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GSK Vaccine Business 2008

£2.5 billion sales (+15% compared 
to 2007)

1.1 billion vaccine doses

Over 30 marketed vaccines available 
worldwide

Over 20 vaccines in clinical development

Over 9,500 employees worldwide

Over 1,600 passionate scientists
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GSK Biologicals’ Sales 2008
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Worldwide Market Share of Vaccine 
Companies in 2008

Total Vaccine Market 2008: £10.1bn (+10%)

GSK
23%

Wyeth
14%

Others
6%

23%

Merck
20%

Sanofi-Aventis
19%

Sanofi-Pasteur-MSD
9%

Novartis
9%

14%



Vaccine Manufacturing : case study

Diphtheria Bulk Vaccine Manufacturing 
Plant in Gödöll � , Hungary



Diphteria – The Causative agent

Diphtheria is caused by Corynebacterium diphtheriae , 
a Gram-positive rod-shaped bacterium of 1 mmmmm length

C. diphtheriae is an obligate human bacterium, but there are 
other Corynebacteriae which infect animals

Under the microscope, C. diphtheriae
is characterized by a club-like shape
and the appearance like chinese writing



Diphteria – The Disease 

Infection with C. diphtheriae happens via airborne infection or 
smear infection, rarely via contaminated objects or  food (milk!)

Incubation period is 1-5 days

The bacteria colonize the throat

The toxin production leads to an 
inflammation of the throat, which can 
even cause the swelling of the entire 
neck (bull neck) 

The toxin production can lead to death 
due to suffocation, heart muscle failure
or nerve cell destruction



Diphteria – Prevention 

Diphtheria is prevented by vaccination with Diphthe ria Toxoid-
based vaccine

This Vaccine was developed in the 1920ies by Gaston  Ramon 
(France)



Diphteria Toxoid Production Process

Fermentation

Harvest of Toxin by Microfiltration 

Detoxification: Formalin InactivationDetoxification: Formalin Inactivation

Purification by Precipitation and Ultrafiltration ( Dialysis)

Sterile Filtration



Case Study: Diphtheria Bulk Vaccine 
Manufacturing Plant in Gödöll � , Hungary

Construction of new Vaccine Manufacturing Plant for Diphtheria and Tetanus 
Toxoid Bulk Vaccines
Tech Tansfer of existing production processes for Diphtheria and Tetanus 
into new plant and production startup



Key Data on the Project:

Overall Schedule 5 Years:

– Planning: 1 year
– Construction: 1 Year
– Equipment Installation: 6 Months
– Commissioning and Qualification: 1 Year– Commissioning and Qualification: 1 Year
– Startup + Process Validation: 1 Year
– Regulatory Inspections and Approvals: 6 Months

Total Cost: 60-80 MEuros

Suppliers from all over Europe

Internal Resources: GSK Bio Global Technical Services + Local Team 



Startup of the Plant

Define Objective and Team Definition

Measure Process Mapping (for all process steps & logistics)

DMAIC Approach

Analyse Gap and Risk Analysis of all process steps

Improve Gap Closure and Risk Mitigation, if required; 
Optimization of  Fermentation and Downstream 
Processes

Control Aseptic Validation, Process Validation, 
Consistency Batch Production
Inspections and Approval by regulatory authorities 



Define : Definition of Objective

Objectives statement: 

– The Diphtheria production process is aseptic

Define

– The consistency lots have been produced, fulfill all specifications and 
are comparable to Diphtheria toxoid produced in previous factory

– The facility is approved by the regulatory authorities



Define : Team Composition

Diphtheria Fermentation Team 

Local Global

– DT-Leader B. Bubenko/F.Jodogne G. Dietrich

– Supervisor K. Kis P. Hames

– Ferm. Technicians all F. Genard

Define

– Automation Engineer Z. Stocker D. Leone

– QC Microbio expert* J. Sallai D. Helmecki

– Engineer A. Gal

– FMEA Moderator* Z. Nemeth

– PV Expert* E. DeBuyl

*part time



Define : Team Composition

Diphtheria Downstream Team 

Local Global

– DT-Leader B. Bubenko/F.Jodogne G. Dietrich

– Supervisor K. Osz S. Roeland

– Downstream Techn. all O. Hennuy

– Aseptic process K. Osz N. Dupuis, 

Define

– Aseptic process K. Osz N. Dupuis, 

P. DiMichele 

– Automation Engineer B. Ughy D. Leone

– QC Microbio expert* J. Sallai D. Helmecki

– Engineer A. Gal

– FMEA Moderator* Z. Nemeth

– PV Expert* E. DeBuyl

– *part time



Team Composition



Measure : Process Mapping

Production process Steps (17)
Step 1 (Flask Culture)
Step 2 (Inoculum Fermentation)
Step 3 (Fermentation)
…

Support Processes (5)
Washing
Sterilization/Storage
Media Preparation
Maintenance

Measure

…
…
Step 17 (Sterile Filtration)

Maintenance
Monitoring

Mapped as 
Flow Chart



Measure : Mapping of Fermentation
Step

Room Number + Class

Raw Materials

Utilities

Equipments

Small Items (Pipettes, Flasks etc)

Measure

Small Items (Pipettes, Flasks etc)

Input Parameters (Stirring speed, temperature etc)

Aseptic/Bioburden controlled

In Process Controls and QC tests

Time

SOPs

Operators and their training/qualification status

Cleaning Method

Automation



Analyse : Gap- and Risk Analysis

Performed by expert team

Room Number + Class: qualification completed, monitoring issues?

Raw Materials: variability known, suppliers audited?

Analyse

Utilities: qualification completed, monitoring issues?

Equipments: qualification completed, proper cleaning, sterilization and 
maintenance, sterility risks?

Process: appropriate input parameters, process boundaries known?

Etc.



Analyse : Gap- and Risk Analysis

Failure Mode and Effect Analysis (FMEA) for Prioritization

Risk
Probability

(1 – 3)
Severity
(1 – 3)

RPN 
(P x S)

Analyse

Risk (1 – 3) (1 – 3) (P x S)

Raw Materials Yeast Extract might vary 2 3 6

Raw Materials NaCl might vary 1 2 2

Fermentor Sterility Sterility Failures 2 3 6

etc.



Improve : Eliminate gaps, 
Mitigate risks

Prioritization by FMEA

All risks and gaps with RPN of 6 - 9 were corrected before Process 
Qualification runs and consistency batches

Improve

Qualification runs and consistency batches

All risks and gaps with RPN of 3 - 5 were corrected mid-term

Risks and gaps with RPN of < 3 do not have to be corrected



Improve : Eliminate gaps, 
Mitigate risks

Examples RPN 6 – 9

Raw Materials: biological suitability test for each batch
Equipments: Media test runs for confirmation of fermentor sterility
Process: performance of test runs at process boundaries to identify design space

Improve

Examples RPN 3 – 5

Equipment: manual inoculation of fermentor to be replaced by automated 
inoculation
Equipment: some flexible connections instead of all connections with hard piping

Examples RPN < 3

Small items: for some non-critical items only single supplier



Control : media fills, validation, 
consistency lots, regulatory approvals

Media Fills

Media fills completed successfully

Process Validation

Process validations completed successfully

Control

Consistency Batches

Consistency Batches fulfill all release criteria and are comparable to product 

from previous facility

Inspections/Approvals

Facility approved without major remarks in regulatory authority inspections



Conclusions: basis for success

Teamwork

Sense of urgency

Flexibility

Mutual respect

Positive attitudePositive attitude

Local presence of global experts

Knowledge Sharing (Local/Global – different horizon)

Open communication 

Learn from success and mistake

Strong Methodology (OE tools like DMAIC,FMEA etc.)



Training and Coaching

Training on Operational Excellence tools and methodologies :
- DMAIC
- FMEA
- Fishbone
- Design of Experiments
- Lean & 6Sigma ,…- Lean & 6Sigma ,…

Gemba: Exchange of expertise on the shop floor :
- with production,QA,TS,QC,validation…
- from different sites (Quebec,Belgium,…)

Quality Mindset : Self Inspection put in place to prepare 
Authority Inspections

- FDA, Canada, OGYI , ANVISA, Unicef



Lessons learned

OE Methodology as key Success Factor for Plant Startup

OE Tools used to plan and prioritize activities

Review Meeting after each step of the DMAIC

Have a mix of seasoned global experts, plus local team members

Involve local users strongly from project start

Have a dedicated Product/Tech Transfer Team



Köszönöm/Thanks/Merci!



Thank you

We are committed to improving the health of people 
around the world with the support of experts, physicians, 
ministries of health, and consumers…

Thank you for your time 
andattention


