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1 PROCESS AND APPARATUS ALLOWING THE DETECTION OF THE
FORMATION AND DEVELOPMENT OF BIOFILMS IN A CULTURE
MEDIUM The present invention relates to the area of the detection of the
viscosity of a 5 culture medium. The present invention relates more
particularly to the area of the study of the development of a biofilm in a
homogeneous or non-homogeneous culture medium. This biofilm

PRAUIESES, ANIHASYBIORR ARG SNOXEME AleR S AT EARTIONE DE THE

magnetic, electrical or electromagnetic field such as particles that are
FO AN PANELIENRLBYMENFIEREOST b¥EHilE Arfeldr HéB&tYEBHIM

or magnetically or that are magnetic or magnetizable or covered by a
magnetic or magnetizable layer. In this connection, in the present text the
terngf hoipressmyinyepten telasssto die aterefel i dereridoncfries ofstssity of 2
cultihe magnstizable particle in the biofilm. It will be understood from a
reading of the present text that the invention does not have as 15 subject

matt@e PIaeasiRvRIbemEotse saiedtatindailiniathw ataa phtle sidy of the
devé{BPRISIPRE WithoienteAm HASCOSIEINS IS GO IPERARINY BHtFAIhRERE.

demonstration of the development of a microorganism by measuring the

Thiyisipblohifgersy & Brieyslonsvéhsmaxement obipapastradsalsaaanove in a
magRQYEMeakischinderef Qo shiprensd Py achiofimanieh ishaloniicafhrged

itself of therﬁresence or lacking presence 20 of this microorganism in
electicallydie e Presanse ofHroBkyeaaipr ResdirkerragiLfh - magngidcally or that

are Hﬁ%ﬁéﬁ‘@@ﬂr%g%@bfdﬁﬁ@%d%ﬂé@@ Ahlegsbane: %E‘gﬁ&'iﬁ%l@ Myegn be
present and developed. It therefore concerns a medium that can he

natdPdhéT copRpeiivTIRIRE @igseRatertishn Sled IFFAHIY asitnthRsmundgrgood
as rERRRABIRE WS REESENTHERX! SR MREBARIPA LRV IS I bR TiIRh I will

terms "medium" or "culture" can be used indifferently by referring to this

be unerariRf R0 2acagiunef dhenerenveintish thit tBFniRvealinird ppdRinhave as
sub]SBEPHARErOf 1AM JRITOIRS 3 TNSEAGTIANISTHANGENAMAAUE ihveiGhen
undIe:[rlsgt’(fg(liJ n\(zjvi?}g pt?lzsl‘glymogi%s?o%iggdIilfllm{ts common meaning but rather the
demonstration of the development of a microorganism by measuring the degree of
liberty of one (or several) magnetizable particles whose movement is hindered or not
hindered by a biofilm, which is significant itself of the presence or lacking presence
of this microorganism in development.

Likewise, the expression “culture medium” is to be understood as any medium
in which at least one microorganism can be present and developed. It therefore
concerns a medium that can be natural or synthetic. Thus, e.g., water is included in
this definition. In the remainder of the present text the expression "culture medium"
or the terms "medium" or "culture" can be used indifferently by referring to this
definition.

Thus, according to the invention the terms "culture medium", "medium" or
"culture" denotes a microorganism and the medium in which it is found or possibly

only the medium.
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2 A microorganism is a living microscopic being such as bacteria, yeast
and fungi, algae and protists. A microorganism can be unicellular or
pluricellular. The larval stages of pluricellular organisms (metazoas) can
also be the origin of biofilms. Thezmajority of microorganisms (pathogenic
or non-pathogenic) have been 5 studied up to the present in their
"planctonic” form, free and isolated in a medium (cultivated in suspension
or on a selective medium), In a natural medium outsige of the laboratory
the AaBHSRRRTEAPIHRIBNE e IRIFIREAPSH BRS PSBrA-basiges Jiss) and

fun@NF18YEIRPERIREN AraatiserheRmm sty Calediuihicfiplurideisinacterile
community is generally enclosed in a matrix of exo ol¥sacc_harid? (%F%gg

larviiritaggsier ekEpeHbar RAEMIRESRSIA7ARY FARAIGRPEANEMBER ¢ bigm.
Biofitgy rMiRRigNoPlasersgAaaRisplian gtune ofvhpatidgehrgtaten een
French - "Placing and Qrganization of a Bacterial Community".

studifdattires G arresend i bl "plAesGh AR o B A e elgHR ik Ao Redium

(cufifsied aohapaniohtbe hnstesiscansamedrianyt, thenmeleslizatitiomfdhiside of
support. When the bacteria multiply they ra&p#a/ 15 form a film, c%%iti];uted

c

t

the [gperrieavdhedisisFipbereL tensig Lo upd Lered roBs SRR AT IR )
andpmtleéleﬁaﬁaerﬁllaéﬂaﬁﬁg@ﬁgéasstﬁﬂﬁl@M@e (Sdlfé@)uﬁdi'fw)ﬁlﬁdium TiGobacterial
et al. Bacterial Biofilms. Sciences 1999; 284-6). The kineti¢s of .
COmEIMIYOH SRBRMEEARHE WL AIRAILY tS@E?é&égPﬁ@éﬁai@ﬁ%gl‘&?ltmg
excilR Sy irna tHhaua@aimgmRtier! (MoEtWes, presantin Biofiha:liqidse en

phase will be absorbed on the surface in order to form a "conditignin
plagfyod NH%P@HE%“O#@%rgmgﬁoh?"‘ltﬁ%eﬂﬂ&og% ms p%gascgﬁ and

Org%ﬁplﬁﬁﬁhdh@fEﬁiéfé@ﬁ@@bﬁﬁf@ﬁﬂﬁetm&@wmmyemtﬁwI‘7[71y83).
chemotaxis if they possess flagellae. During the course of.this first .
fixatto AcSy Q1AL E;Vslrﬂgsp(ﬁ%ﬁ/ Eh%iﬁ&‘itz%lp%@ﬁé‘%r‘? Eﬁ'ﬁj glgga on a
supbySigrachRemifahiiie GCtian siprRecUrwhenntier Gacgalismstipy thity kepidly

readily detached. - Adhesion : This slower, stage caused interactions with
forgy, gh gakmenEPGSHHS St COY aStRE &5 tﬁgm%?o%%q?ﬁ?et%%EﬁQW afld ?ﬁ%atlh of

exopRiidatHaPBs agr pRtEBR them against aggressions of the surrounding medium
(Costerton et al. Bacterial Biofilms. Sciences 1999; 284-6). The kinetics of the
formation of a biofilm can be subdivided into 5 stages:

- Conditioning of the surface : The organic or mineral molecules present in

the liquid phase will be absorbed on the surface in order to form a "conditioning
film".

- Adherence or reversible adhesion: The microorganisms present approach the
surfaces by gravimetry, Brownian movements or by chemotaxis if they possess
flagellae. During the course of this first fixation stage, causing only purely physical
phenomena and weak physico-chemical interactions to occur, the microorganisms
can still be readily detached.

- Adhesion : This slower stage caused interactions with stronger energy to
occur as well as the microbial metabolism and the cellular appendages of the
microorganism (flagellae, pili, ...). Adhesion is an active and specific phenomenon.

The first colonizers will attach themselves in an irreversible manner to the surface in
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microorganism (flagellae, pili, ...). Adhesion is an active and specific
phenomenon. 30 The first colonizers will attach themselves in an
irreversible manner to the surface in 3 particular by the synthesis of
exopolysaccharides. This process3s relatively slow and is a function of
environmental factors and of the microorganisms present. - The
maturation of the biofilm (development and colonization of the surface)

parféiR6NEY NG SpliREsH b :@PiRsadanhase fi%mlﬂt&%@ﬁdréﬁﬂf%w bw and

order to form 5 microcolonies surrounded by polymers. The matrix of

is afYRFHEPSOlCT YRR (it ierandeCd themishro sd s Bressthe

aSSQCﬁ@&&Bmﬁmﬂé@mﬁﬂﬂ(meﬂéﬁﬂﬂ% ang c\b’liﬁ!ﬂi%&&‘ gaag i_§h1_rface)
order to finally form a biofilm and attain a state of equilibrium. The biofilm

- Adisidiayip saiarissithea WdRs dhshas it Yaddsasiaisesder to form

mi&%@ﬂl&%‘i@@@ﬁﬁﬁﬁn@éﬂ%?‘[b‘d%%{@mﬁ@%e\wkt&Eﬁtﬂﬁﬁéﬂs%{‘ [VESOMSX) will
physiological 10 and molecular modifications relative to the plantonic

act dilgancepey rRE wisrrreciiansaoratirn phisbaciara senpnedhamselves and

withuface et imalfareddoihilih e eandiiRnPeHN L ilR ke Eh%quilibrium.
maturation of the biofilm is generally correlated with the production of

The:pio Bliangeraiin dpedss onnfcibofgarnsinadosHachRtibdizeogstitutes a

corfH¥iRM RAY/ MBS SRR AaMiRARLhewRIRBE {REBriaitmenatdbe SR8 ical
15 Detachment : Biofilms are structures in perpetual dynamic equilibrium

and, mplgelaiopedi BchiiptiorebitirR tu o RIBEeRE k8B gBArsms Hify e film
forthiqRMHRNMeRENR IR QIOP ATEMECARRG SXRBSS 8RBy (he detRehBHMions

of cells or of aggregates. This release of cells into the liquid medium can

pergtibiit 48 4¢SRseqhiedratsin sk irfHDr themmal ¥ reardateh gvidhthe

prod@0e6al SrepaUSR P NUERAIRUPLAEYBING i B HSAASRS Wbanbiadiedksize or if
environment (source of resistances). The nature of biofilms is very varied -

only e pRbywsty frihlikerisspohpessat fore hiofily sap Bferdasss  principally
conghigehinbacteiis Rrdies stidawaam hrabwhiclimsaseRRpRsRand
for infections that are becoming more and more difficult to suppress: in the

de@%@ﬁ@b@@%ﬁ%@?@fé&aiweﬁgnaﬁi&bﬁagaroggmaﬂé,o 5hmﬁ%YMalment

thi$hR RYEpmantA AR BgRiPSARO ae AfRkAl: 68088 orlof QBGIREHEINCHI,

the lungs (in patients afflicted with mucoviscidosis, ...), in the
This release of cells into the liquid medium can allow as a consequence the

contamination of the other surfaces and is in general the cause of numerous recurring
diseases in a medical environment (source of resistances).

The nature of biofilms is very varied - some are very rich in
ExoPolySaccharide (EPS) and others are principally constituted by bacterial bodies.

In human health, biofilms are responsible for infections that are becoming
more and more difficult to suppress: in the entire ORL sphere (auditory conduit, nasal
membrane, conjunctiva of the eye, ...), on the teeth (appearance of tartar, caries, ...),
on the bronchi, the lungs (in patients afflicted with mucoviscidosis, ...), in the
urogenital tract (...).

Furthermore, they are the origin of the majority of nosocomial pathologies
(more than 10,000 deaths per year) by forming on catheters or implants (cardiac

valves, artificial hips, urinary probes, ...) (J.W. Costerton, P. Stewart and E.P.
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urogenital tract (...). Furthermore, they are the origin of the majority of
nosocomial pathologies (more than 10,000 deaths per year) by forming
on catheters or implants (cardiac 30 valves, artificial hips, urinary probes,
...) (J.W. Costerton, P. Stewart and E.P. 4 Greenberg, Bacterial Biofilms
"A common cause of persistent infections". Science, vol. 284, pp.
1318-1322). Biofilms are also present in refrigeration towers, responsible

Grd@RHBfECHABENa ll SRORRHES: A JdHedn &Seaake ot THE ANRHOAtIBEMSITY S¥lence,

account of their implication in cases of food poisoning (formation during
VMr@ﬁfhr@% iR el chain, development on cutting tools, crunching tools

and 1o MRTK RGeS prebdke SR APMRMMI ABURIAD 1BspiRRHIEaUS Rdedfion by
particular, corrosion phenomena. 10 Biofilms also develop on the surface
legiomgHAserged objects, such as, e.g., boat hulls, causing problems of

foulmge(diingroditie sgHes Pilmaih WisLusuia raneplanialienOfingses

hulls by various microgrganisms). It should be noted that bacteria are not
of fpgrenfitreingn fBmies: Burige Apiwreana pheisokh aheinodprsinppgat on

cutBifileess, puRiilRs1e dherafors RanipseNnt in numerous areas,
presenting sanitaré/‘ risks and causing relatively significant damage.

HoweWEWEfe JARIBISMERYEAR the HUPEVicTFRsd bidiHEYamafpsrosion
phd¥RaiBhaunderstood due to the fact of their complexity when being studied,
although numerous methods for studying. the development of biofilms

hav@bdEmimbrR SRrRes. b thhstratsismneteed oy tisnrHeiate S boat
hullyinckafly basaenen dhgoanioni@ation efriace sefuasy eoaf piaktigue to the

immerged In a culture medium contained in flasks under agitation in

COIB?}?HH%@WHP&aytﬁméaﬁéﬂﬂﬁgwﬁpﬁem crystal violet or to
obser¥Rdmadsied ehiibaeRFAPSe HICHAS PN IH CIMPIEXungi, algae

and Bl tos0n Hlso oreamizeinie Bioilie. ccions bY

Biofilms are therefore omnipresent in numerous areas, presenting sanitary
risks and causing relatively significant damage.

However, the development and the behavior of these biofilms remains poorly
understood due to the fact of their complexity when being studied, although numerous
methods for studying the development of biofilms have been implemented.

The methods for studying biofilms are still principally based on the
colonization of pieces of glass or of plastic immerged in a culture medium contained
in flasks under agitation in drying ovens in order to subsequently color them crystal
violet or to observe them under a microscope.

There are other more complex detection methods such as, e.g., detections by
Microbalance with quartz crystal (Q-CMD, Quartz Crystal Microbalance with
Dissipation Monitoring), detections by MTA (Mass Transport Analysis), by UFDR
(Ultrasonic Frequency Domain Reflectometry), by PCR in situ (on functional gene
Amo A), by FISH (hybridization in situ under fluorescence), by CLSM (Confocal
Laser Scanning Microscopy), by PAS (Photo Acoustic Spectroscopy), ... .
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25 Microbalance with quartz crystal (Q-CMD, Quartz Crystal Microbalance
with Dissipation Monitoring), detections by MTA (Mass Transport
Analysis), by UFDR (Ultrasonic Frequency Domain Reflectometry), by
PCR in situ (on functional gene Ao A), by FISH (hybridization in situ
under fluorescence), by CLSM (Confocal Laser Scanning Microscopy), by
PAS (Photo Acoustic Spectroscopy), ... . 5 Still other methods use

partisas/BasneHetheads&o yrrer [eith 1eatiRc OpaIEbegiRsetPristalng Aheor
bacteria responsible for the development of the biofilm, in order to then

antihpdiehfoisataiing thadusteriteseamitsdiydhr ARy elormani o histuatilgs in

ordéf RUNRANAVSISIRE Biaraeleeraa0hie oGk RBisatiRRsaisPRfyRlasic methods
However, such methods have proven to be difficult to implement and

of jamuneanalyey brarslrsuaa R ARL Y Bz ab iR IERa sufficiently
probing:eaghingian ba diven abprsvieie tberayifi RIthe PasteriarRgdd remain

therefore about the formation and_ develgpment of biofilms. In fact, these

reli¥aly 988 ot HitdliFimergethaysinent shavmotfitsHLyialiehiag teaching to
be Whethebius iepéhsabsWERd BYdelltanhdberiesiétdsiedatl@dyRem&Yon and

EPS (exopalysaccharide) or by an analogous matrix secreted by
devalppmanyohhiBBRaniR i tPEtiBIGALS dnest tHevpBsetrvrivames of 2

bioEIRies WaRIeceds whsint appasatiphitahslinued sy delagienefithe Listeria
develc()j%%nent of the viscos_iteé of a culture medium, homogenous or

tyPRyrRKdrhSdEKBRRlySRS RIS YA Bpan adlnerts tRattideSertiird frpcalanizing

mi&od@aiNmsIP ApRarsdss B/payticular applications. The term
"non-homogeneous culture medium” should be understood in the present

applEAtGHHERS BIGAHER SHER. th HAREGr 28 nBR-ARAT e tisallow the

detebiibrieo Magidevalapeansist bbatispidycotureunesd utedium)iGBmogenous or
microorganisms_ developed in suspensjon. 20 French tg%tent application

NORROFKIGCROHS YA W8NS . Phide i ANiiduasT L shenhis

apFaPHAsesanid iy appacatiendor determining the viscosity of a fluid
medium, which process consists in immersing a ccEnd tive bead into the
v

fluid HEHERR, IRUSBRTHY S ot A ometl P RODS i Eeliadeld the

pred6nthgppHastion in its broadest sense. In particular, a non-homogeneous culture
medium can consist of a limpid culture medium in which microorganisms developed
in suspension.

French patent application FR 2555316 is known from the prior art. This
patent application concerns a process and an apparatus for determining the viscosity
of a fluid medium, which process consists in immersing a conductive bead into the
fluid medium, in applying a rotating magnetic field substantially centered on the bead,
which rotating field is such that the flow of the fluid in contact with the bead put in
rotation remains laminar, and in determining a magnitude connected with the couple
exerted on the bead by virtue of the viscosity of the fluid medium. Thus, the bead,
plunged in a viscous medium, undergoes a moment of braking proportional to the
viscosity and assumes a rotation as a permanent speed whose period is also

proportional to the viscosity of the liquid medium to be analyzed. The rotation of the
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which rotating field is such that the flow of the fluid in contact with the
bead put in 25 rotation remains laminar, and in determining a magnitude
connected with the couple exerted on the bead by virtue of the viscosity
of the fluid medium. Thus, the beggl, plunged in a viscous medium,
undergoes a moment of braking proportional to the viscosity and
assumes a rotation as a permanent speed whose period is also

proportional to the viscosity of the liguid medium to be analyzed. Th
beafbfifct SHRIES bR i 58 ORI T PR ARG bead

witRetaimad by ligbtipeathalbagdswith Uraraidieha laser beam along its axis of
rotation. However, such a process is onlfy1 ad?aé)t d for an implementation

in aHRYYRYTertstls YiRIBEESddi YA Raiffn BRRSEERTRHER 1n 2

honRbRRSSENi fdeusmSiame opagveurt hegione ohimeraihasl eeasstettaitmdy
a determination of the formation or lack of formgrgon of biofilm§ iﬂ tftle .
the tormation

and opase m A BRI diHRIFRAb Ao ANEALO S AT IBINRURR Q

or 196644136 AT BIopRES halvetedSaisdiaasuringrine absaasttyoofigbanese

non-Newtonian fluid based on the principle of magnetic attracti?n. The,
pat AL B CERPRARS 1 Hh SR AN PBTRL B B e S the viscosity of

a nBIERSWement Dlithe displescameptiniflocbofiagdisplageimient. rathoigethod

magnetized bar under the _effeég; of a magnetic field. The mﬁe%rl};oﬁ, |
consiiR §8 REATHHBL LS H SRS N Y APEAIH YRR MFARUFAMERL G B figplacement

andChRRCIRspIceeinive T theasaeausdiblie sl e tTeevisdesinghiaieeied.
the method in question does not allow in any W?%/)a reg)roduction of the
StEdshial Qe

behdWorstp iEBRigh Ml <3eAsE B pgEAL gL e
chaﬂa&@brﬂsﬁddf&@attﬁ@t 14StR33RH 08 drstrivrd aproresstosityeaddongver, the

viscosity of a microorganism medium. International application WO .
methhap S HLSEHIES A UGS o HReA A HIREUS bP L T PEBRYIRT G 2
midRRS ikiistd SueBteni bieter/d-6d10Hagcnbes dspoesahddliowing to

the ti 20 f difying the state of a liquid medi
e G s Feberitin 8 JRGEIOR ARESRFRSCHT N HRArAreraIy o ¢

mid186rammeRiesiciprOpose a process and an

International application WO 01/86255 describes a process for measuring
viscosity of a microorganism medium.

US patent US 5 072 610 describes a process allowing to measﬁre the time
necessary for modifying the state of a liquid medium after adding a reagent in the
medium.

The present invention therefore has an object to propose a process and an
apparatus that allow the modeling of the development of biofilms in a non-
homogeneous, cloudy and opaque medium corresponding to the culture medium in
which microorganisms develop in order to form such biofilms.

The present invention also has an object to allow the modeling of the process
of the colonization of a surface by microorganisms.

The present invention also has an object to allow the demonstration of the

differences of viscosity in a non-homogenous medium and consequently of allowing
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apparatus that allow the modeling of the development of biofilms in a non-
homogeneous, cloudy and opaque medium corresponding to the culture
medium in 25 which microorganisms develop in order to form such
biofilms. The present invention algg has an object to allow the modeling of
the process of the colonization of a surface by microorganisms. The
present invention also has an object to allow the demonstration of the

~ differences of viscosity in a non-homagenous medium and ¢ nsequently
the RaHABGRbAE MG B he e LA A SF N B he I the

devalepaiesibwiiinien davelapiment of biofilms in each zone. The present

invention also has an object.to proppse g process and an apparatus_for

the LRSAEARTT LAV ML B HEN O B IS TRECTS SRTS o D drg s

for TRt M@E¢tibroktiedidcrietbihadcat bid filitnrialed. simplelés implcnieue thisvery
the present invention is of the above-described type and is remarkable in

One’fféuﬁ?d’ﬁfo%g{ FABRSIALOIASS 20 25 30 7 Thus, the invention has as
subjacsdietier fipsecsssattaingshe imeasioing of tihe wiseasiysofibed type
culture ium of micrpoorganisms 5 comprising the steps consisting

andéﬁé%@@&?ﬂﬁ 155 BrR ﬁ%r%‘éefagfg}‘gbf at least one particle that is charged
electrically, is 5 magnetic or can be magnetized or covered with at least
one magnetic or magnetizable layer in this culture, b) The subjection of
this culture to an electrical, magnetic or electromagnetic field, preferably a
magnetic field, in such a manner as to put this particle in motion,
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c) The optical detection of the degree of liberty of motion of this particle in
10 this culture, preferably by optical measuring, which process does not
use a scanning microscope. Step b) consists in subjecting this culture
either to an electrical field or a mafnetic field or an electromagnetic field,
possibly applied by impulsion, or to a progressive augmentation of an
electromagnetic field or to more complex variations 15 of an

elechiQmaneaHeiflBORI0 & SERKINATRR0S eddsssT N RMRAGr8RSMBasuring of
augmentation of the electromagnetic field is obtained_according to a

the puigrasisy nfig sl onadeumy OtiBHBYUBHIbEEhiAg RIGHEE dlshgisps

contefiinea¢ REsuIsQidal trajectory or even according to an oscillatory
motion that can have or not have a variable oscillation amplitude and a

varidble Fhsqiremsysion phetmishstcoRfoRMtidRaghdSorhaesed clectrically, is
ma@ieal omaansiienisictaredohtainrecywikatian-ef oaY srpRinatRMRhetizable

movements of a magnetized bar in the proximity of this culture. This
layendrihis FHYFfetic or electromagnetic field is advantageously generated by

meay)s Tl 4eBRIaIN JF figlddntimetionn e ey aagearsho ipWsetic
in a constant stream or in a discontinuous 25 stream at given time

fielhiciera bhy GRS UpEAFe PP PHRANREE A3 ShRYLITA AR TEC | BtdnRtiPR
the gxtamfetptiitAllRus dhagady Rk theaausaironsitionsmef fagticle in
_development of a biofilm. According to the invention, as concerns the
thiscibe.iPEcisBRLE NP RIF A BCHIUARECHAGR PIRSAISIdoSs R Hati@ scanning
mid?8élisR. arranged covered with at least one 8 magnetic layer, a
magnetizable particle or a particle covered with a magnetizable layer.

ThiStiBgNetiRATRcla Suhistim e SHLHF h &R 4, @ SlekirshiBg/d or a
ma#RAticabIb dhe sizrak it pAGIeORgRN)iIPARBENafpliRg the RigfilgenS Hriso a

also advantageously pagssible to use particles of different sizes and/or,

Progress b tRARERGRIGY afrtit&lrctinpieretis deldier- 9 narpsmrisgrnations

of dMenailizednRetomriderayaciofibachpahtiferriidring the development of a

biofilm. It is thus ) . ) _
he progressive augmentation of the electromagnetic field is obtained

according to a particular configuration of the invention by approaching a magnet
along a rectilinear or sinusoidal trajectory or even according to an oscillatory motion
that can have or not have a variable oscillation amplitude and a variable frequency.
The more complex variations of the electromagnetic field are obtained by rotation or
by combinations of movements of a magnetized bar in the proximity of this culture.

This electric, magnetic or electromagnetic field is advantageously generated
by means for generating a field in motion.

The culture advantageously flows in a constant stream or in a discontinuous
stream at given time intervals through an open reactor. This latter configuration is
preferred to the extent that it allows an adequacy with the natural conditions of the
development of a biofilm.

According to the invention, as concerns the particle it can be either an

electrically charged particle, a magnetic particle, arranged covered with at least one
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possible to characterize more precisely the development of this biofilm or
its degradation. 10 Likewise, according to an advantageous configuration
of the invention this particle generates a signal detectable by this
apparatus for the optical detectionof motion. This signal can be detected
either in an autonomous manner (advantageously by radioactivity) or by
the re-emission of energy transmitted in continuous or discontinuous

maSKERMEYE iaHACRAa JUPAIRRUS HaRSHRISRIRN O BRAIGYilBY JasREnbRZable
beam and re-emission of fluorescence). This particle is advantageously of
1ay$fre fluorescent, phosphorescent, radioactive or chemo-luminescent type.

Accoriingdenatiy geticld andawintigdnyention Steak) 4pnsistaditofiéad cal
this, particle with a light source and in detecting the motion of this particle

to the §ire b iy eI T8qreRRFR T S A RIALHNS DHHMS can advantageously be
fluorasgemsAsearaingiaaprRiRbes onlgwationihis pamieda Ssiges and/or,

configured in such a_manner that it is in a stable position at rest (in the

alsq 0f dAdaniper ridfas HGHAEt redlorsr 11 PPl plrtaizehRatcie e Buag hilizgd

befbrytible 18:gsr-H146E ParteRk adhfiskethp Uil dldinait afymmietiengeamptithus
with a plane face, (...). 25 Furthermore, according to a particular

POSiipferle HIBHSIAReMNBMRISH X PioceLetanBrts of pliforiffga or its

degm@assiiing of the viscosity of this culture according to the process as
previously described at a time t=0 corresponding to the seeding of this

cultbf RHEatIE i théasTRg A8t ETOEIE RS BS ) DK Rntion this

parfidltupenaetes dingdeathéciaekirstas this\ippshit e Jotiltes opsidieliéSction of
comparing these 3% mgeasurem,e tsattO andt. 9 The process in
f

motiaps fj ¢ EatsH SHOMS B HEQBaMNY LR idRA KT g SQuSlY

by GullgeaihPMEgHIeeHs 85-bRisiiomedeBRsgyNicracoraanisms, coneiaraly or
non-homogeneous ones. Accor%{r:gi to another aspect the present

disQDERHGKShSLCARS BAAERRIS: TBMInous, fransssiRa Rl Bt Patidaser
bea@i HHE REQEEISSIOh UTeflinvestair@s previously

This particle is advantageously of the fluorescent, phosphorescent, radioactive
or chemo-luminescent type.

According to a preferred mode of the invention step c) consists in lighting this
particle with a light source and in detecting the motion of this particle in this culture.

In order to do this, this particle can advantageously be fluorescent.

According to a preferred configuration this particle 3 is configured in such a
manner that it is in a stable position at rest (in the absence of a field) in this reactor 1.
This particle can advantageously be a particle, e.g., in the form of a hockey puck, with
an asymmetric geometry with a plane face, (...).

Furthermore, according to a particular implementation of the invention this
process consists in performing a measuring of the viscosity of this culture according
to the process as previously described at a time t=0 corresponding to the seeding of
this culture and at least one measuring at a time t of the viscosity of this culture
according to the process as previously described, as well as comparing these

measurements at tO and t.
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described. Thus, the present invention has as subject matter an apparatus
that allows the measuring of the viscosity of a culture of homogeneous or
non-homogenous microorganisms, comprising: 10 - At least one culture
reactor for receiving this culture in%rder to perform the detection of the
formation and of the development of biofilms, - At least one particle that is
electrically charged or is magnetic or magnetizable or covered with at

leastRig MAARSHC R:HaanlizatienRyelvdMIBE 2R #1e GUIEN 3T the

~ Means for generating an electrical, magnetic or electromagnetic field,
visgngifyrably & reslgisticofie ROPEEARER] ieF apioiicliors QBRD QT tiElCHo GigeRnigms,

prefRAMELES HARHA B 0BteY. - An apparatus for the optical detection of
the motion of this particle, other than a scanning microscope. 20 The term

"culidyFsqishiRgote dapbies apset Hie dnessatiiavAoR istbrubisstapatigidan
apREENR e SYRGysual £ea)i£%@&?%fecﬁstgfbcegsaefemqﬁ%ﬁtmﬁha%fvﬁreviously

openings for allowing this culture to flow through this enclosure (open
desggiradr). According to a first configuration of the invention this reactor has

a claggd and ;}fés%i'ﬁhrﬁréﬂﬁﬂﬂ%@%‘%ﬁ@ﬁ@t%ﬁﬁ{&%ﬁojﬁ‘paﬁdﬂ lefi8ws the

have a stable position at the bottom of the tube when the particle is at
mepseting apfs fesaiserrien 98 fielquiyenefaiunassnetiop batgnieaAgenous

milBYEANERN, SRMpERfaVities or grooves for receiving this particle or these
particles. According to a second configuration of the invention this reactor

has a ffosest K EIR HeRFRITREFassiETS thisCHEHPheicatp drERim the
detOIFA INGdTRROITSH sRIfigwiatiRoal shednventipnithe reactor can have

two open ends. In this configuration this reactor can be configured in such

a mannértalsst Qs RATEFaItthe tdsnsleoHigadon shrestedimibr agnetic or
maPIRGPAHNLGUS R ALY SR IBENAIR or magnetizable layer, immersed

in the culture,

- Means for generating an electrical, magnetic or electromagnetic field,
preferably a magnetic field, which field is applied to this particle in such a manner as
to put it in motion,

- An apparatus for the optical detection of the motion of this particle, other
than a scanning microscope.

The term “culture reactor” denotes either an enclosure with at least one closed
end of the tube type, well, (...) (closed reactor), or an enclosure with two openings for
allowing this culture to flow through this enclosure (open reactor).

According to a first configuration of the invention this reactor has a closed end
in such a manner as to form a flat bottom.

In order to have a stable position at the bottom of the tube when the particle is
at rest, that is to say, when no field is generated, the reactor bottom can have one or
several cavities or grooves for receiving this particle or these particles.

According to a second configuration of the invention this reactor has a closed

end in such a manner as to form a hemispherical bottom.
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5 As concerns this particle, it is advantageously either a particle that is
electrically charged (by the presence of positive and/or negative ions), or
a magnetic particle, or a particle covered with at least one magnetic layer,
or a magnetizable particle, or a phtticle covered with at least one
magnetizable layer. This magnetic particle advantageously has a size
approximately identical to 10 the size of the microorganisms that

9?“@[@6&54&@|{'8%n'&ﬂ%e@%ﬁﬂ@ﬂ@%ﬁ|¥fﬁﬁ§%®@n@o‘ﬁ%@%§§ﬂ§§ WMWithave two
different sizes and, also advantageously, of different colors. The

opesnearer- S bis sanfirusatinn ithinestas $2B & FOAE YEFE AR SHAR pBFIERISS to
allshiing hedevelarment Plahiafimilhis tus ReBSIBIRIRERARURHZ] given

~ more precisely the development of this biofilm or its 15 degradation.
timgjlgisds according to an advantageous configuration of the invention this

partigle generatesasSignaaetartablefuibis Anrgratundrr ingoRlcahat is
detection of motion. This particle is advantageously of the fluorescent,

elegiricainsitasgeh{ bydhm Brassa s LhReRbLYS AN BREHNE 1005 L OR demgRetic
parfitifcaBPa FHB LR the Qpticaitleleqtion ehaRlidRCil CHUYBFISES A nligfetizable

source transmitting in the direction of this particle, and optical detection
Parkifded BNBRIFG IRECERED AL PIREORTONSSSEENRIBIHIETe in the culture.

The el reRlicalc JaigeliondnaaRse ARNRPIRS anvissapirAeieatipn imesaks! to

According to a preferred embodiment macroscopic optical means are
the siproafeeimAcesraiares shsharasat b ¢l of the invention the motion

of thg Ragéﬁlﬁlﬁ.?gédi%l‘ﬁf#ﬁﬁnﬁe dreclyppitiibe wink ek RYEWIHN 4RE, also
e

scope of this detection illuminated particle can consist of a fluorescent

adyantherewiy dritftetrat rolstk obhst Rl Spgse PRYitGR 67 dnferbdilized
befoRlotae diffgrant iz esatliferemtslensitiesedifssant B0 shapRS BEOMetighus

different physico-chemical constitutions, different surface states 11 can
possiblesdl Vel AdeHEFRaROTR dYssisEmihEipiptslopmeHa 96 e biofilm or its

degrhasaeterization of the development of a biofilm.

Likewise, according to an advantageous configuration of the invention this
particle generates a signal detectable by this apparatus for the optical detection of
motion.  This particle is advantageously of the fluorescent, phosphorescent,
radioactive or chemo-luminescent type.

Concerning this apparatus for the optical detection of motion, it comprises a
light source transmitting in the direction of this particle, and optical detection means
allowing the detection of the motion of this particle in the culture. The term “optical
detection means” denotes any usable detection means. According to a preferred
embodiment macroscopic optical means are concerned. According to a particular
mode of the invention the motion of the particle can be visualized directly with the
naked eye.

Within the scope of this detection the illuminated particle can consist of a
fluorescent particle or a particle that is black or at least opaque.

Particles of different colors, different sizes, different densities, different

shapes, geometries, different physico-chemical constitutions, different surface states
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Chemical groupings to be tested can be coupled with advantage to the
surface of the particle and the anti-adhesion properties of these chemical
groupings (mobile 5 particles) can be tested. Molecules allowing the
characterization of certain categotiés of microorganisms can be
advantageously coupled to the surface of the particles and the adhesion
of these categories of microorganisms (immobilized particles) tested. This

canfR UGl GAnoRI iRl GosIRH s QIR IRASIRRIS ReSHiotatJaskAiRg of
10 flat bottom of this reactor. This particle can advantageously be a

the dgveiqwraept ok filAm of a hockey puck, with an asymmetric geometry

With@l_@!ﬁ{&ﬁlféﬁﬁrp(nés @B@E‘éﬁ&rﬁaﬁmé Eﬁt%tﬁ%@ﬁﬂﬁgé%%b‘%l%face
comprise measuring means_for measuring the viscosity of this culture at

of SR earticle Aeihssutiadsripansepetirsok thrmhgiehraunies daebile

par@bl@ineshteelgsgmpared. 15 Itis possible in this manner to test the
hindrance to the displacement of this particle due to the presence of

coloMiolRgsicroBlgRHemdRE of BREHENEAEORari8Es GFr8inatpegstsie Pl

mic@bf&%ﬂ[ﬂﬂ@@ﬁﬁ%&i%ﬁ%‘%ﬂ’t‘a‘g’é’ﬂﬁ@%ﬁﬁéﬁcﬂﬁ RenparRbatilifRieRlodiBRSthe
The invention will be better understood with the aid of the description,

adhgRjen oS hEAIRISANER Bl WSl erEaptam-iamobilired dudiclap) tested.
embprlimanizieldheravartian cwithdeter eneasimadeid s Rttasetrest in the

figures. Féi_gzure 1 illustrates the principle of the detection of the formation
9%

flathoitemed thisversithedhst BasitsimTan aliaptarmsbhimdbirica sbitinthe
fon%igy%%m%@mmmeam%ﬁaﬁm Gﬁia@y%tﬁfatbﬁaﬂéffﬁ@élc{ﬂ. gf a

biofilm 25 on the bottom of a tube with a hemisgrherical bottom (or of

tubERREMAES Rith RPRIPHH S PAGHRERR, SRR RN It PRSRTHANK dneans
for RfiB&iRkenS the dedsstipn plitkie farmatian @vehofithe ifR¥RAePIRNEGBarison

biofilm in a tube with a flat bottom. Figure 4 represents the principle of the
megftSLASHISE TeMSATIARE R AR At SPa&oaIBpi#nt of a biofilm in a tube

WithippepdRBMSe I this manner to test the hindrance to the displacement of this
particle due to the presence of colonizing microorganisms or of exopolysaccharides or
of matrix secreted by the microorganisms in which this particle is encased at different
times.

The invention will be better understood with the aid of the description, given
below purely by way of explanation,, of the different embodiments of the invention
with reference made to the attached figures.

Figure 1 illustrates the principle of the detection of the formation and of the
development of a biofilm in a tube with a hemispherical bottom.

Figure 2 represents the principle of the detection of the formation of a biofilm
on the bottom of a tube with a hemispherical bottom (or of tubes other than with a flat
bottom) (top view). |

Figure 3 represents the principle of the detection of the formation and of the
development of a biofilm in a tube with a flat bottom.

Figure 4 represents the principle of the detection of the formation and of the

development of a biofilm in a tube with open ends.
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Figure 5 represents another illustration of the principle of the detection of
the formation and of the development of a biofilm in a reactor 1 of the type
of a tube 1 with a flat bottom 2. Figure 6 represents a variant of the
invention shown in figure 5. 5 Figlize 7 represents a particular application
of the invention as it is described in figure 5. Figure 8 represents a
particular application of the invention in the area of the surveillance of the

CONaRIRAYFRRERIRG SR UIRRY HhEnSHINRYIBAREI L IBE HEOBEREBINAION the

of valves. 10 The general principle for detecting the formation and the
forpatenoprdet BreLppmprmmaodndiefdsntaising A rblgtsidnrs iadube 1

witP2egtdn frllaws. One or more particles or beads that are charged
electrically, magnetic, magnetizable or covered with a magnetic or

madi8tp R PESRIS Are At af the iy cRRB MO THER SiFHGESTtion or the
partiglageanyasansthesandiienipatkisnloreaspatieowilh a [eaetivited

_in an electric, magnetic or electromagnetic field. In order to simplify the
in fightiming description, these particles will only be described in terms of

beaggyutb@se:prRacEPESIRHBE ARGRHIREMES bR DM e ih thetRealfbh of the

secreted by the microorganisms until a complete immobilization. 20 In the

Surﬁélsaf@apgrahssgogfﬁﬂgnﬁr%t?énmp?ﬁe SRy herourysitianss afethe

contmakiizedrand, sgirrounded in this matrix. They are then concealed,
protected from aggressions from the qutside medium, whence the origin

of obSErgeRerakiRtilcils 1y Aniertingstisosrtiog padnde geysloprment of a

bioRRAGS AbaWuilisIMAaREiZaLRIHEL MBI PGl ¥EERis 0 mimic this
immobilization a field generator is approached to these beads. Thus, in

the FRGIOMAIATGHEHIREDisFiIPFAdS dlefipethiigsesliscalbto thagnetic,

ma@RI2AID 6f tisaeneratos anthmavei hisgnsiiahbhrrking/ el dh Beselehe
and possibly following the movement of this generator. On the other

culipzed, iF e ERERLOR 8T RFoBATISIEh 1AB i3B! the BtHRRat it is
conpaMBrBentvil kb GleE ke drEldBYeMmagnetic or electromagnetic field. In order

to simplify the following description, these particles will only be described in terms of
beads.

These beads are found incorporated little by little in the matrix secreted by the
microorganisms until a complete immobilization.

In the biological process of the formation of the biofilm the microorganisms
are immobilized and surrounded in this matrix. They are then concealed, protected
from aggressions from the outside medium, whence the origin of observed resistances
to antibiotics (nosocomial pathologies). The beads allow this immobilization to be
mimicked.

In order to mimic this immobilization a field generator is approached to these
beads. Thus, in the mediums in which no biofilm has developed the beads react to the
approach of this generator and move, in general toward the field generator and
possibly following the movement of this generator. On the other hand, if the particles
are surrounded in the matrix of the biofilm their movement will be checked and even

prevented according to the degree of the formation of the biofilm.
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Therefore, the method of the present invention resides in the exploitation
of the behavior of beads that can be put in motion under the effect of
electrical, magnetic or electromadBetic fields. If the behavior of these
beads is hindered by the presence of the matrix composed in the biofilm it
is then possible to detect and to visualize 5 their degree of mobility

(Mobiigr3erai-TRORISHNBPRIE FORRRAHEA IR IR ANE @ ABRvitation of
development of the biofilm. Furthermore, this method allows the

the hrardptiafibrags thatisends e anobiensmder Wswsirelffe! srsiete stagngtic
or diglg-anddhare inase IMasBRR, AT iederrddVisthe MEERERG e fR&ence

matrix secreted by the micrqog&njsms. 10 The detection of the motion of
of heamatiixuserpronrf i cherfeigdm By s gheal ParsBdein gletstiaindytairdsgalize
theifUieRatioprorRingireatdiualinatignmiibilis atigbonsianss tmeRRday to

_ used are advantageously fluorescent. The bacterial body will be mimicked
visyabes heidecchamsalyhig tefiligvelopment of the biofilm characterized

WithER@iNeriGHIa fssaniefeliomBhend aisriraesimatRl adkeafs can be

(geometry, size, density). The dynamic development of the matrix

putdpefitinthbogdis Bismmreasf Belishliohh thaseapraion vnsatp rss drindssst by

the fpegepECy Ohiadigld genecatey athaisBofgaeiian of the field force.
Likewise, once a biofilm has been constituted, its _degradation can be

follosastreEPthetctecnatiamat ey elieripfilon 1t ratreh pesBibRptral
me2Ni@Nze dhBeMBtition ot thismatrisiip Rigchanmitshitasien LIHBWISS. latter

the fo Iowir%g of the immobilization of the bead by the matrix constituting

instanee BisadidtiedRecratag e inawsgss Shthe process of the burying

of bagterigh it el Wiat theymBrIated 2mnordertasestdiely and the
development of the biofilm at the bottom of a tube, the detection is

develppanent Pivithephiatiey tharasteriasdicratyngwnsERidctinfe firstitne of the
sel QAOTBrAIMIS tDBeARVEEEEHeHS daiealRdtip conducted with particles

that are not i o .
The dynamic development of the matrix constituting the biofilm can be

followed as a function of the presentation frequency of the field generator and as a
function of the field force. Likewise, once a biofilm has been constituted, its
degradation can be followed under the effect of a particular treatment.

It is then possible to analyze the constitution of this matrix with biochemical
tests.

Likewise, the following of the immobilization of the bead by the matrix
constituting the biofilm allows the following, by analogy, of the process of the
burying of bacteria in this matrix that they secrete.

In order to test the development of the biofilm at the bottom of a tube, the
detection is conducted with particles that are sufficiently dense to sediment on the
bottom of this tube. Inversely, the detection is conducted with particles that are not
very dense so that they float at the surface of the culture medium in order to be able to

study the development of biofilm on the surface (air/liquid interface).
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very dense so that they float at the surface of the culture medium in order
to be able to study the development of biofilm on the surface (air/liquid
interface). 14 Moreover, by using the density of the particles, series of
detections can be conducted at sbHd/liquid, liquid/liquid, liquid/gas
interfaces. The detections can also use particles with different sizes that
can also be, e.g., differentiated by different colors. 5 Examples of

embagiaReis B thisnd eHaogbniltyn oW A PeRfIBE helictNBBRIRXMMESn be

the microorganisms described are bacteria. It is understood that the
congiseit b 9bimtich i wgpinudiditidias intit fAssfoorganism for which
the drvelermenyt efrtaiiafilenpistel e wiadistravexar hecaizalol Bie c.g.,

~_beads is_ advantageously adapted to the size of the microorganisms
diffgggptictert BREWRKBERIOE model the behavior of the microorganisms in

the biafitp|éerresmbimiirsnd o &Hllisieuts dheipriasipiBol leetectianRlse

the formation of a biofilm in different tube geometries that receive a

exagiplesethe ntaicigr gaitas idhsctibel R diasteniyurds 1 amforsiod dlainthe
follBRtigUldssig RORCRIepp taguietectian,obther InitestBirR@ANeef isich the

development of a biofilm in a reactor | of the tube type | with a

devglopmpHentdih&iRii iFituke 1SRRG udietieYen tsctitrs ffathgureadssis
advariQReYIRY- FipRRioPIRe iecexPEiMBNL ot e el dNGPI¢MBhes to

presenting 96 tubes (or wells) containing 200 |. In the present example a

mogel thebrhpyietef therpitoaernismdiehaPiofii fasngdurse, the process
is npidipded ReceasaiixioifeSHRBIEReaT: HicCabieisnesiumd ishaion of a
_ added into each tube 1, which medium is then seeded with a bacterial
biofip;i 'ifictcah MReReRIPaIEs Ao Al B ekl FEEsRILpiIRg tha Rgsteria to be
studenditions (temperature, oxygenation, pH, ...). A magnet 7 positioned
under tube 1 and more particularly under bead 3 is 25 mqgved at regular

time i§t8RTals Wlad Y5t IR Rt AaI My REOARR of the dectionamicthe
forMaAenh AT Mt RRCRITNRHOBY OHSRSIE Nl iSBEHANPINS AMe type 1 with a

hemispherical bottom 2. Figure 1 is an illustration in section and figure 2 is a top
view.

For example, the experiment can be conducted on a plate presenting 96 tubes
(or wells ) containing 200 pl. In the present example a bead 3 is placed at the bottom
of each tube 1. Of course, the process is not limited necessarily to a single bead. A
culture medium 4 is then added into each tube 1, which medium is then seeded with a
bacterial strain 5 that can develop into a biofilm 6 under standardized culture
conditions (temperature, oxygenation, pH, ...).

A magnet 7 positioned under tube | and more particularly under bead 3 is
moved at regular time intervals so as to rise up regularly along the wall of this tube 1.

When bead 3 does not encounter any obstacle in its motion or is not
sufficiently hindered in the matrix secreted by bacteria 5 constituting biofilm 6, bead
3 follows the motion of this magnet 7 (figures 1b and Ic or 2b and 2c). When the
magnet is removed the bead is no longer subjected to its field and can return to its

initial position. On the other hand, when the formation of biofilm 6 is such that the
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sufficiently hindered in the matrix secreted by bacteria 5 constituting

biofilm 6, bead 3 follows the motion of this magnet 7 (figures Ib and Ic or

2b and 2c¢). When the magnet is removed the bead is no longer subjected

to its field and can return to its 30 Iritial position. On the other hand, when

the formation of biofilm 6 is such that the 15 motion of bead 3 is hindered

or even prevented, this bead 3 remains immobile at the bottom of tube 1
motfigutd bial 2dy hifdsrsthte duea prpressdsaiddealbprandios iemobile at the

t | t titugi film 6 in,tube 1, such that t t
o T SUrAE HeLOEET L Sl TGV LE 1 PSCRAACD AR A SP B e
exteabhylte thetmegmstnmmegwhﬁ»ufﬁtﬂcmmsm@h a,reacineiaasic mavwexbeatbinds

|l of this tube 1. How it be advant t
v b GAS 1§ SIS SR 67 head 3 or nversely 1

manipw]ﬁie:ilampl;&nmmwagdenhe naapueited stichch mannacas 1 move bead 3
[ g I?lg theél Wjﬁectorg than,the WaI of thistube 1. 1 "
slogg s, R L O o By Bt E R D Br iaghe
ma@aelmshalmeeb(mt shoesy. 3T bslapmm&cmppameathghhsemard the

emitting in the direction of this bg fl:j%]:é)and (o nses § tlon mea

maghsi i GUHL HBTRRREAT 5F BEYG % uﬁﬁ“r%r HTHEN ﬁ]%‘é the
wall i tianagarént the Ilght source is located under thls tube in such a 15
manner as.to,emit th tbeam dlr ctl tow etl
it A St e e R TR R
to bé tshammndr(mfttshaWns |§Fhwmpﬁamm§atbmmgdm hghvemem ofriiténgiairk the
di tcorfrﬁl?f)%dlg t{)jead 3. Whe é elis of an 8 aterlal such ¢
lr‘é BT metar i |§ﬁ SOUPEESS &iF er?glg VR |sV¥u |n sucﬂ"‘( %men 0
bemannmuaarmﬂmbdhieﬂa:gtﬁdbeam through culture 4 20 towards magnetic
bea %b hese detfﬁ?op mteans are arra e ﬂ-lg tube. |
this con‘:ﬁgura ion href-lélé SE4L r% %)vlgﬁ?daegﬁ% consﬁtu By &' suen @

mafiinorescenemiatdréali ght ussawhéitddtes eobead i giet il iiaged Tiee thetection
light source their ment.is etect|otn means
Bdhd

Bt he S8 e Hobrosh 8RB EAroaharaly o Bearead
3 is carried out following the movement of the dark spot corresponding to bead 3.

When tube 1 is of an opaque material such as, e.g., metal, the light source is
arranged above this tube in such a manner as to emit the light beam through culture 4
towards magnetic bead 3. As above, these detection means are arranged above this
tube. In this configuration these beads 3 are advantageously constituted by a
fluorescent material. Thus, when these beads 3 are illuminated via the light source
their movement is detected by these detection means by following the movement of
the fluorescent spot corresponding to bead 3.

Figure 3 illustrates a variant of an embodiment of the invention: the detection
of the formation of biofilm 6 in a reactor ! of the type of a tube 1 with a flat bottom 2.

Bottom 2 of tube 1 is advantageously provided with two adjacent cavities 8, 9.
A bead 3 is placed initially in one of these cavities 8. Magnet 7 is then arranged in
contact with the other cavity 9. When bead 3 is not hindered in its movement by

biofilm 6 it glides from cavity 8 to adjacent cavity 9 (figure 3b). Magnet 7 is then
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25 Figure 3 illustrates a variant of an embodiment of the invention: the
detection of the formation of biofilm 6 in a reactor | of the type of a tube |
with a flat bottom 2. Bottom 2 of tube 1 is advantageously provided with
two adjacent cavities 8, 9. A beadl$is placed initially in one of these
cavities 8. Magnet 7 is then arranged in contact with the other cavity 9.
When bead 3 is not hindered in its movement by 30 biofilm 6 it glides
moﬂMﬁawtﬁﬁttmadpSQﬁmyimp (Beatte Cgtbi)ddtﬂagmﬂ?tlﬁstlﬁm tovitpa/eder
under flrst gawt ﬁflgure 3c Bead 3 r%g Ward this flrst aV|t
%?lo

the HHaFHe f‘?ﬁ%l‘ghét“?%‘tﬂ e RE 581 Eiﬁ?es& not
sufficishtbadiindéralfficiendy thindesedisArghéhede st |s~etgtieﬁtettat/a<ﬁgtdﬁtﬂ the

intervals the .observation of total or_partjal i ation of th
DTN o P AL PR R R e i A g e R e
3d:sedrnchcavity Disaaaded siubt ihdiebtmdaoainy apHenp@sprisiirbiefifatsean
o the attraction of m?tt%rr}?t tlnto seco d caV|tyZ (Eue tot e factr% ‘é’oe h
10 R RGOS TS &TSHRR 8! ﬁw‘ag iR %ﬁ%‘“’t%‘be%&i% i the
facthof M\Iﬁm&mhgsf@rsremwmglmes iagihatic bead or beads. To this end
this netlcnp % % ured so as.to be able to 10 maintain,itself in a.
oD BT T R e Hh AR T AR L B Enetie
bea@lmbdmbmlent 06 thig snsrehtibis matggmdfeta&t@ni etﬁnﬂt@tebest)ype b viithatvl® to
Tube .1is the nfi u it a continuous
mal A OCEI Iflusjf%bl qan %t\s in nlfﬁ%[ ngOFpE'jI’

1S e exam t?te tube with a flat
bott@ngurenﬂetlhmtfatee Hiﬁomhw&linb’édnfnét& tlsﬂsﬂtebml:mdmntmmmehyctbaﬂ of

cayities 8, 9fo receivin thlsb these beads 3. Acc ding, t
the ks %‘r’%cﬁe{%&‘? 8?% rrlg\s/lou’sﬁdglgstr’l%s(i %&He‘tofl ?% PO S lt a
comuﬂimesmmneoﬁMmmthtwdadﬁ 3.in motion in such a manner that they

pass,fiomone cauly (0 fheaier,in (e Insipnce I WGH.A0 EAUBLIS, 13 o¢

formed’in’innérs |s tubect the prlnC|p
thistubkan tadttmtageode]schhedafahﬁs@ttﬂo@mﬁee&vimgrﬂne betitalr hbembeads 3.
ma net 7 |§}Presented and moved,in such a manngr %s 1[)) g these
to y descri

ACKATHEL oft &P fadd 1SR WAl 15 MRS TEREY - maghet 7 is

presented in such a manner as to put beads 3 in motion in such a manner that they
pass from one cavity to the other.

In the instance in which no cavity is formed in inner surface 12 of wall 13 of
this tube 1 the principle will be similar to the one described for the tube with a
hemispherical bottom: magnet 7 is presented and moved in such a manner as to bring
these beads up on inner face 12 of wall 13 of this tube 1.

According to a particular configuration of the invention the beads encased in
biofilm 6 can be subsequently recovered by a magnet being immersed into the culture.
In this manner a fragment of the biofilm is taken for tests of physical characterization
(viscosity of the matrix, etc.), chemical and biochemical characterization (constituent
elements of the matrix, etc.), and biological characterization (microorganisms

constituting the matrix in a state of latency, inactivity, dead bodies, etc.).
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According to a particular configuration of the invention the beads encased
in biofilm 6 can be subsequently recovered by a magnet being immersed
into the culture. 25 In this manner a fragment of the biofilm is taken for
tests of physical characterization (1/7scosity of the matrix, etc.), chemical
and biochemical characterization (constituent elements of the matrix,

etc.), and biological characterization (microorganisms constituting the
matmxgire Stake efhdeaienaylusiasibrtyeterel bedieplcetsr) tAd datR® isf the

anather illustration of the_principle of the detection of the formation and
fona*év@raﬁmei GBI PR S PLMB 4 GG 10 Dp&PGRPS hayth a flat
bothai oM Phif Misdtitisisation jsaapldes vew fherdhe tap aibikhe tube. Beads 3
are placed_ at the boﬁt‘ﬁom fz)ach tube 1. A culture gedium 4 is(&hen 5,
e

add&tF o eHEP Bt TUBE D (HPS SFNHER Me it T 6B Sl s then
addeithnadaatieda tissraibed (hateasaglevaiop nnei bivfiinthen igedes whia Balteria

under standardized culture conditions (temperature, oxygenation, pH, ...).
SR R D ELRORBISE LB R A on L e LG

cordiilometehantbeads 3 elatiol,gieounter an obstacle in their motion or
are not sufficiently 10 hindered in the matrix se retegl bg Bgct%;ia 5 an%J
con<titisg hioAtRBIHAR abfa&a&e@alﬁql%%@ﬂ B BeBhdgrigeprighiAnd
Se)obviRaadad atirasi@ctacoundmagbeiadlcfigeh@izanaioniticut heasdsfiolently
. "clear zone" that js simple {o detect, particularly visually. \When th
hing S5 5 G TP Moo B oS AL 5 CHIRUE B Wy v
attravesd pratieleektibess hagdst Y rdipaia Smokildas therhatdarafidibeagnet 7
15 (figure§ S%nd 5e). This state then e,xmresses.a development of the

frog &r AHRALIRP AR BIR SRS RiGfRRE 6 TR Be SIPRRlEh ThACTRRS AR 1arly
visshllfpurhenapeeficisiach birbibéisarmanaishehars tiiSunaividsDBeidsia is

e S ST oL bucolon houp ) IIe 5 e
(fighaansdmagnsdic berdsstianthen afgiféssentasikasiarenplacet! iheeatiadighular
1 (figure 7).. The. culture conditigns are standardized (temperature, .

ol SSFRHGHTBE ST T IS i 1 dB e nt B Halmaisaly besd
1 ithciate: thermgeyatop sieriukbivitoers 5.

Figure 6 illustrates a variant of the invention shown in figure 5.

Petri dishes 1 containing a liquid culture medium 4 are seeded with bacteria 5,
and magnetic beads 3 and 3' of different sizes are placed in each dish 1 (figure 7).
The culture conditions are standardized (temperature, oxygenation, pH, ...) in order to
allow the development of bacteria and therefore the development of biofilm 6.

Magnet 7 is positioned under Petri dish 1 at regular time intervals. When bead
3 does not encounter an obstacle in its motion or is not sufficiently hindered in the
matrix secreted by bacteria 5 and constituting biofilm 6, magnetic beads 3 are
attracted in the direction of magnet 7. A clear zone 14 then develops between the
outer limit of the influence zone of the magnetic field lines 9 that attract the beads and
the aggregate of the beads 15. When the formation of biofilm 6 is such that the
motion of beads 3 is hindered or even prevented, these beads 3 remain immobile in

dish 1. However, due to the fact of the difference in size of the beads their movement
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Magnet 7 is positioned under Petri dish 1 at regular time intervals. When

bead 3 does not encounter an obstacle in its motion or is not sufficiently

hindered in the 25 matrix secreted by bacteria 5 and constituting biofilm

6, magnetic beads 3 are attracte # the direction of magnet 7. A clear

zone 14 then develops between the outer limit of the influence zone of

the magnetic field lines 9 that attract the beads and the aggregate of the
is abfsadsdbboWhen tire fodrttite detkafiof 6hs sechthaththenbatiblmofevelops

beads, 3 i5 hindered or even prevented, these,beads 3 remain immobile.i
the e R e A b R R
suptieinentwve mevitldBmisna dlinktidnodiflthetheslaegartbadtheiddnsitioppeden their
u biofilm. As the biofilm develops the small beads will have their movement

Inhibited by the biofilm first, then, with a supplementary development of

the BigfilmthBustrgeede aaisivilbbepstoppea ivf theimvention kiguie described in

illustrates a.particular application of the invention as it is described in
St B TR Bt C BAb A Ll A g o gt
conprmdng tarc @ntaimiicgpbialamgembisnobias,ag entasuahtiauding, ageesntiFhisingface

ent. This surfage. can be of any mat ri%, in particular of metal. \Wh
can O T PR R B R X R e
surfavesiof Heednagnattrabitthgtheofistitubaes v theadagessithadhenlargetitute a
beaH‘a&Per?s'?gyh%ﬁét Bfrégre yrfage. tThhe'Sr%&p'égaH%” i a%%’.a”ti‘ﬁ%o%ﬁ%%ﬂ%”.o% is
Is desired to measure the effectiveness of an anti-fouling product applied
adventagevetsliichsuorfiacs. desings partioaianemthedafiecitvenens e morenti-fouling

interesting tq vary the.intensity of the magnetic field, e.g., by rotating a

pm%%ﬁ%‘t’@%%%nagﬁr? glrl%hsel:1 ‘surface to be tested. 15 Figure 8 illustrates a
partlouizs ppplicdtoendidtmientantion be therarstzwsting teurasilthacetafsibeof
contaminati f pipes, particularly in.the,surveillange of the

e G a B B e R L S R lb R o s
supbogtsuBjdbvetiatesaa lgtticdwieapplipities Y, thésiposgibie ito theeasm of the

o U5 R DA0A D ARIID P IS e o e
contamination of valves. .

In order to model the development of biofilm on a support subjected to a
liquid stream (pipes 1), it is possible to use an apparatus with an annulus 16 held in a
bulge of a tube 17. A magnetizable particle 4 is enclosed at a point of annulus 2.
This annulus can be rotated under the action of a magnetic field (figure 8b or 8c).

If a biofilm develops in the apparatus the motion of the annulus is hindered.

This apparatus models a valve, the site in pipes where biofilms develop most
readily.

The invention is described above by way of example. It is understood that an

expert in the art is capable of realizing different variants of the invention without

departing from the scope of the patent.
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This annulus can be rotated under the action of a magnetic field (figure 8b
or 8c). If a biofilm develops in the apparatus the motion of the annulus is
hindered. This apparatus models a valve, the site in pipes where biofilms
develop most readily. 25 The invenijon is described above by way of
example. It is understood that an expert in the art is capable of realizing
different variants of the invention without departing from the scope of the
patent. 30 19 CLAIMS 1. Methqgd f tecting the formation and the
development of a biofilm of a nmgnisms (5) on a surface in a liquid
culture medium (4), characterized in that 5 said method comprises the

following successive, steps: a) intfroducing into said culture medi 4) at
Ieagt'onel\/;[)%ﬁ}?gse?%gﬁg decd ?cgffﬁ/"%arct\l r%%‘aé)ﬁﬁggr?é’ﬁlzo rrnfcrﬁla{aé)r%%%t%eﬁno?f
a mE@verashvits 86 Jeast ancatedgnetiquid culagratizaine Eyec{@pdidrized in that
. maintaining the culture medium (4) in conditions making possible the 10
Sm%%\?ﬂrg&ﬁff%?eg g?Sfﬁﬁ%V%ﬂg?%FédeS gPism (5) on said surface, said,
at legstin@iodupagidiesesildgoitagichstdfane (4) detbengtize fartichtiahaofis
a piofilm_on said surface by application of an electromagpetic field :
cloqfgA AT EEb FRBERAGHT SHAm S AaBlS A e The astaghss apepetic
or rhigfiktiaeledagetesied when the motions of said, at least one, particle 15
. on said surface are slowed down,.or even prevented due tq the formatio
or 118 AR B G Eo TS e ORI (o B e he
devetupsifist iofsulhrdilag byaididatrizastorpeyipart{S)ecio sxidetacfromagiptat least
field, that m@/ be a ﬁied impulsion. 20 3. Method according to any of

one,paicls 1gs ,%\/?1%?5 fﬁgaé%p c) consists in subjecting said, at least one,
partiledadtingghestivadtiorcate bidliieletiraidagméiie by application of an

electromagnetic field intended to set into motion said, at least one particle, the

formation of a biofilm being detected when the motions of said, at least one, particle
on said surface are slowed down, or even prevented due to the formation of the
biofilm.

2. Method according to claim 1, wherein the step c) consists in subjecting
said, at least one, particle to an electromagnetic field, that may be applied by
impulsion.

3. Method according to any of claims 1 or 2, wherein the step ¢) consists in
subjecting said, at least one, particle to a progressive increase of an electromagnetic
field.

4.  Method according to any of the preceding claims, wherein said electric,
magnetic or electromagnetic field is generated by means that generate motion fields.

5.  Method according to any of claims 1 to 4, wherein said culture (4) of
micro-organisms flows at a constant rate through an open reactor (1).

6. Method according to any of claims 1 to 5, wherein the culture (4) flows

through an open reactor (1) at a discontinuous rate at a given time interval.
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field. 4. Method according to any of the preceding claims, wherein said
electric, magnetic or electromagnetic field is generated by means that
generate motion fields. 25 5. Method according to any of claims 1 to 4,
wherein said culture (4) of micro-o%g,anisms flows at a constant rate
through an open reactor (1). 6. Method according to any of claims 1 to 5,
wherein the culture (4) flows through an open reactor (1) at a

discontinuous rate at a given time interval. 20 7. Method according to any
one o thERRLARGTEIRHS, AP QPR WA AREE)

saidfzi’r"ﬁlcfb|(Q§‘E§ﬂlﬁﬁﬁrﬁ[&1‘iﬁ§ﬂ@@ﬂ@§l1@§&ﬂ&iHﬂMH@ﬁﬁdtipﬂfé'&ﬁifﬁi’liﬁminated
detected. 8. Method according to any of the preceding claims, wherein the
partigleddbisslessiircherates a signal. 9. Method according to the preceding

claig), whaegidhaeadigle t3his Boaresseotdinphosiphoretesdhahe particle

radioactive or cherno-luminescent. 10. Method according to any of the
(3) graern g Si&Ms, - wherein step a) several particles are introduced in the

cultgre mediuos abebrdihg Wheneipsieriwthitatarmatiorial tabipitticien(3) is
said surface is detected by applying of the electromagnetic field intended

fluagpseept b FHeRNI IR AL L AL 4 SR FAAER- IR B being detected
wherpthenpatiles caan dagyamee geasthies @missjd surface by the
electromagnetic field. 11. Method according to claim 10, wherein when the
particle¥ KRB &P Y BV RIRLPB TSR Pr B R ‘ﬁ%ﬁl éﬁﬂf?&ﬁr‘&?ﬁ Hgend
visual.wiZergthieg aresdingntaianydhctadfit thlshidvhefaie saidectitedeby

Pl e HE U EEPAEUE L IGEAE Bt AR L GBS e

forkBERIN® Saidicaliredhpiddsdrd ABda aarpaaitlRaedeiectiorpaiipel together

formation and of the developme biofilms (6) comprising at least one
on %ﬁé@%ﬁkﬁt}%ﬁia?ﬁgfgﬁwmg%ﬁwre medium when it is

11. Method according to claim 10, wherein when the particles can be
grouped together, the detection of this regrouping is visual.

12. Method according to any of claims 1 to 11, wherein said culture (4) 1s
homogenous or non-homogenous, preferably non-homogenous.

13. Use of a device comprises:

- At least one culture reactor (1) intended to receive said culture (4) in order
to carry out the detection of the formation and of the development of biofilms (6)
comprising at least one surface which is immersed in the culture medium when it is
present,

- At least one particle that is charged electrically, or magnetic or
magnetizable or covered with at least one magnetic or magnetizable layer, said
particle being able to be immersed in the culture (4) when it is present in the reactor
and rest on said surface,

- Means for generating an electrical or magnetic or electromagnetic field

capable of setting into motion said, at least one, particle (3) on said surface,
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present, - At least one patrticle that is charged electrically, or magnetic or
magnetizable or covered with at least one magnetic or magnetizable layer,
said 25 particle being able to be immersed in the culture (4) when it is
present in the reactor and rest on §3id surface, - Means for generating an
electrical or magnetic or electromagnetic field capable of setting into
motion said, at least one, particle (3) on said surface, 21 - An optical
detection device making it possible to detect moirg]%ns of said particle

said sufAQPIiFthdaRtipe HradrSHPrit8e mpRsienaiste tfﬂjl%tlr?féstrggdsaid

partftiebAsslafinerds anmenaiaieatihiGdk2htdnipiamrecaidingfithelaiethod
13, wherein said reactar (1) has a closed end in 5 such a way as to form

such srABteddn @)y P obelambldndo claim 13, wherein said surface is

the pgttopntlacebraith teasian (13, apRdian oma eeevierd) hayiiiesokdd Pndrin
lgrooves, intended to receive said particles. 16. Use according to claim
such g wiierein 1 Al BPYPTHER a closed end in 10 such a way as to form

a herpisphesigeettons (3)cliin Useweserdingdinigs t3hvwbete cBIGf said
reactore(@r has two open ends. 18. Use according to c¢laim wherein

reagips fhanst hay R ATrRsYRSEl Rl (gop%%rf%\ﬂ%?%di‘&e&ﬂ%ﬁi@@ﬁcg{vf said

parglegtant rate or at a discontinuous rate at a given time interval. 15 19.
Use according to any of claims 13 to 18 wherein said p?rt'cle

gendfatel/3E AEAUATRBIRAAHE ddtKhSEPHY A ERKIRLE 1 egg‘é?égﬂﬁél%im

sucHPiRR%toTaigh atleasippegcpattisie (£0. Use according to claim 19,
wherein said, at least one, particle (3) is of the fluore

phoéﬁho@%%é?ﬁ%ﬁ%ﬂ%&&f% bob R Sgﬁt@ﬁf @%%ts S0P ds.

accqilingJte apsoRfiglaiensldigto 2 Whwhenaieseitiat (Epst nEigpedidal3dw
for itshg %rg‘\i}g] %rfes%iicrll ngdg?rg (\éllv)agt tg.] %E)Illtslt?lrll? raatgtgltr) Iaet go 1jsté%p1tg;[uroeu$st rigtg %itda given
time interval.

19. Use according to any of claims 13 to 18 wherein said particle (3)
generates a signal that can be detected by said device for the detecting of motions of
said, at least one, particle.

20. Use according to claim 19, wherein said, at least one, particle (3) is of
the fluorescent, phosphorescent or radioactive or chemo-luminescent type.

21. Use according to any of claims 13 to 20, wherein said, at least one,
particle (3) is configured in such a way that it is in a stable position at rest in said
reactor (1).

22. Use according to any of claims 13 to 21, wherein said particle (3) has a
size that is substantially identical to the size of the microorganisms (5).

23. Use according to any of claims 13 to 22, wherein said optical detection
device comprises a light source emitting in the direction of said, at least one, particle
(3) and means of detecting making it possible to detect the motions of said particle on

said surface (3) in the culture medium (4).



reactor (1). 22. Use according to any of claims 13 to 21, wherein said
particle (3) has a size that is substantially identical to the size of the
microorganisms (5). 25 23. Use according to any of claims 13 to 22,
wherein said optical detection devigg comprises a light source emitting in
the direction of said, at least one, particle (3) and means of detecting
making it possible to detect the motions of said particle on said surface

(3) in the culture medjum (4). 22 24. Use according o any of.claims 13 to
23, YhereiH $aitcaetiec ‘?nﬁﬂ?éegf}sékﬁ%‘fﬁf p?a%ié?e%%a%ﬁegb a?éiri ted”
conPis@id sRCsAleaidhels bhdishbansifon gelicsatiageaand|esirithere, the

magnetic or electromagnetic field making it possible. ta gr. together .
meags &:W’@é“a% ?&8‘&&%’3"2"1&?}8%%' R i el IRk Jebosbte

to gAGERTNENG ShaipatBelByailcatiap e RavithuCullbensaidadfatbe

detection of this regrouping is visual. . .
25.  Use according fo claim 23, wherein when the particles can be grouped,

the detection of this regrouping is visual.





