10

15

20

25

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 biofrim

PRAUAESES, ANIHASYBIORR AR SOXEME AleR S AT FARTIONE DE THE

magnetic, electrical or electromagnetic field such as patrticles that are
FO QN PNELIPENIRL BN FIERIObT bySHilRe Adeltr HeB&HVERBRIM

or magnetically or that are magnetic or magnetizable or covered by a
magnetic or magnetizable layer. In this connection, in the present text the
terr’% heigeessit 1y 9Bi98 tRlaessto dbe aterefel iy deleridoncfrte oftussity of a
cultthe magngtizable particle in the biofilm. It will be understood from a
reading of the present text that the invention does not have as 15 subject

mattée PipEasunRYRIdeeleise sariestatipdaibniaths ety ahthe sty of the
devélBPRISIORE WithothenterMm HiscosiledasitS: GRRMOR FPERINY bitiatheEdhen.

demaonstration of the development of a microorganism by measuring the

Thigsipblohifgerty & Brieyslonsyéhsmaxement oblpapastradalsaaanove in a
magRQYE M iscRiNgrre’ QrJad ghiprensd Py acRiofimatiieh ishaloniicaRhrged

itself of thefﬁresence or lacking presence 20 of this microorganism in
elechacallygieHic Presanse of ROy 3aHarpesatiscrEmLPR" RagNpidcally or that

are Hﬁ%ﬁéﬁ@@grﬁ§g§\€t{z’ﬁ’tﬁ@i&n&6%ﬁ@3i§9 Ahlegstians: %ié‘gﬁé’c'ig%l@ Myean be
present and developed. It therefore concerns a medium that can he

natdahét copRAEHvLTIRIRC @IgseRiatextdhn Stled IFEAHIY dsitnthRsmundgrood

as ré rtHé %ﬁ%ﬁ%&%x5@%@@5@5@%5@5%@%%5%@%% will
terms "medium" or "culture" can be used indifferently by referring to this

be vkt F100% 2deagivnnef 1 e saeRiniish thit tBFRveiandoredRinhave as
sub]SBEHHARLrOk 1AUHEN SQITOIRS & RUEERPrGANISMANGENAIMEUE Khvdicien
undlt;[rlss{(f(c))(liJ n\?/i?}g ptﬂzsl‘g%noglxs?oesiggdIilrjlmi'tsz 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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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. The2najority 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 0R FSIGHIAIBAUM) iV RatE3LEpRIibTh R WsiHeQ biagIaboyeR Yand
the bacterial populations are found fixed on the support ("sessile" state)
funginglaes/ershaepiistan drgaisToesEap¥im caiitp e anesla pioi prurasdwhicterighe
larvaPRMABEOIY . SREATMY £ REIRSRE (R RDANPC A SHBRRIYSECHMAIE iR,
limiting 10 exchanges with the surrounding medium (A. Filloux, 1. Vallet.
Biofli® Mais&ieh Ogmérmwgaﬁidaﬂﬁwgmm CoRfmrpaiRecB it daEAteen
studfePOpto tRIAGIREANG HIANAGHADRED Banera GRMEYNN in a medium
Medicine/Sciences 2003; 19: 77-83). When a biofilm develops there is at
(cultiperted MOHSERIPIONAE PhateslachMamsdpBl, IRennstisn raeidinofqutside of
the SHRRATYYREDLORPATEH RMAIRRE Ry daRidlY of O AHT cQRFttURE:)

by strata of cellular bodies secreting a sheath of exopolysaccharides that

andp, Alep ede il atfhinsedygrd sSRIRGBRIYe Gltduadimeiiedium Tleb shertsHal
confhBhiBaste/iabBiRfimRiReieRees iRk 484RpJIPa&INgHASOfEDS) limiting

formation of a biofilm can be subdivided into 5 stages: - Conditionln%Y%f
valS€ €n

exchapasiruih theagiepndnsmsisraldoftlaws Jraduittin Biofthe g

pla&eh%ﬁ@ W%@ﬁﬁ%@{ kedifen ébﬁlﬁﬁﬁﬁﬁ& i'Ba‘?ft@ﬁEﬁQJ@r[‘Fx%ﬁé}Qndi‘hPTﬁBng and
film". - Adherence or reversible adhesion: The mlcroorgan!sms resent

Orggpizasigihothie Bagteatd CpnaraiinetesioifiRaicRss Rttt br/dy3)-

c_hem@g(ia% Eiﬂmwe&% S flﬁ&%“@@@ﬂf@%%%&fé@{&@ of s fksteria on a
fixation stage, causing only purely physical 25 phenomena and weak

suppAifsisIRelatiar o ictiihsusrsetuMhenticr et sy tichn ey gapidly

forteadilfigetachiRtubdhepiofrathhissIQuRN stagsal SQL IBLACHORRMIEN of
stronger energy to occur as well as the microbial metabolism and the

exopglvnarhapertidie LHfeRE BranagiRTRsgms s i dengarrpinding medium

(CoAdheaian is aBaqtvaIapth BRASINISHALRREOMEDON34-de fingt GQIRMEETST the
will attach themselves in an irreversible manner to the surface in
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 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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3 particular by the synthesis of exopolysaccharides. This process is
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) After Baving adhered to a surface the bacteria
multiply and regroup in order to form 5 microcolonies surrounded by
polymers. The matrix of polymers (or glycocalyx) will act like a “‘cement"

parfB AL BYQHRE TRenass Ut USRI R RRfIES I BNORG b s Rlkas @Rtk ¥iiind

_ the surface in order to finally form a biofilm and attain a state of
is acytinTupd iR BREMAl Jarterampdielthe pai FHoL iSRS AL structure

that canglites Aidwonf iﬂ%ﬁ_ﬁiﬁlﬁﬂ&ie@@i@ﬂﬂi@ﬁ@%ﬂ& iE%'IBH%EiM' b@%@urface)
seat of numerous physiological 10 and molecular modifications relative to

- Aferharihidpsd e modgasnthe kmierisonibie i AR TREEPNR HAANdsE tofgrm
mi@bdbR sifacr hadda 8fgredrit if the cendiion Rt (dodRseallREwill

maturation of the biofilm is %enerally correlated with the production of

act fipeacgemenE el dpirsths aadatigantthe becisiaymanesthenicives and

witAnlefeurmelymergican likauiseradbareisnthioma hielims antherLiagsisum.
15 Detachment ; Biofilms are structures in perpetual dynamic equilibrium

The Rjoflveripaaly rulserlirdfithe stipgonrcetonel mibrsoiraiish sopdites a
corthBegmiran@emhithisidevaloRmerhean PecexRressest RudheAStasREstscal

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

and; ipolesular e i tedatigniantisanbimnionirezsmeh strdees Hird hioflm

forBRAAIHRGRARSE WIID HEAEHILA] reeUTiTec2hsliseasReen 8 MEdit@bonditions
environment (source of re&s,tancesé)ﬁ;he nature of biofilms is very varied -

pergdinit £2e0et9- rickhh mekgeuRsak thebiRfilrps) singrathe rerrb Gdnwishl e
prodROsHiEE0EPK haste it hediespelicd Whandeaitankigfilas Ase faaneasibly if

for infections that are becoming more and more difficult to suppress: in the

only fere RORMERH R kevitsdRsHavd franbioflimeRibtanedefiftinctiva of
the gyQachin@f thesiReliARReAraNte A Hah GatEaynani OR DRI BFRMEHInd

the lungs lin patients afflicted with mucoviscidosis, ...), in the urogenital

deyelon es 7 RGHEROE e ERPAFE HeRFighrararsen s AYbLehisoeBrgnment
thi@é&b@i@ﬁh@&t(&ﬁﬁ fl%@?&ek@e@@@r qﬂ@@l@&&ﬁﬁm@%mmrmiag@g@gm@ers

or implants (cardiac ) o i
his 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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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 fék infection by legionellas. 5 They also
affect the agrofood industry on account of their implication in cases of
food poisoning (formation during ruptures in the cold chain, development

GreRbeHSTIRG ReIS: BIURHINY A0ebhaRchosmwerk SpEfanest ihtewise Digtigse,
develop in pipes, causing, in particular, corrosion phenomena. 10 Biofilms
volafSs dvdidhPol’eHe- surface of immerged objects, such as, e.g., boat

hullgeausinarerabbepresehian|oe(slirying @wba, skdpsespideat hutlstdaesy

to the colonization of the hulls by various microorganisms). It should be
legiogglifthat bacteria are not alone in creating biofilms: Fungi, algae and

Protpgen Aleox g teen trdyafilingstiy Bialilvemasy therefRiflication in cases

omnipresent in numerous areas, presenting sanitar?/pnrisks and causing

of fapdiralp B Clonmatini GG e eth g thre epith She i figve pemspiopn

cut@hhese higfilersnerosinampenlwirRaarsieay. due to the fact of their
comﬁlexity when heing studied, although numerous methods for studying

the SEGRIGHmHOBIBRORMRCIR BB FhpIethiRted 1D oPRRECHISRETRY 0N
phebshdng biofilms are still principally based on the colonization of pieces of
glass or_of plastic immerged in a culture medium contained in flasks

und&tiofifitisli e faKrg svdhe frdrte cbiamest aMsEbISI e &8/ shiat
hulWOlhRInt HOSRNR e RwNHelArfiAESEqRE shiTREe dFeLotiafuldRie to the

complex detection methods such as, e.g,, detections by 25 Microbalance

COlﬁﬂiﬁa&ﬁaﬂ’f @‘r?/gfﬁlS(b‘l(‘fﬂmﬁ}lb‘ﬂ}é‘?’f?oég%‘cgpﬁ)icrobalance with Dissipation
MonitQHBENM Betrstiengby MiEA(MasstHIdns PR Ur&Naly W filMsy Fifiki, algae

qSUItrasonic Frequency Domain Reflectometry), by PCR in situ (on
an

GrRtRFRaI AR BANRS My ORISR (hybridization in situ under
fluorBRFAAGE hrbYtKeksIMd Gominsidbent 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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Laser Scanning Microscopy), by PAS (Photo Acoustic Spectroscopy), ... .
5 Still other methods use particles/magnetic beads covered with lectin, or
antibodies for isolating the bacteria responsible for the development of the
biofilm, in order to then allow the ¢haracterization of these
microorganisms by classic methods of immunoanalysis or by molecular
biology (hybridization or PCR). 5 However, such methods have proven to

be diffigulbfe-impleraant and paralBsy/ reAatively BERIOUS eHENIPRCHIEY or
do not allow a sufficiently probing teaching to_ be given about the behavior

antfraien ik iRy hrebdrbrEarsae M B fRTGHaYfioRmGalgHHisnbisfiim, in
ordeiofinser iR, e SRaRAEIBLIRiER HPtRRE IR S aleRN BNt Qhaibiabitibds

to be followed, whether it is simp%constituted by cellular bodies (Listeria

of ipgpsesnglyepa hyosligele aloge) By it tcmRIgdu® matrix secreted

by celew@ieg fNaraRtasnismsdpseudomoras et tbNepreésent and remain
invention relates to a process and an apparatus that allow the detection

rel¥ivaly qasEIpmEHt i mercidbsxitdp arot Aot sl neResYntsashipe to

be RIVRUBOGEMRUS:IHOEYoRNHEOD QitaH QRN thidiagcUssot NS RIARESSN and
and/or this 15 aﬁparatus in particular applications. The term

develRIGH 8 cufufEmEmeEhetiaiserahalretods detslomnsabaf 2

bicHRRI e RNBEF ETOMIRE HEMSE - i PRI tiCidlnAdby hyNPEeBealss (Listeria
culture_medium can cansist of a limpid culture medium in which

Y RGP RY SniEXOB Y BVRAEHAELSh WURp AR B OBBYE AR B piteist b cofieizing

mibrBo2EaB3A6 (BskhauvRJEREthe prior art. This patent application concerns
a process and an apparatus for determining the viscosity of a fluid

med iU, REFIEN JRYCBRE SRS 1A AnRrersinfadBRARRVATIR dipintlione the

detdbitbmetigen devapphittg afratatingcragnetie tielthmbsianiallysiabRiRms or
on the bead, which rotating field is such that the flow of the fluid in contact.

noRRATRE BN (LY 28 M SRABIARS IRnthifarsark i HeREATHRng or this

appgﬁgﬁgmﬁgagqmngqﬁpgmgﬁogm couple exerted on the bgad by virtue of the
viscosity of the fluid medium. Thus, the bead, plunggf in a viscous

mediLit, HRergEROMARTAEMH b PRI SR R do i dnfiesbend ihdhe
proasatlBpsi CafiRRIAN D R RN IBNY SPESEMANSE RaTiRAHsSAéIRneous 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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proportional to the viscosity of the liquid medium to be analyzed. The
rotation of the 6 bead can be visualized with the aid of diffraction discs
obtained by lighting the bead with the aid of a laser beam along its axis of
rotation. However, such a processfs only adapted for an implementation
in a homogeneous viscous medium. A culture medium of bacteria is
opalescent, cloudy 5 and opaque. Therefore, this method does not allow

bed daIEHABHLN, 61 HAHIRN AP ek @ drmatitm RIBIMSHaiBahe bead
culture medium. The abstract of Japanese patent application

withsh #ishabplanes bspslansdthitiad 18itihsuring the viscosity of a
nonfiewéoaianiittd Pasedan the arlfcinrmémasnelic alRcHRAA in a

method consists in measuring the viscosity by means of the

hompgeasPh ¥HEBRIHB Y cAn RIS BSEIBMIE BRgHisiedant et gloudy
andRqezerhbastorslenithe #Hiectdoba mraneicafi@itbrnlingt B8 hPthe formation

gzoposed in the Ja%anese abstract allows the determination of the
or

Kaffermatenabaiadimiie theHlisrurediten as ¢idbstRst 196 wanaese

patéift ap}Ribachin péesHoA3dOa S optaws i mBthydibATRRSQEHEHAB PktdSity of
behavior of a microorganism such as a bacteria developing in the viscous

a i aktemna {BUdRaRR Sltotheherisrilenak THgti b aiasHARopddingngthod
col¥igEeipsnae B epRar Rl thayaHunhermrdatng Rt dgvaloaa éRhent

biofilms in a non- homogeneous, c!oud%; and opaque medium

and gfiheslispiprs e sate RbranersticedanHrdehiRe sBrRARIH B agRs bR Ak

orderke fasmsushopirtitms. thbeperephibertianaisainddeaibeiNbothe
aIIowin%the modeling of the 20 prgcess of the E%Ié)ni_zation of a surface

cha5pGSRTBET gEFREYS. T HEDreSEM S BItiSHRSE HAS tHEBBBlemHwever, the
meleWViRggRRRMeRstianiel the Miffaranceseptodseasitydn @dmbdhavior of a

.non-homogenous medium and consequently of allowing the modeling of

MigHOLEHFE SR I R AR E AT A RIS S R RO YiRSAES M the development

of bighlmsdeeaanty aaivh #rEhe PHESERNS rYBI¥I B RIsepam e RERkiemnafan
proposing a process and an_apparatus for th%detection ?Pfthe

IPRAIRIS N B Bio i SRSl ie&iRbIt G dRYSIERTRFR! it DAl BR%rBustanan
hothedGRo e avtapaied onidanidiashievedpsitiadiespet dauarsigneieh in

whtit]:ﬁ %?&%%}gggi%gqbsege\%?oep in order to form such biofilms.

The present invention also has the problem of allowing the modeling of the
process of the colonization of a surface by microorganisms.

The present invention also has the problem of allowing the demonstration of
the differences of viscosity in a in a non-homogenous medium and consequently of
allowing the modeling of the culture medium in different zones in accordance with
the development of biofilms in each zone.

The present invention also has the problem of proposing a process and an
apparatus for the detection of the development of biofilms that is simple to
implement, not very onerous and that can be automated.

In order to achieve this the present invention is of the above-described type

and is remarkable in its broadest meaning.
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and is remarkable in its broadest meaning. 7 Thus, the invention has as
subject matter a process allowing the measuring of the viscosity of a ‘
culture medium of microorganisms 5 comprising the steps consisting
successively in: a) The immersiondf 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

thiserliire s AR ARG MES adRasRRtiat el HRMAg ARG ifiglthPreéasaRhoa
magnetic field, in such a manner as to put this particle in motion, c) The

the opiseariietttion SH I dRSHWYf fHRIFBIORESREINST iSYPBPIIRS the (HRPS

conSHiEs Rigfgyiakly hy optical measuring, which process does not use a
scanninﬁl microscope. Step b) consists in subjecting this culture either to
i

an @bctlibs) HRmesan Mhghdiasictorattisle disimsgrtestblcpsicaby, is
ma@Riiesk RyArBR i BRet letPoR BIRBEE SPIMEAUSHRIHAWUERERNor magnetizable

electromagnetic field or to more complex variations 15 of an
layeé]é‘&ﬁBﬁ%g%ﬁc field or to a combination of fields. The progressive

augp)emasionmpidienaleetiomannets figld dspbiinesReCH B8t Potagnetic
particular configuration of the invention by approaching a maanet along a

fielfl priffrsablyasmrsidalividetiohrbr Saiis Rty thisRasdeifdpmotion,
motign ThabparNaeeharbhave R yrdaitieingelllsianasipitgesangtale in

_variable frequency. 20 The more complex variations of the )
thiseguliveim BEHERE Heky MRStk MTaHB) Fotdiich BFoBLaRMsiINatURS Bcanning
midRR¥sHaENts of a magnetized bar in the proximity of this culture. This

electric, magnetic or electromagnetic field is advantageous%/&enerated by

meatiid)gEMRTSH JPaSHRIECHN SRS nc Ut GRS L an e e firddvsr @

magh &EORSIAYrSHie VS PFol A ALSCONHRLI Qs Aoy S HRFBAbYINRIPHIEN, or to a
intervals through an open reactor. This latter configuration is preferred to

ProgiessiieAt AN AR 4 SlRIMABITHS tHE!H AT BEFHRMRRIEF rgiations
of Aevelernrehefia fefibh o \ceontbne iR 8T iRyagtion, as concerns the

particle it can be either an ) , ) _
The 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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electrically charged particle, a magnetic particle, arranged covered with at
least one 8 magnetic layer, a magnetizable particle or a particle covered
with a magnetizable layer. This magnetic particle can advantageously
have a size approximately identicdl to the size of the microorganisms
generating the biofilms. 5 It is also advantageously possible to use
particles of different sizes and/or, also of advantage, of different colors.

magig Sake!-sizebRatlishes pisenmabiizeckibrfeks dhallargarsigfdnetizable
particles during the development of a biofilm. It is thus possible to
lay@haracterize more precisely the development of this biofilm or its

degmafatitinbfd PR ACEOVaHNE L @AM N dagROMSHESTRBHERF Qb M cal
the invention this particle generates a signal detectable by this apparatus

to thsrSire SHheANfERoLEBN SRS EatRSALAH IR SRIAEI SN be detected either in

an aptenarne ud vaRRABESUSIGVRNABROS s pdAbIRA GBIV HYQERY 285 and/or,
re-emjssion of ene%jransri:tted in continuous, or _ discontinuous streams

alsq phatvarfastshf IGHTHSES SPiorsmid o BRsTat Hy b P HLeies 135 b damoliiyeed

befbeceihéssaepeLbiiearpacesies)duits patide s avantagepusbrghthert is thus
flugrescent, phosphorescent, radigactive or chemo-luminescent t%( e. .
f%qllti?l@ 1ts

POsHBlS Hin G R 45T G P AUESHF e i SIRYSTPBIBEE ) Lortkist iR

degiigatRiyticle with a light source and in detecting the motion of this particle
in this culture. 20 In order to dq this, this particle can advantageously be .
fluordSEEMC ARG b9 aaBrégé(PﬁétB?€8Hﬁg‘iﬂ%%W?ﬂf§‘p8ftﬂ% ygntion this
partioRfigetiee s stcipaalmrRebIzabIt thik & phakies pRsiten atest dadbeon of
absence of a field) in this reactor 1. This particle can advantageously be
moaaﬁicﬁv% BN 8 ﬁ?@ﬁ@imﬁw&BﬁWfﬁﬂ%&ﬁﬁlﬁFé&?ﬁg@Bﬁ%ﬁg}s y

by Wil @iang)fasie by. . }he SrEURReItI0res agepssingaiminadichlajontinuous or
implementation of the inventionéhis process consists.in performing

discRRUREoH, BFHEVIAbEASF M CARTYE St STaRTE 18/ 0he ProREEYaRY laser
beapievi@ushntiesioriadlabastngcty0 corresponding to the seeding of this

culture and at least pne measurin eﬁ affime t of the viscosity of this ;. |
CuItLTllélS particle 1s advantageously ot 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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according to the process as previously described, as well as comparing
these 30 measurements at tO and t. 9 The process in accordance with
the invention allows the measuring of the viscosity of a culture of
homogeneous or non-homogenou8 microorganisms, preferably
non-homogeneous ones. According to another aspect the present
invention has as subject matter an 5 apparatus that allows the realization

of thenRraeeSICIANS AN ARIPIRY I ALY BRSEIRGY. tROURedAGRESF The

invention has as subject matter an apparatus that allows the measuring of

visgpaibis@dsity sPEERINYE SPRMERIFEHB0OE CIMOANERIREE ogicroorganisms,

prefRISHPIRANIRMDERBREYRES. 10 - At least one culture reactor for receiving
this culture in order to perform the detection of the formation and of the

develSERFEREIPLIGNIRY, asRerddbe dHesgattisetivndaeatriviligeaaiea an
app AU AIRSIORS MadRslizARe UraRyesRstuin AtdRAS ARG SHAANBHS Rlusly

magnetizable layer, immersed in the culture, 15 - Means for generating
desgribadctrical, magnetic or electromagnetic field, preferably a magnetic

fieldrwiicthdolddsrrrligsih his RAWHRID SHARAMAIEEES (FAURHIJWE the

motion, - An apparatus for the optical detection of the motion of this
mepHiiB Afthde thEsWistanhing FHIGEs Hpdiosrgeretsim ot U PaIRESROUS
midPRIES SHNRL AP ASERIESUre with at least one closed end of the tube type,

well, (...) (closed reactor), or an enclosure with two openings for allowing

this cultbileasb MACEEGgFe RIS dRERSsahE e pbis rutivisin At rigmg iomn the
detiEpbrsfigeRtieniihadnentrbisyRaster Basithrlosed end in such a

manner as to form a flat bottom. 25 In order to have a stable position at

the bottérh brfhedibePAkisH tHBabaltickerrigtiyschpmed ©F sky, sastifo or
maBRlFiia e e ale & 18R RPHRMEAM BV 6:0RE etPRVEE Ak FaVitiRTEHsed

_ %rooves for receiving this particle or these particles.
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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According to a second configuration of the invention this reactor has a
closed end in such a manner as to form a hemispherical bottom. 10
According to another configuration of the invention the reactor can have
two open ends. In this configuratid®this reactor can be configured in such
a manner as to allow this culture to flow in a constant stream or in a
discontinuous stream at given time intervals. 5 As concerns this particle,

itis aduapiagasuslyRithesmrRaricin batls islRscRIMChargsd Ry 1hge two

presence of positive and/or negative ions), or a magnetic particle, or a

opsiphidie dolirernfigrstiendhisdeactiansatessrigiradiaghetsdppaner as to

all R LA RPR RIS GRVErRd MR atdeastPiie IMACNRTIZARIESIQYeAmT NiSsiven
magnetic particle advantageously has a size approximately identical to 10

timgy@igH@lsf the microorganisms that generate biofilms. It is advantageously

possiRletnssaparticlpa i diffefeniRizee fadsBiseitRdvantageersimAf is
different colors. The smaller-sized particles are immobilized before the

elegtigall i gsd (yeh e pregise HeRRIBPmendior a¢gativa. 09 19n@ magnetic
parRERSiBle {Q,ghARCIBHZRMAEPIEGSEIYJhe SayalaRMENOfHis RisfimiSsble

its 15 degradation. Likewise, according to an advantageous configuration

parfielted /BRI FRY ek ik ghlsaphrns Magrirakieladsie by this
appgiatusfentie ??H?@Ed&ieﬁﬁ'@@e%ﬁléﬂpﬂ% a S8 RBpi6kiSately identical to

advantageously of the fluorescent, phosphorescent, radioactive or
the syshod fhfriiedcssmaipes Dotesnestaibg iRsapparatus for the optical

detegtiqn.@{ MeliRbull $PBRIBRSE HEhheAIIEs WAMSMIENRENNEE8s and, also
direction of this particle, and optical detection means allowing the

advgetageorssr tAb HBkEmbrtpardde sristsitste PrAiclet e pifmebilized
befdpiegionpeRNse AR AMIHARDIRIBLQEIPMARAES ABRATHNT 10 & thus

preferred embodiment macroscopic optical means are concerned. _
possitderdthgharackaitrureroshissitelyr the idowsiaBment flodbis drigfdm or its
dedeadtigléncan be visualized directly with the naked eye. Within the scope of

this detection the illuminated particle can consist of a ) ] ,
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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fluorescent particle or a particle that is black or at least opaque. Particles
of different colors, different sizes, different densities, different 30 shapes,
geometries, different physico-chemical constitutions, different surface
states 11 can be used with advarthge in order to multiply the criteria for
the characterization of the development of a biofilm. Chemical groupings
to be tested can be coupled with advantage to the surface of the particle

can@tcili@ anthadbesian pranadies alulgpte HRRIEALIRURNGRIRARI RN of
particles) can be tested. Molecules allowing the characterization of certain

theé‘éf@é?i?@ﬁ%ﬁ’%i??ﬁ@@anisms can be advantageously coupled to the
surfatRafdNeRAbIHes 8Kk thetadhasienaliese aRirEaHe%: %o the surface

microorganisms (immobilized particles) tested. This particle can be directl

of thsrrjticde W dhe ipnt-edhme Popropsties < theasechrmica! sBaBRNGS thirobile

partREPEa BistBagtcle can advantageously be a particle, e.g., in the form of
a hockey puck, with an asymmetric geometry with a plane face, (...).

Furthererones tnidlappagat i carrherpatenisly domfisicimesaamiges  of

midRRARSIEPRINEAB N Ihe YERBI Y RIpIRIS te U reiAh VG AN NIREYAIRd the
and comgarison means allowing the measurements obtained to be

adhgsiom afdaeserise Pasplimipr pveanismetteretilined adiclsekiestede
displagementrf diiso Panticieydiim R eI REaR8NELQh AAOPHENDN at rest in the

microorganisms or of exopolysaccharides or of matrix secreted by the
flatrhRiteBr GAMATSIR HinidihRapigkcfansedvrniagerutliife R RETtiRlEsS gnén the

fort WERIIRILNEY PecRefah URdRLSHARS N hintaid i ANEPIARCHRIEON.. given
20 below purely by way of explanation,, of the different embodiments of

the PRARERC SitHISRIRHEE MSHE RV NGIRESS mGdsuring means
for I HLsataSt MRPUiREMRIG, Ob thaisigetirn £ dhedormatianeAntsof ihecomparison

development of a biofilm in a tube with a hemispherical bottom. Figure 2
mepay AL HIS BRASIBRMSPER QRIatRES St kst tAEPBFRfation of a biofilm 25 on

the Ipofiopa Rftactuheniyim mhenisphierralHoitant ab ahunes] 8BRIHIAT this

with a flat bottom) (top view). _ ) )
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 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 30
development of a biofilm in a tubd &ith open ends. 12 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 P%&Q@ﬁre’ﬁk@b’éﬁt@ deRIReeNR PaveHT AL tﬁ@d&ﬁ%@@ﬂq@%ﬁé&ﬁ%ﬁ'%rﬁe
5.5 Figure 7 represents a particular giﬁ‘tlcatlon of the invention as it is

foradppsed of Hyudevslanmert afraedibmdmarsarional appiearioh of dHabe 1

withyentieptindhe area of the surveillance of the contamination of pipes,
particularly the surveillance of the contamination of valves. 10 The

genBiars M ETBIEYor tia tctimy Hldho sttt e & IGoMment of a
biofingincarCrifESARNAAPAMGIIICPPICARISNST M PRGBSO Ve dliied

_or more particles or beads that are charged electrically, magnetic,
in figakenatizable or covered with a magnetic or magnetizable layer is/are

p|aq€i%di‘eﬂ89re9%§éfﬁs I%ﬁ‘éﬁ]&@m&f&ﬁ‘%m@iﬁﬁ%rﬁﬁﬁ\{ﬁ%@%%}%f the
condition that it is 15 compatlble with a reactlvm{ in an electric, magnetlc

surgilgctoffalfifetrORemMAigc (BIBFhpRRFtcH iShowsg tEkehansn, of
contapsapRisesawikonly be described in terms of beads These beads are
found mcorporated little by little in the matrix secreted by the

micrbd s Ble dhs pletecting dhfiiturati doriacniisisi pppent of a

bioRIRCESS Qfithe: imation e{lﬁied@ga&hmﬂb&m@weammsw@re
immobilized and surrounded in this matrix. They are then concealed,

protEB@ iR EgBRELBh SRt Batsiis HaTRe, SFRAcalthe BAgNFLC,

ma@hALeBIVed ReistaNessh (@ ARLRIICs(RASRRAPIBIPRNRIgIRE)plHbEd in the
beads allow this immobilization to be mimicked. 25 In order tg mimic this .

Ul ob AT RIRI B etie Hfo PRI ostthed fHedBe condition that it s

compatible with a reactivity in an electric, magnetic 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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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 aré3urrounded in the matrix of the biofilm
their movement will be checked and even 30 prevented according to the
degree of the formation of the biofilm. 13 Therefore, the method of the

PreseRk-BVRNURG Fesis df the sxRigitationabibecbriaviPuef beadadheh of

can be put in motion under the effect of electrical, magnetic or

the behayinh afheids fbrdsarr be HeRdvRIir wdsk the 585G Hisltrstaaabymagnetic

or é?é@ﬁ%ﬂﬁ%n@fi@“ﬁéi‘d@_?”%f QH@M&%W&QQ@HA&E I8 tl'ﬁ%ﬁé?@&%]?'ﬁl@fyresence
detect and to visualize 5 their degree of mobility (mobile, semi-mobile,

of thermeiig) errancsaddgubatyiafImidtiatizhemersiRinphitsiesrang MofisHalize
theft UigENQsE. tisimethashsliewsdhe fifisrentiatinpmiheReada bl &aly to

be put in motion under the effect of a field and those whose movements

visgglizgifseterelaprasatedeiiefmne matrix secreted by the
micragiganiems A2 Therdataaion ehthe metiamabheadsdnutha Piatiineds ve

carried out bgh/%optical measuring, either by direct illumination or by indirect

putij MR ANST TS Bffest Hhadivdd and e dvhissrmpy datsigdyndgred by
the HEVGRES R NAKtesiabRad Wil BebhiEedHRore or less precisely

and the development of the biofilm characterized with new criteria as a

funchioh dtestion »Edhscretiniabberdhdpdisdaio§isit s e ddnshpsical
med<i8i A NGRS ARV AR S Al HRGoMaIF % ¢Qnatidding thadiebHN dankR latter

followed as a function of the presentation frequency of the field generator

instgpeedhebeadichisn o erd Yantnesrusly fluskrses®nce a biofilm has been
congtifyiteyd citsiAegragatom cas beiflipaednndenthecgifestcofdly and the

particular treatment. 20 It is then possible to analyze the constitution of

devglppmshti,CfvitheoRiehibmichrristaazet il et the BIiERANE of thinction of the
seléorsaabiization el feadqadonyethe g{@tj%,@@&;ﬁituting the biofilm allows the

following, by analogy, of the process of the burying of bacteria in this
matﬁ“}aqhgy@ﬁgy%éj&%q@pment 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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25 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 ddrke 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 RRITIOS:, 397108105 drteatians cinthe sonrucieskabsAiddigstitons can be

liquid/liquid, Iijuid_/ as interfaces. The detections can also use particles
condrgtedigbralfdisuidiiguidiliond Hauidigas ifrsfastiated by different colors.
5 Exapalgscabainbedime it phinignathn itk aqwine descERedsdbe, e.g.,

~_these examples the microorganisms described are bacteria. It is
differabiateddy ditarat fl8ting description is applicable to any other

mictograanispiemubishing developmeamolils hieolnditedp sludiedihese
However, the size of the beads is advantageously adapted to the size of

exafl i dhSo Y iRIrE R dspaie dvighe PRSI modelstHenBersingr Braihghe
folIFUGHROABHNS AN 1 eabifiiBItormeshy-igies hisrSotbistiate the RinsHIthe

of the detection of the formation of a _biofilm in different tube geometries

devglapmedid dttUtigfdoltdmiRg tedirsktefloveener Simidide Fguhss ieady is
advanttRisateyindaiiauiar tesprinsipiRomieodgigstian QbR dla Heatss to

and of the develgpment of a biofilm in a reactor | of the tube type | with a

mogel the hishruer wdibrmcierjganisms dhthr.BirfBniraettion and figure 2 is
a topigdry. IFRy examnpifctie SRR ean fasrnrustethetaRiaien of a

) res,enti_ntg 96 tubes (or wells) containing 20Q I. In the present example a
bioflin gl pisREtibE sseBerisHhobIsrueR AbuE OrautiRgEhRASHaLR be
stud$egot 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

strafi SRt caRda VB ito'a BrotiHler uhadritainiafiZba defeiston of the
fori@RoiiAnNs d RMPEsAHIEMONY O ABISMRH a- tsaltdRadEhé RBSItAREd with a

hermiophér cal botior T Figate 1 is ah Sosttation in Section and figure 2 is  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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25 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

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 initial position. On the
mo@ithﬁbflaéwﬂ vhehiidertaroadiam of biefilad tlissshiell thaéthgnt Snmobolr af the

bead ed or,.even ted, this bead 3 remains |m obile at
bo B, BPRba LN 18 2 et SN S R e leRelopment of the
exteetidpmeantrf titoesevﬁtmgeﬂwﬁmmatrm tabostityticly thiafilhisniattivoeutrounds

S at this matrix surrounds b | in the. same manner as it surrounds
beaéyiﬂgr}h%saéﬁw‘?ﬁ@%&%%b%@%&‘ﬁgghéf@ anipulated in such al#narltjner

as tarmbisehenpl Stialongstthe iwalbofpiilisddbe sich a\mmmrerltwwnbeve bead 3

adv nta Iat he ma net| the irection of bead
oo e O e BB R P TSR GRS Al the
matgnmonetllnealdébacﬁasﬁlb@tb ammthe\retrmlectoryrﬁnaptﬂaae mlltﬁf)éhtS\ttab@ the

I §A T SRR CHBY SHOU. ‘PR ADaPaile o Heees e e

wallafrtigsantitting in the direction of this bead 3 and comprlses detectlon
means all wu[lg the move entt of b ad in c&l ge4tob cte bhis bead
Whenrttﬂg ' aeh%paren‘fathggfg% our e 'is g ttibe'ih >
to Bd@hsaali@dr(anne]nmﬂp érhit ﬂ]@ﬁg:lm@mnpdwmﬂmgbwardrma@mtmg in the
di Gt ad 3. T e ete?f &Eneans are then rranged ab Qve thlstktbe3 Thus St of
i 10dlef)ectlono e ot OPHERY %?g Eahit antsjtafoﬂ‘(’)v\}\rlll pgnovement 0

bezmdvmme]mtlmféthem&tetspmﬂcorrespondlng to bead 3. When tube 1 is of an

opa mater ch as, e. the I| ourc n above
thls(twge w?usuc%tla AR %rre’és o] e gh? ecalrtﬁ hlrrtlnt?grjh&cgfure '3 %h a

maiowardstmagiietietégd Bedn alhe\zﬂythesadetfa(gnenmmmSard“heralegedon
meggov{e? ltj ggté@gnln (}hlgoe/%nfl? t|o lﬁ btﬁa et%ﬁ 1roenactt\ﬁ’;l\n 8}1]50 ¥bead

Hiotégeen alterlat SY Peabd s Are
3 idllcarrindtert fmzhlcbheﬂ thmumdhmf memmkemdswetmmdimg tloctsed 3.

dete% IRRTLY 1s Y% e'l'r?"é’gé%&g?n”teneﬂu”ﬁ 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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the fluorescent spot corresponding to bead 3. 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 advantageodlély 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
moheddgiéel firfsamane ey 1), bRM3EH ddid esriandnidsitySchvity 8 under

nt C 9 f| agnet 7| then 6_moved un er first cavit

O T T e S R
suffiiagnBt hindbrds. mo&mﬂ stﬂnlb ntaisbamgem@uamted ecaflleasiteptals until the

sufficiently hindered. And the test i eate r intervals until the
oSS KRS AT U7 BF i bl aeed i Hgure
3d.|llwharmedgmflguserﬁ>@eﬂ witizn magmha asmg\gedMaHErsﬂnnﬂ(smﬁnﬂlﬁameﬁn

bead 3 stuck in biofilm 6 to.th
o RN ST S SRR Bt 5 SRkt 6 1 e
facobftthatdtidering biSisiafniod. itk yBiddiintbe tube bottom does not have

cavities for re Vi tic bead or beads. To this end thj
e B e R A RG0S (S esE RA0 IR e maenetic
beastablémlsltldﬁoat}tmedmnﬂm ahalistichbedd RiguoaAglitistradessaiootireable to
e nt of inve tlon eact 1 of the tube type 1 with two
i SRIC G, S0 DRl bR BT & cominuous
streﬁﬂguréeulﬂwamednﬁntEeMnbdmmenanﬁﬂI&Qhﬂmtiubmwﬁg aftattor 1 of

bo tom inner ace 12 of wa 3 h|s adva usly has.
the MBS 6 Y heR B IRG IS BALa b L EFS dabe e AU R o

commu@lpsneqnboﬁsuheremeﬁremdusly described, magnet 7 is presented in

such,a mzﬁnner as bea m t| n n such a ma er Bat he){
€ ex am etu ew1 tom 1nnersu ace [2 of wall 13 of
pass from oné ca hé |n ance INWHICh'NO cavity is

thifaohed ﬂduanefgeduﬁymﬂs?cmwmﬂ XS%fOQ@eﬂmtm@dllihﬁfm’iﬁﬁiﬂllﬁtWthB 3.

A sim {gr t?/otl'}‘ﬁ one descnrli(ed for thfhtube with a. heTnls(PhenBal bottom: ‘7
C?ﬁagn%t is presen e’ dpn%o 5 SUéh B RiENRer aestcnbrln’g TiResd is
prebaads irpsophnneraface &Q tof palbadefXhis tudied.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

. §. Figure 6 illustrates g variani of the invention shqwn in figure 5. Petyi
ning R SURATING o EANHE rctRA R LU T At 1
(fighaansdmagnidic berdsstianchen ahgiftssentasizeslapenpiacet ihceaahadighular
é},&fi ure chx . Thlﬁ.c Jtur .con%iti ns a;e sttandardized étem erature, . bead
S SORHISHTBITIO T S HASHY Tl B! dBOARAFRG RSP Wi appiati bes
1 ititheeifate: thentieyatop sieriuakibivditeert Magnet 7 is positioned under Petri
dIShPJigaf}rge()g H]ggtygpees gn\tggg{% 'o¥\t/1t11ee ﬂl\?gn%%n 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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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 attracted in the direction of magnet 7. A clear
zone 14 then develops between tllng 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
is abeadsdh isfhilnel e ek and ity eleantgdo fiksdio&hds 2\ setinain ofinkmodxilesiops
30 dish 1..However, due.to the fact of the.difference.in size of the,beads
the e e e RS R B B NSS B g s i
supblefilentay the digfitrant efelop idfidms niall loezdbead$ ek theitopymde metheir
fuL inhibited by the biofilm first, then, with a supplementary development of
"the biofilm the large beads will be stopped in their turn. 5 Figure 7
ilustizes @ phricatisr applicatioreppliketioveftioniagdiiulesdtitsettsoribed in
figiduge.? of k‘ﬂé&’é’%‘ @i‘ﬁ@tﬂltehﬁe%ﬁgbd? %L‘%C%?l 3 5 AIags SUered WIth &4t
product confaining an anti-microbtal’ agent such as, e.g., an anti- oul%g
conggjemmg Bhissifacebialnagentfsanly asategialannaparfuliap afgeetalTihenrface
agnet is approached to.the surface thebgads are attracted by the forc
e e i BRSO Toee e
surfantn thadsesteafttraetsd fache Thiscapptic atitinei s anhes nizg ¢bers eohstitite a

bealf 4SRUEY (0 ICRRCE e effscyencss ghap antifouling product apRlse
on'‘a metalfic surface. In this parficular embodiment it can be more
ad viamtergsstirsg themrit the desardityoointhsunzagre tdttictideregs, by rotatirgfuling

mml%g(gletilzie(;;-&lOba'{1 H{égaq{ith% &{aj&ace to be tested. 15 Figure 8 illustrates a
P particBPar appﬂicatlon of the invention in the area of the surveillance of the

confartimapion ofl pipes) qbmiou] drbaimbthmererugittasicegdbthary the intensity of
e T
appérgus Svituatmagesnu s tid e ldpiplizat?onbefdheohacudendin. the area of the
sor A T R B e PR E e
contiofilmtoevefopdvies the apparatus the motion of the annulus is hindered.
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 apparatus models a valve, the site in pipes where biofilms develop
most readily. 25 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 éigparting from the scope of the patent.
30 19 CLAIMS 1. A process allowing the measuring of the viscosity of a
culture medium of microorganisms (5) comprising the steps consisting
successively in: 5 a) The immergipA VI8t least one particle (3) that is
charged electrically, is magnetic or can be magnetized or covered with at
least one magnetic or magnetizable layer in this culture (4), b) The

subjectioprotébisatioiuirg; thamesatiigab Miagnatosiyaleatimagnelidium of
. field, EPr,eferggg/ a magnetic field, in such a manner as to.gyt this particle
MICEPTRAM ﬁ?‘&p’f%lél% FeSIPRR FOLSLIRE HHEFEYSY dPiiberty of motion
of this paictariersiia oflturtsaprefesablytiole qplichivieaduringd, Whithically, is
rocess does not use.a canning icroscope. 2, The process according
maggek i PR T HARF A O SRBrE B O SRR TERRE SRl
lay&ulittes(éyitarani4lectromagnetic field, possibly applied by impulsion. 3.

The process according.to.any.one of Claims 1 ar 2, characterized in that .
ste by LSREHESH QL B G e S s agpetsioe fectromaghetic
fieldugrafeniblipra ahagnelecli@d)agnsaiishfiielchahnéhagrocess thccprdingdq3) in
any one of the previous claims, characterized in 20 that this electrical,
Moo gnetic or electromagnetic field is generated by means for generating a
fielct)n Thetioptical Hee: iosesiac depgirgotdl Ayt e wbdlannas tH particle in

. ch terized in that the . cylt 4) fl i tant st th h
i ) Y B TS B DR T c e dogrne
mictbav@sierized in that the

2, The process according to Claim 1, characterized in that step b) consists in
subjecting this culture (4) to an electromagnetic field, possibly applied by impulsion.

3. The process according to any one of Claims 1 or 2, characterized in that
step b) consists in subjecting this culture (4) to a progressive augmentation of an
electromagnetic field.

4. The process according to any one of the previous claims, characterized in
that this electrical, magnetic or electromagnetic field is generated by means for
generating a field in motion.

5. The process according to any one of claims 1 to 4, characterized in that the
culture (4) flows in a constant stream through an open reactor (1).

6. The process according to any one of claims 1 to S5, characterized in that the
culture (4) flows in a discontinuous stream through an open reactor (1) at given time
intervals.

7. The process according to any one of the previous claims, characterized in
that step c) consists in lighting this particle (3) with a light source and in detecting the
motion of this particle (3) in this culture (4).



10

15

20

25

25 culture (4) flows in a discontinuous stream through an open reactor (1)
at given time intervals. 7. The process according to any one of the
previous claims, characterized in _that step c) consists in lighting this
particle (3) with a light source andth detecting the motion of this particle
(3) in this culture (4). 20 S. The process according to any one of the
previous claims, characterized in that the particle (3) generates a signal.
9. The Phegassascriniin thamrevous taipreclaractarredhartadibed in
particle . r%]i of the fluorescent, phosphorescent, radioactive or

thatc 8@1352@ @gggﬁﬁaﬁgﬁﬂﬁé&%ﬁ The process according to any one of
claitns The $rodeich quxocesg abovs Prevdeieatlaimyf thardorenationantladfthe

th velo nt of biofilms (6) in this culture (4), characterized n that it
P Bt SR HTARE o AR DA BSAS ot AL AR (3 SRR gen
typdéhe process as 10 described in any one of Claims 1 to 10 at a time t=0

correspqnding to the seeding of this cultur i% - At least one measuri

g PP RETeRsea s B A€ R R g e POCRS ALhvs
the desetibadcoifthe YoaratidrCiatins thio déedoimnest stepibdilthe @riparisenlafre
4 r’r}(leasutreme(gts tttOtand t. 15 11. The process according to any one of
( )’c AMS TS0 tharacteiZed M that  this culture (4) is homogeneous or

non-hamoeganeag s fittefeiatdyitoofhbinogemeods. adddrdingpparains dhat as

allows.the measuring of the viscosity of a culture of microorganisms, ,.
des BRI TIL TR i o A A e O AL D o peding of

thisredewin@ this culture (4) in order to 20 perform the detection of the

o ad ol e SeRent R (B ISR UBRSIAS o
acceidegsiodhe pmagaset_is dnsm@de't_imigl @Myﬁ“r(_lilnimeﬂsedl () dh cyltgre 4),

- Meas for gengrating an eleeuical, magneti g1 glggipmagnetic fied

11. The process according to any one of claims 1 to 10, characterized in that
this culture (4) is homogeneous or non-homogeneous, preferably non-homogeneous.

12. An apparatus that allows the measuring of the viscosity of a culture of
microorganisms, characterized in that it comprises:

- At least one culture reactor (1) for receiving this culture (4) in order to
perform the detection of the formation and of the development of biofilms (6),

- At least one particle that is electrically charged or is magnetic or
magnetizable or covered with at least one magnetic or magnetizable layer, immersed
in the culture (4),

- Means for generating an electrical, magnetic or electromagnetic field, which
field is applied to this particle (3),

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

13. The apparatus according to the previous claim, characterized in that this

reactor (1) has a closed end in such a manner as to form a flat bottom (2).
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25 field is applied to this particle (3), - An apparatus for the optical
detection of the motion of this particle, other than a scanning microscope.
13. The apparatus according to the previous claim, characterized in that
this reactor (1) has a closed end A such a manner as to form a flat

bottom (2). 21 14. The apparatus according to the previous claim,
characterized in that the bottom (1) of this reactor (1) has one or several
cavities (e mpagroevrsdatingcriting pibisdquarticlien) cihesedpariciastibb the

The ratus according to Claim 12, characterized.in that this reactor, (1
bottg LA CbEFEH SLER R ERGFL K A G RIS O e e
this(Bartidle Shehegpsaatcissaccording to Claim 12, characterized in that this

reactor has two open ends, 17, The apparatys acgard; .Claim 6,

o s MR RRRIOPE o B Rt S o P SRS o (1)
hasallgestdiseiitusedd) tadioet ins soclonstariestiepimranl Hotom (l$continuous

stream iven time intervals. 18 _The apparatus according to.any one o

Clotls IR A T O s Bt (o o e St
hasdeieotileday.this apparatus for the detection of motion. 19. The

apparatus according to the previous.claim, characterized in that this 15, . .
particle ( %s%??ﬁ%&?u%%%&%%, {Brﬁlsaﬁ ;Eé§§§ﬁ ,Cree{1 |83ac1: R/%ao?;reac ot ?1) s

contheimed-iRicke acanhnbmes. taAlIbhet b pataites(drtofhing ia anystme sgfeam or
” C {alimst12 toﬁlS% %har?ctlc\e/reiﬁp ini&g%t/g Sis particle (3) is configured in
in 4 (RRORURUARERA AT SINCE SEBSESH ion at rest in this reactor (1). 20

21. The @hpappiaratascorditinto taran poaob CEaesl it 20, characteizsdin
o BT A s T i g
motwRa1, characterized in that this optical detection apparatus comprises a

Iight@c.)wi%% %{)npigrig sinaz[:ggr {-rrl%c (i)oﬁle previous claim, characterized in that this
particle (3) is of the fluorescent, phosphorescent, radioactive or chemo-luminescent
type.

20. The apparatus according to any one of Claims 12 to 19, characterized in
that this particle (3) is configured in such a manner that it is in a stable position at rest
in this reactor (1).

21. The apparatus according to any one of Claims 12 to 20, characterized in
that this particle (3) has a size approximately identical to the size of the
microorganisms (5).

22. The apparatus according to any one of Claims 12 to 21, characterized in
that this optical detection apparatus comprises a light source emitting in the direction
of this particle (3) and comprises detection means allowing the movement of this
particle (3) in the culture medium (4) to be detected.

23. The apparatus according to any one of Claims 12 to 22, characterized in

that this apparatus allows the detection of the formation and of the development of

biofilms (6) in the culture medium (4), characterized in that it comprises:



25 of this particle (3) and comprises detection means allowing the
movement of this particle (3) in the culture medium (4) to be detected. 23.
The apparatus according to any one of Claims 12 to 22, characterized in
that this apparatus allows the detettion of the formation and of the
development of biofilms (6) in the culture medium (4), characterized in

that it comprises: 22 Measuring means for measuring the viscosity of the
cuIturMnadiujng atginvefortimedmtiay ds, aswd siGarfi ferisdvre eanbuat evigigen

the urer@ents obtained to be compared.
tlme mnte rva S

- Comparison means allowing the measurements obtained to be compared.





