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~ OF M CRO- ORGANI SM5  USI NG AVPLI FI CATI ON AND RESTRI CTI ON ENZYME ANALYSI S. The
pr esent WnwgIedton rel ates to nethods and neans for di agpesingo®boizs

pat hol ogi cal or other detrinental conditions or the general health of a

group of individuals, in particular vertebrates, nore typicall 8 P

and/or birds, 5 such as livestock. The invention further relates to nethods

and nmeans for mcrobiol ogical typing of substances conprising a variety of

m cr obi qQl.qgi cal or ' uch as_but not |imted to food, food additives,
wast e rrglltl%%ieaﬂ, Sﬁﬂéé’ﬁoﬁ AR QU Fra TN SRRIORSANESNG f aeces as
a sour c&NG (AMIPICTIDT O4 DDOIC NP RER T 1 ONsoN Hovewer , attheyseg hods and neans of
the invention are equally applicable to mcrobiological populations from

ot her sources. In livestock a nunber of pathol ogical conditions and/or 15
syndr ongdiehgvwee e hovemwedon hatl aicefnot o Seethad s r bt abhest fore. g. an
infectiQp MddLas S ' . Ism, These_ _syndronmes however do seemto
have an efa:‘@ect “on tﬁgﬁg‘%%???:b%%ﬁ&m% e%o@%¥+'§e%§<?ﬁgoaﬁ¥\ﬁ?ﬁn?he
di fferef™ Wigteenerabnzealtlriod a mrdeptef i ahdivodaald, ninber of these 20
syndr ongss iy 16 1+ &F: £ 19r A8 8Y SRAGS &9 i yve h.
Al t hough nqt w zlgljn to be b%u%_d by t,%%%%f%f%g“é%?ﬁ%gé %&%{gﬁa{ag%ﬁgﬁ or the
presdncé t&e ‘é%ﬂm?}ﬁes?h? hetVeHeke! Hrsida@esrebytoecup debheds25 1. the
fﬁed i ntaake mehafmﬁdfcwpeiambi@mbiﬁlenf}epﬁgg%f hs&)?@t&'ﬁ@@é”:@ﬂ;f:rﬁ%§ﬂ ting in
changes _ i : acteria: .sone partjcular bacteria or groups o acteria
are abur?qé;r%‘iéléeﬁt&/ o?/%r%ce]f?rl?h%foglo‘?ﬁai PR TRLFRT SWaRtRFi aubrigkoups of
bact eri & iarig dchhidi fedd antbodnmidi 30rser iagse Znat @vasi pnsof18necéor nore)
baCter'@héﬂ%ﬂﬁéﬁ%ﬂghqgéQ%%%hlified by using faeces as a source of

106 micobiological populations. However, the methods and means of

the invention are equally applicable to microbiological

popuiations from other sources.

In livestock a number of pathological conditions and/or
15 syndromes have been noticed that do not seem attributable to
€.g. an infection with a single micro-organism. These
syndromes however do seem to have an effect on the
equilibrium which normally exists within the different
bacteria constituting the bacterial flora. A number of these
20 syndromes are referred to as dysbacteriosis and bacterial
overgrowth.
Although not wishing to be bound by theocry a possible
explanation for the presence of these syndromes, that these
diseases may occur due to
25 1. the feed intake / feed type
The feed interferes with the digestion, resulting in changes
in the bacteria: some particular bacteria or groups of
bacteria are abundant and overwhelming, some particular
bacteria or groups of bacteria are inhibited and cannot

30 survive.

2. Invasion of one {or more) bacterial species



bCT/ NLOO/ 00125 2 28AUR003 The bacteria do not need to be pathogenic

t henselwesosimgg di sturb the balance within the flora. 3 yasion_of one
“(or nore) viral or fungal species 4. |Inmune depression gcé‘.ﬂ\l@ﬂ@ﬁ“%nnental

effects such as tenperature and humdity. Typically, these synd&%m zﬂ@ have
an influence on the general health and performance of an anim ten
even on the whole of the group of animals. In poultry, there are even 10 a
nunbert i R8FRE G danreh Berfv ted i ¢ cak thpaphons thiemeeties rehat ed to t he

condi tdigst16fb thes ivd Bshédal i dact erjal ﬂ%gﬁa. Therefor it is of inportance
general health of a popul ation of |ivestock

to be cagLabIe to CCPiCk t he ot

and/ or 't o 'HRAE A HedRe of Mm%t Viseér A nEngyeie speesence of such an ill
15 defd.nedmpatdhalapteaadigondition in a group (herd, flock) of e.g.

| i yvest.oc ampl e f syndrones related to bacterial disequilibrium are
e.%. Fssf'eg%rﬁ%%oro% eI?StrF FVEETS |BIE AP ntplgsragRgcaryd hiimiditoea at

weani ng, diarrhoea in poultry 20 The present invention provides novel

nmeans .~ s) ds for.determnin el ative) abundance as wel |
as (eggi n%gtielé))s' of Aet tr}";}ﬁl%rr%“ﬂﬁﬁ sd%ﬁ]ﬁ?’?f@?eg?%géi@?é’ﬁ &prd¥ent in

i nt esgemErPadtealitdl dndrperiorames 66 det eniinAe end JeheRwhesence or
absengg Of | 14dord ' idintestinal __bacterial flora, especially when
conpar ed t"\gfc‘sallése‘:!tf'boﬂflJIgr?oekfr’rbwsl“?Egjl ngor%%—]sm?#ﬁns:[{}f pPHﬁEﬁl’i'néPeB?&’ctaéq &Ver or a.
Ut i | 2 meregs érft synrzeamesniemdt ysleswobl battel i shymblonad QEawdtag Wt h

met hoae 1 sl do 1SS 6 R + teri g 5slcal _bact eri.ol is 30 based
on cuh‘iqi vl%g on .and ident]| ftiltt:&gficg] 0 gd%ﬁ%g?\?aib%@fngF&Ialst ®s. Various
met ho Wsed, ThQudiMRPTtasrshieo ahd aamabbbi togichetk, tiree- enri chnent,

etc. gEweidsdr merd.ticaamtd Mbdhe tiswes s of 1 6oLOBLES AT .gener ally _been used
to Ob%@%%é %%OE@awégééﬂg%ge§£¥%fﬁgﬁ¥%eQQIQSgggélgf such an 1l11-
15 defined pathological condition in a group (herd, flock} of
e.g. livestock.
Examples of syndromes related to bacterial disegquilibrium
are e.g. steathorroea in calves, ileitis in pigs, and also
diarrhoea at weaning, diarrhoea in poultry.
20
The present invention provides novel means (e.g. kits)
and methods for determining (relative) abundance as well as
(estimates) of actual amounts of different bacteria present
in intestinal bacterial tlora, in order to determine e.g. the ‘§
25 presence or absence of equilibrium in said intestinal
bacterial flora, especially when compared to a set of normal
compositions of intestinal bacterial flora. Until the present
invention analyses of bacterial flora occurred with methods
used in classical bacteriology. Classical bacteriology is
30 based on cultivation and identification of different
bacterial strains. Various methods are used, including
aerobic and anaerobic growth, pre-enrichment, etc.
Furthermore, counting the number of colonies has generally

been used to obtain information about the number of bacteria
35 present in samples.



" "characterised until now. Nearly axiomatic in these classic
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met hodswoonbkeoan esti mated 20% of the bacte- ria have bepﬁgﬁ@%@g%r?nd

I
techniques (as well as wth techniqugs finding other m cro-or@zﬁrﬁl@ﬂﬁ[ﬁ such
as vi 5 rus?FH yeast or fungi) is the thinking that one disease has one
causal agent’S1GE Aessy@etlipds oy a0 gpstineteteR0%agénthechache-

consi detiad hiavel Hemntialoldt SAUSHA kL gl s+i 86k uﬁitgﬁaﬁ%w."'ﬁ\é@¥§%z these
ovi de a;gaﬁgr actical manner of obtalning insight

cl assi cal. i nsi.ght.s % not C
into t A& é%cémor S TG aFt @y teqriawesurheEnvEAL e8€i nal

t r act s witThusecthine qurees efind trwe nd i Josr providesrgamBished toen asakysing the
conposi.t.i of _m_gr qhi lcal. (e..g. Vit al, yeast or bacterial)

fl g?a ir&ls%%'i teregsstctl (r?#a}: %%}%Jf)a J'é(':gt%? i E#ﬁgkf)?%vgg‘gﬁg OFCsSAprassf Naaid flora, .
sel ect iPPel FarBadmgident nemnuet eleasici than saédosaspkdstsubjce€kivng-t he
ampl i fizeahe d ¢ iLdd L QS | ysi the resul.ting pattern of
restri g??on fragment s, p%%]&dﬁgiﬁ%%%%@%gﬁfo%{ﬁi r%n%lelrsrl@ﬁagl?@ngﬁ%gnggt ween
flora ConsEStue Sifch deFR vl aPel oaknbaeiphtsedicanotupgiovider ases and

the ~2@zbick@cdomaexramplar udtess fisd | A6L; dheeanecapd bhansptt pout  the
neg@. to_ identi f%/ an "§£e ni.sm Said huclei€ acid is selectivel'y anplified,
al bei t ASERIS Fr Gm ¥ pdihblbyient &R pRLessinagi sractegani sm speci es
as possi bl e presemrt then pHaidbsantven©pbh o9ablyasuprgl ﬁ@?ﬂ&?df%t h specific

' ecies. or parts thereo possi bly

S?eggﬁ%ﬂrl{a%%rgst%r%nécg{ﬁjgo%%% an%zg%fig?ﬁﬁ%bio%ﬁgﬁﬁafli dgt-HBonVvigRén , so
desj r edurpydi caleas uldrs bactedial hefldesechi an ahtrasehustierraercl uster gf 30
gt A o o, SRR B R ety ™ ™
ple, subjecting the
amplificate to restriction digestion and analysing the
resulting pattern of restriction fragments, @roviding
detection of interrelationships between flora constituents
such as known and unknown bacteria, fungi, viruses and the
20 like, for example under distinct disease conditions without
the need to identify an organism. Said nucleic acid is
selectively amplified, albeit usually from as many, or the
greater part of, micro-organism species as possible present
in said sample, optionally supplemented with specific
25 amplification of known organism species or parts thereof
possibly present in said sample to provide optional
identification, when sc desired. Typical results include the
detection of a cluster or cluster of amplified fragments
{(which may have been subjected to restriction), said
30 fragments localised or detected in a pattern {(governed for
example by molecular mass) allowing the recognition of
specific (cluster) patterns. These may be identical in
various samples, me be different, or may be supplemented with
additional clusters (typically nearly equally sized
35 fragments). Typically, when the samplé is representative of a
"nmormal" population, a well balanced cluster pattern may be

seen, whereas, when for example dysbacteriosis or overgrowth

SUBSTITUTE SHEET (RULE 26)



exanpl e by nol ecul ar mass) allow ng the recognition of specific (cluster)
patterng, d(%?r[gﬁ may be identical in various sanples, ne be different, or
‘may be sup?) nted with additional clusters (typically rmreamnoeoal |y sized
35 fragnments). Typically, when the sanple is representati ve of a "normal"”
popul ation, a well balanced cluster pattern nay be seen, % gag6 2tMen for
exanpl e dysbacterl osi s or overgrowh SUBSTI TUTE SHEET (RULE 26) WD 00/ 52206
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representi ng ge m cy o- or gani sm e‘over-represe rc‘f’ally to the
det ri neEnt o2 HFMot Y E’Fué’t"é?lr§r€?§§ﬁ§§§@@1 ngmmlsl)y Tloe ts‘:wrmeesrrmyeﬁtypl cally
be der@ﬁ/edtfléﬁntiﬁgﬁéi‘s qrre@résEhQEg}é aRflel/ MaNy cases can be taken

post - nort e, greferf Y ggl es_are’taken under conditions which can be
repeated, so - tRalY 8Vf1t eREesYi ket ABTRNMEC faa étatetqelmt@m e to t he

cohdi thiPpsY 0oabé dnaganyed:a&&é/ ebnapal xaﬁ@na@ﬂ;smtmo&%en%e Letary or

ot her Var 0 mprt.em sa d bi opsi es shoul be ta en from

the same %?éeéa <?%etﬁgﬁgl nt edtelrnSPnBrlgc}PnsVWg‘r’rc@y% PRI FaRe@wRicquscas

provi déirbythehdiffieeanices, int the Mabrpenrse dthe iMakaHI¢eRd fineati on of a

t ent atd el £aUSAL c t hat, ,matter as, well as the recognition of
di stinct patter ns@:)nf)t8 g a??pl}j%g}jsggd Sguﬁpei}?et%gpd PRswt®enonst r at i ng

equi | i TFTRMT M t hAEeBRERT Otfooéhem vornetionsf.i thdstgmoeteit |S@|mp(1@lsseased or

noo- digenseidps fes S8hdufi HOLa, s nakl gy };ﬂ%nts'a‘éi Z%H%)?n 8’{& m|ar patterns

in ani r’gal s fromthe sanme_or different flock cal techni ques
have rot-§aFHPat teherbn Phepatsénasthast Fechntikme 26 baovexiadphe rel ate to

Tul {§ famt otiekndi oepsecpak! Abespebube bAYCrEOEMALY (L Lol denti fy one or
eneral are soug WI

nor e cye%ﬂé(g_{vé:agsal a ents
predet ef mned - and LpecifFECIeraREE 8 éﬁsm%ﬁ@ﬁsasaﬁuMEéllca&crt&jlepr| mers or
pr obes el botbresof adilssdnon, photerhe dat gkl ena0fs$ReG Gyt
15 that allow demonstrating equilibrium with respect to a
distinct or fitting condition (diseased or non-diseased) in
said flora, and allow identification of similaf patterns in
animals from the same or different flock. Clearly, classical
techniques have not paid attention to patterns in flora that
20 for example relate to multifactorial disease patterns, but
have commonly tried to identify one or more distinct causal
agents, which in general are sought after with predetermined
and specific detection means, such as nucleic acid primers or
probes, antibodies, and so on, for the detection of specific .‘E
25 micro-organisms or specific components thereof. For example, |
in Us 5,543,294; Jp 05 317096; Ratcliff et al., Path. (1994}
26:477-479; Wood et al., Appl. Env. Microb. (1998) 64:3683-
3689; and US 5,571,674 all give gpecific and direct
instructions on how to identify a specific bacterium, or a
30 bacterium belonging to a specific genus or family, but do not
Pay attention to other micro-organisms that are or may be
present in the test samples, clearly demonstrating that they
are not interested in the whole content of the flora but only
in specific micro-organisms therein. They will therefore '
35 never be able to detect 1nterre1atlonships between flora

constituents such as known and unknown bacteria, fungi,
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. 5,543, 290, 000R22@5 317096; Ratcliff et al., Path. (1994) RErAidodi®% Wod et
‘al ., Appl. Env. Mcrob. (1998) 64:3683- 3689; and US 5,571,674 all give

specific and direct instructions on hdbw to identify a specifig jum or
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a 30 bagt.ard Loy belgnging tp.a specific genus or famly, but d y
attention to other mcro-organisns that are or may be present in the test

sanpl estn dikar Fiedénphsbratergoloay, t hby iavennobni fiver estmgdlin the whol e
cont enty,Qfvides f £ e amBuhs0BbY hil SPECEERE (Bl CT 9agﬁ99ﬂégﬁﬁéﬁgé§§géghey

w | therefo,rg 35 never be ablé to detect interrelations flora
const i tAEH ST SHERC ASTRACRACEABL &hkFORA1BECPEr LBLeraAYi , and GoL62R06n

PCTBNLQQYQﬂiﬁéeﬂ&éﬂéb@én@@doftHﬁghi#e?aﬁhgg@nﬁgcéggo§eﬁﬂaihﬁ?gkgkga f
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bacteri gl ogy, the iEventi on for exg rovi des_the means for qualit
controls,pq"%%%?i PEatPEnIGhECT H0RNPT £ EYe | BREY 1BHEL ¥r FaknapBei es of i nterest,
and dettestienis. ofher ¢sesneioabsesetdel Hoghkyappl Bogenbemapdolethal

bact erig| t?c?@&ieéf Bgc%heidet ection_of new, Eie\/i gusl y unknown, bacteri a-
The i nvention provr degCtor texaipteY i At §FRerrBR16n EFRRUFEtaf BRebacteria in
any gi vatwe@pee. tBechesbnologhe mamy uneidént héitdchaoctegya Amay

uniggdentdfd ter 0 i tied. Thus; n-festing clinpical_sanples,
new bacﬁi%lﬁpégpgé?géagﬁg&f %%%%)“\}%l% 1%;2«3?% %%ﬁp%gsi deh i??‘égeﬁh‘?%l now
from ufRFSHEDaR¥er Farnpophiaki epeld FapEhbenbdent i Aded myeni l onopr ovi des

anal ysitsrcad Dieheih abachPepuhat hboRs1 401 phQVi des a method for Quality Control.
i pl ants, bacteria are used as a part

For 15 £X Ierh in all sewage treatment : L .
in the ﬁf%rcl:g%’% FFecl BARI HEVHREHY RIS 1ATReaRaL HFES off bacterial present in
these gpyshemstiwed to peovedés i £dndiodmapy ©Eas0Rs. cdheragnal ysis of the
e s BRI ST At SreBuers CEheh TRESFEEUl brrlketin cahosasstosbe
a part in the process of cleaning waste water. The nature of
bacteria present in these systems need to be ﬁerified for
many reasons. The analysis of the quality and composition of
the bacteria present in these systems need to be checked on a
20 rggular basis. Second, the resulting water needs to be
Verified as well. Both checks are currently performed using
'classical' methods, amongst which are culturing under
different conditions. The invention provides a rapid, better,
technology for Quality Control of the whole process. A
25 further advantage of the invention is, that known
pathological bacteria (e.g. legionella, salmonella spp.) can
be identified in the same process of testing the sample with
a method according to the invention.
o In another example, the invention provides a method for ‘
30 testing disease or health status of livestock such as
broilers. The bacterial flora in the intestinal tract of
broilers is influenced by the composition of feed. During the
growth of broilers generally at two or more occasions
differences are provided in the composition of the feed. This
35 is done to optimise the ratio between feed-intake and growth.

Due to the change in feed, the bacterial populations in the

SUBSTITUTE SHEET {RULE 26)



verified as well. Both checks are currently perforned using 'classical

met hodsyq IRNgst whi ch are culturing under different conditions. The

‘i nventi on provides a rapid, better, technology for Qual PEF/NIMOPEE of the
whol e process. A 25 further advantage of the invention is, that EQ@EQ

pat hol ogi cal bacteria (e.g. Iegionel?a, sal nonel l a spp.) can % fied
in the sanme process of testing the sanple with a nethod according to the
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testi h.status of liv stock such as . _broilers. The

bact e?%a:lcye%%gafjg xl%t{]‘%e %n ‘?L:JG{F t‘F‘acF &f 1ONPGReTs widli shQuerided by t he
conpo§hﬁﬁﬁraﬁ0¢@eﬁﬂeDmnthpt¢hangﬁ@mﬁh Gkeldagl.ers generally at two or nore
occasi ons dj ffgrences, he conposition of the feed. This 35
is_done to optf%?se t he r@ﬁ meene?éeanlﬁ Vedﬁﬁd gpﬁﬂ%ﬁ’ Due to the
chéng&qwrfl@édlgt%errbae@@mtat q@mpumayu onsaisiotke SWBSTHTHEE SHEET (RULE 26)
VO Oo&ﬁgﬁgﬁfE{ﬂV$%éﬂ&£@@g§961 AHG 233 £l ot inal tract are influenced as
wel | . Anal ysll s acterlgalﬁe pattérg%sfagcg‘r(%" Yng EEOERE iR on wi | |
show &Y HFFLRERE R YRCED- tHverangesd ti st bodimg that amdiher exanpl e the

i nventpmwwwaﬁe@ralﬁet@p%aét@ema%nglg%%%%ggto% i TAY; occasi ons,

cultur% gho :gact rial populations is orne many purposes and in
many res r Of tt SRR WER 671€ | T PEPknowRet E’é?tes@tﬂﬂltylnp'@ﬁttlmnars groups of

bagt erguanrie: Mt Sl | gedh 0k, 1 gept+dded,nGe rmes .in one group) .
The present invention is f% quantltat?sg Cwﬁe bl%gkéFredexﬁ‘ J&Eﬁ repl ace

the e Hg CHSEIHING PR EFF R bakl 8P aPnAMEDY @#anpn@ccahtmesdl seases

in thed rtﬂﬁt:lrli’t@ésﬁix@@l t@fa@cthaéﬁb tRat-denbi E.}den‘e‘&%lnyIA% Ifystlgée of W
or tissue can bé per in a rap|d

bacteti@ &nt s, Iﬁ %X an, -
reliab atlas |on k) ut?i Y 18YHPRgnBEi §16FVG sé@sd@f man and
ani mpeglfidkammed in a rapid, reliable fashion, and be helpful in

15 diagnosis of disease of man and animal alike.
Yet another example comprises food technology. In the

process of preparation of food, or the gquality control of
(raw or fermented) products, such as sausages or cheese (it
is essential that the same product is manufactured at a

20 comstant level. The invention provides a method enabling the
detection of bacterial, viral or fungal species, allowing
also to verify manufacturing condltlons in the same
procedure.

Generally the sample will have to be pretreated, e.g ' ‘ﬂ

25 homogenised in order to make the nucleic acid accessible for |
amplification. The sample may be taken from any vertebrate
having an intestinal tract and a bacterial flora therein.
However, mammals and birds are preferred subjects of the
bresent invention, especially humans and domestic animals, in

30 particular cattle, poultry and other livestock. Amplification
of nucleic acid should be selective in that the choice of
primers should be such that a representative amplificate of
all or at least a representative number of micre-organisms
present in the intestinal flora is obtained. If the primers

35 are chosen well the further details of the amplification

technique employed are less critical, so that any



Yet anot her exanpl e conprises food technology. In the process of

pr epar atvoaossefosf ood, or the quality contrpl of (raw or E’EE‘M@@&)@% products
"such as sausages or cheese (it is essential that the sang produ

manuf actured at a 20 constant | evel .7The i nvention provides a net hod
enabling the detection of bacterial, viral or fungal species, Z8AI6\vNg
also to verify manufacturing conditions in the sane procedure Ceneral ly
t he safitlel Wi tatinyenetheol pretheatsdd, ealgtlzéughnﬁgenuse@nerfeaﬁrder to make

the nugleiteragil SECasSIbLendol aAMPLLLI CALIPBs The samRLe may be taken from

any vertebrat'e having_ an intestinal tract a bac § therein.
Howev &3P iR SSHMaSA rleg Bhe presenr sliitleflednsthe ahre @emednngnventr on,

eSpeCI@{Ityhéw@d@l@n%ﬁ@nﬁ:sﬁaco@naﬁﬁinél | P30y, @ﬁt eyl @ e%%tfﬁ'c‘i poultry and
d

ot her Irvestock lifjcation _of nucléic acid shou sel ec Ve in that
the cHdiTe OfP1ER npr@%‘ﬂ%ﬁ? d"bel sVigkYt hat lengspr b§éW@§tﬂr v amgdl Bficate of

| ®abded L@pr m:a:u et REpbeE 1 0f LaI @15.9 eEEANLSTE RIgsept in the
?nteg[lllﬂiéflore 2ep @ﬁﬁ 1,\! élgb ri nmers gre chosen WeC Ee further

det ai 1% ?%%u%%ﬁ’ |‘1%?%531|P| A PJE%%‘?IHFqEE ERpI %?é&céreéi re§&ocTit | cal so that
any WOHE2206 PeIdai001 A00RS :7n128£\U(iBQ®3f%6ﬁhr blfC@hleO@alIE?Tﬁlan Elé'nf ibga;Jngg,

lth i r r h ngt t rimers an e anpli .
2ond?%n{a@%ﬁdgeﬂﬁ e%?n %1%%1_ 2tgh% g ?g%nrgwﬁ‘l'l ed in the art, depending
oh0t hels FRte, cases ka rr@IE@teéanl mayhbeneedftdr. specificity, 5 etc.

I i b e 0 _and 30 nucle tides and
BB: g?lklhi ﬁ%ﬂﬁf%é{\ié 18%%&%%%9%? Q%\?cﬂog g seqﬁlgr?&g ch i s present

in the‘sg%qjefc-‘t%dfﬁ?%?%ﬁt%rﬁfan?%% prasedt apalyvhesi ptfeshiendirefduenayof t he

bj Seea) S 16 r RNy, Spk: gne cases a
?\gsjt g?%éﬁcfigbe use fﬁl/ ges. a(§fl |lf$?cate ??gélg mlB% %g‘akﬂs not give

suffr G &Eh SRR fr%?r’é‘ﬁ?%rs C ¢ ket lﬁpﬁé‘éﬂnénﬁpy@@tbﬁrt he frequency /

differentiate the nucleic acids obtained from the respective
micro-organisms by subjecting them to a treatment with a
number of restriction enzymes. In that manner patterns will
be obtained which contain sufficient information to enable
doing a good analysis on richness, evenness, relative

20 abundance, amounts, in short the state of the intestinal
flora. This will certainly be wvery easy 1in the case where it
is not necessary to identify particular micro-organisms, and
where it suffices to compare obtained patterns with known
patterns of healthy individuals, preferably an average over
many healthy individuals with certainty intervals also given.
The restriction enzymes should be selected such that
fragments giving relevant information are cobtained. The
skilled person is capable of designing a set of restriction
enzymes capable of doing just that. Typically the enzymes

30 should recognize sequences of 4-8 basepairs, which enables
selective digestion to enhance the information present in the
amplificate. Typically at least 10 different enzymes are
used, but usually no more than 4 enzymes are necessary.
Examples of useful restriction enzymes include, but are not

35 limited to Cfol and HaeIIl.



presence/ absence / etc. of the respective mcro-organi sns can be obtained.
Ther ef ogvdémgﬁod'hrrportant to further 15 differentiate the nucleic acids
obtained fromthe respective mcro-organisns by subjectiHENb@Mi?w a
treatment with a nunber of restriction enzynes. In that manner patterns

wi Il Dbe obtained which contain suffi&ient information to enable doing a
good anal ysis on richness, evenness, relative 20 abundance, PR g in

short Tive shaligsos blfe the astduialecrdd %ﬁli@e%?%gé%rg%% 2%&5 %)ne avn%! easy

inth re kbt i ot_.necessary to
micr o?g%%gﬁlr\é\@ngpgg%ﬁ %Gié;l@‘ﬁlﬁ’lgg{}fsf s R e as bzebtael neckpatd erns with

known 29%&ds er by parhéahtllay DA \frthiphsnt DI efies QVer,  many
heal t hya-4 nggvgg%g£§evmoi'fh Sga(iretc Nty | nn[tk erval s a%y%%e%ﬁ%g %gﬁl}q ction -
enéynﬁésla?%élegmgnsg%eeﬁtcg@ s;&s aat % J H;s gt iRl rigbieviaint i nf or mat i on
arg o : ep@fsomrnys capakie igi

vg?l% & hf?yﬁ%%?se{%zynes 30

Shoul 1 sconmraer SeauEoRated Syl Ul At 4 Sothie AT . deiasbt ] ve
di gestTHHRbEBnRanBettvesi foor matticor prcesenilyid ¢ hey s aumy ifdgate Typically:

at | egsdsdlbdi { £ e£8NE CRZWIBS cAr . -but_usyal I'y no nore than 4 enzynes
are necessar Exagﬁloesz%)f usef %ﬁndrje I’tll(%t toeh% MeRYSrdé’Out are not
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separ Qﬁﬁﬁvqgi@btmwibragampaxlnﬁoa Present state
15 (equilibrium) of a certain animal with a healthy
state (equilibrium) of the same animal, another aﬁimal ox
preferably a group of animals known to be generally healthy.
The more information is Present about the healthy state, the
é&Sler it becomes to see differences between healty
20  intestinal floras and fioras related to pathological
conditions or related to general health problems. Of course
the comparison is most reliable when samples are taken in the
same manner under similar, if not the same, circumstances. it
will often not be necessary to make direct comparisons ‘
25 between samples, it will generally suffice to compare some |
kind of test result (numbers, barcodes, graphs, patterns and
the like).

.-Standardising the picture of bacterial flora can be doné e.g
in' the following manner. |

30 To enable interpretation of samples for various purposes, a

baseline is established of the intestinal tract of poultry
and faecal material of pigs.

The choice of animals used for the baseline is dependin

on
a) age, I °
35  b) housing,
c) feed(intake)

r



I nstance for the present invention the ABI Prism (Perkin 3.0 Elner) is
sui t ablvep odss2206 der to be able to anal yse the pattern |nP(§ Rl the
‘invention it is preferred to conpare the result of anpli |cat|on and
restriction of the sanple with at |gast one reference sanple. Sone
reference should be available for conparing a present state 15
(equilibrium of a certain animal with a healthy state (eqwlltﬁ'ﬂé%m] t he
same &hi wxleeined he¥nani mal or  preferably a group of animals known to be
gener all y.1healddy nedhenmore information is present about the healthy state,
the easier it becomes to see differences between healty 20 intestinal
florad'a®@*1oras related to pat hol ogical conditions or related to general
health probl enms. OF course the corrpari son is nost reliable when sanples are
sanme manner under if not .the sapme, circunstances. It

n the
(#‘Feﬂ“:’rﬁft W%%%%Ea?ﬁp‘?%t nh?et}a?r%‘a‘E‘P%BﬁJBéH%n%f oEhgeBaBRFES anpl es,
i t vm Iclon@&rie:hﬂiilr}g sutﬁé|b&séb11@@rmaaietls@r@amﬁslédt@f béeséstegul thgaunbers,

b tt the lik St th i ct f
bact o e FHOr A b ol DASHORE £, 21T hoTRE. FOTF o g FeRMERTCS8ET0 anabl o

I nt er grieteat |ad:mv;ﬁ sarrpl es for various purposes, a basel Ine is established
of theg,inl ltr e terial _of_ pi The choi ce
of an?%al s%ﬁ}se‘%ﬁfor ?ﬁgt%%%%q#née ll){lémgggeiﬁg %gkeganc?s g8 S’\S}g]%ftﬁ%%m ng, c)
fleed Pugealbs)c g W@Q@%erf\lL@@@GQQsl@mdpfbwbedhngtl imeknoe} clinical
heal t Rhatf )i 1568 Frds MG 2008n8 The-8Pshat MPRLL-ant §SQﬁ§E1E§CEEEOn

conparability of the sanples
- and restriction in the same manner as sample will be treated.

The presence and/or abundance of these bacteria in intestinal
tracts can be determined based on the presence or absence of

15 (a number of ) characteristic peaks.
The inventiocn also provides a method according to the
invention, wherein the analysis involves determining the
relative abundance of micro-organisms included in said
intestinal flora or even determining simply whether a pattern

20 is within a healthy variation of patterns without even
knowing much about the constituting bacteria. This can be
done once a collection of healthy patterns is available. Thus
one merely measures the relative abundance and
presence/absence of peaks known to be present in the floras

i of healthy individuals, without knowing from which organisms

said peaks originate.
Of course the earlier mentioned pure bacteria cultures give
the possibility to identify which peaks belong to which
micro-organism if so desired. Of such peaks, the height

30  and/or the area under the peak, especially in comparison with
other known peaks is a measure for the amount of a certain
micro-crganism present in a sample. Thus the invention also
provides a method according tc the invention, wherein the
analysis involves determining the amount of at least one

35 micro-organism present in said intestinal flora. In another

embodiment the invention provides a diagnostic testkit for



constituti ng the baseline and the sanple to be tested. Thus calibration is
needed wowo/sizgkeast sone of the paraneters given above. _An eas/\g/ way of
‘obt ai ning a nunber of references is subjecting 10 pure BEEPELPA0E ¢ ur es

(of a bacteriumof which it is kno that it is present in t?ié tﬁ@tinal
flora) to anplification and restriction in the sane manner a lﬁb wi ||
be treated. The presence and/ or abundance of these bacteria in intestinal

t r act PEHPITL B2 TAF Heed bageer ding heoptbsenneent iabs earpals ik (a number of

chamasitr st & ;£ j ventd rovides a_nethod according to

t he :}fﬁ_ﬁntl on, vﬂlerel n the anal ysis 1nvo

abund B 4ot Br Yant SHEL | PRE UeRBerAnsai dampitestinpali firey a or even

det er matarg =8l npd yi wWeet hesm aspat 18 S 20nLS Mghbg&el}ggl tch vari ation of
Fhe constitati i 5a%ria. This

patter it t even _know ng nmuch about

catf:i beﬁéefgﬁea%gwr%es%&%o?l%%ﬁ]&ﬂt of TRAl ER§ Phatiepss ioneavmifeatree Thus one
ner el ypatdasur ess tdescellaed Vieesblindagcerand presence/ absence of peaks known
to be - t.in.t | or as eal thy indjviduals, wthout knowi ng from

whi ch %%Z‘%}s?mﬂ}%@?eﬁé ptecgk%noili‘% n’a‘?eix B3EtEvhr 86 cordiagr Iticercheent i oned pure
bact eriryyeariarr exsrgipeinehe gastidd | fiymt 81igeali egihch peaks bel ong to
whi ch g .u(\ern%'é)ri%ifrﬁﬂﬂoﬁoer%eﬁése .y O srch Eeaks, the height 30 and/or the
area under the peak, especially in c%?‘rpsol? oM Rt RE Semed aaven peaks is a
mb3s ureIER S RRuThofh e ream be odovgRohberm. Pressht-a1 2 sanpl e.

Thus the ret el O3 S0, PEQYI according to_the invention,
V\hereiﬁr?q he analysis. involves et%?%g%?%g‘at%%qléﬁﬁ’ﬁ%?‘oPrﬁtfelré%’éﬁf one 35

m cr o1 gERSEMPresnt T h LARKisResthaaseqhonae Bn-anot her enbodi nent the
A A A TR
gment 1s a
15 primer having a seguence which basepairs with the sequence
with which the original sequence basepairs or with a sequence
very closely in the vicinity of the original sequence so that
the same or similar nucleic acids are obtained after
amplification.
20 Another preferred primer comprises the sequence 5!'-
CCGTCAATTCCTTTRAGTTIT-3"' or a functional fragment and/or
derivative thereof.
The invention alsc provides the use of a testkit according to

the invention for determining presence or absence of (

€
St

25 equilibrium in intestinal bacterial flora as explained herein
before. The invention also provides the use of a method
according to the invention for determining presence or

absence of equilibrium in intestinal bacterial flora.

30 With the term 'intestinal flora' as used herein is meant a
flora present in the digestive tract such as the intestinal
tract, the stomach, the ocesophagus the mouth or beak or other
parts of, or close to, the digestive tract. Thus intestinal

flora samples may be taken from any part of, or close to, the
35 digestive tract.



prinmers for anplification, restriction enzynes for digestion and optionally
at | easgo gneeef erence sarrpl e conprising material derived fromsat |east
"one pure bacteria culture. 5 Preferably such a testkit & F 123t | east
one reference pattern as described gerel n before. Suitable pri

include in a testkit according to th invention are priners derived from

al i gned sequences. This sequence information enables the selection of

honol dgeegecad sseqde meghddsomintiheh ipriarerisore air del weyahoped. skieder abl y

pri nenfgrartelecggl%qg,sflrsorgfrl DPRIY &)l&hﬂﬁ seglléences Pref er abl%{ﬁ ay |l east one

primer conprises the sequence @ f uncti onal
i ragn@ﬁptéﬁ@#éﬂg adé’ﬂr\%@ttlyv@ft lHeféefrent fmormrtalogtemal/aﬁrg&nmmi ragment is

a 15 phi BRERAVW RE & $RAULIES lglglbacﬁlqgﬂgr;mv!é h 111 8. sgguepce wi th which

the o] i nal sequence basepairs or wt equence ery cl osely in the
Ti mbe% E6F e &fPGienalVidefuefdERS tCPF’atYeati’v'i‘e sanganplsiof | ar nucl ei ¢ aci ds

are Olﬁ{l&lr@bd.odfdg&rcaqmycfxlva"ﬂdrplﬂ)e O%Qﬁ}pg@efr&ﬁegﬁrf pLimer conprises the
sequence 51- ﬁ% TTCCTTTRAGITT-3" or a_ functiona ragnment and/ or

deri vatiFPE & COMENTIVEh G OR ALY RhiiRsoeReantemef a test kit

accor dmegembltyhesalm/mm fl@r o8B i NEHPESENG S8 Phsepes-of 25
equi | 'n%“ ug}rjer}ernd stl naI % ri aI flora as expl ai ned herein before. The
i nventcon &S0 Frovirded' s He Fss 5P 1 et Flod L ackdr &t 7y ‘t"-%e%lﬁetPnV]é‘ﬁtl on for

Sllb&) er merisoy prdsddrnce igr tlsebsae:rtcelmft efne | herh 41 B h & MQ&E@&S nak baeteri ah
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Qo tc?ggetaq“stg HONER B ?lﬁ%u?%tag% A4l Freracther hendt omach,
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t he o&dophagis arve masmat @Fattﬁ@akﬂloril’otmmlemracsl@fcox@ﬂiaﬁhﬁ)ﬁg to, the
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are not limited to intestinal

15 tract bacterial flora but are indeed suited for the typing of
microbiological flora from many different sources, such as
food samples, food additives, waste material, soils ect.
With the term 'flora' is meant a collection of micobiologicél
organisms. With the term 'bacterial flora' is meant -a flora

20 present in, obtained from or derived from the digestive

tract, preferably the intestinal tract.

The invention will be explained in more detail in the
following experimental part.

MATERIAL AND METHODS

Sampling
Parts of the intestinal tract were isclated/obtained during
30 post mortem examination.

In poultry e.g., a well-defined part of the ileum between the

exit of the pancreatic duct and the Mickel's Diverticulum was
used.

35 Endoscopial investigation is used to collect samples from

particular parts of the intestinal tract during life.



PCT/ NLOO' 00125 2 8 AUG 2003 The neans and net hods of the invention are in
general suited for the analysis of a mcrobiological sanple suspected of
“cont ai nYRJY3?%P4ri ety of different nicrobiol ogical organi SREmNLooexanpl e of
a mcrobiological organismis any kind of 5 bacterium phage, virus, fungus
or yeast. A sanple of mcrobiologicdkE flora can be obtained, from any source
suspected of containing a variety of mcroorgani sns, pref er B IAG S8 d sanpl e
is obtained fromthe digestive tract, nost preferably the intestinal tract.
It is also clear to the 1Q person skilled in the art that the neans and

met hods* TS % NESTE nORRELBRIAY Ol 46 Werisiewlinoi detles ni ne and/ or trace the
kind of plant and manmal material in nucleic acid containing foods. It is

clear ¢ohide, PEISQN. Sk lt%:ggs'k)gf&he art that the disclosed nmethods and neans

are not [imted to I ntesfina tract bacterial flora but are i ndeed suited

fob t esmypemgwete puer ahdomaginealifddrgn f&@mf@@yimééféégiy%&?& such
i soils ect. th the term

as f , od_additives, waste terial,

E Org@éﬁ{%@é&%%ﬁl? %ﬂgoEFgg’PP(?ﬁ 8% i St AR OB gani sns. Wth the term

' bact €kt @rF1oad' atstheantbarbtory, 2anplesenerdd, stohtahngd 5o or derived
fromthe digestive tract, preferably the intestinal tract. The invention

wi | | texr;;zl jned in nore detail in the follow ng experinmental part.

MATERI THODS Sanpling Parts of the intestinal tract were

i 30l ated/wbi shned- dunivRY r amnation. In poultry e.g., a
Pt ok RO eL AR S

wel | -defined part o Il eum bet ween exit of the pancreatic duct and

the M ckel '¥*DivedtFe8Fim was used. 35 Endoscopial investigation is used to
coll ect sampJ@sgfrRns particular parts of the intestinal tract during life.
WO 00/52206‘31’63 g EDTA
Agqua ad 200 ml
1%
* Wash-solution DNA-extraction (pH 6.4)
142,5 g GuSCN
4,8 g TRIS
Agqua ad 200 ml-
20
* DE-solution DNA-extraction
0,75 ml HCl 235%
10 g Diatomacecus Eaxrth
Agua ad 50 ml ‘%
25 :
Sample preparation
1. Sample handling
&. intestinal tract
Approximately 2 cm of the specified location was sliced
30 lengthwise using a scalpel. The entire contents was
transferred into a sterile tube.

b. endoscopial biopsies and faecal material

Samples were transferred into sterile tubes.
35

2. Homogenisation



12 Faeces were obtained fromlivi ng i ndividuals. PCT/NLOO/00325 2 8 AUS 1803

Conser wabigos2apd transport 5 Sanples were put and naintaggﬁﬁL? (ﬁgy ice
‘inmedi ately after collection and transported to the Iabora.C)@b At arrival

at the | aboratory, sanples were stor at -200C Materials 10 * Lysisbuffer

DNA-extraction (pH 6,4) 142,5 g GuSCN' 4,8 g TRIS 1,63 g EDTAZWH%W 200
m 15 * Wash-solution_DNA-extraction (pH 6.4) 142,5 g GQUSCN 4,8 ¢ S
Aqua aH¥gee by 2o2rupklyobhekdngDNAseyerdorimed udris mheHELL3E%28 ¢

Di at onpceopssEAl 1P hARHgeAdorl. M 25 Sanple preparation 1. Sanple handling
a. intestinal tract Approximately 2 cmof the specified | ocation was sliced

30 I engthwi se using a scalpel. The entire contents was transferred into a
steril= tote-eh:rgpdosgopi al biopsies and faecal nmaterial Sanples were

trgnsferred iqéo sterile tubes. 35 2. Honpbgeni sation
a. Quantity
Approximately 0.2 g of homogeneous material was used. In

cases of watery samples a volume of approximately 250 ul was

used.

10 b. DNA-extraction
The DNA-extraction was performed generally according to
Boom's method. '
* One ml of lysisbuffer was added to the homogeneous sample.
The suspension was vortexed for 30 seconds, and placed at
15 room temperature for one hour.

* The suspension was centrifuged at 15000 - 17000 g for 20
seconds.

* The supernatant was transferred to a sterile tube
containing 50 pl of DE-solution. The suspension was vortexed

20 for 30 seconds, and centrifuged at 15000 - 17000 g for 2¢C
seconds.

* After removal of the supernatant, five washing steps were
performed:

1. 200 pl wash-solution,
2. 200 pl wash-solution,
3. 200 pul 70% Ethanol,
4. 200 pul 70% Ethanol,
5. 200 pl Aceton p.a..
* The pellet was air-dried for 15 minutes at 56 ocC.
30 * The pellet was resuspended in 75 ul ddH2C (overnight 37
°C) .

* Finally, the supernatant was transferred to a new eppendorf
cup and stored at 4 °C.



WD 00/ 52206 PCT/ NLOO/ 00125 13 2 8 AUG 2003 M xi ng by manual | y shaki ng was
performed until the substance was visually honbgeneous. 3. DNA-extraction
"5 a. Qj‘ﬁﬂtopfﬁ;%\pproxi mately 0.2 g of honbgeneous materi abCDBEL0MERLE | N
cases of watery sanples a volune of approximately 250 | was wused. 10 b.
DNA- ext racti on The DNA-extraction wd¢ performed generally acco gi ng to ‘
Boom s nethod. * One m of |ysisbuffer was added to the hom)g?eé‘u dudlEanpl e.
The suAfkensi on was vortexed for 30 seconds, and placed at 15 room

terrper%ure for orﬁ hour. * The suspension was centrifuged at 15000 - 17000
g for YRGS R LTS 3¢ pr R dfaht PvaEoTredstelned 1t 6 alsDiAI ke tube

cont ait i)l HedcofobErSDhik i ©0.1Ther SUSHENS] - efyn20 for 30
seconds,. and centEi fu?ed at 150()0“?1_ 17000 gi?%&#&g%mﬁgéggﬁdg?\m* After renoval
of t h@ ST antC - §7 Ve iadkt hg REEparsef k- 3 palif of nédrward260dl

wash- st on, prfnei200 dTMas el k) Ofha 8o 4M0kA1 79% Efhanol, 4. 200 |
70% Et}ﬂialnol 5 205) {@ceton .a.. * The pellet " was air-dried for 15 )
m nut 65 atP’56 ¢ *= T em]\fJeMEF 2 was resuspended in 75 | ddH2O (overni ght 37
C * Finally, the supernatant was transferred to a new eppendorf cup and
stor ecb Aty 4 G Y00/ 52206

Forward  5'-AGAGTTTGATCCTGGCTCAG-3' Label FaM
10 Reverse  5'-CCGTCAATTCCTTTRAGTTT-3! Label TET

PCR programme :
1 cycle of 5 min 95 o¢

15 35 cycles of 30 sec 95 °C
45 sec 56 °(C
2 min 72 °¢C

1l cycle of 5 min 72 °C
20

Both primers were labelled with fluorescent probes to enable
automated analysis.

The purpose of this reaction is an amplification of as many ‘(Q
25 bacterial organisms as possible. This generally results in
about 50 fragments.

- Restriction
Restriction digestion was performed on the PCR-products with
30 different restriction enzymes, such as

HaellX GG'CC,

Cfol (=Hhal) GCe'C,

TagT T'CGA,

HinfT G'ANTC, »
35 Mgpl C'CGG,

Pstl CTGCA'G,



14 PCT/ NLOO/ 00125 2 8 AUG 2003 PCR Pol ynmerase Chain Reaction was perforned
usi ng Woows220NA in a total reaction volunme of 15 I, cq;g%l%mg%gusrml_l taq
"DNA  polynerase (0.07 unit/l),  priners (1.3 mMof forward a ever se
primer), dNTPs (200 mM and 60 rrMK%I, 12 MM Hd pHI 8,3 and 1,8 nM myd 2.
Primer sequences: Forward 5' - AGAGIT GATCCTGGCTCAG. - 3'  Label Fﬂﬂé“wfw evegscca:
5' - CCGTCAATTCCTTTRAGITT- 3" Label TET PCR programme: | cycle o fiv 95

15 357¢PEdd of 30 sécAHXT. 45 sec 56 C 2 nin 72 C1 cycle of 5 min 72 C
20 Both prinmers were |abelled with fluorescent probes to enable automated
anal ysiS4.,f}§, purpose of this reaction is an anplification of as many 25
bacteria yorgani sns as possible. This generally results in about 50
fragmentze. aRestysicd i@fl_tH?@SDNACﬁi@@n&htggs&égrbg\@ﬁoﬂﬁé&o Ijznafgj q&%f Ihlel @ oo
PCR- prgqu ith 30 different_restriction enzyrrfs, such as e | '
Cfol (3=Hh§§“?“ Lt’fm%qﬁlsar“i:@i,wwww@ym@ Bbed Ngpimers 00the Pst !

CTGCACGNAWDiA01H2206: 15 tun on the ABI377 Prism Sequencing system
were as follows: ABI Collection software version 2.1 with
well-to-read distance 36 cm; running conditions 3000 V, &0
mA, 200 W, cecllection time 5 hours.

10
Size-analysis was performed using ABI-software. Lanetrackiﬁg,
- Genotyper, Data analysis was performed using GeneScan 3.1 and
| Genotyper 2.0 software according to the manufacturer's
instructions.
15

Pure culture bacteria.

Several bacterial strains as e.g. Clostridium perfringens,
Staphylococcus aureus, Mycoplasma gallisepticum, Mycoplasma
synovium, Ornitobacter rhinoctracheale, Escherichia coli,

20 Lactobacilliae, Enterococcae and Pseudomonas aeruginosa were
used as references.

Polymerase Chain Reaction as described before 1s carried out
on pure culture bacteria. The size of the PCR-product is
specific for each bacterium.

Restriction enzymes can be used to identify a number of
fragments.

The overall picture of fragments after the PCR and after the
use of restriction enzymes results in a 'pattern' of a pure
30 culture. This pattern can be identified in any intestinal

sample depending on the amount of bacteria present.

Interpretation
1. Richness

35 The results of the anaiysis are visualised in a figure,

showing peaks corresponding to the size of the DNA-fragments.



HnD Il A AGCTT. PC6'/NLOO/ 00125 264Li Q2003 Analysis Size analysis of the
DNA-fragnments was perforned on an ABI 5 377 DNA Sequencer using

f uoreé’g@ﬁwﬁ}“q abel l ed primers. The conditions of the tpar®RydiR4ABL377
Pri sm Sequenci ng system were as follows: ABI Collection software version
2.1 with well-to-read distance 36 &8} running conditions 3Q@AN 2pf0 A,
200 W collection time 5 hours. 10 Size-anal ysis was perfornmed using

ABI - saflwar nettack t.yner, Data anal ysis was performed using
GeneScan_ 3. %Egﬁ EJénqt lpr}L r.af%r}%o %Dtv\(?a(% & Al ﬁéaiosli’ﬁ‘élﬁﬁnu?lé@t urer's
i nst r GEMPEHs 0L1Heplfse Ithirfal dfadterdra. L1ftkmatal ohatberthe sbeains as e.g.

Cl ost higgibem per Hxldrgens, | 0 Mycopl asma_gal | i septicum
Mycopl a %Fﬁgy%%\r?i um. %lnit%)(%%%%éér%ﬁ%t%ﬁ%ﬁ?%%ﬁsgﬁgﬁ E’H?ﬁ soli, 20 -
il e,

Lact of. EREES Soo dHes FEPRIpiviirmsimEryanbsa war eheused as

r &f er ereesncBobyneb2se: haln RRAGH QN 13s-described before is carried out on
pure culture bacteria. The size of the PCR-product is specific for each

bacterium Restriction enzynes can be used to identify a nunber of
f ragmént §verRessveral | picture of fragnents after the PCR and after the use
"pattern' of a pure 30 culture. This

of restricgti nzymes results in :
patter E}l&lggl%lrg‘gri%de%ﬂef ipeecfﬁf% %Wlidar‘?t et M k| en delpentehgtanet he amount
of bagueritatpr edemiach MM -{hetpisnan The Riahinesss 36nd hﬁmﬁewégﬁeﬁésthe
anal yghseal 8nVis @(I_ih%e_%ﬂ [ e, .. show ng peaks_corresponding to the
e of e DNR—%Tagne_ gﬁéﬁd:ﬁggk area cangké)used to esglmate

the number of certain bacteria present in the sample.

Polymerase chain reaction as described before is carried out

after DNA extraction form pure culture bacteria. Thus,

samples can be interpreted to see whether some bacteria are

15  overwhelmingly present or almost absent.

O
Y
e



WO 00/ 52206 16 PCT/NLOQ 00125 2 8 AU6 2003 These peaks generally are rel ated

t o bactwydohaigpeci es. The nunber of peaks identified i i ndi cation for
‘the total number of bacterial species. Using infornati gﬁ?ﬁ%&ﬁ%‘gge

cultured bacteria, this also provi \cj]eeﬁ information on the 5 presence or
absence of specific bacteria. 2. ness Furthernore, the peaks provide
information on the relative quantity of each DNA-fragment. TBei§agjjo of the
DNA- f Fagwneat $egg0dbased on peak- hei ght and peak-area can be used to estimate
t he nunber of certain bacteria present in the sanple. Polynmerase chain
reaction as described before is carried out after DNA extraction form pure
cul t uUF&IBEEEerLs. eTRbgsSeds afpl bushiaba ot @fpeemed afo tdee puwetiide sone

bact esi gugt €ohbd . overpunheknhnghy PregeRb sl 1ak-ARS ah 52206
PCT/ NLUd’100185 17 F? ure Iegends 5 El%lt 5%1%213&\1% Ejg%gtsteaérgeg go% osed as

i A usEFEEF OB CEPD %89@96?&% hEOE%@FBP@S @Pﬂ:@éﬁe&"@rqﬁi s 1 and 2 represent

t he D&\Hdpaiﬁeéms Oﬁlﬁukﬁl’ aesnbﬁéomﬁl-wa@%!en&%pwﬁtﬂ %%éabtﬁaﬂgﬁ% rom three
i ndi vi dualiPg %rgﬁg E)shovvs DNA- f nments with S|zes rangi n 100 to
a

900 basZPa AFERILESD ¥ 8 ABNAL gy fe S Wset 300 and 600
baseparagmekachbpeakeinn 30ibe antli gunebasepaasent Saa18RRGI i DMAs fragment. 10

The {l{_ggng%%efsgkttﬁgges\glegg é;?§§]&-%%%ﬁ%¥n%g1-mre based on sanples form

t he duodénum nically 'healthy'
i¥di vi dual s (A and B) whereas one sanple represents a 'non-healthy'

| ndi virduabnA Ok radienan L% RE2LENY nbdh WAY3lorSNNEd oS-Il ddl U onal
sa%ples form the duodenum. Two samples were derived from

clinically 'healthy' individuals (A and B), whereas one
sample represents a 'non-healthy' individual {(C). The non-
15 healthy individual showed one major additional DNA-fragment
(marked 'Additional') which was not present in two 'healthy!
individuals.
Figure 3 and 4 illustrate part of a procedure to test for
bacterial overgrowth in broilers. Illustrations show that
20 under disnct disease conditions samples exhibit the same
clusters, whereas bacterial variation can easily be
identified with our technology.

Bacterial clusters, or species are identified through DNA-
fragment size, using base pairs.

Figure 3. A total of eleven samples are shown. Each sample is
based on a specimen from the intestinal tract from clinically
healthy chicken at 3,5 weeks of age.

30
At least four majcr bacterial clusters are present, whereas a
few other bacterial species are present in some of the
samples as well. Two issues are herewith illustrated
A. Major clusters are present in all samples,

35 B. The relative number of bacteria present 1is different in



(marked ' Additional') which was not.present in two 'healthy' -individuals.
Figurega*ﬁﬁg 4 illustrate part of a procedure to test for bacteria

“overgr f®roilers. Illustrations show that 20 undePCBMNEAU0IZH sease
conditions sanples exhibit the same clusters, whereas bacterial variation
can easily be identified with our tléchnol ogy. Bacterial cl usg s gier
species are identified through DNA- fragnent size, using base pairs. 30 35
Fi gurend. sAmpatal. of eleven sanples are shown. Each sanple is based on a
specinmen fromthe intestinal tract fromclinically healthy chicken at 3,5
weeks of age. At least four mmjor bacterial clusters are present, whereas a

few orbgurbaet.epj alots?aec‘dmfcahe e gumseal hPesenBwAl £hen 8§ h@s gs well- Two
i ssues_are here |IIustrat é% clusters are Erese in all

sanpl &8°VB, CohEA TeREEEr i PPEEERt PRSTAFERA/EBAYMI n WO
OGVSZQ@ﬁnPQT/NLOOIOOIZS 18 the sanples 2 8 AUG 2003 Figure 4. A total of

four @@gphggu% a%%oﬁﬁjil ch sa e |s known to exhibit |arge differences’

ate
at conmmobn acterlaI/ germ Swo issues are illustrated here. A Qur

pr ocedur euirs p@‘b@&ldh-lyfecamabﬂeea)fly dcempabye ngr siidkehat fyzh@r gemidkfferences as

det ec n h high coun r,_ specific groups
inth %gg ?n1§g§§%§%§ %%§ &g%%ﬁédﬁ tﬂwﬁ??a %ﬁﬁtgouﬂﬁg Q?mEEEEe fragment s
are h%%thphé§@n?°ﬂ@ﬁﬁu§@%ﬂﬁﬂaﬁﬂﬁa¢h@n@uphesn specgérm bauheE|ehoB This new
tiechnohedy ics i demtisiidi addi tihonal oL “é.ﬁé oRt kQQ ared to, the

‘cl assi cal’ gern1 ounts, because -our ods uﬁlng aFI bacteria
Spec|@§EFﬁngné S ﬁqu#§gywlthout these SpElelC bacterla

B. This new technology is identifying additional information
compared to the “classical’ germ counts, because our methods
are including all bacterial species in one analysis. Even

15 unknown bacteria are included.



15 unknown bacteria are included. 19 CLAIMS: 2 8 AUG 2003 1. A nethod for
anal yzing the conposition of a m c[?g)j ol ogical flora conprising nore than
"one species of mcroorganism said nmethod conprising: providing a sanple of
said mcrobiological flora; anplifying nucleic acid fromthe nore than one
speci .m croorgani smpresented in said sanple to produce, an
anpl i@%@%; subjecting the anplificate after anplificatiord88Uafl)} east one
restriction digestion to produce restriction fragnents fromthe nore than
one SPGCh &oddhr a@ﬁg&ﬁg{hg?&hﬁﬁﬁoﬂ%?Qﬁﬁér%l@giéa@ﬁb&lakbxﬁﬁiﬂ%tlﬁ&é haRased on the
rest ri CtTBH fragnen of the nore than one species of = mcroorganismin the
sanpl speciand mioepganismg sdihmethed ednprisigepat t ern of the sanple with at | east one
reference patter 5B P€aritlord NE  sanpl e of mcrobiological florais in
equi II?YB‘Fllﬁﬂ%{t’/ﬁ%ﬁ&?ftﬁ%dgrﬁ& elaé)E5 One reference pattern. 2. The .method according
to claimifing wikiceicid feei He movy thin vk spficiea Pl MICEHPEEANISM HESEHTY igpaif PRI 3. The
met hod a";lccordi Ng; éfg_ claim1l1, wherein said flora is derived fromthe

T! 1C ]

di ges PUET T &G The met hod according to claim1, wherein said reference

pat t esubjebtingdierdmpdificdte after ampliffirationsto gt least onegestrigiien Aigeshion toareBLTeEHW ¢l ai m 1,
furt hgr co&ggoifnﬁhggoﬁ%gﬁ%ég %ci%@&rﬁi@x%wigﬁﬁiﬁﬁ pattern of restriction fragnents

to de ere v undance of mcro-organisnms included in flora. 6.
A net prephring a chetiangmpatternttasedios [ttt rpsyriction fragysengsfof fednwe Fga ARSIREC i sent in a

m crobi ol ogi cal. flora,. saikd method conprising: providing a sanple of said
ni cr oB{Gi% f“c?’éllmp’leg?‘ ,le’fﬁ%l i fying nucleic acid fromthe nore than one

speci esnpafingrhe rosdtigsmitiennof thesampple with stdpast wnglbenqepatigsp srlstaming fdhol i fi cat e;
subj ecting the anplififate. @Rk bieGRIch @B RrcAined SSk, ONE TeSLT I ct i on
di gesﬁ“%?ﬂeg?fén“ﬁ?@g@%lgalrffeéga[lrglmge{qlhﬁhn ragnents from tehecrr%fr%g t han one speci es
of mi croorganism preparing a resulting pattern based on the restriction

frag s of the npre t ol 68 BloloclaffiR?{s3aak$Mba. t he sanpl e; and
anal ;T%nlhﬁ n{e&'é)dracecgtﬁ%fgietﬁéﬂ%g%%ﬁérg%?drrgs{or goc%glmgn frasgments to determ ne the
relative ratios of mcroorganismpresent in said -flora. 7. A kit for

perforn.ng the method of.clalm.l 408, hivekise ok anplification
of nué@]e%mgboﬁ&%w{cﬁnggtoéagﬁé%% ﬂ(;g;réélb?agd;il%r% grglgveg%bgégl%ﬁ%r?si ng nore than -20
28AUGLOx3

4. The method according to claim 1, wherein said reference pattern is derived from another source.

5. The method according to claim 1, further comprising analyzing the resulting pattern of restriction

fragments to determine the relative abundance of micro-organisms included in flora.

6. A method to determine the relative ratios of microorganisms present in a microbiological flora, said
method comprising:

providing a sample of said microbiological flora;

amplifying nucleic acid from the more than one species of microorganism present in said sample to

produce an amplificate;

subjecting the amplificate after amplification to at least one restriction digestion to produce restriction
fragments from the more than one species of microorganism;

preparing a resulting pattern based on the restriction fragments of the more than one species of

microorganism in the sample; and

analyzing the resulting pattern of restriction fragments to determine the relative ratios of

microorganism present in said flora.

7. A kit for performing the method of claim 1 comprising:

two primers for amplification of nucleic acids in a microbiological flora sample comprising more than



‘one species of microorganismto produce an anplificate, wherein at |east one
of said prinmers conprise the sequengg 5' - AGAGTTTGATCCTGGICAG 3' (SEQ I D
“NO. 1); at least two restriction enzynmes for digestion of an a2 I|f|cate of a
m crobi ol ogi cal flora sanple to produce restriction fragnent A ilor e

t han oA eSREFNRSrofizaliing foaRE BB ISl iBBe Hhelef leaQRfe of GldghigREe pattern of
flora for conparative analysis of a resul ti nglgattern of the restriction
I

fragﬁé‘ﬁt’%‘”’e thersearendre - sl IS ICTHET M CPIBERITBJY@A): f1ora sanpl e, wherein
sai d gafeadt BRSEstARN LRIRISRE Qighioh BF 4h mphﬁédt@m ﬂuéro% oﬂg%e@oré EPle to

m croorgani sns, found in_ intestinal flora. . he kit of claim7, wherein at
| eastp“tﬁiﬁ@ rgfiricdion fragipenieliam Berathanae sprsies eﬁa@m@a@m IMEAGFIST GReT CCTGGCTCAG 3

( SEQrdibreMNphtkern S fidta Ko borhiratRE Bla¥yise a tRQEOIIRESI o HRNe B ctidh ?rﬁé?lbén%l ogi cal
flora corrprls ng nore_than gne _species of _mcroorganisns, the kit

conpriog) g disssien @frth%@rcgobv%?gl%@hﬁ@rﬁﬁ%% hreisysaiq gt least encaiefegracs pattgm of

m cr qRkAk Q@dctalrold AR PANBL e fRANRIAtedNA ¥R € than one species of

m croorgani snms to produce an arrpllfl cate, and at least two restriction
enzynmes for digestion of the anplificate of the m crobiological flora sanple

to pr @H’é&&ﬁofﬁ:ﬁlﬁﬁV'vﬂ{eké?xﬂatfléaﬁﬂﬁéﬁFﬁﬁﬁrQﬁB@& fpﬁpertﬁe tdaadhcope species of
m croorganl SNB,; wherein at | east one of said priners corrpr| se the

sequ Qﬁﬁ%@@ EAPRAERIP180:1).( SEQ 1 D NO 2) 10. A nethod of using
the kit according to claim7 for determning presence or absence of
equilibrium in intestinal bacterial flora. 11. The method according to

cl ai ¥+ A kitiprenalyring e gomppasiviod phgicepbindegiabilas ppnirsis msie dpmpregpesissafpl e from
f ecesnifboanishing &kt comprisingl® Met hod according to claim 1, wherein said
providing a sanpl e conprises obtaining the sanple froma broiler. 13. The
met hdwo agees §ir agrlitcatipmefimugleicapidy japmigrapiglogicahflom sapple comnyities momprnses

obt ai }je thedieSSHMLSBorhliGM B Fddﬁ@eua% aRMplifdgameof a subject, and further
conprising analyzing the tota bacterial content of said tissue or organ.
14. PhBasiBYhisHTigionenzymes for digagioa ofthe amplificatesf g sdcrpbiplogicl flos gmpleandar di zed
basel r(gh%cé)t%th&foﬁ fﬂg&éﬁf@ﬁiom QB tnR) Ht{eeébéctiéé 09&1&6@&&%&@ Mgt h healthy flora.
15. The nmethod of claim1l, wherein said subjecting the arrpllflcateto

r est riheteinos legstgas of ssid péwqoglégsezhﬂasem@@cez SATEAATRGCCE T RACTRe3'anpl i fi cat e
to re§thiENEH. enzynes recogni zi ng nucl eoti de sequences of about 4 to about
S nucl eotides.” 16. A nethod of analyzing the conposition of a bacteri al
flora, conprising: obtaining a sanple of bacterial flora derived froma

di gesfyi X GreltfoB6F us@‘fg the ﬁpﬁ?ﬂc&ﬁﬂlg to claim 7 for determining presence or absence of equilibrium

in intestinal bacterial flora.

1. The method according to claim 1, wherein said providing a sample comprises obtaining a sample

from feces of a subject.

12. The method according to claim 1, wherein said providing a sample comprises obtaining the

sample from a broiler,
13. The method according to claim 1, wherein said providing a sample comprises obtained a sample
from a tissue or organ of a subject, and further comprising analyzing the total bacterial content of said

tissue or organ.

14. The method of claim 1, wherein said reference pattern is a standardized baseline pattern derived

from a plurality of subjects with healthy flora.

15. The method of claim 1, wherein said subjecting the amplificate to restriction digestion comprises
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anmplifying nucleic acid fromnore than one species of bacteria presented in
said sanples with at least one prigger of about 20 to 30 nucleotides
-directed to a nucleic acid believed to be present in said sanple to produce
an anplificate; subjecting the anplificate after anplification to

r est rshigéduag thd iaSeBida@o ra3tREVZdnAPng rb@phikihk REEIRaAlE REMeneds JF 85dut I & AbeR
fragnents by conparing a restriction pattern of the sanple wth at | east
one ﬁ%F%?@H%% restriction pattern; and determ ning relative abundance and
relative ratios of said bacterial flora. 17. A nmethod for analyzing the
conposition of a bacterial flora, conprising: obtaining a sanple of

bact &fi Ametes phanglyring gy cpnpenition 9f g bastsriphflars, SempiEang subj ect; anpli fyi ng

nucl Qibfinkf dbanpRBr PRELial MANIRNEI FRRGIdBSstRE thaCk £hitfechr esented in said sanple
with at | east one priner of about 20 to 30 nucleotides directed to a

nucl érplifnequpleiciagid Sgm Bt dhap PRI of backria Prosenigs! (e said samrieprh adfpast

anpl idnk Ah&: of abtRl BFi30GudiBRideNdickbbd fAlRicRictas baINRL fol e Ptds@R id Qiar estriction

di gestion; determ ning. presence or absence of equilibriumin intestinal
bacté@@@F“ﬂF@#ﬁeﬁymwﬂg$§?ing arestriction pattern of the anplificate to at

| eastsugB&ing Gle@MPhGc&td S8F &rhfiific@dnRefck@Eibn AREifet er m ning rel ative abundance
and relative ratios of said bacterial flora. 18. The nethod according to

cl ai riPalYifet BFHingnteT of wrErie frarewss by fampgdear regrictpatattem Af tigsanpld f er ences
or Sivit AlehdtoRSreWrdnbe RatickichdAMé:R; 48 m crobi ol ogi cal flora.

determining relative abundance and relative ratios of said bacterial flora.

17. A method for analyzing the composition of a bacterial flora, comprising:

obtaining a sample of bacterial flora derived from a digestive tract of a subject;

amplifying nucleic acid from more than one species of bacteria presented in said sample with at least
one primer of about 20 to 30 nucleotides directed to a nucleic acid believed to be present in said
sample to produce an amplificate;

subjecting the amplificate after amplification to restriction digestion;

determining presence or absence of equilibrium in intestinal bacterial flora by comparing a restriction
pattern of the amplificate to at least one reference restriction pattern; and

determining relative abundance and relative ratios of said bacterial flora,

18. The method according to claim 1 wherein said reference pattern is used for determining

differences or similarities with said sample of microbiological flora.





