
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number:  0  539   4 9 7   B 1  

12 EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  specification 
07.06.95  Bulletin  95/23 

@  Application  number  :  91913737.2 

(22)  Date  of  filing  :  10.07.91 

@  International  application  number  : 
PCT/US91/04864 

(87)  International  publication  number  : 
WO  92/01228  23.01.92  Gazette  92/03 

©  int.  ci.6:  G01N  33/569,  G01N  33/53 ,  
G01N  3 3 / 5 7 9  

(54)  A  METHOD  FOR  DETECTION  OF  GRAM-NEGATIVE  BACTERIAL  LIPOSACCHARIDES  IN  BIOLOGICAL 
FLUIDS. 

@  Priority  :  13.07.90  US  553072 

(43)  Date  of  publication  of  application 
05.05.93  Bulletin  93/18 

(45)  Publication  of  the  grant  of  the  patent  : 
07.06.95  Bulletin  95/23 

@  Designated  Contracting  States  : 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  NL  SE 

(56)  References  cited  : 
EP-A-  0  217  527 
EP-A-  0  279  517 
EP-A-  0  291  856 
JOURNAL  OF  IMMUNOLOGICAL  METHODS, 
vol.  122,  01  September  1989,  New  York,  NY 
(US);  J.  MERTSOLA  et  al.,  pp.  219-226 
JOURNAL  OF  IMMUNOLOGY,  vol.  143,  no.  12, 
15  December  1989,  Baltimore,  MD  (US);  E. 
TINEKE  et  al.,  pp.  4053-4060 

CO 
h- 
o> 

o> 
CO 
If) 

LU 

@  Proprietor  :  BOARD  OF  REGENTS,  THE 
UNIVERSITY  OF  TEXAS  SYSTEM 
201  West  7th  Street 
Austin,  TX  78701  (US) 

@  Inventor  :  HANSEN,  Eric,  J. 
2404  Chamberlain 
Piano,  TX  75023  (US) 
Inventor  :  MUNFORD,  Robert,  S. 
5504  Greenbrier 
Dallas,  TX  75209  (US) 
Inventor  :  MERTSOLA,  Jussi 
Kori  Katu  3 
SF-20780  Kaarina  (Fl) 

(74)  Representative  :  Dost,  Wolfgang,  Dr.rer.nat., 
Dipl.-Chem.  et  al 
Patent-  und  Rechtsanwalte 
Bardehle  .  Pagenberg  .  Dost  .  Altenburg  . 
Frohwitter  .  Geissler  &  Partner 
Postfach  86 
06  20 
D-81633  Miinchen  (DE) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



EP  0  539  497  B1 

Description 

Field  of  the  Invention 

The  present  invention  relates  to  a  method  for  the  detection  of  bacterial  endotoxin  in  a  biological  fluid  or  in 
a  fluid  intended  for  clinical  or  pharmaceutical  use,  using  antibodies  cross-reactive  with  a  broad  range  of  gram- 
negative  bacteria  to  act  as  lipopolysaccharide  capture  agents.  In  particular,  the  method  provides  a  sensitive 
assay  that  can  be  tailored  to  detect  the  endotoxin  of  selected  gram-negative  bacteria. 

LIST  OF  ABBREVIATIONS 

H a e m o p h i l u s   i n f l u e n z a e   t ype   b  H i b  

l i p o o l i g o s a c c h a r i d e   LOS 

p o l y m y x i n   B  PMB 
i m m u n o l i m u l u s   IML 

c h r o m o g e n i c   L i m u l u s  

a m o e b o c y t e   a s s a y   CLAL 
L i m u l u s   a m o e b o c y t e   l y s a t e   LAL 
l i p o p o l y s a c c h a r i d e   LPS 
m o n o c l o n a l   a n t i b o d i e s   MAbs 
e n z y m e - l i n k e d  

i m m u n o s o r b e n t   a s s a y   ELISA 
o u t e r   membrane  v e s i c l e s   OMV 
sodium  d o d e c y l   s u l f a t e   SDS 
p o l y a c r y l a m i d e   g e l  

e l e c t r o p h o r e s i s   PAGE 
p y r o g e n - f r e e   p f  
i m m u n o g l o b u l i n   G  i g c  
p h o s p h a t e   b u f f e r e d   s a l i n e   p e s  
Tween  2  0  ^  
b o v i n e   serum  a l b u m i n   BSA 
c e r e b r o s p i n a l   f l u i d   CSF 
c o l o n y   f o r m i n g   u n i t s   CFU 
b r a i n   h e a r t   i n f u s i o n   b r o t h   B H I s  

s u p p l e m e n t e d   w i t h  
L e v i n t h a l   b a s e  

Description  of  the  Related  Art 

Septicemia  is  a  potentially  fatal  clinical  condition  which  is  currently  increasing  in  importance,  possibly  be- 
cause  of  the  longer  survival  of  immunocompromised  patients  and  greater  use  of  invasive  techniques  in  med- 
icine  (1,2).  It  has  been  estimated  that  the  incidence  of  this  disease  has  increased  ten-fold  during  the  last  20 
years  and  that  the  number  of  cases  annually  is  from  100,000  to  300,000  in  the  United  States  alone  (3).  From 
20%  to  40%  of  the  patients  with  gram-negative  bacterial  septicemia  have  shock  and,  of  these,  approximately 
75%  will  die  (1).  In  children,  Haemophilus  influenzae  type  b(Hib)  is  responsible  for  about  40%  of  cases  of  septic 
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shock  (4).  Pseudomonas  aeruginosa  bacteremia  in  neutropenic  patients  is  a  particularly  virulent  form  of  sep- 
ticemia. 

Specific  laboratory  diagnosis  of  gram-negative  septicemia  is  usually  performed  by  culturing  blood  sam- 
ples.  These  methods,  however,  are  relatively  slow,  requiring  several  hours  to  days  to  detect  bacterial  growth. 

5  Endotoxin  is  considered  to  be  a  key  element  in  the  initiation  of  the  inflammatory  cascade  during  gram- 
negative  bacterial  infections  (5).  Therefore,  quantitation  of  these  molecules  in  blood  samples  of  septic  patients 
has  been  considered  to  be  important.  An  easy  and  relatively  sensitive  way  to  detect  endotoxin  involves  the 
Limulus  amoebocyte  lysate  (LAL)  assay  (6).  The  LAL  assay,  however,  has  several  problems  which  have  limited 
its  usefulness  in  the  diagnosis  of  septicemia.  This  assay  is  sensitive  to  trace  amounts  of  LPS  contamination 

10  in  laboratory  fluids  and  reagents,  which  then  cause  false-positive  reactions.  Furthermore,  plasma  of  patients 
has  several  nonspecific  activators  and  inhibitors  of  the  enzymes  involved  in  the  LAL  reaction.  Finally,  the  color 
and  turbidity  of  normal  plasma  impedes  the  high  sensitivity  of  a  recent  refinement  of  the  LAL  method  known 
as  the  CLAL  assay.  The  latter  method  measures  color  generated  by  the  action  of  activated  lysate  enzymes 
on  a  synthetic  chromogenic  substrate.  Because  of  these  problems,  the  sensitivity  and  specificity  of  the  LAL 

15  and  CLAL  assays  are  thought  to  be  suboptimal  for  reliable  clinical  diagnosis. 
The  basic  structure  of  lipopolysaccharide  (LPS)  involves  three  relatively  well  defined  regions  and  is  similar 

in  all  gram-negative  bacteria.  These  regions  are  an  O-specific  side  chain,  the  core  oligosaccharide,  and  lipid 
A.  The  O-specific  region  is  composed  of  repeating  oligosaccharide  units  each  having  2-6  saccharides.  The 
core  lies  between  the  O-specific  side  chains  and  lipid  A  and  is  a  branching  oligosaccharide  having  represen- 

20  tative  sugars  such  as  glucose,  N-acetylglucosamine  and  galactose.  In  the  core  region  proximal  to  Lipid  A,  hep- 
tose  and  keto-deoxyoctonate  are  commonly  found.  There  is  considerable  structural  variation  among  the  gram- 
negative  bacteria  in  the  O-chain  region,  but  only  minor  variation  throughout  the  core  region  with  structure  being 
highly  conserved  in  the  inner  core  region  proximal  to  Lipid  A.  The  most  highly  conserved  portion  of  the  LPS 
molecule  is  lipid  A,  a  phosphorylated  glucosamine  disaccharide,  to  which  long  chain  fatty  acids  are  attached. 

25  Some  gram-negative  bacteria,  including  Haemophilus  influenzae,  Neisseria  meningitidis,  N.  gonorrhoeae 
and  Bordetella  pertussis,  synthesize  a  different  type  of  LPS  molecule  that  has  been  designated  as  lipooligo- 
saccharide  (LOS).  LOS  is  very  similar  to  the  LPS  molecule  except  that  LOS  does  not  have  an  O-antigen  but 
consists  of  lipid  A  and  core  oligosaccharide.  LOS  is,  like  LPS,  an  endotoxin. 

The  general  structure  of  a  typical  gram-negative  lipopolysaccharide,  S.  typhimurium,  is  shown  in  Figure 
30  1. 

Realization  that  the  core  region  of  bacterial  lipopolysaccharide  is  highly  conserved  has  resulted  in  a  search 
for  antibodies  that  will  cross  react  with  the  endotoxin  of  all  gram-negative  species.  Some  claimed  highly  cross 
reactive  monoclonal  antibodies  have  been  obtained,  for  example,  several  of  which  are  directed  toward  Lipid  A 
(7-9).  Monoclonal  antibodies  binding  specif  ically  with  Escherichia  coli  strains  have  been  produced  by  immun- 

35  ization  of  mice  with  bacterial  mutants  lacking  the  O-side  chain  and  part  of  the  core  polysaccharide  (1  0).  At  least 
some  of  the  reported  monoclonal  antibodies  have  cross  reactivity  in  detecting  LPS  despite  the  fact  that  in  many 
instances  cross  reactivity  has  not  been  convincingly  demonstrated  (1).  Theoretically,  antibodies  to  the  LPS 
core  of  any  one  or  at  most  a  few  gram-negative  bacteria  should  interact  with  all  gram-negative  bacteria  having 
the  general  core  structure  of  LPS  shown  in  Figure  1. 

40  XMMEN-OE5  produces  a  monoclonal  antibody  that  binds  epitopes  on  LPS  associated  with  the  endotoxin 
core  glycolipid  of  gram-negative  bacteria  (11).  The  disclosed  antibodies  have  broad  cross  reactivity  with  gram- 
negative  bacteria  of  different  genera  and  effectively  neutralize  endotoxin.  Potential  assays  using  these  mono- 
clonal  antibodies  have  been  suggested,  including  quantification  of  endotoxin  using  standard  ELISA  techniques 
well  known  to  those  skilled  in  the  art.  However,  standard  methods  in  immunodiagnosis  lack  the  high  sensitivity 

45  of  the  Limulus  assay. 
The  ability  of  the  amoebocyte  lysate  used  in  the  CLAL  assay  to  react  with  gram-negative  endotoxin  has 

been  used  to  develop  an  assay  for  detecting  lipopoly-saccharides.  Endotoxin  is  bound  to  a  capture  agent  pre- 
pared  from  an  amoebocyte  lysate  (12).  The  bound  endotoxin  is  then  detected,  for  example,  by  antigenic  ana- 
lysis.  The  limit  of  detection  for  Escherichia  coli  K235  LPS  by  this  method  was  10  ng.  The  method  of  this  patent 

so  is  said  to  be  selective  for  gram-negative  endotoxin,  but  it  is  far  less  sensitive  than  the  CLAL  assay  which  can 
detect  picogram  quantities.  The  general  utility  of  the  claimed  method  is  therefore  limited  due  to  its  lack  of  sen- 
sitivity,  especially  in  clinical  applications  where  it  is  important  to  detect  even  very  small  amounts  of  LPS  or 
very  small  numbers  of  bacteria.  Furthermore,  very  low  limits  of  detection  are  critical  in  analysis  of  sterile  sol- 
utions  for  in  vivo  use. 

55  Thus,  there  is  a  need  for  a  general  method  of  detection  of  bacterial  endotoxin  which  is  rapid,  specific  and 
sensitive  at  least  to  picogram  quantities.  A  versatile  assay  in  principle  capable  of  detecting  several  different 
gram-negative  pathogens  would  be  particularly  useful  in  clinical  situations  where  the  identity  of  the  microor- 
ganism  as  a  gram-negative  bacterium  would  determine  the  specific  course  of  treatment. 

3 



EP  0  539  497  B1 

The  present  invention  relates  generally  to  a  sensitive  and  selective  method  for  the  detection  of  bacterial 
endotoxins.  The  method  combines  the  use  of  monoclonal  or  polyclonal  antibodies  as  capture  agents  and  the 
known  sensitivity  of  the  chromogenic  Limulus  amoebocyte  lysate  detection  system. 

Generally,  detection  of  bacterial  endotoxin  in  accordance  with  the  invention  includes  the  steps  of  contact- 
5  ing  a  sample  suspected  of  containing  a  bacterial  endotoxin  with  at  least  one  antibody  capable  of  binding  such 

bacterial  endotoxin,  wherein  the  sample  is  contacted  with  the  antibody  under  conditions  effective  to  bind  the 
antibody  to  endotoxin  that  may  be  present  in  the  sample.  Then,  the  antibody-bound  endotoxin  is  washed  to 
remove  contaminants,  and  the  endotoxin  then  detected  through  the  application  of  an  amoebocyte  lysate. 

In  more  particularembodiments,  the  method  is  performed  by  attaching  antibodies  of  the  desired  specificity 
10  to  a  solid  surface,  incubating  the  surface  with  a  sample  suspected  of  containing  endotoxin,  washing  the  matrix- 

bound  endotoxin,  adding  and  incubating  the  bound  endotoxin  with  Limulus  amoebocyte  lysate  and  finally  add- 
ing  a  substrate  of  the  lysate  to  form  a  product  that  can  be  detected.  In  preferred  embodiments,  the  amount  of 
endotoxin  may  be  measured,  in  that  the  amount  of  product  will  generally  be  proportional  to  the  amount  of  bound 
endotoxin. 

15  Attachment  of  antibodies  to  a  solid  surface  is  commonly  used  for  immobilization  and  is  most  often  achieved 
by  simply  coating  a  hard  surface  with  the  antibodies.  The  antibodies  can  be  attached  to  any  solid  surface  to 
which  they  will  adhere.  In  usual  practice,  antibodies  are  adsorbed  to  the  plastic  surface  of  microtiter  plate  wells, 
but  adsorption  could  be  to  any  suitable  surface.  It  is  important  to  block  uncoated  sites  to  prevent  nonspecific 
binding  of  interfering  substances  from  the  sample.  This  is  normally  done  with  proteins,  for  example,  albumin, 

20  but  other  surface  blocking  agents  that  do  not  interfere  with  the  assay  could  be  used. 
Excess  blocking  agents  are  washed  from  the  surface  after  reacting  with  nonspecific  binding  sites.  The 

wash  solution  is  usually  pyrogen-free  phosphate  buffered  saline  (pf-PBS)  containing  Tween  20.  It  is  likely  that 
the  presence  of  detergent  increases  washing  effectiveness.  It  should  be  noted  that  where  amoebocyte  lysate 
was  used  as  the  capture  agent,  washing  the  surface  with  surfactants  such  as  polyoxyethylene  sorbitan  mono- 

25  laurate  or  deoxycholate  caused  high  levels  of  nonspecific  binding  to  the  immobilized  lysate  (12);  however,  that 
system  differs  from  that  of  the  present  invention  in  that  the  immobilized  lysate  is  used  for  capture,  not  detection. 
It  is  possible  that  detergents  may  affect  antibody  capture  binding,  but  in  view  of  the  high  sensitivity  of  the  meth- 
od,  detrimental  effects  appear  unlikely. 

The  inventors  have  found  that  the  nature  of  the  antibody  (e.g.,  the  degree  of  cross-reactivity,  binding  af- 
30  f  inity,  etc.)  determines  the  broadness  or  narrowness  of  detection  of  specific  endotoxins.  Although  any  cross- 

reactive  antibodies  can  be  used  as  capture  agents  for  bacterial  endotoxin,  it  is  preferable  to  use  a  limited  num- 
ber  of  monoclonal  antibodies  directed  toward  the  highly  conserved-region  of  endotoxin  core  glycolipid  in  de- 
tecting  lipopolysaccharide  (LPS)  and  lipooligosaccharide  (LOS)  found  in  a  wide  range  of  gram-negative  bac- 
teria.  This  includes  intact  bacteria  as  well  as  vesicles  or  blebs  shed  or  exposed  on  bacteria  and  to  which  the 

35  capture  antibodies  can  bind.  Examples,  not  intended  to  be  limiting,  of  endotoxin  from  bacteria  which  could  be 
detected  include  Escherichia,  Bordetella,  Branhamella,  Salmonella,  Haemophilus,  Klebsiella,  Proteus,  Enter- 
obacter,  Pseudomonas,  Pasteurella,  Acinetobacter,  Chlamydia  and  Neisseria  and  in  general  any  bacteria 
whose  LPS  is  capable  of  binding  to  the  selected  antibodies.  A  preferred  antibody  is  directed  toward  the  O-an- 
tigen  of  Salmonella  typhi. 

40  The  practitioner  will  appreciate  that  the  purpose  of  the  antibodies  is  to  act  as  capture  agents  in  selectively 
binding  endotoxin,  a  toxic  component  of  the  gram-negative  bacterial  membrane.  There  are  thus  several  choices 
of  antibodies.  For  example,  a  surface  could  be  coated  with  antibodies  directed  specifically  to  the  core  oligo- 
saccharide  distal  to  lipid  A  in  any  species  of  gram-negative  bacteria.  Capture  specificity  would  be  then  directed 
toward  one  or  a  limited  group  of  bacteria,  depending  on  cross  reactivity.  On  the  other  hand,  antibodies  directed 

45  toward  epitopes  proximal  to  lipid  Aorto  lipid  A  itself  would  be  expected  to  display  broad  cross  reactivity  toward 
virtually  all  classes  of  gram-negative  bacteria. 

Selection  of  the  monoclonal  antibodies  to  be  used  as  capture  agents  is  an  aspect  of  this  invention  that 
shows  its  versatility.  For  example,  to  detect  a  range  of  bacterial  endotoxin  from  several  species,  one  could 
select  antibodies  to  lipid  A  or  the  lipid  A/KDO  region  of  LPS  since  this  core  region  is  highly  conserved  among 

so  gram-negative  bacteria.  Some  experimentation  may  be  necessary  to  obtain  an  optimal  panel  of  MAb,  but  there 
are  several  references  with  detailed  procedures  for  producing  antibodies  of  good  cross  reactivity  (7,13,14,16). 
At  least  two  clones  found  to  secrete  monoclonal  antibody  stably  are  available  as  hybridomas  XMMEN-OE5 
and  XMMEN-LY1  and  are  on  deposit  with  the  American  Type  Culture  Collection  with  respective  ATCC  Acces- 
sion  Nos.  HB9081  and  HB9082  (11).  The  monoclonal  antibodies  produced  by  these  cell  lines  show  broad  cross 

55  reactivity  against  gram-negative  bacteria  and  could  be  used  as  capture  agents  for  detecting  bacterial  endo- 
toxin. 

Antibodies  could  also  be  developed  using  experimental  techniques  known  to  those  skilled  in  the  art.  In 
particular,  suitable  antibodies  may  be  selected  from  hybridomas  obtained  from  immunizations  and  hybridoma 

4 
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fusions  involving  several  species  of  rough  mutants  of  gram-negative  bacteria.  Rough  mutants  can  be  selected 
from  wild-type  colonies  on  the  basis  of  their  appearance  which  contrasts  with  the  smooth  appearance  of  wild- 
type  colonies.  The  rough  appearance  is  the  result  of  deletion  of  O-antigen.  Asa  result  of  the  deletions,  portions 
of  the  core  become  more  exposed,  enabling  formation  of  a  wider  selection  of  antibodies  directed  to  epitopes 

5  in  the  exposed  regions.  Most  preferred  monoclonal  antibodies  would  be  specific  for  lipid  A  or  perhaps  alter- 
natively  for  a  smaller  fragment  of  lipid  A. 

To  assure  detection  of  a  wide  range  of  bacterial  endotoxin,  a  panel  of  3-4  monoclonal  antibodies  would  be 
selected,  preferably  those  directed  toward  heptose/KDO  regions  of  the  core.  This  region  is  adjacent  to  lipid  A 
and  comprises  several  unusual  2-keto  sugars,  particularly  3-deoxy-D-manno-octulosonic  acid  (KDO).  Select- 

w  ed  antibodies  could  include  MAbs  4-7B5  (7),  8A1  (9),  7G  (16),  A6(H4C5)  (15),  8-2C1  (7),  or  HA-1A(21).  The 
broadly  cross-reactive  monoclonal  antibody  produced  by  hybridoma  cell  line  XMMEN-OE5  (ATCC  Accession 
No.  HB9081)  would  also  serve  as  a  capture  agent,  either  in  combination  with  the  otherantibodies  or,  depending 
on  the  degree  of  cross  reactivity  required,  by  itself  (11). 

The  sample  in  which  bacterial  LOS  or  LPS  is  to  be  detected  is  usually  a  body  fluid  such  as  plasma,  serum, 
15  cerebrospinal  fluid,  urine,  saliva,  urethral  secretions,  sputum  or  the  like,  all  being  fluids  that  either  are  normally 

sterile  or  do  not  contain  the  organism  of  interest.  The  method  is,  however,  of  general  application  and  could  be 
used  to  detect  endotoxin  contamination  in  sterile  preparations,  and  in  fluids  intended  for  clinical  or  pharma- 
ceutical  use,  or  use  in  food  products. 

Samples  to  be  tested  for  endotoxin  may  need  to  be  diluted,  usually  with  pyrogen-free  diluent,  preferably 
20  phosphate-buffered  saline.  Dilution  would  depend  on  the  type  of  sample  and  on  the  amount  of  endotoxin  pres- 

ent.  In  any  event,  prior  to  incubation  with  the  immobilized  capture  antibody,  the  sample  for  testing  is  subjected 
to  heat  treatment,  preferably  at  75°C  for  about  12  min,  in  order  to  inactivate  materials  that  would  later  interfere 
with  the  Limulus  chromogenic  assay.  Heating  may  also  facilitate  exposure  of  binding  sites  to  the  capture  agent. 

Once  the  sample  is  prepared  for  analysis,  it  is  then  incubated  with  the  capture  antibody  or  antibodies.  When 
25  microtiter  plate  wells  are  used,  this  is  simply  a  matter  of  adding  a  measured  amount  of  sample  to  the  wells 

and  incubating  for  a  time  sufficient  for  binding  to  occur,  usually  about  an  hour  incubation  at  37°C.  Other  incu- 
bation  times  may  be  employed  as  required  depending  on  the  species  of  endotoxin  detected.  Incubation  could 
also  be  performed  at  room  temperature,  although  longer  times  to  effect  binding  may  be  necessary. 

Where  desired,  measurement  of  endotoxin  is  accomplished  by  adding  an  agent  capable  of  detecting  the 
30  protease,  whose  release  is  stimulated  by  the  presence  of  endotoxin.  Amoebocyte  lysate  contains  factors  that, 

in  the  presence  of  endotoxin,  initiate  a  cascade  that  releases,  among  others,  serine  proteases.  Amost  preferred 
source  of  lysate  is  the  blood  of  Limulus  polyphemus,  but  other  organisms  may  be  used,  for  example  Tachypleus 
tridentatus,  Tachypleus  gigas  or  Carcinoscorpius  rotundicauda.  Adding  a  protease  substrate,  usually  a  chro- 
mogenic  compound,  to  the  lysate  sample  containing  endotoxin  allows  cleavage  of  the  substrate  and  release 

35  of  a  chromophore  which  can  be  detected  spectrophotometrically.  The  amount  of  protease  activated  is  propor- 
tional  to  the  amount  of  endotoxin  bound  by  the  capture  monoclonal  antibody  and  thus  the  rate  of  color  formation 
will  be  proportional  to  the  amount  of  endotoxin  present  in  the  sample. 

In  a  preferred  embodiment,  the  chromogenic  substrate  is  N-benzoyl-val-arg-p-nitroanilide  in  which  release 
of  the  C-terminal  chromogenic  moiety  is  measured  at  410  nm.  Other  chromogens  could  be  used,  for  example 

40  tetramethyl  benzidine,  ordifferent  p-nitroanilide  substrates.  Quantitation  could  also  be  effected  using  other  lab- 
els  and  other  detection  means,  including  fluorescent  and  isotopic  labels  or  initiation  of  secondary  reactions 
so  long  as  the  reaction  is  proportional  to  the  protease  activated  by  the  endotoxin.  A  standard  curve  can  be 
generated  using  a  purified  endotoxin  or,  preferably,  the  U.S.  standard  endotoxin  as  the  standard. 

In  a  particular  example  of  the  invention,  the  specific  detection  of  Haemophilus  influenzae  type  b  endotoxin 
45  in  biological  fluids  is  demonstrated.  The  capture  monoclonal  antibody  is  bound  to  a  solid  surface  typically  plas- 

tic  microtiter  wells,  which  preferably  is  then  blocked  with  a  protein,  usually  bovine  serum  albumin,  fetal  calf 
serum,  etc.  Any  Hib  LOS  endotoxin  present  in  the  sample  will  be  bound  to  the  capture  antibody  and  not  to 
unexposed  surface.  In  a  preferred  embodiment,  the  capture  agent  comprises  two  monoclonal  antibodies,  one 
directed  against  an  epitope  in  the  oligosaccharide  region  of  a  first  endotoxin  and  the  other  directed  against  an 

so  epitope  in  the  oligosaccharide  region  of  a  second  endotoxin.  In  the  detection  of  Hib  endotoxin,  a  preferred  em- 
bodiment  employs  a  first  antibody  that  recognizes  endotoxin  from  a  first  strain,  such  as-Hib  LOS  DL26,  and 
a  second  antibody  that  recognizes  endotoxin  from  a  second  strain,  such  as  Hib  LOS  DL42.  Preferred  examples 
include  monoclonal  antibodies  1  2D9  and  4C4,  respectively  (ATCC  accession  numbers  HB1  0462  and  HB1  0461  , 
respectively).  Both  are  lgG3  type  immunoglobulins.  A  single  capture  agent  could  be  used  but  not  all  strains  of 

55  Haemophilus  influenza  type  b  would  be  detected. 
After  contacting  the  test  sample  with  the  solid  surface  bound  monoclonal  antibody,  bound  LOS  is  washed 

to  remove  nonbinding  substances  present,  preferably  with  pf-PBS  containing  a  detergent  such  as  Tween  20. 
In  a  subsequent  step,  the  surface-bound  LOS  is  incubated  with  an  amoebocyte  lysate,  preferably  Limulus 
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amoebocyte  lysate.  The  incubation  is  usually  performed  at  37°,  allowing  activation  of  a  protease  system  from 
the  lysate  by  bound  endotoxin.  In  a  final  step,  a  chromogenic  substrate  is  added  and  the  optical  density  of  the 
sample  is  read  after  standing  at  room  temperature,  preferably  for  30  minutes.  Optical  density  may  be  read  on 
a  spectrophotometer,  such  as  the  ELISA  reader.  Standards  may  be  included  with  the  test  sample  and  from 

5  them  concentrations  of  endotoxin  in  the  samples  determined. 
It  has  further  been  demonstrated  that  the  present  invention  may  be  applied  to  provide  a  rapid,  definitive 

diagnosis  of  chancroid,  the  causative  agent  of  which  is  Haemophilus  ducreyi.  Through  the  use  of  a  monoclonal 
antibody  specif  ic  for  LOS  of  H.  ducreyi'm  the  special  Limulus  amoebocyte  lysate  assay  of  the  present  invention, 
as  few  as  50  cfu  of  H.  duceryi  grown  in  vitro  and  resuspended  in  saline  could  be  detected.  Moreover,  as  few 

10  as  500  cfu  in  aspirated  material  from  a  rabbit  model  of  chancroid  could  be  detected. 
The  method  of  the  present  invention  is  simple  and  rapid.  Tests  can  generally  be  completed  within  three 

hours  after  sample  preparation.  Typically,  the  sample  is  incubated  with  the  capture  antibody  for  an  hour  at 
37°C,  washed,  incubated  about  20  min  at  room  temperature  with  amoebocyte  lysate  and  further  incubated  at 
room  temperature  after  addition  of  chromogenic  substrate.  Thus,  measurements  may  be  made  within  three 

15  hours  of  incubating  the  sample  in  microtiter  wells  coated  with  capture  antibody. 
The  inventors  have  demonstrated  the  specificity  of  the  invention  with  Hib  LOS  detection;  however,  it  will 

be  appreciated  that  other  pathogens  of  clinical  importance  may  be  readily  detected  using  appropriate  antibo- 
dies.  For  example,  the  method  is  readily  adapted  to  specific  detection  of  Pseudomonas  aeruginosa  and  Pseu- 
domonas  maltophilia  by  employing  the  monoclonal  antibody  XMMPS-605  produced  by  the  hybridoma  cell  line 

20  having  ATCC  Accession  No.  HB8909  (11).  The  development  of  other  specific  diagnoses  is  limited  only  by  the 
availability  of  the  capture  antibody  or  antibodies  required  and  not  by  the  general  applicability  of  the  method. 

It  is  contemplated  that  one  or  more  kits  will  be  useful  for  the  practice  of  the  method  of  the  present  invention. 
Such  kits  would  contain  separate  containers  comprising  monoclonal  antibodies  suitable  for  the  detection  of  all 
or  a  limited  selection  of  bacterial  endotoxins.  In  addition,  containers  comprising  an  amoebocyte  lysate  and  a 

25  chromogenic  substrate  to  detect  release  of  lysate  protease  would  be  provided,  all  preferably  in  lyophilizedform. 
In  one  particular  kit  for  detection  of  bacterial  endotoxin,  the  monoclonal  antibody  from  hybridoma  cell  line 
XMMEN-OE5  alone  or  in  combination  with  one  or  more  of  the  monoclonal  antibodies  4-7B5,  8A1,  A6  and  8- 
2C1  would  be  provided.  For  the  detection  of  Haemophilus  influenzae  type  b  MAb  4C4  and  MAb  12D9  would 
be  provided. 

30  Figure  1  shows  the  structure  of  S.  typhimurium  lipopolysaccharide  which  is  similar  to  the  lipopolysacchar- 
ide  of  other  gram-negative  bacteria.  Ra,  Rb,  Rc,  Rd1  and  Redesignate  the  structures  of  LPS  molecules  synthe- 
sized  by  different  mutants  of  Samonella. 

Figure  2  indicates  the  detection  of  Hib  DL42  LOS  in  PBS  (•)  and  in  plasma-PBS  (diluted  1:3)  (▲)  and  Hib 
DL42  bacteria  in  plasma-PBS  (diluted  1:3)  (■)  by  immunolimulus  assay.  Open  symbols  indicate  nonspecific 

35  background.  Results  are  means  from  duplicate  wells. 
Figure  3  shows  levels  of  Hib  DL42  (•)  and  DL301  (A)  bacteremia  and  concentrations  of  Hib  LOS  in  infant 

rat  plasma  samples  as  detected  by  immunolimulus  assay  (r=0.845,  p<0.001).  Open  symbols  represent  unin- 
fected  animals  and  are  present  only  on  the  left  side  of  the  x-axis. 

Figure  4  shows  levels  of  Hib  DL42  (•)  and  DL301  (A)  bacteremia  and  concentration  of  Hib  LOS  in  plasma 
40  samples  as  detected  by  CLAL  assay  (r=0.787,  p<0.001).  Open  symbols  represent  uninfected  infant  rats  and 

are  present  only  on  the  left  side  of  the  x-axis. 
As  discussed  above,  the  invention  is  a  sensitive  and  rapid  assay  that  can  be  designed  to  detect  gram- 

negative  bacterial  endotoxin,  or,  modified  to  detect  specific  species  of  bacterial  endotoxin.  In  particular,  the 
method  is  useful  for  detection  of  very  low  levels  of  endotoxin. 

45  The  inventors  have  used  antibodies  as  the  basis  of  selectivity  of  their  method  and  combined  the  previously 
known  reaction  with  amoebocyte  lysate  to  provide  an  assay  that  is  highly  sensitive.  The  antibodies  are  prefer- 
ably  monoclonal  antibodies  directed  to  designated  regions  of  the  endotoxin  core  of  LPS/LOS.  As  an  example 
of  how  the  method  is  practiced,  the  following  details  refer  particularly  to  the  detection  of  Haemophilus  influ- 
enzae  type  b  endotoxin  (Hib  LOS);  however,  analogous  considerations  apply  to  detection  of  other  species  with 

so  different  antibodies,  one  or  more,  being  used.  An  inclusive  method  to  detect  gram-negative  bacterial  endotox- 
ins,  for  example,  would  require  up  to  several  monoclonal  antibodies  directed  to  regions  at  or  very  close  to  the 
endotoxin  lipid  A  core.  A  method  to  detect  Pseudomonas  aeruginosa  could  employ  monoclonal  antibody 
XMMPS-605  (ATCC  Accession  No.  HB8909  (11)). 

55  Materials  and  Methods 

Bacterial  Strains  and  Culture  Conditions.  Hib  strain  DL42  has  been  characterized  extensively  (17).  Another 
Hib  strain  (DL301)  used  in  this  study  was  a  recent  isolate  from  a  child  with  Hib  meningitis  in  Dallas.  Both  of 
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these  strains  belong  to  Hib  LOS  antigenic  group  2,  as  determined  by  their  reactivity  with  MAb  4C4  in  the  colony 
blot-radioimmunoassay  stem  (17).  Encapsulated  Escherichia  coli  K1  (77-436)  and  Hib  strain  DL26,  from  Hib 
LOS  antigenic  group  1  (1  7)  were  used  for  control  experiments.  These  strains  do  not  react  with  MAb  4C4. 

Hib  strains  were  grown  in  brain-heart  infusion  medium  (Difco  Laboratories,  Detroit,  Ml)  supplemented  with 
5  Levinthal's  base  (BHIs)  as  previously  described  (18).  Escherichia  coli  K1  was  grown  in  brain-heart  infusion 

medium.without  the  supplement. 
Endotoxins.  LOS  from  Hib  strain  DL42  was  purified  by  means  of  the  modified  hot  phenol-water  method 

(19).  Purified  LOS  was  diluted  in  pyrogen-free  saline  (Abbott  Laboratories,  North  Chicago,  IL)  and  stored  in 
1  ng/ml  concentrations  at  -70°C  until  used  as  a  standard  in  the  assays.  LPS  purified  from  Escherichia  coli 

10  0111:B4  (Sigma  No.  L-33012)  was  purchased  from  Sigma  Chemical  Company,  St.  Louis,  MO,  as  were  LPS 
from  Escherichia  coli  01  27:B8  (Sigma  No.  L-3137),  Klebsiella  pneumoniae  (Sigma  No.  L-1770)  and  Pseudo- 
monas  aeruginosa  (Sigma  No.  L-8643). 

Monoclonal  Antibodies  (MAbs).  MAb  4C4  (ATCC  Accession  No.  HB10461),  directed  against  an  epitope  in 
the  oligosaccharide  portion  of  the  LOS  molecules  of  Hib  strains  belonging  to  Hib  LOS  antigenic  group  2,  has 

15  been  described  previously.  This  MAb  reacts  with  the  LOS  from  Hib  strains  DL42  and  DL301  and,  additionally, 
was  able  to  recognize  86%  of  the  Hib  clinical  isolates  recently  tested  (17). 

Other  Materials.  Sterile  polystyrene  ELISA  plates  were  purchased  from  Corning  Laboratory  Sciences, 
Houston,  TX.  All  plates  were  determined  to  be  pyrogen-free  prior  to  use.  Each  vial  of  LAL  (Pyrotell,  Associates 
of  Cape  Code,  Woods  Hole,  MA  specified  to  be  suitable  for  use  in  the  CLAL)  was  reconstituted  with  10  ml  of 

20  pf-water,  and  stored  in  multiple  portions  at  -20°C  for  less  than  3  months.  For  the  IML  assay,  the  LAL  was  diluted 
with  20  ml  of  pf-water.  N-benzoyl-val-gly-arg-p-nitroanilide  hydrochloride  (Sigma  No.  B-4758)  was  diluted  to 
a  concentration  of  0.7  mg/ml  in  pf-water  and  stored  at  4°C  until  used  in  the  assays. 

Statistical  Analysis.  Pearson's  correlation  coefficient  was  used  to  assess  the  strength  of  the  relationship 
between  the  results  from  the  CLAL  and  IML  assays  and  the  magnitude  of  bacteremia  in  the  animals. 

25  The  following  examples  are  intended  by  way  of  illustration  of  specific  embodiments  of  the  present  inven- 
tion  and  are  not  intended  to  be  limiting  to  the  extent  of  describing  all  possible  embodiments.  Those  skilled  in 
the  field  will  recognize  that  modification  could  made  to  the  disclosed  methods  and  applications  that  would  re- 
main  within  the  scope  of  the  present  invention. 

30  EXAMPLE  1 

Immunolimulus  Assay  for  Hib  LOS  Using  Purified  Hib  LOS  and  Bacteria 

Microtiter  plates  were  coated  overnight  at  room  temperature  with  purified  MAb  4C4  diluted  1:500  in  0.1 
35  M  sodium  carbonate  buffer,  pH  9.6  (20).  The  final  amount  of  antibody  incubated  in  the  well  was  800  ng.  The 

microtiter  wells  were  washed  three  times  with  pf-PBS  containing  0.05%  (v/v)  Tween®  20  (pf  PBS-Tw)  and  then 
blocked  with  1  %  (vol/vol)  fetal  calf  serum  (20)  in  carbonate  buffer  for  one  hour  at  37°C.  The  plates  were  again 
washed  three  times  with  pf-PBS-Tw.  Plasma  for  dilution  of  purified  LOS  samples  was  obtained  by  collecting 
blood  by  cardiac  puncture  from  50  normal  infant  rats,  centrifuging  and  pooling  the  plasma  derived  by  the  so- 

40  dium  citrate  method.  Plasma  aliquots  were  stored  at  -70°C  and  prior  to  use  as  diluent  were  diluted  1  :3  in  pyr- 
ogen-free  phosphate  buffered  saline  (pf-PBS,  pH  7.4). 

Purified  Hib  DL42  LOS  was  diluted  in  pf-PBS  and  in  plasma:PBS  (diluted  1  :3)  and  Hib  bacteria  were  diluted 
in  plasma:PBS  (diluted  1  :3).  Purified  Hib  LOS  standards  were  prepared  in  0-1  ,000  pg/ml  concentrations  in  the 
appropriate  dilution  fluid.  After  heat-inactivation  at  75°C  for  12  min,  50  l̂  of  the  test  samples  and  the  standards 

45  were  incubated  in  the  microtiter  wells,  for  one  hour  at  37°C.  The  wells  were  washed  six  times  with  pf-PBS-Tw 
and  then  filled  with  50  l̂  LAL  extract  in  pf-water.  After  20  minutes  incubation  at  room  temperature,  50  l̂  of 
the  chromogenic  substrate  was  added  and  the  plates  were  incubated  30  minutes  at  room  temperature.  The 
optical  density  was  then  measured  using  the  ELISA  reader  and  the  concentrations  of  LOS  in  the  test  samples 
were  obtained  from  the  standards  included  on  each  plate. 

so  The  limit  of  sensitivity  (the  concentration  of  LOS  yielding  an  optical  density  reading  exceeding  the  mean 
+  2SD  of  the  background)  was  2  pg/ml  in  pf-PBS  and  10  pg/ml  in  diluted  plasma  (Figure  2).  The  sensitivity  of 
the  IML  method  in  detecting  LOS  in  diluted  plasma  containing  various  numbers  of  Hib  organisms  corresponded 
to  a  concentration  of  300  CFU/ml,  respectively. 

The  specificity  of  the  IML  assay  is  based  on  its  ability  to  detect  only  those  LOS  molecules  bound  to  the 
55  solid  phase  by  the  MAbs.  As  shown  in  Figure  2,  the  nonspecific  background  (obtained  with  wells  without  MAb) 

remained  consistently  low  during  testing  of  plasma  samples  when  the  concentration  of  LOS  was  less  than 
1  ,000  pg/ml  or  when  the  concentration  of  bacteria  was  less  than  105  CFU/ml.  With  higher  concentrations  of 
either  LOS  or  Hib  the  background  increased  and  the  IMLassay  lost  its  antibody-dependent  specificity  although 
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it  showed  the  presence  of  endotoxin  with  the  CLAL-type  reaction.  The  specific  antibody  binding  could  be  dem- 
onstrated  in  these  cases  with  the  further  dilution  of  the  test  samples. 

EXAMPLE  2 
5 

Immunolimulus  Assay  for  Purified  Hib  LOS  in  Plasma. 

Purified  Hib  DL42  LOS  and  purified  LPS  samples  from  four  different  gram-negative  enteric  bacteria  were 
added  in  varying  concentrations  to  normal  infant  rat  plasma,  diluted  1:3  in  PBS,  then  heated  at  75°C  for  12 

10  min.  The  samples  were  tested  with  the  immunolimulus  assay  as  detailed  in  Example  1.  Results  are  shown  in 
Table  1  and  indicate  a  high  degree  of  specificity  for  the  IML  assay  system.  At  LPS  concentrations  of  less  than 
or  equal  to  10  ng/ml,  the  optical  density  results  were  at  background  level;  at  higher  concentrations,  the  results 
showed  only  non-specific  reactions. 
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T a b l e   1 

D e t e c t i o n   of  Hib  LOS  by  i m m u n o l i m u l u s   a s s a y   i n  

n o r m a l   i n f a n t   r a t   p l a s m a   s a m p l e s   c o n t a i n i n g   d i f f e r e n t  

c o n c e n t r a t i o n s   of  L O S / L P S .  

C o n c e n t r a t i o n   of  LOS/LPS  in  P l a s m a  

S t r a i n   100  n g / m l   10  n g / m l   1  n g / m l  

Hib  DL42  Aa  0 . 8 7 3 d   0 . 7 0 8   0 . 5 1 5  
Bb  0 . 4 1 2   0 . 0 7 3   0 . 0 3 0  
Cc  0 . 4 6 1   0 . 6 3 5   0 . 4 8 5  

E.  c o l i   0 : 1 1 1   A  0 . 2 7 8   0 . 0 2 7   0 . 0 2 7  
B  0 . 3 2 2   0 . 0 3 1   0 . 0 2 8  
C O   0  0 

E.  c o l i   0 : 1 2 7   A  0 . 3 3 3   0 . 0 2 9   0 . 0 2 7  
B  0 . 4 0 9   0 . 0 3 0   0 . 0 2 6  
C O   0  0 . 0 0 1  

K.  p n e u m o n i a e   A  0 . 0 4 4   0 . 0 2 7   0 . 0 2 7  
B  0 . 0 4 3   0 . 0 2 8   0 . 0 2 6  
C  0 . 0 0 1   0  0 . 0 0 1  

P.  a e r u g i n o s a   A  0 . 1 0 6   0 . 0 2 9   0 . 0 2 9  
B  0 . 1 4 7   0 . 0 3 0   0 . 0 2 8  
C O   0  0 . 0 0 1  

a  O p t i c a l   d e n s i t y   o b t a i n e d   f rom  w e l l s   c o a t e d   w i t h   MAb 

4C4 
b  O p t i c a l   d e n s i t y   o b t a i n e d   f rom  w e l l s   l a c k i n g   MAb  4C4 

( c o n t r o l   f o r   n o n s p e c i f i c   b i n d i n g )  
c  D i f f e r e n c e   b e t w e e n   w e l l s   A  and  B 
d  R e s u l t s   a r e   means   f rom  d u p l i c a t e   w e l l s  

EXAMPLE  3 

Immunolimulus  Assay  for  Hib  LOS  in  Plasma  from  Rats  Infected  with  Hib. 

Five-day  old  infant  rats  were  infected  intranasally  with  1-3  x  108  colony  forming  units  (CFU)  of  Hib  as  de- 
scribed  (1  9).  For  control  experiments  with  Escherichia  coli  K1  ,  the  rats  were  infected  by  intraperitoneal  inocu- 
lation  with  100  or  1,000  CFU  in  0.1  ml  PBS.  Blood  cultures  were  obtained  by  taking  10  l̂  of  blood  from  the 
tail  vein  at  various  time  points  (15-48  hours)  after  bacterial  challenge.  The  magnitude  of  bacteremia  was  de- 
termined  by  spreading  blood  samples  on  BHIs-agar  plates.  Immediately  after  the  blood  sampling  from  the  tail 
vein,  cardiac  puncture  was  performed  on  the  same  animals  anesthetized  with  ether  and  blood  was  collected 
in  syringes  containing  3.8%  (wt/vol)  sodium  citrate  (0.05  ml  of  sodium  citrate/0.5  ml  of  blood).  Blood  was  cen- 
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trifuged  at  5,000  rpm  in  an  Eppendorf  centrifuge  for  10  minutes  at  room  temperature  and  plasma  was  trans- 
ferred  to  polypropylene  screw-cap  tubes  and  stored  at  -70°C. 

Forty-two  (98%)  of  43  rats  with  culture-proven  Hib  DL42  or  DL301  bacteremia  had  detectable  concentra- 
tions  of  LOS  in  their  plasma  by  IML  assay.  Furthermore,  there  was  a  significant  correlation  (r=0.845,  p<0.001) 
between  the  LOS  concentrations  measured  and  the  magnitude  of  bacteremia  in  the  animals.  None  of  the  un- 
infected  rats  had  detectable  LOS  in  their  plasma  samples,  while  one  blood  culture-negative  sample  from  a  rat 
challenged  with  Hib  DL42  was  positive  with  IML.  There  were  no  significant  differences  between  the  IML  results 
obtained  with  the  two  different  Hib  strains  DL42  and  DL301,  both  of  which  are  reactive  with  MAb  4C4  (Figure 
3). 

The  CLAL  assay  was  positive  with  27  (63%)  of  the  Hib-infected  rats,  and  negative  with  all  those  that  did 
not  have  detectable  bacteremia  (Figure  4).  There  was  a  significant  correlation  between  the  endotoxin  concen- 
trations  measured  with  the  CLAL  assay  and  the  levels  of  bacteremia  (r=0.787,  p<0.001);  the  correlation  be- 
tween  IML  and  CLAL  results  was  also  significant  (r=0.933,  p<0.001). 

EXAMPLE  4 

Immunolimulus  Assay  for  Hib  LOS  DL26  or  Escherichia  coli  in  Plasma  From  Rats  Infected  with  These  Bac- 
teria 

All  the  rats  infected  with  Hib  DL26  (twelve  animals)  or  Escherichia  coliKI  (twelve  animals)  had  detectable 
bacteremia  and  19  (91%)  of  them  had  detectable  concentrations  of  endotoxin  when  tested  by  CLAL  (Table  2). 
However,  all  were  negative  with  the  IML  assay  using  MAb  4C4;  this  particular  MAb  is  not  reactive  with  either 
of  these  strains  (Table  2).  Six  of  the  nine  Escherichia  coli  Kf-infected  rats,  which  had  highest  concentrations 
of  bacteria  in  blood,  had  nonspecific  positive  result  in  the  IML  assay,  reminiscent  of  the  findings  involving  the 
effects  of  very  high  concentrations  of  LPS  on  the  IML  assay  in  earlier  in  vitro  experiments  (Table  1).  When 
these  plasma  samples  were  retested  in  the  IML  at  1:10  and  1:100  dilutions,  all  of  these  samples  yielded  neg- 
ative  results  in  IML  assay,  thus  confirming  the  specific  nature  of  the  assay.  The  results  are  presented  in  Table 
2. 

10 



EP  0  539  497  B1 

T a b l e   2 

B a c t e r e m i a ,   as  d e t e c t e d   by  b l o o d   c u l t u r e ,   a n d  

e n d o t o x e m i a ,   as  d e t e c t e d   by  c h r o m o g e n i c   L i m u l u s   (CLAL) 

and  by  i m m u n o l i m u l u s   (IML)  a s s a y s ,   in  i n f a n t   r a t s  

i n f e c t e d   w i t h   Hib  DL26  or  E s c h e r i c h i a   c o l i   K l .  

Hib  DL  26  E s c h e r i c h i a   c o l i   K l  

Rat   B a c t e r e m i a   CLAL  ML  B a c t e r e m i a   CLAL  IML 
No.  ( c f u / m l )   ( n g / m l )   ( n g / m l )   ( c f u / m l )   ( n g / m l )   ( n g / m l )  

1.  2 .1X105   2 .78   <0 .03   2 .8X107   >100  < 0 . 0 3  

2.  1 .9X105   3 .06   <0 .03   2  .  0X107  >100  < 0 . 0 3  

3.  1 .6X105  3 .03   <0 .03   6 .3X106   >100  < 0 . 0 3  

4.  1 .2X105   3 .48   <0 .03   3 . 5 x 1 0 s   5 0 . 2   < 0 . 0 3  

5.  2 . 9 x l 0 4   0 .17   < 0 . 0 3   4  .  OxlO5  1 8 . 0   < 0 . 0 3  

6.  2 . 1X104   0 .13   < 0 . 0 3   2 .3X105   6 5 . 9   < 0 . 0 3  
7.  2 .1X104   0 . 3 6   < 0 . 0 3   1 . 7 x 1 0 s   3 .9   < 0 . 0 3  
8.  1 .5X104   0 .34   < 0 . 0 3   1 .4X105   17 .4   < 0 . 0 3  
9.  1 .5X104   0 . 3 1   < 0 . 0 3   1 .2X105   1 0 . 0   < 0 . 0 3  

10.  1 .5X104   0 . 2 6   < 0 . 0 3   NDa  ND  ND 
11.  1 .4X104   < 0 . 0 5   < 0 . 0 3   ND  ND  ND 

12.  9 .2X103   < 0 . 0 5   <0 .03   ND  ND  ND 

a  T h r e e   r a t s   d i e d   b e f o r e   s a m p l i n g   of  b l o o d .  

EXAMPLE  5 

Immunolimulus  Assay  for  the  Detection  of  Haemophilus  ducreyi 

The  immunolimulus  assay  was  applied  to  the  detection  of  H.  ducreyi,  the  causative  agent  of  chancroid. 
To  exemplify  the  applicability  of  the  immunolimulus  assay  to  the  detection  of  H.  ducreyi,  a  study  was  conducted 
wherein  a  monoclonal  antibody  specific  for  H.  ducreyi  LOS  was  employed  in  an  assay  essentially  as  set  forth 
in  Example  I.  The  monoclonal  antibody  to  H.  ducreyi  LOS  employed  in  these  studies  was  prepared  as  follows: 

Cell  envelopes  from  H.  ducreyi  strain  35000  were  used  to  immunize  female  BALB/c  mice.  A  50-1  OOng 
quantity  of  cell  envelope  protein  suspended  in  0.1  ml  of  Freund's  complete  adjuvant  was  injected  intraperito- 
neally  into  several  mice.  Approximately  four  weeks  later,  two  of  these  mice  were  given  an  intravenous  injection 
with  50  ng  of  these  cell  envelopes  and  then  the  spleens  were  removed  for  use  in  the  hybridoma  fusion  protocol. 
The  hybridoma  cell  line  3E6  secreting  an  IgG  monoclonal  antibody  reactive  with  H.  ducreyi  LOS  was  identified 
by  screening  hybridoma  culture  supernatants  in  Western  blot  analysis  against  cell  envelopes  and  then  against 
proteinase  K-treated  cell  envelopes.  This  Mab  (3E6)  was  found  to  be  reactive  with  every  H.  ducreyi  strain  tested 
to  date  (at  least  20  strains)  and  does  not  react  with  H.  influenzae  strains,  with  Treponema  pallidum,  or  with 
two  Neisseria  gonorrhoeae  strains  in  colony  blot-radioimmunoassay  analysis. 
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The  immunolimulus  assay  incorporating  H.  ducreyi  LOS-specif  ic  antibody  3E6  was  applied  first  to  the  de- 
tection  of  H.  ducreyi  that  had  been  grown  in  vitro  and  resuspended  in  pyrogen-free  PBS.  This  sample  was  pre- 
pared  by  growing  H.  ducreyi  strain  35000  on  chocolate  agar  plates  overnight  at  33°C  in  a  candle  extinction 
jar.  The  resultant  colonies  were  scraped  off  the  surface  of  the  agar  plates  and  suspended  in  pyrogen-free  PBS 

5  to  a  concentration  of  108  cfu.  After  mixing  by  vigorous  vortexing,  the  cell  suspension  was  diluted  to  approxi- 
mately  107  cfu  per  ml  in  pyrogen-free  PBS.  This  suspension  was  then  heated  at  75°C  for  12  minutes. 

Serial  dilutions  of  this  heated  cell  suspensions  were  then  prepared  using  pyrogen-free  PBS  and  50  ul  por- 
tions  of  these  dilutions  were  used  as  test  samples  in  the  immunolimulus  system  with  monoclonal  antibody  3E6. 
The  limit  of  detection  of  H.  ducreyi  in  this  system  was  50  cfu  or  103  cfu  per  ml. 

10  A  second  sample,  this  one  obtained  from  lesiops  caused  by  H.  ducreyi,  was  also  tested  with  the  foregoing 
immunolimulus  assay.  In  this  study,  H.  ducreyi  organisms  were  grown  in  vivo  in  a  temperature-dependent  rab- 
bit  model.  Briefly,  necrotic  lesions  were  developed  on  the  backs  of  shaved  rabbits  as  follows:  Male  New  Zeal- 
and  white  (NZW)  rabbits  (2.7  to  3.2  kilograms)  were  obtained  from  commercial  sources  and  housed  in  rooms 
with  temperatures  controlled  at  15-17°C.  Prior  to  bacterial  inoculation,  the  dorsal  hair  of  each  rabbit  was  shaved 

15  using  an  animal  grooming  clipper  Model  A-5  (Oster  Professional  Products,  Milwaukee,  Wl).  Thereafter,  the 
backs  of  the  rabbits  were  shaved  on  a  daily  basis. 

H.  ducreyi  strain  35000  used  for  inoculation  into  animals  were  cultivated  in  candle  extinction  jars  at  33°C 
for  14  to  16  hrs.  The  bacteria  were  harvested  into  sterile  phosphate-buffered  saline  (PBS),  pH  7.2,  using  sterile 
cotton  swabs  and  the  cells  were  washed  twice  with  PBS  by  repeated  centrifugation  and  resuspension,  and 

20  cell  suspensions  containing  varying  numbers  of  cfu  of  H.  ducreyi  were  prepared  in  pyrogen-free  saline.  The 
H.  ducreyi  cell  suspensions  were  injected  intradermal^  into  the  shaved  backs  of  the  rabbits  at  duplicate  sites, 
using  an  injection  volume  of  0.1  ml. 

Rabbits  were  housed  in  a  temperature-controlled  room  at  15-1  7°C  to  lower  their  skin  temperature.  Animals 
housed  at  15-17°C  had  an  average  surface  skin  temperature  2°C  lower  than  that  of  animals  housed  at  23- 

25  25°C.  After  about  2-4  days,  lesions  were  found  to  develop.  Two  to  five  days  after  intradermal  injection,  material 
was  aspirated  from  the  resultant  lesions  and  the  content  of  viable  H.  ducreyi  organisms  in  each  sample  deter- 
mined.  Bacteria  were  recovered  from  skin  lesions  by  injecting  0.1  ml  of  sterile,  pyrogen-free  PBS  into  the  lesion 
site  with  a  25-gauge  needle  and  then  aspirating  the  injected  material  back  into  a  syringe.  The  material  aspirated 
from  each  lesion  was  brought  to  a  final  volume  of  1  ml  using  pyrogen-free  PBS.  Then,  50  ul  aliquots  were  plated 

30  to  determine  the  content  of  viable  H.  ducreyi  \n  the  aspirated  material.  A  1:5  dilution  of  this  material  in  pyrogen- 
free  PBS  was  prepared  and  heated  at  75°C  for  12  minutes.  Then,  50  ul  samples  of  both  this  suspension  and 
further  dilutions  of  this  suspension  were  used  in  the  immunolimulus  assay.  A  positive  reaction  in  this  assay 
was  obtained  with  samples  containing  as  few  as  200  cfu  of  viable  H.  Ducreyi  per  ml. 

The  foregoing  studies  demonstrate  the  applicability  of  the  immunolimulus  assay  as  a  rapid  diagnostic  test 
35  for  chancroid. 
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Claims 

15  1.  A  method  for  detecting  bacterial  endotoxin  in  a  sample,  comprising  the  steps  of: 
(a)  contacting  a  sample  suspected  of  containing  a  bacterial  endotoxin  with  at  least  one  antibody  capable 
of  binding  such  bacterial  endotoxin,  the  sample  being  contacted  with  the  antibody  under  conditions  ef- 
fective  to  bind  the  antibody  to  endotoxin  that  may  be  present  in  the  sample; 
(b)  washing  antibody-bound  endotoxin  to  remove  contaminants;  and 

20  (c)  detecting  endotoxin  with  an  amoebocyte  lysate. 

2.  The  method  of  claim  1  ,  wherein  the  endotoxin  is  detected  by: 
(a)  incubating  the  washed  antibody-bound  endotoxin  with  an  amoebocyte  lysate  to  activate  a  protease 
system  of  the  lysate; 

25  (b)  adding  to  the  lysate  a  substrate  of  the  protease  system  of  the  lysate;  and 
(c)  measuring  amounts  of  a  product  formed  from  action  of  said  protease  system  on  the  added  substrate, 
said  product  being  proportional  to  a  level  of  bacterial  endotoxin  in  the  sample. 

30 

35 

3.  The  method  of  claim  1  ,  wherein  the  antibody  is  bound  to  a  solid  surface. 
30 4.  The  method  of  claim  1  wherein  the  antibody  has  binding  affinity  for  one  selected  from:  a  core  glycolipid 

of  bacterial  endotoxin,  an  epitope  comprising  a  region  proximal  to  bacterial  endotoxin  lipid  A,  an  epitope 
comprising  lipid  A  and  an  epitope  comprising  a  heptose  and  a  keto-deoxyoctonate. 

5.  The  method  of  claim  1  wherein  the  antibody  is  a  MAb  obtained  from  hybridoma  cell  line  XMMEN-OE5 
35  having  ATCC  Accession  No.  HB9081  or  hybridoma  cell  line  XMMEN-LY1  having  ATCC  Accession  No. 

HB9082. 

6.  The  method  of  claim  1  wherein  the  antibody  comprises  a  binding  fragment  thereof. 

40  7.  The  method  of  claim  1  wherein  the  bacterial  endotoxin  is  a  lipooligosaccharide  or  lipopolysaccharide  of 
a  gram-negative  bacterium,  preferably  wherein  the  bacterial  endotoxin  is  of  a  gram-negative  bacterium 
of  the  genus  Escherichia,  Bordetella,  Branhamella,  Salmonella,  Haemophilus,  Klebsiella,  Proteus,  Enter- 
obacter,  Pseudomonas,  Pasteurella,  Acinetobacter  or  Neisseria. 

45  8.  The  method  of  claim  1  wherein  the  antibody  has  binding  affinity  for  an  O-antigen,  preferably  the  O-antigen 
of  Salmonella  typhi. 

9.  The  method  of  claim  1  wherein  the  amoebocyte  lysate  is  obtained  from  the  blood  of  Tachypleus  tridenta- 
tus,  Tachypleus  gigas,  Carcinoscorpius  rotundicauda  or  Limulus  polyphemus. 

50 10.  The  method  of  claim  2  wherein  the  substrate  added  to  the  reaction  comprises  a  chromogenic  substrate. 

11.  The  method  of  claim  1  wherein  the  sample  comprises  plasma,  serum,  cerebrospinal  fluid  or  urine. 

12.  The  method  of  claim  1  wherein  the  sample  is  heated  prior  to  contacting  with  the  antibody,  preferably  at 
55  a  temperature  of  about  75  °C. 

13.  Amethod  of  detecting  Haemophilus  influenzae  type  b  lipooligosaccharide  (Hib  LOS)  in  a  sample  suspect- 
ed  of  containing  such  LOS,  comprising  the  steps  of: 

13 



EP  0  539  497  B1 

10 

15 

20 

25 

30 

35 

40 

45 

50 

(a)  contacting  the  sample  with  at  least  two  antibodies  directed  against  Hib  LOS  to  facilitate  formation 
of  an  immunocomplex  between  the  antibodies  and  the  Hib  LOS; 
(b)  washing  the  immunocomplex; 
(c)  incubating  the  washed  Hib  LOS  with  Limulus  amoebocyte  lysate  to  facilitate  activation  of  a  protease 
system  in  the  Limulus  lysate;  and 
(d)  detecting  the  presence  of  LOS  by  detecting  a  product  formed  from  action  of  the  protease  system 
on  a  substrate. 

14.  The  method  of  claim  13,  wherein  the  antibody  is  directed  against  lipid  A-distal  outer  core  oligosaccharide. 

15.  The  method  of  claim  13  wherein  the  antibody  is  an  lgG3  monoclonal  antibody  directed  against  an  epitope 
in  the  oligosaccharide  region  of  Hib  LOS  DL26  or  Hib  LOS  DL42. 

16.  Amethod  of  detecting  Haemophilus  ducreyi  LOS  in  a  sample  suspected  of  containing  such  LOS,  the  meth- 
od  comprising  the  steps  of: 

(a)  contacting  the  sample  with  at  least  one  antibody  directed  against  Hemophilus  ducreyi  LOS  to  facil- 
itate  formation  of  an  immunocomplex  between  the  antibody  and  LOS  that  may  be  present  in  the  sample; 
(b)  washing  the  immunocomplex; 
(c)  incubating  the  washed  H.  ducreyi  with  Limulus  amoebocyte  lysate  to  facilitate  activation  of  a  pro- 
tease  system  in  the  Limulus  lysate;  and 
(d)  detecting  the  presence  of  LOS  by  detecting  a  product  formed  from  action  of  the  protease  system 
on  a  substrate. 

17.  A  kit  comprising: 
(a)  a  carrier,  compartmentalized  to  receive  at  least  two  containers  in  confinement  therein; 
(b)  a  first  container  positioned  in  one  or  the  compartments,  the  first  container  comprising  at  least  one 
antibody  having  binding  affinity  for  a  bacterial  endotoxin;  and 
(c)  a  second  container  positioned  in  another  compartment,  the  second  container  comprising  an  amoe- 
bocyte  lysate  or  a  chromogenic  substrate  for  detecting  release  of  a  protease  system  by  bacterial  en- 
dotoxin  for  use  in  a  method  in  accordance  with  any  of  claims  1  to  12. 

18.  The  kit  of  claim  17,  further  defined  as  including  both  a  container  comprising  an  amoebocyte  lysate  and 
one  comprising  a  chromogenic  substrate. 

19.  The  kit  of  claim  17,  wherein  the  antibody  comprises  a  monoclonal  antibody. 

20.  The  kit  of  claim  17,  wherein  the  antibody  comprises  an  antibody  that  recognizes  an  epitope  of  an  oligo- 
saccharide  proximal  to  lipid  A  or  to  lipid  A  within  an  inner  core  region  of  a  gram-negative  bacterium. 

21.  A  kit  comprising: 
(a)  a  carrier,  compartmentalized  to  receive  at  least  two  containers  in  confinement  therein; 
(b)  a  first  container  positioned  in  a  compartment,  the  first  container  comprising  two  antibodies  specif- 
ically  binding  to  epitopes  of  Haemophilus  influenzae  type  b  endotoxin,  and 
(c)  a  second  container  positioned  in  a  compartment,  the  second  container  comprising  an  amoebocyte 
lysate  or  a  chromogenic  substrate  for  detecting  protease  release  from  such  a  lysate  for  use  in  a  method 
in  accordance  with  any  of  claims  13  to  15. 

22.  The  kit  of  claim  21,  further  defined  as  including  both  a  container  comprising  an  amoebocyte  lysate  and 
one  comprising  a  chromogenic  substrate. 

23.  The  kit  of  claim  21  wherein  the  first  container  comprises  MAbs  4C4  and  DL42. 

24.  The  kit  of  claim  21  wherein  one  or  more  components  are  supplied  in  lyophilized  form. 

25.  A  kit  comprising: 
(a)  a  carrier,  compartmentalized  to  receive  at  least  two  containers  in  confinement  therein; 

55  (b)  a  first  container  positioned  in  a  compartment,  the  first  container  comprising  at  least  one  antibody 
specifically  binding  to  an  epitope  of  Haemophilus  ducreyi  LOS;  and 
(c)  a  second  container  positioned  in  a  compartment,  the  second  container  comprising  an  amoebocyte 
lysate  or  a  chromogenic  substrate  for  detecting  protease  release  from  such  a  lysate  for  use  in  a  method 
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in  accordance  with  claim  16. 

26.  The  kit  of  claim  25,  further  defined  as  including  both  a  container  comprising  an  amoebocyte  lysate  and 
one  comprising  a  chromogenic  substrate. 

27.  The  kit  of  claim  25  wherein  one  or  more  components  are  supplied  in  lyophilized  form. 

Patentanspruche 

1.  Verfahren  zum  Nachweis  von  bakteriellem  Endotoxin  in  einer  Probe,  das  die  folgenden  Stufen  umfalit: 
(a)  Kontaktieren  einer  Probe,  die  im  Verdacht  steht,  ein  bakterielles  Endotoxin  zu  enthalten,  mit  min- 
destens  einem  Antikorper,  der  zur  Bindung  von  derartigem  bakteriellem  Endotoxin  imstande  ist,  wobei 
die  Probe  mit  dem  Antikorper  unter  Bedingungen  in  Kontaktgebrachtwird,  die  wirksam  hinsichtlich  ei- 
ner  Bindung  des  Antikorpers  an  das  Endotoxin,  das  moglicherweise  in  der  Probe  vorhanden  ist,  sind; 
(b)  Waschen  des  Antikorper-gebundenen  Endotoxins  zur  Entfernung  von  Verunreinigungen;  und 
(c)  Nachweis  des  Endotoxins  mit  einem  Amobozyt-Lysat. 

2.  Verfahren  nach  Anspruch  1,  wobei  das  Endotoxin  durch  folgende  Malinahmen  nachgewiesen  wird: 
(a)  Inkubieren  des  gewaschenen,  Antikorper-gebundenen  Endotoxins  mit  einem  Amobozyt-Lysat,  urn 
ein  Proteasesystem  des  Lysats  zu  aktivieren; 
(b)  Zugabe  eines  Substrats  fur  das  Proteasesystems  des  Lysats  zu  dem  Lysat;  und 
(c)  Messung  der  Menge  eines  Produkts,  das  aus  der  Einwirkung  des  Proteasesystems  auf  das  zuge- 
gebene  Substrat  gebildet  wurde,  wobei  das  Produkt  proportional  zur  Konzentration  des  bakteriellen 
Endotoxins  in  der  Probe  ist. 

3.  Verfahren  nach  Anspruch  1  ,  wobei  der  Antikorper  an  eine  feste  Oberf  lache  gebunden  ist. 

4.  Verfahren  nach  Anspruch  1  ,  wobei  der  Antikorper  eine  Bindungsaff  initat  fur  einen  Bestandteil  aufweist, 
der  unter  einem  Kernglycolipid  des  bakteriellen  Endotoxins,  einem  Epitop,  das  eine  Region  umfalit,  die 
benachbartzu  dem  bakteriellen  Endotoxin-Lipid  A  ist,  einem  Epitop,  das  Lipid  A  umfalit,  und  einem  Epitop, 
das  eine  Heptose  und  ein  Ketodesoxyoctonat  umfalit,  ausgewahlt  ist. 

5.  Verfahren  nach  Anspruch  1,  wobei  es  sich  bei  dem  Antikorper  urn  einen  MAb  handelt,  der  aus  der 
Hybridomzellinie  XMMEN-OE5  mit  der  ATCC-Hinterlegungsnummer  HB9081  oder  der  Hybridomzellinie 
XMMEN-LY1  mit  der  ATCC-Hinterlegungsnummer  HB9082  erhalten  wurde. 

6.  Verfahren  nach  Anspruch  1  ,  wobei  der  Antikorper  ein  Bindungsfragment  davon  umfalit. 

7.  Verfahren  nach  Anspruch  1,  wobei  das  bakterielle  Endotoxin  ein  Lipooligosaccharid  oder  ein 
Lipopolysaccharid  eines  gramnegativen  Bakteriums  ist,  wobei  das  bakterielle  Endotoxin  vorzugsweise 
von  einem  gram-negativen  Bakterium  der  Gattung  Escherichia,  Bordetella,  Branhamella,  Salmonella, 
Haemophilus,  Klebsiella,  Proteus,  Enterobacter,  Pseudomonas,  Pasteurella,  Acinetobacter  oder 
Neisseria  stammt. 

8.  Verfahren  nach  Anspruch  1,  wobei  der  Antikorper  eine  Bindungsaffinitatfurein  O-Antigen  und  vorzugs- 
weise  fur  das  O-Antigen  von  Salmonella  typhi  aufweist. 

9.  Verfahren  nach  Anspruch  1,  wobei  das  Amobozyt-Lysat  aus  dem  Blut  von  Tachypleus  tridentatus, 
Tachypleus  gigas,  Carcinoscorpius  rotundicauda  oder  Limulus  polyphemus  erhalten  worden  ist. 

10.  Verfahren  nach  Anspruch  2,  wobei  das  Substrat,  das  zu  der  Reaktion  gegeben  wird,  ein  chromogenes 
Substrat  umfalit. 

11.  Verfahren  nach  Anspruch  1  ,  wobei  die  Probe  Plasma,  Serum,  Cerebrospinalflussigkeit  oder  Urin  umfalit. 

12.  Verfahren  nach  Anspruch  1  ,  wobei  die  Probe  vor  dem  Kontaktieren  mit  dem  Antikorper  vorzugsweise  auf 
eine  Temperatur  von  etwa  75°C  erwarmt  wird. 

13.  Verfahren  zum  Nachweis  von  Haemophilus  influenzaelyp  b-Lipooligosaccharid  (Hib  LOS)  in  einer  Probe, 
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die  im  Verdacht  steht,  derartiges  LOS  zu  enthalten,  das  die  folgenden  Stufen  umfalit: 
(a)  Kontaktieren  der  Probe  mit  mindestens  zwei  Antikorpern,  die  gegen  Hib  LOS  gerichtet  sind,  urn  die 
Bildung  eines  Immunkomplexes  zwischen  den  Antikorpern  und  dem  Hib  LOS  zu  erleichtern; 
(b)  Waschen  des  Immunkomplexes; 

5  (c)  Inkubieren  des  gewaschenen  Hib  LOS  mit  Limulus-  Amobozyt-Lysat,  urn  die  Aktivierung  eines  Pro- 
teasesystems  in  dem  Limulus-  Lysat  zu  erleichtern;  und 
(d)  Nachweis  des  Vorhandenseins  von  LOS  durch  Nachweis  eines  Produkts,  das  durch  die  Einwirkung 
des  Proteasesystems  auf  ein  Substrat  gebildet  wird. 

10  14.  Verfahren  nach  Anspruch  1  3,  wobei  der  Antikorper  gegen  das  Lipid  A-distale  Aulienkernoligosaccharid 
gerichtet  ist. 

15.  Verfahren  nach  Anspruch  13,  wobei  es  sich  bei  dem  Antikorper  urn  einen  monoclonalen  lgG3-Antikorper 
handelt,  der  gegen  ein  Epitop  in  derOligosaccharidregion  von  Hib  LOS  DL26  oder  Hib  LOS  DL42  gerichtet 
ist. 15 
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1  6.  Verfahren  zum  Nachweis  von  Haemophilus  ducreyi-LOS  in  einer  Probe,  die  im  Verdacht  steht,  derartiges 
LOS  zu  enthalten,  das  folgende  Stufen  umfalit: 

(a)  Kontaktieren  der  Probe  mit  mindestens  einem  Antikorper,  der  gegen  Haemophilus  ducreyi-LOS  ge- 
richtet  ist,  urn  die  Bildung  eines  Immunkomplexes  zwischen  dem  Antikorper  und  dem  LOS,  das  mog- 
licherweise  in  der  Probe  vorhanden  ist,  zu  erleichtern; 
(b)  Waschen  des  Immunkomplexes; 
(c)  Inkubieren  des  gewaschenen  H.  ducreyimW.  L/mu/us-Amobozyt-Lysat,  urn  die  Aktivierung  eines  Pro- 
teasesystems  in  dem  Limulus-  Lysat  zu  erleichtern;  und 
(d)  Nachweis  des  Vorhandenseins  von  LOS  durch  Nachweis  eines  Produkts,  das  durch  die  Einwirkung 
des  Proteasesystems  auf  ein  Substrat  gebildet  wird. 

17.  Reagenssatz,  umfassend: 
(a)  einen  Trager,  kompartimentiert,  urn  eingeschlossen  darin  mindestens  zwei  Behalteraufzunehmen; 
(b)  einen  ersten  Behalter,  der  in  einem  der  Kompartimente  angeordnet  ist,  wobei  der  erste  Behalter 
mindestens  einen  Antikorper  mit  einer  Bindungsaff  initat  fur  ein  bakterielles  Endotoxin  umfalit;  und 
(c)  einen  zweiten  Behalter,  der  in  einem  anderen  Kompartiment  angeordnet  ist,  wobei  der  zweite  Be- 
halter  ein  Amobozyt-Lysat  oder  ein  chromogenes  Substrat  zum  Nachweis  der  Freisetzung  eines  Pro- 
teasesystems  durch  bakterielles  Endotoxin  umfalit, 

und  zwar  zur  Verwendung  bei  einem  Verfahren  gemali  einem  der  Anspruche  1  bis  12. 

18.  Reagenssatz  nach  Anspruch  17,  ferner  dadurch  definiert,  dali  er  sowohl  einen  Behalter,  der  ein 
Amobozyt-Lysat  umfalit,  als  auch  einen  Behalter,  der  ein  chromogenes  Substrat  umfalit,  einschlielit. 

19.  Reagenssatz  nach  Anspruch  17,  wobei  der  Antikorper  einen  monoclonalen  Antikorper  umfalit. 

20.  Reagenssatz  nach  Anspruch  17,  wobei  der  Antikorper  einen  Antikorper  umfalit,  der  ein  Epitop  eines 
Oligosaccharids  benachbart  zu  Lipid  A  oder  zu  Lipid  Ainnerhalb  einer  inneren  Kernregion  eines  gramne- 
gativen  Bakteriums  erkennt. 

21.  Reagenssatz,  umfassend: 
(a)  einen  Trager,  kompartimentiert,  urn  eingeschlossen  darin  mindestens  zwei  Behalteraufzunehmen; 
(b)  einen  ersten  Behalter,  der  in  einem  Kompartiment  angeordnet  ist,  wobei  der  erste  Behalter  zwei 
Antikorper  umfalit,  die  spezif  isch  an  Epitope  von  Haemophilus  influenzae  Typ  b-Endotoxin  binden;  und 
(c)  einen  zweiten  Behalter,  der  in  einem  Kompartiment  angeordnet  ist,  wobei  der  zweite  Behalter  ein 
Amobozyt-Lysat  oder  ein  chromogenes  Substrat  zum  Nachweis  der  Proteasefreisetzung  aus  einem 
derartigen  Lysat  umfalit, 

und  zwar  zur  Verwendung  bei  dem  Verfahren  nach  einem  der  Anspruche  13  bis  15. 

22.  Reagenssatz  nach  Anspruch  21,  ferner  dadurch  definiert,  dali  er  sowohl  einen  Behalter,  der  ein 
Amobozyt-Lysat  umfalit,  als  auch  einen  Behalter,  der  ein  chromogenes  Substrat  umfalit,  einschlielit. 

23.  Reagenssatz  nach  Anspruch  21  ,  wobei  der  erste  Behalter  MAbs  4C4  und  DL42  umfalit. 
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24.  Reagenssatz  nach  Anspruch  21  ,  wobei  eine  oder  mehrere  Komponenten  in  lyophilisierter  Form  bereitge- 
stellt  werden. 

25.  Reagenssatz,  umfassend: 
(a)  einen  Trager,  kompartimentiert,  urn  eingeschlossen  darin  mindestens  zwei  Behalteraufzunehmen; 
(b)  einen  ersten  Behalter,  angeordnet  in  einem  Kompartiment,  wobei  der  erste  Behalter  mindestens 
einen  Antikorper  umfalit,  der  spezif  isch  an  ein  Epitop  von  Haemophilus  ducreyi-LOS  bindet;  und 
(c)  einen  zweiten  Behalter,  angeordnet  in  einem  Kompartiment,  wobei  der  zweite  Behalter  ein 
Amobozyt-Lysat  oder  ein  chromogenes  Substrat  zum  Nachweis  der  Proteasefreisetzung  aus  einem 
derartigen  Lysat  umfalit; 

und  zwar  zur  Verwendung  bei  einem  Verfahren  gemali  Anspruch  16. 

26.  Reagenssatz  nach  Anspruch  25,  ferner  dadurch  definiert,  dali  er  sowohl  einen  Behalter,  der  ein 
Amobozyt-Lysat  umfalit,  als  auch  einen  Behalter,  der  ein  chromogenes  Substrat  umfalit,  einschlielit. 

27.  Reagenssatz  nach  Anspruch  25,  wobei  eine  oder  mehrere  Komponenten  in  lyophilisierter  Form  bereitge- 
stellt  werden. 

Revendications 

1  .  Precede  de  detection  d'une  endotoxine  bacterienne  dans  un  echantillon,  comportant  les  etapes  consistant 
a  : 

(a)  mettre  en  contact  un  echantillon  suspecte  contenir  une  endotoxine  bacterienne  avec  au  moins  un 
anticorps  capable  de  se  lier  a  une  telle  endotoxine  bacterienne,  I'echantillon  etant  mis  en  contact  avec 
I'anticorps  dans  des  conditions  eff  icaces  pour  lier  I'anticorps  a  I'endotoxine  qui  peut  etre  presents  dans 
I'echantillon; 
(b)  laver  I'endotoxine  liee  a  I'anticorps  pour  eliminer  les  contaminants;  et 
(c)  detecter  I'endotoxine  avec  un  lysat  d'amoebocyte. 

2.  Precede  selon  la  revendication  1,  dans  lequel  I'endotoxine  est  detectee  : 
(a)  en  incubant  I'endotoxine  liee  a  I'anticorps  lave  avec  un  lysat  d'amoebocyte  af  in  d'activer  un  systeme 
de  protease  du  lysat; 
(b)  en  ajoutant  au  lysat  un  substrat  du  systeme  de  proetase  du  lysat;  et 
(c)  en  mesurant  les  quantites  d'un  produit  forme  a  partir  de  Taction  dudit  systeme  de  protease  sur  le 
substrat  ajoute,  ledit  produit  etant  proportionnel  a  un  niveau  d'endotoxine  bacterienne  dans  I'echantil- 
lon. 

3.  Precede  selon  la  revendication  1,  dans  lequel  I'anticorps  est  lie  a  une  surface  solide. 

4.  Precede  selon  la  revendication  1  ,  dans  lequel  I'anticorps  a  une  aff  inite  de  liaison  pour  un  anticorps  choisi 
a  partir  :  d'un  glycolipide  du  coeur  d'une  endotoxine  bacterienne,  d'un  epitope  comportant  une  region 
proximale  au  lipide  A  de  I'endotoxine  bacterienne,  d'un  epitope  comportant  le  lipide  A  et  d'un  epitope 
comportant  un  heptose  et  une  ceto-deoxyoctonate. 

5.  Precede  selon  la  revendication  1,  dans  lequel  I'anticorps  est  un  MAbobtenu  a  partir  d'une  ligneecellulaire 
d'hybridomes  XMMEN-OE5  ayant  le  numero  de  reference  ATCC  HB9081  ou  a  partir  d'une  lignee  cellulaire 
d'hybridomes  XMMEN-LY1  ayant  le  numero  de  reference  ATCC  HB9082. 

6.  Precede  selon  la  revendication  1,  dans  lequel  I'anticorps  comporte  un  fragment  de  liaison  de  celui-ci. 

7.  Precede  selon  la  revendication  1  ,  dans  lequel  I'endotoxine  bacterienne  est  une  lipooligosaccharide  ou  une 
lipo-polysaccharide  d'une  bacterie  de  gram-negatif,  de  preference  dans  lequel  I'endotoxine  bacterienne 
est  issue  d'une  bacterie  de  gram-negatif  du  genre  Escherichia,  Bordetella,  Branhamella,  Salmonella,  Hae- 
mophilus,  Klebsiella,  Proteus,  Enterobacter,  Pseudomonas,  Pasteurella,  Acinetobacter  ou  Neisseria. 

8.  Precede  selon  la  revendication  1  ,  dans  lequel  I'anticorps  a  une  aff  inite  de  liaison  pour  un  antigene-O,  de 
preference  l'antigene-0  de  Salmonella  typhi. 
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9.  Pro-cede  selon  la  revendication  1,  dans  lequel  le  lysat  d'amoebocyte  est  obtenu  a  partir  de  sang  de  7a- 
chypleus  tridentatus,  Tachypleus  gigas,  Carcinoscorpius  rotundicauda  ou  Limulus  polyphemus. 

10.  Procede  selon  la  revendication  2,  dans  lequel  le  substrat  ajoute  a  la  reaction  est  constitue  d'un  substrat 
chromogenique. 

11.  Procede  selon  la  revendication  1,  dans  lequel  I'echantillon  est  constitue  de  plasma,  de  serum,  de  fluide 
cerebro-spinal  ou  d'urine. 

12.  Procede  selon  la  revendication  1  ,  dans  lequel  I'echantillon  est  chauffe  avant  la  mise  en  contact  avec  I'an- 
ticorps,  de  preference  a  une  temperature  aux  environs  de  75°C. 

13.  Procede  de  detection  du  lipooligosaccharide  d'Haemophilus  influenzae  de  type  b  (Hib  LOS)  dans  un 
echantillon  suspecte  contenir  un  tel  LOS,  comportant  les  etapes  consistant  a  : 

(a)  mettre  en  contact  I'echantillon  avec  au  moins  deux  anticorps  diriges  contre  Hib  LOS  pourfaciliter 
15  la  formation  d'un  complexe  immunologique  entre  les  anticorps  et  le  Hib  LOS; 

(b)  laver  le  complexe  immunologique; 
(c)  incuber  le  Hib  LOS  lave  avec  un  lysat  d'amoebocyte  de  Limulus  pour  faciliter  I'activation  d'un  sys- 
teme  de  protease  dans  le  lysat  de  Limulus;  et 
(d)  detecter  la  presence  de  LOS  en  detectant  un  produit  forme  a  partir  de  Taction  du  systeme  de  pro- 

20  tease  sur  un  substrat. 

14.  Procede  selon  la  revendication  13,  dans  lequel  I'anticorps  est  dirige  contre  ['oligosaccharide  du  coeurex- 
terne  en  position  distale  par  rapport  au  lipide  A. 

25  15.  Procede  selon  la  revendication  13,  dans  lequel  I'anticorps  est  un  anticorps  monoclonal  lgG3  dirige  contre 
un  epitope  dans  la  region  oligosaccharidique  de  Hib  LOS  DL26  ou  d'Hib  LOS  DL42. 

16.  Procede  de  detection  du  LOS  d'Haemophilus  ducreyi  dans  un  echantillon  suppose  contenir  un  tel  LOS, 
le  procede  comportant  les  etapes  consistant  a  : 

30  (a)  mettre  en  contact  I'echantillon  avec  au  moins  un  anticorps  dirige  contre  LOS  d'Haemophilus  ducreyi 
pourfaciliter  la  formation  d'un  complexe  immunologique  entre  I'anticorps  et  LOS  qui  peut  etre  present 
dans  I'echantillon; 
(b)  laver  le  complexe  immunologique  ; 
(c)  incuber  H.  ducreyi  lave  avec  un  lysat  d'amoebocyte  de  Limulus  pour  faciliter  I'activation  d'un  sys- 

35  teme  de  protease  dans  le  lysat  de  Limulus;  et 
(d)  detecter  la  presence  de  LOS  en  detectant  un  produit  forme  a  partir  de  Taction  du  systeme  de  pro- 
tease  sur  un  substrat. 

17.  Kit  comportant  : 
(a)  un  support,  ayant  des  compartiments  pour  recevoir-au  moins  deux  conteneurs  en  confinement; 
(b)  un  premier  conteneur  positionne  dans  un  des  compartiments,  le  premier  conteneur  comportant  au 
moins  un  anticorps  ayant  une  aff  inite  de  liaison  pour  une  endotoxine  bacterienne;  et 
(c)  un  second  conteneur  positionne  dans  un  autre  compartiment,  le  second  conteneur  comportant  un 
lysat  d'amoebocyte  ou  un  substrat  chromogenique  af  in  de  detecter  une  liberation  d'un  systeme  de  pro- 
tease  par  une  endotoxine  bacterienne  pour  une  utilisation  dans  un  procede  selon  Tune  quelconque  des 
revendications  1  a  12. 

18.  Kit  selon  la  revendication  17,  defini  de  plus  comme  incluant  a  la  fois  un  conteneur  comportant  un  lysat 
d'amoebocyte  et  un  conteneur  comportant  un  substrat  chromogenique. 

19.  Kit  selon  la  revendication  17,  dans  lequel  I'anticorps  comporte  un  anticorps  monoclonal. 

20.  Kit  selon  la  revendication  17,  dans  lequel  I'anticorps  comporte  un  anticorps  qui  reconnait  un  epitope  d'un 
oligosaccharide  situe  en  position  proximale  par  rapport  au  lipide  Aou  au  lipide  Asitue  dans  une  region 
interne  du  coeur  d'une  bacterie  de  gram-negatif. 

21.  Kit  comportant  : 
(a)  un  support,  ayant  des  compartiments  pour  recevoir  au  moins  deux  conteneurs  en  confinement; 
(b)  un  premier  conteneur  positionne  dans  un  des  compartiments,  le  premier  conteneur  comportant 
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deux  anticorps  se  liant  de  maniere  specif  ique  aux  epitopes  de  I'endotoxine  d'  Haemophilus  influenzae 
de  type  b;  et 
(c)  un  second  conteneur  positionne  dans  un  compartiment,  le  second  conteneur  comportant  un  lysat 
d'amoebocyte  ou  un  substrat  chromogenique  af  in  de  detecter  une  liberation  de  protease  a  partir  d'un 
tel  lysat  pour  une  utilisation  dans  un  procede  selon  I'une  quelconque  des  revendications  13  a  15. 

Kit  selon  la  revendication  21,  defini  de  plus  comme  incluant  a  la  fois  un  conteneur  comportant  un  lysat 
d'amoebocyte  et  un  conteneur  comportant  un  substrat  chromogenique. 

Kit  selon  la  revendication  21,  dans  lequel  le  premier  conteneur  comporte  les  MAbs  4C4  et  DL42. 

Kit  selon  la  revendication  21  ,  dans  lequel  un  ou  plusieurs  des  composants  sont  apportes  sous  une  forme 
lyophilisee. 

Kit  comportant  : 
(a)  un  support,  ayant  des  compartiments  pour  recevoir  au  moins  deux  conteneurs  en  confinement; 
(b)  un  premier  conteneur  positionne  dans  un  compartiment,  le  premier  conteneur  comportant  au  moins 
un  anticorps  se  liant  de  maniere  specifique  a  un  epitope  de  LOS  6'  Haemophilus  ducreyi;  et 
(c)  un  second  conteneur  positionne  dans  un  compartiment,  le  second  conteneur  comportant  un  lysat 
d'amoebocyte  ou  un  substrat  chromogenique  af  in  de  detecter  une  liberation  de  protease  a  partir  d'un 
tel  lysat  pour  une  utilisation  dans  un  procede  selon  la  revendication  16. 

Kit  selon  la  revendication  25,  defini  de  plus  comme  incluant  a  la  fois  un  conteneur  comportant  un  lysat 
d'amoebocyte  et  un  conteneur  comportant  un  substrat  chromogenique. 

Kit  selon  la  revendication  25,  dans  lequel  un  ou  plusieurs  composants  sont  fournis  sous  une  forme  lyo- 
philisee. 
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