1 BI OLOGE CAL SAMPLI NG DEVI CE FI ELD OF THE | NVENTI ON This invention
relates to a device and nethod for obtaining biological material 5 and in
particular, to a device and nethod for obtaining sanples of fetal cells
from pregnant femal es. BACKGROUND OF THE | NVENTI ON Early prenatal diagnosis
to detect fetal genetic-disorders is desirable for both 10 expectant

not hers and physicians to nmake inforned decisions. Definitive nmethods of
invasive prenatal testing (amniocentesis and chorionic villous sanpling)
carry a small, but significant risk of mscarriage, and the results are
rarely avail able before 13 weeks of pregnancy because of the tine required
for cell culture-and anal ysis. "Non-invasive" screening with maternal serum
-anal yte screening and ultrasound 15 can identify individuals at risk for

fetal aneupl oi dy (predom namiOyoGicSORXMPLING DEVIGE pOSi tive screening

‘result still requires a subsequent 1nvasive procedure for a definitive
di agnosis. O - @As "E Eﬁ)cedures, only one will actually show a
fetal aneupl oi oy~ es around the world have been attenpting

‘for over a decade Tl Peentienigkighiorolsvipnand shethed far obtainips higlegiadl teategialon| y)

met hods t o isoindtie patichlaanalaydeeicd gilahetioe | fbrsebtaftingodampledisf dledlit &ga | s t hat
definitive resignmt anlehe obt ai ned using nol ecul ar techni ques such as
fluorescence in-situ hybridization (FISH) and quantitative fluorescent

pol ymer ase chaé&lg | F( - recovered fetal cells. The presence
of fetal cell es a possible source of cells 25 for

non-i nvasi ve prendi?HY Pignas) disgnasis toeeirey tal genaticadlisardery is degireblpy fosbetht at very
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a uni versal event aﬁAn at t ra{ Ive alt eql:fnat th o per bﬁf era d sanmpling
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types exi stlj fatiddntifyghdigduals at Hek for Ruabmewpldidya(predantipdnes raomy 21)] buoé pl acent al
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- was | ong assuaﬁ&ogigabftslaﬁe 6813y Al prgt%%LS, %919%% N&f aEt(JQRIh&lQ\L/aaS befar of fetal
aneuploidy.
Many laboratories around the world have been attempting for over a decade to
20 develop non-invasive (i.e. venupuncture only) methods to isolate and analyse fetal
cells. An obvious advantage is that definitive results can be obtained using molecular
techniques such as fluorescence in-situ hybridization (FISH) and quantitative
fluorescent polymerase chain reaction (QF-PCR) on recovered fetal cells.
The presence of fetal cells in maternal blood provides a possible source of cells
25 for non-invasive prenatal diagnosis. However, fetal cells are present at very low
numbers, and their isolation is not a trivial task, with only 1 or 2 fetal cells being
present per 10 ml maternal blood. Evidence also indicates that the presence of intact
fetal cells in the maternal circulation is not a universal event.
An attractive alternative to peripheral blood sampling is the isolation and
30 analysis of trophoblasts from transcervical samples. Unlike maternal blood in which
multiple circulating fetal cell types exist, fetal cells in the transcervical samples are all
of placental origin and are overwhelmingly trophoblasts (Bischoff and Simpson, 2006).
It was long assumed that the cervical canal contained trophoblasts of fetal

origin. The early embryo is covered with chorion levae, but later in the gestation the

35 chorionic surface is smooth. However, it was not until 1971 that the presence of fetal
& . . . . .

cells'in the endocervix was confirmed by identification of Y-chromosome bearing cells



origin. The early enbryo is covered with chorion | evae, but later in the
gestation the 35 chorionic surface is snooth. However, it was not until
1971 that the presence of fetal cells In the endocervix was confirned by
identification of Y-chronosone bearing cells 2 in mdcervical mucous

sanples collected with a cotton swab (Shettles et al., 1971). Subsequent
reports assuned that these fetal cells were shed fromthe regressing
chorionic villous into the Iower uterine pole (Warren et al., 1972, Rhine
et al., 1975). In this scenario, it is nost likely to occur between 7 and

13 weeks gestation, before 5 fusion of the deciduas basalis and parietalis.
Desquamat ed trophobl asts are believed farst to accunul ate behind the
cervical mucous at the level of the internal opening section (Bul ner et
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gestati onal qgﬁily amenable to FISH. More recently, molecular PCR techniques for
micromanipulated cell clumps of trophoblastic origin were demonstrated to have utility
for transcervical samples (Bussani ef al., 2004; Bussani ef al., 2007; Katz-Jaffe et al.,
30 2005).
Most transcervical specimens contain a variety of matemally derived cells
(leukocytes, macrophages, squamous epithelia, columnar epithelia, and endocervical
cells) as well as different fetal-derived cells (cytotrophoblasts and syncytiotrophoblasts)
(Bulmer et al., 1995, Miller et al., 1999). The frequency of each fetal cell type is
35 variable and seemingly dependent on the collection method and gestational age.



3 A range of devices designed to access the cervical region including
cotton and/ or other swabbing or sanpling spatulas, aspirating devices, and
| avange techniques for flushing to obtain sanples etc are currently
avai |l abl e. However, all the prior art devices to date are designed for use
on non-pregnant females and fail to provide fetal 5 cell sanples of
reliable quality frompregnant fenmale patients; including the concentration
of fetal cells, consistency of sanple collection; plus, ease of use and
consideration of patient/fetus safety to a standard sufficient to challenge
the reliability, albeit with the associated clinical risks, of

ami ocentesi s and chroni c vinous sanplisng. There is a need for a device
adapted for sanpling biological material from 10 pregnant fenales,

particularly for obtg @bﬁ%vﬁc@@@&?gﬁéd"io%%eéﬁx%le:‘%alcx‘é hétuasg kel cells.
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.stop, a physical scale and/or an ultrasound or simlar neans for

~determining the in situ position of said head. The sanpling head is

preferably adggMMpt ure a quantity of biological material
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35 includizg pol yviwiin @arpet@ixe (PVA), pol yurethane (PU) and cellul ose. The
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i nation of
combi nati o Omatenal including cells, mucus and biological fluids, and wherein said measuring

means is adapted to determine the extent of insertion and transcervical position of said
first end to optimise the transcervical sampling site.

25 The measuring means may include a physical stop, a physical scale and/or an
ultrasound or similar means for determining the in situ position of said head.

The sampling head is preferably adapted to collect or capture a quantity of
biological material available from within the patient's cervix including mucous, blood,
tissue and cells per se. The capture preferably includes adsorption of biological

30 material onto the surface of said head but may include absorption of biological material
into the head.

The sampling head preferably includes a compliant, soft (may not be soft
initially) and absorptive sponge, or sponge-like material adapted to retain a soft feel in
the compressed pre-absorptive state and may be chosen from a range of materials

35 including polyvinyl acetate (PVA), polyurethane (PU) and cellulose. The sponge or
sponge-like material may be selected from any one or a combination of:



4 1. Fabric dressing, non-woven. Either polyester, rayon, cotton or blend
of these. 2. Hydrocolloid foam approxi mate pore size 200-300pm
-3. Pol yuret hane, -100% open cell. Approxinate pore size 500-600 gm 54.
Cel | ul ose sponge, simlar fine pore size to Merocel PVA spears. 5. PVA
cylinder. Fine pore size, 90-120 gm Sides of cylinder-are snooth, alnost
‘appear closed. 6. Cellul ose sponge, |ayered construction. Conbination of
fine pores within the layer, and | arge pores (>500pm) between |ayers. 107.
PVA sponge, supplied conpressed in single dinension, random pore size
-(between -250 and 700), conmes attached to drawstring. The sanpling
head may al so optionally be fornmed of Rydrophilic materials and the outer
surface of the sanpling head, may be shielded with the tenporary cover or
chem cal coating. Theabshidessthgahdnowserd heitligs polydser, Sglog cbitanebryblawingfr ol t he
poi nt at which 15 thgeganpling head is. exposed and conmences col | ecting
.bi ol ogical material, i Il .of 4 enporary cover or
coating to prot ec%’tg&%&%f?%@ta%g%xgp%%éaﬁ%ggiz?l(ige}rﬁﬁl‘oia gbuch that the
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period of tinme, allaow he s | ng. he t 2 [.0Ser. Wi t risk of
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been tel escopiheabiliyy srote mpothry3dveand camiay té porct he sonllieg haddedvieg and is then
exposed for SamplR &l haChd Rfhporary covéhSr 2D2P8In B ERHRAIInYCwhdge " Shi el d”
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sanpl i ng devi ce pr¥rieldgnay be gdisspiwble shemicn) copting & MFRbEATe @pplied ke t he form

20 outer surface of the head, where the chemical coating or membrane is adapted to
dissolve over a finite period of time, allowing the sampling head to be inserted without
risk of contamination by collecting biological material during the insertion process.

As an alternative, the shield may take the form of a physical barrier of an outer
sleeve which is adapted to cooperate coaxially with the insertion tube such that the

25 insertion tube is inserted telescopically within the outer sleeve and the relative
movement of the sampling head (and associated insertion tube) with the outer sleeve
provides for movement between a first retracted position where the sampling head is
fully contained within and protected within the confines of the outer sleeve and a
second extended position where the sampling head has been telescopically moved out

30 and away from the outer sleeve and is then exposed for sample collection.

As another alternative, the “shield” may be effected by the pre-use compression
of the sponge-like head so as to delay sample collection until the sample head has
expanded in situ.

The sampling device preferably includes a stop means which can take the form

35 of a first stop adapted to cooperate with the outer sleeve so as to provide a setting
means or stop to allow the user to judge the extent of insertion of the sleeve into the



35 of a first stop adapted to cooperate with the outer sleeve so as to
provide a setting neans or stop to allow the user to judge the extent of
insertion of the sleeve into the 5 patient's cervix. The first stop would
be adapted to gently abut the exterior os of the patient's cervix, thereby
allowing the patient to carefully judge the extent of insertion of the
outer sleeve into the interior of the patient's cervix. The stop
means may form part of the neasuring neans of the device. 5The insertion
tube may also include it's own stop in the formof a second stop to all ow
control of the tel escopic novenent and extension of the sanpling head,
relative to the outer sleeve. The sanpling head is preferably
adapted to expand upon absorption of the sanple and expand froma dry
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sanpl e. %ﬁ%exﬁ é‘% ret;'y Q]Cci)wmg the Hatlentgo caret%ul%/ &adé &le exten?#r ms%l d% Oqf provi de a

hi gh surface a ption of
nucus onto the %ﬂ’r‘?’é‘&eé’eﬂ‘ltotf‘%’éteﬂ@é?ﬁ‘hePaﬁe‘éﬁfﬁ‘ﬂ’ér errbodl ment, the head adopts
a radial | y expandebhestnp meam mey fotre paniod the metreringamphsiofithe deviod. preferential ly
-expands in & radi athedistrEiot indyARO inclRE iBscIwnWiop iin thé@rril f 258¢Rd dtepoSi t e and

absor ption Of AIBR cSAIPfShe telescopic mbVEmSR IR dxldBkich! I %e@«flmﬂhné ﬁéaﬁﬁ'glatfvgr opti mal

col |l ection gg)g@.‘lmr%ﬁ!e‘lles is between the internal os and e external os of

t he patlent but referably closer to the internal os of the patient's
cervix (when conpa §cfa ‘Elmﬁﬂ‘éade?tpéef%hly grapted (g expands ypan pbsewtiopapt B¢ i s defi ned
as the inter n&tmple irliexmandfron hdrygompressedisaicnige swplipmtasg haing slmerbalandig of t he
uteri ne 20 l6awmbliing desangipondi ng to a slight constriction known as the

i sthrmus that can bge mﬁﬁ%&% @%ostfbﬁefééw& @gungd mswwﬁm uamweam dway
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aver age pore gnfr'rf'ﬁ“B"éteWB‘éﬁ‘F‘%@ethﬁadfé‘W afpdigliy ggpanded avqllsh gate hege | s
“preferably coffisgnplag head nréferentielly ekowds jmot radiehdlireictich upowennticttith B out er
" surface of 1§ henpiingite aiiedgbrption entkbsimpi@ ensure that absorption and in
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preferably, ﬁ%gégés agglt SRS frsfge aﬁ rgLPé'me’%B‘ie?efaﬁg’ g g%mﬁ‘%b to voI une
ratio is the ¥d eé’%“ﬂﬂb%@ﬁtﬁ**@sfs@@pwé%waer etemah o) h*ﬁteredbe igtemgl g idr i cal
shaped sanpl edefjogides tB0infimel osifipqéf tegutdresalging en prt@foe naolving 6 e ugtineed as a

mul tifil anght@usy artspyndilk (SPNRBoRErcERIUAGON is thelisHhMNIRK San bl biesa@P! € head
may al t er nat Idﬁqwsulq&e%ha@a@lu@a%oa nﬁa@a&, a@éen\eﬂetapega!afthgxisknder optionally

'nClumngaho”owlez%so tlve agll i al h%i[ ﬁn | LLating eans. The
preferential overa DR SRS %gﬁpﬁ”i“ § "REalfrR ?'t'% B LS YEY £ orm
bei ng about 3ffePh YitaAMOeRicmpd Wik bo ik Ee rcessring Petenetfieeno® t o 20mm
once t he microns. The pore size is preferably configured so that it does not diminish toward the
25 outer surface of the sample head in order to ensure that absorption and in particular
adsorption of the sample head is not blocked or constrained by the initial absorption
from the surface of the sample head.
Most preferably, the sample head is shaped such that the surface area to volume
ratio is the same as, or increased, compared to that of a cylindrical shaped sample head.
30 The sampling head is preferably configured as a multifilamentous array of sponge or
sponge-like fingers. The sample head may alternatively be shaped as a cylinder with
the cylinder optionally including a hollow for the addition of an optional aspirating
means. The preferential overall size of the sampling head in its compressed form,
being about 3mm in diameter and allowing an expansion between 5 to 20mm once the
35 predetermined quantity of biological material has been collected.



35 predeterm ned quantity of biological material has been collected. 6
The sanpling head preferably has a | ength between 1 to 5cmprior to
collecting said sanpl e and an expanded vol une at the predeterm ned opti nal
vol ume between .5 to 3 cubic centinetres. The expansion is preferably

radi al . The predeterm ned quantity of biological material absorbed
or adsorbed by the 5 sanpling head is preferably between 0.01 mM and 3 m
but will depend on the nature and condition of the patient. The

insertion tube of the sanpling device preferably includes markings al ong
the length thereof adapted to cooperate with the stop neans and provide a
gquantitative nmeasure for the extent of dnsertion and ultimtely the
transcervical position of said 10 sanpling head once the device is fitted.
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sanpl i ng devi ce nvention may optionally include a sanple storage 25

means and/ or Posmonf)tttp satn mﬁh ¥ al I ow t he sanpl e to be preserved and stored

in a suitable rranﬁ’e?ddt“ﬁ" dhe elgneptedrkeai/er Wﬁﬂbiﬂ“ﬂ‘%h‘?‘}éé‘&yf"&ﬂ“dﬁ Pansf err al
t her eby max$ nilgesagpdpreadstde matkeote agdist irheaciignis igserted positiom ofi the emiydidg nent , sai d
sanpl i ng headhda8 waslapt palichtQking QR@Id nion@dingai d device and integration with

a transport cont ame(rute%eéquflnbmréémmttmamﬁx qem,ﬁwmoeﬁtmeamsport 30

devi ce nmai nt aj Fo exanple, a
snap fit feat d{r}aeso?ng Ko tﬁ nfo asf‘ﬁt ‘“,ﬁ"%’&% ﬂyeo?osfuﬂn O?ﬂ('f g?‘pﬁ%e ‘?ansport

cont ai ner or 'ie]ﬁ%"elt?wéo‘éf‘i{éﬁe‘teﬁ‘a@‘“tmfé’a%“'&frpl ing head can be snap fitted into
the featur@dfor tTrrepping. devitemby epopdly tinchde k@ espintingrmdatreintlndiee aray al so

conprise a SWabwag Qen@iﬁﬁﬂgaméd% o) misﬁﬁblﬁgﬂeﬁ&nﬁﬁénn@cc}ﬂﬁﬁdﬁng% Jﬁﬂmﬁubﬁer ged
35I'n another aspa mEJﬂ? m'aWn? heliAmP rv}?t}{' il Cohte? slg%k ROl dAEne SRAIE bitey DI ol ogi cal
material fr Ongar?' bep é’%lapted to transm? € xsra{cg‘gn as applleB to tl?e d%vwe to the sampling head.
The sampling device of the invention may optionally include a sample storage
25 means and/or transport means to allow the sample to be preserved and stored in a
suitable manner to allow transport without the need for transferral thereby maximising
preservation of the sample.
In an embodiment, said sampling head is adapted for removal from said device
and integration with a transport container or the like such that said integrated transport
30 device maintains the sterility and integrity of said sample. For example, a snap fit
feature is moulded into the middle of the lid of the transport container or the like such
that the sampling head can be snap fitted into the feature for transport. The transport
container or the like may also comprise a suitable media into which the sampling head
can be submerged.
35 In another aspect the invention provides a method of sampling biological
material from a patient comprising the steps of:



7 introducing a sanpling device into said patient; inserting a sanpling
head into the internal os region of said patient's cervix; taking a cel
sanple fromsaid internal os region; wi t hdrawi ng said sanpling
head from said patient and harvesting coll ected 5biol ogical material.

The met hod of the invention is preferably exercised using the sanpling
devi ce as previously described. The nethod of the invention may conprise
the steps of: neasuring the cervical canal length of said patient; 10-
adjusting the stop neans of said device to position said sanpling head at

or near the internal os region of said patient's cervix; inserting said
device; leave said sanpling head in said patient until the required or
predeterm ned quantity of said biological nmaterial is collected; 15-
renovi ng sai d devi-canihiddalsiesink Bdice ad 8Rbpagndi ol ogi cal material . In

i f. bi.ological pataerial .fr the primary
target site, the net 8%9%)4 Sg%h%n%?lﬁé\%érrl{?}hgknqeg'}ag%é?é.ﬁl0?%‘@%%‘%“&%@“% devi ce of
the invention as 5ré"@G§ﬂvm38§@PWB@ﬂmPﬁE§P6§Fﬁting a protective shield and
outer sl eeve t el escdafithdraring saibesmeling Hepdfrom sdid patent sathbaryestipe isellgstedvher eby t he
met hod conpfi ses st épwgoilmagal. neasuring the cervical canal length of said
patient; adjustimg hétkod dritetin®hR ioNErSRG eREtisl Aingdthe ampiiPdeling devi ce as
previ ously de§ﬁ£&gﬁg iQpesi tion said cell sanpling head at or near the
internal os regio i ent when at that @oint t he sanpling head can

0 at
be oxt ended out of Mo PHERKI BEcaRPEE e giers oF

- measuring the cervical canal length of said patient;

10 - adjusting the stop means of said device to position said sampling head at or
near the internal os region of said patient's cervix;

— inserting said device;

- leave said sampling head in said patient until the required or predetermined

quantity of said biological material is collected;
15 - removing said device and harvesting collected biological material.

In order to maximise the collection of biological material from the primary
target site, the method of the invention preferably utilises the device of the invention as
previously described incorporating a protective shield and outer sleeve telescopically
cooperating with the sampling head whereby the method comprises steps of:

20 - measuring the cervical canal length of said patient;
- adjusting the first stop and second stop of a sampling device as previously
described to position said cell sampling head at or near the internal os region
of said patient when at that point the sampling head can be extended out of

order to naﬂrﬁse_ﬂji

the protective outer sleeve;
25 ~ the device is inserted to position the first stop at the patient's external os;
~ the insertion device is extended to the second stop thereby moving the
sampling head out of the outer sleeve to the internal os region;
- the sampling head is left in the extended position until the required or
predetermined quantity of biological material is collected;
30 ~ the device is then removed and the biological material harvested.
In another variation of the method previously described:
~ the cell sampling head is positioned at or near the internal os region of the
patient whilst still protected by the shield of the outer sleeve
- the device is then inserted to position the first stop at the patient’s external
35 0s,



25- the device is inserted to position the first stop at the patient's
external os; the insertion device is extended to the second stop thereby
novi ng the sanpling head out of the outer sleeve to the internal os region;
the sanpling head is left in the extended position until the required or
predeterm ned quantity of biological material is collected; 30- the device
is then renoved and the biological material harvested. |n another variation
of the method previously described: the cell sanpling head is positioned
at or near the internal os region of the patient whilst still protected by
the shield of the outer sleeve the device is then inserted to
position the first stop at the patient'ss external 350s, 8 the outer
sleeve is then retracted relative to the sanpling head whil st naintaining
the position of the Garplkt Sigevhaaches QetAasted Gelipas ehet Amplpnidad nehillkead f or
col l ection at the hi ghlinSPEE phditonioPheLliindfeal &E1:QBlerpolei SAPRIG N9 head i s
then left in this po§|&%onlug |Iﬂ}me {%q%%ggﬂm%hmégr%geternlned quantity of
bi ol ogi cal materi al S 88?f%€?%%,§nﬁmﬁsp_hen renpvéﬁ{and t he hi ol ogi cal
material harvest ed f8% sepRlingdeidis. then lett iy thiy, PRSH9B d™ ¥k e, rAWEdLI"0l ogi cal
mat eri al obtSai ned usirsrgteaninedt qraditofof dégigeicen gatetiad is rrelissteil omd dortieni ses f et al
cells. I'n another asp@éldafd thevisgRbnfdsrial Hafre@@irfor coBdctidnengt h of the pati ent
can be 10 determ neg &hdofiflentOte EOIQQH] Ridferisl oBtQiQWlﬁlqggnﬁiho& behppign anat ony
e

or by neasuri%%.ortnnnltorlqglt g resistance as a device is i nserted. Once
the cervical I'6ngth"Bf THE=pEY €kt i s known, the device can be inserted in
accordance with tHe 25assyasnaetbrths et ribenesayic frasth fdhs Brtiewscapdsi on of t he
pati ent's dé€r vetrrminEheitteabypt patignth dacwlpdge [o€fhtir pwin griatogmy e by metshingsanpl e i s

col | ect ed whi elonaing e reoivigice @& 4ARVikOid inddrielh eOMR @13 cdrvis 2 Capll of the gddiedti NUt €S OF

up 15 to 48 h%ﬁwﬁ;ﬁhercﬁqw Jaﬁge ﬁx@&ite& HeRcdrificcAGM B atoSe Je?em?f\ﬁﬁﬂm@l@ﬂ t he
col | ected bloh% H%%L nggq{ltl %§nPadest d.aTq§ E% %ﬁg{&gﬂ£hgﬁtcan be
_between | second to TU'%?ﬁﬁﬁg§§ﬁ heTie ﬁﬁfé??o% The evi ce |slfeft in the
cervi x bet weePmy igeaeqtidavhich gant kr@ver gperiod of betwaep | sgqade f0 MRt UPt he present
i nvention pfot 4feloun ayedguioad dndrthearizl desicn retheved embthy pdleged biobgtal cell at a
| ocus of i nt emestial istaeestdAl MRCabERBIRS firfé & be between 1 second to 10 minutes with
' the duration the device is left in the cervix between 30 seconds and two days.
In another aspect, the present invention provides a method for analysing the
genotype of a fetal cell at a locus of interest, the method comprising
20 i) obtaining fetal cells using a method of the invention, and
ii} analysing the genotype of at least one fetal cell at a locus of interest.
The genotype of the fetus can be determined using any technique known in the
art. Examples include, but are not limited to, karyotyping, hybridization based
procedures, and/or amplification based procedures.
25 The genotype of a fetal cell can be analysed for any purpose. Typically, the
genotype will be analysed to detect the likelihood that the offspring will possess a trait
of interest. Preferably, the fetal cell is analysed for a genetic abnormality linked to a
disease state, or predisposition thereto. In one embodiment, the genetic abnormality s
in the structure and/or number or chromosomes, In another embodiment, the genetic
30 abnormality encodes an abnormal protein. In another embodiment, the genetic
abnormality results in decreased or increased expression levels of a gene.
In at least some instances, the methods of the invention will not result in a pure
- fetal cell population. In other words, some maternal cells may remain. Thus, in a
preferred embodiment the methods of diagnosis (determination, analysis etc) further
35 comprises identifying a cell as a fetal cell.



20i) obtaining fetal cells using a nethod of the invention, and ii)

anal ysi ng the genotype of at |east one fetal cell at a | ocus of interest.
The genotype of the fetus can be determned using any techni que known in
the art. Exanples include, but are not limted to, karyotyping,

hybri di zati on based procedures, and/or anplification based procedures.
25The genotype of a fetal cell can be anal ysed for any purpose. Typically,
the genotype will be analysed to detect the likelihood that the offspring
Wi ll possess a trait of interest. Preferably, the fetal cell is analysed
for a genetic abnormality linked to a disease state, or predisposition
thereto. In one enbodi nent, the genetig abnormality is in the structure
and/ or nunber or chronosones. In another enbodi nent, the genetic 30
apnormal ity encodeg, A ARNRLUR A Alickd. beh&dgméiﬁfne R RAde R rs, t he genetic
abnormality resultsm ed or 1N ﬁ‘% §1§f vel s of a gene.
In at |east sdifd PHECRA eraf‘ﬁ@ th"e‘?’f‘FS'Hé“VB‘f“OP REVIRVEIT 108 T "8t result in
a pure fetal SP*?fGﬁﬁPSaﬂlP@ﬁhoqqqmmsﬁér words, some maternal cells may
remain. Thus, in &) crbmﬁﬁgrfetﬂdalksmﬁngﬁrrrﬁhttdofheinmwmehsi of di agnosi s

(determ natison, anghas xﬁgﬁtl&:)toﬁé{é&lr&ﬂto%@teﬁxﬂﬁﬁlﬂds‘é{:‘&tﬂe@&ﬁkt| fying a cell as a
fetal cell. 9 Th; an Hr%s ﬂﬁé @Qﬁcgssqgk%ﬁg tfre%&xallf ﬂ‘féQétl!lS% Me#@t’m‘ééed to

determ ne the sex a, ect, the
present |nvent“f”%a“§f"8(‘ﬂ“ﬂ’8 03’“%?“?1% 8'Fe"6‘8?18ern?hﬁ‘?“i‘?§°"Eeﬁ8“§{éf'% S fetus, the
met hod conpr i 8f kgl iayd/esiearlikagofretial cel |s using a nethod of the invention,
and 5ii) anal ysi nGhatnrichaisfetaloretls tant @do t@edskd tooidehdfyetherifatter phtbe d@ws. of t he

- fetus. 10Thecoad1@wslhsa Qfrihbhaspba! ale pxeslehts mtvemdxet;ﬂfvmbm mbBoBs @K Of the
fetus can be pgr Mﬁ%@ﬂa@ﬂé’tt&%ﬁx@b wn in the art. For exanple,
Y- chr onbsone speci, %1358@"[ or the cells karyotyped.

The enriched fetaP Ohté‘ln "§?%§$Fllg?£‘@ab%e BYt¥htify the father of the
fetus. 10 Accor di Hidejermiping the garetypreqf thespralidete fathppatgpeg 819¢¢ Ipdhvent i on provi des
a net hod of det er iii) déterginirfgehefgatdnee ofthe fatu§ @tovsqr ntolvenf paidt Ih@knd onpri si ng
i) obtaining fetaly)eohdaingdtfd flotfpett MK af) 18 Rerhiny @B ploBability that the

candidate father is the biological father of the fetus.

Whilst in some cases it may not be essential that the genotype of the mother also

be analysed, for accuracy it is preferred that the method further comprises determining

the genotype of the mother at one or more of said loci.

20 Analysis of the genotype of the candidate father, fetus or mother can be
performed using any technique known in the art. One preferred technique is
performing DNA fingerprinting analysis using probes/primers which hybridize to
tandemly repeated regions of the genome. Another technique is to analyse the
HLA/MHC region of the genome.

25 The device of the invention is also useful for obtaining pap smears.
Accordingly, in a further aspect the present invention provides a method for the
diagnosis, prognosis, and/or prediction of therapeutic outcome of a cervical cancer, the
method comprising obtaining biological material from the cervix of a patient using the
device of the invention, and analysing the biological material for cervical cancer cells

30 or a marker thereof.

In another aspect, provided is a kit comprising a sampling device of the
invention.

Preferably, the patient is a mammal such as, but not limited to, humans,
livestock animals such as sheep, cattle and horses, as well as companion animals such

35 as cats and dogs. In a particularly preferred embodiment, the patient is a pregnant



ii) determning the genotype of the candidate father at one or nore |oci,
iii) determining the genotype of the fetus at one or nore of said |oci, and
15iv) conparing the genotypes of ii) and iii) to determne the probability
that the candidate father is the biological father of the fetus.

VWhilst in some cases it may not be essential that the genotype of the

not her al so be anal ysed, for accuracy it is preferred that the nethod
further conprises determ ning the genotype of the nother at one or nore of
said loci. 20Analysis of the genotype of the candidate father, fetus or

not her can be perforned using any technique known in the art. One preferred
technique is perform ng DNA fingerprintdng anal ysis using probes/priners
whi ch hybridize to tandenmly repeated regi ons of the genone. Another

techni que i s tfemaniaimpsdowiver, ML O obtgihiona pdd stnka tpepadarbdoeP®Thave devi ce of

t he i nventi on tb be @dgagntusef ul for obtaining pap snears. Accordingly, in a
further aspect tNEBUESEMHayitd (GAL O REOY! HESufty ToHAbY AL sdiffe di a0NOSI s,
prognosi s, and g&mpngplctl_q_o thq{gp qtl% out onehﬁjea %eélléal_cancer,
the method cofprigl AYMBBeaT i WY SEOH BETE o REBTCH MIHRTERRYCEF vix of a
patient usi AgSteRie 'élé%?‘&‘é‘ ipthe figktriasies 9f pregrancinifealbr s ampiyis obfaingsd 3| ogi cal
materi al for eetegd whin cdmisien coehe sadgPorghe welhigpingent thehfee exfd. preferably | n anot her
aspect, provi eediniadefodiHereCBPpdrERiyGo thalediiaily) GecRM irgerdaf tHeRgedtiveENt i on.
Preferably, theRATLBE nlade. 2 pIEREIR! th%lLéQprlggv %tp&fﬁed%ttol 1'4%%%0'0# fe humans,

| i vestock aninmals such as sheep, cattle an orses, as we as conpani on
ani mal s such grggnélgcyCats and dogs. In a particularly preferred enbodi nent,
the patient®is a P &dhbmtrrara FrfricH deahrrnand cirgoiesases ofione tspest eble of

obt ai ni ng a papentiorear afphi@blp &t masp bthelagsctnoftthdianeatidno be pr egnant . The
device may be usethrdighanythis t pesticatonPthe Gad CyompRseef 6f adtayors Nacrsagpl e is
obt ai ned duri Rgmphesfdr F’%pﬂﬁﬁg"? @ﬁlo&duntdgrgtggdsgoq}:np@fthp (EROANEYa NS €

referably, the . . .
P y element, integer or step, or group of elements, integers or steps, but not the exclusion of

15 any other element, integer or step, or group of elements, integers or steps.

DETAILED DESCRIPTION OF THE INVENTION
General Technigues and Definitions

Unless specifically defined otherwise, all technical and scientific terms used

20 herein shall be taken to have the same meaning as commonly understood by one of

ordinary skill in the art (e.g., in cell culture, fetal cell biology, molecular genetics,

immunology, immunohistochemistry, protein chemistry, nucleic acid hybridization,
flow cytometry, and biochemistry).

Unless otherwise indicated, the recombinant protein, cell culture, and

25 immunological techniques utilized in the present invention are standard procedures,

well known to those skilled in the art. Such techniques are described and explained

throughout the literature in sources such as, J. Perbal, A Practical Guide to Molecular

Cloning, John Wiley and Sons (1984), J. Sambrook er al., Molecular Cloning: A

Laboratory Manual, Cold Spring Harbour Laboratory Press (1989), T.A. Brown

30 (editor), Essential Molecular Biology: A Practical Approach, Volumes ! and 2, IRL

Press (1991), D.M. Glover and B.D. Hames (editors), DNA Cloning: A Practical

Approach, Volumes 1-4, IRL Press (1995 and 1996), and F.M. Ausubel et al. (editors),

Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-

Interscience (1988, including all updates until present), Ed Harlow and David Lane

35 (editors) Antibodies: A Laboratory Manual, Cold Spring Harbour Laboratory, (1988),




5 sanple is obtained in the first trinmester of pregnancy. ldeally the
sanple is obtained at a stage when a deci sion can be made for the

wel |l -being of the fetus and preferably within a period where an opportunity
to make an early decision regarding therapeutic abortion can be nade.
Preferably, the sanple i's obtained up to 14 weeks of the pregnancy. 10As

wi |l be apparent, preferred features and characteristics of one aspect of
the invention are applicable to nany other aspects of the invention.

Thr oughout this specification the word "conprise", or variations such as
"conprises" or "conprising”, will be understood to inply the inclusion of a
stated el enment, integer or step, ontgroup of elenents, integers or
steps, but not the exclusion of 15 any other elenent, integer or step, or
group of el enmemt $.E. Calig@ge kS eitors I0RRE PlokdoN ih BhnkoRghIJEhhl WiNy@ SdhkiE | NVENTI ON
Gener al TechniglRdngdicdpiRdsuftiibledd. Unl ess specifically defined otherw se,
al l teChni Cal and gsqjseedq;[eli*e; I &le eer m@a ucser%galzsgm nee'rrgfjerntosnrm]%ér!alg tak%n to have
the same meaning ds conmnly un erst6od By ones 8t “of mar%”éif{f‘ﬂ' in the art
(e.g., in cell “’g\.f ¢ Ripgaant fegplyjcomprpsing Grad gcoudy el as sch geteBtlitieshes | nmunol ogy,
"i mrunohi st odheétiady bgen mrtistle ipvrificle nfxsmplys, ofnsuch gartial guiificaigoinciddez it i on, f 1 ow
cytonetry, andenivalcdf@niesst sane nddietbiages mateha Mins w1 bnelateradi eeli bibdaecel£COMbi nant
protein, cell edibit bl 8NRadRal HIHHAY G3lmE l"e{ﬁbiﬂirﬂéﬁpts,s tﬂétatehg fchle! N the

present invent] [ e.standar rocedures, .we no t ose skilled in
the art. Suc htséng%ﬁ%i &bmrédafﬁrv lgr(’%%sffrai 5eq %%hae B tfoai’sﬁgggrf_’ﬁ&ou hout the
literature in sourdd¥dSEeiR Byterm intaplos] ‘,efeW‘Pﬁ’%H’(“’l"&:"éP”f@Gioﬁ'ge H&unb| ecul ar

Cl oni ng, JdAnbeig ayinterng n&eowing(of 98 4iferingIcaviSageiyesporidingtto ablight dobdtixtion ar Cl oni ng:
A Labor at ory Masuab the Golntks St dafl Ge bisebalsn thedadicalonthy ulehe siou( ARG , T. A

Brown 30 (edi bédwden theaseRBhd B4 bal®! ecul ar Bi ol ogy: A Practical Approach,
Volumes 1 and 2, IRL Press (1991), DM dover and B.D. Hanes (editors),

DNA C oni ng: équigclgév?cgl

15 The sampling device and methods of the invention will now be described with
reference to the particular embodiments as detailed in Figures 1 through to 11:

Figure 1 provides a schematic rendering of the front portion of the human cervix
1, with the entry to the cervix occurring at the external os 2 and the neck of the cervix

drawing in to the internal os region 3 within the body of the cervix.
20 The invention is concerned with the recognition of the internal os region of the
cervix as providing an optimal site for collection of biological material which represent

a valuable diagnostic and analytical tool.

The first aspect of the invention relates to the provision of a sampling device
developed for this specific purpose of allowing the user a high degree of control over
25 the sampling methodologies and techniques with a particular emphasis on allowing the
user to access a biological sample from the internal os region of the cervix. In its
simplest form, the sampling device of the invention is represented in Figure 2 and
comprises an elongate insertion tube 4 which can take the form of a hollow cylindrical
tube, solid tube or any other form of elongate vehicle allowing access to the interior of
30 the cervix. The elongate insertion tube 4 has at a first end 5, a sampling head 9 which
is adapted for insertion into the external os of the patient's cervix and a second end 6
having a handle means 7 allowing the user to manipulate and operate the device by
careful insertion into the cervix. The clongate tube includes a sampling head 9 where
the head preferably includes a terminal hook forming a slot 18 with an opening 19 for
35 inserting a compliant and absorptive sponge like material preferably having a structure
of substantially open cell porous characteristics. The sampling device is further



Approach, Volumes 1-4, IRL Press (1995 and 1996), and F.M Ausubel et al.
(editors), Current Protocols in Ml ecular Biology, Geene Pub. Associates
and Wley- Interscience (1988, including all updates until present), Ed
Harl ow and David Lane 35 (editors) Antibodies: A Laboratory Manual, Cold
Spring Harbour Laboratory, (1988), 11 and J.E. Coligan et al. (editors)
Current Protocols in Inmunol ogy, John Wley & Sons (including all updates
until present). As used herein, the term"transcervical sanple" refers
to material taken directly fromthe pregnant femal e conprising cervica
mucous, as well as such material that has 5 already been partially
purified. Exanples of such partial puriXication include the renoval of at
| east some non-cellular material, renoval of maternal red bl ood cells,
~and/ or renovalproidedratties medsuring MR Gy the Hrm bfe S@MEcasyisthgrolls adaplee cel | s in
the sanple ar eomkltxaﬁ@qldngmwgn@@ otpafegroﬁga@e tnwetmr@&ae Etb{?mleﬂﬂ@srglie@n i's

performed. As ni er he i nternal
orifice of th éd‘i'(? ?o ﬁ%x c%efulﬁz abutqﬁe ex{ema 08 o?%e celvix dlirfn efxgsgmhn WB hereln . o cavi ty

er| or
cor r espondi ng % m&"egﬂe‘i‘tg‘ﬁt‘ ecétH@’F'i F‘Ef'isognaR%Wﬁ %f?‘ht?fye] P SlRAs “{bﬁd'[‘ can be
observed on 3t Recomiarck i aoferigshed’ longétndingl sisdkings i il theusgeéningdntethapex and t he
base. Sanpl i nganipdivg devickSidtiahes edifak ifeiCr SheMfic @istanvel Thet diodhse Gétwkdaetheé nvent i on
Wil now be degggtel %le%ﬁ he' i fﬁr%%@d ﬁsocapelﬁﬁlyWa&dr&luﬂoaeronaﬁmgq{hnﬁgt S as

det ai | ed Fi hemat
" gnggr Iengl 2 f ::o%sm’o?%f i]hte in emakJ gs o 9? Ceyix, thth%%atletg In th1s lganger ?x Sa%nﬁ)hrslénterg It g t he

cervi x occurr id‘ﬁ’dfeéim 'Teﬁéecgb‘%‘tlh‘rcﬂ'&'}g“’iﬁg foy e%?ﬁdf‘dt"l‘f’éalr?éwt Byt seting the SPRASY dr awi ng in
to the intéPnakangdo thegbmyepridte Wistanien thetrby roehing difat thseceld eamyiling h@@Pae i nventi on
I S concerned wicésh totthecopting Ogiplihg RBioOH theiftendlbesMmil patist. r egi on of the cervi x
as providing an opid S@plis ae%d flprmowbrb@ﬁslyqamfeﬁ ol?Iosnhwmd@aaln ARt al  whi ch
represent a v L%@leﬁuc I g‘ re‘xo f gem ?OFI]%L 1inltoc"zairlx tOnocell % ]:)rl I’spsotng aspect of
the i nvention I’? S% TT§ evi C
con guratlon prov1dmg a level of comphance in the vurg1 tate so as to ensure that the
15 insertion of the sampling device into the cervix does not abrade, tear or in any way
damage the lining of the cervix prior to absorption of the sample from the internal os
region, whereby the sampling head will expand and soften due to the absorption of
biological fluids associated with the cell sampling. The absorbent material may be
selected from polyvinyl acetate, polyurethane, cellulose or any other suitable absorbent
20 material and is preferably provided in a manner such that small pieces or fibres of the
sampling head will not shed at any stage during the sampling procedures. The open
cell material of the porous head is substantially porous having preferably about 90% of
open cells are most preferably including 100% open cells. The sampling head
materials are preferably hydrophilic with materials most preferably chosen that are
25 Thydrophilic in an untreated state. Alternatively, the sampling head absorbent materials
may be treated so as to alter the surface energy or polarity including plasma or
chemical treatment methods.
The sampling head is most preferably configured to provide maximum capture
of mucal biological material by adsorption onto the surface of the collection head. In
30 particular, the sampling head is preferably configured to maximise the surface area for
adsorption of mucus and a configuration as a multifilamentous array of sponge or
sponge-like fingers as detailed in Figure 3 form as one particularly preferred
embodiment of the invention.
The pore size of the sampling head material is preferably sized between 10 to
35 2000 microns with an average pore opening over the whole sampling head of between
400 to 1000 microns. The distribution of pore size throughout the sampling head could



devel oped for this specific purpose of allowi ng the user a high degree of
control over 25 the sanpling nethodol ogies and techniques with a particul ar
enphasis on allowing the user to access a biological sanple fromthe
internal os region of the cervix. In its sinplest form the sanpling device
of the invention is represented in Figure 2 and conprises an el ongate

I nsertion tube 4 which can take the formof a hollow cylindrical tube,
‘solid tube or any other form of elongate vehicle allow ng access to the
interior of 30 the cervix. The elongate insertion tube 4 has at a first end
5, a sanpling head 9 which is adapted for insertion into the external os of
the patient's cervix and a second end & having a handl e neans 7 allow ng
the user to mani pul ate and operate the device by careful insertion into the

cervix. The elRnrgaisend dbmdbmiGl sd8ande SR pitGeube 2duibmehe ewtidremhead
preferably '“%Lﬂﬁﬁgd&ic%ﬁxl{ag\){' gégx.o eB\Qér%rﬁ\ge&t&ls%p]ﬂalgh%ﬁstbréé}a&)renl ng 19

for 35 inserting. a co absorptive nge terial preferably
having a strucf regf“ggﬂﬁ%'g%ﬂfq’a?rFil?félifesﬁm?:lE‘F ?%G@wém!éﬁé@c‘g%w%t ics. The
~sanpl i ng devi éige ithgoughput the pbsorptivepassriabiefcthemampling hetdlas 28 tnsHeBAStY n the form
of a stop neansteBorlyerfaagpacs®dthk ampdidginiaé are matrclosaisifl ar permagntyl lieg ot he | engt h
of t Pel f' ongatc@atéduia@n fchRMR stnhﬁ}n‘étsmn ABRASer 'th(sjt hdyZEdhcoélatman b @dir ed t 0t .
careful ly abu e, - c g S erein e
novenent of t%uae'ﬁgsillﬁ%%}g %@éﬁgagggfﬁ%%&ytﬁ% r}’ )e&ﬁ %dhlw'f ﬁ% S%Plgl%mae%{? tube in 5

r
accor dance w f’"f‘fm&’“?g%a@%m‘lﬁ’csl BHGPE i?&g%‘fd ‘r‘?é’l"?%’?dﬁgasg’fg aaﬁ%&!%e H& user to
i nsert the safAntigi@f elsopie chmeiyy sohe tcadleyithe sprpling deyieedf fhe dnvgmtion fhce. The
di st ance bdbwelsnrbtané adstid ppepwireensedandnitddeuseitypifiliqgd hebdudus beyandef ul | y
measured to Cohickh@hfth¥ tidlogidAEmAQ®! HAIDEE Mborfede I MisOhddadr, B8 saafplikdhe cervi x of
the patient | Bedddiof nlBBfon chitR SRR b iniind BKLAE EABND T WREGHEIGE! | Y
. configured for each |ndividual patient. Dby $ tting the §to er .10 neans to
“the appropri at®®® |‘§?°§ﬁ°ée€,fr°fnﬁger ‘égvalecﬁ SHIAY g?‘n ok Q?ﬁl@n%eeol O"E"’ﬁ‘r‘&?fl?%g head has
access to theoldpasemelinedeadiith Agtheralioomion of celfsdromyather waiPnse§theseryings pat i ent .
15 the sampling head is withdrawn from the patient are minimised.
In addition, the outer surface of the sampling head may be coated with a
temporary coating to delay absorption. Such a dissolvable substance or material can be
used with a time delay function such that the outer surface coating of the sponge is
dissolved after insertion of the sampling head into the cervix and with sufficient delay
20 to allow the sampling head to be correctly positioned at the optimal point at the internal
o0s. In this manner, the absorptive function of the sampling head will be protected from
premature absorption during insertion through the cervix.
The form of the sampling head can be configured to adopt a wide range of
shapes including general cylindrical shapes as shown in Figure 4, wherein the ratio of
25 surface area to volume is at least equal to that of a cylinder or increased compared to a
cylinder in this manner the mucous and cell samples can be absorbed onto the sponge
pores and also held by the surface and between the surfaces of the sponge pores. The
surface collection of the sponge also allows for the collection of clumps or aggregations
of samples or other biological material larger than the actual pore size particularly
30 mucus which is adsorbed onto the surface. The ratio of surface area to volume, can be
increased when using the cylindrical configuration by the provision of slots or the use
of multiple pieces of foam or sponge as strips 14 as shown in Figure 3. The most
preferred biological material as a source of fetal cells is mucus which has been found to
collect most effectively by adsorption onto the surface of the sampling head and
35 absorption into the interior of the sponge. In this manner the highest surface area to
volume ratio as provided by a multifilamentous array of sponge or sponge-like fingers



The sanpling head is nost preferably formed of or include an absorbent
material which is capable of being fornmed into an open cell foam or sponge
configuration providing a |level of conpliance in the virgin state so as to
ensure that the 15 insertion of the sanpling device into the cervix does
not abrade, tear or in any way danmage the lining of the cervix prior to
absorption of the sanple fromthe internal os region, whereby the sanpling
head wi |l expand and soften due to the absorption of biological fluids
associated with the cell sanpling. The absorbent nmaterial nay be sel ected
from pol yvinyl acetate, polyurethane, cellulose or any other suitable
absorbent 20 material and is preferablyg provided in a manner such that
smal | pieces or fibres of the sanpling head will not shed at any stage
during t he sanpdhong inpFigees droeides ohkef by mnst pefdrredrenntmdinghts &fr effdvdvetior ous head
i s substanti akdnpliPoBiObScDRAYENRYsrR s Rbhyinh@sst 90% of open cells are nost
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sanpling head can be configured to adopt a w de range of



shapes including general cylindrical shapes as shown in Figure 4, wherein
the ratio of 25 surface area to volune is at |east equal to that of a
cylinder or increased conpared to a cylinder in this manner the mucous and
cell sanples can be absorbed onto the sponge pores and al so held by the
surface and between the surfaces of the sponge pores. The surface

coll ection of the sponge also allows for the collection of clunps or
aggregati ons of sanples or other biological material |arger than the actual
pore size particularly 30 mucus which is adsorbed onto the surface. The
ratio of surface area to volume, can be increased when using the
cylindrical configuration by the provigson of slots or the use of nmultiple

pi eces of foamor sponge as strips 14 as shown in Figure 3. The nost
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the physiology of the patient.
Figure 6 shows a particularly preferred configuration of the outer sleeve tip
15 which is profiled to locate against the external os of the cervix. In addition, the stop 11
can also be configured to allow more comfortable and precise mating to the external os
by providing for partial insertion within the external os and partial abutment thereto,
rather than just a simple abutment to the external os.

Referring to Figure 7, the device of the invention may be provided with an

20 optional clutch adapted to halt or restrict the telescopic movement of the inner tube 4
relative to the outer tube or sleeve 10 in the event that the insertion of the inner tube
within the cervix of the patient, encounters unexpected resistance. The clutch can take
the form of a resilient portion 17 along the length of the inner tube positioned within
the confines of the outer tube or sleeve 10 such that attempts to push the inner tube to

25 extend beyond the outer sleeve 10 will be limited or restricted if the sample head of the
elongate tube encounters resistance, whereby the resilient means 17 is cause to expand
axially and to bear against the inside of the outer sleeve 10 thereby causing resistance
and preventing further extension of the inner tube. In this manner, the sampling device
of the invention can be provided with the safety feature minimising any unintentional

30 damage or injury that may be occurred if the inner tube encounters unexpected
resistance during insertion.

In another aspect the invention provides a method of sampling biological
material from a patient which will be described in more detail with refcrence to Figures
Sand§to L1

35 The methods of the invention comprise the steps of introducing the sampling
device into the cervix of a patient whereby the sampling device includes a sampling

-




10 retracted position as shown in Figure 5a, whereby the sanpling head is
fully contained and protected within the confines of the outer tube or

sl eeve 10 and a second extended position where the elongate tube 4 is
pushed tel escopically through the outer sleeve 10 by pushing the handle 7
relative to the outer sleeve so as to project the sanple head out beyond
the outer sleeve as shown in Figure 5b. In this enbodi nent of the
invention, 15 the stop nmeans nost preferably includes a first stop 11
adapted to cooperate with the outer sleeve 10 by novenent up and down the
| ength of the outer sleeve and a second stop 12 adapted for novenent up and
down the length of the elongate tube 4160 as to provide this enbodi nent of
.the device with a two stage action where the conbi ned use of the first and
‘second st op alHeasositibied fai theintepabbstregidh ¢Ifthet fatenSodPix Wigerdde a@ld, sapple e 20
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thetl nventsi OecHrRlYs (e 2 (ofd ia bl agviiet ht ﬁQOAQ{BBﬂ@ﬁ\a'the%hMblGhea@@amuﬁid tﬁ hal E or
restric ey, e e_inner e outer
tube or sl eevge’g%%ﬁ%% Ogme}xheeggt ?fﬂfehoénelr %%ee/? |a:)ﬁﬁ%%§ ({tﬁg monet?et“ft)ube within
the cervix of the patient, encounters unexpected resistance. The clutch can
take the formof a resilient portion 17 along the length of the inner tube
positioned within the confines of the outer tube or sleeve 10 such that
attenpts to push the inner tube to 25 extend beyond the outer sleeve 10
will be limted or restricted if the sanple head of the el ongate tube
encounters resistance, whereby the resilient nmeans 17 is cause to expand
axially and to bear against the inside of the outer sleeve 10 thereby
causi ng resi stance and preventing further extension of the inner tube. In
this manner, the sanpling device of the invention can be provided with the
safety feature nlnlntslng any unlntentlonal 30 danage or |njury that may be
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I n anot her aspect the invention provides a nethod of sanpling biol ogical
material froma patient which will be described in nore detail with
reference to Figures 5 and 8 to 11. 35The net hods of the invention conprise
the steps of introducing the sanpling device into the cervix of a patient
wher eby the sanpling device includes a sanpling 16 head positioned at the
internal os region of the patient's cervix whereby the sanple is taken from
the internal os region of the patient and the sanpling device subsequently
‘Wi thdrawn fromthe patient and the collected biological material is then
harvested. Preferably the nethod of the invention includes the
pre-nmeasurenent of the 5 cervical canalylength of the patient by ultrasound
‘or other neans, whereby adjustable stop neans of the sanpling device, as
“previously desgisbieds i€ @imbosS Bhceife BihpleReqShdshibRd btGe RRARI dsNgishead at or
near the Interfial 2. riedlonohy £NCPALLERL: SucGihilebreg et LG, fTasur ement s
and settings are co?rpfne & PR Gelh e can dbe_ i nsertpeél PALS flﬁ@“}gati ent with
a stop neans @emmne By collsefed fiem drdnerpalios Egiow fegh thay A2 furthe syBRlosi ng head i s
.10 correctly pesbkiobradcatecttdhie | nt ernal os whereby the sanpling head can be
left to absarb therhe@lelhodsamleamaittbn KBS bitepafeBNaibicthadisos bs frigoupy edet er mi ned
quantity of cebdriRamP| KBk ShipRhSmAMIRTE Mbowh REFERYVE Che CAEbILNRRRRE T emDved
and the bi ol O?A @aslemrtr)a&.gr |tal hgrve‘%t edt apd gol}leacftneqﬁe leRetherfrfln(g.1 to Figure 5,
the methods of Phe PRVERY PERCeBPEFRIEARS It T YelPRa T EeM AarsREI i ng devi ce
as previ ous| y S8e¥&dP pisud 2 praiton that the fulf sifent ot the gt leeyg 10 poqurs piseitfbicPtof ¢ he

i nventi on i nclthgdeerngl hepositio3 ofthquatent'déemgx & Preeskdond e iy inpeaitiomed oent  of t he
cervi cal | angtia igbrtipafibeetdo by pdsdifidnabodamgic BEadQtWifin thdbohfaldh 6f theeams. Once t he
The i nernal oo D R e R e B e T r ot
stop 11 is ad %’g?téﬁgrg'ﬁc%tdhea Optﬁegegt&%bruglf%%ee e’ééfméloégv@qglas T %’el eft wwth a

projection thigREs HoRé iskiesrated ut el hptdheaample bead is sglhpiopeted Witk e head 9 to
be extended wheraifiyestofithe puterttiberl0.r Balohmanhi, thy devicp o6the invantioh dllaws Hanpl e head 9

at the intes néb AlSrotdBRInIT e BGnpliayhda® difring Wikt ilb tht Bevip kRS ikSEeNdagnSi on of the
sanpl e head 9:R¥mination or sampling from inappropriate regions of the cervix. At this stage, the
sample head is ready to be exposed with the exposure accomplished by gently and
carefully withdrawing the outer tube 10 relative to the external os and stop 11 ensuring
that the elongate tube 4 and sample head 9 remain positioned relative to the internal os.
20 In this manner, the outer tube 10 is gently withdrawn from the sample head 9 allowing
the sample head exposure to the internal os for absorption of the cell sample. The
device is then left in this position for the appropriate length of time to absorb the
predetermined quantity of sample and once the predetermined quantity of sample has
been collected, the device can be gently removed and the harvested biological material
25 collected.

In addition to the above, the device of the invention allows the previously
described methods to incorporate the use of aspirating systems whereby a simple
cylinder and barrel or plunger connected to a separate syringe or alternative vacuum
systems, can be incorporated to assist in the suction or removal of cervical mucous if

30 such additional assistance is deemed to be required. In this aspect of the invention, the
outer sleeve 10 can form a suitable conduit from the vacuum to the region of the
sampling head.

In the aspirating form of the invention, a plunger may be used to push out the
sampling head before it is withdrawn to aspirate the sample and a syringe could be

35 temporarily or permanently attached to the device of the invention prior to insertion
into the cervix. The syringe may connect via a luer-style fitting to a tube that either



way of tel escopic novenent of the elongate tube 4 via the handle 7 is

provi ded by a second stop 12 which allows the sanple head 9 to be duly
extended into the internal os 25 region once the sanpling device has been
inserted into the patient with the first stop 11 abutting the external os.
In use, in this nethod of the invention, the device would be inserted into
the patient with the el ongate tube being retracted such that the sanple
head 9 is fully protected within the confines of the outer sleeve 10 during
the insertion process. In this configuration, the device would be gently
inserted into the patient with 30 the protrudi ng portion of the outer

sl eeve penetrating the external os only so far as the first stop 11 which
woul d then abut the external os so as to provide the prelimnary insertion
of the devi ce tenparatilyctoliyss Wt ishéofindelaé t€ &ievdbxorizht mixerigh af ittendamplxtesi. this i s

achi eved, t heAQ%itﬁElS”an? Qmeﬂmm@xrbug@mg la¥vi€XihQithel NBx26R e @r BRAE: 9 by novi ng
the handl e 7 laal§e 150% ora egsnczg)snml artmrgltXne Sltn%ggtu;[n gthglal%';l tp%wsr <p<?ew|%? Or el ative

to the outer w as per

"Figure 5b. At C‘E“%a © USRS ‘ﬁP’O“f‘%%‘c'é"ar‘?f)‘leéga'ﬁé%ﬁfpﬁfﬁ?/\k‘}ﬁfaﬂ‘pﬁa %‘“B‘@Eﬁg I9ed out of
the confined eduld take Betfam oflacowe, 1Qouhbe vseddedrovide pagiuonper intimed f 17
precisely at tiagon uatietha adsir@issamfdacaluhd1B ob@itipd & dnehehdtise posidbigyee at t he

i nternal os, gatnpiesoy%dsgw@‘siu&ponrye n@bmad 5bt1919§1la§ LIRW hothe RpRiRERE 6F 41 ned tine
until the preglef cggvm;er}g ﬂglg%r}]ﬁe or%m% pos?tﬁ)mgg%{)egrf O%nge%;gf Gted fromthe

I nternal os region, nﬁe of being
col l ected. 5The mbt OrSTmﬁl?ﬁémlid R é‘“ﬂ?t‘?tﬁiinm@é]?f | F BFTTALY K’Feq"g‘gﬁ? PS se the
de\” ce as #)Q e ilirggids gy most preferably the tip of the tube could be adapted to protrude beyond the

outermost portion of the sampling head and/or remain within or partway through the
sample head. The aspirating barrel, which may be incorporated in a function of the
outer sleeve and/or elongate tube 4, could be configured to ensure that any fluid
aspirated must pass through the sample head. In this manner, the sample head could act
15 as a diffuser for the suction so that whilst advice is capable of aspirating a volume of
fluid and mucous, the sponge and passive action of the device as previously described,
reduces the aspirating pressure required and/or experienced in any part of the cervical
canal during sample collection.
Figure 11 provides an example of syncytiotrophoblasts isolated using the device
20 of the invention. The sample was obtained from at the level of the internal os of a 38
year old human female (referred to as Patient 893) who was about 6-7 weeks pregnant
and the cells stained with hematoxylin and eosin staining.
The device of the invention includes many advantages as detailed above and
also further includes the advantages whereby the slow absorption rate of the sponge-
25 like sampling head minimises possible rupture of the cervical plug as sometimes occurs
during the use of active sampling techniques. The invention minimises such
possibilities and accordingly minimises the possibility of infection and complications
as a result of such ruptures. In addition, the soft physical features of the sampling head
and minimal impact on the user allows a patient to partake in multiple sampling
30 exercises within a short period of time without undue trauma. Furthermore, the gentle
nature of the sampling device of the invention allows sampling time to be extended
from the expected time required of about 1 to 2 minutes up to 48 hours if this is so
required. The particularly gentle nature of the device of the invention allows such use
if required.
35 The device and methodologies of the invention provide for the first time, a
highly reliable means and method of obtaining consistent and high quality biological



described in a different sanpling nethod as showmn in Figure 8 The sanpling
nmet hods in this enbodi ment proceed by setting the first stop 11 al ong the

| ength of the outer sleeve 10 at such a position that the full extent of
the outer sleeve 10 occurs precisely at the internal os position 3 in the
‘patient's cervix I. The second stop 12 is positioned on 10 the insertion
tube 4 so as to position the sanple head 9 within the confines of the outer
tube 10. Once the sanpling device is so set, the device is carefully
inserted into the patient's cervix with the stop 11 gently abutting the
external os 2. At this stage, the elongate tube 4 is fully extended but
such that the sanple head is still protected wthin the confines of the
outer tube 10. In this manner, the device of the invention allows for 15
the full prot egdidriercomprisidaGetslasm grévibudlpadly EUidihabl b§ Rofeyevhsivl nelld@ 4£€1 Vi X SO as
to prevent any, LRRGRREGRBLd O or sanpling frominappropriate regions of the
cervix. At this stage, the sanple head is ready to be exposed with the
exposure acconpllshed by gently and carefully w thdrawi ng the outer tube 10
relative to tRterasxlanspert apdPrageppingt op 11 ensuring that the el ongate tube 4
and sanpl e KBead 9 Onemipiact fppalells pnethined| thd sanpletcan ehetoiedbtel naPCasil 20 I n this
manner, the ouwfeab minihige hOmirnfbegiteddcely, EMNdeRWAnd defBNuinbe H3BIMR pad 9

al l owi ng the %@%A@@@%&W&Ufnq{#&ﬁ%sﬂn%ﬁﬁ Mts P RLaAPRALRL! 0N Of Lhe

cell sanple. propriate

l ength of ti Ehfmonsi S 4 the rget&f@t %?rﬁ%enéhd Sﬁﬂ&ﬁt°f“l§7 Sﬁoregd “@S%?Ed once the
pr edet er mi ned aﬁgmlfeﬁluﬁ‘f“ﬂs"é @ has been collected, the device can be
gently rend@ed anéh & Feth¢reambeditned, e ednpip s alansperted ahétbr 2Feccinl Giboled.

I n addition tamhiosaahovEibeo™e adaiomze af-160D€ of NGRE™MONK ShilnoWs-dFve previ ously
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removal of ceF Vet emd: 2§ ngml S@é?ﬂ“y‘a‘doﬁotqgé'ﬂémp%%egicé‘t%d@emmglﬂdeerred to be
required. I viang Gepedic aid) pfvewitrselniile gnlogiene viounieE (Fheailelrdbcan form a

sui t abl e condalitdmafiveBntitch@mpR GY BRed @ dldasolr&gaqﬁxmbss%d thelo ﬁpdmrmgfohead In the

aspirating f OJX%QI: “@Mmhl@o@lg&kﬁ gfedlgmthgglgﬁrb rb'%@ ool e(p sk out the

sanpl i ng hea pre it is wt awn t aspr etesarrpean a syringe
could be 35 térrporarlly or permanently attached to the device of the

i nvention prior tBonefEdedimgh. thiasnop @ndiessiprage mytiecogiprises spaumengh esonnect via a
| uer - st yl e20f ibovingwglfiseyura ot hylyen tdmat. ei t her 18 tenporarily houses or is
connected to the rRbaerhahtstifkefol &lamPk af B0 nS@PhepheAsL Al kAMPAL | Vel y, any
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devi ce coul d be u%é& 'Eﬂl?rﬁfn Bentsie strdee Aedina s, desapsgd &é‘bl"l“&’fc’%“ %he sanpl e,

t he power i ng "HEgH Rxidatiye siEnst 1@ thearmpleshe form of a punp, it could be used to
provi de c@iti nuousaoembodimengied tdadd teckiBrard fetrioledt froen thesammwee Ragboed vol unme i s

obtai ned as aslisadah WeN@inb¥d dshgadd§ QEdAhiGE: kmmSﬁsnmL &rtbYy REESRLY @eigUCt i ON only.
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sanpl e coul d ‘éol ‘5?1 é?f 8tder SH‘L‘%etﬂ‘iﬁ"et“fs }i‘ig o3¢ F%‘F"B‘P’alsﬂée dorlirddve tube 10 4
directly or Fﬁ%ﬁ‘ved}’s@f‘émamfymtfm”waIVpllablfe lyshvg selutivas eUf ACShse YdBgtd t o
protrude BeéyDir#lintdnp AourtoeinnmChloridebdstdlysidfsolutiehs SBdMr bsn@ptibBside @Bl or remain

within or partway stohsequahbes hes %mega@%simtazh&u%@asemr Al Qﬁ{eﬁﬁ'te \tﬂﬂil)gh4ﬁay

be incorpora n a

coul d be con #nzg/mg I(ﬁf?eséj cxpcum(s-)tamf:wt js 09 not ess?xfadlt%t gces:pﬁl%F Al xato r'lrgﬁ?tag E)eg s throu gh
the sanple h¥ ﬂﬁ‘?ﬁi@Wﬁaﬁﬂéﬁmmﬂﬁémé%ﬁﬁkemﬁbaﬂn%U@Wﬂﬁa%@bi@“ﬁs a di ffuser
for the suctfreganso that whil st advice is capable of aspirating a vol unme of
fluid and3sucous, the sponge and passive action of the device as previously
descri bed, reduces the aspirating pressure required and/ or experienced in
any part of the cervical canal during sanple collection.



Figure 11 provides an exanple of syncytiotrophobl asts isolated using the
device 20 of the invention. The sanple was obtained fromat the | evel of
the internal os of a 38 year old human fenale (referred to as Patient 893)
who was about 6-7 weeks pregnant and the cells stained with hematoxylin and
eosi n st ai ni ng. The device of the invention includes many advant ages
as detail ed above and al so further includes the advantages whereby the sl ow
absorption rate of the sponge- 25 |i ke sanpling head m ni m ses possible
rupture of the cervical plug as sonetines occurs during the use of active
sanpling techniques. The invention m nimses such possibilities and
accordingly mninmses the possibility & infection and conplications as a
result of such ruptures I'n addition, the soft physical features of the
sanpl i ng head Labailing hlete ofFetabfiellshe user allows a patient to partake in
mul tiple sanpling F3al eauerc@:l € JosMivkelyi ahdadr sb@titelypeldc®d veihg i videtwidfthout undue

traum. Furtheiiigs oS8Rl Gl Wekofl & SodAMRdeAREGEnQL the
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only obtai nab nmet hods as previously described. Storage.
Transport and ‘fy@g%e@{’av E?E;?%%Ffint act fetal cells are obtained, the sanple

can be storBd at 5°’t5616“4‘€“ afrelly bigsl sertingntiaicfls 26 19bRled iRt or whirglud cel | s,
cel | debris awih eeibbtagsk wingk carlirelesetadbea clirvoite, mrefermdp o dyee drefanadlyor st or ed in
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pg/ ml), i nsullight §Girqegardndn) smistiomaspeepi digeimedn g dacled ftarcthorcel{ Spgi'nil) , hunman
basi c fibroblastwgyrowth factor (511g/ni), 25 ig/nml gentamycin, 50 ng/m
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I n one enbodicmpitgr storage andalatg paalysis aand Lo protderisformatiedibeut caivps cedlelsr ser um such
as 20 bovi ne geapkitiess QT8I WIRR sSBBIH Ve are excited N thSRQF beakS hi@ suliOr age, for
exanpl e a f eW ROl RAQS RIS AN TRE il R didke® W by Gk, and
these analogue signals are converted to digital signals, allowing for their storage,
25 analysis and display.
Many larger flow cytometers are also "cell sorters”, such as fluorescence-
activated cell sorters (FACS), and are instruments which have the ability to selectively
deposit cells from particular populations into tubes, or other collection vessels. In a
particularly preferred embodiment, the cells are isolated using FACS. This procedure
30 is well known in the art and described by, for example, Melamed, et al. Flow
Cytometry and Sorting Wiley-Liss, Inc., New York, N.Y. (1990); Shapiro Practical
Flow Cytometry, 4 ed, Wiley-Liss, Hoboken, NJ. (2003); and Robinson et al.
Handbook of Flow Cytometry Methods Wiley-Liss, New York, N.Y (1993).
The cells can automatically be deposited in collection vessels as single cells or
35 as a plurality of cells, e.g. using a laser, e.g. an argon laser (488 nm) and for example
with a Flow Cytometer fitted with an Autoclone unit (Coulter EPICS Altra, Beckman-



In a further enbodi nent, the storage nediumis degassed with nitrogen to
reduce oxidative stress to the sanples. 25In an enbodi nent, red bl ood cells
are renmoved fromthe sanple. Red blood cells can be renoved using any
techni que known in the art. Red blood cells (erythrocytes) my be depl eted
by, for exanple, density gradient centrifugation over Percoll, Ficoll, or
ot her suitable gradients. Red blood cells may al so be depleted by sel ective
| ysis using comrercially avail able |ysing solutions (eg, FACSIyse, Becton
30 Dickinson), Ammoni um Chl ori de based |ysing solutions or other osnotic

| ysi ng agents. In sone instances it is not necessary that intact
cells be used for fetal material analysis. In these circunstances it is not
essential that steps be taken to keep at |east sone of the cells alive. For
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contains cellgs when® Struck b ‘ocussed |ight
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suitabl e dye sgle@eLiCint Bekishdt the @rrdraR Wvel rrporaéa@lnﬁénrﬁatelmagmls @n be
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are al so "celrddsigsek er s”, such as fluorescence-activated cell sorters

(FACS), ama are imacbvvmlg“r&mkﬁnm)iﬂfefbeham Heh@it@kd b o toexpadli @gdlicvigl y deposi t
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In a particul arJéGigéeferred enbodi ment, the cells are isolated using FACS.

Thi s procedure 3 well known in the art and described by, for exanple,
Mel amed, et al. Flow Cytonetry and Sorting WIley-Liss, Inc., New York, N.Y.
(1990); ShapilUses Practical Flow Cytonetry, 4 ed, W/l ey-Liss, Hoboken, NJ.
(2003); arsd Robi re@rcery comlpriseiidine gdae@f DIFA oWk @t sbyiativREBQd he W | €y- Li SS,

New York, N. )%n‘s,la%gﬁéme fetal cells obtained using the methods of the invention can be analysed
for traits of interest and/or abnormalities of the fetus using techniques known in the art.

Such analysis can be performed on any cellular material that enables the trait, or

predisposition thereto, to be detected. Preferably, this material is nuclear DNA,

35 however, at least in some instances it may be informative to analyse mitochondrial

DNA, RNA or protein from the isolated fetal cells. Furthermore, the DNA may encode



The cells can automatically be deposited in collection vessels as single
cells or 35 as a plurality of cells, e.g. using a | aser, e.g. an argon

| aser (488 nm and for exanple with a Fl ow Cytoneter fitted with an

Aut ocl one unit (Coulter EPICS Altra, Beckman- 21 Coulter, Mam, Fla.,
USA). O her exanpl es of .suitable FACS machi nes useful for the nethods of
the invention include, but are not limted to, MFIOIM H gh-speed cell
sorter (Dako-Cytomation Ltd), FACS Aria D ckinson), ALTRATm Hyper sort
(Beckman Coulter) and CyFl owIm sorting system (Partec GrbH). 5For the
selection of cells froma sanple using solid-phase particles, any particle
with the desired properties may be util2 zed. For exanple, large particles
(e.g., greater than about 90-100 gmin dianeter) nay be used to facilitate
sedi ment at i on.a ghreedraraglohopde 4 fugctipaat RNG [véhich dw ret translgrad bt the PR Atahdyses” (i . e.
particles whi aﬁye@nbm@@Ju{aacetr@ﬂmédtgd@qmmehmafi eld). Typically,
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the art (s&&, Willpyndiegssne Angglmpn syaripaes bath of whisl inBelyredelesipns f part 2002). As the
skil | ed per soshromosdmeappr adi tit ejetentivh esfnahtagoab [ (suck aan detetibrapédstréchsyi t h one 20
type of | abeltrandtishs,f @ndlersofd bid %érhmﬁaﬁfém% ifdhRRa0Eentsdofler tpBdot he

respect i ve ceahmgaﬁafﬁmgﬁmmx, i mgseb 3lesx B, S GEEN el | | ng.
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RPM 1640 ne%u?tln(x%otaﬁé))subs t?o% ?rQaF ﬁt}n %]JAS m(é%gﬁ{ dnsgldtlgsg (ﬁa]gxgrl enetic DNA

make up of t 0 I C ce S obt ai ned
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disease, Familial Dysautonomia, Niemann-Pick disease, Fanconi anemia, Ataxia
telengectasia, Bloom syndrome, Familial Meditetrancan fever (FMF), X-linked
spondyloepiphyseal dysplasia tarda, factor XI), an imprinting disorder [e.g., Angelman
Syndrome, Prader-Willi Syndrome, Beckwith-Wiedemann syndrome, Myoclonus-
25 dystonia syndrome (MDS)], or to predisposition to various diseases (e.g., mutations in
the BRCA1 and BRCA2 genes). Other genetic disorders which can be detected by
DNA analysis are known such as thalassaemia, Duchenne muscular dystrophy,
connexin 26, congenital adrenal hypoplasia, X-linked hydrocephalus, ornithine
transcarbamylase  deficiency, Huntington's disease, mitochondrial disorder,
30 mucopolysaccharidosis I or IV, Norrie's disease, Rett syndrome, Smith-Lemli Optiz
syndrome, 21-hydroxylase deficiency or holocarboxylase synthetase deficiency,
diastrophic dysplasia, galactosialidosis, gangliosidosis, hereditary sensory neuropathy,
hypogammaglobulinacmia, hypophosphatasia, Leigh's syndrome,
aspartylglucosaminuria, metachromatic leukodystrophy Wilson's disease, steroid
35 sulfatase deficiency, X-linked adrenoleukodystrophy, phosphorylase kinase deficiency
(Type VI glycogen storage disease) and debranching enzyme deficiency (Type III



Such anal ysis can be perforned on any cellular material that enables the
trait, or predisposition thereto, to be detected. Preferably, this materi al
‘i's nucl ear DNA, 35 however, at |least in some instances it nay be
informative to anal yse mtochondrial DNA, RNA or protein fromthe isolated
fetal cells. Furthernore, the DNA may encode 22 a gene, or nmay encode a
functional RNA which is not translated, or the DNA anal ysed may even be an
i nformative non-transcri bed sequence or narker. In one preferred
enbodi ment, chronosomal abnornmalities are detected. By "chronbsonal
abnormality” we include any gross abnormality in a chronosone or the 5
nunber of chronosones. For exanple, thps includes detecting trisony in
chronmosone 21 which is indicative of Down's syndronme, trisony 18, trisony
113, sex_chrommgepgh sRRBOLRBL)! IT8Se IHE BinéSeelidtic MREALL 8 meMRHOREIE47, XXY),
XYY or Turner %%éo%fﬂcdarnﬁ’%i ﬁﬁ@&??ﬁ&% ikl ﬁﬁ?&&%@tédﬂ{aﬁ, V%ﬂxgnegfhegf a%ﬁs’ a smal |
proportion of S5 'Syndrone pati ents. have transl ocatlon and chr onosonal
del etion syndﬁxrrgg“'%?')& e %(ﬁpﬁgédqﬁr%gﬁlk 208y Ghyerly s an S OHERSE R de _ngel man
syndrome, bot Hhegenaiias eebn ¢longd pndenuiptipestdeioviesl et bgpalysedf chronbsone 15, and the
~detection ofs nmut atlihe Asth§d WE the Eesabe In@dnti@NGan aist 8 tidell @NdRtermiihaiis bdxioBNS,
transversi ons gan@nuOt Ber campal RS of the lidtedi HiRLeIOGNE S v ShiBREsoly PES Of
chromosomal prOBlE MRS 5 iRkl ndHEe@S RIS GYRAr AT STRRN |1 2

spi nal muscul ar,, tyshtiro ‘1}3 otoni C aysfrop Y, nkes di Seasé "and

neur of i br omat G¥{&T MEhGiRiILE i3l pe det ected by DNA anal ysi s. The
phrase "genetic abhyst tpathpruge ofghegoyventiohcthesmethpds des¢ripgd kergiuean bousedifor

substi tuti dn, pdehiet keoing. Wieerthé piiemityi @raochilé lietispred, the eroceduBs ef theé on, short
del etion, shoidediBS&hbiE Mk isshikh bl ReUHE eatrig@e dSiHRStdghaaty. Miany BREedgRNOr Ml DNA
met hyl ation ageg'elbgélsge% ibbd" ey ! p%en%l‘eqegtin vl&xcl;cl?m %Elggrp %\tel a%al?gsn ?tr %Lﬁlé y can be
related to an_inher.{ed genetic drsease such 20 as a single-gene disorder
(e.g., cysti cPYYTIRIL] Barkers, {ippssf herpigy thephrpse "ppbanombic maskge ™ Qitkkase,

Fami | i al Dysabiclsifoaidghangg @rgnnbsiudde, dilesien desertip irveRionarrsiabla numtenxi a

t el engect as$ aof tBided nepeatn WNOTRS,, shb@ nlidnatepddBdSTRY, rameehitd evier répkdd) , X- | i nked
[S|oondyl zepl }ohcw\ml aldY &P IRS ar)aﬁﬁl@awpa{eﬁ%eofeg?ﬁh)inv@%s DN ifRbd gpg sor der

e.g., Ange . - ndr -W.e nn

syndr one, I\/yga’lg‘f)tﬁésqlﬂf 5%&5 rg{e%n?éonsygﬁééeoa%ysﬁ\}%g Ey @%W‘gr’e ‘."%gggi tionto
various di sea@%%e“?'%‘?sd?h,asﬁ%‘t"‘df"i"ons in the BRCA | and BRCA2 genes). QO her
genetic disorders which can be detected by DNA anal ysis are known such as

t hal assaent®, AddlysihefHeal Caliscul ar dystrophy, connexin 26, congenital adrenal

nyp?pl atSI a, X-li m@eaﬂcénygﬁ@&ﬁm&gé@sfmgmhmme@s Jf&@mﬁ/@@ropaalmuea&@yﬁaﬁf :jm _enc?/,
unti ngton's .di €M ndrial .disorder . MU accharidosis | or

V. Norrier s SedERPor e IR gl G g Rl ROALRE Y

21- hydr oxy| aselyes ithe; el cat ?18?‘?904‘?‘%‘3(%53% Somplpdt g Brefistchosihcy,

di astrophi c djetfotmaprpcess. fubad 0 owivakiadpki2gsingthn BCR ossi pletéirs propess.edi t ar y

. sensory neasr opat owelty, ROg@MIRE 00 tiyd a@ITba perftytiap espRkadsas inkiodsei gh' s

syndrone, aspaiday !l UERSAMLDMIGLA, of BhRGPIE TRfalytis | £ UKARELT BRfs W | son’ s

di sease, st errgsn%ti%Sﬁ;ul fte}t agaje (ilefl len%%/, X-11rnked ?g,rg ol gul codyst rophy,

phosphor yl asé KIS CEREt 'HeBRYRORMATE (72vy SyREUEE W 5F 8’383 i*®%se) and

debr anchi ng élﬁ%lw refétmlqine}?ﬁ%,S RW‘B sig, whole gegiome amplification and microarray

analysis), as well as other methods described below,
30 Chromosomal abnormalities, either in structure or number, can be detected by

karyotyping which is well known in the art such as FISH. Karyotyping analysis is

generally performed on cells which have been arrested during mitosis by the addition of

a mitotic spindle inhibitor such as colchicine. Prefcrably, a Giemsa-stained

chromosome spread is prepared, allowing analysis of chromosome number as well as
35 detection of chromosomal translocations.



gl ycogen storage disease). These and ot her genetic di seases are nentioned
in The Metabolic and Mol ecul ar Basis of Inherited D sease, 8th Edition,
Volunes I, |1, Ill and IV, Scriver, C. R et al. (eds), McGaw H Il, 2001.
Clearly, any genetic disease where the gene has been cloned and nutations
detected can be anal ysed. 5The nethods of the present i.nvention can al so be
used to determ ne the sex of the fetus. For exanple, staining of the
isolated fetal cells with a Y-chronosone specific marker will indicate that
the fetus is male, whereas the lack of staining will indicate that the
fetus is female. In yet another use of the invention, the nethods described
herein can be used for 10 paternity testing. Wiere the paternity of a child
is disputed, the procedures of the invention enable this issue to be

resol ved early on thefgbmbc RESIRAEWIve VR WitdM ORI R fehtTyif: Rasdbnd@scri bed for
parentage testl ﬁsﬂisfab slhaLXq QLG %@4+&’6N§ fon§ldt RTESPJG RO E(Bﬁph' ¢

markers. As use <ftp re ers to any
it

nucl ei ¢ acid ¢RSH fléer tial h’é’ﬂﬁ ?tiof‘ﬁfal"d’ﬁg% ‘fogfi st Hver si on) ,
vari abl e nunbepe & V?ﬂ" pp%%r?f reishss Altes wild/NIFRPT rr@%tr qeqltea%émawép@a@ls (STR),
i ni satel | i tse eleawrophortsisr foliedtesdigdidr)withrud abiepriaic kestriclfonpingyahd, prefepalyent age

testing i nvol \eowl¥Anplif@esndé (Y lelRehnt BNEGEdidhe: Slﬁfu&éd"s’@ﬁdqt(éhcé gRgas; regions,

th | HLA
F:)CI - e28ni\ngfln§n Q(Ina ti eYFIQC%Je%(l'ImEIQ}Bré\fergb%gko?%lngﬁrfx lﬁ"gatgﬁ %P{i:;g d%%g{legtse d using
t he net hods ofyDﬁ\k/’h5’g‘°?ﬁlé‘fﬁvfn8ﬂ“a&5ﬁ%(§esgﬁﬁ? ngth \P8 8'tp SBt 2§¥Scedur es,

for instance ﬁ@@ﬁV%BNﬁW@pbfémmnemwlg|ovaonmleqnﬁeqc'é¢qh agomttphed f‘?rs}hﬁn‘@ﬂd r equi red,
the sanpl e 10arypbecdhérnceend Uaingiahed {8 thhrawsntaxmenst er licusrsagorttiwesefettivet post
pl at f or m pr oc @f®duchiérdiffa QeskitiN@YEsiAIN @r dmils) ;b’}gne'& hetck¥aoRskilp! at f orm

g;gggsie 25 BNl %af.&yﬁealvohxw&gg%és icAR IS O}“ﬂ ?ﬁay&pﬁa?{e&ggal %pgt 'Og
net hyl ati on pﬁatp?@? #g!ete?t‘ggf‘ﬁu@f‘?"oaﬁaqo hg H&' r éﬂﬁt"ﬂ"c ?1%’? I‘?!gg'i"h edssays,
sequenci ng anéf @@Rtwa@@athaquswm i}lmm@eqrrmdmnme@xnascbpmm ofnal ysi s,
whol e genore Banplisofated@omontuserod may lerspatatiay anal ysis), as well as ot her

net hods descri bed AbghQ¥handREREIOHRS T Red Q@H&mlffe'hhgeﬁ:n?%' b@dgniefts St ruct ure
or number, Caﬁe&%gdgx%ineﬁi%n% hkd%r é&g%ﬁlqutﬁMq{)TMn?e MWl the art

such as Fi SH. Kar Si en forrre on ce¥|s whi ch
have been arr¥%®'¥ fﬂ%&f’ eﬁ‘t’lo'fofg gapple (Has cﬂo’%’Sgﬁ %of@g CiSt fFERE pi ndl e

i nhi bi t or suc‘l“leth%daé@)méﬁﬁ@ﬁmtheppéf erably, a G ensa-stai ned chronopsomne
spread i s Prepar edmplifichtwnionDNanadyyteiashieytd pyhtho eobtivied PCRYethoddar el | as 35
detection of &bél%ﬁ@%}eoitd’raﬁ&ﬁa(ﬁﬁ;étsh&rﬁ quan@tive PCR, quImﬁatg@ﬂ%résgen?-ssays may

- involve any %ﬁﬂ%’l l{fe{n 9 a\&gran? gengt{dex}{ pro%e amcﬂfllh(f‘ahlon deﬁ"avarﬁlrrr& p | SITB,

such as: sequenC| osSiti ons,
GRR

differential Y Rs—,raethd’rf"lﬁfe csth PS’N r@%‘f‘ﬁﬁ'@? @&Weafele‘lﬁﬂbﬁfé"%g‘f to
hybri di se at (PER-RFEPeRERHRFPYBTPICBRFLE! hoesterhRER, mpedBIORg #tsippolaonyrut ant
sequence; ZierrRyrik RO« g@lingbcitdiec erpimpdioh QRCA), f 9idkOWCRY pidbti@StdrROAndM t h an

appropriate regfutsrowtzkom&namsme arpmtﬁlaﬁmemoés%mm@s‘xg@maﬁae&asd on of the
rel evant DNA 1 se seguence at.uring gel

Clect r ophor e<- 6 dRBiesPion! YR ERRENS SSRBNTS FEMYED TeUPH e B ant DA
regi ons; con?@RLB OﬁF‘E‘Iget( Pel¥Ryclept oPFqP@aﬁnéﬁﬂse?séﬁgsPﬂPef}f@I PHBPDhi sm)
assays; sel eovlymeraoNAaianpictifn CERLRER), erbitragly girimgd poulpinerade cheis redeiigh ar e

mat ched f @0 t(hBPER), degexﬂe&tetax@@m&eaue{aﬁﬁem @orator) el dublkic bkhi@bane ant
EggggngepgR ey Gfn ﬁﬁca&Un B3RS <& hﬂéaﬁ&}d%{h nttl18fcaﬁ" be S ;ﬁi' on site
genot ype, ﬁ'f%‘\rlxlénﬁmg &é ngg’ftﬁg’tq}%%g ésst494 aﬁ&g@@?ﬁ rect, ie
capabl e of det ectT?‘%gmanmt Eltsﬁorfcﬁtcn@hcﬁt trelniqye sthat wes sbrorg@méremz%h i s known
to be |i nked(ftuoropineesphat@imiea edcotdasy sigablaif illupimict ivothun eXdiatigy kidhes and priners

may be fragmadidcea trordozotMNanicRR #Hust! ATRRhPrSbe O nifPYndGIyRY Rbdet i c.

parts of the chromosome with which they show a high degree of sequence similarity.




A non-denaturing gel may be used to detect differing | engths of fragnents
resulting fromdigestion with an appropriate restriction enzyne. The DNA is
usual ly anplified before digestion, for exanple using the polynerase chain
reaction (PCR) nmethod and nodifications thereof. 20Anplification of DNA may
be achi eved by the established PCR nethods or by devel opnents thereof or
alternatives such as quantitative PCR, quantitative fluorescent PCR
(QF-PCR), multiplex ligation dependent probe anplification, digital PCR,
real time PCR (RT-PCR), single cell PCR restriction fragment |ength

pol ynmor phi sm PCR ( PCR- RFLP), PCR- RFLP/ RT- PCR- RFLP, hot start PCR, nested
PCR, in situ polonony 25 PCR, in situ $plling circle anplification (RCA),
bridge PCR, picotiter PCR and enul sion PCR Qther suitable anplification
met hods i ncl udget B8 by 38 3FeckB A PedifRAhioREbnfet tfdspecttic ANSHboME kedfdns.

anpl i fication,gel] éfléjssg%'eq&d e%c‘?ugﬁ‘?é‘ﬁeoriﬁﬁé"s'e&%Ea'quo it Bk %P&h&’goﬂgp' iTication
of target pol ynuclQott de *Segtenceas,” Consendts sequence prined pol ymerase
chai n reacti ofifilepiepenses indhegprams) PrRotdeq lage togBPegrie BEDIIEHIN Frofssact i on 30
(AP- PCR), degenéit shtoeld bt tagesd dirbatlp wriith Buppnhnesel FERa BPORNPORyrigusdvaicl ei ¢ aci d
based sequenc&orargpld nidkatahstitiod MABRASing efrdmuasspldsfIf Ggrai anplifi@tibioids t hat can

be used her ei Redofih WARCIN S BerElRSEMIHRA dr the WRorBodh QuthHbiopRadImaBd O
4,988, 617; an?ac?ofsSsuc ’a%%érgo'be 1a] llin eﬂfc? ng.CfthOFlngI ofFlro e':_ra drtﬁg ﬁlfo?ers](%etsd @“),t .eChm q.ue
that uses chroFBPHGFe PRGS PH o ABHer &) AP Bt & Secondary” si gnal i f
i |1 umi nat ed wteAPdaR fugrescent fagnd aptibgpies ¢ strepvidipasdiound @ e GedRbirllFs st ruct ur e.
FI SH uses f | uSnesupifitingseesimsl. whi ch bind only to those parts of the

chronosone 104 t h whbtgiltelihiylated a3gathd) ingthodbegTBe invdntisecuueiobesainatysedr i ty. 25
Such tags WHYustinbtgé MRSARIA Y@ aRPGRIE D" b QIRSAITS Squeideh TeBBRIokY Gaf hr ONDSOME
regi ons. The B s Los pe | ong enough to hybridize speciftically to its

e

.0 .
target (and noflg?’(;%a{s&?mia Sequences in the genone), but not too large to

i npede the hybri dFHEFsRVPPUUsEs 2 maher ofthedpygition c4iebe PALRIdUO WPl Iy with
f | uor ophor es. mighitige plats (e clbprz vieH) andrapaiyssd dgpsndeBlyf drefesstdypicd cali ck
transl at i oms owillRoRonks bd\@rekd Jarch thiitGsh 60ictberS but lséreedbdio @bnfamabtedtitaat i on i s
necessary to gXc8ef atpRRcdatRatié PRl BIESHAidin®hinct, HunPi& 88 5RREn bovhi ch

depends on many, factors ch r abe | abel | f ncy, the kind of

probe and th e?{ff)rtﬁnoeggssgbeger@gdlﬁsecﬁl?edsgéglé@a}é%f?pl%@?ge%@;’e&nﬁofa ed..anti bodi es or

streptavi din are Bisupfdhofoefithednientipn pisy dnclide e semefdixigan ?@%ﬁﬁ“*f% si gnal .

10Fet al cel | sth¢ sadlb drt thel sapgilen Such propegitilan els kodwit teshdspshélipdiimthe@ain Fat so be

anal ysed usi ngample iviams ARRMAY6INVY inABhakifiansigdiydelfkafisndolietied Bs r@fimeébequenom

Tothod of thert et st L AR ATUEEN bt detergell® Bl 06, MOMAL N S one
venilon . i nt. gt

cel | per wel ﬁ}lﬂ‘@hﬁgzﬁ)nsg{;sf}%’%& ‘irn°8‘§bg‘ﬁ‘ag'ﬁ?f‘1 @S.mqﬂrn Bf Gétcrrﬁ%'fsé/zgy{anéeéﬁEl%atg?q 15 wil |

not only be SBaebRdeyolvefreament sith @lgphols (ethpfobpramgthangl)t Inifie} Bxafigymey,

conf i rn det ecfsotbhat ethang. Ehbinphfiatipepermerbiligationmiy alsesbepeffetgli uged | . I n this

i nstance, muldompkRMXIARMINGE Kit§ GRciifingd orkoresad genepaldiy edeser i bed by

el ude the- <PEgaprye PR Rl I equba RS A bt bTETL oN O
pr ocedur es a%ﬁ{ﬂ%ﬂ“ﬁ%ﬂfpﬁﬁéﬁgg e Ia’é%sis ﬁreta:‘fggp‘&?“f“.to &8?‘_” Sgi(‘ie@%é" i, fixation
may invol ve iFAT exeEplepHs 2009 ST Wetisehpsest 4 matbodfor fhs| <Biptier BONA M ent with
det er gent s s tistuesamd Sdposainples, kN dagedfi-adeé tisng eTiesisolafion bOBNX-fbGO, Noni det
NP40, NP4G0SYR&d datnple€ for ufRlin PERGHs ARREABRCHe8 by PEHMIY 268EKRNg €2¥05)

Per meabi | i zat | I volve treatment with al cohols (ethanol or
met hanol ) . I%{]Wtazgg%i?%ﬁ'?lg?\ﬂhay al so be in ethanol. Conbined
fixation/perneabilization nmay al so be perforned using 25 commercially

avai l abl e kits, including DAKO IntrastainTm Caltag's Fix & Permreagents,
Ot ho Di agnost i c'liswiReseraadetixtddrby bérsone gkiiléde, therert lad suh@sus tvaatienst r act i on  of

- DNA from fix gl 2RBliR3idnd mAL BE thfle ADAhY Shn@nCabRUnKROWR pifchose skilled
inthe art. Fo exarrpl.% ;(Jlg 20040126796, .di scl os Sh me%.hod or,. t he
extraction of’méﬁwq'?sov}’ﬁ Pyt epprine AR B HRIFT 2aARCed, P AU 2 BPAI i n- i xed

tissue. The isolation of DNA from



30 fixed sanples for use in PCR has al so been described by Lehman and

Krei pe (2001) and Fitzgerald et al. (1993). It will be appreciated by
persons skilled in the art that numerous variations 35 and/or nodifications
may be nmade to the invention as shown in the specific enbodi nents w thout
departing fromthe spirit or scope of the invention as broadly 26

descri bed. The present enbodi nents are, therefore, to be considered in all
respects as illustrative and not restrictive. Al'l publications

di scussed and/or referenced herein are incorporated herein in their
entirety. 5The present application clains priority fromUS 61/147,718 filed
27 January 2009, the entire contents of6 which are incorporated by

r ef er ence. Any di scussion of docunents, acts, materials, devices,
articles or thieschibede ThdpresontR@BodIBEI ard) Hetecbel td e colbilepd asaintspegmesi fi cation
is solely for l,tjljg@mpyz[ngggtqesgfcngy OVI ding a context for the present invention.
It is not to be t t he ese matters
formpart of the plrﬁl %lPlaca“?"S Biﬁ%uése ‘@\%”%grencﬁnl})’gmmélﬁeem?fpof‘( tejd\c/%]erel g€ in the
field rel evantheff§™ ¢ present invention as it existed before the priority
date of each cl ai fhobresehi spphgapdn dems onerity 29m REFERENCES ik i2Adinghy and

Sher | ock (1997()09H6mnﬁﬁmbﬂ€htwmtcﬁare&co@&&e@&&ef‘ev‘éﬁcel\/ljfti et al (1999) Am J.

Med. Genet. 85:66; AZ? dlsés%%@ ﬁoc@fner@s a<(t52 9191%)19,15] mvnc%s L.egR orI\(ﬁ'eqlk@ 3icR9- 42.

Bi schoff and }?asrggeangchgdz 9 m t}-;e present spec2f2cat|on is solely for the purpose of providing a

context for the present invention. It is not to be taken as an admission that any or all of

10 these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.
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D agn. 22: 1098-1101. Bussani etal. (2004) Ml D agn. 8:259-63. 10 Bussani
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havi ng vi si bl gisdhsf SldSeRolROdET 183062261 F St end of the tube, the marks
indicating ingerval s Qfs gie%gtwgelgll?&g fshe first end of the tube;
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a first stop disposed adjacent the reference marks on the outer tube, the
position of the first stop being adjustable with respect to the reference

mar ks on the outer tube; and a second stop arranged to limt
the distance that the first end of the insertion nmenber can extend past the
first end of the outer tube; wherein the first stop is sized to

pass through a vagina of the patient but_ to be restricted from passing

t hrough an external os of a cervix of t patient, and wherein the outer
tube is sized to pass through the external os. 2. The sanpling device of
claim1l, wherein the reference marks on the outer tube allow the distance
bet ween t heChadMS on of the first stop and the first end of the tube to be
determ ned. 3. The sanpling device of claiml1l or claim2, wherein the

first stop is adjustable to a p05| ion that all ows t ling. portion of
the insertion rre!ﬁﬁé‘?lplf‘lﬁ 5¥icp 3d4nsdoiae Hanseery IR SP'HPI&gnﬁn’“&}%gl "f ‘agaé‘i"eﬁt

when the fi psfensdodprisisg:abutti ng the external os of the patient and the

i nsertion menber has be?e turg\flavm vis %}éqgfe;[ che QatkEh atfjfjrs eenéi'%“h t&l)lre]ethg?n%%nd
stop has been engage A & ]I devi e of any one of
wher ei n t heinlicptatg letndabbfdlbtenqembegthe@mtmﬁelﬁe ttees i nates in a coupling

portion and the sampl,dj %g%ﬁﬁsﬁ%@n h%m%QMPa'vﬁlQ al fstt @ af @4 BlchMPeRO el ififrtion -
The sanpling device of cllaim 4, wherein coupl 1 ng portion conprises a

hook and t hBe®hsrering&cpiyed ingad wéedrt‘ébeinﬁe&leﬁwowhéh?? gtubihd of the insertion
menber by the hook. , B:Sn&mgTﬁwnoﬁla@iB;idsagoﬂlew Giest @nd Cofathen ilsertioh emahser t4he

I ti t I d f
i m 6 Sﬁéqngawewé%ﬁ% Rl P R R R APTIOOR | ament ous. array of
sponge fingers. . alfst senibrosyl ad@vent eheaciemnel mgks on ke auter Bibarthecpaition 7,
wh th d 00
erein e?fstf?é) pIQFSt ﬁlrglaa ustgkgmfth ?e% ecp@rtlﬁirei\%}ee%nedlﬂ%gg X\thg T%gr tﬁ‘lﬂ% 1%0

m crons, an av ore openin ncrons. 9.
The sarrpl i ng device aa%?émddﬁt%arr@g%@ lynis tiyr digtpnge rat the Grsg endaplethe jippextiqn

sanpl i Ng PORELER SHPERMIDES 1R HRLES biathe AfaRIRI to expand upon absor Pt i on of
the biological materials froma dry conPress%d state to 2, swol | ep.s %te
wherein the first stop is sized to pass through a vagina of the patient but t
restricted from passing through an external os of a cervix of the patient, and wherein the outer

tube is sized to pass through the external os.

2. The sampling device of claim 1, wherein the reference marks on the outer tube allow

the distance between the position of the first stop and the first end of the tube to be determined.

3. The sampling device of claim 1 or claim 2, wherein the first stop is adjustable to a
position that allows the sampling portion of the insertion member to be positioned at the
internal os of the patient when the first stop is abutting the external os of the patient and the
insertion member has been moved through the outer tube until the second stop has been

engaged.

4. The sampling device of any one of claims 1 to 3, wherein the first end of the insertion
member terminates in a coupling portion and the sampling portion is coupled to the coupling

portion,

S. The sampling device of claim 4, wherein the coupling portion comprises a hook and the

sampling portion is retained in the first end of the insertion member by the hook.



10. The sanpling device according to any one of clains 1 to 9, wherein at
| east one of the insertion nenber or the sanpling portion conprises an
ul trasound readabl e narker to assist in tracing the position of the
sanpling portion within the patient. 11. The sanpling device according to
any one of clains 1 to 10, wherein the outer tube conprises an ultrasound
readabl e marker to assist in tracing thg%position of the sanpling portion
within the patient. 12. The sanpling d ce of any one of clains 1 to 11,
wherein the sanpling portion is adapted for renoval fromthe device and
integration wth a transport container such that the transport container
mai nt ai ns seri | Theysamting dedepr oft glaigy 5.t Weerejm sl sapglipg pertion comprises Frgonge
sanpl i ng dewakga0f any one of clains 1 to 12, wherein the first stop has an
interference fit with the outer tube. 14. The sanpling device of any one
of claims Ito 13, wherein the sanpling portion has a surface area to vol une
ratio the sane asheOsanipling deviad of bRIm &f wheit the BpbeR! iytesdl 2R Prisa ng kiuhly
portion thag. vvoutl dfit }Mthi nf.the outer tube. 30 15. The sanpling device
of any one OFTEMISAIA £6PRUEC 18 Fher conprising a shield to protect the
sanpling portion during insertion of at |east the sanpling portion of the
devi ce intogthe gl : ] hept 16. S I Vi 0 .2l m 15
wherein t heg's hi e % élarsh% gg%flés‘g%l %%F@Qé%éﬂr#@gl JE‘S%%?H @%ﬁ%‘? ?%dg?tg gget Iﬁ%tg%%t er
surface of emArisesstorgsaized btwedid 00adPPA0giciont (iGN average PPIFePPSHADHPY hevasBYi ce
of any one 940 &bHa00Bmitrdn® 16, wherein the second stop is coupled to the
outer tube. 18. The sanpling device of any one of clains Ito 16, wherein
the second stop is coupled to the insertion nmenber. 19. The sanpling
devi ce of afy orkecfampliad devick dcoordiBg tovagy end of bleinsahpd Bnghgeintthorandingi zed
to be novab| e.. t e ' | alm 19,
wheroi n t net Ak aHiEed S RpBb iibP Ty by pldCu SR PO BIGR F ol
posi tion i nfrothiadry eomprassedistate ta abwelientsiatet part of the sanpling portion is
protected by the outer tube during insertion of at |east the sanpling
portion of the device into the vagina of the IDati ent . X

10. The sampling device according to any one of claims 1 to 9, wherein at least one of the

insertion member or the sampling portion comprises an ultrasound readable marker to assist in

tracing the position of the sampling portion within the patient.

11. The sampling device according to any one of claims 1 to 10, wherein the outer tube
comprises an ultrasound readable marker to assist in tracing the position of the sampling

portion within the patient.

12. The sampling device of any one of claims 1 to 11, wherein the sampling portion is
adapted for removal from the device and integration with a transport container such that the

transport container maintains sterility and integrity of the sampling portion.

13. The sampling device of any one of claims 1 to 12, wherein the first stop has an

interference fit with the outer tube.

14. The sampling device of any one of claims 1 to 13, wherein the sampling portion has a
surface area to volume ratio the same as or more than that of a cylindrically shaped sampling

portion that would fit within the outer tube.
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15. The sampling device of any one of claims 1 to 14, further comprising a shield to protect
the sampling portion during insertion of at least the sampling portion of the device into the

vagina of the patient.

16. The sampling device of claim 15 wherein the shield is a dissolvable chemical coating

applied to the outer surface of at least part of the sampling portion.

17. The sampling device of any one of claims 1 to 16, wherein the second stop is coupled to

the outer tube.

18. The sampling device of any one of claims 1 to 16, wherein the second stop is coupled to

the insertion member.

19. The sampling device of any one of claims 1 to 18, wherein the sampling portion is sized

to be movable through the outer tube.

20. The sampling device of claim 19, wherein the insertion member is movable relative to
the outer tube to a position in which at least a substantial part of the sampling portion is
protected by the outer tube during insertion of at least the sampling portion of the device into

the vagina of the patient.



