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Î̂PP̂ f̂ePSBIP ^̂P̂ P̂WPPP̂MP Pfipp£l) JPPB̂PÎ PIB̂  ̂ :€̂P9P̂PP9Pi!̂ 8PP̂fe(P̂pi ot ^
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during tb* period f t t m  April 1941 to August 1 9 4 8, widespread out­

breaks of acute illness were reported among workers in ruml settress 

mkiag centers, cotton mills, cotton ssed processing plant* and uphol­

stering plant* where a very low grad* of dusty stained cotton was used, 

this illness occurred aeon# workers exposed to high dust concentrations, 

ami its severity v a rie d  with the degree o f  oxy*stirs •

In v e s tig a t io n s , which have a lread y  boon re p o rte d  (14 , 21), dsaoxi- 

strmtea co n c lu siv e ly  that the e t io lo g ic a l  agent re»; onsib la  fo r  th is  

acute i l ln e s s  was an e n d o to x in -lik e  substance produced by a m oo14,

G m a-negative, n e t i l s ,  ©noapsulatod, red-shaped microorganism previous­

ly  referred  to as the “cotton  beeterltta** fmbsecuent taxonomic stu d ies  

in d icate  that th is  becterluf?* 1® & stra in  o f  Aerehaeter cloacae {£ ) .

fh© disease is  characterised by i t s  sudden onset ( ' - 6  hour© a fter  

exposure), the short duration o f the acute ©has# (usually  24-48 hours 

a fter  exposure), and by the dev©lopis»nt of a narked leucoeytests* fho 

p rin clm l subject lee  eywptoas a re  conjunct iv a i ir r ita tio n , substern&l 

oppression, dryness o f throat, generalised ashes, fa tigu e, headache, 

cough, c h i l l s ,  fever, anorexia, nausea and vomiting.

A ll th e  snap le e  o f  c o tto n  in c rim in a ted  in  ou tb reaks o f I l ln e s s  

were dusty, low -grade and s ta in e d , and con ta ined  v ary in g  amounts o f 

p la n t deb ris*  th e  m a jo rity  o f  th e se  samples were c la s s i f i e d  w ith in  

o f f i c i a l  g rades fo r  tin g ed  and s ta in e d  c o tto n  by g rad e rs  o f  the U. $« 

Ueuartment o f  A g ric u ltu re , and m ay  ©f them were d e sc rib ed  as  “b e lly  

(26) In a)js rue t e r .11 The mucoid bacterium  occurred to  the  e x c lu s io n  o f



o th e r  types o f aleyftorganiafiis In  these  sau rl* #  and i t s  inc idence  ranged 

fro *  3 ,000,000 to  wore than iO,0OO,CXXj»OOo nor f*fra®. I t  »»• not iso ­

la te d  from h igh  j*m ie c o tto n . Seventy of e igh ty -on*  «>f a is te r l-

*1# re p o r te d  to  have caused I l l n e s s  con tained  this m m  s t r a i n  o f  th i s  

teio terium . ty p ic a l  c u ltu re s  of th i s  s t r a in  o f  A orabacter ele&c&e have 

a lso  been I s o la te d  fwm  twjep and g ra in  d u s t.

.4 h s * t- s ta h le ,  en d o to x in -Ilk* substance wste dem onstrated in  f i l ­

trate® fro; s&lin* ex t root* o f s ta in e d  cotton , in  f i ltr a te s  fro*s broth 

cu ltu res sand in  k il le d  cu ltu re su sp en sio n s. I t  i s  b e liev ed  that th is  

to x ic  substance  i s  in  th« nature o f m endotoxin because o f i t s  heat 

s t a b i l i t y ,  lover an tigen ic  cap acity , and i t s  increase with age o f cu l­

ture or d e s tru c tio n  o f c e l l s .

thm same tyr»* o f d is a b lin g  i l l n e s s ,  which resem bles an a c u te  i«~ 

to x ie a t lo n , could bo produced exp erim en ta lly  in  hum ne by In h a la tio n  o f  

(a ) dust fro© norm ! c o tto n  contam inated w ith  th i s  or$3&nism and i t *  cu l­

tu re  f i l t r a t e # ,  (b) d u s t fro® s ta in e d  c o tto n  c o n ta in in g  la rg o  lumbers o f 

the organism and (c ) a fin e  m ist of e t e r i l e  f i l t r a t e s  from culture® of 

th is  bacterium . In experim en tal c ases , the s e v e r i ty  o f sy ste m s  and 

■physical f in d in g s  were dependent upon th® presence and c o n ce n tra tio n  o f 

th is  bacterium  or i t s  products in the- cotton  dust inhaled, and upon the 

duration o f exposure ( 14, 21) .

Reports o f s im ila r  d isease#  among w o o e rs  exposed to  o rg an ic  duets 

have appeared in  the l i t e r a t u r e  fo r  rany y e a r s .

One o f the  c a r l i e r  re fe re n c e s  to  m ill fe v e r  among c o tto n  m ill work­

e r s  v&s made by beach (12) in  ldS«s.

A riltig* (1) d esc rib ed  i l l n e s s  a  won# f la x  workers a* c h a ra c te r is e d  

by ch ill® , naussa, vom iting, headache, t h ir s t ,  and fe v e r .



b ig h t (IS ) d esc rib ed  a ease o f  *th re sh e r* « fever*  in which the  

to©© were headache, substern&X o p p ressio n , g e n e ra lis e d  &ci»*, ch ill© , 

f«v e r  ana a n o re x ia , He a lso  re p o rte d  the  &evelerr*mt o f narked leu eo - 

cytasl© .

OHtop (15) described  s i l l  fe w p  among jut© w r b p « ,  r e s u l t in g  fra© 

exposure to  high co n cen tra tio n s  of jut© d u s t .

Respiratory %ilin»nts, among which ware the  s o -c a lle d  © ill fe v e r , o r 

Hoadjqr f e v e r ,  have c o n s t i tu te d  IwnortAnt occupationa l d ise a se s  among 

c o tto n  w il l  w orkers in  O reat B r i ta in  fo r  unny y e a rs  (8 , These d is ­

eases  fa llow  the in h a la t io n  o f co tto n  d u e t. According to  th e  l i t e r a t u r e ,  

co tto n  M ill w orkers, w hile engaged in  th e  i n i t i a l  s tag e s  o f c o tto n  proc­

e ss in g , a r e  su b je c t to  freq u en t I l ln e s s  uue to  a  ep ee in i and coup ler 

cause , which has not been com pletely  explained, hut which has been con­

s id e red  to  be bo th  a l l e r g ic  and tseehnnictti (16) •

th e  He ;*art mental Oosasittes on Suet in  C ardrt’oes in  th e  Oat ton  In ­

d u s try  1933 (IB) re p o rte d  th a t  the syi&ptniMi of the i l ln e s s  ataong co t ta n  

cardroora o p e ra tiv e s  were due to  th e  a c t io n  o f the  d u st on th e  m enus 

M tlirM *« o f  the  resp iratory  passag es , According to  th is  re p o r t  th e re  

m s  no evidence o f  a s p e r g i l lo s is  o r o th e r s im ila r  d ise a se  o f th e  lung 

due to  in h a la t io n  o f  fungus ©ycoUa, coni& ia o r  sp o re s , In. m  appondig 

to  t h i s  re p o r t  ( i l l ) ,  P a it la n d  and h is  a s s o c ia te s  re p o rte d  the  p resence 

o f  h istam ine  in  c o tto n  dust and su ggest*4 the  p o s s ib i l i ty  o f  h ls ta td a e  

being a c a u sa tiv e  f a c to r  in  co tto n  ©>ill i l l  m m ,

Tb* d e s ir a b ility  of follow ing up th is  clue led  the Fodieal £#search 

Council of Crsat Britain t*> institute* « study of i l ln e s s  in cotton m ills .

resu lts  o f th is  in vestigation  are given in the report o f Preuenits 

(16 ). lh» coaeluusd that histamine, although present in cotton dust, was
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m% ib© cause of the U in « « 8 . On the b a s is  o f p a r t i c l e  »!*« rt»t*rsiinn- 

lions and f tn im l #xp«;r iB * n ts  w ith  cotton dust, however, Prausniis forsu,- 

l& tad th e  fo llo w in g  concep tion  of the  pathogenesis  o f th e  c o tto n  Mil. 

i l ln e * * ;

1. P e n e tra tio n  o f I r r i t a t i n g  so lu b le  p ro te in #  of the  

c o tto n  d u st in to  the  a lv e o la r  t i s s u e ,  g ra d u a lly  producing a 

th ick en in g  o f the  a lv e o la r  wall®.

.2. fho development of #mp®y»on«*ltiw®mes* to the cotton

d u st .

3 . S u p e r f ic ia l  ir r ita tio n  of the bronchial aueou* tmŵ  

braae ^  the daet re emit log In bronchitis, eomgh, ami u l t i ­

mately in t iD ifw m .

In connection with th in  i l ln e s s  aseitg cotton eardrooa operative®,

the B r it ish  f&rXiasscnt in  1940 (29) passed  an act to provide for compett- 

e a t io n  for worknon who died o r be cane perm anently and to ta lly  in cap ac i­

ta te d  fo r  work a s  th« r e s u l t  o f the  r e s p ira to ry  d ieeaee  known a s  lay ©siti- 

o s ie .

h i l l  f©v»r has never 'been a t t r ib u te d  to b a c te r ia  or t h e i r  to x ic

p roduct* . 'However, th e  B r it ish  Departm ental Committee on Jktai in  Card- 

roo&s in  th e  C otton Induetfy  in  1932 (IB) reported the presence o f  largo  

snath® re  o f Oran-negativ® b a c i l l i  in  cotton  dm*t. ho is^ortmno® was a t ­

tributed  to  the** b acteria  s in ce  m  fa c to r  cenoon to  the  b a c te r id  logy of 

the  duet and the p a t ie n t# ' sputum was found.

The acu te  ll ln e # *  o ccu rrin g  anong worker* u sin g  low grade s ta in e d  

cotton, *xe«r,t for i t s  g re a te r  severity , c lo se ly  reeeab lo s  B ill  fe v e r , 

Honday fever, or gin fe v e r in  cotton M il w orker# . S im ila r  diseases  

c a lle d  h eck lin g  fe v e r , M il fe v e r , g ra in  fe v e r , ami hemp fe v e r have been
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re p o rte d  in  worker# in h a lin g  f la x ,  j u t e ,  g ra in  and he an o u s t, re sp ec­

t iv e ly ,  and, a s  nen tioaed  above, to x ig en ic  s t r a in s  of A. c loacae haw  

been is o la te d  f ro  a h^r-tr dust and g ra in  d u s t, th e re fo re , i t  i t  suggested  

th a t  to x ic  p roducts l ib e ra te d  by th ese  a t  m in t  of c loacae  m y cause 

th e s e  d is e a s e s ,

?hi» a cu te  i l l n e s s ,  to  which o n ly  t e m n i  a re  s u s c e p tib le ,  way be 

considered  a« a  r-o t^nti& l o em t^ tS o n a i h e a lth  hasard fo r  employees in  

in d u e tr ie « u t i l i s in g  low -grade stained c o tto n , o r other dusty  plant ma­

t e r i a l * .  I t  i s  th e re fo re  r e a d i l y  ap p aren t th a t  p r a c t ic a l  asth o d s fo r  the  

d e te c tio n  o i the endotoxin  re sp o n s ib le  f o r  th i s  i l l n e s s  should be devel­

oped in  o rd e r to f a c i l i t a t e  th e  in v e s t ig a tio n  and p reven tion  of fu tu re  

ou tb reaks o f th is  i l l n e s s .  Studio* on Methods fo r  th e  treetenant o f c o t­

ton f o r  the d estru ction  of t h i s  endotoxin  a re  a lso  l im ite d  u n t i l  t e s t s  

fo r  i t s  d e te c tio n  a re  developed.

During the e a r lie r  phase* o f  the in v estig a tio n  into the e tio lo g y  

of th is  acute i l ln e s s  a h ea t-sta b le , en&otoxin-lifce substance was d*tt>n- 

•tra ted  in f i l t r a t e s  trim sa lin e  ex tra cts  of sta ined  cotton and in  f i l ­

tr a te s  o f broth cu ltu res o f the organists Iso la ted  frcm i t  by neans of 

the Shwartsean reaction  and the Do I nan and Havaon t e s t s  fo r  ©nterotoxin  

(21) . Since p o s it iv e  Shwartxman reaction s and Delnan and Sassoon ea iero -  

tox in  t e s t s  say be e l i c i t e d  by other to x ic  substances, i t  was necessary  

to resort to  the in h a la tion  exposure e f  huaan su b jects to contaminated 

cotton  dust, and cu ltu re f i l t r a t e s  of the crgenler? or to the in trad erm l 

in je c t io n  o f such su b jects w ith f i l t r a t e s  fro» sa lin e  ex tra cts  of in­

crim inated cotton , and nf cu lture f i l t r a t e s  in  order to desonstrate con­

c lu s iv e ly  the e t io lo g ic a l  agent responsib le fo r  th is  d isea se .

Since i t  would be im possib le  to  r e s o r t  to the us© of hus&n su b je c ts
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a ro u tin e  -,?roeeelur»# tli*> fo llow ing  were unciartal-on in  an a t ­

tempt t-s d^valop p r a c t ic a l  «n<i »T;«cifie nethnfi« far tii® d e te c tio n  o f th i s  

endo tox in .
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A* B a c te r io lo g ic a l Method#

111 that in v e s t ig a t io n  o f outbreak# o f  th i#  i l l n e s s ,  i t  1# obv iously  

s sc s s s in y  to  a s c e r ta in  th e  Inc idence  o f  th i#  to r i#  e le re e rg s j t is e  l a  sus­

pected  a & te r ia ls .  S tu d ie s  w hisk were re p o rte d  p rev io u s ly  (14 , 31) denes* 

s t r e t e d  th a t  the  fo llo w in g  procedure i s  p r a c t ic a l  f o r  th i s  purpose* th e  

sam pling sod  a n a ly t ic a l  p rocedures e re  s e r r ie d  ou t e s s e n t ia l ly  e s  fellow s* 

Sample# should  he c o l le c te d  l a  s t e r i l e  c o n ta in e rs  such es  o n e -g a llo n  le so a  

J a r s ,  f r i c t i o n  top  eons, o r  l a  c le a n , t ig h t  sh ipp ing  e e r to a s  l a  o rd e r  to  

avo id  ex traneous contam ination* 4 lilOO d i lu t io n  o f  each seep le  i s  p re ­

pared  by a s e p t le a l ly  weighing I  g ra n  o f  m a te r ia l l a t e  100 e l  o f s t e r i l e  

physio lo g ic s  I  s a l in e  in  wide-mouth, screw -cap b o t t l e s .  Hie b o t t l e s  a re  

a g i ta te d  m sehsm ieally f o r  30 s im ile s*  S e r ia l  d i lu t io n s  f r e e  1*1000 to  

1s100,000,000 a re  made from th e  r e s u l t  lu g  suspensions* A liquo t p o rtio n s  

o f  th e se  d i lu t io n s  a re  p la te d  on p o ta ta -c a r ro t-d e x tro s s  a g a r* . In o cu la ted  

p la te s  a re  Incubated  48 hours a t  217° 0 . A m icroscopic examlfiaticm i s  ends 

o f  s ta in e d  p re p a ra tio n s  f r e e  re p re s e n ta t iv e  co lo n ie s  in  o rd e r  to  a s c e r ta in  

t h e i r  taorphological ty p e , O ram -staln  r e a c t io n  and th e  presence  o r  absence 

o f c ap su les  and f l a g e l l a .  lep re se iita tiv ®  c o lo n ie s  a re  s e le c te d  f o r  a d d i­

t io n a l  s tu d ie s  and p u r i f ie d  by rep ea ted  r e f l a t i n g .

"formula* P o ta to e s , 3000 gmt c a r r o ts ,  800 m i  d e u tre e e , W0 gmi 
magnesium s u l f a te ,  3 .0  g»; calcium  carb o n ate , 3 .0  p i t  a g a r , ISO gm and 
w a te r , 10 l i t e r s *  pH a d ju s te d  to  4 ,8 .
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1« Biochem ical S tu d ies

th e  s t r a in s  of ju  c loacae  is o la te d  fro® m a te r ia ls  in c rim in a ted  in  

ou tb reaks o f  acu te  i l l n e s s  a t ta c k  th e  u su a l carbohydrate  to o t substances 

except a d o n ito l , I n o s i to l  a  i*d in u l l a .  Four d i f f e r e n t  typo ft o f  4 . c loacae  

were a r b i t r a r i l y  d is t in g u ish e d  on t!i® b a s is  o f  those  ferm entation®  ( 3 ) .  

S tr a in s  o f th i s  organism , which a ro  known to  produce endotox in , have been 

p laced  la  fype I , fy»® I A. c lo acae  m «  found to  pr® tonijiato  In  saa®!## 

o f m a te r ia ls  in c rim in a te d  in  o u tb reaks o f  i l i n o s •  ( 3 ) .  fhft l im ite d  num­

b er o f c h a r a c te r i s t i c s  o r  re a c tio n s  which i s m  to  Id e n t i fy  thee® micro* 

organism s a s  4 . cloaca® and to  d i f f e r e n t i a t e  th e  fo u r  types a re  g iven  in  

fa b le  I .

P u r if ie d  c u l tu re s ,  I s o la te d  from su spec ted  s m te r is la ,  m y  th e re fo re  

be su b jec te d  to  a  l im ite d  number o f  m orphological and biochem ical s tu d io s , 

which w il l  d e f in i te ly  in d ic a te  w hether theft# c u l tu re s  a re  id e n t ic a l  bio* 

chem ically  w ith  to x ig e n ic  types o f  4 . c lo a c a e .

0 . §#r© logical S tu d ies

I t  has been dem onstrated  (31) th a t  homologous a n t i s e r a  can be pro* 

duoed in  r a b b i ts  through in trav en o u s, Immunising In je c t io n s  w ith  s a l in e  

suspensions o f a  k i l l e d  c u ltu re  o f to x ig e n ic  s t r a in s  o f  4 * c lo ac a e , w ith  

Berfesfeld f i l t r a t e s  from ?*day t iy p te s e  b ro th  c u l tu re s  o f  th e  organism , 

and w ith  f i l t r a t e s  from vacuum d i s t i l l a t i o n  c o n ce n tra te s  o f s a l in e  e x tr a c ts  

o f  th e  s ta in ed  c o tto n  from which to x ig e n ic  c u ltu re s  were i s o la te d ,  th e  

h ig h e s t t i t e r  th a t  i t  has been p o s s ib le  to  a t t a i n  c o n s is te n t ly  shews pool* 

t iv e  a g g lu tin a t io n  In a serum d i lu t io n  o f 1*S120. 411 a ttem p ts  to  produce

an I w an e  serum -of h ig h e r t i t e r  have been u n su c c e ss fu l. Becsnt s tu d ie s
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3j*r*d and a g g lu tin a t io n  feifeor dtetoratn®* by fell® method* out­

l in e d  a to m .

fh® rosratt® o f a g g lu tin a t io n  te* t»  for ciofeors&ning feh® l i t e r  of 

lama® ®#ru or® {given in  fafct# XII.

A g g lu tin a tio n  lm%* her® been found very u se fu l fo r  #*.«e®rtainin^ 

*li»th®r naapoated culture®  belong to  fell® m m  o o ro lo g laa i group a® 

kaovu to x ig e n ic  sfem im  o f  olo&eae.
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i n *

A. hethods In v e s tig a te d  fo r  th e  D e tec tio n  o f  Undotoxin

A* p re v io u s ly  rep o rte d  (14* I t )  to x ig e n ic  s l r a i m  o f  4* c loacae

have a v#*y low p a th o g en ic ity  f o r  e x p e ritse a ta l an im a ls .

K itte n s , hamsters* gu inea  p ig s , Bvmkvys* baboons, and 
ra b b it*  exposed to  contam inated d u s t from low -grade 
s ta in e d  oo t to n  f o r  one o r  m m  seven-hour p e rio d s  
shewed no symptom* o f  i l l n e s s .  hu ssiv e  dess* o f  v ia b le  
organism s, k i l l e d  c u l tu r e s ,  and c u ltu re  f i l t r a t e s  were 
r e tu i r s d  to  k i l l  sd ra  and guinea p ig*  when in je c te d  In - 
tm v a a o u s ly  o r tn t r a p s r i to n e a l ly .  However* in tra & e rra l 
in je c t io n s  o f  the  f i l t r a t e *  o f  s ta in e d  o o tto n  e x tr a c ts  
and o f a  to x ig e n ic  c u l tu re  o f  &* c lo acae  in  ram r® su it­
ed in  th e  p ro d u c tio n  o f severe  inflam m atory le s io n s  
c h a r a c te r i s t i c  o f em in to x ic a t io n  r a th e r  th an  n hyper­
s e n s i t i v i t y .

I t  was th e re fo re  con sid e red  ad v isa b le  to  in v e s t ig a te  o th e r  specie*  

o f s n i r a l s  and fow ls a s  t e s t  s u b je s ts  f a r  the  d e te n tio n  o f  endo tox in . 

P re lim in ary  s tu d ie s  (14* <11) had a ls o  lf id lea ted  th a t  e e r ta ln  s e ro lo g ic a l 

methods such a s  th e  Ehwartsram t e s t  and p r e c ip i ta t io n  te s ts *  n ig h t he de­

veloped a s  p ra c t ic a l*  s p e c i f ic  methods f o r  th e  d e te c tio n  o f  th e  endo tox in , 

th e re fo re*  a l l  methods In v e s tig a te d  fo r  th e  d e te c tio n  o f th e  endotox in  

were confined  to  sm lra l and s e ro lo g ic a l  t e s t s .

! •  t o t o r t o l .  to n lw rto . Seron «**•• o f m t . r U i .  w n  ««r>iojr.4 t o r -  

la g  th e se  s tu d ie s .

a .  V labia C u ltu re  tu sp en s lo lts . f i l t e r e d  s a l in e  suspensions from

Id to  M  hour p o ta tc -d e x tra s#  a g a r s la n t  c u l tu re s  o f  to x ig e n ic  s t r a in s  o f  

k* a le a ra e  c o n ta in in g  approx im ately  one b i l l i o n  r a i l s  p e r  ml o f  su spension .

b. K ille d  C u ltu re  Suspension*. fhmm  suspensions wore prepared by 

h e a tin g  v ia b le  c u l tu re  suspension# In  a  b o il in g  w ater h a th  f o r  30 m inu tes.
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Bffaat ®f thm tntmAmrml tn$wt%®n a f  fm tie  H&tarl&l l a  Jtefebita
ara Chaag** and fcatuiaapta Ctamtta

ia*~
b i t
Ba.

M ala ria l
In la a ta d

..Saaiiafai&ra.:

f a t a l

d f ta M f f a r a a t i a l  bimmsmyf Otmal

S&ta
i a a a t l a i

8«for» 
cir A fta r
la |a # ti* m

B aa la l
'ŵfaaaaw

p a r Sa&-
3©it&« a a a ta ra  oyta*

lbPPSrePP̂1 0m
d fte #  pi

*«o- M*lm~  
*!!*« p h tla *

1 Sa I l f i f  l a  i* 106.8 m m m a* 99 lo ti#
0m*- tOB.a m 9* * - *> ■«*

a do. 0m, 106*9 *, m «•» a* ** *a a* do*
0m, 104*0 •m aa «• a* « 9a

a 4a* Mfmrn 102.6 23,800 f 43 I f 9 0 0
0m » 103.6 10,800 4 33 68 4 § a

A ft#* 108.7 46,600 31 42 33 4 4 7 M a m
do* 1 0 3 .I 18,800 I 37 68 3 I 0
do* 103.6 36,700 3 44 41 7 0 0

4 0m, Boforo 101.1 8,000 3 43 41 4 4 6
do. 103.3 10,600 @ 38 83 6 3 8

A tta r 104.7 8,300 a 48 88 4 8 3 Mom
do* 103.6 13,400 i 48 80 3 0 B
do* l o s .a U .6O 0 i 38 66 1 1 0

5 0m, B afara 103.6 11,400 0 i f ' 48 6 1 6
do. 108.3 14,400 l 36 81 i 3 4

Aitmv 106.4 10,400 9 i f 19 i 0 3 m ig h t
fc

do . 10S.0 14,300 3 16 74 3 3 8
do* 103*3 30,300 3 H 63 3 1 6

6 9* 8*f -Afiar 103*0 a» aa m «• «*► - Son®
do* 103.3 *a ■•a • m • *te -

7 da* Bafospa 104.8 7,400 0 i i m 0 0 4
do* 104*6 9,800 0 34 n 3 0 3

A tta r 106.8 14,600 3 n 16 3 0 1 da*
do* 104.7 8,40() 0 i f 84 7 0 0
do* 106.3 t,60O 0 48 m § 0 0

8 0© UJB A tta r 106.8 **# a* *» m *» «*► •* do.
do* 106.3 ■m a* a* m - - *»

f do. do. 106.9 m «* *» **, m ** 4a do.
do* 104.9 a* «fr - - ~ a*
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fo u  n

l e t -
M t
Be. l a j e e t e t

Sefer*
&r A fte r  JSa*©t»i 

a je e lifm  •

9e%*l
L#tUKl*
«yte
Count
? e r

Ban&e m uter* eyte*

D if f e re n t ia l Q^unt

»«*- Bu m *
egrte* rhUe* jh ile*

Skin

10 Co m

x i 4o,

ia do.

18

14

0o M l

18

16

17

t

«

f

1efer* 103.2 13,400 2 8© 72 3 1 0
do* 108.8 11,40© 2 31 60 3 1 4

After 108.6 30.600 6 31 m S 1 3 81l«bt
' .M sa

4©* 108.8 11,600 0 m 69 6 0 0
do* lo a . i 14.400 6 m m 7 © 3

Before 108.8 12,400 8 m 64 6 0 0
6o. 108*9 13,800 0 m 88 f 8 4

After 108.8 13,000 6 44 37 3 3 8 f lig h t
M em

do* 108.1 18,400 0 28 72 3 0 0
do* 108.9 11,000 4 30 61 8 0 0

Before 101.4 10,408 % 80 33 9 © 6
to* 103*8 11,000 3 31 34 f 1 3

After 101.0 17, mm 4 34 m 6 I 3 S ligh t
Mmm

do* 103.1 9,400 2 33 m 3 0 1
to* 108.8 18,400 6 m 28 3 I 0

do* 108*0 m «* <•* *» «» ** lone
do. 103.8 m ** *fr - - «#* 4*

Before 104.8 16,08© 0 34 4© 8 © 4
do* 103.4 13,800 0 SO 48 3 0 0

After 104.4 16,000 0 88 33 7 .8 1 Blight
M em

do* 103.8 11,808 0 36 37 7 0 0
do*. 108.1 16,400 0 80 44 6 © 0

do* 4* * M* me 4N» «* «* <*» lo n e '
do* e* ** - - 4* «* **•

do. m - «* me «* *e *» me do.
do* «* ** «* «* - - - -

4b* m «» me «■» m •* do.
do. « • ** «* me «* •

Before 108*4 11,400 0 48 86 2 © a
do. 108.8 18,000 © 34 i t 8 0 3



0 0 0 m w p 008*01 r s o x 1*1 0P*g
8 0 8 m m t 006 *9X 8*£0X *§? ot* a
gx X 9 & m t oos’px P*fOX m  to t  s
8 I t m XS 9 008*XX o*sox tor o s te

•op ' 9 IS 9 X9 m X 000*Pt £*S0X m  onn

0 0 0 m m 0 008 *9X 6*gQX m  t t t p
I 0 9 m n 0 009*68 6*£0t HV <mox
0 0 * m m 0 009 *0t X’ iOX m  m m

•op X 0 S 19 s s 0 009*81 0*801 m  ostox

* - «•* ** m 99 9+ A*£0X m  t£*ax
•op 4» m *» * m 99 9m ••so x m  t s t p

• • - 9» 99 m o*tox HP tgtOX
*©9 «. ## oo •* 9m 99 m 8* POX HS OS*P

fo to o f » |
** «w 99 «» - 99 r t o i HP OP* OX

top «•* o» *» «. m * 99 r p o t * f  t g tp

0 t g m m t mm*® r rn #Op
8 0 9 m t c X 00X*SX f t o x •©f

•op 1 0 at m tp s 00g*0g P*S0t *n $ v
P X 01 ••* *P 0P X 009*SX 8* SOX •op
8 X A ' g t f£ g 009*01 9*£0T

I 0 X 69 PS 0 008*08 6* SOX •pp
S X i §£ tx e W *0X 9* SOX •op

•Op f 0 XX m PS f QO0*fX r s o x *®t*¥
f 0 XX m xs s 00P*8X 0*P0I •of
01 8 * s p m £ 009*01 O‘P0X

0 £ p s SP m £ 008*09 6*g0X »©p
g X 8 94 ox « 009*88 9*8QX •©p

•Op 9 0 8 a t m £ {m * m K*P0t *9%PF
t X £ i t m P 00P*X£ P*S0X *©f
0 £ 9 sip m 9 008*SX o*pot ea©jr#t

0 0 9 tff m 0 O0P*£t 0*POX •op
X 0 X X9 AS 0 009 *9t 0*9OX • op

««0i? 0 0 8 n PS 0 ooo*sx r p o t Jt# tlp

op

ep

$

&

n

P£

xs

0&-

8X

«PHI
t*»tiqu #«%A& 

-o a« f hm ph jmk£
W*©S

• l i d

*X6

W » I

£*£*%gtw



mk* n (coat.)

Mfe»
Hi#
Sa.

■HmbmtlmX
la|aii#a4

y#ap#vtttur«
2 o ia l 
1'mm** 
cyia

par

D ifferen tia l U i# QgttAtNwfav*
or JMflar 
t*0«etlo«

lU ctnl9 |
&4kJ*W lillUI. 'Bib, m Its—B r w » * f s ? e < W B v "

BanAii aaxftara or#©# or*®* pfcil©«
ft******
ftMieO

29 Goatrol U8G 9K 103.4 14 ,BOO 2 m 83 10 0 0 Sot
Xajoalad

tia o  m 103.4 13,800 3 m 89 9 0 1
urn m 103.4 14,800 4 21 88 3 0 6
mm m 102.8 11,800 0 m 82 9 0 2
mm m 108.4 12,800 § m 88 a 0 0

m 8a . t m  m 103.8 12,800 4 48 m 10 a < 4 4o.
mm m 103.2 20,800 % 22 82 t 0 6
mm m 103.8 18,400 % 43 SMI 3 a 9
mm m 103.3 18,800 9 39 48 3 0 i
mm m 103.8 19,000 1 48 49 1 0 2



34

fsarfced In  th e  e o n tro l a* w a ll m  In  41m t e s t  an im als th a t  m  d e f lu l l*  

conclusions could be drawn*

Mhils th s  intrm derm el I n je c t io n s  ©f c u ltu re  f i l t r a t e *  and c o tto n  

e x t r a c t  f i l t r a t e s  r e s u l te d  In  d e f in i te  tem peratu re  in c re a se s  In  th e  t» * t 

an im als , sk in  r e a c t io n s ,  p h y s ica l s ig n s , and whit® b leed  c e l l  count* wars 

too v a r ia b le  t© ba o f d ia g n o s tic  ta lu s*  I t  was, th e re fo re , concluded 

th a t  r a b b i ts  asm n o t s u i ta b le  anim al* f o r  la tm d c rm a l sk in  l a s t s  f o r  the  

d a te * tio n  o f  the  endotox in  produced by to x ig e n ic  s t r a in s  o f  4 * c lo a c a e .

b . f a s t s  w ith  Dhlckens* Bnxqrea and ^acBenald (3 ) re p o rte d  th a t  e a r -  

t a in  a t ta in *  o f  A* MttMHCTMl **»» ! •  SJlM. *»*•• n a ld i t a n t ln l  n r*  o&ptfel* e f  

eanilBK m o rta li ty  l a  turkeys*  t h e i r  p a th o g e n ic ity  t a s t e  showed th a t  h a th  

organ! sac  when re c e n tly  I s o la te d  tmm  tu rk ey s  were capab le , by in trav en o u s 

o r  in t r a p e r i  to a e a l in o c u la tio n , o f  prodaeing  d ise a se  and d ea th  in  young 

o r  adm it turkeys*  O ther workers h a re  re p o rte d  th a t  young ehick*«ts a re  

a ls o  s u sc e p tib le  to  in fe c t io n  w ith  c e r ta in  members o f  the  s o i l  f e rn  group 

o f b a c te r ia *  In  slew  o f th e se  re p o r ts ,  young chickon* wore stm dled a s  

t e s t  s u b je c ts  to r  the  d e te c t io n  of endotoxin  In  culture©  o f  4 * c lo acae  and 

1m to x ig e n ic  f i l t r a t e s  f r e e  e x tr a c ts  o f s ta in e d  c o tto n •

( 1) M a te ria ls  fa s ted *  V iable c u ltu re  suspensions o f  to x ig e n ic  4 * 

c lo acae  (0u 562*) j k i l l e d  c u l tu re  suspensions o f  to x ig e n ic  4 * c lo acae  (0m 

56k) i c u ltu re  f i l t r a t e s  f r e e  to x ig e n ic  4 * e lca o a s  (dm t t f  and Um I l f )  t 

to x ig e n ic  c o tto n  e x tr a c t  f i l t r a t e  (do 86K)i n o rs a l  c o tto n  e x tr a c t  f i l t r a t e  

(0© 4 4 -8 1 )i s t e r i l e  try p tc se . b ro th  (f)g  and I s o to n ic  s a l t  s o lu t io n  ( 8 ) .

(3 ) Bethuds o f  A d m in is tra tio n  and Dosage* Cavage, 0 .50  ml and 1*0 

mlj ia traderm & l I n je c t io n ,  0*38 ml; In travenous in je c t io n ,  0*80 ml; in -  

tcm p erlto n ea l in je c t io n ,  1*00 ml* and In h a la tio n  expo so re  to  contam inated 

co tto n  dust*



m .

f a i l  I o » 4 * F if ty - # lx  chicken# war# caplcircd in  th i*  %m% w r i t # .  

fh@*e chicken# were o b ta in ed  a t  th e  age o f  ana nay h e ld  under o b ta r -  

v a tlo a  In  an e l e c t r i c  b re e d e r f o r .?. dajr® p r io r  to  t« # t*  fbejr wore fed  

a  ba lanced  # t a r t a r  m#h* w atered , and t h e i r  ©nvironBsent ana M aintained 

in  n  s a n i ta ry  c o n d itio n . M i  chick# war© s tro n g  and jfcesltbgr h t  th e  t in *  

o f  te a t*

Five* ten th #  «1 o f  each t e a t  *mb*tanee (Cm M F, Cu 564, Ca fi6&, Co 

MK» 6c 44-51, f* and i )  m «  a d a ia lc te re d  to  « ix  7 -d ay -e ld  ch ick s  by 

g a ra g e . fo u r te e n  u n ln o o u la ted  ch ick s  war# r a t a l  nod aa  c o n tro l# * M l 

b ird #  were observed throughout a  twe~*e#fc period* Mon® of th e  ch i oka de­

veloped anjr abaorsssl cigm# o r  cyaptes#  d a rin g  th e  o b se rv a tio n  ported*  41 

the  and o f th e  f l r « t  two-week parted*  1*0 s i  o f  each t a a t  m a te r ia l as# ad - 

s in is to r e d  to  I  to# aasa  b ird #  a# In  tb a  I n i t i a l  experim ent . A il b ird #  war* 

observed f o r  an  a d d i t io n a l  10-day  p erio d  fo llo w in g  tb a  second # a ria#  o f 

in je c tio n ® . Iona o f the  b ird #  developed &#y a b n a m a l sign# o r  #r»pte«# 

o f  In fe c t io n  a r  in to x ic a t io n  fa llo w in g  the  second « a rla «  o f  in je c tio n #  

w ith  la rg e r  dose# o f tb a  te x t  M ate ria l# •

At tb a  t«r*Ji n a tio n  o f tb a  expcriiam i a l l  o f tb a  b ird #  re c e iv in g  ? i«  

a b le  c u ltu re  eucpenclone, r# p ra # a n ta tlv e  b ird #  re c e iv in g  tb a  o tb a r  ta « t  

M ate ria l# , and c o n tro l  b ird #  ware k i l l e d  by e th e r  a a e c th e c ia  and a n te p s ie d . 

A ll g ro t#  a n ta p ^ r  fin d in g #  ware nags t i r e *  I t  was concluded th a t  young 

ebick# a re  no t c u c c e p tib ia  to  in fe c t io n  o r  in to x ic a t io n  w ith  to x ig e n ic  

s t r a in #  o f  4 * c loacae  o r  t h e i r  product#  whan th e  ta # t  M ateria l#  a re  ad* 

s ia i e ta r a d  bp gsvage.

f i a t  Mo* 3* the## te a t#  wore undertaken  in  o rd e r to  a s c e r ta in  w h ith e r

young eMek# were su sc e p tib le  to  in f e c t  io n  o r  in to x ic a t io n  w ith  4 * a laaaaa  

o r  I t#  product#  fo llo w in g  o tb a r  avenue* o f a d a tn le tr a t lo n *
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rorty~ntn« chickens were in  th is  t e s t  s e r ie s .  th ese  chick*

wer® obtained a t the age of one day awl held  In an e le c tr ic  brooder fo r  

24 Hour* without food, they were k*«pi on a balanced s ta r ter  svtak and wa- 

tor , and th e ir  aixvlrfttuMHkt m #  a a in ta in e d  in  m san itary  con d ition . the  

chick* worn tempt under o b e ew a tltm  fo r  1# days before te s t  and a i l  v*ro 

strong and healthy a t the tiiae o f  t e s t .

.%©h to a t m b n tm m  (Gu 862., G« 561, Cu I l f ,  a© 561, Co 44-5S., and 

T) was a d u in lc to rsd  to  th re e  chick® by ItttraUternul in jec tio n  and to  th re e  

bird* by lu treporttonea! in je c t io n , except in  tu« case of the s ix  bird® 

rece iv in g  Cm 86?• This f i l t r a t e  was edmlniatorcd to three b irds by in tra -  

in jec tio n , to two bird® by intravenous in je c t io n , ami to one bird  

ay in tra rer i ton eel in jection *  Intmvoaooa in jec tio n s  wer® found to b# i» -  

p r a e tic a l, hence th is  Method o f  adm inietrabion was net employed for  any 

o f the other to s t  Material** tevea  uninoculated birds wars reta ined  as 

co n tro ls .

fho b irds re c e iv in g  ® k i l le d  cu ltu re «u*e*iielont c u ltu re  f i l t r a t e * ,  

cotton  extract f i l t r a t e s  and s t e r i l e  irypiost? broth were kept under ob­

servation  fo r  a  period o f two week* w hile the chicks rece iv in g  l iv e  c u l­

tu re  suspension* wore kept under o b se rv a tio n  fo r  days. Kane of the 

birds developed any eyoptoiMi or reaction s in d ic a t iv e  o f in to x ica tio n  or 

in fe c t io n  fo llow ing  the In tra d a n a a l, IniraveRoue, or in tr a p e r l to n e a l  ad- 

m in istration  of th e  t e s t  substances. A epreeeftta tlve  birds from each group 

were a u to p s led  at th e  end o f  the f in a l  observation  period . gross uutopoy

fin d in gs w©r@ n egative .

I t  m s  concluded that 7 to  38-day-sId chicks are not su scep tib le  to 

in fe c t io n  or In to x ica tio n  w ith to x ig en ic  4 . oleaeao  or i t s  products* 

f e e t  Ho. &» Sheoo stu d ies  were undertaken in  order to a scerta in
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(1) M a te ria ls  te s ted *  S i l l e d  c u ltu re  suspension  o f  4 * c lo acae  

(Ou l H ) s  c u ltu re  f i l t r a t e s  fro® to x ig e n ic  4 * c lo acae  (Cu I l f  and On §6F)s 

to x ig e n ic  c o tto n  e x t r a c t  f i l t r a t e #  (Co l i e  end $e 06$) { n o rm l c o t ten  

e x tr a c t  f i l t r a t e  (Co 44 -fig); s t e r i l e  try p to sc  t r o t h  ( f h  end e t e r i l e  Iso ­

to n ic  s a l t  s o lu tio n  ( s ) .

la c h  nouse was Injected intradanmlly with 0.135 nl o f one o f th e  

t e s t  a s t e r l a l e .  gone o f th e  n ice  developed any sk in  r e s e t  lone o r o th e r  

syuptoiss fo llo w in g  th e se  Is trad an m X  injection®. I t  was concluded th a t  

vM I«  a lee  a re  unsatisfactory for shin te s ts , s in e s  they do n e t respond 

to  th e  Ifttradermnl administration of Materials containing the ends toxin*

3* jerclexieai Methods.

a .  Bhw artsaaa R eac tion . Shw artssan (38, 33, 34) f i r s t  U eeo n stra tsd  

a  nee ?>h®mmnm o f lo c a l  sk in  r e a c t iv i ty  to  B a c illu s  tyr?hesus c u ltu re  

f i l t r a t e s *  th e  r e a c t iv i ty  was induced in  r a b b i ts  by la tr a d e n s a l  In je c ­

t io n s  o f th e  f i l t r a t e  fo llow ed , a f t e r  a  34-hour i a t e r v a l ,  by the  in t r a ­

venous in je c t io n  o f th e  same f i l t r a t e *  Hie lo c a l  re a c tio n s  appeared  a t  

the  s i t e  o f  th e  sk in  In je c t  to n s ; they  were f u l l y  developed w ith in  4  to  5 

hours a f t e r  the  in trav en o u s in je c t io n ;  they  v ere  extrem ely sev ere  and 

shoved pronounced n e c ro s is  o f t i s s u e  w ith  ru p tu re  o f blood v e s s e ls  and 

ex ten s iv e  lo c a l  hemorrhage* th e  re a c t io n s  In  d i f f e r e n t  r a b b i ts  v a rie d  in  

s lo e  from I x l  cm to  4x4 on* C heat.9§  p e rcen t o f  th e  an im als  te s t e d  de­

veloped severe  lo c a l  hem orrhagic r e a c t io n s • fh© rem aining an im als v e rs  

spontaneously  r e s i s t a n t  to  th e  phenomenon. Hie to x ic  f a c to r  inducing  th e  

r e a c t io n  was therm ostable*  % drogen io n  c o n ce n tra tio n  d id  no t in a c t iv a te  

the  sk in  p re p a ra to ry  f a c to r s  throughout a  pU range o f  4*0 to  9*0. fh e re  

m s  no change in  th e  h e a t r e s is ta n c e  o f th e  p re p a ra to ry  f a c to r s  a t  any ?:*! 

w ith in  th i s  range* Shwartsmaii (33) re p o rte d  th a t  th e  mechanism o f  th i s
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hem orrhagic r e a c tio n  d if f e r *  from b a c te r ia l  by p e rs u sc w p iib il i ty  In  (a )  

lo c a l r e a c t iv i ty ,  <b) s h o r t  in cu b a tio n  period necessary  to  induce the  

le g a l  r e a c t iv i ty ,  (c )  th e  c h e r t  d u ra tio n  of th e  s t a t e  o f  r e a c t iv i ty *  U )  

the a b i l i t y  to  induce lo c a l  r e a c t iv i ty  by a  s in g le  ak in  in je c t io n ,  (») 

the s e v e r i ty  o f th e  re a c t io n , and ( f )  th#  n e c e s s i ty  to  mkm'%h® second 

in je c t io n  of th e  to x ic  ag en t by the  in trav en o u s ro u te .

Xn p relis la a sy  s tu d ie s  p rev io u s ly  reported (14, S I) i t  was revealed  

th a t  e x t r a c t  a o f  s ta in e d  c o tto n , in c rim in a ted  in  ou tb reaks e f  a cu te  111-  

s e n ,  k i l l e d  cu lture suspension*, and cu ltu re f i l t r a t e s  of 4 , c loacae is o ­

la te d  from th i s  c o tto n  co n ta in ed  a  th e rm o stab le , e n d o to x in -lik e  substance  

capable o f e l i c i t i n g  th e  Shwartsmaa re a c tio n  in  r a b b i t s ,  She r e s u l t s  o f  

th ese  p re lim in a ry  s tu d ie s  were s u f f ic ie n t ly  encouraging  to  w arran t ad d i­

t io n a l  in v e s t ig a t io n  o f th e  S hw artsm a phenomenon a s  a s p e c if ic  ro u tin e  

t e s t  fo r  th e  d e te c tio n  o f t h i s  endotoxin  in  c u ltu re  f i l t r a t e s  and in  ex­

tract#  from s ta in e d  c o tto n  o r  o th e r  m a te r ia ls  in c rim in a ted  In  fu tu re  o u t­

b reaks o f  i l l n e s s .

(1 ) Animal* employed. White mice and r a b b i ts  were employed in  th e se  

t e s t s .

(3 ) K a ta r ia l*  t e s t e d ,  th e  m t e r l a l s  t e s t e d  in c lu d ed  k i l l e d  c u ltu re  

suspensions and c u l tu re  a u to ly s a te s  o f  te x ig s a ie  s t r a in s  o f  4 . c loacae  and 

o th e r  c lo s e ly  r e la te d  filc ro erg aa lssw , f i l t r a t e s  from s a l in e  e x t r a c ts  o f  

s ta in e d  and o f normal c o tto n , vacuum d i s t i l l a t i o n  co n ce n tra te s  from s a l in e  

e x t r a c ts  e f  c o tto n , s t e r i l e  t ry p te s e  b ro th  and is o to n ic  s a l t  s o lu t io n ,  

th e  id e n tify in g  symbol* and th e  d e s c r ip t io n  o f th e se  m a te r ia ls  a re  g iven  

i s  f a b le s  X? and ? .  In ch  t e s t  substance  w i l l  be r e f e r r e d  to  by symbol 

throughout th e se  t e s t s  in  o rd e r to  s im p lify  th e  ta b u la r  d a ta .

(S) te ch n iq u e . In  dem onstrating  the Shv&rtsman phenomenon, s e n s ! -
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fiMM f I I

fthmmrlwrnrn H aaction  in  M m  f a r  th a  I n a c t i o n  o f  Stida to x in

banal U aia# lojaati&na Kftnotiftg Injaotiona

8««#%iom
namaa
m . Hfttari&Xa V. t t l N altrlalt »x

% 0« I l f o . m 0H I l f 0.38 faaa

a Oo in s 4®. 0o i n do. d a .

a 0a Mi1 44. Cu M 4a# da.

4 0a M l da. 0a M l 4a. 4a.

3 0# 44«4»t 4a* 6a 44-81 4a. da*

4 Ct* IH #l* 0a i i x 4a. do.

7 f 4#* f do. da.

3 3 4#. 8 do. da.
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t m »  f i n

r o a i t iv e  Stewarttnmn Prmimeat w i l l
Kill©# Pm lturas amd Omltmya e f
A* «**& ’ axtjemmta « f  sta im ad  P o tio n

injection# M U t JhMtlim

^ ’o~
b it
»«.

Weight
*3 Malarial®

u  %r
tfctourlftlt

tyBftft-
t i l ?
ml
<imr
*6

4̂an~
111?
8 l

Pm*
gram *n*

39 3.1T Om 111 0.35 Om I l f 0.94 8.00 4 + m* (di«d)

M a.43 * On i i? 4m. 40. 0.43 1.80 4 + as

41 3.51 0*1 111 do* On 11? 0.89 urn 3 + 85

& a .o i do. do. 6o 111 1.99 5.00 * I #  rofiCtioa

m 3*91 Oo 111 do. Om 111 0.51 1.50 3+ SIT <di*d)

m 3.40 Cm XU 4a« Co %m 3.33 3.00 * In reaction

m 3.31 '4a. do. 6m 351 0*34 1.00 da.

m 3*88 Cm 86K dm. 6u 11X 0.34 1.00 «* dm.

4 0 3*64 6m 111 do. 6m tm 0.43 1.30 3+ IS

4a 3 . 6 0 6m 561 dm. 6m III 0.43 1.50 + ■: 8*

ni 8.84 Ou III do. Om 55? 0.39 1.00 8+ mr

m 3 . 4 3 6m 86? do. 0m I l f 0.45 1.80 2+ w

43 3.84 6m UK do. 6m 56? 0*85 1.35 3+ I S

m 3.91 6m 56? do. 0m I l f 0.50 1.80 8+ m
4 3 ®.n 0m 111 do. 0m m 1.83 5.00 - lio reaction

43 3.83 6m 56? do. 0m i l l 0.49 1.T8 8 + f l l

43 4.10 4m. d o . do. 0.43 i m 8+ «

m 1.43 6m 1U do. 0m 56? a . f o 4.00 4+ H;:

** « Haisorr^ikgia? M * icM traela.



9ABUB T i l l  (Qnnt<)

b i t
Mo.

• •M tt t f t t f lg
Xnjaetionft H*m«Hag I s r a e l i  cm* Jteftotlon

m tgb t
kg l% t«rtm l# »1 M ateria l#

%i*r
fsl
jpor
*«

<£»*->
11 I f  
ml gr«* trtm

48 8 .4$ Oft S6K 0.3 6 Om 361 0.41 1.00 4 + m  Cdifcd)

64 2,30 in . do. do. 0 .43 1.00 2 + HS

31 3.04 6a . 4a . Om 66? 0 .49 1.50 4+ i t  (d la d )

39 a .88 Om 56f 4m. Om 56K 0 .83 l.SO 2 + m  (d la d )

m 3 ,4 4 on m 4a. Oo 361 3.04 6,00 4+ H*

4? 3.62 q& mm d«. Om 662 0 .3 9 1.60 $ + 13 (d ie d )

88 $*$4 On l  IF 4o. do . 0 .29 1.00 • Me ra sc tic m

m 3 ,?0 ou u x 4©, On I l f 0 .4 ? 1.7# 4+ 51

m 3.64 ©m l i t do • Om 56E 0 .4$ 1.50 + gU

40 3,26 o# i n 4© • do . 0 .33 1.00 m l a

m 8 ,?tS Cm s i i 6a . Co 112 3 .54 ? .o © m do.

m 3,13 6a , 4a . do . 3 .56 8.00 m- da .

62 1,94 Oo 111 6a . Om 361 0 .81 1,00 $+ MX (AIM)

20 3.64 6m 06F 4a. Om 66F 1.13 8 . 0© 4+ da.

4 i 3 .61 Om 661 do. do. 0 .32 1.26 4+

34 3.68 Cm 9iT do. do. 0 .39 1,60 8+ m

101 3 .6 6 da. do. da , 0 .49 1.40 4* m  (died)

143 3*13 d a . do. do . 0 .30 0 .94 4+ da.

119 2 .64 :d*I., do. do . 0 .0 3 0 .136 4* Hi

120 2,60 4a . do. do. 0,10 0 .3 8 4* an (d i« d )

121 2.66 4©. do. do. O,30 0,60 4+ da.



;<a

*ABU6 VIII (Coat.)

5 fm « ltls iS £
I n a c t io n * fe& ctin^ I n a c t io n * Kmoticsn

BaV
M l
Ho* **

Qja&l***
t i t y

ml Im lo rla lu

c$smm* 
u t y

ml
per
*«

c$vu*»
l l t y

ml *jr»o

123 3.90 Cm 567 0 .3 5 c*  m 0*30 0.90 4+ 81 (d ie d )

m 3.64 do. do . do . 0 .40 1*50 4+ do.

m 3.70 do. do. do. 0 .80 1.90 3+ m

140 3 .78 do. do. C iflo
d i lu t io n )  

cu m t

1.10 0.378 4+ gs

139 3 .87 do. do. Cm 56f 0 .05 0.143 4+ 81

136 3.01 do . do. do. 0 .10 0.8G 4+ HH

133 3.98 dd. do. do. 0 .30 0 .50 4r+- m ( d ied )

143 3 .13 do. do . do. 0 .30 0 .9 4 4* do.

164 3 .43 do * do. a m
d i lu t io n

9m 88F

0 .30 0 .50 * do re a c tio n

301 S &94$*«? f do. do . do . 0 .30 0 .80 •» do*

33 3 .19 ou iu r do* dm I l f 0 .47 1.80 4* 81

IS 3.33 Co i n do. Co 115 1.39 4.80 - *9 rmmotlom

19 3.03 do. do. do. 3 .98 9.00 * do.

SI 4 .34 d o . do. do . 3 .30 10.00 - do.

59 4.10 do. do. do . 1*93 8.00 - do*

31 3 .94 Co 58K do. Co 551 1.55 4.80 * OS) *

8Q ,= 3.43 do* do. do. 8.00 3+ 81 (d iod j

m 1*94 do. do. do . 3 .05 4 .00 - So rmmetlcm

lot 3.82 do. do. do* 2*03 8.78 4+ 81



m

tASLH n i l  (O on t.)

Sens H i sin#
ftoaatiUft Injection© f a c t io n

Msib-
b it
So.

Sought
kjg Woto-rifel©

Qans*
l i t ?
ml

t i t ?
s i
por

E n ­
t it y
s i

Be-
gree 5̂rp®

m 2.04 Co 883© 0*38 do m * 0.98 3.00 4+ Of UlftA)

i t 3.0ft Ou 11? do. 0U 88? 0.02 1.00 + fi (died)

i t 3 .U O m 56? do. 0U 11? 0.48 1.50 - So reuotlem

m 3.48 do. do. do. 0.50 1.76 S + 83

m 3.54 Om 11? do. Cm 86? 0.35 1.25 3 + 88

i  m 1.96 6m. do. <1*10 
d ilu tion )  

0* 561-

0.30 0.40 + I t

im M.m 4#. do. do. 0.30 0.80 2 + m

IB 4.7ft do. do. 0© 111 1.88 9.00 3 + ES <dlm6)

U 4.32 Om 111 do. 0u I l f 0.36 1.80 3 + do.

m 3.73 Om 11? do. 0© 661 3.20 6.00 4 + IM

m 3.11 Om 561 do. 0m 11? 0.48 1.80 4 + Ml

M 3.34 ou m do. 6o sm 1.88 4.60 «* So remotims

34 3.93 Oo 661 do. 0m 56? 1.02 3.00 4 + IKK (died)

1? 4.44 om m do. Co $m 2.02 0.00 4 + do.

m 0.03 do. do. 0© 111 1.98 8.00 « K© romatloa

44 3.97 Oo i l l do. 0u 66? 0.60 1.60 4 + m  (died)

63 1.83 Om 56? do. . so % m 2.73 8.00 rnm Wo roaotioa

t§ 1.58 Oo £§6I« do. 6m 56? 0.4? 0.78 3 + HI (di#4)

a? 3.03 Ou 66? do. So 56% 0.99 2.00 3 + HN

103 3.93 Oo 561 do. Om 56? 0*51 1.80 3 ■+• 88 Cditd)



40

m m i T ill  (Oont.)

Setwi U s in g  
In je c tio n * E oaotlo# In je c tio n s B eoetion

b i t
Ha. ii&t©ri*l*

t t t y
mi V m torialo

{Quan­
t i t y

®1
pay

Qpaii*.
t l t y

gro« Typo

W <o .59 Co 541 0*25 0u 56F 0 .30 1 .05 o» 8© ro&otioft 
(died,)

20# ■ 9 .3 a dn. do. (l'tW> 
d i lu t io n )  

Co 56F

o .ao 0 .4 6 «•* to  r m s l tm

lie a.## Co 111 to . do. 0 .20 0 .8 0 - do.

m a . SB Co 561 do. t o . 0 .20 0 .6 0 «jf» do*

71 4 .00 Co 11% to . t o . 0 .20 0 .8 0 OO do*

140 3.40 0* 56% t o . do. 0 .20 0 .70 m* do.

109 2.60 d a . do. t o . 0 .20 0 .50 + im

42 3.90 Co 111 t o . Co 041 2.06 6.00 * 2o ro a a tlo *

45 3.20 Oo 56£ do. 00 111 2 .03 6.50 2+ m
64 2.34 0a 111 do. 0 o 661 2 .47 6 .00 2+ m
70 2 .03 co mi t o . 6o 56% 0 .9 9 9.00 4+ m (d ie d )

71 2*04 co m%o, do. 0o 5as 1.94 4 .00 + m
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43

t m s  in

SbMartsiniii M o t i o n .  Tm%* w ith  C ontro l

fh m g itlg tn g
In jection© Boflietlag In jection® R eaction

Hofc-
n%
i n .

Weight
tu to r i a l*

t$aon-
fcitjr
Sll H ateria lft

%iaa-
t i t y

s?il
p a r
i«

9paa»
t l t f

a l
Be-

typo

m 3,31 t 0 .3 6 f i . r ? 8 .00 * 8s re a c tio n

27 3 .66 ©u 56r do. f 3 .46 9.00 •* 4©*

33 3.36 £ do* Ou 8SF 0.83
•

1.80 - Ho re a c tio n
(d ie d )

19 3*43 s do. Co 861 1*78 6.O0 Ho re a c tio n

21 3*95 co sen do. t g.n 8 .00 - do.

37 3*94 t do* Co 4 4 -® 3.08 8.00 - do.

33 3*64 Co 44-51 do* £ 3.03 S .00 4c.

36 3*33 S do* £ 3.36 8.00 - do.

36 3*44 £ do. Cf3$ 3*33 8.00 - do.

3? 3.36 f do. Cm XU* 0.60 3.00 • do.

40 3.00 Ou I l f do. £ u .m 8.00 . do.

41 3.19 £ do * Co 11,8 3.61 8.00 - do.

3 4*33 Cu 11* do. £ 1 .88 8.00 • do.

13 4*74 Ou 861 do. £ 1*68 8.00 a* do.

31 3.10 f do. Ca 11* 0.8?? 1.76 m do.

36 3.60 £ do. cu a® 0.43 1.60 im do.

34 4.10 ©o I I I do. £ 1 .® 8.00 - do.

33 3.83 S do. 9 1.76 5.00 - do.

36 3 .09 o u  m# do. $ 4 .30 9.00 m- do.



4a

TABUS IS (C o n t.}

S * n # it i l in g
In je c tio n * Bo&etlng I n a c t io n * Benetton.

E»6~
b i t
So.

v«lgh%
&t a r i a l s

t i t y
ml f% t*rt& l8

%*m»-
t i t ?
ml
©or
kg

u t y
ml

n«_
sjrp .

22 S .09 8 0.36 Cm 5©f 0.48 1.60 « 1© re a c tio n
U m )

MB M.m 0© 86* do. 6 2 .3 ? 8.00 - So ram etlon

m 3.64 9 do* Co 562 1.6® 6.00 „ do.

m 3,66 0® 44-53 do. S 3.18 8.00 d©*

34 3.34 5 do. Co 44-68 3 .39 8.00 - dm*

42 3.36 Ou I l f do. 8 3.38 8.00 - do.

46 2.83 i do* Ctt I l f 0 .71 3.00 - K© ro a s t  ism. 
(d&od)

48 3.34 0© UB do * S 8.46 8.00 • if© rometlom

11 6*30 On UK do. s 1.60 8.00 . do*

IS 5.60 Om 561 do. $ 1.43 8.00 • do.

25 3.42 i do . Cm UK 0.4® 1.75 • do.
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o f th e  r a b b i ts  re c e iv in g  the  to x ic  f l i t r a t e - s a l i s ®  m ixture# gave th e  

p o s i t iv e  Shwartzman reac tio n *  w hile  the  r e s u l t s  o b ta in ed  w ith  th e  r e -  

m in in g  fo u r  r a b b i ts  were n e g a tiv e , fhe m a te r ia ls  employed, th e  quan­

t i t i e s  in je c te d , and the  r e s u l t s  ob ta in ed  in  th e se  t e s t s  a re  summarised 

l a  fa b le  X.

Shwartzman (23) re p o rte d  th a t  to x ic  f i l t r a t e s  fro® B. typhosus 

c u ltu re s  d i lu te d  l i 4  were c o n s is te n t ly  ab le  to  induce lo c a l  sk in  reac ­

t i v i t y .  S ince the  r e s u l t s  o f th e  s tu d ie s  re p o rte d  here  were somewhat 

v a r ia b le ,  i t  i s  b e lie v ed  th a t  th e  d i lu t io n  f a c to r  may have in flu en ced  

the  r e s u l t s .

I t  i s  a lso  ap p aren t th a t  to x ic  sk in  p re p a ra to ry  f a c to r s  may be neu­

t r a l i z e d  w ith  immune serum. A d d itio n a l s tu d ie s  on th e  e f f e c t  o f  d i lu t io n  

and serum n e u tr a l iz a t io n  on sk in  p re p a ra to ry  f a c to r s  should be c a r r ie d  

out a t  some fu tu re  tim e when r a b b i ts  a re  more re a d i ly  a v a i la b le .

f e e t  4: From the  r e s u l t s  obtained in  t e s t  1, it was ev id en t th a t

more c o n s is te n t r e s u l t s  could  be o b ta in ed  when a u to ly s a te s  from to x ig e n ic  

c u l tu re s  o f  c loacae  were employed fo r  the  in trav en o u s o r r e a c t in g  in ­

je c t io n s  in  the  Shwartzaan t e s t ,  and c o tto n  e x tr a c ts  o r e x t r a c t  concen­

t r a t e s  were employed a s  th e  s e n s i t i s in g  o r  p re p a ra to ry  in je c t io n s ,  fh® 

c u ltu re  a u to ly s a te s  were found to  be o f more co n stan t potency , th u s  mak­

ing i t  p o ss ib le  to  adopt a  s tan d a rd ized  re a c t in g  dosage fo r  the  t e s t .

Shwartzman (22, 23) recommended th e  use o f 1 .0  to  3 .0  ml p e r kg o f 

body w eight of th e  to x ic  substance l ib e r a te d  by typho id  b a c i l l i  f o r  r e a c t ­

ing  in je c t io n s .  This dosage i s  too  high f o r  A. c loacae  en do tox in , fhe 

fo llow ing  experim ents were c a r r ie d  out in  an a ttem p t to  s tan d a rd iz e  the  

Shwartzaan re a c t io n  fo r  th e  d e te c tio n  o f endo tox in  in  c u ltu re  f i l t r a t e s  

o r e x tr a c ts  from suspec ted  co tto n  o r o th e r  s im ila r  m a te r ia ls .
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1st o rd e r to  aeeestp lish  s ta n d a rd is a t io n  a t  th e  t e s t .  I t  was necessa ry  

to  a s c e r ta in  (a )  th e  m lalM * re a c t in g  dosage which would e l i c i t  a  strong* 

ly  p o s i t iv e  S im artfiian re a c tio n  la  r a b b i ts  w ith®at causing  the  te e th  o f  

the  an im als l a l ,  (b ) w hether th e  p re p a ra to ry  o r  s e n s i t i s in g  In je c t io a  has 

e a r  in f lu e n c e  an th e  to x ic i ty  o f  th e  re a c tin g  in je c t  lea*  A ll r a b b i ts  were 

s e le c te d  f o r  u n ifo rm ity  o f  w eight l a  th e se  s tu d ie s .  5 i*  r a b b i ts  ( lo t*  119 

to  124* f a b le  X I) wore g iven  p re p a ra to ry  in j e c t  I one w ith  0 .2S  e l  q u a a tl -  

t ie *  o f  c u ltu re  a u to ly s a te  Chi S411. fw onty-four hour* l a t e r  each aalm X  

re ce iv ed  one o f a  g ra d u a lly  in c re a s in g  t e r i e e  o f  in travenous dosage®, 

th e se  dosages ranged f r e e  0 .0 5  to  0 .5 0  ml p e r kg , fh e  resu lt®  o f  th ese  

s tu d ie s  a re  summarised in  fa b le  XX. I t  m s  found th a t  0 .0 5  ml o f C-u 56? 

p e r  kg, when employed a s  a  r e a c t in g  in je c tio n *  e l i c i t e d  a  4* Shw artsm n 

re a c tio n  w ith o u t r e s u l t in g  1st the  d eath  o f the  an im al. An in travenous 

dosage o f 0 .1  ml p e r  kg, w hile  p roducing  a  s tro n g ly  p o s it iv e  re a c tio n , 

a l t o  r e s u l te d  In  th e  dea th  o f  th e  an im al.

th e  fo llo w in g  experim ent was designed  to  a s c e r ta in  w hether th e  s e n s i­

t i s i n g  in je c t io n  has any in flu en c e  on th e  to x ic i ty  o r  potency o f the  re ­

a c t  lu g  I n je c t io n ,  two s e r ie s  o f  anim als were employed fo r  th e  t e s t s ,  

th e  co rresponding  a n im ls  In  each s e r ie s  were s e le c te d  fo r  u n ifo rm ity  o f  

w e ig h t. One s e r ie s  o f  anim als rece iv ed  p re p a ra to ry  and re a c t in g  in je c ­

tio n s  f o r  th e  bhw artfnan t e s t s ,  w hile  th e  an im als in  th e  second rece iv ed  

only  th e  came in trav en o u s in je c t io n s  a s  th e  corresponding  an im als in  th e  

f i r s t  s e r i e s ,  th e  m a te r ia ls  and q u a n t i t ie s  in je c te d  and th e  r e s u l t s  o f  

th e  t e a t  a re  shown In  fa b le  X I. th e  l a s t  te n  anim als in  f a b le  XI were 

in c luded  in  t h i s  t e s t ,  th e  u l n i m m  in travenous dosage producing d ea th  

in  t h i s  s e r ie s  o f  an im als re c e iv in g  a  p r io r  s e n s i t i s in g  in je c t io n  was 

0 .2  ml p e r kg o f  body w eigh t, th e  minimum f a t a l  dosage f o r  th e  a n ita a ls '
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source and type o f c o tto n  and th e  l a e i l i M t  o f  mucoid b a c te r ia  l a  th e  

c o tto n  a re  g iven  in  fa b le  ¥•

A ll t e s t  m o r t a l *  warm mood mm p re p a ra to ry  in je c t io n s ,  and th e  

to x ig e n ic  c u ltu re  f i l t r a t e  On 86f  warn employed f o r  o i l  re a c t in g  In je c ­

t io n s  d a rin g  th e se  s tu d ie s .

$h® re s u l t#  o f  th e se  t e s t e  arm shown in  I 1U 11 111, XI11, and X I?.

Shw artsm n (24) and Freund and Mommr ( 8) have re p o rte d  th a t  c u ltu re  

f i l t r a t e s  from o th e r  microorganism# possess p re p a ra to ry  fo o te r s  which 

w il l  Induce lo o o l sk in  r e a c t iv i ty  in  r a b b i t s .  t h i s  i s  confirm ed by th e  

do to  re p o r te d  in  fa b le  I I I ,  which shews th a t  f i l t r a t e s  from e e l i f  erst c u l-  

to re s  Ou 4F, On f f t On 10?, On 141, 6m 1®F, end 6m S-&SX po ssess  p repara­

to ry  fo o te r s  which w i l l  indues lo c a l  sk in  r e a c t iv i ty  In  r a b b i t s ,  which 

gave o p o s i t iv e  Shvartsman re a c tio n  when th e  s e n s i t i s in g  in je c t io n  w ith  

th e se  f i l t r a t e s  mis fo llow ed by on Introvenem s ( re a c t in g )  I n je c t io n  w ith  

a  to x ig e n ic  m il to re  f i l t r a t e ,  o f  4 . c lo a c a e . ; w hile th e se  r e s u l t#  o re  in* 

d le a t iv e  o f  t e s t  h e n -s p e e lf le l t i r ,  I t  i s  b e lie v e d  th a t  they do n e t d e t r a c t  

f r e e  th e  g e n e ra l neefm lnesc o f  th e  t e s t ,  fhe  t e s t  should  on ly  he employed 

fo r  th e  d e te c t io n  o f  th e  endotox in  re sp o n sib le  f o r  t h i s  a cu te  r e s p ir a to ry  

I l l n e s s ,  a f t e r  the  Incidence and id e n t i ty  o f th e  to x ig e n ic  s t r a i n  o f  4 . 

c loacae  has been determ ined .

In  sm e a ry , i t  assy ho s ta te d  th a t  th e se  s tu d ie s  en th e  a p p lic a t io n  

o f th e  S hw artsiM  phenomenon re v e a le d  th a t  (a )  a  h e a t - s ta b le ,  endo tox in - 

l ik e  substance  I s  l ib e r a te d  by to x ig en ic  s t r a in s  o f 4 . c lo ac a e 8 (b) a  

s im ila r  to x ic  substance  I s  p re se n t in  f i l t r a t e s  from s a l in e  e x t r a c ts  o f  

s ta in e d  c o tto n  In c rim in a ted  in  ou tb reaks o f  a c u te  i l l n e s s ;  (e )  r a b b i ts  

any be c re s s  s e n s i t i s e d  w ith  f i l t r a t e s  f r o a  e i th e r  source; (d ) th e  to x ic  

p re p a ra to ry  f a c to r s  p re se n t in  c u ltu re  f i l t r a t e s ,  and c o tto n  e x t r a c t  f i l -
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t i c s  based on th e  in h ib i t io n  mt the  phagocy tosis  o f a r t i f i c i a l l y  opsoaised  

s tap h y lo o o ee i.

Many s ta d ia s  have been d ire c te d  toward a n a ly s in g  th e  e f f e c t  o s  phago­

c y t ic  system s o f  v a rio u s  ehemleaX compounds and o f  p u re ly  p h y s ic a l e n t i ­

t l e s  moh mm beat* osm otic p re s su re , e t c .  < 2 t) . Although c o n f l ic t in g  re ­

s u l t s  hair© been o b ta in ed , i t  i® known th a t  e e r ta ln  chem ical embstnmees 

e x h ib i t  a  Barked in h ib i to r y  e f f e c t  on p h ag o cy to s is .

A marked let& eoeytosis has been dem onstrated  lit ©3speri»@aialiy induced 

ease* o f  a e a te  i l l n e s s  r e s u l t in g  from exposure to  eentam inated  s ta in e d  

c o tto n  d u st o r  a  f in e  m ist o f  a  f i l t r a t e  f r e e  a  to x ig e n ic  c u ltu re  o f  j | .  

c lo a c a e . I t  %>as ooneldered p o s s ib le  th a t  th e  endo tox in  l ib e r a te d  by th i s  

m icroorganism  e ig h t e x e r t  an in h ib i to r y  o f f s e t  on th e  phagocytic  a c t i v i t y  

o f le u c o c y te s , in  which ease a  phagocy tic  method could be developed fo r  

the  d e te c t io n  o f th e  endotoxin*

th e  method developed by Welch and H eater (28) f o r  de term in ing  th e  

o f f s e t  o f chem ical a n t i s e p s is  on phagocytosis and th e  method employed by 

H absteln  and C otton  (1 ? ) f o r  de term in ing  Immunity to  Bang** d ise a se  were 

es^ loyed  l a  thee© s tu d ie s .

Beloit and H unter method, th e  method o f  Welsh and H unter (29) depends 

upon th e  a b i l i t y  o f  th e  normal gain©© p ig  o r  human leucocy te  to  en g u lf  

a r t i f i c i a l l y  opsonlsed  s tap h y lo co cc i in  th e  p resence  o f  in o re a s in g  eca- 

cen t r a t  ions o f the  g e rm ic id a l substance  under t e s t .  A ll t e s t s  tak e  p lace  

l a  th e  p resence  o f  40 p e rcen t f r e s h  guinea p ig  o r  human b lo o d , 'the meth­

od i s  a s  fo llo w s:

whoi® B leed i f r e s h  human b le ed  drama by ven ipunctu re  m e  immediate­

ly  mixed w ith  sodium c i t r a t e  in  th e  p ro p o rtio n  o f  0 .0  ml o f b lood to  0 .2  

©1 o f SO p e rc en t sodium c i t r a t e  in  is o to n ic  s a l t  s o lu tio n  re  s a l t in g  in  a
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f i n a l  c o n ce n tra tio n  o f 0 .78  © ercent c i t r a te *

Antigen* Stireter loco  ecus au reu s  (F . H. A. s t r a in  209). -Saline sus­

pensions fro® 48-hour n u tr ie n t  a g a r s la n t  c u ltu re *  a r t i f i c i a l l y  ©psonised 

w ith  f r e e h  a t a r i  I© one p e rcen t chrome a l a s .  th e  a n tig e n  I s  d i lu te d  t© gir© 

a  c o r r o d e d  Gates read in g  o f 1 .04 b e fo re  u se . f h l s  read in g  ©corresponds 

to  a  b a c te r ia l  count o f 500 m illio n  s tap h y lo co cc i p e r « i .

M a te ria ls  t e s te d i  F i l t r a t e s  from trypt® *# b ro th  c u ltu re s  o f  £>• c loacae

(Cta. 11F, 0» 56F): f i l t r a t e s  from s a l in e  suspensions o f k i l l e d  c u ltu re s  (Qu 

I I I ,  Ou 66K); e x t r a c t  f i l t r a t e s  (0o 44-8B, Os 561) from a e r i a l  and s ta in e d  

cottern; vacuum c o n ce a lra te  (0o 66£c ) f r e e  e x tr a c t  o f  s ta in e d  c o tto n , s t e r ­

i l e  try p to se  b ro th  ( f )  and s t e r i l e  is o to n ic  s a l t  s o lu tio n  (S ) . th e  r a t s -  

r i a l s  te s te d  a re  d e sc rib ed  in  f a b le s  I f  and f* S e r ia l  d i lu t io n s  fro® 1*5 

to  1*150 were p rep ared  from each f i l t r a t e .

techn ique  o f te s t*  O ne-ten th  ml o f f i l t r a t e  d i lu t io n ,  0 .2  »1 o f  

f r e s h  e i t r a t e d  (0 .78  p e rc e n t)  human b lood , and 0 .2  e l  o f  s ta n d a rd ise d  

a n tig e n  were n ixed  and r o ta te d  on a  shak ing  machine a t  4 r.p .m * in  a  

37{J C in cu b a to r f o r  30 m inu tes. Smears were p repared  in  th e  same manner 

a s  o rd in a ry  blood ensure and s ta in e d  by flo o d in g  the  s l id e  w ith  0*5 ml 

o f  l.O  p e rcen t methylene b lue  in  a b so lu te  a lco h o l fo r  one m inute. One ml

o f b u ffe re d  d i s t i l l e d  w ater (pH 7*2) was th en  added and th e  s ta in in g  con­

tin u e d  fo r  fo u r  m inu tes, th e  s l id e s  were c a re fu l ly  washed in  running 

water* The smears were examined m ic ro sco p ica lly  to  determ ine th e  number 

o f s tap h y lo co cc i In g es ted  by each o f  28 le u co c y te s , th e  degree o f phag­

o c y to s is  was e s tim a te d  a s  follow s*

Ho p h agocy tosis  a  no organism s en g u lfed .

S lig h t  phag o cy to sis  s  1 to  20 o rg an ises  en g u lfed .

Moderate phagocy tosis  * 20 to  40 o rg a n ise s  en g u lfed .

Marked phagocy tosis  « oyer 40 organism s en g u lfed .
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$he r e s u l t s  of a  re p re s e n ta t iv e  se r i# »  o f  t e s t s  mem g iven  in fa b le  

XV. S ines m  I n h ib i t io n  o f phagocytosis? o ccu rred  w ith  any f i l t r a t e  d i­

lu t io n  above 1 id , tins m i l i e  sire reco rded  en ly  fo r  t h i s  d i lu t io n .

f  AiiLK IV

H eault#  o f  rh ag o cy tic  V ests fo r  Endotoxin 
(Welsh end H unter Method)

n i t m  ...  < ? !* !!* > ...
i f f  d i lu t io n  8 e g a tiv e  S lig h t  Moderate Marked

Cu I l f 16 m 16 16
On 11K m m m 0
Cu 661* 40 44 i s 4
Gu 56* u m so IS
Co i m 9 60 16 16

a* m&c 99 13 0 0

Co ■**~m 16 56 a ) 8

f 9 60 so IS

i 0 41 20 34

I t  I s  e v id en t f r e e  th e  r e s u l t s  g iven  th a t  th e  v s e n s  d i s t i l l a t i o n  

c o n ce n tra te  from ax* e x tm s t  o f  s ta in e d  e o tto n  (Co 56B*) m s  th e  on ly  sub­

stan ce  te s te d  which sensed  n e s te d  in h ib i t io n  o f  p h ag o cy to s is . th e  m il- 

tn re  f i l t r a t e s ,  s ta in e d  co tto n  e x tm e t  f i l t r a t e s ,  and the  e o n tro l m a te ri­

a l s ,  e . g . ,  n o x m l s o tto n  e x t m e t ,  s t e r i l e  t ry p to se  b ro th  and s t e r i l e  iso*  

to n ie  s a l t  s o lu tio n  d id  no t e x h ib i t  may narked degree o f in h ib i t io n  o f 

p h ag o cy to s is .

l a b s t e i a  and C otton  not hod. th e  nstited  o f  h a b s te ia  tsA  C otton  (IV) 

d i f f e r s  I f6 «  th e  Welch and h u n te r  method (S8> a s  fo lio * * i A s ta n d a rd ise d  

s a l in e  suspension  o f a  homologous a ie ro o r^ tt t tsn  in s te a d  o f a r t i f i c i a l l y  

onsonised  s tap h y lo co cc i I s  ossployed a s  a n tig e n ; equal q u a n t i t ie s  o f  a n ti*
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gen, n i t r a t e d  B leed, and t e s t  substance  a m  employed in  th e  t e a t ,  and 

the  t e s t  m ixture# a m  n o t a g i ta te d  d a rin g  In cu b a tio n . D e ta ils  o f th i s  

method a re  a* follow s*

Blood p re p a ra t io n i Freak human Blood (0 .78  p e rc en t se&ia® n i t r a t e } . .  

A ntigen i S a lin e  suspension  fro® M -h e u r p e ta te -e a rv e t-d e x tre e e  ag ar 

s la n t  c u l tu re  Bo# 88 o f to x ig e n ic  4 . c lo acae . s ta n d a rd ise d  to  tu r b id i ty  

o f fnbe Ho. IS o f HeFarlattd s c a le .

f e e t  m a te r ia ls  1 C u ltu re  f i l t r a t e s ,  e o tto n  e x tr a c t  f i l t r a t e s ,  mourns 

c o n ce n tra te s  o f o o tto n  e x t r a c ts ,  s t e r i l e  try p to e e  B roth  and s t e r i l e  is o ­

to n ic  s a l t  s o lu t io n .

A d e s c r ip t io n  o f th e  ta a te r ia l#  te s te d  I s  f i r e s  i s  f a b le s  I f  and f ,  

techn ique  o f te s t*  O ne-ten th  ml o f whole Blood, 0 .1  ml o f a n tig e n  

suspension , and 0 .1  ml o f th e  m a te r ia l  to  Be te s te d  were p laced  in  c lean  

tu b e s , fh e  c o n ten ts  o f  each tube were thoroughly  w ired and

the  tu b es  p laced  in  a  w a ter B ath a t  3?° Q f o r  30 m inute*• Sedim entation  
*

o f th e  Blood m i l s  ta k es  p la ce  d u rin g  th e  in cu b a tio n  p e rio d ; hence, th e  

c e l l s  were resuspendsd  By shaking  a f t e r  th e  p e r io d  ©f in cu b a tio n . A drop 

o f  each c e l l  suspension  m ixture was p laced  a t  one end o f a  thoroughly  

c leaned  and p o lish ed  g la s s  s l i d e ,  fhe  sonars  were wed# By p la c in g  the 

end o f  a n o th e r g la s s  s l id e  a t  an  an g le  in  c o n tac t w ith  th e  drop o f c e l l  

, suspension  and. pushing a c ro ss  the  su rfa ce  o f th e  s l i t s  so th a t  a  th in  

Blood c e l l  snspension  f i l e  tersiin& tes n ea r th e  o p p o s ite  and o f  th e  s lid e ., 

th e  s l id e s  were d r ie d  ra p id ly  in  a  c u rre n t o f  warn a i r .  th e  Blood f ilm  

s m a r s  were dipped in  c h lo ro fo m  f o r  3 to  3 seconds and t r i e d .  Thn smear* 

were t hm  s ta in e d  in  te lu ld l i ie  Bins* f o r  1 to  3 n in n ie s  and washed in  run­

ning  w a te r , th e  e ta ltied  smears were d r ie d  on a  f l a t  su rfa ce  w ithou t B lo t-  

t in g .

*foluldin©  B lue, 0 .8  f a ;  I th y l  A lcohol (98#), 10.0 a l l  Phenol, 3 .0  ml; 
and XH s t i l l e d  w ater to  sake 100.0  ml.
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The degree o f phagocy tosis  was asee rt& laed  by the  m icroscopic ®m»- 

1n a tio n  o f 20 leu co cy tes  In  each  blood f ilm  and determ in ing  the number of 

m icroorganism s engu lfed  by each le u co c y te .

A p ro to c o l of a  r e p re s e n ta t iv e  e e r ie*  o f t e s t e  ie  shown in  Table X?I.

TAMUt %rt

Mbs u i te  o f  yfeagocytie f e e t*  f o r  £ndotoxia
(M nbstela and C otton Method)

M a te r ia ls  T ested  
1*3 d i lu t io n

In g re s  o f Ffcegecytoeie (p e rc en t)

N egative S lig h t Moderate Marked

Cu I l f 0 60 38 8
On 667 0 06 26 16
Go §61 0 46 40 18
Go 56% 36 44 80 0
Co 81 8 72 80 0
Go 6% 4 44 86 24
Go 44-58 0 78 26 0
Go 70 & 0 64 30 0

f 0 60 28 12
S 0 60 23 18

As in  th e  p rev ious t e s t ,  the  only  substance  Which e x h ib ite d  a  narked 

in h ib i t io n  o f phagocytosis was a vacuum d i s t i l l a t i o n  co n ce n tra te  from an 

e x tr a c t  o f  to x ig e n ic  s ta in e d  c o tto n  (0© 86% ) •

fh e  vacuum d i s t i l l a t i o n  c o n ce n tra te s  from s a l in e  e x tr a c ts  o f  s ta in e d  

co tto n  a re  h y p e rto n ic , s in ce  they  a re  p repared  by c o n c e n tra tin g  is o to n ic  

s a l in e  e x tr a c ts  o f s ta in e d  c o tto n  20 to  30 tim e s . The most p robab le  ex­

p la n a tio n  f o r  th e  in h ib i t io n  o f phagocy tosis  by t h i s  m a te r ia l i s  th a t  i t  

m s  due to  th e  h y p e r to n ic ity  o f  th e  co n cen tra te  r a th e r  than  the  endo tox in  

p re se n t in  the  m a te r ia l .  The v a l id i ty  ©f th i s  ex p lan a tio n  I s  f u r th e r  

enhanced by th e  st&toMtnb o f  Z in sse r  e t  a l  (30) th a t  h y p e rto n ic  sodium
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{2} fa<nauHdl*tiltotion~coAeftntrat«* freei t a l i m  extract* of 

e to ln e d , proceeded ftteifurd, and no rm  I  c o tto n  ?h**e co n cen tra te*  mst® 

prepared  m* p re r io u e ly  d e sc rib ed  in  th i s  p ap er. th e  number, type smA 

source o f each eosicenim t#  a re  g iven  in  fa b le  f ,

{^} F l i t  m is*  fro.fi ?~dny t iy p te e e  broth c u ltu re *  of «t»im ® o f  4 . 

c lo acae  and o th n r c lo se ly  r e la te d  mie ro o rg an lsis* — The c u ltu re  f i l t r a t e  

«nv*b*rk epecle* o t  organism  and scum # a re  g ivon In ta b le  IV,

(4 / f i l t r a t e *  fro® ta tin®  ex tract®  o f e ta ln e d , proceseed s ta in e d , 

and normal cotton  (Table V).

Bertua employed* the serum employed for those studies va* obtained 

through the InaGiittisatlon o f rabb its with berhofeld f t  I t  rate* frora a to r i*  

genie i t  rain of 4 . cloaca# (On, 86F ). fhe sfirup. «%« scep tica lly  obtmined 

and prepared for  use without preservative.

ftethodi fhe prosedare follow ed in the*® tent*  watt e s s e n t ia l ly  as  

fo llow s 1 0 .1  a l  va* placed in  the bottom o f each o f n ine S .0  w» p reci­

p ita t io n  tu bes, fwo*tenth* a l  o f the p recip itin ogen , both u n d ilu te d  and 

that d ilu ted  with s t e r i l e  p h y s io lo g ic a l ( is o to n ic )  s a l in e  throughout a 

range frow 1*6 to  l tS 20 , was theft la id  over the eertun with a ca p illa ry  

p ip e t te .  One tube co n ta in in g  0 .3  ml o f undiluted p recip itin ogen  and 0 .1  

®i o f p h ysio log ica l sa lin e  and a second, tub# contain ing 0 .1  a l  o f ©crus 

and 0 .3  ill o f  p h y sio lo g ica l sa lin e  were prep ared  fo r  con tro l* , the tubes 

wore in cu b ated  for  $0 minute* a t  $7® 0 and then observed far r in g  forma­

t io n .  The tube* were then  thoroughly  a g i ta te d  to  in su re  m iring o f  the  

p re c ip itin o g e n  and the cen to , incubated  fo r  an a d d it io n a l  3 hear* mt 2»?'° 0 

end s to re d  in  th e  r e f r i g e r a to r  a t  5s*' C over n ig h t. F in a l e x a fd m tie n  fo r  

p re c ip i ta te *  was then made.

f e e t*  w ith  Lw w #fi«W l ® p rec ip itin o g en s*  then® te e t*  wore o& rried
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m% in  o rd e r to  w hether t e s t s  anpisQftae iwmitm %*wm h©«© logons

f a r  known to x lg s n ie  s t r a in s  o f  4 * cloaca#  were s p e c i f ic  fo r  thee#  a lo ro*  

©rgsa»l««s or vbn tlie r pm I t l r®  to s t*  s w l l  ate© be ©bialn*d w ith  © a lta rs  

o x tra e i*  tmm  o th e r  e lo ea ly  r e la te d  epaeios o f  b a s ta r t  a .  I'Ira c i  p i  t  i  no ge a* 

wore p rep a red  from %m to x ig en ic  s t r a in s  o f  4 « cyloaoan* ins*  11 and b6 » 

s ix  s t r a in s  o f 4 . clean*©. Ifes. 49, 6%", 222, BSf* M l ,  and MS* n o t known 

to  be te x ig a a ic , and sc ran  s t r a in s  o f o th e r  eo lifo rm  b a c te r ia  ( ta b le  I f ) .

fh*? d a ta  ra e e rd o t In  fWbl* I f  11 a m  c h a r a c te r i s t i c  o f  tb s  r e m i t s  

o b ta in ed  in  a  s s r l s s  o f re p ea ted  to o to . th e  on ly  n o s i t i r e  p r e c ip i ta t io n  

t e s t s  ware o b ta in ed  w ith  p rc c lp ltin o c sn *  p rep ared  fmm th e  two known to x i­

g en ic  s t r a in s  o f  4 . d o n n a s , io s*  11 and 156, and one s t r a i n  o f 4* blo&o&e. 

io .  t i l ,  o b ta in ed  frost tb s  American fyp« C u ltu re  C o lle c tio n . ffes t a e t s  

w ith  a l l  o th e r  c u l tu re s  wore n e g a tiv e . I t  i s  b e l ls m d  th a t  t h i s  t o s t ,  

when c a r r ie d  ©nt a s  d e sc rib e d , i s  s p e c i f ic  f o r  tb s  a* to o t  io n  o f  to x ig e n ic  

s t r a in s  o f  4 .  c lo a c a e .

f a s t s  w ith  mmarn d i s t i l l a t i o n  f r e p  s o t to n  e x tra c ts*

Vrnmmm d i s t i l l a t i o n  c o n ce n tra te s  from s a l in e  e x tr a c ts  o f  ?  sam ples o f  oca- 

baaiim ted  s ta in e d  g o tte n , iEcrim iJm tod In  ou tb reaks o f I l ln e s s*  $ samples 

o f  s ta in e d  c o tto n  processor! f o r  d o s t m o tio n  o f  tb s  s u d a to r ia ,  and frost 6 

sam ples o f  mwma l  s o t  ton  worn ooployeA in  th e se  s tu d io s  Cobble V).

fh» r e s u l t s  o f  one s e r ie s  ©f s ta d ia s  w ith  t h i s  typo o f  p re c ip it in o g e n  

a m  shown in  S a t i t  XVIII. fh»y a m  ch am cb o rie ii©  o f  th e  d a ta  © btaifisd 

In  a  s a r i# #  o f rep ea ted  to o ts*  P e e l t i t e  p r e c ip i ta t io n  t e s t s  wore ob ta ined  

w ith  p ree lp lti& o g eae  fro® a l l  eaap ie#  o f  e o tio tt tmrim*

Inn ta d  in  o u tb reak s  o f  sent© i l l n e s s .  I teae tiea*  © ctarred  in  p r e c ip i t in ­

ogen d i lu t io n s  a s  h igh  a s  I  .*80 and 1:160. P o s it iv e  t a s t e  w ars a ls o  ob­

ta in e d  w ith  p re c ip itin o g e n s  d e riv e d  from e x t r a c ts  o f  p rocessed  noa tnn ian t*
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In  ou tb reaks o f s c a ts  H im ** mnl a in  a s im ila r  ® a ttra c ta b le  

«?ub* lance (©n&efeosia), which I t  precipitated ly »«n frost rabbit* im m *  

|g # d  w ith  c u ltu re  f i l t r a t e * ,  w ith  k i l l e d  c u ltu re  suspensions o f the  o r -  

g&nl s » t o r  w ith  fneuwn d i s t i l l a t i o n  e e n e sn tra te s  Smm e rb m c ts  o f  the  

•tnlnsd eation*

Bata h&vs been p re sen ted  which in d ic a te  th a t  the  re g u la r  p r s e lp i tn -  

i l a n  t e s t  1« a. p r a c t i c a l ,  s e n s i t iv e  te a t  f o r  th e  E l e c t i o n  o f  th e  end*- 

I exist. However, nansrtm* w orkers h e re  prepeeed  a o d if ie s t io n s  o f th e  p re ­

c ip i t a t io n  t e a t  by which I t  i t  e la in e d  th a t  th e  te « t  m$ b® s ln p l l f ie f t  

end it®  s e n s i t i v i t y  in c re a se d . th e se  n sd lf ic a t ie n f t  invo lve  th e  © eating 

o f th e  p re c ip itin o g e n  o r  o x tfa e ta b le  substance  m  fo re ig n  b a c te r ia l  c e l l*  

o r  on e o llo d io n  p a r t i c l e s ,  which in  tu rn  e re  employed a s  a n tig e n s  f o r  a  

ro u tin e  a g g lu tin a t io n  t o s t .

Cannon and Warsfcali (4) prepeaed a method for toterataing th e  p ro e i-  

p ita tlve  t i t e r  of a i t i i t e r a ,  which inv o lv es  th e  © eating o f  th e  eree ip itia -  

©gen on uniform  c o llo d io n  p a r t i c l e s  co n ta in ed  in  a  s tan d a rd ise d  suspension* 

The an tlsem ffi, r a th e r  than  th e  antigen* i s  d i la te d  and the  t e s t  i s  c a r r ie d  

out a s  an  a g g lu tin a t io n  t e s t .  The a u th o rs  eqpleyed  t h i s  t e s t  in  th e  s tudy  

o f s a la b le  protein* and p ro te in  anti sera. I t  Is ©laisaMt th a t  th e  method 

i s  sh a rp ly  s p e c if ic  m& d e l ic a te  enougii to  dem onstrate  th e  p resence  o f  

p r e c ip i t in *  in  weak s e r a .

S ta le r  (7) ©splayed th e  mtfeode o f Qmmrnn and I4arshs.ll l a  s tu d ie s  on 

the a d so rp tio n  o f b a c te r ia l  suspensions m i. au to ly sa te®  o f  pnen^Hsocci, 

s^m ingococci, and gonococci on co llo d io n  p a r t i c l e s  and a  d e n e n c tfa tie *  o f 

t h e i r  r e a c t iv i ty  w ith  s p e c i f ic  a a t i s e m .  He re p o r te d  th a t  ..eoiiedieii par­

t i c l e *  eestblaed w ith  a u to ly s a te s  o f  pnsuaooficcl* M m iageeecci, sad  gone- 

c ec a l were a g g lu tin a te d  when th e  sfncpefceleac ward a i r e d  w ith  s p e c i f ic
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a.* b a c te r ia l  a g g lu tin a t io n  lasthod o f  E eborts  and Jm m  (18) f o r  the  

d e te c t io n  of th e  saAoteala la lostifom le f i l t r a t e s  fron c u ltu re s  o f  4. 
c loacae  and from o jrtrac t*  of s ta in e d  c o tto n .

E o te rt*  and donas *31* A ,8 saethei.* 8#t a i l s  o f  t i l l s  n e tte d  a r t  a s  

fo llo w s ;

P rep a ra tio n  o f c e l l  suspension* flie c u l tu re s  o f  4 .  H M M iS S . 

grown on laoat in fu s io n  ag a r s la n t s  Incubated  a t  3?° 0 f o r  $4 hour®. f t e  

c a l l s  war# e s tay ed  f r e »  the  a g a r  s la n t s ,  suspended in  s t a r i i a  is o to n ic  

s a l in e ,  f i l t e r e d ,  and washed tw ice w ith  a d d i t io n a l  s a l in e  S®r c e n tr ifu g a ­

tion*  th e  c e l l s  were th en  suspended in  d i s t i l l e d  w ater and k i l l e d  by 

h e a tin g  in  flow ing  s ten u  f o r  10 minutes*

C oating o f s e l l s  w ith  p re c ip itin o g e n *  th e  d i s t i l l e d  w ater suspension  

o f  k i l l e d  s e l l s  was added to  each m a te r ia l to  he te s te d  In  th e  r a t io  o f  I 

p a r t  o f  e e l l  su spension  to  h p a r t s  o f  th e  . f i l t r a t e  to  he te s ted *  a ®  

o e l l - f  l i t  r a t e  sslx tar#  was incubated  fo r  18 hours a t  0 and then  c e n t r i ­

fuged to  rmmvn th e  s e l l s *  th® s e l l s  were washed tw ice w ith  s t e r i l e  sa­

l in e  and th en  d i lu te d  w ith  th e  sane ssn te ria l to  an o p a c ity  e q u iv a le n t to  

a  re ferees®  stan d ard  co n ta in in g  0,?& m- o f  ground nyr^x g la s s  p e r ul* 

t h i s  s ta n d a rd ise d  ##11 suspension  was c e n tr ifu g e d  a t  800 r .p .a *  fo r  0 

a lw tte s  to  throw down th e  la r g e r  e luaos o f  c e l ls *

tech n iq u e  o f t e s t s  1 6ns u l  q u a n t i t ie s  o f  s e r i a l  d i lu t io n s  o f  m rm  

from I s 10 to  1 j10,840 were p laced  In  a g g lu tin a t io n  tubes* F i r s - te n th s  a i  

o f th e  fttpeniate& t c a l l  suspension  was added to  each m r m  d i l a t i o n  tub# 

for  th e  a g g lu tin a t io n  te s t*  Kaeh t e s t  e e r ie *  o f  tubes and a n tig e n  and 

serum c o n tro ls  were Incubated  fo r  8 hour* a t  40® 0 follow ed by s to ra g e  

In  th e  r e f r i g e r a to r  a t  h® G over n ig h t .

M a te ria ls  te s te d !  C u ltu re  a u to ly s a te  f i l t r a t e s  (Cu I l f  and C u S 4 f)i
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f l i t r e t e e  f r o m e x tra e in  o f e e n ta e la a te d  etaim ed m olten (Qo MS' m& Co SB); 

m em ®  mememiitffate fra* s a l in e  « x lz » e t o f  stained 001 to n  (Co 85%  ) ;  and 

f i l t r a t e s  f ro *  e n tra n t*  o f moreal n a tio n  (Co 44-SE and Co TOE). ttk* de- 

enrlptiem a n t  to w n *  o f  the to o t  materials a m  g iven  in  fable* IT and 7 .

Sortnm fu e le d  norm fro* m b b itn  itnftm ised w ith  Mttemtimla f i ltr a te s  

fren & T -iey  tx y p to se  b ro th  c u ltu re  o f  Ho. 8§* to x ig e n ic  4 * d A i M ,  were 

© ployed  in  a l l  o f the  a ^ l t t t in a fe io n -p ro o lB ita t io n  t e s t s .

fo n t  s e r ie s  Is  fw® s e t s  o f  lo n io  worn p repared  an o u t l in e d . On* s e t  

o f  tu b es  wan incubated  a i  4t)6 C and Ilie neeemd noi a i ST0 C fo r  2 h o u rs . 

Hoik s e t s  worn- s to re d  in  th e  r e f r i g e r a to r  a i  SC a ev er n ig h t .

Vfcn inn  I  s e t-u p  which m e  Incubetect a i  40® 0 f a l l o t  in  shew any s i g ­

n i f i c a n t  a ^ t l t t t in n i lo n  in  any d i lu t io n .  th e  In n i eei~up wbieh wan imam- 

b a ted  a i  37° C gave low t i t e r  a g g lu t la e t ie i i  (1*40 d i lu t io n )  o f  c a l l s  ad­

sorbed w ith  c u l tu re  a u to ly s a te s  Cm lUT a n t  Cm 861 and w ith  f i l t r a t e s  f ro *  

s a l in e  e x tra c t#  o f n ta i  n o t c o tto n , However, e e l l e  adsorbed  w ith  f i  l i r a  ton 

f ro *  saline e x t r a c ts  o f normal mmttem* §0 44 -S I a n t  Co 70S, d id  not show 

any a g g lu t in a t io n .  file ronm lin o f  IM S l a s t  s e r ie s  were ineem elusive .

t e s t  norion  i l l  th e  nrome&sr* war l e t  an follow® . 411 s e r ie s  o f 

tubes wnro prepared In  d u p l ic a te .  f  o 0 .0 5  ml o f peeked toad call*  wan 

added 2 .0  *1 o f  eaeh f i l t r a t e  o r  m te r i& i to  bo adsorbed , a n t  th e  m ixture 

wan inem beted f o r  e ig h te e n  k a r t  a i  37° C. A fte r  in c u b a tio n  ik e  s e l l -  

f i l t r a t e  su spension  in  ©no n o t o f  tubas m o  c e n tr ifu g e d  to  remove th e  

•m ono  f i l t r a t e .  th e  peeked adsorbed  ce llo  th u s  o b ta in ed  wore d i lu te d  

to  th@ p ro p e r tu r b id i ty  w ithou t w ashing. th e  * * il» ftitra te  mixtures la  

ike  second no t o f  tubes wore d ilm io t I® the p ro p e r tu r b id i ty  fo r  a n tig e n  

w ithou t c e n tr ifu g in g  to  reisove ik e  excess f i l t r a t e  f r e e  ike  e e l l s .  then© 

procedures were suggested  by ik e  work o f M e ie r  (7 ) who suggested th a t  mo
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%iml w ith  those  employed In t e s t  «#rla s  I I  m& I I I  f except to r  th e  f a s t  

th a t  0*5 ml o f a n tig e n  (co a ted  s a i l  suspension) was added to  0*5 ml o f  

#aeh f&erun d i lu t io n  r a th e r  than  1*0 ml a s  o u tlin e d  in  the  o r ig in a l  MB. a .*  

s ia c la tin a tio f i mothod.

The r e s u l t s  o f th i s  t o s t  s e r ie s  mm in  agreem ent w ith  th#  r e s u l t s  

o b ta in ed  in  to s t  s e r in s  I I  u n i I I I  I tmnm», they  a re  no t in c o rp o ra te d  in  

t h i s  report* P o s it iv e  agglutination toots were obtained w ith  b o th  to x i­

gen ic  and u o u fto x ig en ic  m a te r ia ls  •

f a s t  s e r ie s  V* 2a th i s  t e s t  s e r ie s  k i l l e d  c e l l s  o f j | .  m ?  cos sons 

were se a te d  w ith  immune serum and te s te d  w ith  d i lu t io n s  o f  th e  f i l t r a t e s *  

f h l s  t e s t  s e r ie s  was c a r r ie d  out a s  fellow s* A s a l in e  suspension  o f  k i l l e d  

c e l l s  o f &. m arceccsas was p repared  a s  p re c io u s ly  o u tl in e d . O n e-ten th  ml 

o f  packed c e l l s ,  o b ta in ed  by c e n tr i fu g a t io n ,  was p laced  in  each o f two 

c e n tr ifu g e  tu b e s . Four ml of immune ra b b i t  serum were added to  the  racked  

c e l l s  in  each  tube* A fte r  thorough a g i ta t io n  o f  th# suspension

th# tubes were incubated  fo r  1H hours a t  0 . fwo ty p es  o f  a n tig e n  w®re 

prepared  from serum -coated c e l l s  a s  follow s* (a )  One tube o f  the- c e ll-se ru m  

suspension  was c e n tr ifu g e d  to  renews th e  excess serum, fh e  racked  c a l l s  

th u s  o b ta in ed  were d i lu te d  to  th e  p roper tu r b id i ty  f o r  a n tig e n  w ithou t 

washing th e  c e l l s ;  and (b ) th e  e s l l - s e r u a  suspension  in  th® rem aining 

tube was d i lu te d  to  th e  p roper tu r b id i ty  f o r  a n tig e n  w ithou t removal o f  

the excess serum.

S e r ia l  d i lu t io n s  were p rep a red  w ith  each o f  th e  c u l tu re  a u to ly s a te s  

and co tto n  e x tr a c t  f i l t r a t e s  to  be t e s t e d .  F iv e - te n th s  ml o f each c e l l -  

serum a n tig e n  was added to  a  Ilk #  q u a n tity  of each d i lu t io n  o f each f i l ­

t r a t e  o r a u to ly s a te .  A ll tu b es  were Incubated  f o r  2 hours a t  B?° 0, and 

s to re d  in  th e  r e f r i g e r a to r  a t  5° C over n ig h t .
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A gg lu tin a tio n  ©f each type of  a n tig e n  occu rred  In  a l l  a tr ia l i l l a t i o n s  

o f each  f i l t r a t e  o r au to  Iya&te a s  v e i l  a s  in  th e  a n tig e n  c o n tro l tu b e s .

In  a l l  o f  the f i r s  s e r ie s  o f  te s t*  with th e  *B« A .# a g g lu tin a t io n  

nethod, the  t e s t  set-unc were incubated  f o r  an a d d i t io n a l  8 boars  a t  

§6° C before thay were discarded. Vhtle tbs higher incubation tempem- 

t a r s  incrs& sed th e  degree o r in te n s i ty  o f  the  r e a c t io n s ,  I t  d id  not change 

tb s  c h a ra c te r  o f  th e  r e s u l t s  in  any of th e  f i r e  t e s t s .

I t  m*% be concluded from the e x tre a e ly  v a r ia b le  r e s u l t s  o b ta in ed  in  

th e se  s tu d ie s  th a t  th e  #1. A.® a g g lu tin a t io n  t e s t  reeossssmded by Reberte 

and «lonos (19) fo r  tie te cU o ti o f  ninute atacunts o f  s e ru a  antibody by ag­

g lu t in a t io n  o f a n t ig e n -c a t te d  b a c te r ia l  cells®  Is a p p a re n tly  not a p p lic ­

a b le  f o r  th e  d e te c tio n  o f  the  sn d o tex ia  produced by to x ig e n ic  strains o f  

Jk* c lo a c a e . Bays v a r ia b le  r e s u l t s  o b ta in ed  a re  c e r ta in ly  net <m> sparable 

to  th e  e x c e lle n t r e s u l t s  o b ta in ed  w ith  th e  o rd in a ry  p r e c ip i ta t io n  t e s t s .

B. In v e s t l o t i o n  o f  Methods fo r  th e  tre a tm en t 
o f s ta in e d  C otton to  D estroy to x ig e n ic  

S tr a in s  of &• c l e a v e  and. th « i r  ~ndotoxin

P rev ious s tu d ie s  have in d ic a te d  that th e  espeeeye of stained c o tto n  

on te a  su ccess iv e  days f o r  4  hours a t  1W  0 In  dry h ea t d id  not destroy 

th e se  fgiorcmrgnnism  and t h e i r  to x ic  p ro d u c ts . Also t h i s  s t e r i l i s a t i o n  

p rocedure was apparently too  d ra s tic .,  s in c e  i t  r e s u l te d  in  the d e te r io r ­

a t io n  o f the c o tto n  f i b e r s .  A s t e r i l i s a t i o n  p ro cess  In v o lv ing  the  a p p li­

c a tio n  o f a o l s t  h ea t f o r  d e s tru c t io n  of th e se  b a c te r ia  and t h e i r  to x ic  

p roducts  might b« eaplnyed w ithou t in ju ry  to  th e  c o tto n  f ib e r * .

A lim ite d  nuabar o f s tu d ie s  was c a r r ie d  out ©a th e  u t i l i s a t i o n  o f 

superheated  et*a«i under vacuum f o r  th e  trea tm en t o f eentaninated s ta in e d  

c o tto n . D e ta ils  o f th e  p ro cess  w i l l  bo re p o rte d  e lsew here .
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fo u r  lo-gm saaples mm sne lOCWgm sample were o b ta in ed  from a bale 

of stained e e t ta a ,  which had been in c rim in a ted  in  am outbreak o f aetata 

i l l n e s s ,  f o r  thane p ro cess in g  s tu d ie s . D up licate  camples ware &l#o w ith ­

draw® a t  the m m  tim e f o r  e x t r a c t  ion  w ith  f jh y s le ie g ie a l e& iins, an th a t  

the  c o tto n  ©cmld be te s te d  f o r  the  p re ten ce  o f  endotox in  be fo re  p ro cess - 

inn* i  quantitative hacteriolegleul exam ination was » d e  on each of the  

5 samples p r io r  to  and a f t e r  p ro c e ss in g . Saeh o f  th e  5 c o t ton  samples 

wa* p ro cessed  fo r  a t  l e a s t  30 m inutes w ith  superhea ted  ttsae : under vacuum. 

After removal o f  a  ene^gxam^pertlea from each processed  sample fo r  the  

b o a te r io lo g ie a l  exam ination* the  r e m in d e r  o f each  sample was e x tra c te d  

w ith  s a l in e  in  o rd e r to  o b ta in  f i l t r a t e s  fo r  to x in  t e s t s .

th e  in c id en ce  o f macold b a c te r ia  in  each o f  th e  & c o tto n  samples both  

b e fo re  and a f t e r  p ro c e ss in g  i s  g iven  in  fa b le  M l*

fJOOJi XXI

Incidence  o f  t% oeid B a c te r ia  in  P rocessed  
and Unprocessed S ta in ed  C otton

C otton
Sample

f e .

Incidence  Kucoid B a c te r ia

ty p e  Ootton

"■"■nos.
B efore

P receesin g

p e r gm 
A fte r

P rocessing

S t a l e d  O otton 3 , 700,000 Home
56Fg do. do . rto.
SSFn do. 30,000,000 1,900
56P4 do. 70 ,000 ,0^) 4a,ooo

do. 190,000,000 hone

I t  i s  obvious from th e se  r e s u l t s  th a t  th e  p ro cesses  employed destroyed  

a l l  o f the v ia b le  microorganisms in  samples S iF i, SdPp* and 96Pg. While 

the  o rg a n ise s  were no t e o n p lt te ly  destro y ed  in  samples and 6$ lr4 , 

t h e i r  numbers were g re a t ly  d im in ished .
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e x tr a c ts  o b ta in ed  fr&r- th e  p rocessed  fend unprocessed  c o tte n  sam­

p le s  v e rs  te s te d  far  the  p resence o f  endotoxin  by ns&n* o f  th e  Shw&rtsimn 

re a c tio n  and p r e c ip i ta t io n  t e s t s • She procedure* fo llow ed were th e  m m  

a* those  o u tlin e d  in  p rev ious s e c tio n s  o f  th i s  th e s i s .  fJe ticrlp tions o f 

the co tto n  e x t r a c ts ,  e x tra c t  concent r a te s ,  end c u ltu re  f i l t r a t e *  estployed 

fo r  th**« t e s t s  mrm g iw n  in  $*ble* 1Y ar*d V,

*he r e s u l t s  o f  th ese  t e s t s  a re  con tained  in  f a b le s  XXII and XXI n «

Ym r e s u lts , o f  th e  Hmmrt'imm t e s t  (f&hle XXII) show th a t  th e  to x ic

products  p re se n t in  th e  s ta in e d  co tto n  ( ra b b i ts  S o t. IG3 and X03-) were

not e n t i r e ly  destro y ed  during  p ro c e ss in g . th e  only p rocessed  c o tto n  ex­

t r a c t  which gave a w p t i w  t e s t  fo r  to x in  was Co 661*% ( r a b b i t  Ho. 116).

The r e s u l t s  o f th e  p r e c ip i ta t io n  t e s t s  ( f a b le  Mi l l )  in d ic a te  th a t  

w hile th® to x in  i s  th e  p ro cessed  co tto n  snnples was g re a t ly  dim inished*

I t  was no t e n t i r e ly  d es tro y ed , The p r e c ip i ta t io n  t i t e r  fo r  the  p rocessed  

c o tto n  e x tr a c t  co n cen tra te*  (0© §6F% e* 5§P% $) ranged fro® t i l l )  V; 1j2D, 

w hile p r e c ip i ta t io n  occurred  w ith  unprocessed  c o tto n  c o n cen tra te s  (Co 

56&qI» S6% g) in  d i lu t io n s  from 1:80 to  1*160. fho co n cen tra te  0o ?0?,.e 

trot: ttorflMl oo n tau in a ted  c o tto n  d id  not p r e c ip i t a t e .
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s t a i x  v a n

P r e c ip i ta t io n  f e a t s  f o r  !3et#©ti©» o f  tf td a tex in  
l a  Processed and Hon-proeeseed S ta ined  O a ttea

C otton
I x t r a e t
Oonoen-
i r a t e
P re c ip i­
tin o g en s

P re c ip itin o g e n  D ilu tio n s

................ 1

A ntigen
C ontro l

t e r m
C ontro l

Undi­
lu te d  l l S  I tlO  i l2 0  l i4 0  l>80 I t 160 I t 320

Oo 8680i 4+ 4+ 34- 34- 24- 24- 4- m 4*

Oo hdigg 4+ 44- 44- 44- 34- 24- 4- + we -

Oo m * i4 4+ 24- 4mr. «e e» «#» «a» wm **> «e

Co M lV g, 4+ 34- 24- 4- «e

Go 4f ts+ 24- 4- - . - • we

Oo MFSgfl 4* 2+ 4- m * we es we - *w

Go MP%0 •A-i. f  1 34- 2+ + sm 4MP «s * - -

Oo 90% - - -

I t  la  concluded fro® the  r e s u l t s  o f  those  s tu d ie s  th a t  p ro cess in g  p ro - 

eednres employing th e  a p p lic a t io n  o f superhea ted  stem® under p re s su re , 

w hile  not d e s tro y in g  e l l  o f th e  w iehle M itra e rg a n ita s  and t h e i r  pro  dust® 

l e  contam inated s ta in e d  c o tto n , do b rin g  about a  d im inu tion  o f th e se  

b a c te r ia  and t h e i r  p ro d u c t# .

th e re  was no apparen t I s j t x f  to  the  o a tte n  f l h a r s . I t  i s  h o lle re d  

th a t  t h i s  nethod fo r  p ro cess in g  contam inated g o tte n  o f f e r s  s u f f ic ie n t  

prom ise to  w arran t f a r th e r  in v e s t ig a t io n .
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©ottoa has the tollswtog eh&reobertffttoff whieh &r© atoUer to  those ©f an 

e a to to t to t

3.* I t  la  ttormofftobl© i t  w ill  r e s is t  b o ilin g  for 10 latomto® 

ani ®rh©a presffsb la  ®t&to©4 ©ebtosi I t  he® toon. fowad to  r e s is t  heating  

w ith  rnŝ mtm.heated stossi under m©i*y» a t HI® t© IS ? # #  C* for m  mimitos*

1# I t  togas***® w ith  ®g» ©r a u to ly sis  o f  o«ll®  la  broth <ml~ 

t*sre« (14)#

I# I t  stto d to to s tli® foRaatioaa o f a gg liitia tos aiad p r e e ip iito s , 

when to je e to i tot© rabbit®.

4# It® tost®  akin fe s te r s  (sbw*yrhsia®» reaction) mag be

a®wtralift©4 w ith  Ip ® d ilu tio n *  o f  tosssn® •enwu

5. Although todoeiag p p m  tofiaaoiatory le sio n s and sy«to»to 

symptom® ia  tomans f©i towing fefeiwderm l tojoffbion, I t  dews neb a flo a t  

ml©®, rabbits or oMoton® when adsstoifftorod by t to  sess® rent®.

6 . I t  indites* a narked Isu cocytosis and asuto I lln e s s  In tomans 

follow ing in h alation  (1 4 ).

? . the istotocea le th a l 4mm I s  jsaeh greater then the m*l*i# ©f cm

8 . th e  to x in  d ees  s e t  a f r e e t  t h e  phagocy tic  a e t l i r i ty  ©f touooovtes«,

9* I t  waff deeceistreted by meayiff ©f th e Stoarbsasnn fwaebton th at 

• to lle r  to x ic  preparatory fa cto rs were e ls e  p reseat to  strain * e f  gjetor*  

ie h le  c o l l .  e t ^ ie e l  £ i  e e lt*  C ltrdjeeter,, a typ toal O ttrebaetor, i^>AerQgene® 

e e l ether stra in s o f  etoasao#

See® ©f the ©torftoberistl©s er aaefeliMbtoft ©f eharw storisilo®  ©at- 

lin ed  1« su ff ic ie n tly  apeoift© for th is  endotoxin to  be ©f urn t&r It® 

detention  to  ©niter® entrants* eulhere a u to ly sa tes, oottoa  extnwab* or ether 

se*p©*t®d m te r le ls#  ileeever, th® p rec ip ita tio n  t e s t ,  although 

tog end requiring large c p sa tit le s  o f Immm mmm9 1® apparently & speeifi©
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miI  r e l i a b le  t e s t  fo r  th e  d e te c t io n  o f  t h i s  ©a&otoxin in  suspeotod 

ngfcerials*

Sin®® t i l l  is en do tox in  does n o t | i w  r i s e  to  d ia g n o s tic  epBgitene o r 

losio& s in  experim en ta l a n im l® , i t  eaano t be d e te c te d  th rough i t s  phar» 

m eo leg ie& l notion* exeopt th rough  a d m in is tra tio n  t o  ftumn. sub jec ts#

i t  i s  hollered that biooheoioal s tu d ie s  m th e  n a tu re  and ©cuspc- 

s it tc ®  o f  t h i s  endo tox in  n ig h t p rov ide  a d d i t io n a l  sca n s  fo r  i t s  d e te c t io n  

and id e n t i f ic a t io n #
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garag e , iafcrsdom ial, In trav en o u s , and la t r a p o r i ta n o a l  Ia3©©bi«ie o r  by 

in h a la t io n  ©f ooatam iastod  ©otton dust*

An ex ten s iv e  s e r ie s  o f  s tu d io s  ms o a r r ls d  o u t on th e  © valuation  

o f  th e  Shm urtsm a roaotio©  f o r  tin® d e te n tio n  « f  th e  endotoxin* SMt© 

mis© m m  found u n su ita b le  fo r  th® to s t*  9w» hundred and baoaty-os® 

whit© r a b b i t s  ©or© os^loyod in  th o se  s tu d ie s*  I t  « n  found th a t  a p p ro x  

I m t e ly  SO pox* ooxst o f  norm al whit© r a b b i t s  a ro  n o t auseoptibl©  to  th o  

phomoasmon o f  loe& l skim fo a e ttir tb y  t o  to x io  m b ® ria ls*  The r e s u l t s  o f 

th® s tu d io s  w ith  th e  Stm artsmaa reaettom  indie& to  (a ) t h a t  m  ©mdotoxtn- 

l ik e  m h ztm m  i s  p re s e n t  in  f i l t r a t e s  from  b ro th  © u ltu ras  and s a l  in© 

suspensions o f  k i l l e d  o u ltu ra s  o f  s t r a in s  o f  A* oloaoae is o la te d  from  

s ta in e d  o o t to a ,  (b) t h a t  a  s im ila r  to x ic  substanoo i s  p re so n t in  f i l t r a t e s  

f r m  s a l in e  © s tre e ts  o f  s ta in e d  c o tto n  im rteX m ated  in  ©ubbrosks o f  to u t#  

i l l n e s s ,  (©} t h a t  r a b b i ts  m y  bo e r o s s - s e a s i t la o d  w ith  th© to x ic  pro&uois 

in  Id. H od ©ultur© suspensions o r  ©ultur© f i l t r a t e s  o f  tb s  organism  o r 

w ith  f i l t r a t o s  from  s a l  in® ex trao t®  o f  s ta in e d  e o t to n ,  (d) t h a t  s to r il©  

try p tes©  b r o th ,  s t o r l l o  p h y s io lo g ic a l s a l i n e ,  and s a l in e  e x t r a c ts  from 

norm al oou*K5ontaminat©d ©otto® do n o t oonbain t h i s  texi©  eubstaao© and a ro  

incapab le  o f  e l ie i t im g  th o  ih n a r tsn a n  phenomenon, ( • )  t h a t  th e  Sfamrtmm  

r o ta t io n  i s  ao & ospeo lfie , sine© c u l tu re  f i l t r a t o s  from e lo so ly  r e la te d  

spool©® o f  b a o to r ia  a re  eapabl© o f  indao ing  lo o a l  sk in  r e s e t i v i t y  to  

In trav en o u s in d e n tio n s  o f  f i l t r a t o s  from to x ig e n ic  c u l tu re s  o f  A* e lo a s a e , 

and ( f )  t h a t  th e  s p o o lf lo i ty  o f  th e  t o s t  may bo iso ro aeed  th rough  th© use 

o f  ©©ram^moubrallsed b ex ie  m a te r ia ls  a s  eea& rels* a  s tan d a rd ise d  t e s t  

prooodnro i s  proposed*

I t  was ©©asiderod p o s s ib le  t h a t  th e  endotoxin, l ib e r a te d  by t h i s  

s t r a i n  o f  A» o loeoas m ight e x e r t  an  in h ib i to r y  o f  f e e t  on th e  ph&gooyiio
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a s t i - f l ty  o f  l@«eeeyt®s# in  'flow Of th e  f a s t  t h a t  a  aarkod  ie a o e e ^ to s te  

has boos dem onstrated  i s  o x p o riaasa ta lly  ieduood oaaoa o f  acu te  i l l n e s s  

r e s t i l t ta g  fwm  e sp esu re  to  sontaalaa& ed s ta in e d  e o t to a  d o s t  o r  a  f in e  

m is t o f  a  s u i to r s  f i l t r a t e  o f  Oho organism* Although two d i f f e r e n t  p ro -  

ee& ares w ars sap loyed  f o r  s tu d y in g  th e  © ffso t o f  th e  eadehea&a on phago­

c y to s i s  h r  Isu eeey tes*  ifos th e o ry  eou ld  a c t  ho su b s ta n tia te d *

f r e e lp i t a t tm i  h o s ts  were found to  ho s p e c if ic  sad  r e l i a b l e  f o r  th e  

d e te c t io n  o f  th e  endo tox in  in  c u l tu re s  and l a  e x t r a c t s  f r e a  e t a lxmd c#b~ 

t m  i iw r ta ia a te d  i s  o u tb reaks o f  acu te  i l l n e s s .

A g g lu tim tio a -p ro o ip ita t io s i  methods in v o ic in g  th o  c o a tin g  o f  

k i l l e d  s e l l s  o f  ji# in re e g o sa s  w ith  th e  p re c ip it in o g e n  ( to x ic  c u l tu r e  f i l ­

t r a t o s  o r  eo tb o a  e x t r a c ts )  fo llow ed by a g g lti t lm tie i*  o f  th® se a te d  s e l l s  

w ith  im am s serum a ro  m s a t l s f t e t o r y  f o r  th e  d e te c t io n  o f  th e  ©adetoxia*

4  m ethod, to o lT ln g  th e  u se  o f  superheated  steam  e a t e r  caeuum* f o r  

th e  t r e &teeat  o f  s ta in e d  o o t to a  t o  d e s tro y  to x ig e n ic  s t r a in s  o f  A* cloaca® 

ami t h e i r  © M otexia was in v e s t ig a te d .
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vi. eoHOursxass

I t  I s  concluded th a t  th e  Simarisman t© s t# idiil®  n o n -s p e c if ic ,  I s  

a  u s e fu l  method fo r  th e  ra p id  d e te c t io n  o f  to x ic  f a c to r s  in  c u l tu re s  

is o la te d  from  s ta in e d  e o tto n , o r  i n  e x t r a c ts  from s ta in e d  c o tto n  incrim ­

in a te d  in  ou tb reaks o f  acu te  r e s p ir a to ry  i l l n e s s .  Furtherm ore# p r e c ip i ­

t a t i o n  t e s t s  a f fo rd  a cc u ra te  sp e o if io  methods fo r  th e  d e te c t io n  o f  th e  

end o to x in .

1 0 1 4 9 3
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