METHOD AND DEVI CE FOR BACTERI AL SAMPLI NG This invention relates to

techni ques for taking sanples, and determ ning the presence of bacteria

t herein. wo 2oes/@eé2earily directed at taking sanpl es fromcsgHaeamo79as part
of the process of maintaining a clean and hygi enic environnent in indoor
prem ses. The invention has especial application in hospitals and |ike
establ i shnents. The invention al so rel ?t es to products that can be used in
such techniques. Methicillin resistant'Staphyl ococcus Aureus (MRSA) is a
variety of bacteria that is resistant to nost nodern antibiotics. MRSA
organi sms can generally be tolerated by healthy individuals, but if they
pass to soneone who is already unwell, then this nay |lead to nore serious
infection. As a consl\éEfUé(aBeANBlﬁtE!Vl@E@RBMT(EﬁlAb§Pd\&lPHII\Eij by heal t hy

i ndi vi dual s wi thout causing any problem but in a hospital or other

envi ronme r opl.e at serl ous
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for det ectmﬁ@ISIVRSA dhe dvenplidmt hambeﬂnee@t appdigaiion nig ddspitals agod ylikaul t ur e
process a y Kk S pan,
By Roa 1ot A iJonlohCal rhalel o iMile et et et 1 SBeE e e
envi ronrrertschmqme@ne aspect, the present invention is directed at a sanpling
techni que which can dramatically reduce time for detecting the presence of
bacteri a, r row ng
o it dorTaniomEL s S Biicoblls REELETMESAL e ”c"‘fa%aeé%‘gf(%%a@'éaqm}?ﬁnts
and does rf@ﬁls'ieéiqiﬁ’lm@StﬁTﬂ%’egeambdfé§SoMRa3/’q9@Iaﬂ'ﬁﬁl§cFamQﬂnetﬁ"mIbégj¢"§’c’ate

techni queshééth)f/ |?1%|v USREHt nfm\éﬁfbfaé%{b éb?ﬁeoth@%lﬁf ub%ﬂﬁﬂ&ﬂﬁuﬁm [ tBfisGHAy and
attach to a target bacteria act eri ophage used ‘conprises a nucleic
aci d encodeagtoaneressrigdeinfagtion. ofepreonsgfiuence SUElR Prganismseeasdiesearded by | i ght
of a f11Sthdtike! RaGhlalY ARt LAGId Ry BlobenteeandnVaVRLGNGE for Yie the
bact eri ophage contacts the target bDacterl a, bact eri ophage multipli es.
As a conseRjlydpraentymene ﬁerwmlﬂerebieemeoa@dﬂev P%b?‘ié@é’ therelsppsiipus sisk oght  of
the first WRKGIENEIRGA SNRANMPSE ahY Bh b orPBkih lRE Ghert S1f226S ®tdong

wavel ength s i ncreased. This enables the ready detection of the presence
of the bachesiofs i repdilvcisansinrdtas sudace t9 iriaeei AS 3 RaNsHIUEREE: itFaHckSs can
be cont ro'éa‘?ﬁeosﬁﬁ&ﬂ%% Indirb&ynBEHIRER YndIGEESS ahNd @@'lﬂdl@leuéiéftllﬁél& tbhse

em ssi on of ht af the second wavel ength to establish whether the target
bacteria iigfegteésent. In practising the invention, the preferred protein in
the bacteriophage is G een fluorescent protein (GFP) whi ch, when exposed to

light of weyedfn@thnid®anmdr @Blechind | IREAOGraadacamat haéérﬂimm réhii AR Ve r

protein is used, the bacteriophage can be selected to be sp eC|f|c for one
strain of !BBREIFY gutug Brogass EEﬂ,d Ypisaiy teking dwa g ihres Haws: W@ﬂ sugh @ time

parti cul ardpanVhfp MRS thht @adsre8bntNEnhale bBcaié Widdinsprdhe Feihe regbeen&é on has
a partlcular but not excl usive concern, are strains 3, 15 and

practi si nge’t"l‘@”’ﬁ%&‘ hod of the invention, the selected bacteri ophage can be
di sposed on a solid substrate, and are preferably imobilised on the

substrate. |nldﬁ@£§pbbtsme gmmm@naﬁ@apédtedlaﬂa&m@m tedMBiqRe GANIEH eai bond,
a_coupl i ng agent. The inmobilisation

typically pl. e
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the invention are: on or. another mer wi am no or car box
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wavelength by emitting light of a second wavelength. When the bacteriophage

contacts the target bacteria, the bacteriophage multiplies. As a consequenbe, when



agent conprises vinylsulfonyl ethylene ether or triazine; 3) polythene or
simlar polyner and the coupling agent conprises corona di scharge or

per mangamsioeoaxigedi on. I n the practice of the inventionpca/dBzpicmb7osanpl e
suspected of carrying bacteria will be a surface. Such a surface can be

w ped with a substrate carrying the bacteriophage, with the substrate (or .
the surface) then being exposed to |light of the first wavelength to
determ ne the presence of the bacteria However, if the suspect sanple is a
liquid, then the bacteriophage either alone or on a substrate, can be
|rrrrersed in the liquid, which is t hen exposed to |ight as aforesaid. There
may be sone benefit in any event in imrersing the bacterial sanple in a

li quid af tler mubiptierthadiériophadreiseaposad topighige thefirshabyaendia thaquantituot o grow.
A sui t abl ‘13’ M gH’htgedmgpt stacc,)cgnoI Wa%eIBH@ﬁoﬁem sgd beTﬁi@ @ﬁ’e}‘q? é%?h@%éd nt

medi um confai i ng a carbon source su ucose. It w e appr €ci at ed
t hat the aetartibn démecpresegce;oiaﬂae|b|actpnacbw09t|¢ﬂj prdvessase dopradtine &re olicacan use
rel ativel i ght p chn

i ncr eased%{ﬁ%ggec%lée%égew&eﬁ édr():gg{thgg ﬁoehg&%ﬁ%nngggsgaw gb @Z gg@ﬁmhe

phot odi odenmsrcpyhoftItghnaittholsemﬂdtwmeleﬁ"oth @x@hﬁlleh whether tertarded baotenersessi ty
to quantif stera | evel of fluorescence other than relative to that of the
bact eri opfhage prior to nultiplication upon contact with the bacteria. As
this initial level of fluorescence can be relatively low, it wll be

appar ent tihgiractisingi theninventioat ition po¢fegadsraiein &l the @@ﬁt@g@@iﬂg@ §h6u¢6d1 be
sutt' ol ento biEstAOLANGHDT Whkh, %/E\Sn Rbslag ngﬂ%ﬁl} dratPSERAAle

sanpling device itse can’al so ite st rd unit. rq]ypl cally
it will cdgbl ofswawelmlthdéﬂOmpoﬁNhhhe\rera)rgtstrstSrmeé the h@ﬁmmagomabé@m ng the

bact er | OPRAREIedTGUIREILERRARAR dribgkidfal S0 b8 HBEOTo 318 B IS

nmounti ng may tate ected an appropriate configuration such
as a disc MJRSémnTheursartlcrtﬂarb/o\um@nb@éramarpfd\dﬁéérvwﬁn whighrthe present iyRnliant to an
i nstrunment, f£ar, Pi&se Bt I &udiQe EOG R P SrSiHE B sy 1EnVi ronment  suspect ed
of beari ngat% a?t;rget ed&gaectlérl?ea Agcord% n(E; to anotﬁar aspect of the
present invention, there is provided a neans of facilitating the sanpling

t echni quedn dugelisinge dhentieaieod |of thenibrendies. dhe eelectade basieriophiags &8 Pecard, on
which is |lpcated dahg ol %ﬁbariat@asﬁ&rdr@raa@feﬁabryTnﬁméar@deﬁLtﬁ@%b@ﬁiatef _
carrying the target bacteria is wiped wth a swab isin turn w ped
on the el dmapbilisatiasndgegye benaceeioplished py chéat"iﬂp g rQSWﬁleﬁb kondp| WPigRh t he

bact eri op@@s&em?éh%ded;ﬁg%eaprmg ddBRD TTRL [ARSRASLtIRt hdestaBisibn Whivirusadi ch
wi |l establish whethe uorescence caused by the bacteriophage has

i ncr eased iRAUdnG dapiefiopiageoit setid \fUPRIrEae tierdigeussatk inudnterngtipnal; Balgat o
COr I €SPONG Rficatiof'NY: QO IFIAEOCRAHE hae bf h@éf@n%@‘ty%@@%ﬁrcg@el Ifhet he

target bacteria were present in or on the sanple, then thi

i medi at elbpcigipahagst is praferably benobiisedapayits B%aﬁpg@rued'qaﬁms tr'?ﬁtt?ﬂerg"?ﬁp

m nutes. e used el enent can be discarded. It is safe to dispose of the

el enment after the test as any detected bacteria wll have been killed by
contact with the bacteriophage. The el enent beari n(1:1 t he bacteri gphage can
include a raé%férarky.nrefsrrewtﬁtrérﬂs ferdbaciRrial fetsetionIAMATIRY JRUESHRCOFding 0

bact eri ophpgpvenidghdieact with the target bacteria. For exanple, the el enent
m ght be a card with a groove or channel forned adjacent or extend| ng from

one edge, and in nlcatl h a r ery0|r of  nutrient. wev
normal [y the ndPri emrh])&ncﬂ %5’ B’ mlrlfl’ ‘Pfec"’l”ﬁ%b?qrﬁa%@”?‘ﬁﬁe 'H%r on

t he el enent. Such _arth@l;@m_ﬁn% ag@uhgcasodmr.a@drgm{arm@ergagr ality of grooves or
channel s charged with a different bacteri ophage to target different

bacteria, althaq gh i S not essenti r.oov or ch el s are forned.
The bacter | ophdle. el S RBE hraredBenttnas Bvier Brd e o Bitepos ¢
secured on the eI em%@bnt dynpRisps ViRyisMebryREHErgURhdrarr trxediepl e. The grooves,
channel s or deposits nay al so be col our coded. The el enent may be produced
in groups or sefs, aselectl n of eerred;i or ¢ rds havi n gdlfferently
charged grooves’or cpr? H?Fé‘fesof:asr‘lm BRIl Ss dpe prrlQ FOCBL CPAYTHES f er ent
bacterial strains. Tdoprealisohargesst peamaesingteeskidationoni tor the fl uorescence
fromeach channel or groove thereby determ ning not only where the bacteria
is present, but identifying one or nore of several different bacteri al
strains in what is essentially the sane detection process. The el enments can

al so bear information relating not only to the bacteriophage they carry,
but also details of an



i ndi vi dual or |ocation which provides the sanpl e under consideration, as
well as other desired identification. A magnetic strip may be incorporated
i n the elwoends/d™ee29t hi s purpose. According to one aspectrCoiGE2h&/qomsent
invention, there is provided a bacterial detection sanpling device
conprising: a sanpling nediumfor receiving a bacterial sanple; anda
plurality of bacteriophage | ocated on or in the sanpling nmedium wherein
each bacteri ophage conprises a nucl ei c3aci d encodi ng a protein capabl e of
emtting light at an output wavel ength. Conveniently, the nucleic acid
encodes a fluorescing protein, the fluorescing protein being responsive to
| ight of an input wavel ength by emtting |ight of the output wavel ength.
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strain 3, idSmoersify thal hasteriat saraply,in bhiguit aftarcoafacbwith ¢éhe badteriaphaye & n  of
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subst r at e.adeesti€nathient, médiemlzantamingog bartgen aowce sutbad glsezbeon t he substrate
by a coval ent bond. Advantageously, the coval ent bond between the
bacteri i t;
P?gf gi’igpg?%ﬁhen%)&%%ﬁ? %gﬁépgﬁtg%g%nymﬁ%ﬁi 'ﬁﬂ E{%ﬁsélﬁg pou@Jre}%ém\}mrﬂfg am no or
car boxy surnace rglativgy stiaightfdreacboicanigclaeuss. | Bhecliudiestenes deinoreased
ﬂl utar al d ? },&es&bﬁ* [ %tagteﬁgﬁﬁlc{?' oS @an C él b‘lgs%?‘\?edo %ﬁptahikotodlode or

ydr oxyl - con a|n|ng coupl'tng agent co
vi nyl sul fow‘ry:lt@mmyplenéulm foe rexempler imnd ithare i®mot esessitystorquastifyghe févek of
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i mobi | i seboni @ntam vmtbetble gadera.| Aavhiadnitiaidevehof flgpresqente ean bpreltivelpl y, the
substrat e GOMRNGPRS AHoalas ) oFfificion A\ALANER thbkecd NS dRNICE, furt her

conpri ses an’ aqueous r?gkn ena%qsth eferag% contai ning glucose.
Conveni ent$lif}CI€m’hé0 @%tebl@hlvmeﬂmﬁf@:targﬂtﬁdsmqmnmg pmnt;e further conprises a
receptacle for receiving the sarrpl i ng medi um Pr ef erably, the receptacle is

an ELI SA plal eam el AGSRER otn At anfl Ylch J.t% .

bact eri ophage strai'ns eac stral n e| n% spe r |nfe
lysing a didnsisernt h@@qeramnovhlcﬁa@ﬁlebstr@tealﬁdn@umeda@ctbearlrmoﬂha@@cwom strain

conpri se aTﬁBJ%hﬁétFaté‘Cc'aH t?é“ﬁpmé%rﬁ Bf thﬁ‘éd“ oF%R/%g' %anntsemohHr{bQHéy%‘é at a

di fferent output wavel ength nveni ent evi ce conpri ses sheet s
connect ed fﬁpﬁtaéﬁ%bh@@ecﬁﬁﬂ@r&ﬁﬂM‘Pp”at@rﬁ‘@nﬁgurﬁm sHeas ahé'§0 & Anpdesc N er ed

aper ture fQfud B8 dhdsfig IRF (G dBbnRMben AARAIEAUSLIINGRIB thireet s

have sli de-covere pertures, are arranged so as i gned when
t he sheet ssaaméeﬁ@rrf@r@oprte@gmrrmntévsn%t@dmf@gérlnmﬁ\ﬁ@rss@ﬁthaytenat | east one
sheet is provided with an adhesive for sticking the two sheets together.

Accor di g A&oAdIRg '?(?'én@tﬁ@reéépe@f of e d?é@@mvehfw%érens pkdWRIe8 d fheBhS\WFded a
bacteria detection device conprisin a socket for receiving a bacteri al

det ecti on f@é’l‘i’ﬁﬁ'ﬂ%@‘Qjé%mélé‘ga@émlﬁh'%gﬁs}”%‘?ﬂ/a%\@ oft conpripeeadeastrejedral ns; and
a |ight defeet s £3BRP % dhicHlekentiBy tht Hiiecd bhBteriophage. The sample

suspected of carrying the target bacteria is wiped with a swab, which is in turn wiped
on the element to engage any bacteria picked up from the sample with the
bacteriophage. The element is then introduced into a sensor unit, which will
establish whether the fluorescence caused by the bacteriophage has increased as a
result of contact with bacteria. The unit will issue a corresponding signal and the



out put wavel ength fromthe [ ocation of the socket. Conveniently, the
bacteria detection device further conprises a |ight source capabl e of

em tti ng woghde/@ké2bhe i nput wavel ength in the | ocation eCTidBR0&NOE®D.
Preferably, the bacteria detection device further conprises a user
interface, in comunication with the |ight detector, for providing an

i ndi cation of the detection of |ight at the output wavel ength.

Advant ageously, the bacteria det ect i on*devi ce further conpri ses a processor
i nt erposed between the |ight detector and the user interface, the processor
being for calculating the change in intensity of |ight at the output

wavel ength detected over time and indicating the change in intensity via

t he user |m0@dﬁ1m:will hawa\berh entipleted. hié tHei tgtget bacteda wera presantaibbeoothe
detecting rali i t Javy erably,
t he bact er‘Jiaa ét ect tl%bsg‘!v@eb\% s efoﬁgrt?lﬂea%grreﬁprT@%é'%l&g%actcgb%ggéo tleetg(ﬁ ;ﬁIC)n

sanpl i ng devater csnidetes.r ﬂ'bedsexbelementﬂcartb&jdla@prd@d altfasafé b digsecif thef  t he
present | i e Ck t he
et oct i on Sitteefter MESh 7 of 8YeERE aBBr i R todlifhiid BRBAREIEIL 0%
t he bacteﬁhabaMdmmﬂegeby a signal is produced in response to binding of the
bact eri ophage to the bacteri a. Accordlng to anot her aspect of the present

i nvention, t ng
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emtting | i e
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expr essed amelemenberidd b dormasdwith dailwelity o§ oreqyrs osehannrals tharaed Mlethsaanpl e at
the out putyigus! ﬁé&@gr{&?héﬁ I &lr tdl@é}eﬁ’ﬂc dédt&{‘al ltﬂgugﬁfft i9%of B&sRtSSHACE Of

bacteri a. nveni ent e nu elc acl enco uorescing protein, the
f | uor esci rajopMestosichamsinarerferprsh sTheaebacteriophage, aithaar withput nung eangReh by
emtting | I her
conpr i as. e o O o S P e e B g .
Al ternati vB]eygroweé ehanne S@féﬂép@ﬁlférﬁ%ﬁ)'oﬁi@ ke @%@Mﬁqqgiﬁﬂ nescent protein and the
nmet hod further conprises the step of providing a chem | um nescent substrate
in the sameelcheRl Af: a?béé/prddheeaﬂﬁ%ﬁfubgm;%?s IZhdSPR6lekiich bPblethehld 8f N Of
bacteria and wherein detection of light at the output wavel ength

i ndi cat es % pavire Jiergttlyt ghargad: gioavesagy sharigdogan e pravdedderersain strain
IS a MRSA @hddthg diffdr&htehatiénal Mrais St T/ Bersor J(.%noﬁe %@sng%ﬁ“{@%&ﬂb} Yhe L he
bact eri ophage are the strain deposited as NCI MB d further conprise

t he nucl ei &JO%FW@nf&B.Wha:hﬁmléqrrgr@afﬁatbﬁ@bﬁfdeé&mmnm@m prfyitwhere the

Conveni entda\étenbh@p#é@éﬁtebhﬁbelﬁff){]ﬁg Bné &r rﬁéﬁe‘ 6f|s'é$er%lnélﬁél%ﬁl Bactérif5RAiADIY. the
bact eri ophage are Baciflus anthracis phage Garmm and further conprise the

nucl ei c ad’i”tﬁtéﬁcﬁﬁﬂ@a”ﬁ heotame delgelian Presessni tihenglemegist campralsePgdl y, t he
bact er i ophag@emai @%&.h? Rlot Bnkastes babteASHHRGE itReY éwluuﬂglsé%t&% &fant he

i nventi on Advant ageous step g} conprises the step of g;?

substrate 'P‘@Y'Q‘H?'\Pélqcét“?%\é’h@%’fﬂv esdthmeample Magr C‘%‘ﬁ@ﬁraé'))nﬁﬁ‘ﬂﬁ s @fbﬁfprl ses
the step ofes@e®@WMeRfiddien baCkREh&ic fif %{alyluéf PebripBrhtdd rnhmtam@erh&qtfef {hage,
in an aqueous nutrient medium preferably glucose. Preferably, step b)
conprises RER®Eting |ight at the output wavel ength as the bacteriophage
infects the bacteria, the detection of increasing intensity of light at the
out put WavRlceRirid to f&ﬁbcé’édeﬁg of ke praeanGfvenfiohagbrY isApAiRAt AdRRIFRY, the
sanpl e Iséf $osed to. a rallt% of strains of bacterlophage each strain
bei ng speciSFalion srMRling Ef"éqeecrﬂm l§0erial strain and the bacteriophage of
each strain encoding a protein being capable of emtting light at a

di fferent out puf samapiidyengtilim férrecaida Battariditampl@pai si ng the step of
detecting the light emtted



fromthe sanple at each output wavel ength, the detection of light at a
wavel ength indicating the presence of the corresponding strain of bacteria.
Conveni erwbypodidees2oret hod furt her conprises the step of IpCiilaBrgocidoe7dbact eri a
in the sanple with the bacteriophage. According to another aspect of the
present invention, there is provided a bacteriophage having the genone of
the strain deposited as NCIMB 9563 and further conprising a nucleic acid
encoding a protein of emitting light. 9he invention will now be described
by way of exanple and with reference to the acconpanyi ng schematic

drawi ngs, wherein: Figure 1 is a part-sectional side elevation of a
sanpling device enbodying the invention; Figure 2 illustrates how a
plurality of bacjlesiigpiagetetiaphde lexatei edortia thetsampling mddinherhaeinar get ed

bacteria is a st the Fi.gure 3.is a plan view of .a bacterjal.detection
sanpl i ng &8¢ %Cr}gr&pgﬁﬂ? %mPBQ%%PH@?'C&‘EB‘g%nCR%'HP ao?m{%"%? eeﬂ{tgplﬁt\% ntion;
Figure 4 iightaatpalapacwavdendtiew of a bacterial detecting sanpling device
according to a further enbodi nent of the present invention; and Figure 5 is

a perspective view pf a bacteri tecti I .0, l.e LyNnction
i th the GiawaN: PenBiars opiDepEas s bRl BRRR bR AR
essent i al Ibgingf reaponghe B Vighthofaaplinmgewavklerdgitc vy cemitting pgrdscefetheagatpuist a
piston 6 to glro&rhessively push on a stack of pads or swabs 8 for contacting
t he sanpl &&'6°B&"exani ned. Each swab 8 may already carry the sel ected
bact eri ophage i mobilised on the exposed or to be exposed surface 10

t her eof . AlRrefiersbly, e fiuorebend acditeini coptpmiges Greerb uerpptant oroteint (-Rutfeace 10
just prior_t i C 1 ot herwi se cont act
he. sor f ad B Eiondth e o8 A ba R y4aBEn R Rhe (0 HLSE The
surface 10 is exposed to bacteria that mght be present on or in the

sanpl e. Theétehmiivaly.i thehagdeicoapidi ereodas nucthemiuminedciaa cergtaiity e@peblaoplescent
protein ( ' R %cng hesdant Sdhteoper ably

| i nked to%ﬁ%b%ﬁ@{tg}We%%yg?gl%gﬁﬁ%gﬂgﬁ%u sg?eagjerﬁect EC? or rdet ecting a
particul ar bacteria such as MRSA, or a strain or strains thereof. Mre
speci f i calAdyantageoushyc tiee ichpmildaineseiag tolgid ismlugiferase ands fiec jumiveseeplai n of
bacteri a. ; t he bacteri ophage deposited with the National

Col | ecti or?@%trﬁq% L@%‘@{%I and Marine Bacteria under accession nunber 9563
(NCIMB 9563) is lytic for strains 2 and 12 to 17 of MRSA and is suifable to
be used ascannenipril &herbicteripphage BER sRAGTSIRARGESCNCARE 0D ysBg RS Stradt ot our se,
be adapt eqj@rncl ude a pronoter-linked GFP gene. As another exanple, the
Bacillus anthracis phage Gamma (SEQ ID NO 1) is the typing phage for
Bacillus anthracis and js also sujtable as the, basis, for such a

bact er i opiHgErabhadhe stiaip & hacteligoifRre SkaipHd mgtﬁwﬁl& reélsa@rgﬁta@&goqopcqss
typically fipsaegirda)a pl astics material and sterilised before use. The

sel ect ed bacteriophage is preferably attached to the swab by coval ent

i mmobi lisation, for exanple a jscussed in |pternational Patent

Speci fi cathYAMRESOUAY: é@%@h@%&%ﬁéﬁ?@%ﬂh%ﬂ ve. The advantage of

i mmobi lising the phage is that their structure is thus stabilised which

i ncr eases Aleendtivélpnpe sirkiv.of bactbris isabsteanibiBatdilsie abthrpaskaged wi th an aqueous
nutrient nmediumthat could support the growh of the target bacteria, or be
noi stened wi th _such,a,sol uti.on prior .t e, itabl e nediumis nethyl

cel | ul ose pnﬁpﬁus&, irb%sgﬁmLPé'ggé'QeoC{'J'fmi'%gg&ﬁjesrwgtr g'di ment s anot her cell ul ose
derivative, galactomannon or other carbohydrate gel is used. It is

i npor t ant , Cdrveniently, thehectariophggd aresmnumbijlised se tife substiateescent. It is also to
be noted that the mediumnmay be tailored for the bacteria to be detected.
For exanpl f i 'ﬁ%ﬁlﬁ:i' i i S na, a
pepti de m'%Eerr%gl\”éﬁeg?%@%@%hbg%afe{fe neglsg%%nm%u$&g%s %9%/ I'S g\ns%ée% acr oss
or otherw se nakes contact with the sanple under exam nation, if the target
bact eri a iAdvantageoisiy, e covaterit dond hiebygeadgbe foarkeripphage andothel svlsieate is ol e and
i nfect the b8y es nmultiply before effectively destroying
t he bact er?@g%ﬁlgﬁs?ﬁ%g%@@ﬁgg%ﬁﬁéri umto lyse or burst. During thephase of

bacteri ophage nultiplication in each bacterium the bacteriophage genone,
Preferably, the substrate comprises nylon or another polymer with amino or carboxy

surface groups and the coupling agent is carbodiimide or glutaraldehyde; the



i ncluding the nucleic acid encoding the fluorescent protein, is replicated
and expressed. Thus each infected bacterium synthesises the fluorescent

pr ot ei n vwolwew/a629 Consequent |y, upon cell lysis, the flpoorcBRo@nooPoot ei n
is released fromthe bacteria some of which may be incorporated into
bact eri ophage particles. The swab is then subject to optical exam nation,
which stage is illustrated diagranmatically in Figure 2. As shown in Figure
2, the surface 10 of the swab 8 is exp®sed to light froman LED or other
source providing ultraviolet light. This is transmtted to the swab 8
through a suitable filter so that the light inpinging on the surface 10 has
the appropriate wavel ength; for GFP the wavel ength will be 395nm This
exposur e plubstektescanytisesl téliplosedob anbther aplisggl-cordainingr polgpecidndcéid y, the

expressed fluorescent protein n.th rface 10 ta emt light a he
second sel%QHPIEY ﬁﬁ?ﬂgl fes fvmy%ai@?y?%ﬁﬂﬁ?ﬁ eIiFh A HT'@20e B k%c@%&\raies

det ect ed kynidripboboltihede or pimitzp rpolyimgr| drelr the Woeplinghageye comppsed aemace or

ot her detect%r 16, through % correspondi ng 510nmfilter 18. The anmount of

f I uor escere ?@@éﬁi@ﬂ“ﬂﬁgWﬁ ‘H@%@B?or 16 is conpared to that which would be
emtted by the bacteriophage had they not nultiplied; any significant

i ncrease @onveniesity, ithel ibaeteritgghagbds pmeasbiised ofa thaesdiggrip leacihgrtha tail f
desired, the detector could be coupled to an appropriate processor to

i ndi cat e éy?%%fe?he presence or absence of bacteria, or to give an

i ndi cation of contam nation |levels. The advantage of the detection of the
bact eri a iRrefenaldy, Weey sutstrateatomsises e plesticsymbteriak he bact eri ophage to nultiply
in order for detection to occur and this, in turn, requires that the
bacteria ' usg. .t nre [ .ON_Aavol ny, - Ltive
results t%g&ah%%E%“%FhEFVFggﬁécﬁﬁgk[f&%@gkegagﬁegéggﬁgréuﬁﬁhfﬁgagéhble.
Wil e in tonefeedilyeontainiog gvcosm of Figure 2 reference is nade to the swab 8
and its surface 10, it will be appreciated that the optical exam nation can
be applie ; i ; D | i : j i

add {1 on (R e B B R T BB Yoplan

t r ansf er r ifeyeceivina the eAMRlGgINRMUBet ween the swab and the sanpl e. Depending
upon the nature of the swab or sanple, the detector can be di sposed on the
opposi te 3 ERIdN ROfecEftabiiySn ELISASalel ght source. It will also be _
appreci ated that” the conponents of the optical detector systemcan readily
be incorporated in a handheld unit, which could be npunted in the

sanehousi rMifVeRagRPEY . tthe dRvirecePTBRISES i) miurglity Of tRactpriopzge straiBgRactoes

have to bethpkBsingvshécifiC@nifleétigtdHR/MaesiRd at diforbitt e bEPS@edd bh@tife Whi ch
are required to separate the UV source fromthe G een detected |ight

Car ef ul dd&ckpiophagenel /a5hiHainFRINAIPSt 2 AV YY6 REdrgncafling aa9r9¥?imé?$?bﬂ%°§épar ate
l'ight fromantifiigSght i@ dfdedt'cuput Ravéikrghescence. An el enent suitable for

use in the above-described nethods is 1llustrated in Figure 3. It shows a
card 20, typically the si.ze of a credit card, and formed in | astics
material . COTVEREN G the devids somRiieS; Wo shesl cinised 9 Bihingse BreeraRNye

i mobi | i seshevbft the ashabtsrhand shdd-efv@drdt apérture dof RicBring thd dRickkfiapsarhple. car d.
Each of the four |ine 2 carries b@fterio age with a sgecificity for a
di ff erent qungﬁagegwslsb}@%iéﬁpeae_ts TavRstde-rRYereh P e dYUchara fEREedsSU | e
space 28 fartotdecalighbd when lite Sitdets bie fidedasgemier  tiidRingar Conseniéntysat and
this spacg c?n beﬁr SOone yiéibLe i%ﬁntif%ca,ion. Al so sh?mm in outline is a
magnetic SE3IPN8GNeEHS RIQVIAGH WiIn 2 RdheRKRIOT SHTKIIGRE MR SPRAIBIA%RE el 0 t he use
of the card or the bacteriophage it carries. In use, a sanple suspected of
carryi ng besbeiingtd ansth@reaspsict bf thespvabentanekritibe, Heabist frevided pebaciyes t he
lines 22 op.the surface of .the card 20. Nutrient in the grooves wl|l
enhance t HE'FHBUARYIET CHIPYS-i cati on of any bacteriophage that has
contacted a target bacteria with a subsequent increase in its fluorescent
upon exposure tasbakghior odceivivey a bectiefalt detedionsemplify déties sauoedihgar amg t he

potentially i cted grooves is then introduced into ropriately
Pormed o dinel o BEuERediHains ha < Robrierdiier eonhl 8 FtedPRaRRY i !
conduct ed.oufsuteavbiehgthdronPthedoatisn of tieedckétt h a particul ar strain of
bacteria, the sensor can establish separately whet her each of the selected
bacterial strains is detected. In one enbodi nent, instead of the provision
of a stack of swabs as in the previous enbodinment, a 96 well ELISA plate is
provided, in each well there being |ocated a nutrient sanple (for exanple
in a gel) containing the bacteriophage as in the previous



enbodi ment. In use, a sanple is obtained, for exanple, fromw ping a swab
al ong a surface and is then deposited in a well on the ELISA plate. Swabs
can be wiweado@wmee2di fferent | ocations in a room or buil #cmgB20sditoo®ach
sanpl e taken then being deposited in a different well on the ELISA pl ate.
Once the bacteriophage has had sufficient time to infect any bacteria in
the sanples and to nultiply the ELI SAn78| ate is exam ned using an ELI SA

pl ate reader. The advantage of this enbodinent is thatELI SA plate readers
are widely available in hospitals and the like and thus the invention
interfaces with existing hardware. One particul ar exanple of a bacteri al
detection sanpling device and a correspondi ng bacteria detection device is
shown in E'ogwérﬁ@ntl@ ﬁi@scbéi;terlaedaédﬁbngiet/ioe Fiirther eorhprisesoa tigtetrsoatcedzstpablei on
sarrpllngd [oJ0) S r or card b onprising first and
second Ie8 tgghgﬁatctgg Wﬂv%\‘? hmtﬁaé“é o efSP?%%e? and second | eaves
33, 34 are each of the sane size as a "credit card . At the end of the
first |eaPr&3rabdy]jtaecmdctdria tibteciiingdevidd futheyr complissaa wgeerinterfecg6ini n t he

first |eaf WhIChIS a,tr

surface ofPTHENGAI Etﬁ? ﬁ@?t &ecéor fgpi’g&cﬁ@é oﬁ "#Oqg lgﬁbg)t;gﬁr:egaéétg&%d ﬁfr
carrying aghittatltlmwtauxtlwiavelmgtﬂu ng GFP, under the control of a suitable
pronoter. The bacteriophage are covalently inmmobilised on the slide surfa.
Covering t nt er f I Vi ticker
a4 wni o pRovesvE el BcPaiSaD et Uied, Tulher sORBrSl STBNERRER! LT
provi ded mtsmosad betpeen tireligt detecmr po@ ithe aservvhterfacecm propessas beiog fere
position qof t he
Fivst anacoebaiod MbndREshtBodR STk e hd Shighf Rovelpha deéeten OGN P26
37 are al itigreexhd iftieattwdbe dhagerin mtwsjivvuasth@User intefeseed by a transparent
slide. The remainder of the interior surface of the second leaf 34 is

provi ded i RYRE A PlirAty @& Ent Not
shown) . R\eeifolie"p?rﬂﬁnt E‘%Sff%‘?lgg%g{rdé' Ca’i%b%f‘%#@“é ?ectl oﬁ da‘ﬁv))ll\%e 39 r(;OITpI‘I ses
a casing wtnutlwmlemgths Iocat ed a slot 4 1 of a size suitable for receiving
the card 32. The bacteria detection device 39 also conprises a control
screen 42 d.g6, a‘?)rypvthg'&ﬁstérfépgéte@ﬁ% HER&! Viirtbr Qdntitsed r@%&t@ﬁald@é’tbét%nas vel |
as a paper printéer out hin the casing 40 there is provided a

sour ce of sampling/deNies as deferibetha@ayef | uor escent detector (not shown) which
operate upon the sane principle as the device shown in Figure 2. The source

of ult raViA%b@erHrg' B PR Jé’éf‘pe%%\‘tth@|pP&€nUﬁl/é}S}|ohh@le@@tﬂr@\hd&ﬁfﬂ@ uséfand t he
results of the fluorescence detector be observed in the control_ screen

42. | n usd®acigrigphggedor @e&ﬁtﬁé‘é’ﬂé’(ﬁbéﬁe% %lﬁﬁﬂe’nf”@ﬁ bagerionadsys GRRARIRCt he swab
on a Surf%‘r‘rﬁjldd‘toath@%‘%tér@ andWRerby 6lshinafts prodiePmadspdreato inding 6t | eaf
33 and the sanple is deposited on the interior side of the slide in the
first apeﬁlﬁ%b@t@@m‘@ﬁ%t%ﬂ“&rﬂ@éﬁeﬂéver| ng the adhesive surface 38 is then al so
removed and di sposed of and the first and second | eaves 33, 34 are pressed

t oget her mom@foe%dtﬁbr%ﬁééﬂd?%@Mre%éﬂittnmrfﬁf:ntth@realéfb@@\ndéﬂ thlértfséctﬁ a38. This
prevents the escape of any hazardous materia aI SO

a
prevents thet eF'ﬁbﬁ’%%%t'OstaH}W”Qrﬂ?‘f'%er O%P%ﬂe%ﬁ?tﬁcﬁr&é{W@gﬁ@ NN ?Qrfﬁr
Because Ofdeié@jﬂn?)ggbtbh@mélgarﬁ@et he first and second apertures 36, 37, the
sanple is visible fromeither side of the card 32. Subsequently the sanpl e

is left for a period of tine t ow t he bacteri e to ipfect apy
bacteri a iAHFCPIENSRRHRt @NGRET ?RHeP ﬁbeW%Sﬁr‘H"t’%&?{‘ t%ﬁéeagé’fﬁv'@]? éne[tth%d;
inserted ldﬂU@teblﬁghﬁécﬂéna‘hnib @implé eorhp@sigy the stepisetit i on device 39, which is
activated using the control panel 42. Utraviolet light is then directed on
the card 32 and, nore s eC|f cal | t hrough.the first_an ertures
36, 37. At the Jame PP beflsﬁ%‘m?scté’nt Ellclteﬂfﬂph@?ﬁtfa@%]ftba ef"?fg’%grrpl eis
detected ltbnidm@myamwlé»@meﬁ@dﬁ@t@lprcﬁéid ,capéblary enattldgtllgmt efdan bhipat t he

|ntenS|tythe €0 r n.the control ontrol
panel 42 MW%‘SQ‘ gHCR ﬁ%?ﬁﬁeqa&?pnggn ﬁmplﬁraé{@ﬁeccée 't%&elbﬁc %%cteri a
in the sangidahe whéleie dchieis breressddap dsacteriacapdbl e of infecti ng. I n a
variation of the enbodi mrent shown in Figure 1, instead of providing

i dentical bacteriophage on the swab 8, a plurality of different

bact eri ophage strains are provided. Each bacteriophage strain is specific
for a different strain of bacteria. For exanple, one bacteriophage strain
is NCIMB 9563 which is lytic for certain strains of



MRSA and a second strain of bacteriophage is Bacillus anthracis phage Ganma
which is specific for Bacillus anthracis strains. Furthernore, each strain
of bact erwoph@gyme2aonpri ses a nucl ei ¢ acid encodi ng a pr @CeiGB2046/0H790
fluoresces at a different wavel ength. The swab 8 is used as described above
but, during detection, both em ssion wavel engths are observed and the
presence or absence of either strain of bacteria can then be determ ned

si mul t aneously by detecting the presen®e or absence of light enmitted at

ei ther or both wavel engths. Wil e the above-descri bed enbodi nents have been
exenplified with green fluorescent protein as the fluorescing protein, it
is to be understood that many otherdifferent types of fluorescing proteins
are avail abl e. pExamdeetiog ligihtessittad domette samphd aff theautsut avevelengthethes, whi ch
are avail aple.under the trade nane Living Colors. It is also to be

under stood}%h‘fﬂ?n '%tpﬁﬁgﬁn%ﬁﬁ@ﬁ?ﬁ?gﬁ?8%%%@% present invention, the
bact eri ophage conprises a nucleic acid encoding a different type of |ight
em tting @ovenienty] tra audidic acigisaricodespa dtierencing pradeint theuluargscingeprptet ei n may

be chem | ym t . h cent . i . I f i t abl
cher | ui ESSoREPBIBL P B0 Prelr B dsue Al v Rhu IO & Bis, GypbLs™2 ©
t wo- st ep avaveighgthnanmc adterain the rgetbbd flrirghtcompsiges Ithe istept bk egpasing the yel | ow

spectrum in the nresence of a lum,nescent substrate (e.g. luciferin) and
ATP. In tﬁ@%‘ee%@%ﬁ%gﬁ @Pu{\ﬁgveé%gﬁmB al so conprises a supply of

| um nescent substrate and ATP so that, if luciferase is released by |ysed
cells, it Alerively,ttbeanicteid agjtitencddes arohersilimzinedsieot prpjeindand the shatkagui red to

d t f [ j Ame ! der t
o oduce a U1 AR E R STV p B in S S M sarte Coes o

light emtting protein, a suitable strain-specific bacteriophage is first
sel ect ed (RrefgrabhCltivg tesBBiophadBaisi spagdicaar lar steain Jof tpRIRripsansk wha@irethef r om t he
bacteri op . i £ i i } i fugation.
Phage. DA Hecler BBl thb e e el R B e PP e i nt o an
E-coli plasmd. A plasm d containing suitable phag%e sequences flanking the
nucl ei ¢ adidyaetageelishy the bactegm straimi it 8iMGSHsdal. RreferaflydRefdeinudt . This
pl asm d i giqgcorporated into a shuttle vector and by a double crossover,
the gene encoding the light emtting protein is introduced into the
correspondi ng position in the phage genone. An alternative agrE)r pach to

obt ai ni ng GAIVERIBNY. Rechasterinphage afethe straig deposited RsPSHB 8ot dichiurget he

L ght  em tdolipgis® R RIdkiOSAE en¥blinda bﬁ)téith@ébdb'@@ﬁérﬁidingdiﬁﬁﬁ?m y into a nunber
of bacteriophages. The phage are then nmultiplied in E-coli and col oni es
expressing the light emtting protein are selected. The reconbi nant phage
DNA i s i sdrveneaiid theRamteria g‘trgﬂ Iy PRqlug 28t3%%H1 e host bacterium (e.g. if
the starting bacteriophage is NCIMB 9563 then the host strain is

St aphy| oc quefesat\r @EShadtbisphage ot Badiius Garthriatisbpieadea Gaaira pindgrurthee t hen
sel ected. The follow ng.r ef,gr en(%jes gg}}li_de soIe _use ul '.d'b cussion of the use
of Green FOMBYISE NGHUGSIGREH SR P "?'Bﬁﬁ%ﬁg’ée?o‘?m 8 "§8t ect i on of

bacteria: 1. Use of biolum nescent Sal nonella for assessing the efficiency
of const r Rrtftalpydige bbetsdapHaige 2os parhbf a Wadenyl deteBtiov kampling ddviéeidf fthd hs J
Ind. Mcra & Il3i otech. 2000 25 273-275. 2. Rapid Detection of Escherichia
coli 157; 104eF 'B?/ using Green Fluorescent Protein-|abeled PPO1 Bateriophage.
Masahito Oda, Masatono Morita Hajinme .Unno and Yasunori Tanji Appl. Environ,
M cro 2004Advaatageddsly,-st&B4) cBmbesdsnibe sstepndf Wiing thel dudisirete retative to the

Bakt eri enst amyen (Detection and ldentification of bacterial strains)

01/ 09370 AZ"M'F1er, Stefan. 4 The Mol ecular Structure of Green Fl uorescent
Protein. Yang F et al Nature Biotechnol ogy 14, 1246-1251 (1996).CLAIMS 1. A
bact eri al Gatveoienty) stappd)i fugthdecoogrisesnphe siepgof gravwing|the goactatiaurafteor

or it ng dienfe i e sRRRRofradtlih Ao ool mpBGh bR GULA62 0T 0

acid encoding a protein capable of emtting |light at an out put wavel engt h.
2. A bact efriefdrallpt etepi bh comppibés gletheting dightt @brtbe neptedt wavelemgth viserted n t he

bacteriophage infects the bacteria, the detection of increasing intensity of light at the

output wavelength indicating the presence of bacteria.



nucl ei ¢ acid encodes a fluorescing protein, the fluorescing protein being
responsive to light of an i nput wavel ength by emtting |light of the output
wavel engtwo 2806/082d2act eri al detecti on sanpling devi ce aceoraiBrgodmmombai m 2
wherein the fluorescing protein conprises Geen fluorescent protein (GFP);
t he i nput wavel ength being 395nm and the output wavel ength being 510nm 4.
A bacterial detection sanpling device according to claim1 wherein the
nucl eic acid encodes a chem | um nesci n@ protein capable of emtting |ight
at the output wavelength in the presence of a |lum nescent substrate. 5. A
bacterial detection sanpling device according to claim4, wherein the
chem | um nescing protein is luciferase and the |um nescent substrate is

| uci fem 6GAdvAntagetdwsiy, ahe datptd isoaxmaathlto rgpldelitycef stcaions df gctedophageone of

h di o e wh 3 N , gl e .
and or Tyt Sk BEpdIRege dcs e AR Sy dh BrRPRE, MdsRhadd B T
devi ce acazmcHistgint enadaigna Grothier edimg témabst ohemitiirfg igidtatra diffeendostputii N of

et oct | on LRy W AR BSC M BRRRIPrGRATS sl T btePd MBI et

strain 3, fidn dite $&mpPle A dembtartputlwaleteagthi the deteptidnngf litdw iat @ wavetenditmg t o
any one of. t.he. pr.ecedi ng cl.aj I | ophage are the strain
deposi ted a 'Cﬁesl\tﬁe 5’?@@9%%@(%%?%%&%@%}&%?%%@ ofﬁ%&ﬁﬁil eic acid encoding a

protein capable of emtting light. 10. A bacterial detection sanpling

devi ce accoenigntyy theymethed diirttedr adomprises thecstepiafridiing tihee beeterid rin dife
bacteria igs \ I s anthracis. 11. A bacterial detection

sanpl i ng osea\??péez&'g@%:%r%%eg%ﬁhgé#ai m 10 wherein the bacteriophage are
Bacillus anthracis phage Ganma and further conprise the nucleic acid

encodi ng aAgouting rfocapetbee asbeehiaft theg prasght .invention agreels dirodde®ed i on
sanpl i ng i I s i Lp the
sanpl i ng %ﬁ%@%@@é@%?&ﬁ%?% @.e%&rgbtl%pggct erl 'g?”\g%? gg’f?ﬁﬁg@'ﬁ& i ng
devi ce accemfiristpgtaonusiei¢ asid 2noginga prateie obemittng lgphage are i mobi | i sed on
the substrate. 14. A bacterial detection sanpling device according to claim
13 wherein the bacteri ophage are i mobilised on the substrate by a coval ent
bond. 15. Webmw@tiqnawilldwegeid@ﬁcrﬂmmw way @éexaeplacanst with gefetenee 4p e 4
wherein t aféfﬂrqa cteriophage and the substrate is
suppl emn[%ggﬁéagﬁﬁ%tsjp I né‘gg{!}%ﬁﬁ&'l : r‘“ﬁ@'bact erial detection sanpling device
according to claim 15 wherein: the substrate conprises nylon or another

pol ymer with anfigeredyis @nasoseetiong sidesiayational asrmpling dayigsiamkpdyipedeei s
carbodi i m de ori,@ddsbar al dehyde; the substrate conprises cellul ose or

anot her hydroxyl -contai ning pol yner and the coupling agent conprises

vi nyl sul fonyl et hyl ene ether or triazine; or the substrate conprises

pol yt hene or si P 2 JHHsyaiss BeM 3 REIrRIBY Of ibRgtedgrirgec 63 s%’éa”?fB‘?cgﬁ%

di scharge or peddtBmadRddhethexh drbéted badtéria B dpastget them; det ection sanpling
devi ce according to any one of clains 13 to 16 wherein the bacteriophage is

imobilised via_its head group |l eaving the tail gro free.18. A bacteri al
det ecti on sanpl FigyedeFiza QC‘G%Y(‘]’FHQPE‘P ”é'rff?t‘?ﬁenég"@ﬁ'gﬁ’ 81§ aceP 999 er ei n
the substrate caiaMdrensbodiniérdf tHeSpredsnehimhtiot9. A bacterial detection
sanpling device according to any one of the preceding clains further

conpri sing an ueous nutrient nedium preferably containing.glucase. 20. A
bacteri al det eg}gpﬂrﬁ ga‘ﬁp?i‘?ﬁs%\t}Y%éf'%@gradi Agefy %‘ﬁ"ta}%sa?‘g?'%e FY'&¢edi ng
claims further gaspiingiowfuaheesapddivbet df e presaitiwrivegtibh@andanpl i ng nmedi um 2
1. A bacterial detection sanpling device according to claim 20 wherein the
receptacle is ELI SA plate. 22 . A bacterial .detect.ion,s i ice
according to aﬁagﬂrﬁe§d? acpﬁfsﬁﬁg%’et gey q oqrﬁ?f?tg'%é}egec 'Pﬂrda?l\'%g;%d(?? §o|9€fl¥

bact eri ophage stdrfurttion @itk khesérmbodimbet shgws freEighirec4.f or i nf ecti ng and/ or
lysing a different strain of bacteria and the bacteri ophage of each strain

The device of Figure 1 consists essentially of a tube 2 with a plunger 4 which can be
pressed against a piston 6 to progressively push on a stack of pads or swabs 8 for
contacting the sample to be examined. Each swab 8 may already carry the selected
bacteriophage immobilised on the exposed or to be exposed surface 10 thereof.



conprise a nucleic acid encoding a protein capable of emtting light at a
di fferent output wavel ength. 23. A bacteria detection device conprising: a
socket fowoneasiozizng a bacterial detection sanpling devipce/GRoaviddTg to any
one of the preceding clains; and a |light detector capable of detecting
light at the output wavel ength fromthe |ocation of the socket. 24. A
bacteria detection device according to claim23 as dependent on claim?2 or
3, further conprising a |ight source d&pabl e of emitti ng light at the input
wavel ength in the |location of the socket. 25. A bacteria detection device
according to claim23 or 24 further conprising a user interface, in

comuni cation with the |light detector, for providing an indication of the
det ecti on Acbtferdeitigély the lidvteriophane cavavelappliidto @6. Su@fabadﬂq'uétaprﬂﬁtteaisbon

devi ce accordjn Ia|m25further r|S|n roc [ |nte osed

bot weon  t o ogte BRded B 0Shed0 Wi b Phecie el shiBEs B el loRbBRng o
cal cul at i rf tihsarnplangeer exantihativn; sy tredt the glhrfaoatmnbesxpue:qmm vaecteerlaethgt h

det ect ed OV'eE}HZt)I nme and | ndi éﬁltl ng t?hegh @1 .iﬁ i ntensi.é% via the user

i nt er f ace MY PAPESERD] 8RR EETBIT g REIRERY KPR "BHECHTL | ai s
23 to 26 wiheoding atflmerdscghtpr@teme(atsoitablspmmmlsl @reeh fldetescéntipyoteingl®FRYY a
plurality of different out acteria_.detection device
Dceor di ng BErabl sk T o RpBRlee “3HE BRIt Hisn R85 50 BEER S5 e &

det ect i on paetioplar rll@ctéeu istieh asd\@RﬂAngr a(straimyorostmmf thefe@lf mbdte tspedficall®9. Use
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When the swab 8 is wiped across or otherwise makes contact with the sample under
examination, if the target bacteria is present then the bacteriophage fulfil their
biological role and infect the bacteria, and themselves multiply before effectively
destroying the bacteria by causing each bacterium to lyse or burst. During the
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could otherwise occur if dead bacteria were in the sample.

While in the above description of Figure 2 reference is made to the swab 8 and its
surface 10, it will be appreciated that the optical examination can be applied to the
wiped or contacted sample, as an alternative or in addition to the swab, to take
account of bacteria and bacteriophage transferring in both directions between the
swab and the sample. Depending upon the nature of the swab or sample, the
detector can be disposed on the opposite side thereof relative to the light source. It
will also be appreciated that the components of the optical detector system can
readily be incorporated in a handheld unit, which could be mounted in the same
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sufficient time to infect any bacteria in the samples and to multiply the ELISA plate is
examined using an ELISA plate reader. The advantage of this embodiment is that
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in a hospital. The sticker 44 is removed from the first leaf 33 and the sample is
deposited on the interior side of the slide in the first aperture 36. The wrapper
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11580 fluorescent protein as the fluorescing protein, it is to be understood that many other
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14820 ccaaﬂcgac tcaattca atgaagtgaa agagagttta caaggcgtta gtcgtacgat
14880 aques containing suitable bacteriophage are then selected.
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24120aact tpgac e, paeelistbiaclicaadHmiing dAiRIaGRdRg td AAihatl B virkdigasgcag
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aaaaat gcat cttaaatcat atagcttaaa tcctgataat tggttggttt tcaagaaagc 25440
ggat ggagaa atgcatttag tacaccgtta tactagcaca actcgtgtaa ttccaagttt 25500
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28320 processor interposed between the light detector and the user interface, the processor
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comprising the step of detecting the light emitted from the sample at each output
wavelength, the detection of light at a wavelength indicating the presence of the
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