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— 0 Different steps of the production process

» Production of the API (antigen)
» FFP (Formulation Filling Packaging)
» New concepts

#» Environment / Specificities
» Facilities - Technical
» Requlatory
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“THE GERMS / THE SEED LOT SYSTEM

—~#0Bacterial or Viral Productions

THE SEED LOT SYSTEM PREVENTS GENETIC DRIFTS

Starter isolate

Strain purification

Initial Seed

Biological

Master seed (or Bank —_— R :
Working seeds —_— Biological
Controls

Clinical Validation
(safety, efficiency)

INDUSTRIAL CULTURES

\
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 BACTERIAL CULTURE

SEED : frozen or lyophilized

INOCULUM : subculture on nutritive media (liquid or
solid)

PRECULTURE : small fermentor (several dozens of
litres)

- growth phase

CULTURE : fermentors of hundreds or thousands
of litres

- growth phase
- phase of antigen synthesis

-
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~BACTERIAL CULTURE
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@Iture for Viral Vaccines / Culture of

Animal Cells

# Viruses need to parasite host cells. Their culture
Implies, as a first step, the cultivation of animal cells.

¢ 1) Cultures in organs
» Hen embryos / amniotic cavity / allantoic cavity...
¢ 2) Cultured animal tissues

» Dilaceration, trypsinization of animal tissues (monkey
kidneys, chick embryos)

» Cellular suspension
# 3) Animal cell lines

» Multiplication on adherent, immersed surfaces, or culture
In suspensions
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@imal Cell Culture Containers

a i Roller / bottles

Roux bottles, flasks ‘ \

Micro-carriers

Multitrays

-
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@olutions / New Technologies

# Antigen not produced by the pathogen
micro-organism
» Recombinant cells

[ Yearst — Chinese Hamster Ovary — PER-C6 (HB, HPV)
[ Insects cells (HPV)

» Viral vectors
[ Adenovirus, poxvirus (VIH)
[ Flavivirus: YF for JEV and Dengue
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@oduction of the Antigens

—

I~ [~ -

i S HARVEST  pyRIFICATION

R e i, et _@_’

A (v# : (

(INACTIVATION)

sanofi pasteur
JP/SP 011009 The vaccines division of sanoft-averis Group
18



@Iture Harvest

# Cultures are harvested and
» The medium is eliminated by aseptic
centrifugation (Pertussis vaccine, yeasts for Hepatitis B

vaccine)

OR

» Medium is harvested through aseptic filtration or
centrifugation and the cells are discarded or
kept into the cultivation vessel (soluble
antigens)
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~Anltigen CONCENTRATION

# Through salt — or solvent-fractionation

(Ammonium sulphate, calcium salts) (ethanol,
polyethylene glycol)
» eX. Toxoids, polysaccharides

# Through ultrafiltration: With filtering membranes

possessing a precise molecular cut-off -10 000,
50 000, 100 000, 300 000 daltons

» eX: Polio vaccine
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~Anltigen PURIFICATION

# Purification consists in separating the
relevant antigen(s) from the crude extract
obtained after culture harvest and
concentration.

# It is performed through successive steps
pased on the specific physico-chemical
oroperties of the relevant antigen, in order to
select it among the mass of the other

constituents.
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~PURIFICATION

# Purification techniques resort to:

==

\

\

Molecular size screening (chromatography,
ultrafiltration, ultracentrifugation)

Molecular electric charge (chromatography,
electro-filtrations)

Molecular density (isopycnic ultracentrifugation)

Molecule hydrophylic properties (extraction with
solvents, chromatography)

Molecule solubility (fractionation by precipitation)
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~PURIFICATION

— 0§ CHROMATOGRAPHY

» Technique
[ lon exchange
[ Hydrophobic
[ Exclusion gel
[ Affinity

¢ ULTRACENTRIFUGATION

Performed with special centrifuges in which accelerations of up to
thousands of times thatof gravity, ul tra-centri fuga
select the molecules:

» Dby size (Velocity ultracentrifugation)

» by density (Isopycnic ultracentrifugation in a solution with a
density gradient)
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~INACTIVATION

» Some antigens are intrinsically safe
[ ex: Bacterial polysaccharides
[ ex: Attenuated germs (ex: measles virus, BCG)

» Others are pathogenic
[ Toxins (ex: diphtheria, tetanus)
[ Pathogens (ex: B. pertussis, rabies virus)

# For the pathogenic substances, one needs to destroy their
harmful properties, yet retaining their immunogenic power.
This is the goal of inactivation.

» By heat (B. pertussis, cellular vaccine)
» By chemical agents (formalin, B -propiolactone,...)

» |nactivation must respect the structure of the antigens and
must be complete.
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@olutions - New technologies

# Disposable technology

» Culture

[ Cell bags

[ Sterile disposable bioprocess containers,

replacing inox BIO (for enhancing sterility assurance and
accelerating process development)

» Purification
[ Disposable filtration kit
[ Disposable chromatography columns
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|__—58ATUcell
amplification in 10L
wave system

-1

Cell seeding in
Nucleo 200 (50L
working volume)

-1

Cell dilution up to
180L
Tempertaure shift

-1

Harvest, clarification
with POD
(disposable filtration
system)
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@ality Control of Active Substances

0 S ity Control

RAW MATERIALS = " ANALYSES I
MICROBIAL SEEDS - > ANALYSES l
CULTURES > 2 ANALYSES I
HARVESTS o ANALYSES I

PURIFICATIONS . i ANALYSES l
INACTIVATIONS - £ ANALYSES I

Quality Control Analyses often represent more than % of
the manufacturing cycle time

v
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 FORMULATION

# Manufacture of the vaccinal valences from the
different antigenic valences.

# Mix valences add diluents, stabilizers and adjuvants,
to obtain the final bulk =a homogenous lot, further
tested in Q.C. for all its properties.

¢ PROCESS CONTROL, ASEPSIS, ACCURACY OF
MEASUREMENTS ARE THE MOST IMPORTANT
PARAMETERS TO BE OBSERVED IN ORDER TO
OBTAIN CONSISTENTLY A HIGH QUALITY
PRODUCT.
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ORMULATION

Adjuvants Stabilizers

Particules Compatibility
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~FORMULATION
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MANUFACTURING A COMBINED VACCINE
/
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~ADJUVANTS

# Emulsions / Liposomes

HA

# \VVirosomes

Phospholipides
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~FILLING

# Wash, prepare, sterilize the final containers
# Prepare the filling equipment

# Connect the final product bulk

# Fill and stopper the containers

¢ ASEPSIS, CAREFUL MANAGEMENT OF FILLING
CONTAINERS AND CLOSURES, COLD CHAIN ARE
THE CRITICAL PARAMETERS FOR A RELIABLE
FILLING OPERATION.
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~LYOPHILISATION

# Some antigens, such as live, attenuated vaccines, are
too fragile to be kept in a liquid form, even in the cold.
One resorts to freezing (Oral polio vaccine) or more
often, to lyophilisation (freeze-drying).

» Lyophilisation is the dehydration of a frozen solution,
under vacuum, through a direct evaporation of water,
from the solid phase to the gas phase. This process
keeps intact the delicate molecular structure of the
antigens and the germs.
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~ LYOPHILISATION

STOPPERING
FILLING (partial) FREEZING SUBLIMATION

DRYING NITROGEN 2nd STOPPERING

A LYOPHILIZATION CYCLE
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PACKAGING

# Introduction of the filled container in the final box
with all the needed packaging materials (blisters,
labels, leaflets, carton cases)

# Specific equipment (labeling, packaging machines...
high speed 100 to 400 units /mn)

¢ LINE CLEARANCE PROCEDURES, RIGOROUS
ACCOUNTANCY OF ALL PACKAGING MATERIAL,
THOROUGH CHECKS ON PRINTED MATERIAL ARE
THE MOST IMPORTANT PARAMETERS TO ENSURE
A RELIABLE WORK.

sanofi pasteur

JP/SP 011009 The vaccines division of sanofi-aventis Group

43




@Dackaging Line (Needle-less syringes)

Plunger rods
Needles ,
.. T

Blisters

Filled l Labelled : :
containers containers Blistered kit

Carton
labels

boxes
Pallets

Packaged
product

Finished ’ Packed
product boxes
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@vironnement

—» Facilities

[ Sophisticated buildings and equipments
O Around 8 years and 1 million € for a new building
» Air, water, steam treatment
» Different levels of clean and sterile areas with specific flow

of product, material, peopl e..

O Specific and qualified equipment
[ GMP compliant( EP, USP, CBER, EMEA... )

» Qualification and/or validation
[ Raw materials, technical equipments, processes, operators
and control methods

[ Techniques of product specifications, of batch files, of Q.C.
analysis and results

[ Operators (training)

L]
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gulatory / Inspections

» INSPECTIONS

» Supplier audits, sub-contractor audits, Auto
Inspections, Corporate audits

» Nati onal and I nternati ona
Inspections

# PRODUCT ANALYSIS AND RELEASE

» By the manufacturer, by the National Authorities
(release lot by lot), by some customers
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@ecificities of Vaccine Production

— 0 Lengthy production cycle

# Delicate nature of the Q.C. tests
Origin of the raw materials
Medicines for prevention

Production programs uneasy to foresee (epidemics,
large orders, vaccination campaigns)

Fragile active substances
Delicate combinations of antigens
Asepsis

Cold chain: At the manufacturer’s during shipments for
proper storage at health professionals, during vaccination
sessions
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Back up
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@oduction of the Antigens
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~ CONCENTRATION
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