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1. Field of the Invention

The present invention relates to a non-invasive apparatus for detecting biological
activities in a specimen such as blood, where a number of specimens with culture medium
15  areintroduced into a large number of sealable containers and are exposed to conditions
enabling a variety of metabolic, physical, and chemical changes to take place in the presence
of microorganisms in the sample. These changes are then monitored using calorimetric or
fluorescent chemical sensors disposed to the inner bottom of each blood culture bottle as
the béttles are rotated in a bell-shaped rotatable drum. Afier monitoring is complete, the
20  apparatus performs "auto-unloading" and sorting of final négative and final positive bottles.

2. Background Description -
The presence of biologically active agents such as bacteria in a patient's body fluid,

25  especially blood, is generally determined using blood culture bottles. A small quantity of

blood is injected through an enclosing rubber septum into a sterile bottle containing a
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20  apparatus performs "auto-unl oadi ng" and sorting of final negative and
. final positive bottles. 2. Background Description The presence of

bi ol ogically active agents such as bacteria in a patient's body fluid, 25
especially blood, is generally determ ned using blood culture bottles. A
smal - quantity of blood is injected through an encl osi ng rubber septuminto
a st er i twtusetrtedimng and therbiottle ia then inaubhted at 3@ and mamitbred éorimictoogganismt hen

i ncubated at 37[err] C and nonitored for m croorgani smgrowh. One of the

t echni gg@¥thsed to detect the presence of nicroorgani sns includes visual 5
I nspection. Generally, visual inspection involves nonitoring the turbidity
or eventual col or -

One of the techniques used to detect the presence of microorganisms includes visual
5 inspection. Generally, visual inspection involves monitoring the turbidity or eventual color
changes of the liquid suspension of blood and culture medium. Known instrumental
methods detect changes in the carbon dioxide content of the culture bottles, which is a
metabolic by-product of the bacterial growth. Monitoring the carbon dioxide content can
"be acconiplished by m¢thods well established in the art, such as radiochemical or infrared _
10  absorption at a carbon dioxide spect;'al line. Until now, these methods have required
invasive procedures which result in the well-known problem of cross-contamination
between different bottles. It has also been proposed to detect microorganism growth in

sealable containers by monitoring positive and/or negative pressure changes.

15 Recently, non-invasive methods have been developed involving chemical sensors
disposed inside the bottle. These sensors respond to changes in the pH, carbon dioxide or
oxygen concentration by changing their color or by changing their fluorescence intensity. In
known automated non-invasive blood culture systems, individual light sources, spectral
excitation/emission filters, and photodetectors are arranged adjacent to each bottle. This

20  results in station sensitivity variations from one bottle to the next. Additional problems are
caused by the aging effects of the light sourcest filters and photodetectors. Due to the fact
that most known blood culture sensors generate only a moderate contrast ratio in the
measured photocurrent during bacterial growth, extensive and time-consuming calibration
procedures and sophisticated detection algorithms are required to operate these systems. In

25  addition, because of required bottle agitation flexible electrical g_ables are required to

connect the individual sources and detectors with the rest of the instrument. With the large



changes of the liquid suspension of blood and culture medi um Known

: instrunmental nethods detect changes in the carbon dioxide content- of the
culture bottles, which is a netabolic by-product of the bacterial growth.
Monitoring the carbon di oxi de content can be acconplished by methods wel |
established in the art, such as radi ochemcal or infrared 10 absorption
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i nvasi ve procedures which result in the well-known probl em of
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detect mcroorganismgrowh in seal able containers by nonitoring positive

and/ or negative pressure changes. 15 Recently, non-invasive nethods
have been devel oped involving chenm cal sensors disposed insidé the bottle.
These sensolmall kespwmeoloametrigrog dluoromatrie instumentsplight ¢mitting diodes LERRIN
concentration by _changing their color or by changing their fluorescence
i ntenspieyused as thedndividual dight sourqesn Thesesontces bavsoenly. a relativelylpwraptisal
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output power. Therefore, a hlgg photometric detection sensitivity is required to monitor
the bottle sensor emissions. In the case of fluorescent sensors, this means an extra effort
with regard to the front-end electronics for each photodetector. As a result, produbtion
cost is relatively high. _ | -
10
It has been proposed already in U.S. Patent No. 5,516,692, entitled "Compact
Blood Culture Apparatus" to arrange a multitude of blood culture bottles on a rotating
drum with sensor stations mounted to the instrument's mainframe at such a distance from
the drum that, during rotation of the drum, individual bottles pass by these sensor stations.
15  Each bottle has its inner bottom covered with a fluorescent chemical sensor and all the
bottles in the rotating drum are contained in an incubator. Each bottle is inserted into the
drum neck first such that the bottles are arranged radially on the rotating drum with their
necks oriented towards the drum axis. With such an orientation, loading and un-loading of
bottles is accomplished by grasping the bottles at their bottom and feeding them into the
20  drum neck first. Due to the fact that bottles are commonly transported to the automated
blood culture apparatus in an upright orientation, each bottle has to be grasped twice before”
loading. Since this requires additional work and microbiology lab personnel are accustomed
to grasping bottles by their neck, there is a need to overcome the unusual situation of

feeding blood culture bottles into the system with t_he neck first.

25



excitation/emission filters, and photodetectors are arranged adjacent to

. each bottle. This 20 results in station sensitivity variations fromone
bottle to the next. Additional problens are caused by the aging effects of .
the light sources, filters and photodetectors. Due to the fact that nost
known bl ood culture sensors generate only a noderate contrast ratio in the
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In that way, the bottles are in an upright position and can be grasped by their necl; during
5  loading and unloading. A disadvantage of this solution is its mechanical complexity and the
. resulting manufacturing precision that is required. Consequently, there is still 2 need for a
mechanically simple blood culture apparatus in which the bottles can be grasped by their
necks during loading and unloading or, more importantly, an apparatus that can p'erform
“auto-unloading" and sorting of final negative and final positive bottles. -
10

SUMMARY OF THE INVENTION

The present invention overcomes the above problems by providiﬁg a blood culture
apparatus for detecting biologically active agents in a large number of blood culture bottles,
15  that is simple and can be produced at very low cost, provides low system sensitivity
variations from one bottle station to the next, does not require electronic or optoelectronic
components, electrical wires, or optical fibers on the moving bottle rack, has high long-time
reliability, allows a user to grasp the bottles at their neck during loading and unloading,
offers simultaneous access to a large number of bottles during loading and unloading, and

20  has a smaller footprint as compared to existing blood culture systems.

According to the present invention, the above objectives are achieved by introducing

a culture medium and the blood specimen into sealable glass bottles having optical sensing
means on their inner bottom surface and by arranging a large number of such bottles radially

25  on a rotating hollow bell-shaped drum within an incubator in such a way that their bottoms

are oriented towards the drum axis. The bell-shaped drum is supported only on one end



g
nunber of |ight sources, typically 240 or nore per instrunent, mnaintenance
< can becone very cunbersone and expensive when individual sources start to
fail. In all known colorinmetric or fluoronetric instrunents, light emtting
di odes (LEDs) 5 are used as the individual |ight sources. These sources
have -only a relatively |ow optical output power. Therefore, a high

o ith Sepor. s@ ot tha dnimatiotiied Sﬂﬁéﬁfﬁgﬁ%ﬂ{% S B3 1 n et ors,
th d to & d | f t ., AS
Fesul 1 At Roite et o Ak Mon g RS *ﬁdﬁ%‘&%ﬁ BhsEs 21 ¢ caay

I n US 1, ?;%QQZ entitled "Conpact Blood Culture Apparatus" to
arrange a mﬁ esNg ood culture bottles on a rotating drumwth sensor

stati ons m)unted to the instrunment's mai nframe at such a di stance from

5 In a preferred embodiment of the invention, the axis of the bell-shaped drum is
oriented horizontally and parallel to a door on the front face of the incubator. Horizontal
orientation of the axis provides maximum agitation of the liquid culture medium, blood
specimen, and gas within each blood culture bottle. During the load/unload operaﬁon, the
door is opened to allow simultaneous access to approximately one third of the bottles.

10  Then, the drum is rotated until the next third of the bottles becomes accessible. Therefore,

all bottles are accessible in three steps.

In another option of the current invention, the axis of the bell-shaped drum is
oriented vertically with a slight tilting of approximately 20 degrees away from the door. By

15  adjusting the tilting angle, the degree of agitation can be modified, if required.

Still another embodirnent is a blood culture apparatus having an "auto-unloading"
and sorting feature, wherein final negative and final positive bottles are ejected from the
drum and sorted into a "negative" drawer or a "positive" drawer.

20 .
- These and other aspects, features and advantages of the present invention will
become apparent from the following detailed description, taken in conjunction with the

accompanying drawings.



e drumthat, during rotation of the drum individual bottles pass by

~ these sens; ations. 15  Each bottle has its inner bottomcovered with a
f Luor escent: ‘cheni cal sensor and all the bottles in the rotating drumare
€ontained in an incubator. Each bottle is inserted into the drum neck first
such-that the bottles are arranged radially on the rotating drumw th their

necks oriented towar dAgrIRE BPE TRON'OF TIsE PRAWMNGSNt at i on, | oadi ng and
unl oadi ng of ~bottles mﬁ%ﬂ%Vthles at their
bottom and feeding theminto the 20 drum neck first. Due to the fact that
bottles are comonly transported to the automated bl ood cul ture apparatus

i n an upri ghFigolishowsa iffont-viewaf thontdror bfis blcodmltigreappedatasioc thebef or e

| oading. Since this requires additional work and m crobiol ogy 1ab personnel
ar e accdetectiancofimicrposganismg abeardingdo the prissnt investign;t here is a need to
overcone the unusual situation of feedi.ng blood culture bottles into the
systemwi th the neck first. 25

Fig. 2 shows a side-view of the interior of a blood culture apparatus according to

the present invention;

Fig. 3 shows a front-view of a blood culture apparatus according to the present .

10  invention, with the door closed;

Fig. 4 shows a front-view of the blood culture apparatus according to the present

invention with the front door open;'

15 | Fig. 5 shows a side-view of the interior of an alternative blood culture apparatus;

and

Fig. 6 shows a front view of the interior of the alternative blood culture apparatus
shown in Fig. 5.
20
DETAILED DESCRIPTION

According to the present invention, a culture medium and blood specimen mixture
22 are introduced into sealable glass bottles 1 that include optical chemical sensing means
25 20 on their inner bottom surface 21. Optical chemical sensing means 20 emanates differing

quantities of light depending upon the amount of a gas in bottle 1. For example, the gas
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-3 - It has al so been suggested in U S. Patent. No. 5,498,543, entitled

- "Sub- Conpact Bl ood Culture Apparatus” to split the druminto segnents,
wherein each segnment forns a drawer that can be renoved fromthe interior
of the instrunment when in the | owest position. In that way, the bottles are
In an upright position and can be grasped by their neck during 5 | oadi ng
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whi ch the bottles can be grasped their necks during | oading a
unl oadiegtl®t., nore inportantly, an apparatus that can perform

5 As illustrated in Figs. 1 and 2, a plurality of such bottles 1 are arranged radially on a

rotating bell-shaped drum 2 within an incubator 5 in such a way that the bottoms of bottles
1 are oriented towards a drum axis 28. Bell-shaped drum 2 is hollow and is supported by a
shaft 24 rotatably supported on one end by two large ball-bearings 3 and 4 mountéd to a
first side 51 of an instrument mainframe 50. In order to read information coming from each

10  optical chemical sensing means 20 within bottles 1, a linear array of sensor stations 12 is
mounted within rotating bell-shaped drum 2 to a second side 52 of instrument mainframe 50
at such a distance inside bell-shaped drum 2 that, during rotation of drum 2, individual
bottles 1 are passing by respective sensor stations 15 in array 12. Each sensor station 15 of
the linear array of sen.s;or stations 12 comprises an excitation light soﬁrce 11 and a collection

15  end of an optical fiber 14.

In a preferred embodiment of the present invention, axis 28 of the bell-shaped drum
2 is oriented horizontally and parallel to a door 13, shown in Fig. 2, located on a front face
of incubator 5. Horizontal orientation of axis 28 provides maximum agitation of the liquid
20  culture medium and specimen mixture 22 and the gas within each bottle 1. During a load or
unload operation, door 13 is opened which allows to access approximately one third of all
bottles 1 simultaneously. Then, drum 2 is rotated until the next third of bottles 1 becomes

accessible. In three steps, all bottles 1 are accessible.



"aut o- unl oadi ng" and sorting of final negative and final positive bottles.

.10 SUMVARY OF THE I NVENTI ON The present invention overcones the above
probl ens by providing a blood culture apparatus for detecting biologically
active agents in a |large nunber of blood culture bottles, 15 that is
sinpl e and can be produced at very |ow cost, provides Iom1systen1

sensitivity riatjons fromone bott]le statlontothe ext es not
require el ect‘ﬁEﬁﬁ'FaéWS‘V’ Bt Horihellrshaped @Hﬁb%ﬁ@rﬁegt eEIRLY "vﬁ? ipht ilting

Sf’:t ioﬁ,g ! 'ﬁé’%?”%v% it 88 o5 Bt Sap £ by sty Plgntlsthe dGenshar
| d
o g Mitarith Gh be WA G frol 6F intinilg oPlilal WA ofld ‘?“é‘ﬁ%areid Lo

exi sting bIood culture systens. According to the present invention, the
above objectives are achieved by introducing

5 In operation, bell-shaped drum 2 is rotated by motor 6 and a belt 7. A circular

member 8 and a sensor 9 form an angular encoder that provides information about which
row of bottles 1 is passing sensor station array 12. Preferably, motor 6 is a stepper motor,
gllowing drum 2 to rotate either in a continuous mode or to stop drum 2 at approi)ﬁate
angles to read from sensing means 20 within bottles 1 in a steady-state mode. The whole _

10  system is controlled by aicontrol system 10 located inside rotating drum 2. QOutput ends of
all optical fibers 14 of the linear array of sensor stations 12 are fed to one common
photodetector (not shown) in control system 10 such that only one excitatio_n light source
11 needs to be turned on at a time. Therefore, the control system “knows” from which
sensing station 15 and, therefore, which bottle 1 the sensor light is being collected.

15 |

The apparatus sh.o'wn in Figs. 1 and 2 is merely exemplary and contains ten segments

of blood culture bottles 1 with thirty six bottles 1 per segment. Consequently, the total
capaciiy is 360 bottles. The arrangement of bottles 1 on drum 2 allows for a relatively high
packaging density. Table 1 indicates the required size of the drum for different options

20  comprising either 720, 360, 240, or 120 bottles. In Table 1, standard blood culture bottles

"~ as sold by Becton Dickinson Microbiology Systems, Sparks, Maryland, have been assumed,

with the outer diameter D having been calculated with the bottles included. Table 1 also.

provides information as to the length L of the drum for different geometric options.



a culture nedium and the bl ood specinen into seal abl e gl ass bottl es having
- optical sensing nmeans on their inner bottomsurface and by arrangi ng a

| ar ge nunber of such bottles-radially 25 on a rotating holl ow bell-shaped

drumw thin an incubator in such a way that their bottons are oriented '

towards the drum axis. The bell-shaped drumis supported only on one end -4

- with sensor stations within the drum munted to the instrunent

mai nframe at such a di stance insi deTable Ibel | - shaped drum t hat, during

rotation of the drum individual bottles pass by these sensor stations. 5

In a preferred enbodi nent of the invention, the axis of the bell-shaped

dr um i SNumber of Bottles per Number of D (inch) L (inch)
Bottles Segment Segments i
720 36 20 34 40
10 360 36 10 34 20
360 18 20 23 40
240 : 24 10 27 20
240 12 20 19 40
120 24 5 27 -10
15 120 15 . 8 21 16 -
120 12 10 19 20

For options with ten or more segments, it is possible to support the bell-shaped
20  drum at the open end by two rollers mounted to the instrument’s mainframe. In this way,

any deformation of the drum can be avoided.

The depth of the whole instrument will be slightly larger than the drum diameter
given in Table 1 due to the required thermally insulated housing. The width of the whole
25  instrument will be somewhat larger than the drum’s length due to the two ball-bearings and
due to the insulated housing. It has been estimated that the footprint of an apparatus
according to the present invention will be between 72% and 97% of the footprint of current
systems. Fig. 3 shows a front-view of a blood culture apparatus according to the present
invention, with door 13 closed. Fig. 4 shows a front-view of a 360-bottle blood culture

30 apparatus according to the present invention with door 13 open.

Since the interior of bell-shaped drum 2 is utilized to accommodate control system

10 with its common photodetector and other major parts of the system's electronics, the

-
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oriented horizontally and parallel to a door on the front face of the

. incubator. Horizontal orientation of the axis provides maxi-num agitation of
the Iiquid culture nmedium bl ood specinen, and gas within each bl ood :
culture bottle. During the | oad/unl oad operation, the door is opened to
al I ow si mul taneous access to approximately one third of the bottles. 10
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accessi ble. Therefore, all bottles are accessible in three steps. In
anot heside g iofmsatimchemsiframe0i nventi on, the axis of the bell-shaped drum

Is oriented vertically with a slight tilting of approximtely 20 degrees
away fromthe door. By 15 adjusting the tilting angle, the degree of
agitation can be nodified, if required. Still another enbodinent is a bl ood
cul ture appénapparatusaceerdmg to she present oweitingrhagavenosimplegnechanigale, wherein
final negative and final positive bottles are ejected fromthe drum and
sord edstrifiterea Theoglt mowung gadishollgw bell-shapgdi dryar2. g-agieguently, the
production cost will be low, and the expected reliability is very high. Due to the fact that
only one photodetector is used to read for all sensing stations 15, low sensitivity variations
from one bottle station to the next can be expected, and a further reduction in the
production cost is achieved. The apparatus also does not require electronic or
10  optoelectronic components, electrical wires, or optical fibers on moving drum 2, which
further increases the expected long-time reliability. Most important, the mechanical
structure allows the user to grasp the bottles at their neck 23 during loading and unloading.
Also, the apparatus offers simultaneous access to a large number of bottles 1 during loading
and unloading.
15
Figs. 5 and 6 depict an improved alternative apparatus that offers the additional
feature of self-unloading negative and positive blood culture bottles 1 into corresponding
drawers 33 and 35. This feature reduces the workload for lab personnel, which is becoming

an important issue in today's health care environment. Current blood culture systems do not

20 provide such an "auto-unloading" feature.

As shown in the side view in Fig. 5, there is arranged a unit 26 within drum 2. Unit
26 comprises one piston 27 per drum segment that can be moved out of unit 26 by means
of activators 38. If moved out of unit 26, piston 27 pushes one blood culture bottle 1 out
25  of drum 2 located on the same radius of drum 2 as pistbn 27. In the apparatus of Fig. 5,

there is arranged a collector 29 that receives bottle 1 and directs it onto a conveyer belt 31.

. -10-
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20 These and ot her aspects, features and advantages of the present

- invention wll

taken in conjunction with the acconpanyi ng drawi ngs. -5 - BRI .EF

DESCRI PTI ON OF THE DRAW NGS Fi g.

1 shows a front-view of the interior

becone apparent fromthe foll ow ng detail ed description,

of a

bl ood culture apparatus for the detection of m croorganisns according to
the prEggsitle 1 RsYekA Rizntifed by system controller 10 as containing a final negative culture,

10

15

20

25

conveyer belt 31 is activated by system controller 10 to move in a first direction. Then, as
shown in Fig. 5, bottle 1 is transported to the right until it falls into “negative" drawer 33 in
an area that is covered by a soft material 32 such as rubber foam and finally rolls towards

“negative" door 34.

If bottle 1 has been identified by system controller 10 as containing a positive

culture, conveyer belt 31 is activated by system controller 10 to move in a second direction.

As shown in Fig. 5, bottle 1 is then transported to the left and falls into a "positive" drawer _

35 to roll towards "positive" door 36.

For automatic unloading of final negative and positive blood culture bottles, drum 2
is stopped by control system 10 in a first appropriate orientation,- and the corresponding
final negative or positive bottle is ejected from drum 2. Then, control system 10 will rotate
drum 2 to the next appropriate orientation, and the same procedure is repeated. This
process is continued until all final negative bottles and all positive bottles are unloaded into
the two drav&ers 33 and 35. Therefore, control system 10 can be programmed so that at the
beginning of a workshift all final negatives are unloaded so that new bottles can be entered

and all positive bottles are waiting in drawer 35 for further biological and/or chérical tests.

Fig. 6 is a front view of the apparatus that clearly shows brackets 37 and 39 inside
bell-shaped drum 2 mounted to both ends of the instrument's mainframe 50. These two
brackets 37 and 39 are used as stable platforms for linear sensor array 12 and unit 26 with
its pistons 27 and activators 38. Of course, collector 29 can either be one single unit as

shown in Fig. 6 or can be composed of individual collectors for each drum segment.

=11 -



Fig. 2 shows a side-view of the interior of a blood culture apparatus
-according to the present invention; Fig. 3 shows .a front-view of a bl ood
culture apparatus according to the present 10 invention, with-the door
closed; Fig. 4 shows a front-view of the blood culture apparatus according
to the present invention with the front door open; 15 Fig. 5 shows

Fig. 6 shondatier SrbAiRk, Sy ieoisc Rl OF birrlabd it sid BoREREERG U
appar alditboufthiits bf'the! esent invEntidn 4t shpiPaRSRLAVE HNoarious features of a blood

culture apparatus. Other suitable variations, modifications and combinations of these

features could be made to of used in these embodiments and still remain within the scope of

5  the present invention.
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According to the present invention, a culture medium and bl ood speci nen
mXxture 22 are introduced into seal able glass bottles 1 that include
optical chem cal sensing neans 25 20 on their i :
Optical chem cal sensing neans 20 emanates differin uantities of

dependi ng upon the anount of a gas in bottle 1. Fogmﬂlmmuu I“"m '-6 -
bei ng detected by optical sensing neans 20 can be ygen or
any gas that increases or decreases depending upon t'he © presence or* absence
of mcr -I’O\Nthln bottle 1. 5 As illustrated in Figs. 1
and 2, ‘W‘Eﬁgra'ﬁ%‘g of such bottles 1 are arranged radially on a

21'

-

1. A blood cultire apparatus comprising;

a housing; .

a plurality of bottles having a bottom and a neck and containing a culture

~ medium, specimen mixture, a headspace gas and optical sensing means;

a hollow drum rotatably mounted only to a first side of said heusing and
having an axis disposed therein, said drum being rotatable about said axis and including.-a
plurality of openings in a top surface for receiving said plurality of bottles;

a mechanism for rotating said drum about said axis; an&

detectmg means in said drum for non-invasively detecting microorganisms

within each of said plurality of bottles received within said drum.

2. A blood culture apparatus accorciing to Claim 1, wherein each of said

plurality of bottles is inserted into said drum base first so that said neck extends out of said

opening.

3. A blood culture apparatus as recited in claim 1, further comprising

positioning means for identifying the rotational position of said drum.

4, A blood culture apparatus as recited in claim 3, wherein said positioning

means comprises an angular decoder mounted about said axis.

5. A blood culture apparatus as recited in claim 1, wherein said mechanism for

rotating said drum comprises:

-13-
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rotating bell-shaped drum2 within an incubator 5 in Such a way that—the-
-bottons of bottles 1 are oriented towards a drum axis agr um
2 is hollow and is supported by a shaft 24 rotatably siﬂﬂ"@‘!“lﬂﬂﬂﬂj#"ﬁld
by two | arge ball-bearings 3 and 4 nmounted to a first srdec5IL Otw .
instrunent nmainframe 50. In order to read information com ng fromeach 10

optical chem cal ggﬁﬁ matg@ggﬁwa&ﬁ\@nmor}aﬂ%y %2? ﬁsaﬁi hdus ran@%é&%‘%oo;

sensor stations 12 1s nmoun in-rotating shaped drum
second & @Rl danPhnd NStrument mai nfranme 50 at such a distance inside
bel | -shaped drum 2 that, during rotation of drum 2, individual bottles 1 .
are passing by respeiér associted @ith 8iid shaftitd rbtaté Baididrant. 12. Each sensor
station 15 of the linear array of sensor stations 12 conprises an’
excitation light source 11 and a collection 15 end of an optical fiber
14. In a preferred enbodi nent of the present invention, axis 28 of the
bel | - shaped @r um & bleodeulimre apparatus asaecited|ig claing 1pwhereingaid detectingoneans,
shown in Fig. 2, located_on a front face,

uses a non-invasive detection principle and comprises:

excitation light sources for emitting excitation light into each of said plurality
of bottles in said drum; and

light collectors for receiving light from each of said plurality of bottles.

7. A blood culture apparatus as recited in claim 6, wherein

said optical sensing means is disposed on an inner bottom surface of each of said
- plurality of Boﬁles; and

said light collectors comprise collection fiber means for receiving light that

reemerges from said optical sensing means.

8. A blood culture apparatus as recited in claim 1, wherein said hollow drum is

bell-shaped.

-14 -



of incubator 5. Horizontal orientation of axis 28 provides maxi mum
agitation of the liquid 20 cul ture nedi um and specinmen m xture 22 and the
gas W thin each bottle 1. During a load or unload operation, door 13 is
opened which allows to access approximtely one third of all bottles 1

si mul-taneously. Then, drum2 is rotated until the next third of bottles 1

beconmes acc j e bat 1.l ar j -7 -
A|ternativef—’§f,—b§§;g$g[@&£¥ﬂ§%1‘ﬁuérv ABELESHAFERTY BME||y with a
slight tilting of approxinmately 20 degrees away from door 13. By adjusting
the tilt angle, the degree of agitation can be nodified, if required, for

mai nt ai ni ng opti mum gr owhA BSIROCTIPN THE DISCLOSURE

-

-

5 The present invention describes an automated blood culture apparatus having a bell-
shaped hollow rotatable drum for holding a number of blood culture bottles. All bottles.are
interrogated by sensor stations located within the drum with the whole system ha\}ing only
one moving pért, and no flexible electric or optic cables. Consequently, the expecfed
reliability is high, and the production cost should be low. The apparatus also includes an _

10 "auto-unloading" and sorting mechanism for sorting final "negative" and "positive" bottles.
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5 I n operation, bell-shaped drum2 is rotated by notor 6 and a belt
7. Acircular nenber 8 and a sensor 9 form an angul ar encoder that provides
i nformati on about which row of bottles 1 is passing sensor station array
12. Preferably, notor 6 is a stepper notor, allowing drum2 to rotate
either in a continuous node or to stop drum 2 at appropriate angles to read
fromsensing neans 20 within bottles 1 in a steady-state node. The whol e_
10 systemis controlled by a control system 10 | ocated inside rotating
drum 2. Qutpui_ ends of all optical fiber 4 of the linear argay sensor

stations 12 e fed to one comoy phot ector (not shamn) An control
system 10 suchYt hat only one extitatiof |ight sourceg 11 needs g e turned
on at a tine. Therefore, the qéhtrol stem "knows/ from whf ¢h sensing
station 15 gMOTSTITEreror cnpottle I 1he sengor TIgRL A g

col | ect ed. ) The appar at shown in Kigs. 1 and/2 is nere)fy} exe ary/and

contains t segnez?s
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of blood culture bottles 1 with thirty six bottles 1 per segnent.
Consequently, -the total capacity is 360 bottles. The arrangenent of bottles
1 onndrum 2 allows for a relatively high packaging density. Table 1
i ndi cates the required size of the drumfor different options 20
conprising either 720, 360, 240, or 120 bottles. In Table 1, standard bl ood
culture bottles as sold by Becton D ckinson M crobiol ogy Systens, Sparks,
Maryl and, have been assuned, with the outer dianeter_ D having been
calculated with the bottles included. Table 1 alsélﬁkovides i nformation as
to the length L of the drumfor different geonetsic optionsQIYB - Tabl e
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5 Number of Bottl es per

(inch) Bottles Segnent

20 - 34 40 10
10 34 20 360
23 . 40 240 24
20.240 . 12

120 ' 24 5
120 15 8
12 10 19

or nore segnents, it

I's possible to support the bell-shaped 20

Nunber of D (inch) L
Segnments 720 - 36
360 36

18 20

10 27

20 19 40
27 10 15

21 16 120

20 For options with ten

drum at
nme. IQ_this

i nstrunent' s _nainf

the open end by two rollers nounted to the

way, TR -

5

DRUMO2

FIG. 3
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any deformation of the drum can be avoided. The depth of the whole
instrument will be slightly larger than the drumdi aneter given in Table 1
‘due to0 the required thermally insul ated housing. The width of the whole 25
instrument will be sonmewhat |arger than the drums |length due to the two
bal | -bearings and due to the insulated housing. It has been estinmated that
the- footprint of an apparatus according to the present invention wll be
-between 72% and 97% of the footprint of current systens. Fig. 3 shows a
front-view of a blood culture apparatus according to the present invention,
wi th door 13 closed. Fig. 4 shows a front-view of a 360-bottle bl ood
culture 30 apparatus according to the present invention with door 13
open. Since the |nter|or of bell - shaoed drun1? s ntilized-i-e-ascommopdat e
Cont rOl Sy T - - T - pari[)S/Of
the syste
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space is thermally insulated fromincubator 5 with access being provided
fromthe second side 52 of instrunent mainframe 50. An apparatus according
to the present invention has a very sinple nechanical 5 structure. The
only noving part is hollow bell-shaped drum 2. Consequently, the production
cost-wll be |low, and the expected reliability is very high. Due to the
fact that only one photodetector is used to read for all sensing stations
15, low sensitivity variations fromone bottle station to the next can be
expected, and a further reduction in the production cost is achieved. The
apparatus al so does not require electronic or 10 opt oel ectronic
conponents, electrical wires, or optical fibers on noving drum 2, which

FIG. 5
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further increases the expected long-tinme reliability. Mdst inportant, the
~ mechani cal- structure allows the user to grasp the bottles at their neck 23
during | oadi ng and unl oadi ng. Al so, the apparatus offers sinultaneous
access to a large nunber of bottles 1 during |oading and unloadi ng. 15
Figs.. 5 and 6 depict an inproved alternative apparatus that offers the
additional feature of self-unloading negative and positive blood culture
bottles 1 into corresponding drawers 33 and 35. This feature reduces the
wor kl oad for | ab personnel, which is becom ng an inportant issue in todays
heal t h care epyironment. Current bl ood culture symsens do not 20 provi de
such an autgéyanadlng feature. As ghown in the side viewin Fig. 5,
there is arranged ajunit 26 within drm 2. Unit 26 conprises one piston 27

per drum segnent thht can be noved0ut of unit 26 by neans
L

/ | | i
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et AN
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T = 1

of activators 38. If noved out of unit 26, pi ston 27 push@s&@&‘(’%o&é

‘culture bottle 1 out 25 of drum 2 located on the sane radius P um 2 as
pi ston 27. In the apparatus of Fi.g. 5, there is arranged a collector 29

t hat

transported to the right until it falls intd ‘tnegatis)e" : ?F‘%ed
area that is covered by a soft nmaterial 32 su meg(ﬁ)erpagwﬁa d’agff
rolls towards 5 "negative" door 34. n)z)stmvt : paged .12 10 pagead ...

10

15

25

receives bottle 1 and directs it onto a conveyer belt 31. -10- | f
bottle | has been identified by systemcontroller.10as- CC“.* ma‘ng“a Final
negative culture, conveyer belt 31 is activgt ifj(RE?LéSZEW‘éNTC F 7 g &1.9 tp
nove in a first direction. Then, as-khown ir @esd'nptlb@t'f’f’zé' 1

BLOOD CULTURE APPARATUS HAVING A BELL-SHAPED DRUM
BACKGROUND OF THE INVENTION
1. Field of the Invention
The 'presenf invention relates to a ﬁon-invasive apparatus for detecting biological |

activities in a specimen such as blood, where a number of specimens with culture medium

are introduced into a large number of sealable cohtainers and are exposed to conditions

enabling a variety of metabolic, physical, and chemical changes to take place in the presence |

of microorganisms in the sample. These changes are then monitored usmg“édoﬁmeuic or
fluorescent chemical sensors disposed to the inner bottom of each blood culture bottle as

the bottles are row:edm a bell-shaped rotatable drum. After monitoring is complete, the

apparatus performs “auto-unloading” and sorting of final negative and final pbsitive bottles.
2. Background Description
The preseﬁée of biologically active agents such as bacteria in a patient's body fluid,

especially blodd, is generally determined using blood culture bottles. A small quantity of

blood is injected through an enclosing rubber septum into a sterile bottle containing a
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§ - 3
If bottle |I has been identified by systemcontroller 10 as containing a
positive culture, conveyer belt 31 is activated by systemcontroller 10 to
nove in a second direction. As shown in Fig. 5, bottle 1 is then
transported to the left and falls into a "positive" drawer 10 35 to roll
towards "positive" door 36. For autongfd.c unloading of final negative and
positive blood culture bottles, drunla-hs st opped by control system 10 in a
first appropriate orientation, and the corresponding final negative or .
pOS|t|ve bottle is ejected fron1drun12 Then control system 10 will rotate
15 drum 2 BROOR TURE RATFUS HA ABEBLSHAREDDRUMcedure is
repeated. This process is continued until all final negative bottles and
all positive bottles are unloaded into the tmo drawers 33 and 35.
Therefore, control syst emy §.Q#at at the begi nning of
a workshift all final neges F new bottl es can be
entered and all positive bottles are waiting in drawer 35 for further
bi ol ogi cal and/or chem cal tests.

5 The present invention describes an automated blood culture apparatus having a bell-

shaped hollow rotatable drum for holding 2 number of blood culture bottles. All bottles are
interrogated by sensor stations located within the_.drum with the whole system having only
one moving part, and no flexible electric or optic cables. Consequently, the expeci:ed
reliability is high, and the production cost should be low. The apparatus also includes an

10 “auto-unloading" and sorting mechanism for sorting final “negative" and "positive" bottles.
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20 Fig. 6 is a front view of the apparatus that clearly shows brackets 37
and, 39 inside bell-shaped drum 2 nounted to both ends of the instrunent's
mai nframe 50. These two brackets 37 and 39 are used as stable platfornms for
| i near sensor array 12 and unit 26 with its pistons 27 and activators 38.
O course, collector 29 can either be one single unit as 25 shown in Fig.

6 or can be conposed of individual coll ectors for each drum segnent. In
t he foregoi ng discussion, is to b ap derstood t hat the above-descri bed
enbodi ments of the present |nvent|on re sinply illustrative of various

features of a blood culture apparatus. Oher suitable variations,
nodi ft cati ons and conbi nati ons of these

FIG-1
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' features could be nmade to or used in these enbodiments and still remain
i 12 - VWhat is clainmed is:

within the scope of 5 the present invention.
a housing; a plurality of

1. A bl ood cul ture apparatus conpri sing:
bottl es having a bottom and a neck and containing a culture nmedi um
a hol | ow drum

speci men m xture, a headspace gas and optical sensing neans;
rotatably mounted only to a first side of said housing and
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havi ng an axis di sposed therein, said drum being rotatable about said axis
and including-a plurality of openings in a top surface for receiving said
plurality of bottles; a mechanismfor rotating said drum about said axis;
and detecting nmeans in said drumfor non-invasively detecting

m croorgani sms within each of said plurality of bottles received within
said drum 2. A bl ood culture apparatus according to Caim 1, wherein
each of said plurality of bottles is éﬂBerted into said drum base first so
that said neck extends out of said opé&ning. 3. A bl ood cul ture apparatus
as recited in claim1l1, further conprising positioning neans for identifying
the rotational posjtion of said drum 4. A bl ood culture apparatus as

recited in clal wh in said positioning neans conprises an angul ar
decoder rmuntFi!T ul_%ed axi s.

i / 5_,,3
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5. A bl ood culture apparatus as recited in claim1l1, wherein said
mechani smfor rotating said drum conprises: - 13 - a shaft rotatably
nounted only to said first side of said housing and secured to said drum
and a notor associated with said shaft to rotate said drum 6. A Dbl ood
culture apparatus as recited in claim1, wherein sai d detecting neans uses
a non-invasive detection principle and conprises: excitation |ight sources
for emtting excitation light into eqﬁyeof said plurality

FIG-4
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of bottles in said drum and light collectors for receiving light from each
of said plurality of bottles. 7. A bl ood culture apparatus as recited in
claim6, wherein said optical sensing neans is disposed on an inner bottom
surface of each of said plurality of bottles; and said |light collectors
conprise collection fiber nmeans for receiving light that reenerges from
said optical sensing neans. 8. A bl ood culture apparatus as recited in
claim1l, wherein said hollow drumi SS%' -shaped. 14 - '

 FIG-5
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