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Description 

BACKGROUND  OF  THE  INVENTION 

[0001  ]  The  present  invention  relates  to  a  non-invasive 
apparatus  for  detecting  biological  activities  in  a  speci- 
men  such  as  blood,  where  the  specimen  and  a  culture 
medium  are  introduced  into  a  large  number  of  sealable 
containers  and  then  exposed  to  conditions  enabling  a 
variety  of  metabolic,  physical,  and  chemical  changes  to 
take  place  in  the  presence  of  microorganisms  within  the 
sample. 
[0002]  The  presence  of  biologically  active  agents  such 
as  bacteria  in  a  patient's  body  fluid,  especially  blood,  is 
generally  determined  using  blood  culture  vials.  A  small 
quantity  of  blood  is  injected  through  an  enclosing  rubber 
septum  into  a  sterile  vial  containing  a  culture  medium. 
The  vial  is  incubated  at  37°C  and  monitored  for  microor- 
ganism  growth. 
[0003]  One  of  the  techniques  used  to  detect  the  pres- 
ence  of  microorganisms  includes  visual  inspection. 
Generally,  visual  inspection  involves  monitoring  the  tur- 
bidity  or  eventual  color  changes  of  the  liquid  suspension 
of  blood  and  culture  medium.  Known  instrumental  meth- 
ods  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  accomplished  by  methods  well  established  in  the 
art,  such  as  radiochemical  or  infrared  absorption  at  a 
carbon  dioxide  spectral  line.  Until  now,,  these  methods 
have  required  invasive  procedures  of  the  vial  which 
results  in  the  well-known  problem  of  cross-contamina- 
tion  between  different  vials. 
[0004]  It  has  also  been  proposed  to  detect  microor- 
ganism  growth  in  sealable  containers  by  monitoring 
positive  and/or  negative  pressure  changes. 
[0005]  Recently,  non-invasive  methods  have  been 
developed  involving  chemical  sensors  disposed  inside 
the  vial.  These  sensors  respond  to  changes  in  the  car- 
bon  dioxide  concentration  by  changing  their  color  or  by 
changing  their  fluorescence  intensity.  (See,  e.g.. 
Thorpe,  et  al.  "BacT/Alert:  An  Automated  Colorimetric 
Microbial  Detection  System",  J.  Clin.  Microbiol.,  July 
1990,  pp.  1608-12,  and  U.S.  Patent  No.  4,945,060, 
Turner,  et  al.,  the  disclosures  of  which  are  incorporated 
by  reference).  In  known  automated  non-invasive  blood 
culture  systems,  individual  light  sources,  spectral  exci- 
tation/emission  filters,  and  photodetectors  are  arranged 
adjacent  to  each  vial.  This  results  in  station  sensitivity 
variations  from  one  vial  to  the  next.  Therefore,  extensive 
and  time-consuming  calibration  procedures  are 
required  to  operate  such  systems.  In  addition,  flexible 
electrical  cables  are  required  to  connect  the  individual 
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. 

[0006]  An  automated  non-invasive  culture  system 
using  a  rotatable  drum  and  one  detection  station  is 
known  from  US-A-  4293  643. 
[0007]  In  certain  known  colorimetric  or  fluorometric 

5  instruments,  light  emitting  diodes  ("LEDs")  are  used  as 
the  individual  light  sources.  These  sources  have  only  a 
relatively  low  optical  output  power.  Therefore,  a  high 
photometric  detection  sensitivity  is  required  to  monitor 
the  vial  sensor  emissions.  This  results  in  additional  and 

10  more  complicated  front-end  electronics  for  each  photo- 
detector,  increasing  production  cost.  To  reduce  equip- 
ment  cost  and  complexity,  it  has  been  proposed  to  use 
optical  fibers  at  each  vial  to  feed  the  output  light  of  an 
instrument's  sensors  to  a  central  photodetector.  A  dis- 

15  advantage  to  this  approach  is  the  need  for  arranging  a 
large  number  of  relatively  long  fibers  of  different  length 
within  the  instrument. 
[0008]  In  known  automated  non-invasive  blood  culture 
systems,  no  vial  identification  is  provided  within  the 

20  instrument.  Instead,  microbiology  lab  personnel  are 
required  to  execute  a  manual  log-in  for  each  vial. 
Besides  being  time-consuming,  this  step  generates  a 
certain  probability  for  mistakes. 
[0009]  According  to  the  present  invention,  there  is  pro- 

25  vided  a  non-invasive  compact  blood  culture  apparatus 
comprising  a  drum  rotatable  about  an  axis,  said  drum 
including  a  plurality  of  bore-holes  for  receiving  vials 
adapted  to  sustain  microorganism  growth;  a  mecha- 
nism  for  rotating  said  drum  about  said  axis;  at  least  one 

30  sensor  station  for  detecting  microorganisms  by  scat- 
tered  photon  migration  within  a  plurality  of  vials  received 
within  said  drum;  a  vial  identifier;  a  keying  mechanism 
to  place  each  of  the  vials  in  an  optimum  orientation  for 
identification;  a  location  positioner  to  determine  an  ori- 

35  entation  of  said  drum;  and  agitation  means,  said  agita- 
tion  involving  a  rotation  of  said  drum  about  said  axis, 
said  axis  being  disposed  at  an  angle  relative  to  a  force 
of  gravity. 
[0010]  For  detecting  microorganisms  by  scattered 

40  photon  migration  ("SPM"),  each  SPM  sensor  station 
comprises  an  excitation  light  source,  a  beam  splitter,  a 
monitor  photodiode,  a  collection  prism,  and  a  collection 
fiber.  The  beam  splitter  divides  the  excitation  light  into 
two  components.  One  component  is  directed  toward  the 

45  vial  side  and  the  other  component  is  directed  toward  the 
monitor  photodiode.  SPM  light  re-emerging  from  the 
opposite  vial  side  is  deflected  toward  the  collection  fiber 
by  means  of  the  collection  prism.  The  collection  fibers  of 
all  SPM  sensor  stations  are  fed  to  a  central  photomulti- 

50  plier. 
[001  1  ]  The  present  invention  comprises  a  compact 
blood  culture  apparatus  for  detecting  biologically  active 
agents  in  a  large  number  of  blood  culture  vials  that  is 
simple  and  can  be  produced  at  very  low  cost.  It  incorpo- 

55  rates  individual  vial  identification  and  can  incorporate 
the  application  of  more  than  one  microorganism  detec- 
tion  method  within  a  single  instrument.  The  inventive 
apparatus  provides  low  system  sensitivity  variations 
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from  one  vial  station  to  the  next  and  does  nor  require 
electronic  or  optoelectronic  components,  electrical 
wires,  or  optical  fibers  on  a  moving  vial  rack.  As  a  result 
or  these  several  advantages,  it  has  long-term  reliability 
in  operation.  5 
[0012]  A  culture  medium  and  blood  specimen  are 
introduced  into  sealable  glass  vials  with  optical  sensing 
means  and  a  bar  code  pattern  for  individual  vial  identifi- 
cation.  A  large  number  of  such  vials  are  arranged  radi- 
ally  on  a  rotatable  drum  within  an  incubator  which  is  w 
used  to  promote  microorganism  growth.  Sensor  sta- 
tions  are  mounted  to  the  mainframe  of  the  blood  culture 
apparatus  at  such  a  distance  from  the  drum  that  during 
its  rotation,  individual  vials  pass  through  a  sensor  sta- 
tion.  15 
[001  3]  In  a  first  embodiment  of  an  apparatus  accord- 
ing  to  the  present  invention,  the  inner  bottom  of  each 
vial  further  includes  a  fluorescent  chemical  sensor,  and 
a  linear  bar  code  label  is  attached  to  one  side.  The  vials 
are  arranged  radially  on  a  rotatable  drum  within  an  incu-  20 
bator,  with  the  vial  necks  oriented  towards  the  drum  axis 
of  rotation.  A  preferred  arrangement  of  the  vials  on  the 
drum  is  to  group  the  vials  using  disk-like  segments.  This 
approach  facilitates  vial  insertion  and  removal.  A  lower 
portion  of  each  vial  extends  radially  outwardly  from  the  25 
outer  peripheral  surface  of  the  drum,  and  the  bar  code 
label  is  positioned  on  this  lower  portion  to  facilitate 
scanning. 
[001  4]  For  each  disk-like  segment,  at  least  one  sensor 
station  is  required.  If  two  or  more  detection  principles  30 
are  applied,  then  two  or  more  sensor  stations  per  seg- 
ment  are  necessary.  In  addition  to  the  sensor  stations, 
the  instrument  comprises  one  bar  code  reader  per  seg- 
ment. 
[001  5]  The  drum  is  driven  by  a  stepper  motor  which  is  35 
mounted  to  the  instrument  mainframe.  The  motor  and 
the  drum  are  connected  via  a  toothed  drive  belt.  In  one 
preferred  embodiment,  the  actual  orientation  of  she 
drum  is  monitored  by  means  of  an  angular  decoder. 
[0016]  A  second  detection  principle  which  may  be  40 
used  in  addition  to  scattered  photos  migration  involves 
fluorescence  intensity  changes  from  a  fluorescence 
chemical  sensor  spread  along  a  bottom  inner  surface  of 
each  vial.  Each  fluorescence  sensor  station  comprises 
an  excitation  light  source,  a  light  divider  for  dividing  the  45 
excitation  light  into  two  components,  an  optical  con- 
denser  system  made  up  of  a  plurality  of  lenses  to  direct 
the  excitation  light  or  resulting  fluorescence  light,  a  light 
source  monitor,  and  a  fluorescence  light  collector.  The 
first  component  of  the  excitation  light  is  directed  toward  so 
the  light  source  monitor  while  the  second  component  is 
directed  toward  the  fluorescence  chemical  sensor.  The 
fluorescence  light  from  all  of  the  fluorescence  sensor 
stations  are  fed  to  a  second  central  photomultiplier.  If 
the  emission  of  the  fluorescent  chemical  sensor  occurs  ss 
at  a  wavelength  close  to  the  optimum  SPM  wavelength, 
then  the  collection  fibers  of  all  SPM  sensor  stations  can 
be  fed  to  the  central  fluorescence  photomultiplier. 

[001  7]  To  read  the  bar  code  labels,  one  diode  laser 
per  segment  is  mounted  to  the  mainframe.  The  beam  of 
the  laser  is  focused  by  a  long-focal-length  optical  sys- 
tem  onto  the  bar  code  label  of  a  vial.  An  optimum  angle 
of  incidence  is  approximately  45  degrees.  Laser  light 
back-scattered  from  the  bar  code  label  is  detected  by 
means  of  a  photodetector.  During  rotation  of  the  drum, 
all  vials  of  a  disk-like  segment  are  passing  the  focused 
diode  laser  beam,  thus  allowing  for  bar  code  read-out. 
[0018]  In  a  preferred  embodiment  for  an  apparatus 
according  to  the  present  invention,  the  drum  axis  is  ori- 
ented  approximately  horizontally  so  that  the  force  of 
gravity  may  be  used  to  agitate  the  medium/blood  mix- 
ture  as  the  drum  rotates.  As  a  result,  no  separate  agita- 
tion  mechanism  is  required. 
[0019]  Due  to  the  arrangement  of  the  vials  on  the 
drum,  the  spatial  packaging  density  is  relatively  high. 
Consequently,  an  apparatus  according  to  the  present 
invention  can  be  built  compact  and  at  a  smaller  size 
compared  to  existing  blood  culture  systems.  This  is  of 
particular  interest  with  lab  space  in  hospitals  being  a 
critical  issue. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0020]  The  various  inventive  aspects  of  the  present 
invention  will  become  more  apparent  upon  reading  the 
following  detailed  description  of  the  preferred  embodi- 
ments  along  with  the  appended  claims  in  conjunction 
with  the  drawings,  wherein  reference  numerals  identify 
corresponding  components.  Figure  6  specifically  illus- 
trates  the  detection  of  microorganisms  by  scattered 
photon  migration  in  accordance  with  the  present  inven- 
tion.  In  some  of  the  other  figures,  there  is  detection  by 
fluorescence,  which  may  be  additionally  employed.  In 
the  drawings: 

Figure  1  shows  a  schematic  front  view  of  a  compact 
blood  culture  apparatus  for  the  detection  of  microor- 
ganisms  according  to  the  present  invention,  with  an 
embodiment  comprising  eight  disk-like  drum  seg- 
ments. 

Figure  2  depicts  a  side  view  of  a  compact  blood  cul- 
ture  apparatus  according  to  the  present  invention, 
with  an  embodiment  comprising  sixteen  vials  on  a 
disk-like  drum  segment,  and  with  three  sensor  sta- 
tions  per  segment. 

Figure  3  shows  a  side  view  of  a  compact  blood  cul- 
ture  apparatus  according  to  the  embodiment  of  Fig- 
ure  2,  and  including  a  bar  code  reader  per  segment. 

Figure  4  is  a  schematic  illustrating  a  first  embodi- 
ment  of  a  fluorescence  sensor  station. 

Figure  5  is  a  schematic  showing  the  use  of  a  single 
photomultiplier  for  a  plurality  of  sensor  stations. 
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Figure  6  is  a  schematic  showing  a  sensor  station  for 
scattered  photon  migration. 

Figure  7  illustrates  one  embodiment  for  placing 
vials  within  a  disk-like  segment  of  a  drum. 

Figure  8  is  a  schematic  illustrating  a  second 
embodiment  of  a  fluorescence  sensor  station. 

Figure  9  shows  the  use  of  a  single  photomultiplier 
for  a  plurality  of  sensor  stations  with  a  light  monitor 
according  to  the  embodiment  of  Figure  8. 

Figure  10  is  a  schematic  illustrating  a  third  embodi- 
ment  of  a  fluorescence  sensor  station. 

Figure  1  1  illustrates  the  effect  of  sensor-detector 
distance  variations  (1  mm  and  2  mm)  on  the  meas- 
ured  fluorescence  photocurrent.  The  calculated 
plots  show  the  resulting  photcurrent  variation  ver- 
sus  the  sensor-detector  distance. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

[0021  ]  A  compact  blood  culture  apparatus  20  embod- 
ying  the  principles  and  concepts  of  the  present  inven- 
tion  is  depicted  schematically  in  Figure  1  .  Apparatus  20 
comprises  a  plurality  of  glass  vials  22,  each  sealed  with 
a  septum  24  and  containing  a  medium/blood  mixture 
26.  Each  vial  22  contains  a  fluorescence  chemical  sen- 
sor  28  disposed  on  an  inner  bottom  surface  30,  and  a 
linear  bar  code  label  32  positioned  on  a  lower  portion 
34.  Lower  portion  34  extends  radially  outwardly  from  an 
outer  peripheral  surface  36  of  disk-like  segments  38  of 
a  drum  40  to  facilitate  scanning  of  each  label  32.  Seg- 
ments  38  are  separated  by  spacers  42  and  mounted  to 
a  shaft  44. 
[0022]  In  one  preferred  embodiment,  shaft  44  is  ori- 
ented  horizontally.  Vials  22  are  oriented  with  their  necks 
46  toward  drum  axis  represented  by  shaft  44.  In  this 
way,  the  force  of  gravity  efficiently  agitates 
medium/blood  mixture  26  as  drum  40  rotates.  However, 
the  present  invention  is  not  limited  to  an  apparatus  with 
such  an  orientation.  For  example,  shaft  44  can  also  be 
oriented  at  an  angle  of  45  degrees  relative  to  horizontal. 
In  this  case,  it  is  advantageous  to  arrange  vials  22  at  an 
angle  of  45  degrees  relative  to  shaft  44.  The  net  effect  is 
that  no  upside-down  orientation  of  the  vials  occurs. 
Each  individual  vial  shifts  between  a  horizontal  and  a 
vertical  orientation. 
[0023]  It  is  also  possible  to  mount  the  drum  with  its 
axis  vertically  oriented.  Additional  agitation  is  required, 
however,  because  the  gravity  action  is  lost.  To  avoid 
mechanical  instability  problems  for  apparatus  20  as  a 
whole,  it  is  possible  to  agitate  the  drum  segment-wise, 
or  to  agitate  the  segments  contrarily. 
[0024]  Rotation  of  drum  40  is  accomplished  by  a  step- 

per  motor  48  which  is  connected  to  the  drum  via  toothed 
drive  pulleys  50  and  52,  and  a  toothed  drive  belt  54. 
Drum  40  is  arranged  within  an  incubator  82,  shown  in 
Figure  2,  to  promote  microorganism  growth  within  vials 

5  22.  The  actual  orientation  of  drum  40  is  monitored 
through  the  use  of  a  location  positioner  such  as  an 
angular  encoder  56  mounted  to  shaft  44. 
[0025]  A  plurality  of  sensor  stations  60  are  secured  to 
a  portion  of  apparatus  20  at  such  a  distance  from  drum 

10  40  that,  during  its  rotation,  individual  vials  22  pass 
through  a  sensor  station  60.  For  each  disk-like  segment 
38,  at  least  one  sensor  station  60  is  required.  If  two  or 
more  detection  principles  are  applied,  then  two  or  more 
sensor  stations  per  segment  38  are  necessary. 

is  [0026]  As  discussed  further,  below,  segments  38  do 
not  contain  electronic  or  optoelectronic  components, 
and  no  flexible  electrical  cables  or  optical  fibers  are 
required.  Therefore,  an  apparatus  according  to  the 
present  invention  can  be  produced  at  reduced  cost 

20  compared  to  existing  blood  culture  instruments.  The 
drum  concept  allows  for  high  density  packaging,  partic- 
ularly  with  neck  46  disposed  into  segment  38.  The 
inventors  have  determined  that  this  arrangement 
increases  package  density  by  a  factor  of  approximately 

25  two  and  a  half  when  compared  to  prior  art  devices. 
Therefore,  smaller  instruments  can  be  built.  By  varying 
the  number  of  disk-like  drum  segments  38,  instruments 
with  small,  medium,  or  large  vial  numbers  are  possible. 
[0027]  Figure  2  depicts  a  compact  blood  culture  appa- 

30  ratus  70  according  to  the  present  invention.  It  includes 
sixteen  vials  22  on  each  segment  38  and  three  sensor 
stations  72,  74,  and  76  per  segment.  Sensor  stations 
72,  74,  and  76  are  mounted  to  a  common  baseplate  78, 
which  in  turn  is  secured  to  a  mainframe  80  of  apparatus 

35  70.  This  allows  for  replacement  of  the  sensors.  Thus, 
the  disclosed  apparatus  is  flexible  with  regard  to  the 
application  of  alternative  detection  principles.  Upgrad- 
ing  is  accomplished  easily  by  replacing  whole  sensor 
station  blocks  with  new  blocks. 

40  [0028]  Stepper  motor  48,  rotating  drum  40,  and  base- 
plate  78  with  the  sensor  stations  are  arranged  within  an 
incubator  82.  Vial  placement  and  removal  is  possible  via 
a  door  84. 
[0029]  Figure  3  shows  blood  culture  apparatus  70 

45  which  includes  a  bar  code  reader  86  for  each  segment 
38.  To  read  labels  32,  a  diode  laser  88  is  mounted  to  a 
plate  90  which  in  turn  is  fixed  to  mainframe  80.  This 
allows  for  easy  insertion  and  replacement  of  the  ele- 
ments.  A  laser  beam  92  is  focused  by  a  long-focal- 

50  length  optical  system  94  onto  the  bar  code  label  32  of  a 
vial  22.  An  optimum  angle  of  incidence  is  approximately 
45  degrees.  Laser  light  back-scattered  from  a  label  32  is 
detected  by  means  of  a  photodetector  96.  During  drum 
rotation,  all  vials  22  of  a  disk-like  segment  38  pass  by 

55  the  focused  diode  laser  beam  92,  to  allow  for  bar  code 
read-out.  An  auxiliary  photodetector  98  mounted  to 
plate  90  receives  a  light  pulse  whenever  a  portion  of  a 
vial  22,  and  particularly  the  bottom  99,  crosses  beam 
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92.  In  this  way,  the  presence  of  a  vial  in  a  station  can  be 
verified.  It  is  also  envisioned  that  auxiliary  photodetector 
98  with  bar  code  reader  86  may  be  used  as  a  supple- 
ment  for  or  in  place  of  encoder  56,  shown  in  Figure  1  ,  as 
a  location  positioner  for  drum  40.  5 
[0030]  Figure  4  is  a  schematic  illustrating  the  opera- 
tion  of  a  non-invasive  fluorescence  sensor  station  100. 
Vial  22,  with  medium/blood  mixture  26,  moves  in  the 
direction  indicated  by  arrows  A.  Fluorescence  sensor 
station  100  comprises  an  excitation  light  source  102,  w 
most  preferably  a  green  LED.  Sensor  28  is  preferably 
particularly  sensitive  to  green  light.  Source  102  is 
mounted  within  a  light-light  cylinder  104,  which  is  held  in 
a  block  106  comprising  block  sections  107,  107'.  Block 
sections  1  07  and  1  07'  allow  assembly  and  disassembly  15 
of  station  100.  Excitation  light  108  passes  an  excitation 
filter  1  10  into  a  condenser  system  111.  Excitation  filter 
110  is  used  because  a  green  LED  has  a  long  wave- 
length  tail  of  yellow  and  red  light.  Sensor  28  emits  this 
same  type  of  light  when  carbon  dioxide  from  microor-  20 
ganism  growth  is  detected.  If  filter  110  is  not  used, 
undesirable  back-scattering  results,  reducing  the  accu- 
racy  of  the  sensor. 
[0031]  Condenser  system  111  includes  an  optical 
condenser  lens  112  and  a  beam  splitter  114.  Beam  25 
splitter  1  14  may  simply  be  a  glass  plate  with  no  spectral 
selective  properties.  If  such  a  beam  splitter  is  used,  then 
approximately  95  percent  of  excitation  light  1  08,  compo- 
nent  1  1  6,  is  focused  onto  the  bottom  99  of  a  vial  22  by 
means  of  an  optical  condenser  lens  117.  Beam  splitter  30 
1  1  4  also  directs  a  component  1  1  8  of  excitation  light  1  08 
through  an  optical  condenser  lens  120  onto  a  light 
source  monitor  such  as  photodiode  122  mounted  within 
a  second  light-tight  cylinder  124,  which  is  also  held  in 
block  106.  A  light  source  will  lose  intensity  over  time.  A  35 
light  source  monitor  such  as  photodiode  122  can  meas- 
ure  this  reduction  in  intensity  which  may  be  used  to  cal- 
culate  an  accurate  correspondence  between 
fluorescence  light  126  and  excitation  light  108.  A  portion 
of  the  fluorescence  light  1  26  reemerging  from  the  chem-  40 
ical  fluorescent  sensor  28  at  bottom  99  is  collected  by  a 
fluorescence  light  collector  127  including  a  collection 
fiber  128,  held  in  position  by  a  clamp  130. 
[0032]  As  shown  in  Figure  5,  the  collection  fibers  128 
of  all  fluorescence  sensor  stations  1  00  are  fed  to  central  45 
photomultiplier  130  with  an  emission  filter  132  arranged 
in  front  of  a  photocathode  134.  The  fibers  are  used  to 
transmit  the  fluorescence  light  to  the  photomultiplier.  In 
practice,  only  one  light  source  1  02  is  typically  initiated  at 
a  time.  By  using  a  central  photomultiplier,  several  so 
advantages  are  achieved.  First,  a  high-quality  photom- 
ultiplier  is  economically  feasible  since  it  is  used  with  a 
large  number  of  vials.  Further,  when  more  than  one 
emission  filter  or  photomultiplier  is  used,  errors  propa- 
gate  since  the  filters  and  photomultipliers  are  never  55 
identical  to  one  another.  In  an  apparatus  according  to 
the  present  invention,  the  quality  of  the  quantitative 
analysis  is  greatly  increased  because  only  one  arrange- 

ment  must  be  calibrated. 
[0033]  Figure  6  shows  a  non-invasive  sensor  station 
140  for  measuring  scattered  photon  migration  ("SPM"). 
Once  again,  vial  22,  with  medium/blood  mixture  26 
moves  in  the  direction  indicated  by  arrows  A.  Each  SPM 
sensor  station  1  40  comprises  an  excitation  light  source 
142,  preferably  a  red  LED.  SPM  sensor  station  140  also 
includes  a  beam  splitter  1  44,  and  a  monitor  photodiode 
146.  The  beam  splitter  and  photodiode  perform  the 
same  general  functions  as  discussed  above  with 
respect  to  fluorescence  station  100.  Elements  142,  144, 
and  146  are  mounted  within  a  small  block  148  which  is 
fixed  to  a  large  block  150.  Excitation  light  152  from  light 
source  142  is  split  into  components  154  and  156.  Com- 
ponent  154  directed  to  and  measured  by  monitor  photo- 
diode  146  and  component  156  is  directed  by  beam 
splitter  144  into  medium/blood  mixture  26. 
[0034]  SPM  light  reemerging  from  vial  side  1  58,  oppo- 
site  small  block  1  48,  is  deflected  toward  a  light  gatherer 
159.  SPM  light  is  transported  using  a  collection  fiber 
160,  a  collection  prism  162  being  used  to  focus  and 
redirect  the  light  into  the  fiber.  Prism  162  is  located 
inside  an  opening  164  in  a  large  plate  166,  which  is 
mounted  to  the  large  block  150.  The  small  block  148 
and  the  large  plate  1  66  are  arranged  so  that  vial  22  can 
just  pass  between  them.  The  collection  fibers  160  of  all 
SPM  sensor  stations  140  are  fed  to  a  second  central 
photomultiplier  168.  If  the  emission  of  the  fluorescent 
chemical  sensor  100,  shown  in  Figure  4,  occurs  at  a 
wavelength  close  to  the  optimum  SPM  wavelength,  then 
the  collection  fibers  160  of  all  SPM  sensor  stations  can 
be  fed  to  the  central  fluorescence  photomultiplier  130, 
shown  in  Figure  5.  Only  one  photomultiplier  is  typically 
required. 
[0035]  Figure  7  shows  one  preferred  embodiment  of  a 
quick  disconnect  169  for  placing  vials  22  within  disk-like 
segments  38  of  drum  40.  A  vial  22  is  selectively  inserted 
into  a  conical  bore-hole  1  70  formed  within  segment  38. 
A  spring-clip  172  with  an  integral  latch  174  allows  for 
easy  snap-in  handling  of  the  vials.  Clip  172  is  secured 
adjacent  to  bore-hole  1  70  by  an  appropriate  attachment 
means,  such  as  a  screw  176.  Spring-clip  172  extends 
outwardly  from  segment  38  with  integral  latch  174 
adapted  to  engage  outer  bottom  surface  99  of  vial  22.  In 
operation,  clip  1  72  is  yieldably  biased  toward  vial  22.  By 
pivoting  latch  174  about  the  point  of  clip  attachment  to 
segment  38,  latch  174  disengagingly  engages  bottom 
99  to  allow  vial  insertion  and  removal. 
[0036]  A  preferred  embodiment  of  the  present  inven- 
tion  includes  a  keying  mechanism  1  77  to  place  vials  22 
in  an  optimum  orientation  for  identification  using  label 
reader  86,  as  illustrated  in  Figure  3.  Vials  22  may 
include  a  linear  bar  code  label  178  of  a  thick  material, 
preferably  of  non-glossy  white  plastic.  Label  1  78  fits  into 
an  appropriate  opening  180  in  drum  segment  38,  oppo- 
site  from  clip  172.  By  doing  this,  a  vial  22  fits  into  bore- 
hole  1  70  only  in  one  angular  orientation.  Thus,  label  1  78 
acts  as  a  key  to  make  sure  that  the  vial  is  properly 
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inserted  so  that  the  label  may  be  read  by  the  bar  code 
reader.  It  should  be  recognized  however,  that  a  wide 
variety  of  keying  mechanisms  are  possible,  including 
the  use  of  almost  any  protrusion  of  a  vial  in  conjunction 
with  an  appropriate  opening.  5 
[0037]  Figure  8  shows  a  second  embodiment  of  a  flu- 
orescence  sensor  station  200.  Station  200  is  similar  to 
sensor  station  100,  depicted  in  Figure  4.  The  light 
divider  represented  by  beam  splitter  114  is  replaced 
with  a  broadband  interference  filter  202  which  is  opti-  to 
mized  for  45-degree  beam  incidence.  Filter  202  is  an 
alternative  for  excitation  filter  1  1  0  since  it  only  transmits 
short-wavelength  excitation  radiation  such  as  the  green 
light  preferably  emitted  by  light  source  102.  Filter  202 
acts  as  a  reflector  at  other  wavelengths.  In  this  way,  is 
most  of  excitation  light  1  08  from  source  1  02  reaches  the 
chemical  fluorescence  sensor  28  at  the  inner  bottom  30 
of  a  vial  22.  A  small  fraction  of  the  excitation  light  108, 
light  118,  is  reflected  towards  lens  120  which  focuses 
the  light  onto  a  light  source  monitor  203,  shown  in  20 
greater  detail  in  Figure  9.  Monitor  203  includes  a  collec- 
tion  fiber  204.  If  a  green  LED  is  used,  this  light  is  gener- 
ally  in  the  yellow  and  red  wavelength  range,  although  a 
portion  of  the  excitation  light  is  also  reflected. 
[0038]  As  shown  in  Figure  9,  the  collection  fibers  204  25 
of  monitor  203  for  each  fluorescence  sensor  station  200 
is  fed  to  a  single  central  source  monitor  photomultiplier 
206  with  an  excitation  filter  208  arranged  in  front  of  a 
photocathode  210.  Excitation  filter  208  is  used  to  filter 
out  the  red  and  yellow  light  reflected  by  filter  202  so  that  30 
an  accurate  measurement  may  be  made  of  the  portion 
of  green  light  also  reflected  by  filter  202.  Thus,  reduc- 
tions  in  light  source  intensity  may-be  more  accurately 
measured. 
[0039]  Turning  back  to  Figure  8,  a  substantial  part  of  35 
the  fluorescence  light  1  16  reemerging  from  sensor  28  is 
collected  by  lens  1  1  7,  and  then  reflected  by  interference 
filter  202  towards  lens  212  which  focuses  light  126  into 
a  flourescence  light  collector  213  which  includes  a  col- 
lection  fiber  214  mounted  in  a  light-tight  cylinder  216.  40 
This  light  is  reflected  by  filter  202  since  it  is  in  the  yellow 
and  red  wavelength  range,  as  discussed  above.  As  in 
the  embodiment  of  fluorescence  sensor  station  100, 
illustrated  in  Figure  5,  the  collection  fibers  214  of  all  flu- 
orescence  sensor  stations  200  are  fed  to  a  central  f  luo-  45 
rescence  monitoring  photomultiplier  130  with  emission 
filter  1  32  arranged  in  front  of  photocathode  1  34. 
[0040]  Figure  1  0  shows  a  third  embodiment  for  a  fluo- 
rescence  sensor  station  220.  Station  220  is  similar  to 
sensor  station  1  00  of  Figure  4  and  sensor  station  200  as  so 
depicted  in  Figure  8. 
[0041  ]  Lens  222  with  an  axial  bore-hole  224  is  substi- 
tuted  for  lens  1  1  7  of  sensor  station  200.  Lens  226  in  Fig- 
ure  10  is  similar  to  lens  212  of  Figure  8,  but  has  a 
shorter  focal  length,  and  is  arranged  at  a  greater  dis-  55 
tance  from  broadband  interference  filter  202.  The  col- 
lection  fiber  214  is  arranged  so  that  an  illuminated  spot 
228  at  the  bottom  of  a  vial  22  is  imaged  onto  the  end 

face  230  of  fiber  214.  As  in  Figure  4,  a  photodiode  122 
is  used  to  monitor  the  optical  power  emitted  by  source 
102. 
[0042]  In  operation,  illuminated  spot  228  is  imaged 
onto  the  collection  fiber  214  with  fluorescence  light  126 
passing  through  bore-hole  224  without  interacting  with 
the  rest  of  lens  222  and  deflected  by  filter  202  through 
lens  226.  By  increasing  the  distance  between  the  illumi- 
nated  fluorescence  sensor  28  and  collection  lens  226, 
in  combination  with  the  reduced  focal  length  of  lens  226, 
a  significant  image  reduction  at  the  collection  fiber  input 
of  end  face  230  is  achieved.  Under  this  imaging  condi- 
tion,  the  fluorescence  output  photocurrent,  I,  of  the  cen- 
tral  photodetector  is  given  by  the  following  equation: 

i  =  c  4  ■  0) 

In  Equation  (1),  C  is  a  constant  which  takes  into  account 
such  parameters  as  source  intensity,  filter  transmission, 
or  photodetector  sensitivity.  The  quantity  A  is  the  collec- 
tion  area  of  lens  226,  and  r  is  the  distance  between  the 
illuminated  fluorescence  sensor  28  and  collection  lens 
226. 
[0043]  A  major  advantage  of  the  sensor  arrangement 
depicted  in  Figure  10  is  the  fact  that  the  photocurrent  I 
is  much  less  sensitive  to  vial  displacement  as  compared 
to  conventional  sensor  arrangements.  This  can  be 
shown  by  calculating  the  relative  error,  dl/l,  in  the  photo- 
current,  I,  caused  by  a  change,  dr,  in  the  sensor-detec- 
tor  distance,  r.  From  equation  (1)  we  obtain  the  following 
equation: 

(2) I  r  w  

In  conventional  sensor  arrangements,  r  has  a  typical 
value  of  1  cm.  If  we  assume  a  vial  distance  change  dr=1 
mm,  the  resulting  error  in  the  photocurrent  I  is  20%.  By 
increasing  the  vial  distance  according  to  the  present 
invention,  e.g.  to  r=12  cm,  the  error  in  I  is  reduced  to 
only  1.7%.  Accordingly,  a  vial  displacement  of  2  mm  in 
a  conventional  sensor  arrangement  would  result  in  a 
40%  error  in  I,  while  the  same  displacement  in  a  sensor 
arrangement  according  to  the  present  invention  causes 
only  a  3.4%  error  in  I,  achieved  in  disclosed  embodi- 
ments. 
[0044]  The  sensor  arrangement  according  to  Figure 
1  0  requires  a  high-sensitivity  photodetector,  such  as  a 
photomultiplier.  In  known  automated  blood  culture  sys- 
tems  with  individual  light  sources  and  individual  photo- 
detectors,  the  usage  of  photomultipliers  is  impractical 
because  of  cost  and  calibration  skew.  Consequently,  a 
short  sensor-detector  distance,  typically  about  1  cm, 
has  to  be  maintained.  As  a  matter  of  experience,  this 
results  in  significant  photocurrent  variations  due  to  vial 
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displacement,  vial  shape  variation,  or  detector  displace- 
ment.  In  an  apparatus  according  to  the  present  inven- 
tion,  on  the  contrary,  only  one  central  photomultiplier  is 
required.  Consequently,  the  sensor  arrangement  of  Fig- 
ure  1  0  can  be  used  without  difficulty. 
[0045]  Increasing  the  sensor-detector  distance  by  a 
factor  of  12  may  appear  to  be  contrary  to  common 
sense.  However,  reducing  the  requirement  for  exact  vial 
positioning  has  two  significant  advantages.  First,  instru- 
ment  performance  can  be  improved  by  eliminating 
photocurrent  errors  due  to  vial  position  changes.  Sec- 
ond,  the  instrument  can  be  manufactured  at  lower  cost 
due  to  the  reduced  positioning  precision  requirements. 
[0046]  Figure  1  1  illustrates  the  advantage  of  a  sensor 
arrangement  according  to  Figure  1  0  with  an  increased 
sensor-detector  distance.  For  1  mm  vial  displacement, 
the  error  in  the  photocurrent  is  20%  at  a  conventional 
sensor-detector  distance  of  1  cm,  but  only  1  .7%  at  a  dis- 
tance  of  12  cm.  For  2  mm  vial  displacement,  the  error  in 
the  photocurrent  is  40%  at  a  conventional  sensor-detec- 
tor  distance  of  1  cm,  and  only  3.4%  at  a  distance  of  12 
cm. 

Claims 

1.  A  non-invasive  compact  blood  culture  apparatus 
(20)  comprising: 

a  drum  (40)  rotatable  about  an  axis,  said  drum 
including  a  plurality  of  bore-holes  for  receiving 
vials  adapted  to  sustain  microorganism  growth; 
a  mechanism  (48,  50,  52,  54)  for  rotating  said 
drum  (40)  about  said  axis; 
at  least  one  sensor  station  (1  40)  for  detecting 
microorganisms  by  scattered  photon  migration 
within  a  plurality  of  vials  (22)  received  within 
said  drum; 
a  vial  identifier  (86); 
a  keying  mechanism  (1  77)  to  place  each  of  the 
vials  in  an  optimum  orientation  for  identifica- 
tion; 
a  location  positioner  (56,  98)  to  determine  an 
orientation  of  said  drum  (40);  and  agitation 
means,  said  agitation  involving  a  rotation  of 
said  drum  about  said  axis,  said  axis  being  dis- 
posed  at  an  angle  relative  to  a  force  of  gravity. 

2.  A  compact  blood  culture  apparatus  as  recited  in 
claim  1  ,  wherein  said  axis  is  approximately  perpen- 
dicular  to  said  force  of  gravity. 

3.  A  compact  blood  culture  apparatus  as  recited  in 
claim  1,  wherein  said  drum  comprises  a  plurality  of 
disk-like  segments  (38)  disposed  about  said  axis, 
each  of  said  segments  (38)  adapted  to  receive  a 
plurality  of  the  vials. 

4.  A  compact  blood  culture  apparatus  as  recited  in 

claim  3,  wherein  said  drum  further  comprises  a 
respective  spacer  (42)  disposed  between  adjacent 
segments  (38)  to  separate  them. 

5  5.  A  compact  blood  culture  apparatus  as  recited  in 
claim  1,  said  vial  identifier  comprising; 

a  bar  code  label  (32)  secured  to  an  outer  sur- 
face  of  each  of  the  vials; 

10  a  laser  (88)  adapted  to  project  a  beam  (92)  of 
radiation; 
an  optical  system  (94)  to  focus  said  beam  (92); 
and 
a  photodetector  adapted  to  collect  part  of  said 

15  radiation  back-scattered  from  said  label. 

6.  A  compact  blood  culture  apparatus  as  recited  in 
claim  5,  wherein  said  location  positioner  comprises 
an  auxiliary  photodetector  (98)  positioned  to 

20  receive  said  radiation  when  a  portion  of  each  of  the 
vials  crosses  said  beam. 

7.  A  compact  blood  culture  apparatus  as  recited  in 
claim  1  ,  wherein  said  location  positioner  comprises 

25  an  angular  decoder  (56)  mounted  about  said  axis. 

8.  A  compact  blood  culture  apparatus  as  recited  in 
claim  1  ,  wherein  each  of  said  bore-holes  is  shaped 
to  receive  a  neck  (46)  of  one  of  the  vials. 

�   A  compact  blood  culture  apparatus  as  recited  in 
claim  1  ,  together  with  a  plurality  of  vials  (22). 

10.  A  compact  blood  culture  apparatus  as  recited  in 
35  claim  9,  wherein  said  keying  mechanism  com- 

prises: 

a  protrusion  (178)  present  on  an  outer  surface 
of  each  of  the  vials,  said  protrusion  adapted  to 

40  be  received  within  a  corresponding  opening 
(180)  formed  within  said  drum  (40). 

Patentanspruche 

45  1.  Nicht-invasiver,  kompakter  Blutkulturapparat  (20), 
aufweisend: 

eine  urn  eine  Achse  drehbare  Trommel  (40), 
wobei  die  Trommel  eine  Vielzahl  von  Bohrun- 

50  gen  umfaBt,  urn  Flaschchen  aufzunehmen,  die 
ausgelegt  sind,  urn  das  Mikroorganismen- 
wachstum  aufrechtzuerhalten; 
einen  Mechanismus  (48,  50,  52,  54),  urn  die 
Trommel  (40)  urn  die  Achse  zu  drehen; 

55  mindestens  eine  Sensorstation  (140),  urn 
Mikroorganismen  durch  Wanderung  von 
gestreuten  Photonen  innerhalb  einer  Vielzahl 
von  in  der  Trommel  aufgenommenen  Flasch- 

20 

50 

55 
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chen  (22)  zu  erfassen; 
einen  Flaschchen-ldentifizierer  (86); 
einen  Verkeilungsmechanismus  (177),  um 
jedes  der  Flaschchen  zur  Identifizierung  in 
einer  optimalen  Orientierung  anzuordnen; 
einen  Positionierer  (56,  98),  um  die  Orientie- 
rung  der  Trommel  (40)  zu  bestimmen;  und 
Bewegungsmittel,  wobei  die  Bewegung  eine 
Drehung  der  Trommel  um  die  Achse  ein- 
schlieBt,  wobei  die  Achse  unter  einem  Winkel 
relativ  zu  der  Schwerkraft  angeordnet  ist. 

2.  Kompakter  Blutkulturapparat  wie  in  Anspruch  1 
angegeben,  wobei  die  Achse  ungefahr  senkrecht 
zu  der  Schwerkraft  ist. 

3.  Kompakter  Blutkulturapparat  wie  in  Anspruch  1 
angegeben,  wobei  die  Trommel  eine  Vielzahl  von 
um  die  Achse  herum  angeordneten,  scheibenahnli- 
chen  Segmenten  (38)  aufweist,  wobei  jedes  der 
Segmente  (38)  ausgelegt  ist,  um  eine  Vielzahl  der 
Flaschchen  aufzunehmen. 

4.  Kompakter  Blutkulturapparat  wie  in  Anspruch  3 
angegeben,  wobei  die  Trommel  weiterhin  ein  jewei- 
liges  Abstandselement  (42)  aufweist,  das  zwischen 
benachbarten  Segmenten  (38)  angeordnet  ist,  um 
diese  Segmente  zu  trennen. 

5.  Kompakter  Blutkulturapparat  wie  in  Anspruch  1 
angegeben,  wobei  der  Flaschchen-ldentifizierer 
aufweist: 

ein  Strichcode-Etikett  (32),  das  an  einer  auBe- 
ren  Oberflache  von  jedem  der  Flaschchen 
befestigt  ist; 
einen  Laser  (88),  der  ausgelegt  ist,  um  einen 
Strahlungsstrahl  (92)  auszusenden; 
ein  optisches  System  (94),  um  den  Strahl  (92) 
zu  fokussieren;  und 
einen  Photodetektor,  der  ausgelegt  ist,  um 
einen  Teil  der  von  dem  Etikett  riickwarts 
gestreuten  Strahlung  aufzufangen. 

6.  Kompakter  Blutkulturapparat  wie  in  Anspruch  5 
angegeben,  wobei  der  Positionierer  einen  Hilfspho- 
todetektor  (98)  aufweist,  der  positioniert  ist,  um  die 
Strahlung  aufzufangen,  wenn  ein  Bereich  von  jeder 
der  Flaschchen  den  Strahl  kreuzt. 

7.  Kompakter  Blutkulturapparat  wie  in  Anspruch  1 
angegeben,  wobei  der  Positionierer  einen  um  die 
Achse  herum  angebrachten  Winkeldekodierer  (56) 
aufweist. 

8.  Kompakter  Blutkulturapparat  gemaB  Anspruch  1, 
wobei  jede  der  Bohrungen  geformt  ist,  um  einen 
Hals  (46)  von  einem  der  Flaschchen  aufzunehmen. 

9.  Kompakter  Blutkulturapparat  wie  in  Anspruch  1 
angegeben,  zusammen  mit  einer  Vielzahl  von 
Flaschchen  (22). 

5  10.  Kompakter  Blutkulturapparat  wie  in  Anspruch  9 
angegeben,  wobei  der  Verkeilungsmechanismus 
aufweist: 

einen  Vorsprung  (1  78)  auf  einer  auBeren  Ober- 
10  flache  von  jedem  der  Flaschchen,  wobei  der 

Vorsprung  ausgelegt  ist,  um  innerhalb  einer 
entsprechenden  Offnung  (180),  die  innerhalb 
der  Trommel  (40)  gebildet  ist,  aufgenommen  zu 
werden. 

15 
Revendications 

1.  Dispositif  de  culture  de  sang  compact  non  invasif 
(20)  comprenant: 

20 
un  tambour  (40)  mobile  en  rotation  autour  d'un 
axe,  ledit  tambour  comportant  une  pluralite 
d'alesages  destines  a  recevoir  des  f  lacons  con- 
gus  pour  maintenir  la  croissance  de  micro- 

25  organismes; 
un  mecanisme  (48,  50,  52,  54)  destine  a  faire 
tourner  ledit  tambour  (40)  autour  dudit  axe; 
au  moins  un  poste  de  detection  (1  40)  destine  a 
detecter  les  micro-organismes  par  la  migration 

30  de  photons  disperses  dans  une  pluralite  de  f  la- 
cons  (22)  regus  dans  ledit  tambour; 
un  identificateur  de  flacon  (86); 
un  mecanisme  de  calage  (177)  destine  a  pla- 
cer  chacun  des  flacons  selon  une  orientation 

35  optimale  pour  son  identification; 
un  positionneur  d'emplacement  (56,  98)  des- 
tine  a  determiner  une  orientation  dudit  tambour 
(40);  et 
un  moyen  d'agitation,  ladite  agitation  impli- 

40  quant  la  rotation  dudit  tambour  autour  dudit 
axe,  ledit  axe  etant  dispose  a  un  certain  angle 
par  rapport  a  la  force  de  gravite. 

2.  Dispositif  de  culture  de  sang  compact  selon  la 
45  revendication  1,  dans  lequel  ledit  axe  est  approxi- 

mativement  perpendiculaire  a  ladite  force  de  gra- 
vite. 

3.  Dispositif  de  culture  de  sang  compact  selon  la 
so  revendication  1,  dans  lequel  ledit  tambour  com- 

prend  une  pluralite  de  segments  en  forme  de  dis- 
ques  (38)  disposes  autour  dudit  axe,  chacun 
desdits  segments  (38)  etant  congu  pour  recevoir 
une  pluralite  de  flacons. 

55 
4.  Dispositif  de  culture  de  sang  compact  selon  la 

revendication  3,  dans  lequel  ledit  tambour  com- 
prend  en  outre  une  piece  d'ecartement  respective 
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(42)  disposee  entre  des  segments  adjacents  (38) 
pour  les  separer. 

5.  Dispositif  de  culture  de  sang  compact  selon  la 
revendication  1  ,  ledit  identif  icateur  de  f  lacon  com-  s 
prenant: 

une  etiquette  a  code  barre  (32)  fixee  sur  une 
surface  exterieure  de  chacun  des  flacons; 
un  laser  (88)  congu  pour  projeter  un  faisceau  10 
(92)  de  rayonnement; 
un  systeme  optique  (94)  destine  a  focaliser 
ledit  faisceau  (92);  et 
un  photodetecteur  congu  pour  recueillir  une 
partie  dudit  rayonnement  retrodiffuse  de  ladite  is 
etiquette. 

6.  Dispositif  de  culture  de  sang  compact  selon  la 
revendication  5,  dans  lequel  ledit  positionneur 
d'emplacement  comprend  un  photodetecteur  auxi-  20 
liaire  (98)  positionne  de  fagon  a  recevoir  ledit  rayon- 
nement  lorsqu'une  partie  de  chacun  des  flacons 
croise  ledit  faisceau. 

7.  Dispositif  de  culture  de  sang  compact  selon  la  25 
revendication  1,  dans  lequel  ledit  positionneur 
d'emplacement  comprend  un  decodeur  angulaire 
(56)  monte  autour  dudit  axe. 

8.  Dispositif  de  culture  de  sang  compact  selon  la  30 
revendication  1,  dans  lequel  chacun  desdits  alesa- 
ges  est  forme  de  fagon  a  recevoir  un  col  (46)  d'un 
des  flacons. 

9.  Dispositif  de  culture  de  sang  compact  selon  la  35 
revendication  1  ,  de  paire  avec  une  pluralite  de  fla- 
cons  (22). 

10.  Dispositif  de  culture  de  sang  compact  selon  la 
revendication  9,  dans  lequel  ledit  mecanisme  de  40 
calage  comprend: 

une  saillie  (1  78)  presente  sur  une  surface  exte- 
rieure  de  chacun  des  flacons,  ladite  saillie  etant 
congue  pour  etre  regue  a  I'interieur  d'une  45 
ouverture  correspondante  (180)  formee  a 
I'interieur  dudit  tambour  (40). 

50 
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