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COMPOSITION COMPRISING AT LEAST ONE ENZYME AND ATEAST ONE
MICROBICIDAL MOLECULE FOR THE PREVENTION OR TREATMHT OF POST-
IMPLANTATION INFECTIONS

The present invention relates to a compositiong@simg at least one enzyme and at
least one microbicidal molecule, for use in thevpreative and/or curative treatment of
infections of mammalian bodies, in particular ie ffreventative and/or curative treatment of

the human body.

One such composition is known from document WOZ0&2677 which discloses a
composition which must comprise a bacteriophage amenzyme (polysaccharide lyase)
and, optionally, an antimicrobial agent and/or aad#&| for treating biofilms and microbial
illnesses (infections) associated with these bitdil More particularly, this document
describes use of such a composition in a methottdating pulmonary and gastro-intestinal
infections related to the presence of biofilms.

Documents US2009/0130082 and WO02009/121183 descriibmpositions
comprising a DNase for dispersing the biofilm amdaatibiotic (antimicrobial agent) to kill
the released bacteria. According to these prioud@nts, these compositions are especially
used in the manufacturing/preparation of medicaiads for treating wounds. To that end,
the medical devices are coated or impregnated avitbmposition comprising a DNase and
an antibiotic. More specifically, these prior docmts essentially teach that such
compositions are used for preparing medical devares for disinfecting the skin or the
surrounding environment before insertion or impddion of a medical device such as a
catheter, for example. In this regard, the compmsstdisclosed in these prior documents are

essentially used as pre-procedural rinsing solatimfore surgery, for example.

A biofilm is a slime layer which grows on all sacks, due to the adhesion of
microorganisms on these surfaces and the secrgtgsafrom of polymers which coat them
and facilitate their adhesion. The biofiims thusnioa layer of protection around the
microorganisms and represent a recurrent sourceoafamination of the surrounding
environment which raises major problems in termshealth, for example in hospital

environments.

More specifically, the accumulation of polymersreted by the bacteria creates a
matrix essentially composed of polysaccharides, Dgfoteins as well as lipids, which

protects these microorganisms from external agmgmessand are very resistant to
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conventional cleaning and disinfecting procedurBise microorganisms therefore thrive
easily within this protective matrix and contamaé#te surrounding environment by forming

a particularly critical reservoir which is diffiduio eliminate.

It is known that the problem of the presence daffilohs is twofold. Firstly, as
indicated above, they represent a permanent safircentamination which is very difficult
to eliminate by conventional means, even by thetraggressive means. Indeed, common
disinfectants are often ineffective as it has bedserved that they do not reach the
microorganisms which are protected by the biofilmatmix composed of polysaccharides,

DNA, proteins and lipids.

Secondly, a biofilm is mixed in that it is initigldeveloped by certain bacterial
strains, but it may accommodate others, thesenstriating and developing in colonies.
However, these colonies promote communication betweacteria and, among other things,
the exchange and spreading of resistance genasdcdny certain bacteria. The biofilms
formed by these gene exchanges are thus more utlifio eliminate and increasingly
powerful means of disinfection or treatment mustdsorted to, which, however, frequently

encounter major problems of resistance and/orantas.

The protective matrix of the bacteria forming thefiims is so resistant that it
constitutes a real barrier protecting the bactiEden microbicidal agents (antibiotics and/or
biocides) which could act against the microorgasismd thus against the infections related
to the presence of biofilms, including infections tbe human body associated with the
presence of biofilm. Currently the common treatradmdsed on different antibiotics and/or
different biocides, even when they are, in certzases, combined with other compounds
(formulated and/or sequestering detergents andépersants and/or surfactants), do not act
in a sufficiently effective manner because theynid penetrate, or they do so only in a
limited way, through the thickness of the biofilfrurthermore, the microbicides may be
inhibited by certain molecules forming this matr&onsequently, the current treatments are
only partially effective, only on the surface ofettbiofilm, the matrix of the biofilm
effectively protecting the bacteria from dehydratiphenomena, antibiotic and biocidal
activity (and more generally microbicidal molecy|gshagocytosis and acids. In that regard,
it is generally accepted that biofilms are up t®@@Qimes more resistant to microbicides

compared to planktonic bacteria (not protected bio&lm).
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In hospital and veterinary environments, the situaiis all the more critical as
numerous microorganisms responsible for the foiwnadi biofilms are detected in numerous
places, such as on individual patients/animals (wisy respiratory system, etc.), in the
surrounding area (operating room, surgical tootgjignent for maintaining said tools,
endoscopes, urinary tubes, catheters, medical eaump dialysis or assisted breathing

machines for individuals, etc.) and on surfacesof, walls, operating tables, etc.).

From all of this, it appears that biofilms congt a real problem, particularly in the
fields of healthcare (hospitals, dental surgemds,) and veterinary care. This problem is all
the more critical as biofilms involve bacteria resgible for infections which could be fatal
in individuals, for example among individuals dephg an infection caused by
Staphylococcus bacteria or Enterobacteriaceae whiuth to be resistant to the most recent
generation of antibiotics (for example, imipenend aarbapenems). It is therefore necessary
to take all possible precautions in order to awba& formation and development of biofilms;
this is all the more important when interactionsattis to say surgical procedures, in
mammalian bodies, in particular the human bodygcarged out.

In that regard, the placing of medical devicesnammalian bodies, in particular in
the human body (prostheses, implants — plateswscrmeshes, etc. -, catheters, urinary
tubes, etc.), constitutes a critical medical procedthese medical devices remain in place in
the body for several days, or several months orsydallowing their placing. Indeed, as it
concerns the implantation of a medical device i@ blody, this device almost inevitably
constitutes a point of entry, vector potential amdpotential source of microorganisms
(including bacteria) capable of later developingfibns within mammalian bodies, in

particular within the human body, with all the sskvolved.

The presence of bacteria on implantable mediceaicds, typically the presence of
Staphylococcus aureus bacteria, Staphylococcusmpisl bacteria, Klebsiella pneumoniae
bacteria, Enterococcus faecalis bacteria, Escharidoli bacteria and Pseudomonas
aeruginosa bacteria, or other mammalian pathogmay, have several origins, the main
origins being contamination of the implantable nsatidevice by contact with the skin of the
individual (human/animal) during its implantatiargntamination by microorganisms present
in the air of the operating rooms and medical\metey practices or contamination by blood

dispersion of bacteria from a secondary source.
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Other origins of the presence of microorganisms roedical devices may be
mentioned such as, for example, aerosol contarmmgtontaminants present in the air),

aqueous contamination and contamination by comidlstan already contaminated surface.

Generally, it is accepted that it is the so-calbedioperative contaminations (which
take place in the context of a medical procedut@givare the origin of the infections which
develop following the placing of a medical devigaglantation) in the mammalian body, in
particular in the human body, this following thevelpment of biofilms. For example, in
catheters/urinary and blood tubes, perioperativeiagninations are commonly observed as
these medical devices are highly susceptible tdacoimation during their use, particularly
considering the region of the body where they amglanted.

The adhesion of the biofilms may be promoted bylamted medical devices having
rough portions where the shearing forces are loavetr where the adhesion surfaces are
greater. It also seems that hydrophobic surfacesngie the adhesion of biofilms to
implanted medical devices. In addition, bodily dlsimay constitute a surface coating on the
medical devices which promote the adhesion of itemaicrobial species. For example,

fibrinogen and collagen contribute to the adhesibbacteria of the genus Staphylococcus.

Thus far, in order to better minimise any introidlue of bacteria or other
microorganisms (yeasts, moulds and viruses) withaimmalian bodies, in particular in the
human body, during the placing of an implantableliced device, a series of measures must
be strictly observed. In that regard, the operatbmuld exercise caution by disinfecting their
hands and correctly disinfecting the skin of thenha or animal individual at the site where
the implantable medical device will be insertedeTaperators must also ensure that the
implantable medical devices are manipulated de Bi$ possible during their placing, which
requires a certain expertise. Furthermore, thelistesf the working environment must also

be guaranteed, as well as the medical tools ustéetge procedures.

Other alternatives are currently available, sushfar example, the development of
implantable medical devices whose design reducesrdtes of infection. Implants with
particular features are also envisaged in ordermioimise the adherence surfaces,
particularly by proposing hydrophilic or anionicriaces or surfaces comprising a specific

coating.

However, unfortunately, the development of pogantation infections related to

the development of biofilm in mammalian bodies éswfrequently observed, in particular in
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the human body, these infections developing folimyvihe placing of a medical device
which, even after having been subject to a potepteimplantation treatment (sterilisation
or recoating, for example), is regularly resporesifr the contamination of internal tissues
and/or mucosa in mammalian bodies, particularly the human body. This tissue
contamination is much faster and more damagingtaldiee trauma related to to the surgical
procedure of placing the implantable medical devibe immune defences of the human or
animal individual may be (locally) weakened andstlanable easy development of acute

infections.

Very often, occasionally alongside an acute inffation, a so-called chronic
infection is observed due to the implanted meddmlice not being clinically inert with
regard to the surrounding tissues and/or the migasosms found in and around the
implanted medical device (that is at the implaotasite of the implantable medical device).
At this more advanced stage in the developmenthefihflammation, breakdown of the
tissues (for example, bone tissue) may take phlatéch creates a preferential site where
microorganisms may be better located and bettegldpun the form of biofilm, a site where
the immune defences are locally weakened and thsite avhere infections may appear and
develop all the more easily. What is more, theammiination may also be such that it prevents
the implant from correctly integrating into mamnaalibodies, in particular into the human
body.

There follows, in mammalian bodies, in particuler the human body, the
development of biofilms on both the implantable malkddevice itself as well as in the
surrounding tissues, which may lead to situatiorficiv may require heavy antibiotic
treatment. In extreme cases, new surgical procedusy have to be carried out in order to
remove the implantable medical device before imsgra new supposedly sterile medical
device. However, as seen above, antibiotic treatifienexample via intravenous line) very
often turns out to be ineffective, only eliminatisgmptoms rather than the cause of the

infection, such as the microbial biofilm.

The surgical procedure for replacing the implalgaiedical device is also not a
solution as it leads to the implantation site begpened and movement of the implantable
medical device where the biofilm developed, witk 8ignificant risk of spreading it more
(fracture, fragmentation of the biofilm and releasfebacteria). In such a scenario, the
bacteria protected by the biofilm may spread inkibdy, which may complicate the clinical
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situation rather than resolving it. Practically, i# not possible to remove an implant
immediately after its placing when an infectionated to the presence of biofilm occurs,
particularly when the implant contributes to botebsity or performs a vital function in the

body. Note that it is known that secondary impdéiohs of other replacement medical
devices carry the risk of infecting the new impkhtevices, this being due to the dispersal

of the biofilm after the removal of the initial ifgmt.

Furthermore, the treatment of infections develogédthe implantation sites of
implantable medical devices is entirely differemdnfi that in place to fight against other
infections related to the presence of biofilms iannmalian bodies, particularly in the human
body. For example, a pulmonary infection which vabbé due to the presence of biofilms in
the lung alveoli will not be treated in the sameywaa an infection resulting from the placing
of an implantable medical device such as, for exajrgpacemaker or a knee prosthesis. In
that regard, although compositions intended for-ipyg@antation treatment exist, their
application is not necessarily compatible with gogplantation treatment as the desired
effect and the constraints encountered are difteren

This results from the fact that the microorganissalnising and developing on the
implanted medical devices are of an entirely ddfernature as they develop in optimal
temperature conditions (internal body temperataréhe order of 37 to 38°C) and in the
presence of essential nutrients such as the sagdrproteins present in bodily fluids. In fact,
the biofilms developing on and near the implantestlizal devices have quite specific ratios
between polymers and between bacterial colonieschwimplies that these biofilms are
characterised by a particular morphology and aiBpemmposition giving them increased
resistance to common removal treatments, for examyding microbicidal molecules
(antibiotics and/or biocides). Furthermore, eagtetof implant has a tendency to be infected
by certain types of microorganisms, which is igapart due to the environment in which
the implant can be found, as well as the surfad@implant itself. For example, in urinary
catheters more than 50% of infections are cause. lopli, K. pneumoniae and E. faecalis.

In blood catheters, the majority are rather dustaphylococcus-type bacteria.

There thus exists a real need to provide a cortiposior the removal of biofilms
which can allow these problems to be solved, siheecurrent solutions of pre-implantation
treatments, heavy antibiotic treatment and repherd of the implantable medical devices
by means of post-implantation surgery unfortunatidynot allow the development of post-
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implantation infections at an implantation siteatetl to the presence of biofiims in
mammalian bodies, in particular in the human badype avoided and do not offer an
effective curative solution to these post-implaotatinfections of mammalian bodies, in
particular of the human body.

To solve this problem, a composition as indicagdthe beginning is provided
according to the invention, comprising at least enegyme and at least one microbicidal
molecule as combination products, for simultanames separated use or use staggered over
time, for use in preventative and/or curative tmeait of infections at an implantation site,
said infections being post-implantation infectiasfsmammalian bodies, in particular post-
implantation infections of the human body.

The term “post-implantation infections of mammalibodies, in particular post-
implantation infections of the human body” refecs &ccording to the present invention,
infections which develop at and/or around an img@aaon site in mammalian bodies, in
particular in the human body (in-vivo, in-situ, place) following the placing of an
implantable medical device (implant, prosthesisastdgc/urinary tube, drains, catheters,
stents, etc.). These infections develop at and/ourel an implantation site both on the
implanted medical device or around it, for exampléhe tissues, bones and cartilage and/or
the internal mucosa of the body. More particulaalgcording to the present invention, post-
implantation infections of mammalian bodies, intatar of the human body, are infections
caused by the development, after implantation arah amplantation site, of microorganisms
in the form of biofilms following the implantatioof a medical device provided to stay in the
body for several hours, or several days, weeks,timsoor years, this not corresponding to a
sample in which the medical device only passesief period of time in the body. More
specifically, according to the present inventionstpimplantation infections of mammalian
bodies, in particular in the human body, are intets caused by a stay of at least 12 hours,
more particularly of at least 24 hours of the inmpéal medical device in the body.

The term “microbicidal molecule” refers to, acdogl to the present invention, a
natural or synthetic molecule whose propertiesnaliao destroy (kill) microorganisms or to
prevent the growth of microorganisms. According thee present invention, the term
“microbicidal molecule” thus includes, though notchkisively, antibiotic and/or biocidal

molecules.
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It must be explained that, according to the presamntion, it is a post-implantation
type infection which is treated in a preventativeeorative way at the site of implantation, in
particular following the placing of an implantabteedical device. It is not, as is the case in
the compositions described in documents US2009(M830and W0O2009/121183 for
example, a pre-procedural treatment or a preparaifoimplantable medical devices, but

rather a treatment applied after implantation (fiogtiantation) and at the implantation site.

In the scope of the present invention, it has t&®nvn that use of such a composition
allows post-implantation infections related to theesence of biofiims to be effectively
treated, at and/or around the implantation sitansmmmalian bodies, in particular in the
human body, without irreversibly damaging the tesswor internal mucosa of the body
(deterioration, toxicity) in a way which does nggeavate the clinical situation of the patient
(human or animal). Furthermore, it has been shdva the composition according to the
invention allows the biofilm to be broken down Metaction of at least one enzyme and to
kill the majority of the bacterial colonies initialpresent in the biofilm at the implantation
site. The simultaneous action, separated acticaction staggered over time of at least one
microbicidal molecule and at least one enzyme aliegrto the invention is crucial as release
of the microorganisms may allow them to spreadubhothe body with all the risks which
may come with delocalisation of the infection todsrother more sensitive areas of
mammalian bodies, in particular of the human body.

Unexpectedly, it has been shown that use of a ceitipo according to the invention
(at least one enzyme and at least one microbicidalecule), formed solely of
pharmaceutically acceptable components which geetable or compatible with mammalian
bodies, in particular with the human body, but ableomprise, though not necessary, other
components, allows post-implantation infectionsrd/or around the implantation site to be
treated by effectively and quickly breaking dowe tiofilms, however highly resistant, and
particularly developing at and around and/or on $oefaces of the implanted medical

devices.

Such a breakdown of these biofilms, however emntirgpecific, allows the
microbicidal molecules (antibiotics and/or biocifes effectively act on the microorganisms
(bacteria and/or yeasts and/or archaea and/or egrumnd/or prions and/or moulds)
responsible for these infections. It was certamdy expected that a composition, particularly
used for treating pulmonary infections or cleanmgdical tools, could be used equally
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effectively to fight, at and/or around an implamdatsite, against post-implantation infections
involving very resistant and very specific biofilm$ose morphology and components (ratio
of polymers, ratio of different bacteria coloniesg quite atypical through their association
with implanted medical devices in an environmentalwhs suitable for the development of

biofilms.

Contrary to treatment by heavy antibiotics and satgorocedures aiming to replace
an infected implanted medical device which is resgide for an infection, treatment, at
and/or around an implantation site, of the postlmation infections of mammalian bodies,
in particular of the human body, related to thespnee of biofilms, by use of a composition
according to the invention has been shown to baligffective. In that regard, use of a
composition according to the invention systemaliycahsures treatment of the infection
related to the presence of biofilm around the imfaaon site because it has been shown that
at least one enzyme present in the compositionrdicgp to the invention is capable of
rapidly and versatilely breaking down numerousibitd, however specific, thereby ensuring
that the microbicidal molecules (antibiotics andbdowcides) reach the bacteria lacking any

protective matrix.

In the scope of the present invention, surprisingge of a composition according to
the invention has been identified as being capabédfectively treating, at and/or around the
implantation site, infections related to the preseof particular biofilms formed by different
associations of bacterial colonies and having \&rgcific structural and morphological
characteristics by their association with implanteeldical devices. In particular, it has been
observed that a composition according to the inganensures, at and/or around the
implantation site, an in-depth breakdown througé thickness of the biofilm even if the
latter develops in optimal conditions and is consgrly resistant to treatments which aim to

eliminate it.

Treatment based on use of a composition accordirthe invention has also been
identified as allowing, in a surprising way, aneetive and quick treatment of post-
implantation infections of mammalian bodies, intgatar the human body, related to the
presence of biofilms, to be carried out, i.e. arsito treatment at the place where the
infection developed (at the implantation site),hwiit involving any surgical procedure and
without damaging the tissues and/or internal mudnghe body in an irreversible manner

(deterioration, breakdown, toxicity, etc.). For ex#de, in the event of a urinary catheter
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whose implantation leads to an infection (urinanfgction) related to the presence of biofilm,
it is envisaged that the composition accordingh® invention could be injected into the
urinary catheter so that the latter is floodeditoustaneously eliminate the biofilm forming
the source of the infection and treat the infectionthe case of a prosthesis, for example a
knee prosthesis, an in-situ treatment of the imdactwhich would be caused by the
development of biofilm on and around the prosthesmuld be carried out by simple
infiltration or injection (intra-articular injectiq for example) of the composition according to
the invention at the knee.

The composition used according to the inventiothis shown to be simultaneously
versatile and effective in enabling rapid treatmeat the implantation site, of post-
implantation infections related to the presencguofe particular biofilms which, to this day,
heavy antibiotic treatment or a surgical procedaimning to provide solutions are revealing
that they are only partially, if at all, effectivas indicated above. Furthermore, use of a
composition according to the invention has beemtiied as allowing rapid integration of
the implanted medical device to be carried outtigaarly by allowing faster healing at the
implantation site, this thanks to the absence dfilm, ensured by the composition according
to the invention. Indeed, in a surprising and ativg@ous manner, it has been determined
that a composition according to the invention ig ogtotoxic even though it is highly
effective for destroying (killing) the bacteria tially protected by the biofilms and for

eliminating the biofilms and microorganisms frone tineated surfaces.

As will become apparent from the examples givewetifferent combinations of at
least one enzyme with at least one microbicidalecule (antibiotic) lead to the effective
treatment of various infections related to the @neg of biofilms formed by various bacterial
species and strains. The compositions accorditigetinvention are thus versatile and lead to

treatment of a large range of post-implantatioedtibns.

Advantageously, said at least one enzyme of theposition according to the
invention for use in the treatment, at an implaatasite, of post-implantation infections of
mammalian bodies, in particular of the human baslyhosen from the group composed of
deoxyribonucleases (DNases), lipases, proteasespalydaccharide hydrolases including

Dispersin B and cellulase.

Preferably, said at least one enzyme of the cortippsaccording to the invention for

use in the treatment, at an implantation site, agtfimplantation infections of mammalian
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bodies, in particular of the human body, is sugplie an administrable volume of between
100 and 100,0Q4Q..

Advantageously, said at least one enzyme of theposition according to the
invention for use in the treatment, at an implaotasite, of post-implantation infections of
mammalian bodies, in particular of the human basl\supplied in a concentration between
0.01 and 1000mg/L. In the event where said at lem& enzyme of the composition
according to the invention is administered in tbenT of a powder (lyophilisate) or a tablet,
for example, said enzyme is supplied in a quartiydry weight of between 0.01 and
50,000mg/kg with respect to the total dry weightsaid powder (lyophilisate) or to the total
dry weight of said tablet.

Preferentially, said at least one microbicidal neale of the composition according to
the invention for use in the treatment, at an imfafon site, of post-implantation infections
of mammalian bodies, in particular of the humanyhaod supplied in an administrable
volume of between 100 and 100,000

Preferably, said at least one microbicidal moleafléhe composition according to
the invention for use in the treatment, at an imfdfon site, of post-implantation infections
of mammalian bodies, in particular of the humanyhdd supplied in a concentration of
between 0.01 and 1000mg/L. In the event where saicrobicidal molecule of the
composition according to the invention is administiein the form of a powder (lyophilisate)
or a tablet, for example, said microbicidal molecisl supplied in a quantity by dry weight of
between 0.01 and 10,000mg/kg with respect to thal tdry weight of said powder
(Iyophilisate) or to the total dry weight of saabtet.

Preferably, said at least one microbicidal moleafléhe composition according to
the invention for use in the treatment, at an imga#aon site, of post-implantation infections
of mammalian bodies, in particular of the humanyhasl chosen from the group composed
of fluoroquinolones, glycopeptides, lipoglycopepsd fusidic acid, penicillins,
cephalosporins, carbapenems, monobactams, polys)yximeta-lactams, macrolides,
lincosamides, oxazolidinones, amphenicols, tetdaws, aminoglycosides, rifamycins,
nitrofurans, sulphonamides, nitroimidazoles, angfals (echinocandins, fluorocytosines,
azoles, griseofulvins), lytic enzymes (for examgthelolysins or lysozyme), N-acetylcysteine,
guaternary ammonium, biguanides, amines, halogénaterivatives (particularly of
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chlorhexidine), antimicrobial peptides, silver (Adgrivatives, HO, derivatives, peroxy

acids, phenolic derivatives, aldehydes, alcohotsranxtures thereof.

Advantageously, the composition according to thesmion for use in the treatment,
at an implantation site, of post-implantation irifess of mammalian bodies, in particular of
the human body, is supplied in the form of a steaifjueous solution which may be injected
or not, which may be diluted or not in water fojertable preparation or in the form of a

soluble powder, preferably in the form of a lyopdate.

Preferably, the composition according to the ini@nfor use in the treatment, at an
implantation site, of post-implantation infectioos mammalian bodies, in particular of the
human body, comprises a pharmaceutically acceptabiger and/or excipient such as, for
example, a stabilising agent provided to ensurestakility of the composition in storage so

the composition does not deteriorate before use.

Advantageously, the composition according to thesmion for use in the treatment,
at an implantation site, of post-implantation irfexns of mammalian bodies, in particular in
the human body, is packaged in a sterile contafioerexample in a sterile flask provided
with a cap through which water for injectable prgpan may be injected so the composition

according to the invention can be formed.

Preferentially, said post-implantation infectiofsx@ammalian bodies, in particular of
the human body, treated, at an implantation sitiéh whe composition according to the
invention are post-implantation infections of tledldwing bacteria: Staphylococcus aureus,
Staphylococcus epidermis, Escherichia coli, Esche&ifaecalis, Klebsiella pneumoniae and
Pseudomonas aeruginosa. For example, the postatapta infections in the scope of the
present invention may be urinary infections (car®t dental peri-implantitis (endosseous
implants, zygomatic implants, orthodontic implantstention plates), endocarditis (heart
valves, stents), surgical wounds (catheter poirtndify), otitis (drains), pulmonary infections,
of the larynx and throat (artificial breathing tspesinus infections (drains), renal infections
(stents, catheters), gastric infections (tubeg)atie infections (stents), pancreatic infections
(stents), enteric infections (tubes) and colondtéms (tubes), bone and cartilage infections
(plates, screws and prostheses), infections olbthie stem (stents) and circulatory infections

(catheters).

According to the present invention, the infectionay also be caused by yeasts (for

example by Candida albicans), by organisms causiyepsis (for example by Aspergillus)
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and by other bacteria (for example by Proteus niisabEnterobacter, Citrobacter or

Acinetobacter).

Preferably, according to the invention, said pagtantation infections of
mammalian bodies, particularly of the human bodye @nfections localised at an

implantation site of an implantable medical devioe.example a tube, catheter or prosthesis.

Advantageously, the composition according to thesmion for use in the treatment,
at an implantation site, of post-implantation irfexns of mammalian bodies, in particular in
the human body, is provided to kill at least 1 LOglreferably at least 2 Logl0,
preferentially at least 5 Logl0 of the microorgamssresponsible for post-implantation

infections of mammalian bodies, in particular cé ttuman body.

The present invention also relates to a use ofnaposition comprising at least one
enzyme and at least one microbicidal molecule asbawation products, for simultaneous
use, separated use or use staggered over timethedreatment, at an implantation site, of

post-implantation infections of mammalian bodiesparticular of the human body.

Preferably, the use of a composition accordinght® ihvention comprising at least
one enzyme and at least one microbicidal molecaleadministered by injection, by
infiltration, by irrigation, by ingestion or by partaneous application. In the scope of the
present invention, said administration may be edraut by means of a gel, ointment, cream
or via a patch. Note that the present inventionviges simultaneous administration,
separated administration or administration staghereer time of the combination products
that are said at least one enzyme and said atdeasmmicrobicidal molecule, this certainly
not imposing that the administration modes (methadsthese combination products are
identical.

The present invention also relates to a methodréating, at an implantation site,
post-implantation infections of mammalian bodiesparticular of the human body, with a
composition comprising at least one enzyme andeastl one microbicidal molecule as
combination products, for simultaneous use, sepadrase or use staggered over time, said

method comprising the following steps:

- administration, at an implantation site of an inmpédole medical device, of a

composition comprising at least one enzyme and tess microbicidal molecule,
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- breakdown, by action of said at least one enzymesafl administered
composition, of a biofilm present at said implamatsite of said implantable
medical device, and

- destruction of bacteria and/or inhibition of thegth of bacteria released from
said biofilm, by action of said at least one miccadal molecule of said

administered composition.

Advantageously, according to the method for tregtat an implantation site, post-
implantation infections of mammalian bodies, in tigatar of the human body, said
administration is carried out by injection, by Itration, by irrigation, by ingestion or by
percutaneous application. In the scope of the pteseention, said administration may be

carried out by means of a gel, ointment, creannjdigolution or via a patch.

Other features, details and advantages of thentiore will become clear in the
examples and appended figures.

Figure 1 is a graph which illustrates the viapilif the bacteria from an isolate of S.
aureus (isolated from an implanted pacemaker) lgadveloped a biofilm, following contact
either with a composition according to the invent{ciprofloxacin as an antibiotic molecule
at 3.2mg/L + 0.025% DNase |, 0.01% Dispersin B @n@5% cellulase), or with a

composition solely comprising ciprofloxacin as amtilaiotic molecule at 3.2mg/L.

Figure 2 is a graph which illustrates the viabilif the bacteria from an isolate of E.
coli (isolated from an implanted urinary cathetbgving developed a biofilm, following
contact either with a composition according to itineention (ciprofloxacin as an antibiotic
molecule at 3.2mg/L + 0.025% DNase |, 0.01% DispeBsand 0.05% cellulase), or with a
composition solely comprising ciprofloxacin as ailaiotic molecule at 3.2mg/L.

Figure 3 is a confocal microscopic image of arai®oof S. aureus (isolated from an

implanted pacemaker) having developed a biofilnr @vh.

Figure 4 is a confocal microscopic image of arai®oof S. aureus (isolated from an
implanted pacemaker) having developed a biofiimro24h and then treated with a

composition solely comprising ciprofloxacin as amtilaiotic molecule at 1mg/L over 24h.

Figure 5 is a confocal microscopic image of arai®oof S. aureus (isolated from an

implanted pacemaker) having developed a biofiimro24h and then treated with a
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composition according to the invention (ciprofloxaat 1mg/L + 0.025% DNase | + 0.01%

Dispersin B + 0.05% cellulase) over 24h.

Figure 6 is a graph which illustrates the cytotayiof DNase I, Dispersin B and

cellulase alone or linked to human cell lines.

Figures 7a to 7d are graphs which illustrate tladity (% of viability with respect to
the control) of the bacteria of an isolate of Fugmosa PA20 (isolated from an implanted
arterial catheter) having developed a biofilm, daling contact with different antibiotics of

Cmin concentration in combination with differenzgmes or a cocktail of enzymes.

Figures 8a to 8d are graphs which illustrate tladity (% of viability with respect to
the control) of the bacteria of an isolate of Rugamosa PA500 (isolated from an implanted
arterial catheter) having developed a biofilm, daling contact with different antibiotics of

Cmin concentration in combination with differenzgmes or a cocktail of enzymes.

Figure 9 is a graph which illustrates the viabil{®p of viability with respect to the
control) of the bacteria of an isolate of S. aur&e2003/1083 (isolated from a knee
prosthesis) having developed a biofilm, followingntact with different antibiotics of Cmin

concentration in combination with different enzynoes cocktail of enzymes.

Figures 10a to 10c are graphs which illustratevtability (% of viability with respect
to the control) of the bacteria of an isolate ofgieumoniae Kp826 (isolated from a central
venous catheter) having developed a biofilm, follmyvcontact with different antibiotics of

Cmin concentration in combination with differenzgmes or a cocktail of enzymes.

Figures 11a to 11f are graphs which illustratedytetoxicity of compositions

according to the invention on human cell lines.
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Examples

EXAMPLE 1: effectiveness and cytotoxicity of a ficomposition according to the

invention used in the treatment of post-implantatifections

A. Effectiveness

In order to test the effectiveness of a compositiooording to the invention
comprising at least one enzyme and at least ongdaioand/or antibiotic molecule
(microbicidal molecule) to treat post-implantatiofections of mammalian bodies, in
particular of the human body, several experimemgevwonducted from isolates taken
from medical devices infected by biofiims in thentan body following their

implantation. These isolates are listed in Tabbelbw.

Three different experiments, carried out accordimghree biofilm models,
were conducted: (1) static model of in-vitro biofjl (2) dynamic model of in-vitro

biofilm and (3) dynamic model of biofilm in a bi@etor.

Furthermore, confocal microscopic images were tdkeran isolate in order
to visualise the dispersal of the bacteria and dffectiveness of a composition

according to the invention in terms of bacteriavaal.

To carry out these experiments, different compwms#i according to the
invention were prepared under agitation (120 RPM)ddution of at least one
antibiotic and/or biocidal molecule in an aqueonisitton (water buffered with 20mM
tris(hydroxymethyl)aminomethane and with a pH db)7comprising at least one
enzyme. For the tests presented below, ciprofloxacas used as the antibiotic

molecule.

In order to judge the effectiveness of a post-imfaliion treatment carried out
with a composition according to the invention, tiability of the bacteria was
measured by following the development of the colouthe resazurin (7-Hydroxy-
3H-phenoxazin-3-on 10-oxide), this colour changingoading to the redox potential
which depends on microbial activity. The measurenvesis conventionally carried
out by absorption photometry (measurement at 599nth the Spectramax M4
equipment). Based on the values measured for eiffeconcentrations of the
antibiotic and/or biocidal molecule in the presentan enzymatic composition fixed

in the composition according to the invention, tese-response curves, and more
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particularly the EG, that is the necessary concentration of the anitiand/or
biocidal molecules for ensuring a 50% reductiothefviability of the bacteria, which
corresponds to a 50% reduction of the size of tggpas measured by absorption

photometry, were determined.

Isolate | Strain Bacteria Origin

1 80124430375 | Saureus MRSA pacemaker

2 80224422456 | Saureus MRSA knee prosthesis

3 80124474762 | Saureus MRSA knee screw

4 80224420266 | Sepidermis central venous catheter (CVQ)
5 6081 E.coli urinary catheter

6 5701 E.coli orthopaedic implant

7 9794 E.faecalis urinary catheter

8 9781 E.faecalis urinary catheter

9 9555 E.faecalis urinary catheter

10 DIV5508 P.aeroginosa central venous catheter (CVQ)
11 04/190 P.aeroginosa urinary catheter

1. Static model of in-vitro biofilm

From each of the isolates given in table 1, biddiln = 4) were developed
over 24 hours at a temperature of 37°C in the waflla 96-well plate containing
20QuL of a TSB culture medium (Tryptic Soy Broth VWR)pplemented with 1%

glucose and 2% sodium chloride.

Then, over a second 24-hour period, the biofiimeettged in the wells were
subjected to growing concentrations (from 0.15 @ong/L) of ciprofloxacin as an
antibiotic in an aqueous solution comprising 0.02%8lase | (VWR), 0.01%
Dispersin B (Symbiose Biomaterials) and 0.05% ¢afle (Carezyme® of

Novozyme).

It should be noted here that the enzyme percentagas wt % which express
the quantities by the weight of each commercialysre with respect to the total

weight of the composition. This applies to the ety of this document.
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Before proceeding with the measurement of the Wglmf the bacterial cells
with resazurin, the plates containing the develdpeflilms were washed with a PBS
buffer (pH = 7.4) then incubated with resazuri®{®ng/L) for 1 hour in the dark.

The results obtained are listed in Table 2 beloviclipresents, based on the
established dose-response curves, the concensaffomg/L) necessary in the
antibiotic molecule in order to reduce the viapildf the studied bacteria having
developed a biofilm by 50%, also known assgEQvhich corresponds to a 50%

reduction of the size of the signal measured bymti®n photometry).

The increase in activity of the antibiotic molecube the decrease of its BC
when it is linked to 0.025% DNase I, 0.01% DispeiBiand 0.05% cellulase, is also

given in Table 2 (ratio of Efg solution B/solution A).

As can be seen, for each of the isolates testedmgosition according to the
invention allowed the activity of the antibiotic feoule to be systematically
increased in a significant manner, also known dsigieg the EG in a significant
manner. These results indicate, in comparison avitbmposition only containing the
antibiotic molecule, that the bacteria were reached killed by the molecule in a
much more effective manner. This is explained by phesence of enzymes which
truly break the biofilm down in such a way that th&cteria are released and then

come into direct contact with the antibiotic molkcu

Table 2

Isolate| Concentration of theéConcentration of the antibioticincrease in
antibiotic molecule in amolecule in a  solutionactivity of
solution comprising thecomprising the antibiotic inthe
antibiotic alone (solutionassociation with 0.025% DNaseantibiotic
A) to reduce the viability I, 0.01% Dispersin B and 0.05%molecule

of the bacteria by 50%cellulase (solution B) to reduge

(EGso) the viability of the bacteria by
50% (EGo)
1 >40 15 >26.6
2 0.8 0.1 8

3 1.2 0.2 6
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4 1.77 0.08 22.1

5 2.7 0.11 24.5

6 >40 0.23 >173.9
7 >40 0.25 >160
8 >40 1.4 >28.5
9 >40 2.5 >16
10 >40 1.26 >31
11 >40 0.05 >792

a

> 40 means that the 50% reduction of the microlpapulation for a
concentration of 40mg/L in the antibiotic did natcar. The EG is thus greater than
40mg/L.

2. Dynamic model of in-vitro biofilm

20uL of liquid culture from isolates 1 and 5 (n = 4asvinoculated in the wells
of a 96-well plate containing 180 of a TSB culture medium (Tryptic Soy Broth
VWR) supplemented with 1% glucose and 2% sodiuroradé then a PEG platform
was immersed so the biofilms developed on the PE®ysions for 48 hours at a

temperature of 37°C under constant agitation atRRM.

Then, over a second 24-hour period, the biofiimsetiged in the wells on the
protrusions were subjected, still under constantatgn at 120 RPM, to growing
concentrations (from 0.15 to 40mg/L) of ciproflokaas an antibiotic in an aqueous
solution comprising 0.025% DNase | (VWR), 0.01% f@@ssin B (Symbiose
Biomaterials) and 0.05% cellulase (Carezyme® of ddgwne).

Before proceeding with the measurement of the Wglmf the bacterial cells
with resazurin, the PEG plates with the protrusiomstaining the developed biofilms

were incubated with resazurin for 2 hours in thikkda

The results obtained are listed in Table 3 beloviclvipresents, based on the
established dose-response curves, the concensafiong/L) necessary of the
antibiotic molecule in order to reduce the viagildf the studied bacteria having
developed a biofilm by 50% (which corresponds &0% reduction of the size of the

signal measured by absorption photometry). Theeas® in activity of the antibiotic
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molecule, or the decrease of its ggGvhen it is linked to 0.025% DNase 1, 0.01%
Dispersin B and 0.05% cellulase, is also given abl& 2 (ratio of Egy: solution
B/solution A).

As can be seen, for isolates 1 (S. aureus isofetetla pacemaker on which a
biofilm developed in the human body after implaitat and 5 (E. coli isolated from
a urinary catheter on which a biofilm developed tile human body after
implantation), a composition according to the iri@m allows the activity of the
antibiotic molecule to be systematically increasatho reducing the Eg in a

significant manner.

Isolate | Concentration of theConcentration of theIncrease in
antibiotic molecule in aantibiotic molecule in aactivity of the
solution comprising the solution  comprising  theantibiotic
antibiotic alone antibiotic in association withmolecule
(solution A) to reduce 0.025% DNase |, 0.01%
the viability of the| Dispersin B and 0.05%
bacteria by 50% (Efg) | cellulase (solution B) to
reduce the viability of thg
bacteria by 50% (Efo)

D

1 0.7 0.001 700

5 3.18 0.004 795

These results indicate, in comparison with a comtiposonly containing the
antibiotic molecule, that the bacteria were reached killed by the molecule in a
much more effective manner. This is explained by phesence of enzymes which
truly break the biofilm down in such a way that tha&cteria are released and then

come into direct contact with the antibiotic molkcu

3. Dynamic model of biofilm in a bioreactor

Isolates 1 and 5 (n = 3) were inoculated on polygaate coupons then placed
in a CDC bioreactor (BioSurfaces Technologies) amig 300ml of a TSB culture
medium (Tryptic Soy Broth VWR) supplemented with Hlacose and 2% sodium
chloride in order to develop biofiims for 20 howas a temperature of 37°C under
constant agitation at 120 RPM. The developmentmwaie particularly carried out in

two successive phases, namely (1) a first incubgtivzase of 6 hours at a bacterial
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concentration of 1bacteria/ml and (2) a second phase of 14 hoursmgluvhich
continuous circulation at 10ml/minute of the cudtunedium was carried out in the
bioreactor through use of a peristaltic pump (Mdlgbe). Following this development
of biofilms carried out in two phases, the latterevsubjected, in the bioreactor, to a
concentration of 3.2mg/L of ciprofloxacin as anilietic in an aqueous solution
comprising 0.025% DNase | (VWR), 0.01% Dispersin$®/mbiose Biomaterials)
and 0.05% cellulase (Carezyme® of Novozyme).

The coupons were then aseptically removed aftd; 8, 12, 18 and 24 hours
and rinsed twice in a PBS buffer before sonicatibthe formed biofilms. Successive
dilutions in a PBS buffer (pH = 7.4) were then marout from the samples thus
obtained before plating on a TSA culture medium {®)or counting the bacterial
colonies (Logo CFU/mI) following incubation of the culture mediar 18 hours at a

temperature of 37°C and a relative humidity of 60%.

The results obtained are presented in Figures 12aindm which it is again
made clear that, for each of the isolates testedpraposition according to the
invention allows the activity of the antibiotic neglule to be systematically increased
in a significant manner. In fact, regarding isoldte(S. aureus isolated from a
pacemaker on which a biofilm developed in the hurbady after implantation), a
logarithmic reduction in the order of 5 of the nwenbf live bacteria was observed in
comparison with a logarithmic reduction in the orag 0.5 when the antibiotic
molecule was used alone (see Figure 1). The sarmeration was conducted for
isolate 5 (E. coli isolated from an urinary cathete which a biofilm developed in the
human body after implantation): logarithmic redantin the order of 5 of the number
of live bacteria during treatment with a compositaxcording to the invention and in

the order of 0.5 for a composition containing athlg antibiotic (see Figure 2).

These results indicate, in comparison with a comtiposonly containing the
antibiotic molecule, that the bacteria were reached killed by the molecule in a
much more effective manner. This is explained by phesence of enzymes which
truly break the biofilm down in such a way that th&cteria are released and then

come into direct contact with the antibiotic molkcu

4. Confocal microscopic images
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For isolate 1 $ aureus isolated from a pacemaker on which a biofilm
developed in the human body after implantation)y)fecal images were taken and
correspond to Figures 3 to 5. Figure 3 correspdaedsn image of the biofilm
developed by isolate 1 over 24h; Figure 4 corredpdie an image of the biofilm
developed by isolate 1 over 24h after treatmentufation) with a composition
containing only the antibiotic molecule (ciproflema at 1mg/L) for 24h; Figure 5
corresponds to an image of the biofilm developesr @4h by isolate 1 after treatment
(incubation) with a composition according to theantion (ciprofloxacin at Img/L +
0.025% DNase | + 0.01% Dispersin B + 0.05% celkildsr 24h.

Before obtaining the different images, staining wasried out with the
LIVE/DEAD kit (Invitrogen) for 30 minutes beforensing with a PBS buffer.

From these confocal images it appears that, aghtotests with the biofilm
models above, a composition according to the ingens much more effective than a
composition not containing the antibiotic molecutefact, Figure 5 (treatment with a
composition according to the invention) shows tiathe bacteria have been killed
(destroyed) (M) whereas Figure 4 (treatment with #ntibiotic molecule alone)
shows, on the contrary, that numerous bacteris@tealive (V). As before, this is
explained by the presence of enzymes which wily/toweak the biofilm down in such
a way that the bacteria are released and then dotoedirect contact with the

antibiotic molecule.

B. Cytotoxicity

In order to judge the cytotoxicity of a compositiaccording to the invention
used in the treatment of post-implantation infetsioof mammalian bodies, in
particular of the human body, three human celldjiieHP-1, U937 and HL-60, were
used. For each line, cells (1€ells/ml) were incubated for 4h in the wells diGwell
plate in the presence of an enzymatic cocktail @icog to the invention (0.025%
DNase | + 0.01% Dispersin B + 0.05% cellulase)rothie presence of each of these
enzymes at the same concentration as they aresierthymatic cocktail (DNase | —

DNase or Dispersin B — DispB or cellulase — Carezym

The cytotoxicity was evaluated based on the amotitactate dehydrogenase
(LDH) present in the supernatant by using the Pldéfection kit (Roche, Basel,

Switzerland). The level of LDH naturally salted-dayt the non-treated cells of each
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line was measured (negative control) as well asrtagimum level of LDH released
by the same cells (positive control). The cytotdyigvas calculated according to the
following formula: (value measured from the samplevalue of the negative

control)/(value of the positive control — valuetbé negative control) x 100.

The results obtained are presented in Figure 6 evihazan be seen that the
enzymatic cocktail, like each of the enzymes, adiogr to the invention shows no

toxicity for human cell lines.

EXAMPLE 2: effectiveness and cytotoxicity of diffart compositions according to

the invention used in the treatment of post-im@tah infections

Compositions other than that described in Exampleete tested in terms of
effectiveness and cytotoxicity in order to estdblibat different combinations of
enzymes with different microbicidal molecules (hidtics) are able to provide
treatment for post-implantation infections. The ealbjof the tests carried out in
Example 2 is essentially to highlight that the prgsinvention is not limited to a
particular composition such as that of Exampleut,tbat a whole range of different
combinations and thus different compositions adogrtb the invention are effective

in the treatment of post-implantation infections.

Different clinical strains were isolated from maealiadevices infected by
biofilms in the human body following their implatitn. These isolates, as well as

their origins, are listed in Table 4 below.

Table 4
Strain Bacterial species Origin
PA20 P. aeruginosa arterial catheter
PA500 P. aeruginosa arterial catheter
Sa2003/1083 S aureus MRSA knee prosthesis
Kp826 K. pneumoniae central venous catheter

A. Effectiveness: static model of in-vitro biofilm

a) Culturing and formation of biofilm from isolatef P. aeruginosa (PA20
and PA500)
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5uL of a glycerol stock of PA20 or PA500 was addedmal of LB-glucose
culture medium (medium formed of a mixture of LuBartani(LB) and 1% glucose)
and incubated for 24h at 37°C. The bacterial susiparwas then diluted with the LB-
glucose medium in order to obtain an inoculum JfHdkteria/ml.

The biofilms were cultivated on 96-well plates éolling an addition of 2Q0L
of the inoculum in each well. The plates were thmubated at 37°C for 48h with a

replenishment of the medium after 24h.

The biofilms obtained were then treated for 24hhwadlifferent enzymes
(Dispersin B, DNase, cellulase (carezyme), savingsetease), lipolase (lipase),
amylase (stainzyme) and mannanase) in combinatidim a¥fferent antibiotics at
maximum concentration (Cmax) or minimum concentraiiCmin), Cmax being the
maximum serum concentration after administratiorthef antibiotic and Cmin the
minimum serum concentration. These concentratiomnGnd Cmax are based on
those recommended by EUCAST (The European CommibieeAntimicrobial
Susceptibility Testing).

The treatments of the biofilm with the use of diffiet combinations of an
antibiotic with one or several enzymes were carmed in accordance with the

following concentrations of antibiotics and enzymes

- enzymes: 0.05%; DCC = 0.025% DNase + 0.01% Dispdds{DspB) +
0.05% cellulase (Ce)

- amikacin: Cmin = 5mg/L (Cmax = 24mg/L)

- tobramycin: Cmin = 0.9mg/L (Cmax = 4mg/L)

- moxifloxacin: Cmin = 0.3mg/L (Cmax = 3.6mg/L)

- meropenem: Cmin = 0.1mg/L (Cmax = 20mg/L)

- ciprofloxacin: Cmin = 0.6mg/L (Cmax = 3.2mg/L)

Fluorescein diacetate (FDA) was used to measurevitiide P. aeruginosa
(PA20 or PA500) bacteria. The plates containinghiloilms were washed twice with
an MOPS buffer then incubated in FDA (1@@ml) for 1h in the dark. FDA is a non-
fluorescent hydrolysable in a fluorescent yellonmponent (fluorescein) by non-
specific intracellular esterases produced by thbélei bacteria. The measurement was
carried out by spectrophotometry (length of exmtatwavelength at 494nm and

transmission at 518nm) with a spectramax M4. Theuwrnof fluorescein measured
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by fluorimetry is directly proportional to the nuebof viable bacteria in the medium.

The results obtained are presented in Figures Band

Figures 7a to 7d illustrate the viability (% of bikty with respect to the
control — non-treated) of the bacteria of an isolat P. aeruginosa PA20 (isolated
from an implanted arterial catheter) having devetbja biofilm, following contact
with

- (A) amikacin at Cmin concentration as an antibiaiccombination with
savinase (Sav) as the sole enzyme or with lipdlages the sole enzyme
or with savinase (Sav) and lipolase (Li) as enzywrewith Dispersin B
(DspB), DNase and cellulase (Ce) as enzymes (DCC);

- (B) tobramycin at Cmin concentration as an antibiwt combination with
savinase (Sav) as the sole enzyme or with amylase) @s the sole
enzyme or with savinase (Sav) and amylase (Am)naymees or with
Dispersin B (DspB), DNase and cellulase (Ce) agraes (DCC);

- (C) moxifloxacin at Cmin concentration as an aimtiisi in combination
with savinase (Sav) as the sole enzyme or with @uaase (Ma) as the sole
enzyme or with savinase (Sav) and mannanase (Mahagnes or with
Dispersin B (DspB), DNase and cellulase (Ce) agraes (DCC);

- (D) meropenem at Cmin concentration as an antibintcombination with
DNase as the sole enzyme or with mannanase (Midieasole enzyme or
with DNase and mannanase (Ma) as enzymes or wepemsin B (DspB),

DNase and cellulase (Ce) as enzymes (DCC).

Figures 8a to 8d illustrate the viability (% of bibty with respect to the
control — non-treated) of the bacteria of an isolat P. aeruginosa PA500 (isolated
from an implanted arterial catheter) having devetbja biofilm, following contact
with

- (A) ciprofloxacin at Cmin concentration as an aiatiic in combination
with savinase (Sav) as the sole enzyme or withidg®m (Li) as the sole
enzyme or with savinase (Sav) and lipolase (Li)eagymes or with
Dispersin B (DspB), DNase and cellulase (Ce) agrees (DCC);

- (B) amikacin at Cmin concentration as an antibiaticombination with

DNase as the sole enzyme or with lipolase (Lihassible enzyme or with
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DNase and lipolase (Li) as enzymes or with DispeBi(DspB), DNase
and cellulase (Ce) as enzymes (DCC);

- (C) tobramycin at Cmin concentration as an antibiot combination with
DNase as the sole enzyme or with savinase (Satheasole enzyme or
with DNase and savinase (Sav) as enzymes or wipdpsin B (DspB),
DNase and cellulase (Ce) as enzymes (DCC);

- (D) moxifloxacin at Cmin concentration as an amiia in combination
with DNase as the sole enzyme or with savinase)(&athe sole enzyme
or with DNase and savinase (Sav) as enzymes orDigersin B (DspB),

DNase and cellulase (Ce) as enzymes (DCC).

In the graphs of figures 7a to 7d and 8a to 8ddlsalts of a statistical test are
shown (One-way ANOVA with multiple comparison Dutige test) carried out in
order to determine if a significant difference daa observed between the Cmax of
the antibiotic and the Cmin of the antibiotic asatexd with one or several enzymes.
The characters *, ** and *** respectively mean p8®. p<0.01 and p<0.001.

From these graphs, it can be observed that altdh&binations [antibiotic at
Cmin + enzyme(s)] tested allow the viability of tbacteria of the P. aeruginosa
species (both for the PA20 strain and the PASQ0rstf P. aeruginosa) to be reduced
in a significant manner (p value at least less th&%) in comparison to the sole
antibiotic at a concentration of Cmax. Similarly,can be noted that a significant
difference was observed between all the combinatifemtibiotic at Cmin +
enzyme(s)] tested and the control (non-treatedilbinf which is not the case for a
comparison between the effect of the antibioticnalgat Cmin or Cmax) and the

control (non-treated biofilm).

This shows the advantage of combining an antibarid at least one enzyme
for the preventative and/or curative treatment o$tpmplantation infections at an

infection site, said infections being post-impldiua infections.

b) Culturing and formation of biofilm from isolate®f S. aureus
(Sa2003/1083) and K. pneumoniae (Kp826)

5uL of a glycerol stock of Sa2003/1083 or Kp826 wddexd to 5ml of TGN

medium (medium formed of a mixture of Tryptic Soyoih, 1% glucose and 2%
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NaCl) and incubated for 24h at 37°C. The bacteuapension was then diluted with

the TGN medium in order to obtain an inoculum of hacteria/ml.

The biofilms were cultivated on 96-well plates olling an addition of 200

of the inoculum in each well. The plates were timenibated at 37°C for 24h.

The biofilms obtained were then treated for 24hhwdifferent enzymes in

combination with different antibiotics at Cmax om(@.

The treatments of the biofilm with the use of diffiet combinations of an
antibiotic with one or several enzymes were carmed in accordance with the

following concentrations of antibiotics and enzymes

- enzymes: 0.05%; DCC = 0.025% DNase + 0.01% Dispdds{DspB) +
0.05% cellulase (Ce)

- amikacin: Cmin = 5mg/L (Cmax = 24mg/L)

- tobramycin: Cmin = 0.9mg/L (Cmax = 4mg/L)

- moxifloxacin: Cmin = 0.3mg/L (Cmax = 3.6mg/L)

- meropenem: Cmin = 0.1mg/L (Cmax = 20mg/L)

- ciprofloxacin: Cmin = 0.6mg/L (Cmax = 3.2mg/L)

The plates containing the biofilms were washed @wigth a PBS buffer then
incubated for 30 minutes in the dark in gQ0of resazurin (1Qg/ml) in each well.
Resazurin (7-Hydroxy-3H-phenoxazin-3-on 10-oxide)ai blue-coloured non-toxic
dye which can spread in bacteria and then be redtxeaesorufin, a fluorescent
compound. The viability of the bacteria was thusasueed by following the
development of the fluorescence of the resorufiickvis directly proportional to the

number of viable bacteria in the medium.

The measurement was conventionally measured byrepbaotometry (length
of excitation wavelength at 560nm and transmisgib®m90nm) with a spectramax
M4. The results obtained are presented in Figuraasddl0a to 10c.

Figure 9 illustrates the viability (% of viabilitywith respect to the control —
non-treated) of the bacteria of an isolate of Seas Sa2003/1083 (isolated from a
knee prosthesis) having developed a biofilm, follmycontact with ciprofloxacin at

Cmin concentration as an antibiotic in combinatiath DNase as the sole enzyme or
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with mannanase (Ma) as the sole enzyme or with BNa&l mannanase (Ma) as

enzymes or with Dispersin B (DspB), DNase and tdlel (Ce) as enzymes (DCC).

Figures 10a to 10c illustrate the viability (% aébility with respect to the
control) of the bacteria of an isolate of K. pneummae Kp826 (isolated from a central

venous catheter) having developed a biofilm, follmycontact with

- (A) ciprofloxacin at Cmin concentration as an aiatiilc in combination
with DNase as the sole enzyme or with cellulase @ethe sole enzyme
or with DNase and cellulase (Ce) as enzymes or bisipersin B (DspB),
DNase and cellulase (Ce) as enzymes (DCCOC);

- (B) amikacin at Cmin concentration as an antibiaticombination with
Dispersin B (DspB) as the sole enzyme or with tafle (Ce) as the sole
enzyme or with Dispersin B (DspB) and cellulase)(@&eenzymes or with
Dispersin B (DspB), DNase and cellulase (Ce) agrees (DCC);

- (C) tobramycin at Cmin concentration as an antibiiot combination with
Dispersin B (DspB) as the sole enzyme or with tafle (Ce) as the sole
enzyme or with Dispersin B (DspB) and cellulase)(@&eenzymes or with
Dispersin B (DspB), DNase and cellulase (Ce) agrees (DCC).

In the graphs of figures 9a to 9c the results sthistical test are shown (One-
way ANOVA with multiple comparison Dunnett's testprried out in order to
determine if a significant difference can be obednbetween the Cmax of the
antibiotic and the Cmin of the antibiotic assoaiawdth one or several enzymes. The

characters *, ** and *** respectively mean p<0.@50.01 and p<0.001.

From these graphs, it can be observed that altdh&binations [antibiotic at
Cmin + enzyme(s)] tested allow the viability of thacteria of the S. aureus
Sa2003/1083 species and the K. pneumoniae Kp86&espéo be reduced in a
significant manner (p value at least less than)dr@6omparison to the sole antibiotic
at a concentration of Cmax. Similarly, it can béedothat a significant difference is
observed between all the combinations [antibioti€Cmin + enzyme(s)] tested and
the control (non-treated biofilm), which is not tb&se for a comparison between the

effect of the antibiotic alone (at Cmin or Cmaxylahe control (non-treated biofilm).
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This shows the advantage of combining an antibarid at least one enzyme
for the preventative and/or curative treatment o$tpmplantation infections at an

infection site, said infections being post-impldiata infections.

B. Cytotoxicity

A protocol identical to that described under pdnof Example 1 was carried
out in order to judge the cytotoxicity of differecwmbinations of an antibiotic and an
enzyme on the human cell lines THP1, U937 and Tid#% results obtained are
presented in Figures 1la to 11f. In these gragtes,negative control allows the
activity of the LDH released by the normal non-teeacells (spontaneous release
LDH) to be determined and the positive control\@lahe maximum activity of the
LDH released by treated cells to be determined witiell lysis solution. To conducts

these tests, the following concentrations were viese

- enzymes: 0.05%; DCC = 0.025% DNase + 0.01% Dispdds{DspB) +
0.05% cellulase (Ce)

- amikacin: Cmin = 5mg/L

- tobramycin: Cmin = 0.9mg/L

- moxifloxacin: Cmin = 0.3mg/L

- meropenem: Cmin = 0.1mg/L

- ciprofloxacin: Cmin = 0.6mg/L

Figure 11la illustrates the salting-out of the LDH) (of the human cell lines
THP1, U937 and T24 for savinase (Sav) in combimatigith the antibiotic
ciprofloxacin (CIP) or the antibiotic tobramycin @B) or the antibiotic amikacin
(AMI) or the antibiotic moxifloxacin (MOX). Figur&1b illustrates the salting-out of
the LDH (%) of the human cell lines THP1, U937 ar&#l for DNase in combination
with the antibiotic ciprofloxacin (CIP) or the aoitotic tobramycin (TOB) or the
antibiotic amikacin (AMI) or the antibiotic moxifi@cin (MOX) or the antibiotic
meropenem (MEROP). Figure 11c illustrates the regltiut of the LDH (%) of the
human cell lines THP1, U937 and T24 for DispersiiCBpB) in combination with
the antibiotic ciprofloxacin (CIP) or the antibiotiobramycin (TOB) or the antibiotic
amikacin (AMI). Figure 11d illustrates the saltingt of the LDH (%) of the human
cell lines THP1, U937 and T24 for lipase (Li) inngbination with the antibiotic

ciprofloxacin (CIP) or the antibiotic amikacin (AMIFigure 11e illustrates the
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salting-out of the LDH (%) of the human cell linBP1, U937 and T24 for cellulase
(Ce) in combination with the antibiotic tobramygifOB) or the antibiotic amikacin
(AMI). Figure 11f illustrates the salting-out ofeth.DH (%) of the human cell lines
THP1, U937 and T24 for mannanase (Ma) in combinatath the antibiotic

ciprofloxacin (CIP) or the antibiotic meropenem (RIGP).

From these graphs in Figures 11a to 11f, it candmeluded that none of the

combinations (antibiotic + enzyme) show any toyiédr the human cell lines tested.

C. Conclusion from Example 2

From Example 2, it is very clear that the presemention is not limited to a
particular composition such as that of Example Ut, dather that a whole range of
different combinations and thus different composisi according to the invention are
effective in the treatment of post-implantationections. Furthermore, it was shown

that the compositions according to the inventianrast cytotoxic.

It is understood that the present invention isarway limited to the
embodiments described above and that modificatimag be made without departing

from the scope of the appended claims.
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CLAIMS

. Composition comprising at least one enzyme and t@@s microbicidal molecule

as combination products, for simultaneous use,ratgmh use or use staggered
over time, for use in the preventative and/or dueatreatment of infections at an

implantation site, said infections being post-inmpédion infections of mammalian

bodies, in particular post-implantation infectiarfigthe human body.

. Composition for use according to claim 1, whereaidsat least one enzyme is

chosen from the group composed of deoxyribonucteggiNases), lipases,

proteases and polysaccharide hydrolases includisigesin B and cellulase.

. Composition for use according to claim 1 or 2, welresaid at least one enzyme is

present in a concentration ranging between 0.0118600mg/L.

. Composition for use according to any one of claints 3, wherein said at least

one microbicidal molecule is present in a conceioinaranging between 0.01 and
1000mg/L.

. Composition for use according to any one of claint® 4, wherein said at least

one microbicidal molecule is chosen from the growomposed of
fluoroquinolones, glycopeptides, lipoglycopeptiddsisidic acid, penicillins,
cephalosporins, carbapenems, monobactams, polysjyxibeta-lactams,
macrolides, lincosamides, oxazolidinones, amphésiico tetracyclines,
aminoglycosides, rifamycins, nitrofurans, sulphoides, nitroimidazoles
antifungals (echinocandins, fluorocytosines, azaofgseofulvins), lytic enzymes
(for example endolysins or lysozyme), N-acetylcyste quaternary ammonium,
biguanides, amines, halogenated derivatives (pdatly of chlorhexidine),
antimicrobial peptides, silver (Ag) derivatives,®3 derivatives, peroxy acids,

phenolic derivatives, aldehydes, alcohols and meghereof.

. Composition for use according to any one of clainte 5, said composition being

in the form of a sterile aqueous solution which rbayinjected or not, which may
be diluted or not in water for injectable preparator in the form of a soluble

powder, preferably in the form of a lyophilisate.

. Composition for use according to any one of claime 6, said post-implantation

infections of mammalian bodies, in particular oé thuman body, being post-

implantation infections of Staphylococcus aureusctdr@a, Staphylococcus
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epidermis bacteria, Escherichia coli bacteria, Esdchia faecalis bacteria,
Klebsiella pneumoniae bacteria and Pseudomonagiaesa bacteria.

8. Composition for use according to any one of claime 7, said post-implantation
infections of mammalian bodies, in particular af tuman body, being infections
localised at an implantation site of an implantailedical device, for example a
tube, a catheter or a prosthesis.

9. Composition for use according to any one of claimes 8, intended to kill at least
1 Logl0, preferably at least 2 Logl0, preferential least 5 Logl0 of the
microorganisms responsible for post-implantatiorfiegtions of mammalian
bodies, in particular in the human body.

10.Use of a composition comprising at least one enzymne at least one
microbicidal molecule as combination products, $onultaneous use, separated
use or use staggered over time, for the treatna¢rtn implantation site, of post-
implantation infections of mammalian bodies, intjgaitar in the human body.

11.Use of a composition comprising at least one enzyene at least one
microbicidal molecule according to claim 10, byeicion, by infiltration, by
irrigation, by ingestion or by percutaneous appica

12.Method for treating, at an implantation site, piogplantation infections of
mammalian bodies, in particular in the human bodyth a composition
comprising at least one enzyme and at least oneomaidal molecule as
combination products, for simultaneous use, sepdrase or use staggered over
time, said method comprising the following steps:

- administration, at an implantation site of an inmpédole medical device, of a
composition comprising at least one enzyme andeastl one microbicidal
molecule,

- breakdown, by action of said at least one enzymesafl administered
composition, of a biofilm present at said implamatsite of said implantable
medical device, and

- destruction of bacteria and/or inhibition of theogth of bacteria released from
said biofilm, by action of said at least one migcadal molecule of said
administered composition.

13.Method for treating post-implantation infections afammalian bodies, in

particular in the human body, according to claim WRerein said administration
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is carried out by injection, by infiltration, byrigation, by ingestion or by

percutaneous application.



