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MEVAC's BIOTECH PHILOSOPHY



MEVAC: HISTORY

Evolution of development and manufacturing
Total EU-GMP BSL-3 R&D and

Ideas, brainstorming team, New projects, new products Pilot production unit.

knowledge power and adequate Scaling production facility. Recombinant vaccine production
risk. International markets. and flexible bio-production

Two key products: FMDV + AlV More international collaboration. facilities.

2010 2013 2017 2020 2023

An increased interest in human
vaccines scope. Issues such as
organizational of the 37 + 4t new
facilities, corporate vision, and agility
become the focus of development.

CONTINUOUS IMPROVEMENT

First private Egyptian GMP bio-API
production facility. International
collaboration.

Respect Teamwork . Genchi
P Challenge Kaizen/Lean Genb

Respect and understand Stimulate personal and enbutsu
country needs professional growth Create long- Continuously Make the right
Take responsibility Create opportunities for term vision to 'mprove deqsmns oy

meet challenges development/ going to the

_ development .
Build mutual trust manufacturing/ source of the

Optimize team, working area Foster creativity business facts
to realize the

and individual performance . processes
vision Evolve and

innovate

Knowledge kettle



BUSINESS STRATEGY

Business Model 2022 (manufacturing link)

MISSION

Ensure safety, potency and efficacy of
vaccines using international technology
standards. To defend the community
against the threats of emerging
infectious diseases by customizing
products for acute specific diseases

VISION

Providing High Quality Effective Solutions
for Better Health with International
Quality Standards. Education and training
to ensure our employees are both
satisfied and performing at the highest
level

STRATEGIC OBJECTIVES

Our company strives to fully utilize all
development + production capacities and
strengthen our business activities in
MEVAC’s traditional markets and Europe

LONG-TERM OBJECTIVES

Our company expects to double revenue
in the next three years

Start human vaccines development and
production

ASSET BASE

@ Maintenance

= B#1 BSL-3

@ 5001t Pilot = 5000t UVAC
ég B#3 + B#4 Poultry rVaccines

* Highly Qualified Product

]

Highly Qualified Staff

R&D + QC + Cell Bank
50M doses FMDV 2023

Scaling production

~100 new employees

4 maintenance facilities
COVID-19 Pilot
Human vaccines > 3 types
Development
International standard identity

International Reputation



VACCINE DEVELOPMENT/PRODUCTION/QC in MEVAC

The Toyota Way: Practical Problem-Solving Process in Bio-Tech

UNDERSTAND EPIDEMIOLOGICAL SITUATION ANALYZE BIO-CAUSE + DEVELOPMENT ~ SOLUTION, PRODUCTION, CREATION o STANDARDs

I Explore in-depth reasons and
: their effects (Pareto diagram)

Eventual transfer of new
standards to other divisions,
departments, companies

“ EaEREr P m
1

6 o o o6 o

Value stream mapping I Team consensus
I' (nemawashi)

<==

PERCEIVE CLARIFY LOGATE AREA PROCESS DEVELOPMENT PROBLEM-SOLVING EVALUATE INTRODUCE

PROBLEM PROBLEM OF CAUSE EXAMINE AREA OF CAUSE MEASURES CLINICAL + ASSAY STANDARD
DISCOVERY DEVELOPMENT

i i i i i i i

I I I I I I I

: . : : : : : Synchronization :

 Diagrams ' I Compare and ' ' i = Timing with ' ,

: Process : ' : observe with the : Technologies : ' : lcurrent. I : EStaE’J'SZneW

: mapping : Root cause analysis : standard : implementation : Self-reflection : (EEGF:E?’EGI;?\;; : T(te?::n?):o;ies

; Mind Mapping ; 5 Whys i (Genchi Genbutsu) i (5 Whys) ; (Hansei) ; 1S0, ...) ; Processes



Measure

MEVAC’S BIO-STARTUP METHODS Product

BUILD-MEASURE-LEARN-FEEDBACK LOOP Build
Data
ldeas
o
I B il ) o
. Y
3 € - /Q J1 Learn
[] [] []
BUILD LEARN
o ) ) Collaboration ,Get out of the
Import substitution in biosafety area Bio-API production Building”
Analogs and antilogs o —
ili i ivot — Knowledge +
From Lab to Facility (B#1, B#2, B#3 ...B#n) Interlaboratory comparison (ILC) tests S S people g
International reputation Cohort analysis Engines of growth Pull (hypothesis)
From Minimum viable product (MVP) - Innovation accounting Five Whys Validated learning
- Exceptional viable product (EVP) Continuous Development + Deployment R [ e Waste / Value
Small = Pilot = Industrial scale batches AARRR (Acquisition Activation Retention

Referral Revenue)

Ideas = Build > Product > Measure - Data = Learn






TYPES OF LICENSED VACCINES

IMMUNOLOGY
ANTIGENICITY
INFECTOLOGY
GENETICS PATHOGENESIS
= |nactivated toxins
" |nactivated whole fungal, bacteria or viruses BIOCHEMISTRY VIROLOGY
BIOPHISICS MICROBIOLOGY

= Live attenuated fungal, bacteria or viruses
EPIDEMIOLOGY
FIELD EFFICIENCY
= Subunit vaccines

= Genetically engineered constructions:

— Vector = Proteins P
— PDNA/ mRNA
= Polysaccharide vaccines ..'
= Conjugate vaccines P

= \/LPs-based vaccines (virus-like particle) E



SCENARIO

Basics MEVAC's trends

Scientific collaboration
Flexibility
Working experience and solutions

Maximum business value
Comprehensive evaluation and

documentation

Replicating
Viral Vector

CELL GULTURE BASED

Contact negotiation
Working experience
Development

Rigid scaling and planning

Comprehensive evaluation, documentation

§ o 8GN

Nnn |'|I A
I'Im.- vated g vass Replicating
Virus Viral Vector

THE Bio-AGILE METHOD

The agile approach to scientific project management encourages an environment
characterized by development, delivery, collaboration, self-organization, and rapid
results. It allows specialists from different academicals and science schools involvement
in intellectual collaboration, project planning, and development from the very beginning



LIVE VACCINE P

Preliminary
WSV [~ passageon CEF
\ / monolayers

Cell-associated
vaccine

Cell-associated
<t virusin media +
DMSO

v

-«

Qc
~ Sterility
T PFU/ml_~

RODUCTION

Scaling passage
on CEF monolayer

v

Harvesting

i  EE— K i
infected cells , Cell-free vaccine

N g

——

Cell-associated
virus + stabilizer

v

Qc Filling + Cooling + Qc
{ 8+26+52 >4— LN, freezin US disintegration Sterility
. QcC
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Y
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Extraneous agents, QC final

Safety, Stability,

Efficacy
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INACTIVATED EGG BASED VACCINE PRODUCTION (INFLUENZA)

Pre-streaming processes

Downstream processes

Chickens Clean/SPF Eggs 10-11 days

Eggs transportation

Clarification
Separation
Microfiltration

v

AG 200 Lt +4°C
holding tank

v

eoes orderin | Eggs desinfection M  pre-incubation |— desinfection
&8 g +37°C transferring

T

|

|

|

|

|

l

Upstream processes

|

v
. WSV dilution 20000 pre-

. WSV vial thaw / re- .
Strains Bank La constitution La EIDSO/O,Zm‘L/egg — |nf:ubated‘eggs

calculation inoculation

S O @a BT
—> AN
L.“\ LAt~/

v

AG 200 Lt
inactivation tank

Infected eggs
incubation +37°C

v

v

TFF concentration

4./

Infected eggs
cooling +4...+48°C

v

v

Ultraspeed flow
gradient
centrifugation 2X

v

Allantoic harvesting
200 Lt Process
vessel

+4°C holding tank

lon Exchange Buffer +4°C holding

Chromatography DI tank
y

+4°C holding tank DEZT;?:;;;::C
:

covormstomanny (€1 " e
y

+4°C holding tank Diafiltration buffer

+4°C holding tank

¢

:

TFF concentration Adjuvant Stabilizer
Microfiltration holding tank

v v

Monovaccines
+4°C holding tank ——®» formulation &
Packaging




CELL CULTURE BASED VACCINE PRODUCTION

Upstream processes

Downstream processes

50-250 mL shake

Strains Bank P WSV vial thaw
flasks

1,0 Lt shake flasks

Clarification
Separation

v

v

.>

3,0 Lt shake flasks
or 3LtSU
bioreactor

AG 1000 Lt +4°C
holding tank

v

v

lon Exchange
Chromatography

v

+4°C holding tank

Buffer +4°C holding
tank

Detergent +4°C
holding tank

500 Lt +4°C holding

500 Lt Media mixing #»  Microfiltration tank

>

10 Lt Bioreactor

AG 1000 Lt
inactivation tank

v

v

U

50 Lt Bioreactor

TFF or PEG
concentration

v

v

:

Size Exchange
Chromatography

v

+4°C holding tank

Buffer +4°C holding
tank

Diafiltration buffer
+4°C holding tank

200 Lt Bioreactor

Ultraspeed flow
gradient
centrifugation

v

v

. (o]
2000 I..t.Medla P Microfiltration 2000. Lt+4°C
mixing holding tank

1000 Lt Bioreactor
Final Cell/Virus
scaling

+4°C holding tank

:

v

TFF concentration [€&—

Adjuvant Stabilizer
holding tank

v

+4°C holding tank ———

Formulation &
Packaging




CELLS BANKING under cGMP

Schematic of the cell expansion Source description
Informed consent Material screening u
process Confidentiality Serology testing
agreemen‘t CA/NDA { 3
CeII—specific productivity (qP) = CQA:s: _ . Biological Sample Materials + Reagents 1, - _
. P ¢ duri I Sterile Transportation — Sterility + Endotoxin
rocess parameters auring ce l .
expansion:
o L epees Cell Isolation
* cell densities, viabilities, Business Continuity Plan (BCP) + cultivation ] Microbiological
metabolites, pH, pCO,, pO,, T°, etc. Risk Assessment (RA) . testing
* Index proliferation: .. 2
. . g m —
« cell age (defined as the number of ?8’ ?8’ Expansion Upscaling Sterility + a2
doublings before =2 — — T M‘éﬂ’)’f;?ﬁ* =8
. . ) atch Process Records o 2
flask/roller/bioreactor inoculation) { § 3 (BPR), SOP 23
reflecting growth duration = ?_3: preparation Characterization [ ® §
* Growth rate (the average specific S5 7 | QCDocuments
. Q 09 .
growth rate of cells derived from % 5 cGTl;ﬂaPmP;?:il:]ci:gn Master Cell Bank
the cell-expansion process) 4 2 (MCB) Microbiologica
. (0]
reflecting the state of the cells o) v testing
. : <2 .
» Cell-specific perfusion rate (CSPR) + 3 cGMP Equipment Master Cell Re-culture
. = Preparation pass. n=1-5 ,
productivity (example): S : Phenotyping,
. . [en Identity, Purity,
* virus titer (CCIDgy/) = . I - "
.« 146SFMOV /m eld ] S Cryopreservation Work Cell Bank (WCB) V|ab|I|ty., Sta.b!hty,
component yield (ug/mL) 2 Procedure + Storage oass. n=10-30 Tumorigenicity,
Optimization ' Potency Testing, etc.




Scale-X hydro bioreactor
UNIVERCELL, Belgium

TFF concentration

BIO-Compact Bioreactor

Solida Biotech GLOBAL PROCESS - MM Cogent-M1 (Germany) 0.1 sg.m. froj —
- s i
Germany-Italy CONCEPT (GPC) 300-1000 kDa
(not recommend) France - Cobbette (Italy-China) 1.0 sgq.m. from 2020

300 kDa






ADJUVANT=IMMUNIZERS
|

Detoxified mutants dmLT

TLR5 ligand protein (Flagellin) linked to Ag
DEVELOPMENT IN VACCINES

TLR4 ligand protein +MPL + Al(OH)

RS529  GLA-SE

1~®
Amorphous hydroxylphosphate sulfate  >dqualene + Pluronic®L121
MILEST“NES Chitosan + Cyclodextrins + B-glucan EX’F%?US‘,’S?IMS' polyU/C
LSIoaCOeI\I/lliﬁTRIX dsRNA polymer analogue + TLR3 ligand .
. S R837/848 Poly I:C = PIC,PICLC,PIC12U,PICKCa
ynthetic derivatives/oils (silicon) Surface Arraved Therapeutics SATX™ (Rintatolimod=Ampligen®)
ISCOM’s p : peL Inulin=Advax™ (B-d-[2 = 1] poly(fructo-furanosyl)
Lioosomes TLR9 ligand (oligonucleotide)
LPS, DNA, LPP Q521 MF59 MPL gg'gg&eceptor 9 agonists or-d-glucose)
Aluminum salts: Al,Os3/V,0./Zn0O, / TiO,/ SiO ~ _ .
Potassium Sulfate I\/_IfJItBipIechsjubIe Emulsions - E/g\%gs_ ZleGrklM = CSF-1 Molecular Adjuvar]ts for
Phosphate Virosome Glycoside Cholesterol Complex (cc) MRNA / DNA Vaccines
Hydroxide IFA rIF Safe immune Ag target stimulants
Cas(PO,), w/o o/w w/o/w o/w/o long lifetime i icit
Fréund’s CFA/IFA Ge Ce Au Ag O Rroiong NTELme Immunogenicity-
W/o CEand IL-15 Adjuvant Class's org. personalized immunotherapy
Natural derivatives
Oils, Surfactants Smgle Systems Nano / Microparticles/ Emulsion / Colloids
Saponin/Gypsophilin Adi U Insufficient response produced by Novavax Matrix™
i Quil-A juvants : - : Poly(DL-lactide-co-glycolid
Oil Allohrasid O challenging vaccines; to stimulate the Pglggtyr_e?%l(lgt_gg)_g ycolide)
| Alum ] Need to induce proper immune production of a long lasting response _ Chitosan nanoparticles (IBV-CS)
W Triterpenoid _ response against difficult low Iﬁlgll\(/:ln{égueous Two-Phase Systems, Smart
glyc05|des immunogenic pathogens Cationic peptide complexed/liposome
As a substance that when added Imnx/SnLéﬁch?il\/éva;Eﬁgg)
to the antigen would improve P CDlendrime(rjs (QDs)
the immune response uantum dots (QDs
[ P Magnetite (Fe;0,)
Nanostructures Graphene
- nano-tubes
- nano-cells/spheres/balls
- nano-foam/net/grid
NanoBot = NanoRobots
pre-Classical Industrial Biotechnology  Classical Industrial Biotechnology ~ Recombinant DNA Biotechnology Post Genomic Biotechnology
G G

1930's 1980’s 1990’s 2000’s
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MEVAC+UVAC |

for |IBDV, IBrionchitis

R Projects Cooperation

B I O p h dl'md I\/l U |t|_ p ro d U Ct Poultry accines|+ cGMP Facility Rroject
Fa CI | |t| es: Ukfaing, Bid-Tedt-Lab New Lb cGMP Facflity

o FMID and Ppultry vaccines, Rabies mAb’s
¢ I_a rge Sca | e Ce | | C u t u re ( I—SCC) Midle East for Vaccines MEVAC DF Magdy E|,53yevd
MEVAC-1 BSL3 MEVAC-2 [UAY//N&

 Egg based vaccine production




VACCINE R&D + PRODUCTION + DISTRIBUTION MODEL
| v

, EEY Bio API Manufacturing Commissioning/
Infectious Recognition / v N Construction Process Equipment Bualicaton -
Rathogenielty Rfoblem 5 An.tfigen' Project | Feasibility Study (Target/ Earthwork & Civil FS/URS/Draft/Pre- Validation
[ Identification A Technology/Facility/ Concrete, Structural Steel Conceptual Design
— Vaciine Processes/Equipment) Buildings (incl. HVAC) Review/Approval Cycle Development
o Obpportuni L E 2 Contracting Procurement Conceptual/Basic Design : iloees P
f :::earchty < d = DESEEaven (F.acllnty/ Machinery & Equipment Study (URS Definition/ Tech Transfer PD'PPQ
h Processes/Equipment) N All Finalizati Batch Manufacture
| |8 | candidate Design pares Allowance nalization)
I ™1 - - =
a Pre-Conceptual Design Construction Services, D.et‘anled Design {EAID.=
[ < v GDP Subtlies & E Piping & Instrumentation
> | Vaccine Process/ R Diagrams) inspection | _ |
5 g Assays Candidate License Approval
25 8 Development development p - Conceptt.xall pesign eligy Piping Coatings Insulation MachineryAEQUIpment
o cc||8 | | (URS Definition) : Tenders/Contract/
£§90|[O Characterisation Pre-clinical : Electrical Control Systems . :
TG § " "e;i: nica Review/Approval Purchasing Materials
o studies <GMP
_°g° % g — Y Basic Design (URS Validation & Expenses Assembly/FAT/Packing Ser‘t:inlMFt’l <
28~ Vaccine Licensing Al el Approval Fa sn::- e:_s:gn Start-Up, Commissioning Shipment/Customs Ao
§ Registration production using inalization) Support Clearance/Transp. to Site
i Licensure and testing On-S I / N
n-Site Installation
— TR Detailed Design Equipment Inspection :
- FeasnbllntY Building/Fire Inspection Allowance Commissioning/SAT + @4_
o Formulation DS/1Q/0Q/PQ, Hand Over
E | | € | rZ7/ \dentification LA A
@ € = - A
2| | €| | & || Purity | Immunogenicity Phase IlI LA 1 ¢
2| &] | E Toxicol \L Develop Vaccine )
3| |o = oxicology ; @ . L
2N e = Potency Mantifactur fommunication Recommendation 3 £ | 1 High Vaccination Rate
8 2 ] Wb anuiactunng Education Strategies i £
2| (2] |3 Stability | gcp Regulatory filings 1 At/inact/Mono:Boly M~ 2 2 H
(@ g > cGMP L | Sales i v _ v g E Epidemiological
o £ @ j [ NG ooy 1 © Situation in Native
=S . QA/QC i
slIsl 2 — / . Vaccine Attitudes shot Access/Vaccination = || ooty e
m ializati REOY —_—
T T T s Comme calizstion®| |  vacdination foen ey ! Globally/OIE/FAO
S Sales/Purchase Reimbursement R dati
€ | | Bulk manufacturing A T > 8 ecommendation
E || bDS-biodrug - | — v E®5 v
© | | substance : o) idemi 397
2 | Jacche Lo imon Epidemiclogy/ | | & £ 8 || ["Reduced: Morbidity/
The perpetual effort to break down 3 istribution roup=Mass/Individua verse Event o 32 Mortality
. . . OIE/FAO/Private Production/Breading/Pets Monitoring
barriers of cooperation throughout § Product finishing ; y Increase: Area Safety
the vaccine development enterprise o bDP — bio-drug product / - L Animal Productivity/
(Armen Donabedian with LD modif.) : Vaccine Injury Vaccination Program Compensation Private/Government/OIE/FAO/UN — Commercial Value




Product infoermation

System elements

Material flow information's

INDICATORS FOR SIMULATION MODEL

UVAC-2 Innovation Case Study

Next-gen + Factory of the Future + Smart Bioprocessing

)
| Continuous Manufacturing

Intensified
Biomanufacturing

i BioPharm 4.0

from the production
program Orders / products
- type
- amount
- time period

from parts lists
- assemblies
- parts
- stock

Loading strategy
- seguence

- order of arrivals

from the workshop layout
- workplaces
- storage systems
buffers
- conveyor system

- funding aid

e.g. with the following
infermation:

- type

- number

- topology

- capacity

Intensified Production

from the work schedule

- technological order

- economic batch size
setup time

- time / unit

- assembly time

- used machines

- multi-machine

operation

Future proofing

Modular / Podular (Isolators)
Single-use system (SU)
Hybrid-SU systems
Standardized vs Free
Integrated, enterprise
Shared services plant
Platform agnostic suites
Entity and mode flexible
Shortened process train

Prefabricated cGMP facilities

Connected and closed

Contiguous, not closed

In-line fluids conditioning
Straight-through processing
Perfusion-based continuous
Pseudo- and quasi-continuous
Intensified perfusion continuous
Integrated continuous processes
Repeated fed (or intensified) batch
Continuous but unjoined operations

Enterprise continuous production

Whitford and Nelson, BioProcess International 17(6) June 2019

PAT, MAM

APM, OPM

Adaptive plant

Cloud, Al, loT

Improved monitoring
ERP>MES+EBR—2>LIMS
Model predictive control
Real-time product release
Automation, autonomation
Integrated, real-time analytics

Continued process verification

Train simplification

Footprint productivity

Temporal productivity

Economic productivity

Volumetric productivity

Cell/WSV-specific productivity

Improved clonal expression

Improved process and/or medium

Many bioprocess simplifications

Perfusion intensified seed (n?)

Implementation of columns to left



TYPICAL PROJECT SEQUENCE

Principles and following of Facility Design

Project ID'd Conceptual Design

Validation
Document Prep

GMP
Review

v

Preliminary Design

Detail Design

GMP
Review

Review

Validation
Document Prep

T

A 4

Validation
Document Prep

Y
Finishing ; . Issue for
Construction Basic Censtruction Construction
vV V
GMP GMP
Review Review
A 4 Y
Equi t Equi t Start @ @ Validation
quipmen quipmentStart| # Comissioning — > 1Q Document Prep
Insatllation Up
A4
Operate Facility Process Validation PQ < 0oQ

Initial site visit

' Production Vo Budget and .o i .
' ; o Vo Compliance '
' requirements Vo schedule - .
' Block flow diagram .
Preliminary engineering ' Space program :
basis of design Seesmmssmmeee I """"""" -
. - - validat .
N Site utilities v+ Testconceptlayout | aicate \
' Vo Vo masterplan '
E Option A ' : Option B :
. Select option :
Y ' Cost estimate '
Owner approval L .







s € QVAIN|

MEVAC 4

N 0E3 VIV

ZOVAIN

UTILITIES

AREA 190 M
=

wsms | OYAN

UVAC 2







IN-PROCESS PROFESSIONAL SUPPORT

Up/Down Streams Processing

Separation, Filtration, TFF Concentration, Inactivation

Downstream processes of identifiable and specific Bio-AP]
require our unlimited know-how and modularity to save you
valuable plant space and offer you peace of mind from
aimless spending and cross-contamination.

Purification/Chromatography

Obtain as much immunogenic antigen yield as possible in the
right place with the least amount of waste. This is the area
where the combined vaccinology competence and
process/application understanding is fully utilized to deliver
fast flow shifts, minimum dead space, and reduced footprint.

MEVAC's know-how solution, extending the principle that the
highest possible return on investment is generated from this
area of the Bioplant.

Cells/Virus Cultivation/Propagation

Significant time and money are already invested in preparing
the ingredients for the cell/virus cultivation process. On
reactors, cell-factories, growth quality materials, and
engineering. The result is a completely reliable environment
control for the antigens creation; we combine that with
exceptional components for parameter control, and solutions,
which are used to join up separate reactors within coordinated
processing lines.



IN-PROCESSES OF THE BACKGROUND

Bio-Pharmaceutical manufacturing relies on Utilities, Liquids, Gasses, Waste treatment

CIP/SIP = Clean-in-Place / Sterilize-in-Place

Customers trust your product and safety is related to MEVAC's
brand. Each stage of your CIP/SIP regime can be controlled
and safely documented according to EU-cGMP requirements
and we know how to do it. All of the CIP/SIP parameters are
safe in MEVAC's hands allowing us to make our vaccines with
confidence.

Utility and Clean Steam / BSL-3 waste treatment

MEVAC cares about biohazardous agents and post-processing
treatment. We using cutting edge solutions for that.

Water Quality, WFI preparation and Availability

In the biopharma sector water as the most important
ingredient. Water quality is therefore often essential to the
success of the product. It affects the quality, sterility of an
injectable saline solution, buffers, cell/virus growth media
preparation traceability and certification of water quality is
standard procedure. We are involved, we have concept
technology, reliable equipment manufacturers in the complete
water supply chain from groundwater treatment and incoming
water supply, processing to your most stringent requirements,
inline verification and final decontamination, treatment and/or
neutralization.
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VACCINE GEN

Development &
Production

Permanent improvements
In vaccines acting to
increase antigen/protein
translation, modulate
innate and adaptive
immunogenicity and
improve delivery

ESIS

@ variolation + vaccination (smallpox)
@ Live, attenuated

Jcovip™

OProstate cancer
Zoster
HPV
(O Meningitis C conjugate
@ Rotavirus**
@ Rotavirus
Influenza*
(_Pneumococcus conjugate
() Meningococcus ACWY conjugate

FMD cvRL
Prbright

FMD china 199722 @

@ Inactivated FMD Sergeev 19?9‘ C.)Typl‘loid c
Meningitis C conjugate
® Toxoid OVanceRg v
® Polysaccharide ."TyphoidA
‘ . : epatitis
Split, subunit (51%91 é::i 3&?%3‘62. ,_\?‘ Hib Czﬂiggﬂm
. epatitis
® Plasma derived @ (Hepatitis B)
© DNA recombinant VT mRNA .mm:uchm“
I
O Polysaccharide conjugated FMD Frenkel H.5. 1947 @ ® Meningococcus (ACWY)
@ Reassonant, live attenuated FMD waldmann Dﬁ. .Hll?g:l?am
O Dendritic cells Kobe K, Py 6. 193 @ Mumps
FMD valée H., Carré H_,‘ @ Polio (OPV)
Rinjard P. 1925 @ Polio (IPV)
° ® Pneumococcus Dendritic cells [>
Influenza
. D? p;.m fever Reassortant — 3
theria i
: ;uberculosls Polysaccharide conjugated
@ Piague © p&l:ns:; mRNA DNA recombinant
@ Cholera Plasma derived ———g
A Spiit, sub
es it, subunit
@ Smalipox o l
Polysaccharide b
Toxoid b
Inactivated >
Live, attenuated P
Vaccination L3

Variolation ————g

-I_I_H//‘I_I_I_I_I_I_I_I_I_I_I_I_l_l‘

z
A0 g @0 0P (o0 (920 (020 o0 0B oB® 310 0B oR° (o° VO f e

[ ) Vaccine discontinued *Reassortant **Live, attenuated reassortant (human/animal species)
Pandemic influenza vaccines were developed in 2009 using all techniques previously developed for seasonal influenza

—& Practice discontinued —K Disease eradicated



WORKFLOW for
FMDV BANKING

Research Design Questions
RQ1. What are stakeholder expectationsin the context at the FMDV?
RQ2. How can internal stakeholders perceive the FMDV Isolation,
Adaptation, Vaccine Development protocols as a valuable element in the
performance of their work?
RQ3. How can external stakeholders perceive the FMDV Isolation,
Adaptation, Vaccine Development protocols as a valuable element in the
relationship with the consulting/outsourcing/collaboration company?

v

Electronic Search

Articles/Patents identification
Title & abstract analysis
Exclusion & filter applied

Selected articles/patents

v

Literature Review

Involving the chosen Keywords
(“FMDV isolation” or “FMDV vaccine
development”) and (FMDV “production” or
Imanufacturing protocol”)

v

Global literature and trends

mapped against a timeline and
key themes

st Epithelial/ Freezing -70°C
Field Isolate / Samples /Seeds II;L Zati‘t:IhQél(;il; 4,—? Aphthous lesions | —3» Homogenization —3 Gg'
Material need to be activated > p:ssage collection in PBS
Banking MSV / WSV o : : : Homogenization +
2 heard 12-72h 10% suspefﬁnon Centrlfugatllon 10% Chloroform/
( preparation 2000g 30 CFC-113
h 4
3 Epithelial/ i -70°
2" cattle/calf Aphthous lesions —¥ Homogenization —3 Freezggl [ -
IDL epithelium collection in PBS
passage . . . Homogenization +
2 heard 12-36h 10% suspe|:15|on Centrlfugatl'on 10% Chloroform/
preparation 2000g 30 CFC-113
Epithelial/ . _70°,
to 5% cattle/calf Aphthous lesions —¥ Homogenization —3»| Freez'gg. Gy -
Cattle tongue IDL epithelium collection in PBS
titration B passage . . R Homogenization +
2 heard 12-24h 10% SUSpeI.']Slon | Centrlngatl,on €— 10% Chloroform/ |<—
preparation 2000g 30 CFC-113
CFT/ELISA |« ¢
Cells Pooling
PCR / RT-PCR Purit Typin . . .
Seq{lencing < Activyit/ c»;pntrgol/ < Animal model < Aliquating
Y adaptation -70°C storage
Sterility test <€ + +
3D Mlcro—cultlv.atlon Lab anlr_nal Lapinized model
Cells adaptation adaptation
I A
v v v v
. Transformed . . .
Primary cell culture Established/ Neonatal / suckling Cavy (Guinea pig)
isolation cell lines mice model model
v v : v v v
Bovine/Lamb/Swine -
Kidne ;tun e/ Monolayer Suspension cell From 1to 5 From 1to 5
<Y . cell culture culture passages passages + Hi serum for
Bovine thyroid cells SNT/CFT preparation
LFBK  BHK-21-CT
IBRS-2 PK-15 —» BHK-21/13 € IS =
> >
c 9 = O
o S [T
. oo a0
Plaq.ue size ¢ From 1 to 10 From 1 to 10 e © e £
cloning + Ts passages passages s S s S
<= = <= =
e (O
detection 9 ]
T25 monolayer T25 > Rollers MOI de 5| 5
from passage 2 5 passage = 5 passage
4 1
MOI TCIDspycen MOI detection i Control “von Magnus effect”
detection from passage 2 i Defective interfering particles (DIPs)




" UVAC-2 CASE STUDY

General Figures

Total land area around 4000 sgm

Production areas 55%

= Production (adherent/suspension):
— Inactivated (FMDV, RVF)
— BSL-3 > UPS/DSP
— DSP - Blending + filling

— Live cell culture vaccines =
Attenuated (freeze-dried)

— UPS/DSP

— DSP - Blending + filling +
lyophilization

QA + QC + R&D laboratories
Technical + Engineering

Utilities + Waste treatment (BSL-3)
Administration and auxiliary

Writing down

Thinking New

Ideas

Ideas

Site purchase

Professional fees
{architect, QS, engineers
~15% building cost)

Contingency l

Letting fees
Sale fee
Legal costs

—

Finance costs

L

Project Plan Activities Term (months):
= |Land Purchasing

= Brief/Draft Project Design

= Project Design/Documentation

= Authorities: Permissions, etc.

¥ = Utilities, Networks

= Tenders, Buildings, Constructions
= Equipment: URS>DQ/IQ/0Q>PQ

| = Installation + Validation
= Launch of production (3 batches)

» GMP-certification

done
done
6

3

6

24
12



PROJECT PLAN GANTT & TIMELINE

2022 — 2026 half-years timeline with a facility and product profile

UVAC Project % comp.
Planning 1% e
Engineering, Design 5 Draft design, Detail design MEVAC's Bio-Project Tearf:ﬁ

RFQ for long lead

) 1 Olielsidle | MEVAC+UVAC Production, Supply
equipment ¢
Start of construction 0 - . — ]
Concrete construction, Clean room, HVAC, utilities local Arch.; Suppliers

Electricity, piping
iities °
utilities Permanent installation

Completion of

0 IQ-0Q-PQ
mechanical work

Bl s s omn o a0
N N N

MILESTONE 1 MILESTONE 3 = MILESTONE5
Engineering: Start of construction: Completion of
Technology selecticn Structure . mechanical work
Production concept Electricity .
oo deslen e MILESTONE4 : MILESTONEG  MILESTONE? MILESTONE 8
etailed design ities . ‘ o
Contractors searching Bioreactor 1 Bioreactors 2 = Ex?erzlmental Permi}?ent \C/C?Ld;g;gn
Cleanrooms & atches smoo
HVAC manufacturing production Open
MILESTONE 2 S open
] Validation Yy
Procurement: v
Theoretical processes start
validation ir}cluding MILESTONE
equipment list correction.
request for quotation (RFQ) .Clean rooms, HVAC,
and a request for proposal Bioreactors, BSL-3 area

(RFP) workability



(&)TIME LINE & EXECUTION PLANNING

Bioreactors from Tendering to Validation

Execution planning

relocation planning

Execution

Creativity & Design processes + Execution

UVAC-2
Milestones
Establishment of UVAC-2
Contract award and signing
Start of
Delivery of bioreactors
Mechanical completion
Final completion
Major

NGO O e W N -

activity comp for UVAC-2
Engineering phase

8 Kick-off meeting

9 PID diagrams

10 Vessel drawings

11 Technical specifications

12 3D modeling

13 Electrical drawings

14 Functional design specifications
15 Design review

Procurement phase
16 Bioreactors
17 Bulk material

Manufacturing phase

18 Spool manufacturing

19 Vessel and skid positioning

20 Skid assembly

21 Instrumentation and automation hook-up
22 PreFAT and commissioning

23 FAT

24 Packing

25 Delivery to UVAC-2

Site construction phase
26 Piling

27 Steel structure

28 Shell/interior

29 Hygenic piping
30 Black piping

31 HVAC

Site installation phase for bioreactors
32 ion of 5,000 1 p i

seed bi

33 Bringing in, p a/ L]
34 Reassembling and piping on site

Validation phase for bioreactors
35 Commissioning of bioreactors
36 SAT bioreactors

37 Qualification (10V) of bioreactors
38 Sterility test of bioreactors
39 Enhanced qualification (PV) of bioreactors

40 Contract award and signing

Apr  Ma Jun Ju Aug  Sep

Duration in charge

| §
| B}
I

Smonths  Manufacturer

2 days -8
40 days
25days
40 days
80 days
50 days
65 days
25days

Smonths  Manufacturer

Okt Nov

110 days <> ©

60 days

7months  Manufacturer
35 days
15 days
45 days
30days
20 days
20 days
15 days
30 days

14 months UVAC-2
65 days

Dec

150 days O
260 days

Jan  Feb  Mar  Apr  Mai  Jun Ju Aug

| O
| B

150 days
260 days

29

175 days

8months  Manufacturer
10days  yaca

20 days
60 days Manufacturer
13 months  mManufacturer
25 days

80 days UVAC-2

70days  UVAC2
60 days
125 days

UVAC-2

0032

3

006000 33
—_————0— 34

Sep

Okt Nov Dec Jan

| O

Train 1 Train2 Train3

w0 s ' '
w01 1 ' 1
oo B L L]

BSLIEMDVUPS/DSP . . . o o oottt it e

' . . .

Feb  Mar  Apr  Mai  Jun  Ju Aug  Sep

| 1

LA



5000 LT BIOREACTORS INDUSTRIAL PRODUCTION LINE

/4

O O0O0O0

VCeII Train Fed Batch # 1

Prim passing (shaker N
+ SU lab.fermentor)
Inoculum WSC Inoculative
bioreactor #1
3Lt
50 Lt
|
[N i
o

Sterile
Filtration

Media Preparation
Buffer Preparation
Solutions Preparation
Media/Solution Hold

Powder Media/Chemicals
Pre-Mixing Vessel

Serum Free Media

(SFM optional)

Scalable deep tanks/SUBs
2ndary repeated passing

Inoculative
bioreactor #2

200 Lt

g

AR
ANA

Sterile
Filtration

»
»

Inoculative
bioreactor #3

1000 Lt

Sterile
Filtration

Concentrated
Media mixing tank

500 Lt

Calf/NBS Serum
mixing tank

300 Lt

Scalable deep cells

inoculum tank

Main Final
bioreactor #4
5000 Lt
pH
]— DO pCO,
Biomass

Sterile MediaJ ! L

mixing tank

5000 Lt

S
S
B

+ Gravitational
Settling at +4°C >16h

Antifoam|
Feeder

Tricine
Na,HPO,

Protectant

™

ﬁ
DO

J

FMDV Production

Biomass

Scalable deep tank K Down-Stream processing FMDV AG production \
Final FMDV production bioreactor Clarification + Concentration + Virus clearance + Polishing+ Double Inactivation
Main FMDV WSV Inoculum Clarified FMDV
bioreactor 10 Lt m% mixing tank
PCO: 5000 Lt i i 5000 Lt
JWL Diafiltration
[ ]_ PDADMAC/ [ ]_ Double
BPA/PEI/ . . .
d L POMO/IAR inactivation

CHCIs/PGMG
PEI/PEPA
FMDV Propagation

CHCl4

Flocculation/Precipitation
Coarse grade depth filtration
Microfiltration

Cake filtration

Acoustic separation

Gravita

tional Settling
Centrifuge
Separation

Primary Clarification
Flocculation/ATPE + Centrifugation, DF/TFF

X
= 4

&

Clarified Harvest

+4°C Short
Time Storage J0Lt
-70°C Long
Long Storage
-196°C LN, 20Lt
Deep Freezing

Options of %I

AG Storage

A Filling &
Bulk Dispensing

Preparation

Blending

Final Bio-DP
(Drug Product)

Fill-finish Flow

Storage Bags

TFF/Hollow-

Membrane

Fiber

300-1000 kDa UF g
? [

=

@
=N

Concentrated FMDV Inactivation
Freezing
buffer
<
Sterile
Filtration
Inactivated ;, .
: Ploburdenreducton  Inactivated
Antigen Storage :
Antigen

Tank

NSP purification
(optional) <




Need data from: Economic Evaluation (EER)

BUDGETING/FIXED CAPITAL COSTS (FACILITY MATRIX)  orieetiicn ™

Production SAP/Excel reports
ERP = TOTALY

Cost calculations related to the capital expenses (CAPEX)

Total Plant Direct Cost (TPDC) (physical cost)

. Equipment Purchase Cost

. Installation

. Process Piping

. Instrumentation

. Insulation

. Electrical

. Buildings + Celan rooms + HVAC
. Yard Improvement

. Auxiliary Facilities + Utilities
TPDC

O 00 N O U1 b W N -

Total Plant Indirect Cost (TPIC)
10. Engineering

11. Construction

TPIC

Total Plant Cost (TPC = TPDC+TPIC)
TPC

Contractor's Fee & Contingency (CFC)
12. Contractor's Fee

13. Contingency

CFC

Direct Fixed Capital Cost (DFC = TPC+CFC)
DFC
Labor, consumables, etc. not included

%

54.35

32.61

86.96

13.04

100

%
7.80
4.21
2.73
3.12
0.23
0.78
31.19
1.17
3.12

13.59

19.02

4.35

8.69

%

=

10

11

WORK PACKAGE

PLANNED TOTAL COSTS (M SSS)

_low | MID_| HIGH
5.88

Building
Clean rooms: Production 4000 sqm
10.00
Cleanrooms: QC+ R&D 500 sgm
1.90
Production Utilities/ Side Functions
3.12
Equipment:
33.68
Production DSP/USP + R&D/Diagnostic .
Process Machinery + Spares
2.30
Storage
0.63
Engineering 10%
5.73
Quialification 10%
5.73
Unforeseen 20%
3.39
TOTAL 80.28



e [remmas |-m—n. e WAL by G () e e
o moirs ] et [ Tt ikt | (e
e . : = Blending I\“____ Ti/ st
: —— i E +15Fa plemcling
B woojeblo= o i 4 &
1 - 5 ) e
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3 :le.u-m Al i ] % IPOIC Scpllorsars al I
3 ] ng [= meee | wtiities
Iarthor o Frimnary Comridor ::,-E . . = Cleraninﬂ: e
Frimary Corridor B S — | e ' Labeling Capping +15Fa E Clean sheam
al PaL 1l Inspection Crirrupirig . B E
it 5 seertmian +14Fa +15Pa = b
sterization RASL L (=]
——— - Y — |2 = > ]. Tz (2] =
m DDA | s ey Fel presen 7 - Proparation = = gll-i
(]RFLY \Wreehing 200-1000-S000L i +15Pa 4
5@ ors ) g Fillirig = = 2
e I 5 sl 3 E Stoppering I M = = 4
[F PR a— +45Pa
- i - rAAL AL
Primary Cornduor RAAL BAAL u";,cu;c',""“ +30Fa +15Fa
2o 2= (4 Ly
o PR— g & Proczas STRAINS, TECHNOLOGY, DOSSIERS
] o = eing AVAILABLE FOR MOST of PLANNED PRODUCTS:
ALIN Primary Gorlrar Poultry (Al, ND, EDS, IB, IBV, REO, ...) and Livestock infections (FMDV, LSDV, PPR, SPV, BEF, ...)
— E —r TEAM OF SPECIALISTS
3 - b B "['1 1 EXPERIENCEED IN PRODUCTION & PLANNING of NEW FACILITY (MEVAC-1, MEVAC-2, ..., UVAC-1/2)
M L - OPTIMAL PROJECT DESIGN
I s Copping OUR TEAM HAS >10 YEARS EXPERIENCE in DESIGN OPTIMIZATION
e ek e g SUITABLE DESIGN
Project design according to cGMP standards taking into consideration BSL-3 terms (obligatory for FMD & Al)
Vacaging SCALABILITY
;E' - Tech/Production/Control processes organizing from Cells & Strains Bank to Industrial production
L3 g INACTIVATION
‘é‘- T — Peimany Corridor . I o Single stage stable reliable technology
Filing I =
= e 2 STABILIZERS
o - Universal stabilizers for lyophilization
E = 7 ot steriostion ADJUVANTS
tunnel
| 4 " Oil indirect w/o emulsion, similar to ISA-50, but better viscosity
% Alternative to ISA-206 w/o/w multiple emulsion adjuvant
Wazhing Praparation Ly
maL | F i Colloid adjuvant, at a price lower than oil, and the effect is close to multiple emulsion
New generation - target cytokines stimulation
Out Corridor
WE ARE BUILDING NOW for OURSELVES!



MEVAC + UVAC + KEMIN INNOVATION

Chain-linked model with independent research, knowledge pool and feedback forward loops

" RESEARCH EXPERIENCE IMPLEMENTATION & "
KNOWLEDGE POOL 22 HARNESSES SCIENCE AND TECHNOLOGY
v
Market potential Reqwrements PIPP+PREP Customized solutions  :  Adjustments and o d
Epid situation (analytic design) Technology speC|f|cat|on production ma?keest aer;tr
Know how + Investing in prototype, tests Batch control & Support /

talents Phases [-11] extraneous agents testlng

< = o oo >

FEEDBACK / FEED FORWARD LOOPS

t | t t | |







