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(54) Title:

CONTAINER AND SYSTEM FOR SAMPLE COLLECTION AND PREPARATION

(57) Abstract: The present invention relates to a system for collecting and
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’ preparing a body fluid sample, the system comprising a sample container (10)
comprising a sample cup (38) for receiving the sample, said sample cup com-
prising graduated indicator markings (14) corresponding to equal increments
of sample volume, a removable lid (16) for sealably covering said sample
cup, said lid having an access point which is sealed by a septum, and a re-
movable cap (22) which is effective to cover said access point, anda delivery
device for containing a plurality of predetermined reagent doses which are to
be added to a sample within the sample container in the predetermined doses
relative to the volume of the sample.
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Container and System for Sample Collection and Preparation

CROSS-REFERENCE TO RELATED APPLICATIONS
10011 This application claims the benefit of priority to U.S. Provisional Application No.

61/816,243, filed March 27, 2012, which is incorporated by reference in its entirety

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

002]  This invention was made with government support under grant number Ub4
EB007949 (Program for Appropriate Technology in Health (PATH) Agreement NiH
1374-D2-08459-COL to Northwestern University) awarded by the National institutes of

Health. The government has certain rights in the invention.

TECHNICAL FIELD

1003]  This disclosure is concerned with apparatus and methods for obtaining and
preparing body fuld samples for diagnostic testing, such as such as sputum samples o
be tested for an analyte such as luberaulosis. In particular, it is conosrned with sample

preparation apparatus and methods having enhanced safely and simplicity fealures.

BACKGROUND

1004]  Tuberculosis (TB) is caused by infection of the lungs (in the vast majority of
cases) by the bacterium mycobacterium tuberculosis. While both preventable and
treatable, TB remains one of the world's leading causes of liness and death. In 2008,
an estimated 14 million people were living with active T, and there wera an astimated
1.7 milion deaths attributed to TB (WHQ, Glohal Tubercidosis Confrof 20410, T8 alfects
the develuping world disproportionately, with maore than 8% of new cases appear ing in
developing countries.

[005]  Reliable clinical diagnosis of the disease in such sellings presents 2 challengs.
Chest X-rays, skin tests, and microscopic examination are widely known pracedures and
generally easy to implemernt, but they are not sufficiently religble. The World Health
Organization WHO) reported in 2010 that avallable blood tests for T8 ware also ghving
an unacceptably hgh number of false negatives and false positives.

1008]  Analysis for the bacterium in sputum samples, using pucieic acid amplificatio

technology, is the currently preferred standard for accurate dizgnosts of 1B, However,
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the collected sputum sample reguires dilution and other prefreatment, which raises the
risk of exposing technicians to contaminatad samples. In the developing world, few
clindos or hospitals have well-functioning safety hoods for handling TB samples, due to
fack of availabiiity, lack of floor space, andior expense.

[607] Thus, thers is 3 need for sample collection systemns that both reduce axposua
of health care workers and also simpiify the addition of thinning agents and other

reagents for sample preparation.

SUMMARY
10081 The following aspects and embodiments described and flustrated below are
meant to be exemplary and ilustrative, and are no way intended o be limiting in scope.
[009] Disclosed herein, in one aspect, is a system for collecting and preparing a body
fluid sample, the system comprising:
{a} asample container comprising:
(1) a sample cup for receiving the sample, sakd sample cup comprising
graduated indicator markings corresponding to equal increments of sample
yolume,
(i) a removabie lid for sealably covering sald sample cup, said {id having an
access paint which is sealed by a seplum, and
(i) a removable cap which is effective to cover said access point, and
(b} a delivery davice far containing a plurality of predetermined reagent dogas
which are to be added to a sample within the sample container in the predeterminetd
doses relative to the volume of the sample,
whersin the reagent doses are for insertion info the sample container through the
sapium, and
wherein the predetenminad reagent dosss correspond to the corresponding indicator
marking or sald defivery device such that the number of pradetermined doses of reagent
a to be added to a volume of sample corresponds fo the indicator marking on the sample
cup.
[0410] In one embodiment, the septum comprises one or more slits alfowing insartion of
the predetermined dose through the septum. The predetermined dose may be inserted
directly through the septum as in the case of a solid dosage form or by penetration of &
dethvery davice.
[0¥1] it one embodiment, the plurality of predeternined reagent doses are in the form

of a sofution. In a further embodiment, the delivery device is configured or able to

3
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penatrate the septum. In ancther embodiment, the delivery device includes graduatad
indicator markings that indicate a volume of the predetermined doses {0 be added to a
volums of sample corresponding to the markings on the sample cup. In other
embodiments, the indicator markings on the sample cup and the delivery device are
consecutively numbered gradualed markings, In one preferred embodiment, the
consecutively numberad graduated markings on the sample cup and on the delivery
device employ unitless numbers. in different embodiments, the delivery device may be
a pipetls, a sealed package having a tip which can be removed or plerced and inserted

through the septum, or a syringe.

{0121 Typically, the access point is an opening in the id from which t eptu*r
removable, Alternatively, the septum may be attached {o or be a part of the lid {in which

case the septum and the access point may be considered synonymous).
{0131 In a prefarred embodiment, the interior surface of the sample cup is at least
partially conical or frustoconical in shape. The sample container may further comprise
members extending from the exterior sides of the sample cup fo support the container in
an upright position. In another preferred embodiment, the sample cup is sufficiently
transiucent to allow a volume of sample contained within the sample cup to be visible
an observer.
{014} he componerits of the system may be provided in kit form. In such cases, the
system preferably further includes the reagent solution and/or solid reagent doses as the
pradetermined reagent dose(s). In one embodiment, the reagent solution is contained
within the sealed package that serves as the delivery device. The reagentmay
comprise, in various embodiments, one or more cell lysing reagents and/for one ormore
mucaiyiic reagents for treatment of the sample, particularly a sputum sample. Inan
embuodiment, the cell fysing reagent is a detergent. Iy another embodiment, the
mucoivtic reagent is a proteinase such as proteinase K
(048] Also provided by the disclnsure herein is a sample container as desaribed
above, for collecting and preparing a hody fluld sample, the container comprising:

{1} & sample cup for receiving the sample, the sample cup comprising nonsestdively
numbered graduated markings corresponding to eguat increments of sample volume,

(1) & removable iid for sealably covering the sample ocup, the fid having an access

point which is sealed by a wpiu T3, and

whereln the consecutively numbered graduated markings on the sample cup employ

unitiass numbers,

Lan
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{1161  Preferably, the sample cup is sufficiently translucent to allow a volume of
sample contained within the cup to be visible to an observer, In one embadiment, the
interior swiace of the sample cup is conical or frustoconical in shape. In different
embodiments, the sccess point is an opening in the lid from which the septum is
ramaovabig, or the septum may be alfached fo or be g part of the lid.
10171 Also disclosed herein is a related method for preparing a body fluid sample, the
method comprising:

adding a reagent to a body fluid sample within a sample container, in a
pradetermined amount ralative to the volume of said sample,

wherein said sample container comprisas (i) a sample cup for recelving the sample,
comprising gradusated indicator markings corresponding to equal increments of sample
volums, (i) a removable fid, containing an sccess paint which is sealed by a septum,
and {iii} a removable cap effective to sover said access poing

wherein said reagent is added as a predetermined amount through said septum,
and

wherein the predetermined amount added o the sample container corresponds {o
the volume of sample collented in the sample conlainer.

in parlicular, the a«:‘lding of sclution comprisas the steps of:

ohsarving the level of sample within the sample cup

assigning a number or other indicator to the sample volume, corresponding to the
tavel of sample in the cup with respact to the graduated indicator markings on the
sample cup, and

adding to the sample from the delivery device, a volume of reagent solution or
amount/number of solid reagent which corresponds to the same number with respect io
sald graduated indicator markings on the defivery device,
[018]  In an embodiment, the reagent is a solution containad within a delivery device
including markings for the amount of reagent to add fo the sample conlainer
sorresponding to the graduated markings on the sample container. In anather
embodiment, the reagent is 3 predetermined amount of the reagent as a discrate solid,
where the number of discrete solids added to the sample container corraspond to the
graduated indicator markings on the sample cup.
098]  in an embodiment, the indicater markings on the sample cup andior on the
delivery device are consaculively numbered graduated markings. I one preferred
embadimant, the consecutively numbered graduated markings on the sample cup andfor

on the delivery device employ unitless numbers. In ong ambadiment, the volume of
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reagent solution or amouni of solid reagent dosage added is notin a 1.1 ratic to the
sample volume. Preferably, the interdor surface of the sample cup is conical or
frustoconical in shape, and the sample cup is sufficlently ransiucent to allow a volume of
sample contained within the sample cup 1o be visible {o an observer.
{a201  As disclosed above, the device septum preferably comprises ane or more slifs
aliowing penetration of the seplum by the delivery device, which may be, for example, a
pipetie, a sealed package having a tip which can be removed or plerced and inserted
through the seplum, or a syringe. In another embodiment, the one or more siits allow
panairation of the septum by one or more solid reagent doses.
{021}  in a preferred embodiment of the method, the body fluid sampils is a sputum
sampie. The reagserd solution added to the sample may contain, in various
embodiments, cell lysing reagenis andfor mucolytio reagents. In embodiments, the cell
lysing reagent is a detergent. i other embodiments, the mucolylic reagentis a
proteinase such as protainase K.
10221 In further embodiments of the method, the method further comprises isolating
nucleie actds from the sample, and may further comprise ampﬁfyéng one or more target
nucisic acids from the isolated nucleie acids. Such ampiification may use any
ampiification meathod known in the art; examples include, but are not imited o, PCR, RT
{real ime)-PCR, RT {reverse ranscriptase}-POR, and iscthermal techniques such as
nucieic acid sequence based ampiiﬁcation (NASEA), franscription mediated amplification

(THAY, strand displacement amplification (SDA}, ligase chain reaction {LCR}), and

’

0‘\

helicase dependent amplification (SDA).
{0231 in s preferred embodiment, the one or mors target nuclele acids is characteristic
of Mycobacterium tuberculosis, and the method is used o delermine the presence or
absance of Mycobacterium fuberculosis in a body fluid sample, particidarty a sputum
sample.
{0241  Also disclosead herein is a further method for preparing a body fiid sample, the
methaed comprising:
adding = reagent solution 10 a body fluid sample within 8 sample container such as
disclosad herein, in a predeterminad volume relative to the volums of the gam;ﬁe,
wherein the sample cordainer comprises, as disclosed above, {1} a sample cup for
recaiving the sample, comprising consecutively numbered gradusted markings
sarresponding (o equal increments of sample volume, (1) a removable fid, containing an
access poird which is seated by 8 septum, and (i} a removable cap effective to cover

e accass paint;

LA
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wharein the reagent solution is added using a delivery device which is able o
penetrate the sepfum, and which comprises consecutively numbered gradusted
markings corresponding to equal increments of reagent solution volume,

and whergin the predetermined volume added {0 g volume of sample which

corresponds {o a given number on the sample cup is the volume of reggent solution

o}
i

which corresporids to the same given number on the delivery devios,
Additional aspects and advantages of the present devices and methods are setforth in
the following description and claims, partictdarly when considered in conjunation with the

accompanying examples and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10251 Figure 1 illustrates one embodiment of a sample container as disclosed hereiy
[026]  Figure 2 shows a sample container as fllustrated in Figure 1 in cross-section;
and

{0271 Figures 3A-38 show embodiments of delivery devices as disciosed herein,
where Figure 2A shows a pipsite and Figure 3B shows a sealed pouch.

[028]  Figure 4 is 3 graph showing relative extraction for a standard buffer or & 10%
difution

0291 Fioure 5 s an image of a time course of spulum processed with proteinase K

digastion buffer at 0 minutes, § minutes, 10 minutes, and 15 minutes,

DETAILED DESCRIPTION

{.  Definitions

(0307 Before the present methods and compositions are described, itis to be
understood that this disclosure is not limited to particular embodiments describad, as
such may, of course, vary, Several embadiments of the present disclosire are

ssoribad in detaill hereinafter. These sembodiments may take many different forms and

‘:‘\

should not be construed as limited to those embodiments explicitly set forth hersin,
Rather, thase embuodiments are provided so that this disclosure will be thorough and
compiate, and will fully convey the scope of the present disclosurs o those skilled in the
art. it is also to be undersiond that the terminology used herein is for the purpose of
describing particular embodimants only, and is not intended 1o be limiting, since the
scope of the inverdion will be limited only by the appended claims

(0311 All patents, applications, published applications and other publications referred

i harein arg incorporated by reference in their entiredy.
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{032] Terms and abbreviations not defined should be accorded their ordinary meaning
as used in the arl. As used herein, the following terms are intended 1o have the
olfowing meanings:
[033] As used herein, the singular forms "3," "an,” and “the” encompass plural
referents unless the context clearly dictates otherwise. Thus, for example, referencea t
"a protein” includes a plurality of such proteins and reference to “the formulation”
includes reference {o ong or more formulations and equivalents theraot known to those
skilled in the ant, and so forth.
(0341  Where a range of values is provided, it is understood that each infervening
value, (o the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower imits of that range is also specifically disclosed.
Each smaller range between any stated value or infervening value in a stated range and
any other stated or intervening value in that stated range Is encompassed by this
disclosure. The upper and lower limits of these smaller ranges may independently be
included or excluded in the range, and each range where sither, neither or both limits
are includsad in the smaller ranges is alse encompassed by this disclosure, subject o
any specifically excluded limit in the siated range. Where the stated range includes one
or both of the Bmits, ranges excluding either or both of those included limits are alsc
within the scope of this disclosure. For exampile, if a range of 5 1o 10 minutes is stated,
it is intendad that 8 min., 7 min., 8 min., and 8 min. are also explicitly disclosed, as well
as the range of values greater than or equat to § min, and the range of values less than
or egual to 10 min,
[038]  “Detection” of a target nucleic acid or analyte refars to determining the
presence of the absence of the nuclelc asid or analyte in a sample, where absence
refers to a zera level or an undsisciable level,
[038] Az pertains 1o the present disclosure, 3 bintogical fluid or “bady Suld” can be,
uniass otherwise indicated, a sofid, or semib-solid sample, including fecas, blopsy
specimens, skin, nails, and halr, or g Eiqu%«j sample, such as uring, saliva, sputum,
mucous, bicod, bleod componenis such as plasma or serum, amnictic fluld, semen,
vaginal seoretions, tears, spinal fluid, washings, and other bodily fluids. Included among
the sampie are swab specimens from, e.q., the cervix, urethra, nostrl, and threall In

particular smbaodiments, the sample s a spulum sample,

i, Sample Collection and Preparalion System

(0371 Provided hersin is a sample collection container for collecting a body fluid
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sample and for preparing the sample for diagnostic testing, 2.g. by a nucleic acid assay.
One embaodiment of such a sample container is Hlustrated in Figures 12, As shown in
Figure 2, the sample container 10 comprises 3 sample cup 12 for recaiving the sample,
a removable lid 18 for sealably covering the sample cup, and 3 removable cap 24, The
fid 18 and cap 22 are typically sorew caps atlached by threads, as partially shown in the
drawings. it will be apprediated that the fid and cap may be snap-on type and include a
ricige or projection(s) to secura the lid or cap. The lid 18 has an access point, typically at
jeast one certral opening which is ssaled by a septum 18 {not visible in Figure 1}, The
septum is preferably siit to aflow penetration by e.g. 3 solution delivery or extraction
device which is not a sharps device.

1038]  The septum is typically molded as a separate part which is inserted info the Hd.
it will be appreciated that the septum may be removable from the tid. In embodiments,
the septum may be attached to the lid, removably or otherwise. In other gmbodiments,
the septum is integral with the lid. In the embodiment shown in sross-sectional Figure 2,
the septum material (typically rubber or a polymer) also forms a oylindrical exten iston 28
sxtending a short distance into the intarior of the container. However, such an extension
{s oplional.

0391 Alternatively, the lid and septum may be moided together, in which case the
acoass point camprises, for example, an opening with an overmolded rubber septum, or
a very thin section of the same plastic materal making up the fid, eithar of which is
oreferably slit to allow access. However, a removable seplum is qensrally preferred,
since this allows the device 1o be provided {o the user with the septum removed, thus
permiting access o the sample, e.g. with a smeay stick or prabe, for obtaining a
microscope smear sample, without removing the entire lid of the sample oontainer.
{While ampiification assays are preferred from the standpoint of accuracy, HOrOSCOpic
smear cxamination is stil widely used in developing countries for first-pass T8
diagnosis.}

{0481 The sample cup 12 comprises, along at least a porlion of its extarior surface,
graduated indicator markings 14 which correspond to equal increments o f sample
volume. As shown iy Fig. 2, the markings may be indicator ines without a numerical
marking. n embodiments, the indicator markings are consecutivaly numbersd
graduated markings 14. Adjacent o the graduated markings are consecutive numerals
3 these are preforably unitiess numbers, as desaribed further below. Freferably, the
sample cup is sufficlently translucent 1 allow a volume of sample conta ined within the

cup 1o be visible o an observer,
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{0411 In a preferred embodiment, the interior swrface of the sample cup 12 is at least
partially conical or frusioconical in shape, as shown in the Figures, ¢ allow more
accurate measurement of smaller samples. The sample container may also compris
members 38 extending fram the exterior sides of the sample cup, (o support the
container in an upright position
(0421  Also provided hereln, for use with the sample container, is a delivery device 44
for delivering a diluent andfor reagent solution (o the sample within the container,
nreferably in a predetermined voluma relative to the volume of sample (e.g., 2 mi of
diluentreagent to 1 mi of sample). The delivery device is preferasbly a non-sharps
device formed of a siable plastic material, such as a plastic pipette 34 (Fig. 3A}ora
sealed pouch 38 having a dispensing fip 40 (Fig. 38). in the embodiment shown, the
pouch includes a flange 42 with a notch 44 to guide the opening of the pouch.
{0431  QOther types of sealed packages may be used in lieu of the pouch of Fig, 38,
2.4., a thermoformed blister package or a blow-fill-seal container, such as is commenly
usad for packaging of sterile pharmaceuticals, In any case, the sealed package has a
dispensing end that can be pierced, broken, tom or cut off {o aliow dispensing of the
contents, and i is preferably constructed such that liquid does not dispense until
significant pressure {L.e. more than is necessary o open the dispensing end of the
package and insert # through the septum 18} is appliad to the package. Inone
ermbodiment, the sealed package has sufficient rigidity to prevent premature dispensing.
[044]  In 2 manner similar to the sample cup 12, the dispensing device comprises
along at least a portion of its exierior surface, graduated markings 28 which correspond
o equal increments of salution volume, In embodiments, the markings are
consecutively numbered. Adiacent to the graduated markings are consecutive numerals
32 as for the sample cup, these are preferably unitless numbers.
[045]  An advantage of the sealed pouch {or other sealed package} s that prepared
dituentireagent solution 28 can be supplied wrepackaged in the pouch or ather sealed
package, thus redusing the need for technicians to manipulate solutions. Thus, i a kil
comprising the sample container and sample dispensing device, the diluient/reagent
sulttion can be provided within the sealed package. Alternatively, the diuentireagent
solution may be provided in a separate container if the dispensing device 24 s a pipstte.
048]  The concentration of the diiuentireagent solution fs such that a quantity
corrasponding o a givery numaral 32 or other indicator on the delivery device is the
appropriate quantity for use with a volume of raw sample corresponding to the same

numeral 30 on the sample cup. {Intermediate numbers can be estimated and the same

Q
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corraspondence made.)
{0471  In one embodiment, the volumes of sample and solution used are notin a 101
corrsspondsnce, sven though the numbers on the different components {the sample cup
and delivery davice) match. For example, the ratio of actual volumes used may be 201,
.51, or various other ratics. Of course, a 1.1 ratio may also be used.
048]  In another embodiment, the delivery device is a container or holder for a
piurality of solid reagent doses as described further below. The delivery device in this
ambhodiment may include a dispensing tip or end sufficiently sized to allow the solid
reagent dose {0 pass through the septum and into the sample cup. In othey
smbodiments, the solid reagent dose is removed from the deliver device and inserted
through the septum and into the sample oup,
10491  Insfructions for carrying out the desoribed sample-lo-reagent corraspondence
would typically be provided with a kit. Such a kit would typically comprise the sample
container, the delivery device, and, preferably, the diluentireagent solution/solid reagent.
10501 The provided diluentireagent solution may vary, depending on the desired
treatment of the sampile fiuid collected in the sample cup. For example, sputum
samples, which are thick and difficul! o handle, are conventionally treated with sodium
hydroxide solution for initial dilution and lquefaction; this treatment also kills non-TB
pacteria. The sample collection and preparation system may be used o prepare
samples for culturing or for nucieic acid amplification and analysis.
01511 When the sample is o be prepared for nucleic acid amplification, celf iysing
andfor mucolytic or proteoiytic reagents may be provided. A kit for nudete acid analysis
may also include, in separale containers, ampification primers and other ampiification
resgents, 1o be used in accerdance with known procedures. Such amplifivcation may use
any amplification method known in the art; examples include, bul are not imited to, PUR,|
RT {real ime)-PCR, RT (reverse transcriptase}-PCR, and isothermal techniques such as
nucleie acld sequence basad amplification (NASBAY, transaription mediated ampdification
{TRIA), strand displacerneant amplification {(8DA), ligase chain reaction {(LOR}, and
helicase dependent amplification (DAL
10821 in an embodiment, the reagent s a protease digestion buffer comprising a cell
fysing reagent and a protease. In an embodimient, the cell iysing reagent is a detergent.
Any suitable detergent is geceptable such as, for axample, an anionic detergent such as
sadium dodecy! sulfate (SDB) or cationic delergents. In an embodiment, the bulter
ncludes a reagent for digestion of proteins such as a protesse. One suitable protease is

\

Proteinase K. In prefarred embodiments, the buffer includes agents to stabilize the

i
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protiease. in one exemplary embodiment, the buffer includes an activator such as CaCly
{0 activate the protease through increased stability and a reagent {o mainiain the buffer
pH in an effective range. In an embodiment, where the prolease is Protaelnase K, the
buffer reagent is Tris-HC! {o maintain the buffer pH at about 8.0 for maximum protsinase
K activity., Whare the aclivator is CaCly, the huffer preferably includes a reagent for
inhibition of calclum-dependent nudieases that could digest the target DNA. nan
exemplary embodiment, the inhibitor is EDTA. One advaniage of the protease digestion
buffer is that the sputum sample is sterilized, thereby reducing infection risk for clinical
workers, While the sample may not be used for baclerial growth analysis, i is sasily
analyzed for the presance of nudleic acids. Another advantage of the protease digestion
buffer is that if reduces or prevents faise negatives caused by clumping of the bacteria in
the specimen. Lysing and mixing of the specimens provides an equal or neardy equal
concentration of nucleic acid throughout the sample.
{0831 In another embodiment, the reagent is a solid reagent comprising a call lysing
reagent and a protease. One advaniage of the dried, solid reagent is extended stability,
aspecially at higher temperatures. The dried reagent is preferably shelf stable for
extended pericds of time. It one embodiment, the dried reagent is shelf sigble for a
ionger penod of tme than a corresponding reagent solution. In embodiments, the
reagent is stable for about 112 months, In mn»iimiténg smbadiments, the reagent is
stable for about 1-2 months, about 1-4 months, about 1-6 months, about 2-4 months,
about 2-6 months, about 2-12 months, abouit 4-8 months, about 4-12 months, about 6-12
months or longer. in parBicudar, but not imiling embodiments, the dried reagent is stable
for at ieast aboul 1 month, about 2 months, about 4 months, about 8 months, about 8
months, about 10 months, abowt 12 months, or longer. In another embodiment, the
dried reagent is shelf sfable at higher temperatures. This is particulardy advantageous
for use of the reagent in areas without exiensive refrigeration. In embodiments, the
dried reagent is shelfl slable al a temperature of at least about 25-60 °C. In othay
ambodiments, the driad ree-zg&m is shelf stabie at a temperature of &t least about 25-55

"G, or at least about 40-85 °C. In paricuar, but not imiting embodiments, the driad
reagent is shelf stable at about 40-55 °C for at Igast about 1-12 months or 1-86 months
including the fime periods described above, Anocther advantage s increassd safely in
handling the reagents. Protesses can be dangerous with profonged skin contact.

solid, dry dosage form prevents a iquid spiil that may contact an extended skin area as
well as provides for imied skin exposure {0 the reagents,

{0541 In a preforred embodiment, the dried reagent is prepared by frepze-drying the

1
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somponents along or together. Where the components are freeze-dried separately, the
ragulting componenis may be mixed and formed into a solid dosage form. In preferred
embodiments, the driad reagent includes the same or similar ingredients as the protease
digestion buffer described above. In one embodiment, protease Kwith 25 mM HEPES
{pH B.0), 5 mM CaCly, and 20 mg/m! trehalose are freeze driad. SDS is fresze-dried
separately and the components mixed. An advantage of a solid reagent dosage is that
all reagents are contained within a single dosage form. A cliniclan doss not nesd to
measure the reagents individually thereby reducing the potential for error. Further, the
dosage form has a single storage requirement, as oppaosed to mulliple storage
requiremnents for the individua! reagents. The driad reagent may be individually
vackaged or packaged together in a delivery device. The dried reagent may be formed
in any suitable form including, but not limited 1o, a tablet, capsule, pill, elc. The dried
reggent may further comprise a protective coating such as a gel coating.

I088]  In a preferred embodiment, the one or more farget nucleic acids is characleristic
of mycobacterium tuberculosis, and the method is used to determine the presence or
absence of mycchacterium {ubsrculosis in a body fluld sample, particularly a sputum

sampia,

i Method of Sample Collection and Praparation

[0568] Also disclosed herein Is a method of preparing a body fluid sample using a
sample container and dispensing device as described above. The sample cup 1218
fitled by the patient by removal of the cover 18, which is generally a plastic screw cap. if
necessary, repeated deposits are made. The Interior surface of the sample cup 12 is
preferably conical or frustononical in shape, so thal accurate volume measurement 8
possible at both small volumes and larger volumes. Typically, the sample cup is
designed to hold 1-8 mi or 1-10 mi of accumulated sample. As noted above, however,
the indicia 30 on the oup generally do not include volume unifs.

0871 Al the clinic, the level of the sample, typlcally sputism, in the sample cup 1218
noted. In particular, its correspondence to the marker indicta 3¢ is noted, and an
intermediate number s estimated if necessary. {in this sense, when referning lo a
“valgme of sample which correspands io a given number on the sample cup” herein, the
“given number” need not be a whole number, and can be an intermediate or fractional
number.) The small cap 22 is removed by a olinical worker, exposing {in one
ambodiment) the septum 18 which seals the opening In cover 16, Preferably, the

septum as provided is siit to sllow acoess via a non-sharp instrument such as a plastic

$ut
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pipeiie or the dried reagent; in ancther embodiment, the septum is solid and is plerced
using a syringe. The seplum pravents asrosols from escaping the sampls cup when the
cap is removed and when the contents are accessead.

{0581  For sample preparation, the diluent/reagent solution of appropriale
concentration, as described above, is preferabiy provided with the sample conlainer and
delivery device, either in a conlainer 1o be drawn up into the pipstie 34 or prepacked in a
sealed contained such as pouch 38, In a less prefarrad embodiment, a diluentreagent
soiution having the appropriate concentration is prepared at the dlinic and then utilized,
for example, drawn up inlo pipetie 34, In ancther embodiment, the appropriate number
of discrete dried reagents are added to the sample cup basaed on the amount of sample
collected in the cup.

(0591 As defined herein, the “appropriate concentration” of the diluentreagent solution
is such that a quantity corrasponding to a given numeral {32) on a delivery device as
described herein is the correct predetermined quantity for use with a volume of raw
sample corresponding to the same numaeral (30) on a sample cup as describad herein.
(0807  With reference to the number previcusly associated with the level of sample in
sample cup 12, a volume of diluentreagent solution corresponding to the same number
{32} on delivery device 24 is then added © the sample cup, via septum 18, For
example, in ong embodiment, the desired volume ratio of diluentireagent solution t©
sample is 2:1. In this embaodiment, sach marking 14 on sample cup 12 could correspond
o a 1 miincrement, in which case the markings 28 on the delivery device {e.g. pipetie or
pouch) would correspond to 2 mlincrements, If the sample volumae leve! corresponds 1o
the number *3”, for example, then an amount of the pouch or pipetie contents
corrasponding to the number °3" is used. Thus, for example, diluentreagent solution is
dispensed from the pouch until the Hiquid level in the packet reaches the appropriate
fevel nimber; alternatively, an amount of solution corresponding to the appropriate level
numbaer is drawn up into the pipstie and then dispensed.

[061]  The systen as disclosed has 8 number m‘ advantages. Not only does the
system protect the technician from sxposure © the sample, but i also allows an
accurate pradetermined amount of diluentireagent solution to be added, for any
predetermined ratio of companents, without the need for calculations on the part of the

fechninian,
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EXAMPLE 1
SPUTUM COLLECTION

[062]  Sample collection containers were provided to 88 human patients suspected of
Myoobacterium tubercufosis infection to determine the ease of use and sffactiveness in
obtaining a sample with sufficlent volume (21 mi) for testing. 93 of the subjedts produced at
least some sampie in the container with the amounts being shown in Table 1. All of these
containers had the id altached correctly and none of the conlainers showed any leakage.
Thus, the containers were easy and effective for the patients to use. Further, the patients
found the containers 2asy to hold and sasy o close.

1083]  The containers were effective for obitaining a sufficient sample size. Of the
patients that produced at least some sample, 93.7% of patients produced a volume of
sputum 21 Y in the containers (87/83),

Table 1: Sputum Callection

Volume #Containars Y
<1 il 4
Tmi 54 58
2mi 23 24
3mb 8 8
5mil 2 2
EXAMPLE &

SPUTURM DIGESTION AND STERILIZATION

[064] A 2X sputum protease digestion buffer comprising 60 mM Trig, pH 8.8, 2 mM
Call, 2% 305, and 1 mg/mb proleinase K was prepared,
(0681 1 mb of raw sputum was added to 1 mb of the DX sputum prolease digestion

hy

huffer in a 18 mb Faloon tube. The sputum and buffer was heated o 38 °Cin g
Renchmark Multitherm Shaker for about 7.5 minutes with shaking at 1000 rpm. The
solution was then heatad to 85 °0 for 10-20 minutes with shaking at 1000 rpm. The
resulting solution was hamogeanous and eastly pl ipatad. Fig. 5 is a time course of sputim
processed with the proteinase K digestion buffer at {from left to right) O minutes, 5
mingtes, 10 minutes, and 18 minutes. zgp;_st;.;s'n appeamnce changss from apagqus,

viscous fquid o a fresdlowing transtucant iguid. There were no difficulies In pipetting

t4
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or heterogeneity of specimens were ohserved with even the thickest specimeans.

(0681  Heat killing the organisms in the sample before a oliniclan removes samples for
analysis pravents the opearator front exposura o live organisms such as Mycobacterium
fuberculosis. Further, the reagent buffer thins and homogenizes the specimen making i
easier to pipel andfor measure accurately.

EXAMPLE 3
SPUTUM STERILIZATION

10671 1 mb of raw sputum was spiked with 1E7 viable organisms and 1mb of a 2X
protease digestion buffer as described in Example 2 was added. The sputum and buffer
was heated to 55 °C for about 7.5 minutes with shaking at 1000 rpm. The temperalure
was raised to 35 °Cfor 0, 3, 3, 10, 20 or 30 minutes with shaking at 1000 rpm. The
sampies were centrifuged at 3000 rpm for 15 minutes and the supeamalant discarded.
The pellet was washed with phosphate buffered saline (PBS) and centrifuged at 3000
rpm for 15 minutes. The supermatant was discarded and the pellet resuspended in 100
il PBS. Serial dilutions 108-1 to 10E8-4 were prepared and the dilutions were plated in
tripficate. The dilutions were incubated at 37 °C and inspected weskly for growth with
the results shown in Table 2. '

Tabhie 2: Bactenal Growth

Raised Temperature Time Growth
{rming

O growth

3 no growth

5 growth

10 no growth
20 no growth
3Q no growth

[068] These results show that raising the termperature to 85 °C for at least about 10

rainutes is sufficient {o kill the added bacteria (MTB)L
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EXAMPLE 4
EFFECT OF BUFFER DILUTION

[088]  Totest the effect of dilution of the buffer, a standard digestion buffer was prepared
and a 2X digestion buffer was preparad in accord with Example 1. The standard buffer
was added o a sputum sample at g 100% dilution (1 mb sputum to T ml buffer). A10%
difution was prepared using the concentrated buffer (8.9 mb sputurm to 81 mb buffer). The
reagent constituents {proteinase K, CaCl; and SDS) were kept at the same concentration
for each dilution. The relative extraction was measurad with the results shown in Fig. 4,
The 100% dilution with the standard buffer was set as 1 and the two modified samples are
expressed as a ratio of the standard method, Az sean from Fig. 4, using the 10% dilution

produced two times better results than the standard buffer.

EXAMPLE &
DRY DIGESTION REAGENT

[070] A dry reagent for digestion and sterilization of sputum is formed by freexe drying
protainase K with 25 mM HEPES, pH 8.0, § mM Cally, arid 20 mgfmi rehalose, 2% 8DS
is freeze dried and mixed with the prateinase K composition. The resuiting digestion
reagent is formed into a pill, tablef, or capsule. The resulling pills, tablet, or capsules may

& stored in sirips sealed with afuminum foil or may be stored in another sullable container.

10711 These and other applications and implementations will be apparent in view of the
disclosure. Such modifications, substifutions and alternatives can be made without
departing fram the spirit and scope of the invention, which should be determined from the
appended claims. While the prasent device, system, and msthod have been described
with reference to several embaodiments and uses, and several drawings, it will be
apprecialed that fealures and variations Hustrated or described with respect to different

embodimeants, usas, and drawings can be combined in 3 single embodiment.

10
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[072] Throughout this specification the word "comprise", or variations such as
"comprises” or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of elements, integers or
steps.

[073] Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is not to be taken as an
admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field relevant to the present disclosure as it
existed before the priority date of each claim of this application.

16A
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CLAIMS

1. A system for collecting and preparing a body fluid sample, the system
comprising:
(a) a sample container comprising:
(i) a sample cup for receiving the sample, said sample cup comprising
graduated indicator markings corresponding to equal increments of
sample volume,
(i) a removable lid for sealably covering said sample cup, said lid having
an access point which is sealed by a septum, and
(ii) a removable cap which is effective to cover said access point, and
(b) a delivery device comprising indicator markings, the delivery device
being insertable into the sample container through the septum and capable of
containing a number of predetermined reagent doses, wherein each reagent dose
in the number of predetermined reagent doses is indicated by an indicator marking
on the delivery device, and wherein the indicator markings on the delivery device
correspond to the indicator marking on the sample cup to provide a dose of
reagent suitable for a volume of sample identified by the indicator markings on the

sample cup.

2. The system of claim 1, wherein the septum comprises one or more slits
allowing:
insertion of the delivery device through the septum; or

penetration of the septum by the delivery device.

3. The system of claim 1 or 2, wherein:

the delivery device being capable of containing the reagent doses in the
form of a solution, the delivery device being able to penetrate the septum, and the
indicator markings being graduated indicator markings that indicate a volume of
the reagent dose; or

the predetermined reagent doses are each a solid dosage form and the one
or more slits are sized to allow penetration of the solid dosage form.

17
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4. The system of any one of claims 1-3, wherein the indicator markings on the
sample cup and the delivery device are numerical values that are consecutively
numbered graduated markings; or

the indicator markings on the sample cup and the delivery device are

numerical values that are consecutively numbered, unitless graduated markings.

5. The system of any one of claims 1-4, wherein the delivery device is
selected from:

a pipette;

a sealed package having a tip which can be removed or pierced and
inserted through said septum; and

a syringe.

6. The system of any previous claim, wherein said access point is an opening
in said lid from which said septum is removable, and/or
wherein said septum is attached to or is part of said lid.

7. The system of any previous claim, wherein the sample cup has at least one
property selected from:

wherein the interior surface of the sample cup is conical or frustoconical in
shape; and

wherein the sample cup is sufficiently translucent to allow a volume of

sample contained within the sample cup to be visible to an observer.

8. The system of any previous claim, the delivery device further comprising
the plurality of predetermined reagent doses.

9. The system of claim 8, wherein said reagent doses comprises at least one
of:

at least one cell lysing reagent;

at least one cell lysing reagent that is a detergent;

at least one mucolytic reagent; and

at least one mucolytic reagent that is a proteinase.

18
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10. A method of preparing a body fluid sample with the system of any one of
claims 1-9, the method comprising:

adding a predetermined reagent dose from the delivery device to a body
fluid sample within the sample container, wherein the predetermined reagent dose
amount is relative to the volume of said sample,

wherein said reagent is added through said septum, and

wherein the predetermined amount added to the sample container

corresponds to the indicator marking on the sample cup.

11. The method of claim 10, wherein the reagent is selected from:

a solution contained within the delivery device; and

a predetermined amount of the reagent as a discrete solid, where the
number of discrete solids added to the sample container correspond to the
graduated indicator markings on the sample cup.

12.  The method of claim 11, wherein said adding comprises:

observing the level of sample within the sample cup;

assigning a number to the sample volume, corresponding to the level of
sample in the cup with respect to said graduated indicator markings on the sample
cup, and

adding to the sample from the delivery device, a volume of reagent solution
or amount of a solid reagent dosage which corresponds to the same number with

respect to said graduated indicator markings on the delivery device.

13.  The method of claim 11 or 12, wherein the graduated indicator marking are
consecutively numbered markings; or
wherein the graduated indicator markings on the sample cup and the

delivery device are consecutively numbered, unitless numbers.

14. The method of any one of claims 11 to 13, wherein the volume of reagent

solution added is not in a 1:1 ratio to said sample volume.

15.  The method of any one of claims 10 to 14, wherein the septum comprises

one or more slits allowing penetration of the septum by the delivery device.
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16. The method of any one of claims 10 to 15, wherein the delivery device is
selected from:

a pipette;

a syringe; and

a sealed package having a tip which can be removed or pierced and

inserted through said septum.

17.  The method of any one of claims 10 to 16, wherein the septum comprises

one or more slits allowing penetration of the septum by the reagent.

18. The method of any one of claims 10 to 17, wherein the interior surface of

the sample cup is conical or frustoconical in shape.

19. The method of any one of claims 11 to 18, wherein said reagent solution is
selected from:

cell lysing reagents;

a detergent cell lysing reagent;

mucolytic reagents; and

a proteinase mucolytic reagent.

20.  The method of any one of claims 10 to 19, wherein said body fluid sample

is a sputum sample.

21.  The method of any one of claims 10 to 20, further comprising:

(i) isolating nucleic acids from said sample; or

(i) isolating nucleic acids from said sample and further comprising
amplifying one or more target nucleic acids from said isolated nucleic acids; or

(i) isolating nucleic acids from said sample and further comprising
amplifying one or more target nucleic acids from said isolated nucleic acids
wherein said one or more target nucleic acids is characteristic of Mycobacterium

tuberculosis.

20
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