin cleavage site
l

stabilizes the postfusion
conformation

DOI: 10.1038/ncomms914
2
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virus neutralizing titers
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virus neutralizing tters
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L
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T T
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postF
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T

T T
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preF  preF preF  PBS
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P=0.0001
L]
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L]
°® L 0...'
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T T - -am---L 00
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DOI: 10.1038/ncomms9143
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Herpesviridae Viruses-jE&Etlit
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HHV-2 PRS2 (HSV-2) a FEER BEEOES. SBEES SRR T
HHV-3 KE-HREERS (V2V) a REER KSRGS ST
HHV-4 EBVf&&E. Lymphocryptovirus v B4EIES L R74HAE EBVRECHEIEERR. ERERZBMKESE. BIRES BZHHE
HHV-5 E4IRFS (CMV) B EEERS LR S SR B MBS RO, RIS iR
HHV-6A56B KRS B Tl SEANE (MLED) TR
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Herpesviridae Viruses-fEsSiiRiE7 "

Nucleocapsid D & Tegument

mERAaZMEERER:
»gB. gC. gD. gE. gG. gH. gl. gJ. gK. gL. gMFIgN

>8 8. V) % IR >QgB. gDRAZHHSVIZERNEEIR, RACH T RESRAEEMIEE
e NS REE

Surface glycoprotein
gC

Surface glycoprotein Surface glycoproteins
9B gH, gl

HSV

Structure, Classification - Herpes Viruses | 12th Microbiology : Chapter 10 : Medical Virology
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Herpesviridae Viruses-EmiH#E

Candidate name Developer

Live-Attenuated Vaccines

Vaccine Components and Methodology

Live, attenuated replication-competent HSV-2

Developmental Phase

2 A _ ; ; _
HSV-2 ANLS (RVX 201)  SIU - Rational Vaccines with deletion of ICPO Phase Il - DC
NE-HSV-2 BlueWillow Biologics Nanoemulsion with gB2 and gD2 antigens Pre-Clinical
Subunit Vaccines
HSV_.Q trivalent University of gC2, gD2, gE2; CpG/alum Adjuvant Clinical
vaccine Pennsylvania
GEN-003 Genoced gD2 (truncated)+ICP4 fragment (29.2 kD) +Matrix Completed Phase II (DC)

gD2 subunit vaccine  GlaxoSmithKline

M2 Adjuvant
gD2 with AS04 (dMPL)

Completed Phase Ill (DC)

Replication Defective Viral Vaccines

CJ2-gDb2 Non-replicating gD2 dominant neg HSV-2 Pre-Clinical
DNA Vaccines

COR-1 Admedus gD2 ubiquitin tag, codon optimized DNA vaccine  Phase I
VCL-HBO1/HMOI Vical DNA vaccine: gD2+/-UL46/Vaxfectin Phase Il (DC)

Y BiiERTFIBAHS VAR E

Doi: 10.3389/fmicb.2021.798927
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