Tracking Down Pathogens

Centre for
infection research

Understanding infections
Scientists at the Helmholtz Centre for Infection Research are striving to answer the
key questions of infection and immunity. How do viruses and bacteria make us sick?
How does the immune system defend us against them? And which novel substances
can effectively fight pathogens?

More than 750 employees and about
100 visiting scientists are working at the
research campus in Braunschweig. Besides
the main campus, the HZI is also present in
Saarbrücken, where the Helmholtz Institute
for Pharmaceutical Research Saarland
(HIPS) was established as a branch of the
HZI in 2009. In Hannover, we joined forces
with the Hannover Medical School to found
TWINCORE, a translational research centre
that forms a bridge between basic science
and clinical applications.
The HZI is funded by three public
stakeholders, the Federal Republic of
Germany together with the federal states
of Lower Saxony and Saarland. Further

funding comes from third parties such as
the European Research Council (ERC) or
the German Research Foundation (DFG).
Our centre is a member of the Helmholtz
Association, Germany’s largest scientific
organisation. Research facilities of the
Helmholtz Association address today’s and
tomorrow’s societal challenges in fields
such as “Energy”, “Earth and Environment”
and, among others, “Health”. Here, the HZI
is focussing mainly on infectious diseases,
where our scientists contribute to the
solution of this global issue.
In the following pages, you will find more
information about our work, our goals and
our research network.

Thank you for your interest in the Helmholtz
Centre for Infection Research.

Dirk Heinz
Scientific Director

Ulf Richter
Administrative Director

Why infection research?
Five good reasons:
Infectious diseases are one of the main causes of death worldwide. Every fourth disease-related fatality
can be – directly or indirectly – ascribed to an infection. The “big three” on their own – AIDS,
tuberculosis and malaria – infect more than 500 million people annually and new infectious diseases
catch us off guard again and again. There are some causative organisms that we have been living with
for many years, yet we simply were not aware of them until recently. For example, the bacterium
Helicobacter pylori has been shown to cause gastric ulcers and the papilloma virus to activate cervical
cancer. Some pathogens from the animal kingdom have made the transition to humans, as was the case
with the bovine disease BSE, avian flu and swine flu. Some of these spread so quickly around the world
that they generate a state of alert for entire nations within just a few weeks, such as the SARS virus:
This pathogen precipitated a pandemic starting from China, resulting in approximately 1,000
fatalities in 2002 and 2003.

Many pathogens
are still undefeated
In our ongoing battle against pathogens,
we have developed various strategies:
We identify and characterise bacteria,
viruses, fungi or parasites. We develop
diagnostic procedures, therapies and
methods for prevention. Pharmaceuticals,
such as antibiotics, are an integral part of
our therapies against bacterial diseases.
To protect us against pathogens, we
are developing serums that prepare our
immune system against an attack. However,
these strategies have limits. The benefits of
traditionally-produced vaccines have been
exhausted for the most part. For instance,
with these methods it is not possible to
generate vaccines against diseases such as
AIDS, malaria and tuberculosis. We have to
develop entirely new approaches to activate
and protect our immune system against
such threats.

Antibiotics are becoming
less effective
A report from the public health
authorities in the USA in the summer
of 2003 alarmed infection scientists
worldwide: The lesion of a patient from
Michigan was infected with bacteria
against which no form of antibiotics
was effective. In the meantime, these
bacteria have become known as the
infamous MRSA – Methicillin-resistant
Staphylococcus aureus. Particularly
in hospitals, bacteria that are not
treatable with conventional antibiotics
are becoming increasingly prevalent.
It is precisely at these locations where
physicians
administer
numerous
antibiotics against which these bacteria
quickly “learn” to protect themselves. In
order to be able to successfully combat
these “hospital-acquired infections”, we
have to develop new strategies.

Old epidemics are
returning

Nature’s treasures are
waiting to be discovered

Diseases that we considered almost
eradicated
are
now
re-emerging.
Tuberculosis is experiencing a renaissance,
in particular in Eastern European countries.
Infantile paralysis or poliomyelitis has
recently returned to become an increasing
threat. Also, our changing climate
contributes to the spread of diseases.
One example is malaria: In the past,
when Europe still had warm and humid
swamp areas, malaria was prevalent even
in Germany. With the recent rise in global
temperatures, this disease from the south
might once again return to us.

Substances from nature comprise the
future of infection research – and its
past as well. Penicillin is, for example, a
natural substance that was discovered
by Alexander Fleming from the fungus
Penicillium notatum. Most other active
pharmaceutical compounds that are
offered as medications in pharmacies and
administered in hospitals are also based
on natural substances. On land as well
as in the sea, there is a vast reservoir of
natural substances hidden in bacteria,
plants and animals that man has not yet
discovered – let alone tested for activity.

Susceptibility varies from
person to person
Not all humans are equally susceptible
to every disease. Thus, one person might
regularly fall ill to influenza, while another
might never even exhibit symptoms
throughout his or her entire life. Our
susceptibility to diseases depends upon
our genes – and our age. Older people
fall ill more often and more intensively
than others. Our immune system grows
old with us, and in old age diseases which
we experience only in a peripheral sense
as young individuals can become lifethreatening – such as lesion infections with
bacteria. These are aspects that infection
research must also take into consideration
for an ageing society. Therefore, this is
one of the priority areas of the Helmholtz
Centre for Infection Research.

Our research goals
Three important topics
The development of novel diagnostics and therapies for infectious diseases is an “arms race”
between the pathogens and scientists. New pathogens arise, and known ones that were
thought to be defeated are returning. Loss of effectiveness of conventional antibiotics
adds to this challenging situation. We at the HZI have taken up this challenge: Established
scientists and young researchers from different fields, post-graduate, bachelor or master
students, technicians, laboratory assistants, animal caretakers and administrative experts
work together to win this fight – for a healthier future.

Research at the HZI is focussing on three different topics:
“Bacterial and Viral Pathogens”, “Immune Response and Interventions” and “Anti-Infectives”.

How can we
develop new drugs and
therapeutics?
How do bacteria
and viruses cause
diseases?
The topic “Bacterial and Viral Pathogens”
focuses on the investigation of infectious
processes in important model organisms
and medically relevant pathogens, such as
Salmonella, Pseudomonas or the Hepatitis
C Virus. By which mechanisms do these
pathogens cause diseases in humans?
Which structures enable them to invade
human cells and which molecules make us
ill? Once identified, the specific traits of the
germs are further analysed as promising
targets for new therapies and drugs.

Influenza virus

How does our body
defend and protect itself
against infections?
The projects within the topic “Immune
Response and Interventions” concentrate
on the reactions of the immune system
during infection processes. A network of
different cells and messenger molecules
responds to invading pathogens. How
is this response orchestrated? The
regulation of immunity is crucial for the
successful defence against bacteria and
viruses. Several research groups at the
HZI investigate different aspects of this
immune regulation. With models adapted
to the human immune system, they
explore the underlying mechanisms. Other
researchers address the question how the
immune system changes during ageing or
investigate new modes of vaccination and
novel adjuvants that can further improve
the effectiveness of established vaccines.

Our researchers in the topic „AntiInfectives” are interested in the use of
natural products as novel antibiotics and
antiviral drugs. Many bacteria and fungi
produce a variety of compounds, socalled secondary metabolites, which are
biologically active. For instance, several
hundred strains of myxobacteria have been
isolated so far, producing various different
substances. Some of these substances have
medical potential. Researchers at the HZI
are screening these agents for antibiotic,
antiviral or cytostatic properties, aim to
characterize them and, in cooperation
with partners from industry and academia,
to further develop them until they can be
applied to help patients.

Human immunodeficiency virus (HIV)

The application to man
Cooperation partners of the HZI
The HZI concentrates on basic research in infection and immunity. This provides the scientific
freedom necessary to pursue new pathways – without initially aspiring to create a specific drug
or a diagnostic method. However, once our scientists have recognised new approaches to
confront a disease, these ideas and concepts must be translated into applications for the benefit
of human health as soon as possible. For this reason HZI cooperates with partners who can
facilitate these shortcuts.

Searching for new drugs
At the Helmholtz Institute for
Pharmaceutical Research Saarland
(HIPS), scientists are searching for new
active compounds to fight infectious
diseases, which are subsequently further
developed and optimized for pharmaceutical
application. HIPS is a branch of the HZI, in
which scientists identify substances from
natural sources such as bacteria, plants and
fungi, synthesize and adjust lead molecules,
and develop compound transporters that
can surmount biological barriers and
deliver a drug to its target. Substances that
show interesting properties and effects in
cell cultures are modified chemically to
optimize their uptake and their transport to
the site of the infection where they unveil
the desired action with full efficiency.

Understanding
biological systems
At the Braunschweig Integrated Centre
for Systems Biology (BRICS), scientists
are studying complex biological systems
such as cells or organelles as a whole.
It is a joint research centre of the
Technische Universität Braunschweig
and the HZI, which focusses on systems
biology of microorganisms in infection
and biotechnology. The development of
mathematical models allows predictions
about biological systems, which are then
evaluated by “wet lab” experiments.
Currently two new buildings are in
preparation: One on the university campus
in the city of Braunschweig, and the other
on the grounds of HZI.

Joining forces against
pathogens

Shortening the pathways
At TWINCORE – Centre for Experimental
and Clinical Infection Research, founded
jointly by the HZI and the Hannover
Medical School (MHH), physicians and
basic scientists work side by side. The
focus of the centre is on translation – the
link between basic research and clinical
development. The latest results from
scientific research are intended to find
their way by the shortest route to the
patient. Simultaneously, basic researchers
look for answers to problems that arise in
clinical studies. Another important aspect
are the authorisation procedures that have
to be carried out for clinical experiments.
TWINCORE experts develop a scientific
basis for the estimation of risks prior to
clinical tests.

The German Centre for Infection Research (DZIF) consists of 32 German research facilities in seven local clusters. DZIF
was founded in 2011 by the German Federal
Ministry for Education and Research (BMBF)
as one of the German Centres for Health
Research. Its mission is to coordinate and
strategically align translational infection research with the aim of developing new methods to treat infectious diseases. Partners
of the HZI in the region Hannover-Braunschweig are the Hannover Medical School,
the University of Veterinary Medicine Hannover, TWINCORE and the German Collection of Microorganisms and Cell Cultures
(DSMZ). The main office of DZIF is located
on the HZI campus in Braunschweig.

Studying structures

Linking procedures

The Centre for Structural Systems
Biology (CSSB) is a joint project involving
various research facilities in Lower
Saxony, Schleswig-Holstein and Hamburg,
as well as the European Molecular Biology
Laboratory (EMBL) and the Research
Centre Jülich. Scientists from the CSSB,
which is being constructed in the grounds
of the German Electron Synchrotron
DESY, will examine disease processes
at the atomic level with state-of-theart instrumentation. Mechanisms will
be examined, for example, that enable
bacteria to invade human cells during
an infection. The results will then be
evaluated using methods of systems
biology. In this way, scientists will be able
to link molecular research directly with the
processes occurring in living organisms.

The Translation Alliance in Lower
Saxony (TRAIN) builds a bridge between
basic research and its application. TRAIN
links the knowledge and infrastructure of
university and non-university research
for the development of new diagnostic
and therapeutic procedures. The goal is
consistent advancement of new candidates
for active pharmaceutical compounds and
vaccines. For clinical tests, the alliance
has formed the Clinical Research Center
(CRC). At present, the following institutions
work together: HZI, the Fraunhofer ITEM,
the Leibniz Universität Hannover, the
Hannover Medical School, the University
of Veterinary Medicine Hannover, the
Technische Universität Braunschweig, the
TWINCORE and the VPM Vakzine Projekt
Management GmbH.

Promotion of junior scientists at the HZI
From student to researcher
Excellent research requires excellent young scientists – also a concern of the HZI.
Our academic promotion of young researchers begins in the schools and advances junior
scientists through their Bachelor’s or Master’s programme into research. Our major
focus is on the post-graduate programme and installation of groups of young researchers,
known as the “Helmholtz Junior Research Groups”.

The Post-Graduate
Programme
HZI provides its post-graduate students
not only with scientific expertise but also
promotes their social skills and leadership
qualities. The centre offers the possibility
of participating in various post-graduate
programmes. The basis for qualification
of young researchers is, however, our own
structured promotion programme.
The “HZI International Graduate School for
Infection Research” (HZI Graduate School)
offers young scientists on the HZI Campus
a unique research environment through a
joint venture with its partners, the Hannover
Medical School, TWINCORE, the University
of Veterinary Medicine Hannover as well as
the Technische Universität Braunschweig.

In an international application process,
young researchers make their start in this
programme every autumn. Highly talented
young scientists have the opportunity
to participate in intensive studies in the
area of infection research. For three
years, the post-graduates are supervised
by an expert committee and expand, in
addition to their scientific know-how,
their interdisciplinary knowledge, in order
to increase their career opportunities in
science, commerce or administration.
The HZI Graduate School is funded by the
Impulse and Network Fund of the President
of the Helmholtz Association.

School Laboratory BioS

Junior Research Groups
These serve as a springboard for young
scientists into an international career in
research: “Helmholtz Junior Research
Groups”. This promotional instrument
is funded 50:50 by both the HZI and the
Helmholtz Association. It offers young
scientists with a special concept and
innovative projects the opportunity to form
their own research group and to focus on a
specific topic.
Other promotional programmes, such as the
Emmy Noether Programme of the German
Research Association, also enable young
scientists at the HZI to work independently.
Later on, when the academic course has
already been determined and established,
we continue to care for our employees. The
HZI committee for staff development offers
individual on-going education programmes
with a broad spectrum of possibilities.

Students from the upper level of grammar
schools perform experiments on the HZI
campus in the modern laboratories of
the Bio-Technological School Laboratory
Braunschweig (BioS) along with Helmholtz
researchers. In this way they can get
first-hand experience in research of basic
principles and building blocks of life. This
fascinating experience is the first step
towards a life of academic studies in
science for many of them. BioS is funded, in
addition to the HZI, by the Regional School
Authority (location Braunschweig) and the
Technische Universität Braunschweig.
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