


A new way to prohibit the
Sspread of bacteria

TheFLEXPOL project is developing a novel film made up of micro and nanostructures armed with
antimicrobial essential oils to pierce and dismantle pathogens. This safe, affordable technology may

have the power to prevent bacterial infections in hospital settings and beyond

Hospital surfaces are hotbeds for bacterial such as counters, walls, handrails and door surface is also superhydrophobic, meaning

and fungal spores, making infections a
significant problem faced by hospitals
around the world. What is more, increased
use of antibiotics has led to a rise in
multidrug-resistant bacterial infections,
which can prove especially difficult to treat.
Taken together, such infections represent a
major public health problem with significant
societal and economic costs.

The ‘Antimicrobial FLEXible POLymers
for its use in hospital environments’

(FLEXPOL) project is a promising response

to this issue. Led by Fraunhofer IPT in
Germany, the project brings together a
range of European academic and industrial
partners. The goal is to develop an
antimicrobial film that not only combats
current pathogens but also prevents future
infection. The envisioned film would reduce
the transmission of infections in hospital
settings, meaning that fewer antibiotics

are circulated to treat such infections

and ultimately helping to limit the rise of
multidrug-resistant bacteria.

BACTERIAL BARRIER
The FLEXPOL film is intended for use on
surfaces that experience frequent touching,
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handles. Its protection lasts six to nine
months. This is significantly longer than
that provided by conventional chemical
detergents and sanitisers, which must be
applied frequently to achieve the same
effectiveness.

At present, this film is being developed

specifically for use in hospital environments.

That is because, in hospital settings, there
is significant impact potential for a new,
effective and affordable bacterial barrier.
‘The hospital sector is the obvious choice
when it comes to applying an antimicrobial
film. Infections that spread in this kind

of environment often lead directly to new
infections in existing patients,’ explains
Florian Vogt, a FLEXPOL project manager.
In particular, it is hoped that the FLEXPOL
film will help reduce the incidence of
nosocomial (hospital-acquired) infections
such as methicillin-resistansStaphylococcus
aureus(MRSA), a so-called ‘superbug’ that

contact with water does not make it wet.
This is due to the hierarchical structure

of the film: nanostructures situated on
micropillars situated on a flat base. The
same phenomenon is witnessed on lotus
leaves, earning it the name ‘the lotus effect'.
This prevents microbes like bacteria from
growing and reproducing easily.

Another beneficial feature of the FLEXPOL
film can be found in its production. Roll-
to-roll hot embossing allows the film to be
created quickly and cheaply as rollers stamp
out micro and nanostructures onto flexible
polymers. As a result, the price of FLEXPOL
relies mostly on material costs, ensuring
affordability.

COMBINING TECHNOLOGIES

A number of institutions from across
Europe are contributing to the FLEXPOL
project. ‘The profile of the FLEXPOL
consortium is well balanced between

is resistant to several widely used antibiotics academic research and industrial partners,

and can have fatal results.

EFFECTIVE DESIGN

There are many aspects of FLEXPOL's
design that will make its film a novel asset
to the antimicrobial plastics industry.

The structure of the film itself is cutting
edge, made from flexible polymers
formed as micropillars topped with spikey
nanostructures.

The purpose of this design is synergistic.
The spiked nanostructures pierce the

cell envelope to machanically destroy the
pathogen, combined with an antimicrobial
blend of essential oils (derived from
products such as cloves, thyme, oregano
and cinnamon) to kill the cell. The film

and includes two collaborating universities,
five applied research institutes and three
industrial partners,’ elaborates Maximilian
Kosel, also a FLEXPOL project manager.

It is this collaborative approach — which
brings together partners from across
Germany, Spain, the UK, Portugal and

Italy — that facilitates the project’s
innovative approaches to antimicrobial film
production. This makes the FLEXPOL film a
superior choice amongst other antimicrobial
films on the market.

‘Our approach is to combine state-of-the-
art technologies to invent a new product
beyond the state-of-the-art,” Kosel adds.
Indeed, this combination of state-of-art-
technologies has made the FLEXPOL film

‘ FLEXPOL technology tackles the globally growi
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an excellent multifunctioning adhesive
antimicrobial film. It kills bacteria, inhibits
attachment of bacteria, prevents fungal
activity, is cost-effective with an adequate

shelf life, can be recycled, and is developed

with the needs of patients and healthcare
personnel in mind. Other commercial
film products tend to only have two of

these features and are not always effective,

which is perhaps one of the reasons why
antimicrobial films have yet to be widely
implemented in healthcare settings.

However, the FLEXPOL film’s well-rounded

performance could make it a staple in
hospitals around the world.

THE ROAD AHEAD

The project is now roughly halfway through
its three-year funding period, and the
materials and processes for production

have already been extensively studied. ‘We

have now reached a point where we are
starting to combine all the results together
to develop a concept for the continuous
production of the final film,” Kosel confirms.

The next step will be producing FLEXPOL
film on a mass scale and validating its

efficacy in real-world hospital environments.

Fortunately, the project is well-positioned
to transition its film from the laboratory

to the market. ‘The competencies of the
consortium draw a smooth transition

from academic research to industrial mass
production,” Kosel comments. This means
that the machinery required is already
present, although of course setting up

a stable process of production will still
take significant effort. In addition, class
one medical products like the FLEXPOL
film are underlined by strong regulations

and certification guidelines. In particular,
safety datasheets need to be provided
during the scale-up process stage in order
to ensure safe working conditions for the
personnel involved in production. To fulfil
these requirements, all progress made
during the project is captured in a materials
information management system, GRANTA
Ml, providing full traceability for technical,
safety, and risk-related reporting. In 2019,
the project aims to have 600 meters of
FLEXPOL film ready for optimisation and
validation in hospital settings.

MAJOR POTENTIAL

In a world with a rapidly increasing
population and ever-growing urban centres,
bacterial infections are on the rise. These
factors, along with expanding access to
hospitals and an ageing population, have
led to increased utilisation of hospital
facilities.

Installing FLEXPOL film onto high-touch
surfaces provides an effective, affordable,
environmentally friendly and practical
solution for tackling bacterial infection.
When used in hospital settings, its benefits
can be seen on multiple levels: it has the
potential to limit antibiotic use and the
subsequent development of drug-resistant
bacteria, cut hospital costs and reduce
patient morbidity and mortality. What is
more, the film may one day be applied
beyond hospital environments, such as in
public transport, consumer goods and even
in food and drink production — giving this

safe, effective and affordable technology the
potential to impact health in a wide range of

settings and sectorsp
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Maximilian Kosel is a Research Fellow at
Fraunhofer IPT in Germany. His research
is mainly focused in the field of roll-to-
roll production technology. Within the
FLEXPOL project, Kosel is responsible
for executive project management and
development of production systems

and processes related to roll-to-roll
manufacturing.

Florian Vogt is a Research Assistant at
Fraunhofer IPT in Germany. His research
area is mainly in the field of corporate
incubation. Within the FLEXPOL project,
Vogt is responsible for finding new
market opportunities and exploitation of
the project results.



’ Impact Objective

« Develop a pilot line for the production of a cost-effective antimicrobial adhesive film for use in hospitals

.
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hosp1ta surfaces

Maximilian Kosel and Florian Vogt discuss the large-scale collaborative project they are currently
involved in, which seeks to combat microbial surface contamination in hospitals in a safe and

economical way

Maximilian Kosel Florian Vogt
What problem does the FLEXPOL project
aim to solve?

MK: FLEXPOL aims to develop a product
that provides a low-cost solution to reduce
the percentage of nosocomial (hospital-
acquired) infections caused by bacteria and
multiresistant microorganisms. Statistics
show that approximately 125,000 deaths in
the EU are caused by drug-resistant bacteria
each year, with a continuously increasing
number of bacteria resistant to antibiotics.
To overcome this issue, we are developing a
multifunctional, antibacterial adhesive film
to be applied on high-touch surfaces (e.g.
door handles) in hospital environments
and nursing residences. This film will be
produced in a continuous production
approach, which enables its affordability for
every hospital.

Could you describe the film’s multifunctional
approach?

MK: The efficiency of the FLEXPOL film is
due to a two-way strategy. On the one hand,
the intermediate layer of the three layered
films will store encapsulated essential oils,

which are released in a controlled manner.
These essential oils have high antimicrobial
efficiency and will diffuse from the film over
time to kill the bacteria at the surface. On
the other hand, the top layer of the film will
be structured with a combination of micro
and nanostructures. The microstructures
cause an almost superhydrophobic
behaviour and prevent water from forming
wet areas, which could serve as a hotbed for
microorganisms. On top of the hierarchical
microstructures, sharp nanofeatures are
introduced to destroy the cell envelope
mechanically.

Overall, what is the envisioned impact of the
developed antimicrobial adhesive film?

FV: FLEXPOL technology tackles the globally
growing problem of bacterial infections

by providing a completely new approach

to prevent the microbial colonisation

of surfaces. The expected impacts of
FLEXPOL can be derived by analysing the
currently converging mega trends. Ageing
societies mean that the public healthcare
sector is growing. On the other hand,
urbanisation and the annual growth of the
global population are leading to densely
populated cities. With 4 billion people

living in cities, these urban areas hold the
risk of being a major source of infection.
Due to globalisation, the movements of
these densely populated areas become
incontrollable. Therefore, infections are able
to be rapidly distributed, which increases the

infection potential dramatically.

Could the developed film be applied in a
wide range of hospital settings globally — for
example, in less economically developed
countries?

FV: The goal is to develop FLEXPOL for

all kinds of hospital settings. Nosocomial
infections are a problem all over the world.
In less economically developed countries,
the percentage of infections within hospitals
is much higher due to the lack of cleanliness
requirements. An antimicrobial adhesive
film could be one part in different actions to
reduce this spread of infections.

Might the antimicrobial adhesive film have
applications beyond hospital environments?

FV: An antimicrobial adhesive film could

be useful for all kinds of applications. For
example, the transportation sector could be
addressed with FLEXPOL as well. Especially
in urban areas, millions of people are

using the metro or buses. Handrails are
one of the main concentration points for
bacteria and could therefore be a suitable
application for an antimicrobial film. Other
applications that could be imaginable are
public touch screens, public restrooms,
elevators and escalators. With a long vision,
an antimicrobial film could also be helpful
within the food packaging market. ®



