| Device for microbiological analysis The present invention concerns a device for the
microbiological analysis of supports that may contain microorganisms in order to detect the 5 presence or
absence of those microorganisms. One way to analyze such supports consists of detecting the
presence of the microorganisms by analysis of the fluorkscence emitted by those microorganisms after
they have been marked by what are referred to as flurogen or fluorophore markers. 10These markers
have the particularity of fluorescing only when they have been activated beforehand by an enzyme
contained in the microorganisms. Bevcs RTdnigRbiplaralipe@iSrise a fluorophore group as well as
a group capable of concealing or preventing the fluorescence of the fluorophore 15 group from showing.
When the microorganisms aﬁ%}resent the effect of the en;syrgedthereo is tﬁ)1 modi r;gj secqnd group in

order that the fluorescence Phrsf BFo'ﬂﬁlerﬂé?/nbeC%Pe%%@ed. ev'cﬁ'hl%, as illNSra I fhe spectra 53

and 54 of Figure @nalysisthé snigpodeydrasmagocandsie daceoscdhoistend to avdgipto siidestetistation light,

the 20 fIuoroghorsrgggHgé'%pgggg}%@[)fimgm%,l'&%gﬁgpgg_ with an absorption spectrum 53 of which
the crest 53'is at a Wavelen&th A2 and of releasinq that energy in the form of a characteristic fluorescent

emission spectrum 54 of whitheNEEI]BYYFS S8 eHgtPRAYSH QM fIIRgAbe PERSISEving the
fluorescence emittgdthy nrccRsUGRINISMS iByhardiyste i ofisurtsseadersnittsiasiliuatsaéed in Figure

9, devices (mtegra}%ed into mlcroscoiQeers)trf]%r mICYObIO|O%I0a| a a(ljysbls arﬁaa%lready own ({8maor|smg

illuminating means 18r8h ri]rllsgnrh%eaexcitlng ig'?ﬁvaen(?% witieh esHe(\é\frum%rg of GAUssian drstribution

form has a crest SiragewenVislerephod nerk@&rshosen equal to the wavelength A2 to excite the
quo_rophore with sufficient erernsin3AUAERIQBILR %qrcmghg, WPﬁGBF&HF@%RPWSméy light with its
emission spectrum 54. 2
have been activated beforehand by an enzyme contained in the
microorganisms.
These markers generally comprise a fluorophore group as well as a
group capable of concealing or preventing the fluorescence of the fluorophore
15 group from showing. When the microorganisms are present, the effect of the
enzyme thereof is to modify that second group in order that the fluorescence of
the first group may be detected.
Thus, as illustrated by the spectra 53 and 54 of Figure 7, when the
microorganisms so marked are subjected to an appropriate excitation light, the
20 fluorophore group is capable of absorbing light energy with an absorption
spectrum 53 of which the crest 53' is at a wavelength A, and of releasing that
energy in the form of a characteristic fluorescent emission spectrum 54 of which
the crest 54' is at a wavelength Az, distinct from A,.
For observing the fluorescence emitted by microorganisms in the
25 presence of such markers, and as illustrated in Figure 9, devices (integrated
into microscopes) for microbiological analysis are already known comprising
illuminating means for emitting the exciting light and of which the spectrum 50 of
Gaussian distribution form has a crest 50' at a wavelength A4 that is chosen
equal to the wavelength A, to excite the fluorophore with sufficient energy in

30 order for it to emit, in the presence of microorganisms, light with its emission

spectrum 54.



Such a device is provided with an input filter, disposed between the illuminating means and the support to
illuminate, such as band-pass filter of which the spectrum 51 is illustrated in Figure 9, this filter having a
very narrow passband centered on the wavelength Al so as to select, given the wide 5 spectral width of
the illuminating means corresponding to the spectrum %0, only the wavelength that is useful to excite the
fluorophore properly at the desired energy. This device also comprises a filter disposed between
the support to analyze and the zone for viewing the light coming from the support, the filter 10 being
illustrated by the spectrum S24FNFRGURYISR (FeRECYdnchlilthas inidttdi e UaPRsRI N WRhtBRed on the
wavelength A2), inlorsiaatndy ieleisoand the lighppektiab isemiies by thedioepphpsesfirespsmse to the
excitation light, filtered of all the pther_extrapequs wavelength o Devices having such an
arrangement are o SRR ELUNLE0 i MU0t s aden A A 7y nartoir 2
invention concernpabgbprolisinared deviteeforgueitnating, like the teseteof, tigivpriothartyitistection of
fluorescence gt whistyls RRSthBPR:HBAMBIR AL SURIREYRIRIAPIAIRD Qrleimasacofych is as

good. To that end it provides a device for the microbiological analysis of a 20 support adapted to contain
microorganisms mMBfkE@ Y5/eatiolophisraseiento Sxaiteg®s: BesrrPaat RaPsHYcahths: Jatiredid
microorganisms, terfpgprb light energy with an absorption spectrum having a crest at a predetermined
absorption wavelength (A2) and to release that energy by.emitting flugrescent light with an emission
spoctrum having a crest at A BT AE SATRLSRS 25 ek SRR RS RSl YRR bsorption
wavelength (A2), sailydeviare cive nisiedat uieiningn then éaints cutaipe dreoniltbmisineashidhsufibert in order for

seid marked picrapiAgNAFRETSY: Ry SRRRRICH G ckpilon (abreraies s iesfilginating

means, light with said emission spectrum; characterized in that the spectrum of the excitation light coming
from the illuminatiRgFAYaPRSSALEARMSERLETARE Y3y iRt AliHBPER AN i taRg A L) distinct

from said absorptigihtAisndcensaen K3he auaiesgibreoinsad sbiyerbotitagrtitatoienighat said

absorption WavelerzﬁrL%th %&i)@ﬁ@itu ed between said excita jon 3 (A1) and emission (A3) wavelengths
with a predetermi aftrerencehe eeﬁ(tfﬁgee%ﬁtgt%ﬁ ‘6)&9& ahd absorption (A2) wavelengths, by virtue of
which it is made easy to disCrevieesenthinip bt emittedriangaid dhicaopliore sgopterdascrbedoming from the

illuminating meansg, S ThRsPeeiial (bfg_?grgtq?g/vﬁgg?t%grests of the excitation and absorption spectra with

the absorption wavelength A2 which is thus situated between the excitation A1 and emission A3
wavelengths makes it possidieeahaRtGeeRIS 1S HGREC el gsyicaieb RATENING JHiession

wavelengths, the pastigsvricths sRegrem Ot trexaiationtigtsisrtadobeyaneh 19 Adtinmeder to obtain
e O e I B R B AL e o
wavelength A3 (and at neigfluotinag evalvélenytivssia deldcdtfat the Igictablutiyivaregafysis theailluminating
means and ‘ﬁ‘BiChé'EFEBQRCL%%&%éh%S&Bﬂ% I%M§§nﬁisqﬁ§ rﬁ%rked by a fluorophore agent,
said agent being adapted, on contact with said microorganisms, to absorb light
energy with an absorption spectrum having a crest at a predetermined
absorption wavelength (A2) and to release that energy by emitting fluorescent
light with an emission spectrum having a crest at a predetermined emission
25 wavelength (A3) distinct from said absorption wavelength (A;), said device
comprising illuminating means adapted to illuminate said support in order for
said marked microorganisms to emit, in response to the excitation light emitted
by those illuminating means, light with said emission spectrum; characterized in
that the spectrum of the excitation light coming from the illuminating means
30 comprises a crest at a predetermined excitation wavelength (A¢) distinct from
said absorption (A2) and emission (A3) wavelengths of said fluorophore agent,

such that said absorption wavelength (A;) is situated between said excitation



15 cause significant parasitic interference with the light emitted by the fluorophore agent in the presence
of microorganisms such that it is made easy to discriminate the light emitted by the fluorophore agent
from that coming from the illuminating means. More patrticularly, the overlap between the excitation
spectrum and 20 the emission spectrum thus being small by virtue of the spectral offset of the device
according to the invention, the crest of the emission spectrum of the fluorophore is more detached from
the crest of the spectrum of the excitation quht and the ratio between the parasite energy at the emission

wavelength of the fulRBRIRSFS B hite) WA ERGtsHY EhAiRig IR e HB IR iefiRRCMBENSENNG 25
wavelength) and tbgcragsgy(Rotually sss0ipgdio, ihedlepsageaasasyolithe rearkatimicioargriRisMs is

considerably improved. . It is thus possible to easily detect pn the support the bright ppints
corresponding to i AfkPITIRAR ARG Rk B St AP TSP HRLE, 352 ey Blservabie,

and in particular withming fraketheykurgoiatitggpeansl offset thus makes it possible, even for illuminating
means havinga non-negIigikrl,q:eg%@agiwgogéwggpqﬁgag}g&gaﬁdMtr@(ap‘ﬁgﬁa 3Aand 55 in

Figures 7 and 9), to dispense with having the input 4 filter of the prior art devices without it being

necessary nevertifeP g epreeE 2 INIRIRREAP IS YR By MuMiiHeling thEantitdpiRrlich the

spectral dispersiopdsiWerrertteuaxamadasky @ @mpiovhichvis/sgriesahexeemelpsastly). 5This thus
makes it possible to si(%ltﬁificantl}/ reguce e maan:i\cturing t%ost of such a device while minimizing the

. adva age()[Hsy O slluate, . ev%/??tn ose .. a$sor Pﬁn a{’h emission
losses of light energy, sin€e the’presence of &n input filter, in particutar atilter with a narrow passband,
necessarily leads vauesengitstthedropion ef¢hgysireongimpelt e dxtitatitdneligbtbatinatedigeyesdching the

support to lyginate}-foraucky BiigMarntiLOndNRIgHEnerRYdoShimlessin g dexios agereding to the

invention, it is thus possible, for the same electrical power consumed, to illuminate larger support surfaces

to analyze (such d88hBUSIIPRIYE cTUAit BB b LRI righntty dhisasrncsm@é) tRahare plication to
the microscope ofdiiridp\ieehefsketation apedthMAcontdling thiraivrespintiareapteéonsikiongaasons of

simplicity and C°“X§ Pailﬁ Ca% F]Oerigq%grmg r\}vlg\?eﬁteur{gtﬁsrﬂnugreder that the light which comes from the
illuminating means and which is reflected on the support to analyze does not
15 cause significant parasitic interference with the light emitted by the fluorophore
agent in the presence of microorganisms such that it is made easy to
discriminate the light emitted by the fluorophore agent from that coming from
the illuminating means.

More particularly, the overlap between the excitation spectrum and

20 the emission spectrum thus being small by virtue of the spectral offset of the
device according to the invention, the crest of the emission spectrum of the
fluorophore is more detached from the crest of the spectrum of the excitation
light and the ratio between the parasite energy at the emission wavelength of
the fluorophore (coming from the light emitted by the illuminating means at that

25 wavelength) and the energy actually coming from the fluorescence of the
marked microorganisms is considerably improved.

It is thus possible to easily detect on the support the bright points
corresponding to the marked microorganisms with sufficient contrast for them to
be clearly observable, and in particular with the naked eye.

30 This spectral offset thus makes it possible, even for illuminating
means having a non-negligible spectral dispersion (such as that illustrated by
the spectra 50 and 55 in Figures 7 and 9), to dispense with having the input



- said excitation wavelength (Ai) is shorter than said absorption wavelength (A2), itself shorter than said
emission wavelength (A3); - said spectrum of the excitation light comprises a peak of maximum
20 light intensity centered on said excitation wavelength (Ai); - the difference between said
excitation (Ai) and absorption (A2) wavelengths is less than the difference between said absorption (A2)
and emission (A3) wavelengths of said fiuorophore agent; - said device also comprises a window for

viewing the light emitted 25 by said fluorophore agent provided with a filter which is adapted to let the
longest wavelengfHEpaENenRrior RHiAR Yirs T WAL BRI MeReSRAM AP Rt RSs I d e@6fption

wavelength (A2) andtisaildenissign wexede BytivAss) illuminatisqigndundinatinghicieans apagtise at least

one base on which.is mounted at least ope group of I{ght sources \p{ith said sources of that group 30being
ISpersign |% Iow?ra{%uc as. ser . lor exam ie W lah IS in gte_ngra extremety; - o
regularly spaced frorm each other to torm an ilfuminating arra)f) or said support; - said illuminating

means comprise teastgid bases inclined relative to each other in the direction of a predetermined location

for reception gf said supportiigi{he depieges it possibl@%%@"f\iﬁféﬁ?g IR Y ARBRElRREtween 400

anql 50 5rglative to said Predetermlned chatlon for reception o support; - said .Iig.ht sources a_lre_light
emitting diodes; aR8$broT SUCh. 30 YigRtNG IR BN waingiEe PrSD QbUBM LREEMIt BRI matic light
and a filter adaptegtéstpasssheasmapest fikaveliangdrsaunar of witieh tiencut-efirewelrrgbaisisituated
between said abs o R FL8 e st A2 Q2R LTSS LAY SR and thus the

quantity of light reaching the support to illuminate) for such a device.

10 As the light energy lost is less in the device according to the
invention, it is thus possible, for the same electrical power consumed, to
illuminate larger support surfaces to analyze (such as the surfaces of
microporous filter membranes for example) than in the application to the
microscope of the device of the prior art.

15 According to features that are preferred for reasons of simplicity and
convenience for both manufacture and use:

- said excitation wavelength (A1) is shorter than said absorption
wavelength (Ay), itself shorter than said emission wavelength (As);

- said spectrum of the excitation light comprises a peak of maximum

20 light intensity centered on said excitation wavelength (A+);

- the difference between said excitation (A1) and absorption (A2)
wavelengths is less than the difference between said absorption (A;) and
emission (A3) wavelengths of said fluorophore agent;

- said device also comprises a window for viewing the light emitted

25 by said fluorophore agent provided with a filter which is adapted to let the
longest wavelengths pass and of which the cut-off wavelength is situated
between said absorption wavelength (A2) and said emission wavelength (As3);

- said illuminating means comprise at least one base on which is
mounted at least one group of light sources, with said sources of that group

30 being regularly spaced from each other to form an illuminating array for said

support;



The features and advantages of the invention will appear from the following description, given by way of
preferred but non-limiting example, with reference to the accompanying drawings in which: - Figure 1 is a
diagram of a device according to the invention; 15- Figure 2 is a perspective view of that device beside
which is represented a filter unit to analyze in the devicé; - Figures 3 and 4 are respectively a
perspective view taken from below and a section view in elevation taken on a median plane of symmetry
of that device; 20- Figure 5 is a perspective view of one of the two printed circuit boards of that device on
which are fixed two groups of IR dMIRIRRIBR MRASEABRPRRENY RgiRidLa3RE detdRshElRlM R elength;

- Figure 6 is a pergpegaiivieotiry iaf taeadiretwsnhsidime st ethtirdelioeaieeofsling depiishivesaivn; 25-

Figure 7 iIIustratesSLtjheoerlencH%%I iz%%rg_ms of different optical members of a device according to the
invention as well as the spectra %’Ilagr’am of the fluorophore agent used with that device to mark the
microorganisms, with a comm@®acitseidf baseelsniitinatbriy the raagie detweeomiorrdadd of relative

light intensity glon&%g%ﬁgfﬁg@%%'&j %@Q%ﬁ%%@é%ﬁfér%ﬁggié% em bodiment of the

device according to the invention; and 6 - Figure 9 illustrates spectral diagrams similar to those of

Figure 7 but for a device accortfify/t@iROYIFSS e RattipeediedRgy and/or A description will now be

given of a preferred embodimesHiof thghtipyicerreerrdibgnipribe inyentatp witd dpeelelpof Eigiires 1 to 5,

before detailing polychromatic light and a filter adapted let pass the smallest wavelengths and of

which the cut-off wavelength is situated between said absorption wavelength

10  (A2) and said emission wavelength (Asz).

The features and advantages of the invention will appear from the
following description, given by way of preferred but non-limiting example, with
reference to the accompanying drawings in which:

- Figure 1 is a diagram of a device according to the invention;

15 - Figure 2 is a perspective view of that device beside which is
represented a filter unit to analyze in the device;

- Figures 3 and 4 are respectively a perspective view taken from
below and a section view in elevation taken on a median plane of symmetry of
that device;

20 - Figure 5 is a perspective view of one of the two printed circuit
boards of that device on which are fixed two groups of light emitting diodes,
each emitting light at a predetermined wavelength;

- Figure 6 is a perspective view of another embodiment of the
device according to the invention;

25 - Figure 7 illustrates the spectral diagrams of different optical
members of a device according to the invention as well as the spectral diagram
of the fluorophore agent used with that device to mark the microorganisms, with
a common scale of wavelengths along the x-axis and a common scale of
relative light intensity along the y-axis;

30 - Figure 8 is a diagram of a part of still another embodiment of the

device according to the invention; and



5its mode of operation with the help of the spectral diagrams illustrated in Figure 7. The device 1
illustrated in Figures 1 to 5 comprises a casing 2, illuminating means 3 formed from two illuminating
members 4, a sliding drawer 5 and a viewing window 7. 10The casing is of parallelepiped general shape
and has an upper wall 10 and four side walls 11 to 14, & portion of wall 14 being deliberately not shown in
order to show the interior of the device. The viewing window 7 is here constituted by a low-pass
filter 6 (that is to say that it allows the lowest frequencies to pass, and thus the longest 15 wavelengths),
an opening 9 being formed in tRGYSpRrValTaEDPReS EAHRPEHT SHBHA (RatRRs: & thighsm As will
be seen below, theunieriardef itésaedsiamgd 6 eiepiest byt iesvrilisdlsidoiddsand 30, forms an analysis
chamber isolated from the S}ir%)éjs%‘%‘ii”t%'rﬂgt‘vh?“%viv” |s/vehiclh ethe();zuelop(r)(gr etPr a %I%zbe i re(r:]?i\é?cgh gOThe
support to analyze is here a mlcropo?ous Henbrane 44 é]onglné)to A fiter umc 6” ere a unit
commercialized byeiiipecsyingderttiee nramdiomavktiviihigée{p of higuresibiahebtfonadetallmaeter of 55
mm and is sugounde ok PG ARAWRR IHERENf the spedf BISTRARIRAURRAN®IG RO cellulose
ester and has a pore size 25adapted to retain the microorganisms whose presence it is desired to detect,
most often betweeh 0.10 and 100 microns. The drawer 5 has a body 30, a collar 31 and a grasping lug

32. In the body 30 thetads devmedaitytindrcplicarignd3 prodeccinisesiten diengrit 40. 30The
illuminating means 3 will pow be desgr'bed i}h thg hel.ﬂ of. . -
illuminating means 3 formed from two illuminating members 4, a sliding drawer

5 and a viewing window 7.

10 The casing is of parallelepiped general shape and has an upper wall
10 and four side walls 11 to 14, a portion of wall 14 being deliberately not
shown in order to show the interior of the device.

The viewing window 7 is here constituted by a low-pass filter 6 (that
is to say that it allows the lowest frequencies to pass, and thus the longest

15 wavelengths), an opening 9 being formed in the upper wall 10 of the casing 2 to
receive that filter 6 therein.

As will be seen below, the interior of this casing 2, delimited by the
walls 10 to 14 and 30, forms an analysis chamber isolated from the surrounding
light and in which the support to analyze is received.

20 The support to analyze is here a microporous membrane 41
belonging to a filter unit 40, here a unit commercialized by Millipore® under the
trademark Milliflex®. This membrane 41 has a diameter of 55 mm and is
surrounded by a body 42 of the filter unit.

The membrane 41 used here is of cellulose ester and has a pore size

25 adapted to retain the microorganisms whose presence it is desired to detect,
most often between 0.10 and 100 microns.

The drawer 5 has a body 30, a collar 31 and a grasping lug 32.

In the body 30 there is formed a cylindrical cavity 33 provided to
receive a filter unit 40.

30 The illuminating means 3 will now be described with the help of
Figures 3 to 5.

These means 3 comprise two separate illuminating members 4.



Figures 3 to 5. These means 3 comprise two separate illuminating members 4. 7 Each member 4
comprises a mounting 20 of trapezoidal section, a printed circuit board 21 on which two groups 27 and 28
of diodes 22 and 23 are disposed, a diffuser 24 covering those diodes and two black screens 26 between
the edges of the board 21 and those of the diffuser 24. 5The mountings 20 are fixed inside the casing 2
on the wall 10 of that casing, while the boards 21 are fixed to the mountings 20 on the inclined faces
thereof, that are remote from those disposed against the wall 10 such that those boards are inclined

towards each other in the difeRbMEMAG rcRYBHSESH2 TP FRinge 2 9hrRReZ iRt R4¢¥RBuAting 20 is

thus provided sucpriheidegatuipletardi2hasamicnlinasigrodpd-igusad 8ot ditrlas 2 taridnie 3valk 10 and to
the predetermined,location thatdtﬁe me Prane 41 oc‘tﬁugies .Wcren the, unit 48 is ii(n the housing 33 of the
[rfuser o} lack . screen

device (Figure 1).d'3posedTh% upper e gesc%ecgfrme boa(?rdg' *3ré'a at\gl%tance fiofm 8ach ts other

equal to 100 mm weiwegn e atiges 26thecbanedBdtanddhoiseIhihe filiffuseredall 10. The summits of
light emitting gdiodes 22 and ?ﬁe%éﬁﬂﬁ@%obétaﬁ'éjﬁémﬁsﬂfel@ﬁmgfmtgﬁ flﬁgtwgqsq 8% thase diffusers

24 are here made from a plate of %!ass on which one 200f the faces is sandblasted (the face which is

turned towards th&3ftGeyhile thedypards?hrtteterdaithe arauateos 2 e NFIRSGUASES a first group
27 of diodes is dispesest, Gasifeirechbie Shsieahchio drsHdseasayaihasifessamrnd gieHnhs wbdivdes

constituted by fou[_)glia? es r2e3i' Iliﬂeegi?o%sr S2 are regéjelcratr}}/tgge}ﬁ%d ,E‘i%om £ %hro(t:he{i grrllc% disp&aed in 25
four equidistant rows of four |oopes, SUR T AR A0dE 22 1S "SHIRIE at'8 GSTRnee 6P18 Wim from the
diodes 22 directly foeipktsoppgrtheteto. This group 27 thus forms an array of diodes making it possible to

uniformly illujginate the menﬁy&p%gaﬁﬁng@g is _Mgﬁmi%ﬁugwmg@e%ﬁw@gtpﬁgg@q location,
the center 29 of that array beln%_snuated at a height H of 54.75 mm from that _
inclination A (Figure 1) of 45° relative to the wall 10 and to the predetermined
location that the membrane 41 occupies, when the unit 40 is in the housing 33
of the device (Figure 1).
The upper edges 25 of the boards 21 are at a distance from each
15 other equal to 100 mm while those edges 25 are at a distance of 23 mm from
the wall 10.
The summits of light emitting diodes 22 and 23 are situated at a
distance of 15 mm from the diffusers 24.
These diffusers 24 are here made from a plate of glass on which one
20 of the faces is sandblasted (the face which is turned towards the diodes).
On each printed circuit board, and as illustrated in Figure 5, a first
group 27 of diodes is disposed, constituted by sixteen diodes 22 as well as a
second group 28 of diodes constituted by four diodes 23.
The diodes 22 are regularly spaced from each other and disposed in
25 four equidistant rows of four diodes, such that each diode 22 is situated at a
distance of 16 mm from the diodes 22 directly neighboring thereto. This group
27 thus forms an array of diodes making it possible to uniformly illuminate the
membrane 41 when it is disposed in the casing 2 at its predetermined location,
the center 29 of that array being situated at a height H of 54.75 mm from that
30 predetermined location (Figure 1).
The diodes 23 are distributed in the four corners of a square

interlaced in the center of the array of diodes 22, each diode 23 being situated



30predetermined location (Figure 1). The diodes 23 are distributed in the four corners of a square
interlaced in the center of the array of diodes 22, each diode 23 being situated 8 at a distance of 32 mm
from the two diodes 23 neighboring thereto and at the center of a square at the corners of which are
situated four diodes 22 (Figure 5). The center of this arfay coincides with the center 29 of the array
constituted by the diodes 22. 5The diodes 22 are diodes from the company LUMILED(c) commercialized
under the reference LXHL-PBO1 and of which the emission s%ectrum 55 is illustrated in Fiqure 7, this

spectrum of Gaus8leh HRiBMGiIBhISMMARRY thechee: 48dssiRe RRIGBRATHR Re6iuA0thaAt, Hifus emitting in
blue. The diodes 23tee diedequbinnathieesesneerobipaiyrcaraiaisiatizedr dddesiep iiFgetesnce

LXHL-PDO1, of which the .emissjon spectrum, .not illustrated in,the drawjngs, is also qf Gayssian
rstribution form Al AAITS Sy SOMREs WS cattt 28 AR SRR BRI | e
have a solid anglghsf diodssi@2 of 140 for a relative intensity value of 25% and a solid angle of emission of

90 for a relative 15intensity yalye gifR%. oo  giEhefligdes ?r%llaavg,]gn ggﬂﬁ;&'gp PRYRISEPpstantially four

times greater than that of the diodes 22 such that they are four times less numerous than the diodes 22.

The arrays of diode¥T¥PesralZ8h e RETHBetP(@ReRTS tb8d)-REGE R ¥h NithiNadreofBISSiNas to obtain
the most homogerpysttight sossillastiiee fikeFignieta beniluspeatash whethesdie lgbteomas from the

diodes 22 or from the diodes 23. . ch group of ﬁi de duces a light spectrum centered on a
predetermined Waf\I%'iTénSt\ﬂn&aa%r StbSé-) aEE‘I)t:-Ig1 Fovg%/:?t%n(ﬂ* eg‘)ér(lj%s ff?é%%%ﬁrﬁvnse% @)%éns %f’ ﬁ'uorophore.

The diodes 23 are diodes from the same company commercialized
10  under the reference LXHL-PDO01, of which the emission spectrum, not illustrated
in the drawings, is also of Gaussian distribution form and has a crest at the
wavelength of 625 nm thus emitting in red.
These diodes have a solid angle of emission of 140° for a relative
intensity value of 25% and a solid angle of emission of 90° for a relative
15 intensity value of 60%.
The diodes 23 have an emission power substantially four times
greater than that of the diodes 22 such that they are four times less numerous
than the diodes 22.
The arrays of diodes 22 and 23 are interlaced (that is to say nested
20 within each other) so as to obtain the most homogenous light possible at the
filter unit to be illuminated, whether the light comes from the diodes 22 or from
the diodes 23.
Each group of diodes produces a light spectrum centered on a
predetermined wavelength so as to be able to excite different predetermined
25 types of fluorophore.
The conductive tracks on each board 21 are electrically linked to a
command and control unit for the device (not shown).
The preparation of a sample to analyze will now briefly be described.
Prior to the actual detection step, the operator collects a sample to
30 analyze (which may contain microorganisms) by filtration through a membrane
41 of a unit 40.



The conductive tracks on each board 21 are electrically linked to a command and control unit for the
device (not shown). The preparation of a sample to analyze will now briefly be described. Prior to the
actual detection step, the operator collects a sample to 30 analyze (which may contain microorganisms)
by filtration through a membrane 41 of a unit 40. 9 9 Once the microorganisms have been filtered
and retained on the membrane, an optional step of growing the microorganisms in contact with an
appropriate growth medium may be included. This growth medium is preferably a gel medium on which

the membrane is deposited EFTIHABICrPIeARISS ShRRCRIS v tiGHEE SRILIERESBNS Bfeach of the

microorganisms iniiy idieseanioproablargdoidriehiitcirasaribergamnies of cehta detiectn The
membrane and the micro%rt%anigmﬁ that it contains are th ced ntact.with a co ition for

medium ma)éa Iénglrllj ??qs ulgl%rmvﬁ% medium IS refgpa%?

rendering the wal&t ﬂ?é'mlc%organisms perm phore markers are then |¥1corporated
10 into the permeabieiremitivimgaromipichitiba merdsane éntdepheitediadest filleatioicrodrgasiepns to detect.

A description gill gayeRe JI¥ERANHANSMABIES 2BIaHRE UrthedetBfmnAtAR LIS RERRENSRARabsence of

microorganisms on a sample so prepared on the basis of the device according to the invention. 15In a
first phase, the dritiies 18 PRIRRIBIRAIHERAGEsRES L ket oh cRISMRGISRkyY possibly be covered

by a transparent cover not ilfusirateetsranetesidthrenenslsanghiomseiatiar contarynatiommén the cavity
33 of that drawer. 'Il'hgegra_lwer 5r'1? tger\]/vﬂH.ShaEd until tg% CO||§I’ 31 %%I]J'[S the }gall 13 ﬁ,ucgfth t the

membrane 41 is oﬁ)saposed th iﬁ'=?praeC et€rmingd FOCERION WithirPthé c?artg}ﬁg th Jraet tdbe Muminated.

Depending on thgrﬂiqmopganiemmmﬂvmhhs@d\fﬂdlnmﬂkamhﬂtﬁonegmﬂsmsa therojrermratext selects (for
example via fyswiigl AL istialedl & dha A ARG BATRBRAATY indesi22iALigs b i on (the

diodes 22 in the example illustrated) so as to uniformly illuminate the whole of 25 the surface of the
membrane 41 andt§"eRERRNISMPErfiEWavelength, the fiuorophore that served for the marking.

A description will now be given of the implementation of the
determination of the presence or absence of microorganisms on a sample so
prepared on the basis of the device according to the invention.

15 In a first phase, the drawer 5 is pulled and the operator places a filter
unit 40 (which may possibly be covered by a transparent cover not illustrated to
protect the membrane from exterior contamination) in the cavity 33 of that
drawer. The drawer 5 is then pushed until the collar 31 abuts the wall 13 such
that the membrane 41 is disposed in its predetermined location within the

20 casing 2 in order to be illuminated.

Depending on the fluorophore which was used to mark the
microorganisms, the operator next selects (for example via a switch not
illustrated in the drawings) the corresponding diodes 22 or 23 to turn on (the
diodes 22 in the example illustrated) so as to uniformly illuminate the whole of

25 the surface of the membrane 41 and to excite, at the right wavelength, the
fluorophore that served for the marking.

The diffusers 24 as well as the spatial distribution of the diodes on
the boards 21 make it possible to have a particularly homogenous illumination
of the whole surface of the membrane 41, whatever the group of diodes used.

30 As the boards 21 are disposed one on each side of the opening 9
receiving the filter 6, the light coming from the filter unit 40 which is emitted in

response to the excitation light from the diodes passes through that filter as



The diffusers 24 as well as the spatial distribution of the diodes on the boards 21 make it possible to have
a particularly homogenous illumination of the whole surface of the membrane 41, whatever the group of
diodes used. 30 As the boards 21 are disposed one on each side of the opening 9 receiving the filter 6,
the light coming from the filter unit 40 which is emitted #Presponse to the excitation light from the diodes
passes through that filter as 10 illustrated in Figure 1 such that it is possible to observe the light response
of the membrane 41 through the filter 6, with the naked eye or else via a camera. The light

response obtained!HF i EsEIRMET FHErHBIHRIS MRSTEIR theParfFeitesirtrareragrafidnfustrated in

Figure 7 will now heceieirilesi4 Bthaduighi tee/tiltBes pEEIthe Tk s afye ansséanfarmrcan@eorresponds to the
spectrum of the excitation qu}F‘t (%%? the sRectr%@i 98 du%ﬁg bI)é the dierr%i[gr%)oandnivélhich has a peak of
0 nten

which the crest 55' correspondin (REPARGMarm g i Bltys\?QﬁJeecfs a ther\%vepé'ﬁg%ﬂ'}gl equal to

470 nm. TH@W&@@@WB&@Q@B@HW@@%BM@&MImhﬂidﬁtaiteépectrum and to the
emission speglrum of the fiugrephpreChRseBASFEHOSH L IRETUCIAPFERNISMS BYRSERL I IR

membrane. The fiuorophore represented here is 5-6 CFDA (CarboxyFluorescein-Di-Acetate).

The absorption spBeRRAGE R dher&chatian dhivarEf RIS REET ey RIQEIBRMA N PHRS emission
spectrum 54 has 2zyesid#hhihayvapelsneitwAigBaterctiadssdrrespontingoatiempgiugirated A2 is

equal to 492 nm and A3.to 517 nm, the djfference between Ala F (Eere being less than the difference
between A2 and '§c.'i"§6‘f%%sb¥«¥. amh%'r? \?vg{ve %agvt%%f%e%‘fe iBefa 8@/% 0%6n to be less than A2 such that
the crest 55' of the spectrumTB8 ispefftiet PSlative twthiespesiivel afattiesppadtritariiss ansehgiopposite side

to the spectrygn 54,T0is,pffsel it tHEERIIBRISSEN e ORLARBIBEHER IS Ik Rintingymgans to have

sufficient energy to excite the fluorophore without that light causing significant parasitic 25interference
with that emitted B)HBIHOSFEPRISFES PRI LIRS tREEXER&tion light.

The fluorophore represented here is 5-6 CFDA (Carboxy-
Fluorescein-Di-Acetate).

The absorption spectrum 53 has a crest 53' at the wavelength A,

15 greater than A1 and the emission spectrum 54 has a crest 54' at the wavelength
A3 greater than As.

In the example illustrated A, is equal to 492 nm and A; to 517 nm, the
difference between A1 and A, here being less than the difference between A, and
As.

20 The excitation wavelength A4 is deliberately chosen to be less than A,
such that the crest 55' of the spectrum 55 is offset relative to the crest 53' of the
spectrum 53, on the opposite side to the spectrum 54. This offset is chosen in
order for the light coming from the illuminating means to have sufficient energy
to excite the fluorophore without that light causing significant parasitic

25 interference with that emitted by the fluorophore in response to that excitation
light.

The spectrum 56 is that of the filter 6 of the viewing window, it cut-off
frequency being chosen (here of the order of 550 nm) to let through essentially
the light emitted by the fluorophore (spectrum 54) and to stop the light at shorter

30 wavelengths, in particular those coming from the diodes 22 after reflection on
the unit 40.



The spectrum 56 is that of the filter 6 of the viewing window, it cut-off frequency being chosen (here of the
order of 550 nm) to let through essentially the light emitted by the fluorophore (spectrum 54) and to stop
the light at shorter 30wavelengths, in particular those coming from the diodes 22 after reflection on the
unit 40. 11 This output filter (a colored filter) is widakly selective to allow a sufficient quantity of light
to return to the eyes of the user giving a generally bright scene and which is thus comfortable to observe
while ensuring a level of contrast which is adapted for observation with the naked eye. 5When the

excitation light coming from {HESilRRNALHE e fIeRAnTRRe SteRidmBRIPRIMA. & tAEOMER unit 40,

each location of thatffiermbraethawndighictoaegamsimsivasiesl by the dsergphagedsgeiutangd visible in
the form of a brig tiféhczésof small iz%.g fe hundregirt%[)[nigrons directly observable with m)? naked eye
IItér 6. an

coming out of the SOTHEValliee ot heu Sé\r?é) e of tﬁg eéYSh‘{V l%r%r\]/?b‘gn%aobeﬁ'r%um rendering

for the reading of ﬂwﬂw@h&/@pb@ @dah$mwaﬁwaltmnmiélhbewﬁheshemked eye or via a camera.
These valuesgiave been detgiminedoy QRN @gma%mﬁai /08, atﬁléqumﬁgii}{ﬁll%gﬂgrlgto a control

membrane and by seeking, for different 15 values of that angle A and of that height H, the configurations

A, H for which thel BHEIRIESs BetBsmbraseedi bohdiie nilemumituhite AARIMISHRIeRe Pathstic
brightness on the plagloraaek having lihasdhyimimprisiagkeddroyeththatibpaoase [$0r&defetithe angle A

gote ot & N el o e ol e AR peste
a certain safety mdirgictlyedhseeyab tb e et énnalcacheyg coming out of the filter 6.

10 The values of the angle A and of the height H provide an optimum
rendering for the reading of the bright spots on the membrane 41, whether with
the naked eye or via a camera.

These values have been determined by applying a black mark and a
fluorescent yellow mark to a control membrane and by seeking, for different

15  values of that angle A and of that height H, the configurations A, H for which the
brightness of the fluorescent band is maximum while minimizing the parasitic
brightness on the black mark.

It has thus surprisingly proved that the range [40°-50°] for the angle A
gave both a maximum light intensity for the fluorescent mark and practically an

20 absence of parasite light for the black mark, which thus corresponds to an
optimum in terms of reading comfort.

So as to have a certain safety margin relative to the play in mounting
the device it is thus the average value of 45° which has been chosen here.
As regards the height value H, this is a function of the size of the

25 object to illuminate, the different configurations tested have shown that for a
membrane of a diameter of 55 mm and for a value range for the angle A
between 40° and 50°, the best results were obtained for a height range between
39.75 and 69.75 mm. Similarly here, it is the average value of 54.75 mm which
was chosen in this example.

30 The device is also adapted, by adjusting the height H, to illuminate

types of sample other that membranes, and generally any support adapted to



the device it is thus the average value of 45 which has been chosen here. As regards the height value H,
this is a function of the size of the 25 object to illuminate, the different configurations tested have shown
that for a membrane of a diameter of 55 mm and for a value range for the angle A between 40 and 50, the
best results were obtained for a height range between $9.75 and 69.75 mm. Similarly here, it is the
average value of 54.75 mm which was chosen in this example. 30The device is also adapted, by
adjusting the height H, to illuminate types of sample other that membranes, and generally any support

adapted to 12 coRIRIRiCRITRMBRISTEVHEREISNOR sBIrfiEE R iRTaDofurtly BNd FRdW ence it is

desired to detect yddeprasrenaesired tbriztleet Byrtesesesiced. this device is represented in Figure 6.
Generally speaking, the same r ferencgorg.lmbeirs i creclased by 100 5ar? used-for sirﬁilar parts. The

device 101 has the same feAlUres as the device T e{]p'asér YOm | lrae&aensg the drawer's @he filter unit 40 here

being directly placed on a taBknfsekxkspgsikingnthtosanecfaetatencs @ wiehary indrefeed 0y Aere formed
from a slide 198 of rectangidesifaiar disiposed against the wall 110 of the casing 102 10and from four

filters 106 to 106", each of the filters eian housed in a corresponding opening of the slide 108.
Each optical filter is a low-pdSEfiRfcthls LieRife tRRMeWeRYEs RIS fodsyice thansrideaulavelengths)

and of which the qutiafigreeuenyeissl gt nisoumihemHwe Bdm]f diraupnitiresdlor ketstikefdos is
o e B B RS TR Pl o e RertRr sl e o e o
slide 108 of rectangular form disposed against the wall 110 of the casing 102

10 and from four filters 106 to 106™, each of the filters being housed in a
corresponding opening of the slide 108.

Each optical filter is a low-pass filter, thus allowing the low
frequencies to pass (the longest wavelengths) and of which the cut-off
frequency is distinct from the other cut-off frequencies.

15 The slide 108 is engaged in a guide rail (not illustrated) of that device
so as to be able to place any chosen one of the four filters 106 to 106™ in
register with the opening 109 of the wall 110.

It is thus possible, depending on the fluorophore chosen and on the
diodes which are turned on, to select from the four available filters the one

20 which has the most adapted cut-off frequency (to obtain the best contrast for
example).

In one embodiment not illustrated, the filter 6 is not a low-pass filter
but a band-pass filter of which the passband is centered on the wavelength A;.

In still another embodiment illustrated diagrammatically in Figure 8,

25 the crest of the spectrum of the illuminating means does not necessarily have to
be localized and thus extends over a larger range of wavelengths by using for
example as illuminating means 203, instead of the diodes, a lamp 204 of
polychromatic light associated with a high-pass filter 234 adapted allow the
highest frequencies to pass, that is to say the shortest wavelengths, which is

30 less costly than the band-pass filter of the prior art and of which the cut-off
wavelength A is situated between the absorption wavelength Aond the emission

wavelength A; (Figure 8).



It is thus possible, depending on the fluorophore chosen and on the diodes which are turned on, to select
from the four available filters the one 20 which has the most adapted cut-off frequency (to obtain the best
contrast for example). In one embodiment not illustrated, the filter 6 is not a low-pass filter but a
band-pass filter of which the passband is centered on the wavelength A2. In still another embodiment
illustrated diagrammatically in Figure 8, 25 the crest of the spectrum of the illuminating means does not
necessarily have to be localized and thus extends over a larger range of wavelengths bY using for
example as illuminating med?$B63t WMéiLseieANAbaLsh AT HTYeRlse pYETomaXidRgntSissociated
with a high-pass fitteidadddamagifestatiove ibieigbe shdrgooereiappicatgsas tbathsde saxlybr $hortest
wavelengths, which is 30 less sosty lnan e band:pags fiter ol Ine, priop a and of which fhe cut-off
wavelength Ac is SNGEREPBE ISR e 8 SOI‘qu n waveleqngtlﬁ)ﬂ R the emiseion WaY/éjleng% A3 (Figure
8). 13 Lastlyaisilliinboatioted Rk saahtaneileadingintsystometimalatamiguptidncdtihe different
versions for many oihier 3BPICAPRP B as BReVRINDINBHCERRRPRE =AM SiQipehipsigading of

plates by fluorescence, cytometry, transilluminators, PCR real-time reading, the geometrical configuration

of the 5 device forPRERAIPIhESBUSSHRBatGSSTRES BEIRG APMISR ISV SHER OSSR AFPRATSh in
question. The framereh thecesyighyta whkiythechnsasagih@eilixerkis Mot Resersesksaslasaclike the

casing 2 iIIustrate(ij];o i(t) ma rrfour %{i(r?nlﬁleeob?i a k(])?%p nﬁlé;(r)%léndieng the optics of a microscope. The
present invention IS RBEREATO e LA GaIMENTE G82EPBEd 10 and represented, but encompasses any

variant form 'ghereof. 14 CLARgSresent irlvenitinetlim@%ﬂim'éemibvdlbblegibadhnalysisleﬁcaiba@port
containing MygrooRISEISJONE D BY h AHARRREAYS S bAYRAL reof.



5 absorbing light energy on contact with said microorganisms with an absorption spectrum having a crest
at a predetermined absorption wavelength (A2) and releasing that energy by emitting fluorescent light
with an emission spectrum having a crest at a predetermined emission wavelength (A3) distinct from said
absorption wavelength (A2), said method comprising illfminating said support 10 with excitation light in
order for said marked microorganisms to emit, in response to said excitation light, light with said emission
spectrum; wherein the spectrum of said excitation Iight comprises a crest at a predetermined excitation
wavelength (Ai) distinct from said absorption (A2) a mission (A3) wavelengths of said fluorophore
agent, such that said absorption wavelength 15 (A2) is situated between said excitation (Ai) and emission
(A3) wavelengths with a pre?eter ined ﬁiiff rence between th exciiiation Ai? an ags%[})tion (A2)

wavelengths, by virtue of which the |Ir8%% é)%eitted bg%am'ﬁﬁoc%gp 2 aga(ra]ﬁ 3hd that comlﬁaq‘rrtom said

excitation light is _mgotaiminatemicrootg@isme nml‘it&ﬁ a(tnorainﬁu@rc_piimel, agenteirssid _egeith_tio_n
20wave'engﬂs(A')a':§s%PaH5rniﬁm%ﬁe@feﬁ%eﬁfy&mw@Q%Mr&ﬁ@rﬁewﬁ{ ProRIpFIRission

wavelength (A3). 3. The method according to claim 1, wherein said spectrum (55) of said excitation

light comprises a BR&RIWH)FVIRExfneieslight hidReRieraTnere e Rtiaex@iaieroattabagth (AL).

254.The method aeqsydiing teatlaimargywiesahitihg fifteesasathrimerithsaidl exeiabarspagtans absorption
(A2) wavelengths ri]s less than trtle tdi]‘ferech betw%en said absorption ({ﬁﬁ(‘))\ n mi§§ion (Aa)dwavelengths
of said fluorophore %ﬂ%%t?ﬁ%e Méda aec%ronpéri]ﬁg t%"&'l%sl'r%nl\,'vﬁj\f ereo p%isﬂr?g"{/(l:evﬁ)nné 38Siad light
emitted by said fluarepintice agavelengibgh\2, veiaidomes hodd dednpiikiagfiltenteatiaosaidha gt st

wavelengthsip paggand QlnBIFNide GHtOffel SREIANAIEHRS RIS I PGANRRT SEid ghsorpiion

wavelength (A2) iggpso?:geetrg |§§i|g %%ﬁ\éﬁfnn%ntﬁ\ig?{t with said emission spectrum; wherein the
spectrum of said excitation light comprises a crest at a predetermined excitation
wavelength (A¢) distinct from said absorption (A;) and said emission (A3)
wavelengths of said fluorophore agent, such that said absorption wavelength

15  (Ap) is situated between said excitation (A1) and emission (A3) wavelengths with
a predetermined difference between the excitation (A1) and absorption (A2)
wavelengths, by virtue of which the light emitted by said fluorophore agent and
that coming from said excitation light is discriminated.

2. The method according to claim 1, wherein said excitation

20 wavelength (A1) is shorter than said absorption wavelength (A.), itself shorter
than said emission wavelength (As).

3. The method according to claim 1, wherein said spectrum (55) of
said excitation light comprises a peak (55’) of maximum light intensity centered
on said excitation wavelength (A1).

25 4. The method according to claim 1, wherein the difference
between said excitation (A1) and absorption (A2) wavelengths is less than the
difference between said absorption (A;) and emission (A3) wavelengths of said
fluorophore agent.

5.  The method according to claim 1, further comprising viewing

30 siad light emitted by said fluorophore agent through a window provided with a

filter that allows the longest wavelengths to pass and of which the cut-off



6. The method according to claim 1, wherein said support is illuminated with an illuminating member
comprising at least one base (21) on 5 which is mounted at least one group (27) of light sources (22),
with said sources (22) of that group (27) being regularly spaced from each other to form an illuminating
array for said support (41). 7. The method accordifhg to claim 6, wherein said illuminating member
further comprises two bases (21) inclined relative to each other in the 10direction of a predetermined
location for reception of said support (41) in the device. 8. The method according to claim 7,
wherein each said3¥s& et isSindifighyPah&sIeSely ritnseicA bV areieRg iR dtive B ¢adid
predetermined locatiysity vepepsiogto(/gaid support (41). 159.The method according to claim 6, wherein
said light sources are light eémttin%giorge §2 ).CC i 10tc;l'h?ap1et oc\l,vﬁ(e:c&hdin%éo claim rJ( iWherein said
illuminating member comprisés a lamp &% fétaapqedri% emit pcﬁ‘yc romatic Ilg% ana BRier (¢234)
adapted let pass tiiersinaltsswithaneiigthisating ohemietr thempristio2aiagel g oess) (@ 9itoated between

said absorptian wayglangihéirieand RaIg BRUSTIMWRYSISIGH Ddlces (22), with said sources

(22) of that group (27) being regularly spaced from each other to form an
illuminating array for said support (41).

7. The method according to claim 6, wherein said illuminating

member further comprises two bases (21) inclined relative to each other in the
10 direction of a predetermined location for reception of said support (41) in the
device.

8. The method according to claim 7, wherein each said base (21)
is inclined by an angle (A) between 40° and 50° relative to said predetermined
location for reception of said support (41).

15 9. The method according to claim 6, wherein said light sources are
light emitting diodes (22).

10. The method according to claim 1, wherein said illuminating
member comprises a lamp (204) adapted to emit polychromatic light and a filter
(234) adapted let pass the smallest wavelengths and of which the cut-off

20 wavelength (A.) is situated between said absorption wavelength (A;) and said

emission wavelength (A3).





