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Vaccines are among the 20th century’s most

successful and cost-effective public health tools

to prevent disease, disability and death. Not

only do they prevent a vaccinated individual

from developing a potentially serious disease,

vaccines routinely recommended for children

also help to protect entire communities by

reducing the spread of infectious agents.

Immunisations have eradicated smallpox, eliminated
poliomyelitis in the Americas, and controlled measles,
rubella, tetanus, diphtheria, Haemophilus influenzae type
b and other infectious diseases. These are tremendous

accomplishments but more remains to be done;
promoting optimal health through the administration of
safe and effective vaccines will continue to be a priority
for the biopharmaceutical industry.

Why
Vaccines?

A vaccine is a biological preparation that improves immunity to a particular disease. 

A vaccine typically contains an agent that resembles a disease-causing micro-organism, 

and is often made from weakened or killed forms of the microbe, its toxins or one of its

surface proteins. The agent stimulates the body’s immune system to recognise the agent as

foreign, destroy it and “remember” it, so that the immune system can more easily recognise

and destroy any of these micro-organisms that it later encounters.
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Why GEA?

Pharmaceutical biotechnology requirements

are high, including aseptic process

management, optimum cleaning capability,

closed product handling, compliance with GMP

requirements, gentle product treatment, the

efficient recovery of active ingredients and

reliable scale-up. With technology and

equipment designed specifically for this sector,

GEA stands for total compliance with these

requirements.

A critical factor underlying the success of the company is
its ability to swiftly translate new developments into
marketable processes and systems that fully meet the
complex requirements of biotechnological procedures.
With standalone machines or package units that
guarantee a high yield of valuable substances and operate
trouble-free, efficiently, reliably and economically
throughout a long service life, GEA has developed
numerous innovative improvements to vaccine
production processes and brought them to the global
market by applying first-class engineering.

Innovative, High Quality Vaccine Production
with GEA Technology
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Vaccine Industry
Overview

The world market for vaccines was valued at $33.8 billion in 2012. Paediatric vaccination
continues to dominate the market, despite patent expiries and the inclusion of government-
provided basic healthcare at a grass roots level; sector growth is derived from the Pediatric
Proprietary vaccine (27% market share in 2009 and expected to increase to 32% by 2015) and
Pediatric Enhanced Combination; but, the increased immunisation of adults and the growth of
therapeutic vaccines used in cancer treatment are set to drive revenue through to 2022.

In terms of number of cases, measles, mumps,

rubella, diphtheria, pertussis and tetanus have all

declined during the last decade, with yellow fever

being a notable exception. Geographically, the US

will continue to lead the vaccines market followed

by Europe. The Japanese vaccine market has also

started to open up as a result of changes in the

regulatory and political situation.

“Vaccines are joining other biological products as
the main driver for the pharmaceutical industry
overall. The expansion of the therapeutic vaccines
segment will accelerate that process, with vaccine
treatments for melanoma, ovarian and lung
cancers in the next ten years” 
Industry Analyst

Global Vaccine Market: 
Rapid Growth and Changing Status
• Tripled in value from $5 billion in 2000 to $24 billion in 2013

• Global market projected to rise to $100 billion by 2025

• More than 120 new products in the development pipeline

• 60 are of importance for developing countries

• Vaccines are becoming a driver for the pharmaceutical industry.
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Animal Vaccines
The major goals of veterinary vaccines are to improve the health

and welfare of companion animals, increase the production of

livestock in a cost-effective manner and prevent animal-to-human

transmission from both wild and domestic animals. 

From whole-pathogen preparations to molecularly defined

subunit vaccines, genetically engineered organisms or chimeras,

vectored antigen formulations and naked DNA injections,

successful veterinary vaccines have been produced against viral,

bacterial, protozoal and multicellular pathogens, which in 

many ways have led the field in the application and 

adaptation of novel technologies. 

The global animal vaccines market, valued at $5.4 billion in 2012,

is forecast to reach $8.6 billion by 2018, and is primarily driven

by factors such as the growing prevalence of animal diseases,

increasing incidences of zoonotic diseases in humans, rising

investments by government bodies and animal welfare

associations, and continuous innovations and new product

introductions. By contrast, factors such as mounting maintenance

costs for vaccines and the growing consumer preference for

vegetarian food will restrict the growth of the market.

Europe accounts for the largest share in the animal vaccines

market, followed by North America (70%, collectively), and are

fast reaching maturity. Asia, Africa and Latin America are poised

to grow at double-digit rates owing to increasing investments 

by companies in these markets and improving healthcare 

facilities for animals.
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Vaccine 
Production
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Process line for the production of live vaccines.

The Vaccine Development Cycle 
Vaccine research is long, complex and costly.

Because a vaccine is a biological product

made from living micro-organisms, its

development cycle is quite different from

that of a pharmaceutical product: 

• Exploratory stage: to understand the

disease, its epidemiological data and the

right proteins (antigens) to use in

preventing or treating the disease  

• Preclinical stage: to assess antigen safety

and select the best candidate vaccine  

• Clinical development: a dozen (Phase I) to

a thousand people (Phase III) are involved

in clinical trials and the first batches are

produced (clinical batches and industrial

batches for compliance) 

• Regulatory approval: all the data collected

through the preceding stages are

submitted to the relevant health

authorities for approval 

• Manufacturing process: takes up to

several months to produce a single batch

of vaccine  

• Quality control: approximately 70% of

production time is dedicated to quality

control and pharmacovigilance procedures

in the clinical development and production

phases.

When a suitable host strain for antigen has been chosen, it is isolated in ampoules and
stored at –192 °C in liquid nitrogen. Production commences with the growth of a feed
culture in a pre-fermenter that is then transferred to the main fermenter. The fermentation
process is supplemented by a nutrient solution: nutrients are dissolved in a nutrient tank
and added to the fermentation process after filtration. The cells are then separated from
the clear phase by centrifugation. The active is then isolated and purified by suitable
downstream processing. The raw vaccine passes into the mixing vessel where their
immunogenity is increased by the addition of adjuvants, stabilisers and preservatives.
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Live vaccines

• Measles

• Mumps

• Rubella

• Yellow fever

• Chickenpox

• BCG (= tuberculosis vaccine)

• Typhus

• Human rotaviruses

• Whooping cough (pertussis)

Live vaccines: With live vaccine therapies,

attenuated strains (bacteria or virus) or a

causative agent that’s closely related to a

pathogen are, by definition, antigens, but

lack the pathogenic effects. They are bred

from less-pathogenic mutations of virulent

micro-organisms, which are suitable for the

production of vaccines or their ability to

cause disease is removed, either by growing

them in a certain way or by using physical

or chemical treatments. Examples of live

vaccines include measles, mumps, rubella,

yellow fever, chickenpox, tuberculosis,

human rotaviruses and whooping cough

(pertussis).

Non-live vaccines: Non-live vaccines include

influenza, cholera, bubonic plague, hepatitis

A and B, tetanus and diphtheria, among

others. Inactivated vaccines can be produced

from the whole micro-organism/virus or just

parts of it. Whole germ vaccines are made

from the entire pathogenic agent, which is

killed using chemicals or heat, without

altering its immunogenicity. Subunit

vaccines only comprise those parts of the

infectious agent necessary to obtain an

immune response (antigens).

Recombinant Vaccines 
Recombinant vaccines are produced by

genetic engineering. Other animal cells or

yeasts can be used as ‘antigen factories,’

producing large amounts of vaccine antigen,

which is then used to produce an immune

response.

A
GEA Diessel GmbH

Fermentation
Media Preparation and Formulation

C
GEA Niro Soavi

High Pressure Homogenization

B
GEA Westfalia Separator Group GmbH

Mechanical Separation

D
GEA Lyophil GmbH

Freeze Drying
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Fermentation

All vaccines, whether live (bacteria or viruses), inactivated

(bacteria and viruses), toxoids or antigens, are produced using

fermentation technology in fermenters, bioreactors or, in some

examples, even hen’s eggs. Apart from eggs, GEA is a market-

leading supplier of complete fermentation systems for bacteria,

yeast, mammalian cells and viruses, such as anaerobic tetanus

fermenters with vibrating stirring systems in sizes up to 1000 L,

aerobic fermenters for pertussis fermentation with special

stirrers and mechanical foam breakers, equipment for yeast

fermentation and for the state-of-the-art production of antigens

such as Hepatitis B Antigen (HBsAg).

These production lines can be complemented with

supplementary tanks for media preparation and harvesting, for

example, and further enhanced by integrating downstream

process equipment such as cell and product separators,

homogenizers for cell disruption and/or filtration units for

microfiltration and ultrafiltration. Additional steps including

sedimentation and decanting/filtration can also be done with

our specialised products.

Cell culture systems for virus-based production of polio

vaccines, requiring the microcarrier-based cultivation of

adherent cells, are also available, including cell culture systems

for submerged fermentation for foot and mouth disease (FMD).

The integration of special separators and filter systems enables

cell debris removal and chemical–based virus inactivation and

further purification steps such as chromatography are managed

by integrating equipment from third-party suppliers.

The final step in vaccine production is formulation, which is

also in GEA’s scope of supply (see Media Preparation and

Formulation), as are biological inactivation systems for waste

and effluent treatment. 

GEA is the worldwide specialist in the manufacture of fermentation systems for the pharmaceutical
and biotech industries. We have a solution for all your bioprocessing/fermentation needs because
we understand bioreactors and the processes required to manufacture pharmaceuticals according 
to strict cGMP, FDA and EMA guidelines.

The smart route from upstream to downstream
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GEA is a single-source supplier of modular systems and

solutions to meet the needs of any pharmaceutical,

microbial or cell fermentation process. The company

has the expertise and industry knowledge to help

customers test processes and make the right choice of

equipment to ensure security of outcome and the

fastest time to market. All vessels can be supplied as

standalone equipment or as automated process units

delivered as fully functional modules, installed on site,

including agitators, homogenisers, metering and

regulating technology, control units, valves and pipe

connections. Options for hazardous environments are

also available.

Quality Credentials
• cGMP/FDA/EMA

• Manufactured as per PED (Pressure Equipment Directive)

• ASME U-Stamp

• China Manufacture License (SELO)

• Quality plan and materials tracing

• Own non-destructive testing

• Weld seam documentation

• Qualification (IQ/OQ)

• Quality Management System according to DIN EN ISO 9001.

Case Study

Pertussis Fermentation 
System for Tiantan Bio 
In January 2010, GEA received an enquiry from
Beijing Tiantan Biological Products Co. Ltd
(Tiantan Bio) to supply a fermentation system.

Tiantan Bio operates as a subsidiary of the National

Vaccine and Serum Institute (NVSI), China’s premier

research and manufacturing organisation for biological

products. The company is primarily engaged in the

research, development and production of bacterial

and viral vaccines, blood derivates, diagnostic reagents

and various kinds of biopharmaceutical products. 

Having initially contacted GEA Process Engineering

China (GPCN), the request was forwarded to GEA;

and, as a result of a close collaboration between the

three companies during the following months,

including several visits China by GEA specialists, a

quote was prepared that resulted in Tiantan Bio

ordering a fermentation system from GEA in Germany.

In May 2010, detail engineering work began: the

system comprises two seed fermenters with volumes

of 50 L and 500 L, two 5000 L production fermenters

and a CIP-system to clean all the required equipment.

A two-level platform was installed around the 500 and

5000 L fermentation skids to provide full component

access, and visualisation screens were provided for the

operators and maintenance staff.

All the fermenter vessels were designed,

manufactured and inspected in the GEA workshops 

in Hildesheim, Germany, to comply with Chinese

pressure vessel regulations. Each fermenter was

equipped with an agitator and a heating and cooling

system, as well as the connections required to add

liquid and gaseous media, which are needed for

pertussis cultivation. All media addition steps are

measured and controlled by the fully automated

process system, as are all the relevant 

process and quality values.

“

”



10

Mechanical Separation

Excellence in hygienic design: With chemical CIP (cleaning-in-

place) solutions, opening or dismantling individual machines has

become obsolete. Good machine design is essential, including

efficient draining, no dead spaces, smooth surfaces and optimum

product-contact surface wetting during CIP.

Excellence in processing: Our SIP (sterilisation-in-place)

technology optimises process efficiency and flexibility. It also

prevents the release of toxic bacteria/micro-organisms, protecting

both operators and the environment.

Excellence in efficiency: Invented and patented by GEA, the

hydrohermetic feed treats the product in a gentle way with

minimal shear forces. As a result, the viability and activity of

proteins is significantly improved, with a concurrent increase

in process efficiency. 

Our centrifugal separators are designed especially

for liquid-based applications. Using centrifugal

force, they separate substances and solids from

liquids. They are equally as effective at separating

liquid mixtures at the same time as removing solids.

GEA Group offers an extensive selection of

separators for biotechnology with varying

production capacities and designs. 

Our separator designs include

• self-cleaning disk separators in steam-sterilisable

design

• self-cleaning disk separators for clarification and

separating processes

• nozzle separators for the concentration and

washing of suspensions.

GEA has been instrumental in advancing mechanical separation technology. Providing
solutions in areas such as enzymes, hormones, human blood proteins, mammalian cell culture,
pharmaceutical proteins, starter cultures and vaccines, the company’s technology plays a key
role in the recovery of APIs and optimising production processes and products.

Centrifugal separation is a vital part of vaccine production. Processing valuable cellular

components in a reliable, smooth and efficient way is an economic driver whereas safe

and superior hygienic processing is a technological one. Combined, they offer excellence,

innovation and efficiency – the core features of all our products.

Key Features
• Gentle product feed with a hydrohermetic inlet

• Gentle discharge of solids

• Extremely fast, precise and flexible ejection

• Precisely metered discharge volumes

• Securely sterile and clean

Excellence down to the smallest detail
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High Pressure 
Homogenization

Micronization involves reducing the particle size of liquid

pharmaceutical products using dynamic high-pressure

homogenization to make a dispersion of active ingredients more

stable for enhanced clinical effectiveness. Optimised particle

micronization and homogenous distribution means that API

bioavailability and drug tolerance is improved.

The homogenization process is a mechanical one, achieved in one

or more passes by forcing product through a homogenizing valve

at pressures of 800–1500 bar. Within the valve, as a result of

compression, acceleration, etc., the oil droplets are shattered and

the suspended solid and semisolid particles are dispersed,

stabilising the emulsion and providing the levels of micronization

required by the vaccine industry. GEA homogenizers are fitted

with specifically designed high efficiency valves for optimised cell

disruption that operate at the lowest possible pressure and

recirculate material in a safe and cost-effective manner, with less

product being discarded.

High-pressure homogenization is widely used

in cell rupture applications to extract

intracellular compounds without using

solvents or other chemicals to break the cell

wall. Being very effective and efficient, the

homogenizers can often maximise the yield

from valuable source material while keeping

product quality at a very high level. GEA

homogenizers are fitted with specifically

designed high efficiency valves for optimised

cell disruption in a single pass at the lowest

possible pressure; designed in compliance with

FDA and cGMP guidelines, they come with a

full documentation package including

materials certification (FDA-approved gaskets

and 3A certification) and traceability, FAT/SAT

procedures and IQ/OQ support.

GEA is the global technology and market leader for high-pressure pumps and homogenizers. In
biotechnology and pharmaceutical industries, the cell rupture process plays a critical stage. Although some
substances are produced by cells or released by autolysis, the preparation of many others – including
vaccines, therapeutics, diagnostics and enzymatic preparations – require cell breakage to release the
intracellular or subcellular material. As the majority of vaccines are prepared for injection or intravenous
administration (as W/O formulations with inactivated bacteria), particle size is critical. A successful vaccine
preparation requires a mean particle size 250–500 nm, with all particles measuring less than one micron. 

High Pressure Homogenization
guarantees

• Particle size reduction down to nanometre 

range for injectable drugs

• Optimised use of emulsifiers and stabilisers

• Control and repeatability of results with no biological risk

• Solvent and chemical-free intracellular compound 

extraction to break the cell wall

• Effective and efficient process to maximise 

yield and maintain product quality 

• Designed in compliance with FDA and cGMP guidelines

• Full documentation package including materials certification

(FDA-approved gaskets and 3A certification) and traceability,

FAT/SAT procedures and IQ/OQ support.

Squeezing the best and the most out of your product
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Media Preparation 
and Formulation

For companies with frequent product changes or

products that have to be prepared using dry substances

and ingredients out of small vessels (bags, bottles etc.),

batch mixing plant will provide the ideal solution. All

ingredients are added at a single point, from a platform

at a convenient working height. If required, the mixture

from the starter vessel can be filtered en route to the 

blending tank.

The plant control system ensures that specific

quantities from each line are conveyed to the mixing

tank in accordance with the stored recipe information.

Parallel material flows enable inline pre-mixing, thus

reducing the time required in the mixing tanks. 

Automation is achieved using PLC or DCS systems,

which can also be incorporated into appropriate

SCADA or MES systems as well.

GEA supplies numerous different mixing and formulation systems, including standard
systems as well as custom designed systems for media preparation and formulation.

A unique blend of expertise and experience
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Our expertise includes innovations in shelf, chamber, slot door

and condenser design, novel technology to avoid sticking

stoppers, minimise footprint and energy usage, VHP™

sterilisation technology to save costs and reduce cycle times,

and a fast-track approach to full project execution – from

signed contract to SAT in less than 9 months. GEA offers a

complete programme of high quality products associated with

all aspects of aseptic manufacturing and integrated solutions, in

addition to efficient service for the pharmaceutical, healthcare

and biotech industries.

GEA is one of the market leaders in
pharmaceutical freeze drying/lyophilization and
automatic loading and unloading systems. With
more than 60 years of development, engineering
and manufacturing experience and a pedigree of
more than 1000 freeze dryer installations
worldwide, GEA is a reliable supplier of high
quality aseptic production solutions.

ISO 9001 certified and fully compliant with cGMP,

GAMP and other relevant guidelines, GEA supplies a

comprehensive range of products and services,

comprising laboratory freeze dryers for pilot scale, R&D

and small production batches, industrial freeze dryers

and complete freeze dryer systems. These include, vial

conveyer systems, Automatic Loading and Unloading

Systems (ALUS™), integrated isolators and CIP skids

with integrated freeze dryers.

Freeze Drying/
Lyophilization

Pioneering advances in lyophilization for more than 60 years

GEA Lyophil LYOPLUS™
Multi-purpose measurement for pharmaceutical freeze dryers

• Online measurement of moisture content

• Detects minute traces of silicone oil

• Fast and reliable chamber leak test
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Aseptic Spray Drying Service and
Maintenance

Spray drying offers many ways to design the particle
characteristics desired. Forget the myth that heat
sensitive materials are damaged, rather the opposite;
spray drying is unique in turning a liquid into particles
in just a few seconds.

For expensive sterile drugs, shelf-life is of the essence. The

traditional way to convert a sterile liquid into a stable solid

form is freeze drying; but, now, there’s an alternative. Spray

drying is a simple process in which droplets are dried to

particles while suspended in a drying gas. This turns a liquid

formulation into a dry powder in a single, continuous process.

Spray drying is a continuous, scalable and well-proven

technology, with plant capacities from 10s of grams to well

beyond 10s of kilograms per hour.

As an example GEA and Cambridge Biostability Limited (CBL)

collaborated to develop a revolutionary method of stabilising

vaccines using spray drying. The process involves mixing the

active ingredient with a water-soluble glass-like material, which

is then dried into highly polished solid or hollow glass spheres

of 3–20 μm diameter. The spheres, containing the stable API,

are then suspended in an inert anhydrous syrup, providing a

thermostable, ready-to-inject liquid that can be stored and

transported at ambient temperature.

A novel, continuous and scalable 
alternative to freeze drying

Working with GEA means entering into a
partnership with a dedicated team of experts
who all have one goal: to help you be the best 
in your business.

GEA will be your partner throughout every step of your

project, from initial project analysis and selection of the

most suitable layout and most appropriate equipment,

engineering and production technology to

commissioning the plant, operator training and entire

lifecycle support from our service team and process

performance experts. 

From concept through design, assembly and FAT, we

provide a seamless, single-source service to ensure the

smooth operation of the complete plant and proof of

performance before the equipment is shipped to site.

Our customers can rely on a consistent security of

outcome; we take responsibility. In addition, our

service team offers 24/7 telephone support. And, with

intelligence built into the system, our predictive

maintenance programs ensure optimum plant

operation and the highest productivity. 

GEA offers its customers a comprehensive service

concept, in which experts with extensive experience,

manufacturing know-how and up-to-date knowledge

care for every single piece of GEA equipment.

Key benefits are

• maximum plant availability

• permanently high process efficiency

• budget control.

We focus on achieving customer satisfaction and

success throughout the entire product lifecycle. 

You benefit from GEA’s longstanding expertise as 

an innovative technology and equipment solution

provider.

Reliable, efficient and cost-
effective long-term support



15

GEA Pharma Systems Goes Social
Facebook, YouTube, LinkedIn or Twitter: GEA Pharma Systems uses these media 
to provide customers, the press and fans with frequent up-to-date information. 

Our Newsletter Keeps You in the Loop
Once or twice a month we issue a newsletter to inform you about current projects,
newly developed products and the integration of our products into processes. 
Subscribe to this newsletter to be permanently up-to-date. 

Publications from GEA Pharma Systems
Learn more about our products, process solutions. 

Follow us on LinkedIn

Follow us on Twitter

Join us on Facebook

Learn more on YouTube

The Future of Vaccines

Apart from clean, safe drinking water, no human

action rivals immunisation in preventing infectious

diseases and reducing mortality rates. Vaccination

saves lives: more than 3 million lives every year, thanks

to the vast range of vaccines providing protection

from more than 26 infectious diseases.

Vaccination also saves money, being one of the most 

cost-effective healthcare investments available. For

instance, in the United States, a cost-benefit analysis

indicates that every dollar invested in a vaccine dose 

saves up to $27 in healthcare expenses.

Overwhelming evidence demonstrates the benefits of

immunisation as one of the most successful and cost-

effective health interventions known. During the past 

few decades, immunisation has achieved many things,

including the eradication of smallpox, an accomplishment

that has been called one of humanity’s greatest triumphs.

Vaccines have saved countless lives, lowered the global

incidence of polio by 99% and reduced illness, disability

and death from diphtheria, tetanus, whooping cough,

measles, Haemophilus influenzae type b disease and

epidemic meningococcal A meningitis. Further progress has

been made in introducing vaccines against pneumococcal

disease and rotavirus diarrhoea as well as vaccines that

prevent chronic diseases such as liver and cervical cancer.

We are facing a pivotal moment in history. Currently, 

the global health community has an unprecedented

opportunity to co-ordinate with governments to develop

and implement plans and strategies that will improve the

lives of millions of people around the world through

universal access to appropriate vaccines.

With access to some of the world's most advanced

manufacturing equipment and a wealth of expertise and

experience to call on, GEA fundamentally understands the

processes involved in vaccine production, the capabilities of

the technologies employed and the engineering required to

ensure that they operate at optimum capacity with the

lowest maintenance. From the planning phase up to the

construction and automation of turnkey plants and process

lines, which conform to stringent hygienic and regulatory

requirements, GEA is dedicated to developing and finding

customer-orientated solutions.

As system integrators and liquid processing specialists, 

GEA has the scale, the know-how and the flexibility

required to meet your specific application requirements.

Whether large or small, GEA can add value to any vaccine

production project.



We live our values.
Excellence • Passion • Integrity • Responsibility • GEA-versity

GEA Group is a global engineering company with multi-billion euro sales and operations in more than 

50 countries. Founded in 1881, the company is one of the largest providers of innovative equipment and

process technology. GEA Group is listed in the STOXX® Europe 600 index.
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GEA Diessel GmbH
Steven 1, 31135 Hildesheim, Germany
Tel. +49 5121 742 0, Fax: +49 5121 742 153
diessel@gea.com

GEA Niro Soavi
Via A. M. Da Erba Edoari, 29 - I 43123 Parma, Italy
Tel. +39 0521 965411, Fax +32 0521 242819
info.GeaNiroSoavi@gea.com

GEA Pharma Systems
Keerbaan 70, B-2160, Wommelgem, Belgium 
Tel. +32 3 350 1293, Fax +32 3 353 2055
pharma@gea.com

GEA Westfalia Separator Group GmbH
Werner-Habig-Straße 1, 59302 Oelde, Germany
Tel. +49 2522 77 0, Fax +49 2522 77 2828
ws.info@gea.com

GEA Lyophil GmbH
Kalscheurener Straße 92, 50354 Hürth, Germany
Tel. +49 2233 6999 0 
lyophil@gea.com

vaccines@gea.com
gea.com


