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The present invention describes an apparatus (1) for
detecting biological activities in a large number of blood culture
containers (20). The containers are placed in a plurality of wells
(35) arranged in concentric rows (36, 37, 38) on a tumtable
that is rotated about a central axis. Each well is designed
to receive and hold one of a plurality of sealable containers
inserted base first, with each contsiner having optical sensing
means for sensing mi therein and a bar code pattem
attached thereto for identification purposcs. Each well has
an opening (39) in its base (40) to allow a sensor station to
monitor a fluorescence chemical sensor (27) in each container
to determine whether there is microorganism growth within the
container, Prior to inserting each container into a well on the
turntable, a culture medium and blood specimen are introduced
into the contsiner and the bar code is scanned to identify
the container. As the containers are rotated on the tumtable
they are exposed to conditions enabling a variety of metabolic,
physical, and chemical changes to take place in the presence
of microorganisms within the specimen. The apparatus also
includes a door on the front that opens and permits the tumtable
to be loaded and unloaded from the front of the apparatus with
simultancous access to all containers.

(57) Abstract
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activities in a specinen such as bl ood. The apparatus includes a turntable '

havi ng a plurality of concentric wells for receiving, holding and
rotating a plurality of sealable 15 containers. As the containers are :
rotated on the turntable they are exposed to conditions enabling a

vari ety of netabolic, physical, and chem cal changes to take place in the
presence of m croorganisns within the specinen and rotated by one or nore
sensor s W PI482t hat nonitor mi croorgani sm growt h wi t hi nPEHES%239¢ nen.
20 2. Background Description

The presence of biologically active agents such as bacteria in a patient's
body fluid, especially blood, is generally determ ned using bl ood
culture containers. A snall quantity of blood is injected through an
encl osi ng rubber septuminto a sterile container containing 25 a culture
medi um and the container is then incubated at 37[err]C and nonitored for
m cr oor gani sm gr ow h. WO 96/ 39482

PCT/ US96/ 07299

5
‘ COMPACT BLOOD CULTURE APPARATUS
BACKGROUND OF THE INVENTION

10 1. Field of the invention

The present invention relates to a non-invasive apparatus for detecting biological
activities in a specimen such as blood. The apparatus includes a turntable having a
plurality of concentric wells for receiving, holding and rotating a plurality of sealable
15 containers. As the containers are rotated on the tumntable they are exposed to conditions -
enabling a variety of metabolic, physical, and chemical changes to take place in the
presence of microorganisms within the specimen and rotated by one or more sensor

stations that monitor microorganism growth within the specimen.
20 2. Background Description

The presence of biologically active agents such as bacteria in a patient's body fluid,
especially blood, is generally determined using blood culture containers. A small quantity
of blood is injected through an enclosing rubber septum into a sterile container containing

25  a culture medium, and the container is then incubated at 37°C and monitored for

microorganism growth.



One of the techni ques used to detect the presence of m croorgani sns

1 ncl udes vi sual inspection. CGenerally, visual inspection involves
nonitoring the turbidity or eventual col or changes of the liquid
suspensi on of blood and cul ture nedium Known i nstrunental met hods

detect changes in the carbon di oxi de content of the culture gﬁ.’h zgghi ch
is a 5 netaWOPRMB .- product of the bacterial growth. Monit €
carbon di oxi de content can be acconplished by nmethods well established

72U i O RS e AREAE ooncn s MRREA P o™ oo

di oxi de spectral S have requrre

i nvasi ve proggediiripedidnC Gengfanl ! visual indpesthlinvelvesmopnisrnigehe airbidity or eventual
Cross-contam nation between different containers. It has also been
proposed to chidrabangascafds quid suspgnsion pf blood and adyremediugg KnawRdpgtrugiental

nmoni toring positive and/or negatiyv . iy i
Recent 1y,  noREPRYSSree HBreBaY e oBL GRRHE EaRBAMRE cutyra cottes, which 132
Sensors 5 métaboiSRCproaadt detHelbacteviat growt. . Mdiiiesag thercadvan dioxigroerhitend can

changes in the carbon dioxi de concentratjon_.b hangi.ng .t hei.r col or. or
by changi ng kaescomplishadly Betoeds welkesipblished in the a"k%’l?&ﬁs 8?‘8%&(@?‘ or iffrared
non-i nvasi ve_phl t QG | ) i
excitation/ e?#g&qgﬂ%%l#@(rag ?’Y%E??%ﬁgitr%g@%e%@rgwa%gﬁggﬁl%}agﬁ%rﬁta to
each cont ai N@gasive procedUfésswhil Fasult in theSdeNtknotn pRotiérh of/troys-vdrtarminatiers from

one container to the next. Therefore, extensive and tine-consumn
cal i brati on imsteeenidifferenbicantainersi ltdwsaisodyeenreposed to detect migropigagism go

dditi flexib | ectrical I . ired to. t i ndi vi dual
20" sour Kb B aaEBEEEAIEPY Fopastersp SEhler et AEAPTS REMRc | ar ge.
nunber of 1ight sources, typically 240 or nore per instrunent,

mai nt enance can becone very cunber sone and expensi ve when i ndi vi dual
sources start to Regently, non-invasive methods have been developed involving chemical sensors

disposed inside the container. These sensors respond to changes in the carbon dioxide
concentration by changing their color or by changing thgir fluorescence intensity. In

15 known automated non-invasive blood culture systems, individual light sources, spectrai
excitation/emission fiiters, and photodetectors are arranged adjacent to each container.
This results in station sensitivity variations from one container to the next. Therefore,
extensive and time-consuming calibration procedures are required fo operate such
systems. In addition, flexible electrical cables are required to connect the individual

20 sources and detectors with the rest of the instrument. With the large number of light
sources, typically 240 or more per instrument, maintenance can become very cumbersome

and expensive when individual sources start to fail.

In known colorimetric or flucrometric instruments, light emitting diodes ("LEDs") are
256 used as the individual light sources. These sources have only a relatively low optical
output power. Therefore, high photometric détection sensitivity is required to monitor the
container sensor emissions. This results in additional and more complicated front-end

electronics for each photodetector, increasing production cost. To reduce equipment cost
-2-



In known colorinetric or fluoronetric instrunents, light emtting diodes

("LEDs") are 25 wused as the individual |ight sources. These sources have
only a relatively |ow optical out put power. Therefore, high
photonetric detection sensitivity is required to nonitor the cont ai ner

sensor em ssions. This results in additional and nore conplicated front-end

el ectronics f phot odet ect or, i ncreasing production co ce
equi pnent cos‘?b o654 §ET/U-§96167§5§U

WO 96/ 39482
PCT/ US96/ 0723 complexity, if¥kss se@RTpr6pdskd to Le GRabRRis g exzheekainer tesfeed el cal
fibers at each container to feed the output light of an instrunent's

sensors to aoumsitightiof gh ms@umeets eAnsors taiasamts amf?ﬁﬁdeﬁft@h iAdisadvantage kg thisc h
|d;sf ]E gre ezte ed fp%rroa, g {r]-% Fﬁqr mg %WP&% n?fn%bre? bffehatiobly by tbeld Hdifer&it

length within the instrument.

. It has also been proposed to introduce a culture medium and blood specimen into

each sealable glass container having an opticat sensing means and a barcode label.
Arranging a large number of these containers radially on a rotating drum within an
incubator and mounting sensor stations in thé instrument at a predetermined distance from

10 the drum so that during rotation of the drum each individual container is passing over a
sensor station. In that type of system, the inner bottom of each container is covered with a
fluorescent chemical sensor and a linear barcode label is attached to one side of each
container. The containers are then arranged radially on the rotating drum within the
incubator, with each container neck oriented towards the drum's axis and all the

15 containers located in groups on disk-like segments with each container reaching only

partially into the drum so that the barcode labels are accessible for scanning.

To load and unload this apparatus, however, the user must grasp each container at
~ its base and feed it into the drum neck-first. In known automated non-invasive blood
20 culture systems, containers are commonly transported to the automated blood cuiture
apparatus in an upright orientation, therefore, each container must be grasped twice
before loading. The need to grasp each container twice to load each container neck-first
into the drum requires additional work. Because microbiology lab personnel are
accustomed to grasping containers at the neck, there is a need to overcome the unusual
25 situation of feeding blood culture containers into the system neck-first. In addition, the

apparatus must be loaded a container at a time, which alsd is very time consuming. .
Finally, if the drum stops for the purpose of loading and unloading, only a portion of the

containers are accessible at a time.
- - 3 -



5 It has al so been proposed to introduce a culture medi um and

‘bl ood specinen into each seal abl e gl ass contai ner having an optical |
sensi ng neans and a barcode | abel . Arrangi ng a | arge nunber of these
containers radially on a rotating drumw thin an I ncubat or and

nmounting sensor jons in the instrunent at a redeterninegcgp from
10 thegdrun$§89€$? during rotation of the drun?each I ndi vi dua §§@z§gjner

I S passing over a 'sensor station. In that type of system the inner
bottom of each container is covered with a fluorescent chem cal sensor
and a linear barcode | abel is attached to one side of each cont ai ner.

The containers are then arrange@UMMARY|QF JHEINVENTION; g drum within the
i ncubator, with each container neck oriented towards the drum s axis and
all the 15 containers |located in groups on disk-like segnments with each

contai ner reachi Rge pRisknt inventiBAoverdbinks trdt #bove prablems amd tdmirisesia compadde
| abel s are accessible for scanning. To | oad and unl| oad this

appar at us§  Huved/eulture spparatas fordetectingbiplogicelly adtive agaals i@ large numberof iged

and feed it into the drumneck-first. In knho ut o N~ ' bl ood
20 culture %E'Eee‘??@,ta'%ﬁmfﬁt ﬁé‘@plgraé'dﬁmrﬂrﬁcfgﬁgﬁ%%@g#g ;ﬁﬁg\égé%régr‘ast ed
bl ood cul t urges g wmtdbiehaVinta plurdily SiWéIBNoceRdd Atontaric citdes arburid certrah

cont ai ner nust be grasped tw ce before | oading. The need to grasp each
cont ai ner t vaxis with eackavet: saseivingang halding enk of a plurality of sepigble qoptaingrg ipserted
requires additignal work. Because m crobiology |ab personnel are

accust oned t'i?sgrf'é@pi ng containers at the neck, there is a need to overcone
the unusyal 25 situation of feeding blood culture containers into the
system neck-first. In addition, the appar atus nust be-|oaded a

cont ai ner at a t iazeordingito thegpreserit investign, eadecantaipeminplydes optical sensing means

the " SCoeror s mEtastesaS 44 8 bef e et for HendHEatohdiBbdes " !

Prior to inserting each container into a well on the tumtable, a culture medium and bloqd
specimen are introduced into the container and the bar code is scanned to identify the
16 container. Then, as the containers are rotated on the turntable they are exposed to
conditions enabling a variety of metabolic, physical, and chemical changes to take place in
the presence of microorganisms within the specimen and rotated by one or more sensor
stations that monitor the optical sensing means in the container to determine whether
there is microorganism growth occurring within the container.
20
Such an apparatus provides low system sensitivity variations from one container to
the next and does not require electronic or optoelectronic components, electrical wires, or
optical fibers on a moving rack. As a result of these several advantages, it provides long-
" term reliability during operation. In addition, the present invention allows lab personriel to
25 grasp each container at its neck during loading and unloading, offers simultaneous access
to a large number of containers during loading and unioading, and has a smaller footprint

as compared to existing blood culture systems without any increase in height.

-4-



- 3- WD 96/ 39482

PCT/ US96/ 07299 SUMMARY COF THE

| NVENTI ON The present invention overcones the above probl ens
and conprises a conpact 5 blood culture apparatus for detecting

bi ol ogically active agents in a | arge nunber of bl ood cul ture

contai ners thghokSossd Pl € and can be produced at very |ow cogrushéer

appar at us ~usés a turntable having a plurality of wells | ocat_ggo |29r?
ﬁolncentrl c circles around a central axis, with each well receiving and
ol ding one of a fledl ahhblhePhsiefd, fdlitres BRd B4VRtah el &F el fiésent inveRtnawifl i T St .
10 According to tﬁe present |gnvent i Oa}’e each FsZont ai ner includes

optical sensbégmieeapparent fromi the fatiowirigatetailed slesgiptive,rtakeryiarcopjupctiondvith thar

code pattern for identification purposes.
accompanying drawings.

5 DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a perspective view of a compact blood culture apparatus for the

detection of microorganisms according to the present invention;

10 Fig. 2 shows a perspective view of a sealable container used in the apparatus

shown in Fig. 1;
Fig. 3 shows a cross-sectional view of the apparatus shown in Fig. 1

15 Fig. 4 shows an elevational plan view of the turntable in the apparatus shown in

Fig. 3; and

Fig. 5 shows a perspective view of an alternative turntable for use in an apparatus
according to the present invention.

20
DETAILED DESCRIPTION

A perspective view of a compact blood culture apparatus 1 embodying the

principles and concepts of the present invention is shown in Fig. 1. A plurality of

25 containers 20, similar to the one shown in Fig. 2, are enclosed in the apparatus and
protected from external environment and ambient light when under test by a hinged door 2.

on the front of the apparatus. Heating means (not shown) are provided in the apparatus

. -5-



Prior to inserting each container into a well on the turntable, a culture
medi um and bl ood speci nen are introduced into the container and the
bar code is scanned to identify the 15 container. Then, as the containefrs
are rotated on the turntable they are exposed to conditions enabling a

variety of ne lb{% physi cal, and chem cal changes to take "{!]7299
t he presence Croorganisns within the speci nen and rot at 0 or
nore sensor stations that nonitor the optical sensing nmeans in the

cont ai ner t Oty iy B! NBhnainers LSE bindiafiOLEARICNE) U5 OWdiadi" (o N0

wi thin the container. Such an apparatus provides | ow system
sensitivity miorocxgarosrss,fe@n3IBCewhemteon2is ih a closed positomext and does not
require electronic or optoelectronic conponents, electrical wires, or
optical fibers on a noving rack. As a result of these several advantages,

it provides |ong-p d1sFIg%;§[sg%r5ﬁbéé@nl tthfrdw ro&@% Qﬁﬁé’rﬁﬁ.:EQH -Fig.™ ﬁﬁiqh&nbéﬁﬁp tfx%'i

present I nvention a personne grasp each cont ai ner

neck duri8g bperdiioral statlisiof ttesabpagatus,§4re 2 control parel dprovides 2 plurality of switches,
| arge nunber of containers during |oading and unl oading, and has a smaller

footprint e ff @apyaly dasting, dwning ﬁ@P‘ﬁF@é& an e @ffsf‘é?é??é‘m”"t‘%éhﬁ oyprall

Increase in Qférglmn of apparatus 1. A conventional computer disk drive 5 is provided on the front 04
apparatus 1 for loading and retrieving data and programs into and out of apparatus 1 and
a bar code reader 6, located on the front of apparatus 1, is provided to scan a bar code
10 label 25 on each container 20 and identify each. container 20 being loaded into apparatus
1.

A perspective view of a preferred container 20 for use with the present invention is

shown in Fig. 2. Container 20 includes a neck portion 21 and a base portion 22, with neck

15 portion 21 having a smaller diameter than base portion 22. A cap 23 seals the apen upper

end of neck portion 21 and includes septum 24 that permits a needle to be inserted into
container 20 for injecting a fluid specimen into container 20 and then reseals the openend

of container 20 when the needle is withdrawn. Container 20 is shown as including a

growth culture medium/blood mixture 26, which stimulates the growth of bacteria that may

20 be in the fluid that is injected into container 20 when container 20 is incubated and

agitated. In addition, it is preferable for each container 20 to contain a separate and

distinct bar code label 25 on the outside of a sidewall 29 to provide efficient tracking of

each container and minimize reporting errors.

25 In the embodiment being described, a fludrescence chemical sensor 27 is mounted
at the bottom of base portion 22 for non-invasivety. monitoring the concentration of gases
such as oxygen or CO» or such parameters as pH in container 20. As bacteria in the fluid

specimen injected through septum 24 into container 20 grows in growth medium/blood
-6-



WD 96/ 39482

PCT/ US96/ 07299 These and ot her aspects, features and

advant ages of the present invention wll becone apparent fromthe *
foll owi ng detail ed description, taken in conjunction with the

acconpanyi ng draw ngs. 5 DESCRI PTI ON OF THE
DRAW NGS Fig. 1 shows a perspectlve vi ew of a conpact bl ood
cul ture appar VB398 YP2 ¢ he detection of m croorgani sns ab ﬁ?‘ﬁ’&”Po

t he present invention; 10 Fig. 2 shows a perspective view of a
seal abl e cont t Shﬂ@?

Fig. 3 shows mx@?és%ssgb%g{el 8nrg§ta€@§a/{ g%@ﬁtgsa%%%r at us thg deqﬁgllon oi CO2 in

container 20 by sensor 27 indicates that bacteria are growxng wuthln container 20. In
addition, container 20 contains an optional resin medium 28 to absorb any antibiotics or

drugs that may have been injected into the container with the specimen.

If the fluid specimen that is injected into each container 20 is blood, the apparatus
according to the present invention provides a non-invasive blood culturing system that
pericdically and concurrently monitors, agitates and incubates the containers. Since each
container 20 contains a fluorescence chemical sensor 27 that continuously monitors the

10 biood culture in container 20, the blood culturing system based upon the below-described
apparatus provides the earliest possible detection of bacterial growth in each container 20.
In addition, the system provides a continuous source of periodic data concerning the
growth of bacteria in the biood culture in each container 20 which can be stored and
analyzed at a subsequent time. Therefore, the apparatus provides for the simultaneous
1§ agitation and incubation of all of the containers in a closed enviranment, so to provide an

ideal environment for the growth of bacteria within each container.

Fig. 3 is a cross-sectional view of apparatus 1, shown in Fig. 1, and shows a

turntable 30 containing a plurality of wells 35 accessible from the front of tumtable 30. As

20 shown in Fig. 4, the plurality of wells 35 are arranged in three concentric circles 36, 37 and
38 and each well 35 is shaped to receive one container 20 base first. Each well 35 also
includes an opening 39 in its base 40 tc allow visible access to each fluorescence
chemical sensor 27 from behind tumntable 30. Turntable 30 is mounted on a shaft 31 that
rotates in a bearing assembly 32 mounted on a mounting plate 45 within apparatus 1 and

25 oriented so that containers 20 are oriented with their necks 21 toward door 2 on apparatus
1 and off-set from the horizontal plane. In such an arrangement, the force of gravity

" efficiently agitates medium/blood mixture 26 as turntable 30 rotates. Turntable 30 is also

arranged within an incubator 34, shown in Fig. 3. to promote microorganism growth within
- - 7 -



15 Fig. 4 shows an elevational plan view of the turntable in the
apparatus shown in Fig. 3; and Fig. 5 shows a
perspective view of an alternative turntable for use in an apparatus
according to the present invention. 20

DETAI LED DESCRI PTI ON A perspective view of a co

cul ture appar XU¥4¥nbodying t he principl es and (:oncep;rﬁ'aﬁl?)s?9%'&96i
present invention is shown in Fig. 1. A plurality of 25 containers 20,

simlar to the one
protected frGRMELFE S%gmﬁfe%o\ﬂr ‘t’reonrreg' Bq gwgﬁﬁrg%t% : '!"nﬁﬁ\ﬁhag%%%gﬁlggﬁeby a

hi nged door 2rientation Shibwirif Fig.ant  of the apparatus. Heating neans (not
shown) are provided in the apparatus

As shown in Fig. 4, rotation of turntable 30 is accomplished by a mator 42 that is
5 connected to tumntable 30 at its periphery 33 by a drive wheel 43. Of course, the
arrangement shown in Figs. 3 and 4 is merely exemptary, since other means for rotating

turntable 30 could be used and still remain within the scope of the present invention.

A plurality of sensor stations 41 are secured to mounting assembly 45 in apparatus
10 1 at such a distance from turntable 30 that during its rotation individual wells 25 holding
containers 20 pass over a sensor station 41, such that each fluorescence chemical sensor
27 is visible through opening 39 from behind tumtable 30. In the preferred embodiment
shown in Fig. 3, at least three sensor stations 41 are used, with one sensor station 41
testing each container 20 in a concentric circle 36, 37 or 38 for the concentration of one or
15  more types of gas or such parameters as pH, as each container 20 in that circle passes
over sensor station 41. Preferably, each sensor station 41 includes a light source that
generates and directs light through opening 39 into well 35 towards the fluorescence
chemical sensor 27 in each container 20. Sensor 27 then emanates differing quantities of
light depending upon the amount of CO2, oxygen or other gases or on the pH value
20 detected by sensor 27. For exampie, the more gas or pH in container 20, the more light is
emanated from sensor 27. The emitted light is then received by sensor station 41, which
then transmits signal data to display 3 and disk drive 5, shown in Fig. 1, concerning the
presence or absence of biologically active agents, such as bacteria, in each container 20.
It should be understood, of course, that the use of a fluorescence chemical sensor is not
25 required to practice the present invention, since other non-invasive means could be used
to monitor gases within container 20, e.g., a scattered photon migration (SPM) technique.
In addition, two or more detection principles could also be applied simultaneously, but may

require more sensor stations 41 for each concentric circie 36, 37 and 38. Turntable 30
-8-



WD 96/ 39482

PCT/ US96/ 07299 for incubating the containers at a tenperature
conduci ve to netabol i sm of m croorgani sms, e.g., 37[err]C, when door
2 is in a closed position. A display 3 is provided on the

front of the apparatus in Fig. 1 for indicating the 5 operational status

of the appara a control panel 4 provides a plurality t ches,
i.e., for W?@f%&sti ng, turning apparatus 1 on and off, Jﬁg"ﬂi%m o1 1 i ng
t he over aII operation of apparatus 1. A conventional conputer d| sk
drive 5 is piyg¥d A&%oRAir dlcttdniiBr dptoelectronicdRPOABMS, a}rdfrﬁrﬂekigﬁqéléﬂnén bles

retrieving data and programs into and out of apparatus 1 and
code reader ©r optivakfiteds ane reduireld: dﬁtereibreappapmrams chqrélng) tm’oha@ea#ehblnseranna
bar code 10 each cont ai ner

bei ng | oaded C?'P\B‘(’:) pg?ﬁlﬂg?J;?lljg uced cosycompar &diexs existing %E’ﬂd é'r@%ﬁ‘gffﬁﬁg;“g: gﬁfg of2 °
preferred comg@rcoggeﬁ‘tgrsoléﬁgwgw& dﬂ'@engftyeﬁé’&taghavem ion is shown in

Fig.*2. Container 20 includes a neck portioh 217and a base portion 22, with

neck 15 Sportion 21 having a smaller dianmeter than base portion 22. A cap

23 seal s the Operkig.pf S’urows an elevational plan view of a preferred turntable 30 for use in
apparatus 1 and shows the outside concentric circle 36 having twenty-four (24) wells 35,
the middie concentric circle 37 having eighteen (18) welis 35 and the inside concentric
circle 38 having eleven (11) wells 35. One well 46, 47 and 48 in each concentric circle 36,

10 37 and 38, respectively, is reserved for a calibration vial or container 50 having a
calibration material at its base that is used to calibrate the sensor station 41 assigrled to
that concentric circle 36, 37 or 38. Therefore, when turntable 30 is fuily loaded it holds
fifty (50) containers 20 and three calibration containers 50. Of course, other armrangements
and numbers of wells 35 could be used and still fall within the scope of the present

15 invention. For example, an altemnate turntable 100 is shown in Fig. 5 that is concave
rather than in a plane to provide additional agitation within each container 20 as it is

rotated.

As described above, tumtable 30 is rotated without stopping and flucrescence
20 chemical sensors 27 are read "on the fly" as they rotate by one or more sensor stations
41. However, it is also within the scope of the present invention to stop turntabie 30 when

reading fluorescence chemical sensor 27 at a sensor station 41.

The present invention also overcomes the man-machine interface problem caused
25 when containers had to be grasped at the bottom and fed into the system neck-first and
offers simultaneous access to all fifty (50) containers during ioading and unioading. An
apparatus according to the present invention also has the advantage that, during

operation. the containers never reach an upside-down orientation. This is an important
-9-
‘ .



end of neck portion 21 and includes septum 24 that permits a needle to be

inserted into container 20 for injecting a fluid specinen into
contai ner 20 and then reseals the open end of container 20 when the ~
needle is withdrawn. Container 20 is shown as including a growt h

‘cul ture nmedi um bl ood_m xture 26, which stinulates the growth | a

that may 20 Wg*ﬁy‘gﬁe fluid that is injected into contai ner% er;ﬁﬁ

]E:ont ai nﬁr 20 i s incubated and agitated. In addition, it is preferable
or each contaphey ik B Rk BofanfiSiRaN 185 iARdptum 24. dinddditioh, drpdpparties

| abel 25 on ts%eé%gt?tagl?%e c')‘fgpa Si ggv\/gﬁl 29 to lprosiude efficient tracking of
each cont ai nesccondihgrtd therpresent Epentisnaandrereither equipmed with an nterpgl CORBUSE PR

bei ng described, a fluorescence chen cal sensor 27 is nounted at the
bott om of bad¥® ‘i?BF‘?‘?t%‘ﬁmzaZ‘ XEMASRMPHLSi vel y nonitoring the concentration
of gases such as oxygen or CJerr] or such paraneters as pHin

container 20. As bacteria in the fluid speci nen i njected through

sept um 24 8§ nt 0 COAB hasibeerXfentioned already; tumntablesi doestrioboentain electronic or

- 6- WO 96/ 39482 ) , . .

PCT/ US96/ 072 %®ptoelectronic components, and receives no slectrical cables or opticat fibers. This allows
one to remove a loaded turntable after all chemical sensors 27 have been read. The
turntable removed from the instrument coulid then be stored in a simple incubator on a
slowly rotating shaft. In the meantime, a series of additional turntables 30, loaded with

10 other containers 20, could be inserted into the instrument and read. This option would

aliow expansion of the effective throughput of the instrument significantly at minimum cost,
if required. For easy removal and reinsertion, tumtables 30 are equipped with a quick

disconnect 49, as shown in Fig. 3.

15 The quick disconnect option of the present invention is, in particular, advantageous
for remote hospitals that usually need only a small-capacity low-cost instrument. [f,
however, a seasonally related increase in the number of samples occurs, then the
capacity can be expanded according to the specific situation. This option may also be
useful to detect the presence of mycobacteria. In this case, the frequency of readings is

20 much lower as compared to blood cultures. Therefore, it appears acceptable to insert

each turntable once or twice per day into the instrument for read out.

in the foregoing discussion, it is to be understood that the above-described
embodiments are simply illustrative of a preferred apparatus for practicing the present
25 invention, and that other suitable variations and modifications could be made to these

embaodiments and still remain within the scope of the present invention.

-10-



m xture 26, bacteria metabolismgenerates CJerr]. Therefore, the detection

of CJerr] in contai ner 20 by sensor 27 indicates that bacteria are
growing within container 20. In addition, container 20 contains an
optional resin nmedium 28 to abserb—anry—antThrptiTs or drugs that may
have been injected into the conqaﬁﬁéé N Q{i &"8pecinen. 5 | f
the fluid SPeglo at is inje . eptai ner 20 i pcphssihrdsne
appar at us ding to the present invention provides a non-invasive
bl ood culturing systemthat periodi cally and concurrenttynonitors;--

agi tates and y ige containers. Since each o '
contains a flvggftgg?gﬁﬁee&g'hem cal sensor 27 that conti nuougmﬂumugnm,[mm
10 blood culture in container 20, the blood culturing systerh based upons

t he bel ow descri bed a tys provides, the earliest possible detection
of bacterial growth irﬁﬁ%ﬁﬁpgbﬁ’f’aicfi@f'efﬁpam”s°°1“ﬁ"ﬂﬁ%ition, the system
provides a continuous Seifiasle Pbtatible %h@ardaifahsxﬂn%arpmrﬂﬂy bWells in a tBp Sufdteof
bacteria in the blood culture in each container 20 which can be stored and

anal yzed at dorrebsiviqgarpiuralityef cartaine®spr e, the apparatus provides for the
simul taneous 15 agitation and_incubat |acl) tu%g@” of. the cont{;u ners in a

cl osed environnent, sd MECHANRM fps rofating s P aRPKHSPS AN E S or the growth

of bacteria within eac%l 1680 oAk Rehsor station for datecting nftroogdritsrd grawth within each
cross-sectional view of apparatus 1, shown in Fig. 1, and shows a

t urnt abl e 30 contalrar as sgiddunptablenisirbtatedfaboel $aid &6s.accessi bl e from the front
of turntable 30. As 20 shown in Fig. 4, the plurality of wells 35 are
arranged in three concentric circles 36, 37 and

2. A compact blood culture apparatus according to Claim 1, wherein said
turntable includes a plurality of concentric rows of said plurality of wells, wherein each of
said concentric rows corresponds to said at least one sensor station for detecting
microorganism growth within said plurality of containers contained in said one row as each

of said plurality of containers in said one row passes over said at least one sensor station.

3. A compact blood culture apparatus according to Claim 1, wherein each of
said plurality of conatiners includes a base and a neck and said base of each of said

plurality of containers is received in one of said wells in said top surface of said turntable.

4. A compact blood culture apparatus according to Claim 1, wherein said

turmntable is rotated by a motor attached to the periphery of said turntable.

5. A compact blood culture apparatus according to Claim 1, wherein one of said

plurality of wells contains a calibration container for calibrating said sensor station.

6. A compact biood culture apparatus according to Claim 1, wherein said
turntable is mounted on said axis using a quick disconnect that allows said turntable to be

removed from said apparatus and replaced with another turntable.
-11 -
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38 and each well 35 is shaped to receive one container 20 base first. Each
well 35 al so i ncludes an opening 39 in its base 40 to allow visible |
access to each fluorescence chem cal sensor 27 from behind turntable
30. Turntable 30 is nmounted on a shaft 31 fhat rotates in a bearing
assenbly 32 bGda@n @ Mounting pljatEISABERT tHASNBERNDAr at US . Jpceinghos/gR299
oriented so that“contai ners 20 are qrient REPLhAIGED t hei ] necks 21 toward door
2 on appar at us 1 and off-set fromthe horizontal plane. In such an
arrangenment, the force of gravity efficiently agitates nedi um bl ood
m xture 26 as turntabl t T | :

w thin an incubat (rﬁ 34,R c?&'g\%ma ﬁf‘é}oﬁ?uétu F%ggp[%gétg? ggﬁ@“ﬂ%??ﬁééﬁ??ﬂ@@%@ﬁ of
Vv\cg gi6/n39482 said tumtable is periodically stopped by said mechanism sd that each container is
PCT/ US96/ 0729pesitioned at at laash pre s8nspo statipn derudelectingrpicfrasganiam oravah withip said
not limted tg all apparatus with the orientation shown in Fig. 3.

As shown in Ff°d‘.a'ﬂ°jr‘rotation of turntable 30 is acconplished by a notor 42
that is

8. A compact blood culture apparatus according to Claim 1, wherein each
container passes by at least one sensor station for detecting microorganism growth within

said container as said turntable is rotated about said axis by said mechanism.

8. A compact blood culture apparatus according to Claim 1, wherein each of
said plurality of wells inicudes an opening through the bottom of said turntable to provide

visable access to said container by said at least one sensing station.
N O Y

This Sheet Has Been Replaced
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5 connected to turntable 30 at if{ s ,y .?} —b(y a drive wheel 43 Of
course, the arrangenment sho gg' s A lali s er g plaﬁm:_

since other neans for rotating turntaplgS ¢ouyl d be use nd st|II
remain vithin the scope of the préséntl BnbERtEYh. - A plural i. ty.....
of sensqunaligclafisd fsl are secureditq_mpunting assently 45 i

1 at -such a distance fromturntablle 30 that durlng its rotjﬂl‘a mim li l"fﬂ
wel I's 25 hol di ng cont ai ners 20 _pass over a._sensor st

t hat each fl uorescence chem cal sensor 27 is visible thr ough openi ng
39 from behind tur ble 30 th ment shown in
Fig. 3, at least t rge Pfogggpﬁ%lﬁsa%h%ﬁfuge ﬁ@gﬂhwth one sensor station
41 testing eacl Gondabi\ioviing th EnViRAGRAL forCultisiig:e 36, 37 or 38 for
t he concentration of- paraneters as pH,

as each container 20, ithmidbfd r&hthsllseablaaﬁﬁxe%xls havirpV & pleraligoof Wellsiinra tob
Preferably, each sensor station 41 includes a |light source that

generates and dir eptfacd ferhrecdiving agslunafienofepnBinérsit o wel | 35 towards the

fl uorescence chem cal sensor 27 in each container 20. Sensor 27 then
emanat es di ffering qaarechatdigs forf rotating said ymtable gbeutisaigl aK%n t he anount of
C02, oxygen or other gases or on the pH value 20 detected by sensor  27.

For exanple, the norat OBge SQIEPT sﬁattqarfpad%?hnzamcmﬁ’ég%%m ¢wifhin each

emanated from sensor 27. The e tte g élﬁn received by sensor
station 41, which contgﬁgnast 5‘?1%‘?3& Ut A 4% o ay 3 and di sk

drive 5, s hown i n Fi dad wher%ﬁlne%gﬂ 81’ 884 Hﬁ?ahty of wells includes an opening through the
bottom of said turntable and said turntable is positioned and arranged to

provide visable access to said container by said at least one sensing station

through said opening.

2. A compact blood culture apparatus according to Claim 1, wherein said
turntable includes a plurality of concentric rows of said plurality of wells,
wherein each of said concentric rows corresponds to said at least one sensor
station for detecting microorganism growth within said plurality of containers
contained in said one row as each of said plurality of containers in said one
row passes over said at least one sensor station.

3. A compact blood culture apparatus according to Claim 1, wherein each of
said plurality of containers includes a base and a neck and said base of each
of said plurality of containers is received in one of said wells in said top
surface of said turntable.

4. A compact blood culture apparatus according to Claim 1, wherein said
turntable is rotated by a motor attached to the periphery of said turntable.

5. A compact blood culture apparatus according to Claim 1, wherein one of
said plurality of wells contains a calibration container for calibrating said

sensor station.

11
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presence aor absence of biologically active.agents, such as bacteri\?(ahtE ' 1
éﬂ@g f

each contai ner 20. It shoul d er st ood, of course, EpmﬁEM 0
a fluorescence chem cal sensor is Bﬁiﬂﬂ@,ugﬁﬂlﬂﬂ to praﬂflce t he present
i nvention, since other non-invasives used to nonitor
gases -wi thin container 20, e.g., a scattere pf’lot'bn m gration (SPM

t echni que. In _addition, two or nore detection principles could also be
appl i ed si nul t aneofis Ay compact thigod culture agparatus meeardingriodClaim ab.i whereim said

each concentric circle 36, 37 and 38., Turntable 3 ] .
- 8- turntaplegs mennted on said axEs us?ng a qu?ck disconnect that allows said

PCT/ US96/ 07299 dpoes not contain electroni c or, optoelectroni
conponents, and no“\"{‘@WbE’e%&r&E{"P’F‘E fo%asg}(ﬁgpparaus angrre%kppcia\yfﬂhqgg Tare
requi red. Theref orﬁlm%gleappar atus according to the present invention

can be produced at reduced cost conpared to existing blood culture

ipg(S:L ;;irrﬁgf s. The 7, A confpatibI8bd Bulf?E Sfpiratdt 8Qordih@ WS Clatth 1iveHerélh Fotativn
of said turntable is periodically stopped by said mechanism so that each
container is positioned at at least one sensor station for detecting
microorganism growth within said container.
8. A compact blood culture apparatus according to Claim 1, wherein each
container passes by at least one sensor station for detecting microorganism
growth within said container as said turntable is rotated about said axis by said

mechanism.
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5.7 . Fig. 4 shows an el evation IF@E@nEMrﬁwm A epi s GEET
: ows--t-her olit si de concentfi ¢

circle 36 having twentvy-four 4) wells 1 Lhe ‘

circle 37 havit II Imm u wel I's 35 #ht THEide’ chndentric

circle 38 havi ¢ Il's 35. ; d{48 in each

calibration vial or container 50 having catTbrarron material at

its base that is uWhgt ik elad@bd rat e the sensor station 41 assigned to

| oaded it holds 1. A compaqtploodoyulipesapparyssCOmPTISE:t hr ee cal i brati on

containers 50. O cqyr : nunbers of wells 35

aH 11?&%)%({8}‘ B%vtlﬁlh% AR IAVE S ent for ctnﬁgﬁ]glg

. _ =i prefieprediienT syriy
turntable 30 for use in_ . apparatus 0
. t.hen dfle concentric
concentric circle 36, 10 37 and 38, regpectively, is resdrved for a
that concentric circle 36, 37 or 38. Therefore, when turntable 30 is fully
coul d be used and stil the scope o esent 15 invention.

For exanpl e, an alt enuatabld rotathlblblabodtCih axss bdving a iphurblity. ofSwellsain a ®wpconcave

rather than in a plan tofoprovide adfiition | agitation within each

contai ner 20 as it pwtace fof recgiving.g plurality of contdiners; zs jescri bed above,

turntabl e 30 is rot gtgecthwhisAOaE r@t&@ﬂ?édiw niifblel dbouESGE RS, 20 chemi cal
sensors 27 are read "on the fly" as they rotate by one or nore sensor
stations at least one sensor station for detecting microorganism growth within each
container as said turntable is rotated about said axis;
wherein each of said plurality of wells includes an opening through the
bottom of said turntable and said turntable is positioned and arranged to
provide visable access to said container by said at least one sensing station
through said opening,

wherein each of said plurality of containers includes a base and a neck and

said base of each of said plurality of containers is received in one of said wells

in said top surface of said turntable, and

wherein the base includes a fluorescent chemical sensor mounted thereon.

2. A compact blood culture apparatus according to Claim 1, wherein said
turntable includes a plurality of concentric rows of said plurality of wells,
wherein each of said concentric rows corresponds to said at least one sensor
“station for detecting microorganism growth within said plurality of containers
contained in said one row as each of said plurality of containers in said one
‘row passes over said at least one sensor station.

3. A compact blood culture apparatus according to Claim 1, wherein said
turntable is rotated by a motor attached to the periphery of said turntable.

4. A compact blood culture apparatus according to Claim 1, wherein one of
said plurality of wells contains a calibration container for calibrating said

sensor station.

11



4. However, it-is also within the scope of the present inveption to stop
turntabl e 30 when readi ng fluorescence chem cal sensor @MGEMENE(SH;{Q]‘
station 41. The piesent invention al so overcones the

man- machi ne i nterface probl em ca mﬂ tainers had to be grasped
at the bottomand fed into the SU “ﬂﬁmmﬂmgmand of fers

si mul t aneous access to all fifty {50 dontai pers during | oadi ng and

;JE| oagi ngJL An . OIap_par atus according to the present invention al so has
e advant age at, ,durin operation. . t@aLNenrs .2ach an
upsi de- down ori enfaf} Wpaghplgofl §u%'11f%i *\E@%‘Jﬁ‘ﬁ‘gnﬁcwﬁm%o‘g Claflff 1> wWheleh sdif

- 9- Weh861e394hinted on said axis using a quick disconnect that allows said

PCT/ US96/ 07299 safety feature in view of the potentigl for |eaks in
septum 24. I n addhuniahle tarbegmaned from said apRaEERY AR PIACER &vif oy

I nvention can be ?dr}ﬁﬁfe. equi pped with an internal conputer or can

6. A compact blood culture apparatus according to Claim 1, wherein rotation
of said turntable is periodically stopped by said mechanism so that each
container is positioned at at least one sensor station for detecting
microorganism growth within said container.

7. A compact blood culture apparatus according to Claim 1, wherein each
container passes by at least one sensor station for detecting microorganism
growth within said container as said turntable is rotated about axis by said

mechanism.
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be connected to an external conputer. 5 As has been nenti oned

al ready, turntable 30 does not contain electronic or opt oel ectronic
conponents, and receives no electrical cables or optical fibers. This :
al | ows one to renove a |l oaded turntable after all chem cal sensors 27
have been read. The turntable renoved fromthe instrunment could then
be stored in woYkARss | Ncubator on a slowy rotating shg{a{. e
meantinme, a Jgries of additional turntables 30, |oaded with n%%ﬂg#@
containers 20, could be inserted into the, instrunent and read. This option
woul d al | ow expansi on of the ef f ect 1A t hr oughput of the instrunent
significantly at m ni num cost, if required. For easy renoval and
reinsertion, turntables 30 are equi pped with a quick di sconnect 49 as
shown in Fig. 3. 15 The qui ck di sconnect option of the present
invention is, in particular, advantageous for renote hospitals that
usuaJIy need only. -capagity lowcost instrument. If, however, a
seasonal |l y relatedaF% r SE'iﬁrthe nunber of sanples occurs, then the

capacity can be expanded according to the specific situation. This option
may al so be useful to detect the presence of mycobacteria. In this
case, the frequency of readings is 20 much |Iower as conpared to bl ood
cultures. Therefore, it appears acceptable to insert each turntabl e
once or twice per day into the instrunent for read out. 1 In
t he foregoing discussion, it is to be undgsst ood tha{}:ﬂﬁ above-descri bed

%




enbodi ments are sinply illustrative of a preferred apparatus for practicing
tthe present 25 invention, and that other suitable variations and

nodi fications could be made to these enbodi ments and still remain .
wi thin the scope of the present invention.
- 10- What is claimed is: 1. A conpact bl ood cul ture apparatus

conpri si ng: W3R bat or provi di ng an environnment for cult RCTA§6/07299
turntabl e rotatabl e about an axis having plurality of wells in a top
surface for receiving a plurality of con?Zﬁners; a mechanismfor rotating
said turntabl e about said axis; at | east one sensor station for detecting
m croorgani smgrowh within each

FIG—2
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container as said turntable is rotated about said axis; wher ei n each of
said plurality of wells includes an opening through the bottom of said
turntable and said turntable is positioned and arranged to provi de .
vi sabl e access to said container by said at | east one sensing station

t hrough said i wherein each of said plurality of containers

i ncludes a ba % neck and sai d base of each of said pl UFEF’P{;V"’B?”
containers is received in one of said vveé}ss in said top surface of said
turntable, and wherein the base includ a fluorescent chem cal sensor
nount ed thereon. 2. A conpact blood culture apparatus according to Caim1l,
wherein said turntable includes a plurality of concentric rows of said
plurality of wells, wherein each of said concentric rows corresponds to
said at | east one sensor station for detecting mcroorganismgrowh wthin
said plurality of ?:'tg:?erséfgntained in said one row as each of said
plurality of contai one row passes over said at |east one
sensor station. 3. A conpact blood culture apparatus according to Claim1l,
wherein said turntable is rotated by a notor attached to the periphery of
said turntable. 4. A conpact bl ood culture apparatus according to Claim1,
wherein one of said plurality of wells contains a calibration contqiner for

calibrating said sensor station. “///,
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5. A conpact blood culture apparatus according to aim1l, wherein said
turntable is nmounted on said axis using a quick disconnect that allows said
turntable to be renoved from said apparatus and repl aced with anot her
turntable. 6. A conpact blood culture apparatus according to Cdaiml,
wherein rotat] aid turntable is periodically stopped by said

mechani sm so *"ﬁ’;%‘géﬁih container is pogi tioned atyat I ggst oyrfgrmg?”
station for detecting mcroorganismgrowh within said container. 7. A
conpact bl ood culture apparatus according/& o Caim1, wherein each

cont ai ner passes by at |east one sensor station for detecting m croorgani sm
gromh within said container as said turntable is rotated about axis by

sai d nmechani sm

FIG—4
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