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I.  1uvRODUCTION

during the cerlod from Anril 1941 to supguet 1942, widespread cute-
bresks of seute illmnee vere rererted swong workers in rursl wettrssee
muking centers, cotton wdlle, cotion szed nrocessaing -lant, and uphol-
stering »lants whers a very lowv grade of dusty stained ecotton was ueed.
Zhis illnees occourred amon; workers oxrosed to high dust concentrations,
and its severity varied with the degree of sxvosure.

Investigntions, which have already been revorted (14, 21), demon-
strated conclusively that the stiological agent rezponsible for this
agute ilineng wag an sndetoxin-like subatance wroduesd bWy & muceld,
Oramenagative, wotile, encapsulated, rod-shaned stareorganisn previous
ly referred %o as the “cotton bacteriux." Sudsesusnt taxenswic studiles
indieate that this bneteriur ie a strain of Asrcbeoter closome ().

Phs ivease is charactorized by its sudden onset (1-6 hours sfter
axposure), the short durmtion of the acute phese (usunlly 24-48 hLours
after exvosure}, and By the develoursnt of & msrked lsucocytseis. The
crinciral subjootive symotome are conjunctival irritatisn, substernsl
onpraseion, dryn-ss of throat, gensrnlized nohes, fatigue, headsche,
eough, chills, fever, anoroxia, nousea sand vomiting.

411 the eamnles of eotton inericinmted in outbrsake of {1lnees
wore duaty, low-grade and stzined, and contained verying amounts of
nlant debris. The mejority of these sawmnles were claseifisd within
official arades for tinged and staimed entéom by graders of the i, &,
drvarteent of Azrioulture, and wny of thew were deteribed ss "bolly

{26 in charseter.® The micold baeoteriun pecurrsd tn the exolupion of
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ether $ypss of oleysorganisnme in these samles and its ineldsence rengaa
from 3,000,000 %o more than 10,000,000,00G wepr prar. It w2e not ieo-
lated frowm nizh srade eotton, Seventy of sightyeans sarmles of seteri-
als rosmrted to have caused {1lnoes contained the sase strein of this
buoterium. Tyrieal eulturss of this strain of Aspobacter gloscge have
zleo been isolnied fros berp and grain dust,

A henb-atible, endotoxin-like substznes wee demonstratesd in fil-
teantes froc seiine sxtracts of stzined cotton, in filtratee fre= broth
eultures and in Rilled eulturs susnensions. [t io Yelieved that this
toxie submtance is in the nature of sn sndotoxin bocsuse of its heat
stabilivy, lower sntigenic empselty, and its inoresnse with ags of cul-
ture or Aestrustion of eells.

The smir tyve of digabling {1inees, which resssbles an zeute in-
toxieation, eould bs produced sxneriventally in hwne by inbelation of
{a}) dust from norral cotton contaminated with this organism and ite eul-
ture filtrates, (b) dust from stained cotdon containing largs nunbere of
the osrgnniam nnd (o) o fine mist of etorile filtrates from enlturse of
this beeteriur. In sroeripental oasss, the ssverity of syrmtonms and
ohyeical fincings were dependent upon the npresence and concentration of
this bacterium or its pradacte in the cotten dust inhaled, nnd upon the
dguration of exmosure (14, 21},

Aurortes ~f pinllar dlsspees spong workers ewxposged tn orgenie Jusis
have aprearsd in ths llferaturs for rmany yeara.

Une of tha aarlier refarences to pill fever apong cotton mili work-
ore was rude by beseh (172) in 1463,

Arlidge (1) deserined iliness awong £lax workers ae characterises

by ehille, nausza, vomiting, headachs, thirst, and fover,



Light (13) dercribed & cave of "threshsr'e faver® in vhieh the sympe
tons were hendeche, subetornal ovnragsion, generaliged sches, chille,
fever and anorsxia. ile ales reported the develonrent of merked leuco-
cytosis,

Gliver (15 deseribsd mil) fover among juts workere, resulting from
exnoeure to high concentrztions of Juie dust.

Ensolretory silpents, armong which were tho so-called nill fever, or
donday fever, have constituted imvortant occummtional 4inznses anong
eotton will workers in Grost Britain for mmny yesre (8, P49). Thows dise-
sages follow tae inhalation of cotton dust, Anesrding t5 the litorature,
eatton will workeras, while enguged in the initinl stagee of cotton uroc-
sesing, are subjleot to Yreguent Lllaces uue ko a4 syeeinl snd eomulex
causa, which has nst been completely exrlained, but which hae bean cone
siderad to bs both allargie and wechaniesl (16).

The dJe-artqenial Coemittes osn st in Cardroses in the Latson ine
dustry 1952 (14) revorted that the symptons of the illneass smong cotton
eardroon oseratives were due to the agtion of the dust on the moous
reshrancs of the resoirateory raessges, Assgerding to this report thsrs
war no evidence of espsrglillnals or other sirilar cleases of the lung
due to inhalation of fungus wyeelia, conidis or sporee. In an appendix
to this revort (18), Faitland end his anssociates renorted the presence
of histanine in entton ust an2 suggestsd the possibility of histarine
being a causative {neitor in ootton #ill illnase.

The dasirabilicy of following ur this clu= led thes Pediom) Ressareh
Grunell of Grast Hritadn to institute a stuay of {llness in entton nmills.
Ine resulte of this investigation sre given in the revort ef Frauscitz

{(16). i» concluned that histamine, althowgh nresent in cotton dust, wus



not the omuse of the 1llnsrs. On the beels of werticls size dztersina-
tions and animel sxverizents with cotton cust, however, Frousnitz farsu~
lated the following concepiinn of the nathogenesis of the cotton mil)
i1inans:

1. Vanmatration of Lrritating soluble protains of the

sotéon dust into the alveslar tiscue, graduslly rroducing =

thiekening of the alvealar walls.

2. The development of supersonsitiveness to the eotton
duat.
d. Sunarficial irritatisn of she bronohial mucous meo-

brans by the dust resulting in bronchitis, cough, and ulti-

mately in emnhysena.

In conmnmotion with thie illiness among ention cardroom ovsratives,
the Sritish feriisment in 1940 (23] oessed an act to provide for campen-
gation for workmen who dled or bucame verpansntly and tetally incapeci-
tated for work ae the result of the resriratory disesmee known as byesin-
osin,

¥411 fever has never besn attributed to bacteris or their toxie
vroduets. ‘Howover, the Fritlsh Decartesntel Committes on ust in Card-
rooze in the Uotton Industry in 1982 (18) reported the nresence of large
nunbers of Uran-negative bacilli in cotton dust., ¥o importmnee was at-
trivuted $o these bacteria sinee no factor comoon to the booksriclogy of
the dust and the natisntg! sratum was found,

Tha ncute {llness ocourring ancng workers using low grads stoined
entton, sxceent for ite greatsr soverity, clorsly reseohlas mill fover,
Fonidey fever, or gin faver in aotton slll workere. Sisllar diseaves

enlled hoclkling feveayr, mill faver, grain fever, sand hewn fever Lave besn



revorted in woriers inhaling flax, Jute, e¢rain snd hemn cust, respee-
tively, anc, as wsntioned above, toxigunie etrains of A. closcaw have
been isolated frop hose dust and grafin duet. Yhsrefars, 1t is suggsetad
that toxie nroducte libersted by theese strains of 4. gloncae say cause
thees «tis~ases,

“hig seute illanzes, o which only lurang are suseentible, mey de
congidered as & votentlal ocenpations)l health hueard £or spmloyess in
industries ubilizing low-grade stainsd cotton, or other durty plsnt pa-
terinlas. it is therefore readily spparent that oraetical methods for the
detention of the endotoxin reeponsible for this illnuees should be develw
apad in order o facliitate Lhe investigntion and nreventicn of future
outdreaks of this illnsse. Usudies on wathods €7 the trestuant of sot-
ton for the destruction of thie endotoxin ars aleo lizited until tuete
for its aetestion ars» devaloped,

uring the sarlisr phases of the investization ints the «tiology
of thie acute ilinses a hent-stabls, cndotoxin-like subetance was JF900R-
gtrated in filtrates from ssline extrmebts of sixined ecottsn ana in fil-
trates of broth cultures of the organisn isolated from it by neans of
tha Shuartzsan reaction and the Dolman and Hameon tests for sntsrotoxin
(21). dirnce pogitive fhwartzren resetions and Volpan snd Hemion eaterc-
toxin %sete zay be sllicited Wy nther $axic subatmuces, it was necegeary
to resort to the inhalaticn exnosure ef humesn subjeets o contaminmted
cotton dust, and culturs filtratss of the orgenism or &0 the intradersal
injeoctlon of euch subjects with Tiltratee frop saline extracte of in~
eriminagsd eatton, sad of eulture filtratee in order ¢» demonstrats con-
clusively the etlological agent responsible {or this diseasge,

Ginco it would be iwpoasaible to resort ¢~ the uee of ausn subjecie



a8 & routine srocedurs, the {ollowing ntudies wers uncertaren in an at-
temnd o develon praciical and areeifie nethode for the sebtection of this

andntoxin.



11. MATRODS FOR DETERMINING THE INCIDRMCE IN AND

THY 1SOLATION OF TOXIC BTRAINS OF 4

SHOBACTRR

GLUACAE ¥FROM QOPTON OR OTHER MATERIALS
A, DBacterioclogical Methods

In the investigation of outbreaks of this 1llness, it is obviously
negessary to ascertalin the inoldenee of this toxie microorganisw in sus-
pectod materials. Studies which wers reported previously (14, 21) demen-
strated that the following precedure is prastical for this purpose. The
saxpling and analytieal proeedures are earried out sssentially as follows.
Samples should be colleoted in sterile contalners such as one-gallon Fason
Jars, friction top cans, er in olean, tight shipving cartons in order to
avold extrancous contapinmation. A 1:100 dilution of eaeh smmpnle is pre-
pared by asentically weighing 1 gran of material into 100 ml of sterile
phyalological saline in wide-mouth, serew-cap bBottles. The bottles are
agltated meobanicaelly for 20 mimmtea. Serial diluticns from 1:1000 to
1:1100,000,000 are made from the resuliing suspensions. Aliguet portioms
of thess dilutions are plated on potato-carrot-dextrose agar . Inoculated
plates are insubated 48 houre at 379 C. A mieroscopio examination is made
of stained preparations frow representative colonies in order %o ascertaln
thelr morphological type, OGram-stainm resction and the presence or abssnce
of capeulos and flagella. Bepressntative colonies are selscted for addi-

tional studies and purified Wy repeated renlating.

*Formala! Potatees, 3000 gm; carrots, 500 gm; dextrose, 200 gei
mgnesiun sulfate, 3.0 gn: ealeium carbonate, 2.0 gm; agar, 1850 gr} and
water, 10 liters. pH sdjusted o 6.8,



B. Biochemieal Studies

The strains of A. gloacae isoclated from materials ineriminated in
outbreaks of acute iliness attack the usual carbohydrate tost substannes
exeept adonitol, inositol and imulin. Four different tyres of A. glopeas
vere arbitrarily distinguished on the basis of thesc fermentations (3).
Strains of this organien, vhish are known to produce eadotoxin, have been
placed in Type I. Tyve 1 A. sloacmne was found to predominate in samples
of materials inoriminated in outbreaks of iliness (3). %The limited mum-
ber of charasteristics or reactions vhich serve to identify these miero-
organisnms as A. glopgse and to differsntiate the four types are given in
Table 1.

Parified cultures, isolated frorm suspected mmterials, mey therefore
ba subjected to s limited mamber of worphological and bdlochemical studies,
which will definitely indionte whether these cultures are identical bio-

chsmically with toxigenio types of A. gloages.
G. Serologieal Studies

It has been demonstrated (31) that homologous sntisern can be pro-
duced in rabdbits through intravenous, immunizing injectione with seline
saspensions of a killed culture of toxigenic strains of 4. cloacss, with
Berkefeld filtrates from 7-day tryptese broth cultures of the organien,
and with filtrates from vacunur distillation concentrates of saline extraects
of the stalned cotton from which toxigeniec cultures wers isolated. %The
highest titer that it has been poseibls to sittaln consistently shows posi-~
tive agglutination in & serusm dilution of 118120, All sttempts o preduce

an immone serum of higher titer have been unsuccessful. Reocent studies



TANLE 1.

Differentiation Characteristics of
Four Types of Asrqhaqisr olomsse

Type I Type II Type 111  Type IV

Gram stain - - - -
Capsule formmtion * * * -
Hotility *+ * * *
Iastose fernentation A AS AQ A
Reaction on E.M.B. agar atypioal atypieal atypioal atypioal
Invie resction —y ——td —— ——
Gelasin liguefaction * + * *
Glycercl A A A A
Adonitol - - - -
Ismlia - - - -
* Saccharides A8 A AQ +
Duleitel AG - b *
Sorbitel AG AG 4 - 4
Inesitel - - AQ - §

*Monossccbarides: Aradimese, galactese, gluoose, levulese,
mannoes, rhamnese and xylese.

DMenccharides: Cellobione, maliose, susrose, tredalose and
laetone.

Trismecharides: Raflfinose.
Polymocharides: Dextrin anéd starch.
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have demonstrated that the following irsmnisation schedule is the most
satiefactory for the rousime premarstion »f immune serum. The dosages
employwd and the injection intervals are shown in Table lI.
TABLE 11
Immnization fichedule

injection fuantity Injected
Interval el

1t day 0.58 ml of a 1310 dilution
2rd day 0.50 =1 da.

Hth day 0.78 m} do.

7th day 1.00 ml do.

th day 0.28 wl Undiluted material
11th day 0.80 ml da.

13th day .75 ml do.

i8¢k day 1.00 wl 40.

This seheduls 1s applicable to the immunisation of yabbite with
k¥illed suliure suspensions, eulture filtratss, and concentrates from ex-
tracts of stained cotton. lemmnized radbits ure permitted to rest for
2 days after the n»gw. injeetion. Blood is then obtained by cerdiae punc~
ture, and the imsune serum separated from the clet by centrifugation.

The antigens employed for agglutination tests throughcut these studles
consinted of filtered, standardized, unifors suspensions ef 18 to 24 hour
potato-carrot-dextrose agar slant cultures of tyrical eulturss (11b, 56b)
of toxigenie strains of A. glongpe.

The xethod congisted of diluting the serun in the usual menner with
storile physiological saline throughout a range from 1110 to 115,120 adé-
ing 0.5 ml of antigen %o each dilution and after thorough wixing incubat-
ing all agglutination tubes in a constant Semperature bath at 37° C for
2 hours, followed by refrigeration at 8% C overnight.

&A1) of the immuns sera employed throughout these studies were pre-
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vared and their agglutination titer determined by the methode oute
linad above.

The results of agglutination tests for determining the titer of
immine sera are given in fmdle 1II.

Agglutination tests have been found very useful for ascertalianing
wiwther sugpeoted cultures belong to the same serclogical groun as

known toxlgenic straine of A. glosgge.
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111, SXPERIMERTAL
A. Hethods luvestignted for the Detestion of Endotoxin

As previously reported (14, 21) toxigemic strains of A. gloacas
have a very lowv pmthogsmielity for expericental animala.

Kittons, hamsters, guinea nige, monkeys, baboons, and
Trbbits axposed to econtaminated dust frow low-grade
stained cotton for ome or more seven-hour periods
showed no sysptoms of 1llness. Jassive dones of viable
organisxe, killed cultures, and culture filtrates were
reguired to ¥ill mice and guines pigs vhen injeoted in-
travencusly or intraperitoneally. However, intraderssl
injectione of tho filtrates of stained cotton extracts
snd of a toxigenic culture of A. gloacss in men result-
od in the production of pevers inflammatory lesions
characteristic of an intexiostion rather than a hyper-
sonsisivity.

It wan tharefore considered advisabdle $o investigats other speoics
of animals and fowls as test sudbjeats for the dsseotinsn of endotoxin.
Prelininary studies (14, 71) bad alsc indicated that certain ssrolegical
pethods such as the Shwartesmen test and precicitation teats, might be de-
voloped as practical, speoific metheds for the detection of the endotoxin.
Tharsfors, all methods investigated for the dstection of the endotoxin
were confined to mnimml and sercologionl tects.

1. lkakerials Zmnleved. Seven types of materiale vers employed dur
ing these studises.

a. Visdle Culture Suspensions. Fillored saline suspensions froo
18 to 24 hour potato-dsxirese agar slsnt culsures of toxigenic strains of
4. glongne containing ayproxisately one billion cells per ml of suspension.

b, Killed Culturs Suspsneions. These suspensions wore prepared by

heating viable eulture suspensions in a boiling water dath for 30 amimates.
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Distillation
Flask

|Vister bath
(30-32°C.)

Figure 1: Vacuum Distillation Apparatus

Water inlet

Water outlet
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TABLL IV
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Cultures fmployed

Cul~] Viable | Killed |Culture
ture| Culture] Culbure | Filtrate
Bo. | 8ymbol | dysbel |Symdol Species Source
4 tu 4% |sscherighis | Frozen whola egg after 13
;7% Y yeara' atoragn.
4 Cu 77  |Atypieal Frozen egg yolk after i
. gold yoara' storsge.
1o fu L0 |Cilsrobaater | Frozen egg yolk after B
years' stornge.
11 | Ou 11L | du 1AR | Cu ¥ |A. glomope | Stained ontton sample
{toxigsnie |Ho. 11, ¥Yest Virginia.
Type 1D
14 Ou X4¥ [Atypionl | Prosen whole egg sfter
Citrodactor | 6 years' storags.
18 Ca 197 ) Putrid frosgen whele egg sf-
ter & years' storage.
a6 Gu 367 Patrid frosen whole agg af-
asl ter € years' storysge.
#-30 Cn He35X| Cu HeB6F ngl ¥rom Dr. Franelie ¥, Qlark,
U. L. Dopt, Agriculiure.
49 on 499 Stained cotton sample
fio. 49, Georgia.
56 | Cu BEL| Cu 56X | Cu H& Stained gotton saazmle
Bo, 56, Yess Virginia
63 Gu 83¥¢ Sotson mill dust sample
Ha. 63, Horth Carelina.
aaa Gu 223F|A. gloaone | American Type Oulturs
follaction.
6239 Cu 53%% do, do.
a8} Gu 2818 do. do.
962 Cu 96 do. do.




TABlE ¥

Cotton Axtracts and Yxéract Concentratee Emrloyed

18

Gotton
xtract
dam- [Cotton Gongen- Inetiaence
rle |¥xtract | trate Tyne of A. glopoas
fo. |Byshols | Sywmbeols | Gotton Boures Hambers ver gram
5 GQ % % w‘ \ﬁ“imd; U.ﬁ. %g“‘n WO m.{m’ma
. toxigenie
7 0o 78 o 75g da. Tennesans 760, 000, 000
8 |Co 8% Co 83g do, Kentueky 3, 50D, 000,000
11 |Ge 118 |Co 1iB,4 do. Hest Virginia 2,080,0600,000
43  |Go 438 [Co 438, de. Arkansas 200,000,000
44845 Co 44-5E|Co 44-8Hg|Vnite H, . U8, Dans. agr. Hons
and G. M.
46 [Co 463 |[Go 46Hg |¥hite, Cenrgin 1, 870,000,000
dirty
561 [Co 6%y [Oo Bbisy |Stained, |[#est Virginie 3,700,000 to T0,000,000
soxigenic
565 |Co BH6Ea |Go BEBegy do . 40, 190, 00, 00
565y |Co BEFE)|Co BEPH,,|Stsined, do, Before nrocsssing 3,700,000
progesged &ftor oroomssing Hoap
B5EPs | Cn B6PHE. | Co BBPE;, do. do Before proesssing 3,700,000
After processing Howe
5EI, [ Co BBIT | Co B6PEg, i, do . Before wroosssing B0, 000,000
After processing 1,900
BEY 4| o BEIEy, {n %ﬁﬁ,‘e da, A, Bafore proceseing T0 062, GO0
After processing 43,000
86F 5| Co B6FEZ|Co BBPRg, do, do. Befors processing 190,000,000
After processing (Sparnlates) 100
¢ [Go TOE |Co B, [¥hite U.8. Dept. Agr.|Type 111 {(3) 13, 000
G. H.
71 |G 7% | Co TBe |¥nive da. Hone
&
36 ﬂ.
22 |80 IR [Co 7amg |wnite W, do. do.
75 | Co THE |Co T3Wg |white do. ag.
ﬁ‘ Lb %D
b, H,

> U. §. Departmens of Agriculture official cotten grades (227).
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Effect of the Intradermal Injecticen of Toxie Material in Hsbbits

PABLE V1

Tomperature Changes and lLesueceyte Counte

Potal
idoo-
Hab~ Be “” Count Uifferontinl mgqcxu Count
bit |Faterial or After Reotal rver Seg- W}M iﬁow Aano- %ﬁtw- 8kin
¥o. |Injeotod [Injeation °F | med nds menters aytes oytes philes philes |Hesetior
1 Cu L» Afder 106.8 - - - - - - - Hone
ao . w,lcﬂ - L L - -~ - -
3 do I aﬂ 1Y }i}ﬁ.g - - o - e - -~ &9 *
da. 104.0 - - - - - - -
2 éo. Before 102.6 (22,B00] 9 42 1] ) s 0
do. 108.6 (10,800 4 a3 68 4 0 2
After 103.7 (43,800 | 21 43 a2 4 4 ? Edesa
ds, 103.8 126,700 8 44 41 k4 0 0
4 do. Bafore 101,1 | 8,000 | 23 43 41 4 4 6
‘do., 108.8 (10,800 | B a8 B3 6 8 8
After 104.7 | 8,800 | 8 48 123 4 2 3 Kome
do, 02.6 13,4001 1 =] 8 2 4] 2
dc. 103.5 11. 80| 1 30 &6 2 1 4]
i) do. Bafore 103.8 (11,400 | O an ‘48 & 1 é
dn. 108.3 (14,400 | ) 26 81 8 2 4
Afser 106.4 (10,400 | 9 a9 19 1 (1] 2 Siighs
Bdoma
do. 108.0 (14,300 | 3 18 74 2 3 a2
da, 103.2 (20,200 | B 81 63 3 1 G
6 | Su B&¥Y Afser 1080 - - - - - - - ¥one
do. 1Q3 . L - - - - - -
7 do. Bafore 104, | 7,400 | © 81 &5 s} O 4
do., 104.6 | 2,800 | O 24 e a 0 2
Afver 105.8 (14,600 | 3 78 16 2 D ) 9 do.
do. 104.7 | 8,400 | © a9 54 k4 O O
d0. 108.3 | 9,600 | © 43 58 5 4] 0
B ﬁa 13,@ Aﬂ’r 19‘-3 - -~ had - -~ - -~ 4‘} .
do. 108.2 - - - - - - -
9 aﬁ’ . dﬂ - 1&& 09 - - - - - - - &9 »
d‘ﬁ L 1{)& . 9 had - - - - - -
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PABLE VI {Oons.)

Potal
|_Zempernture :,w ) . s
. fore Oount Differential lLeucocyte Count
bit [Material pr After Heglal| ner JSa Seg- lymmho- Yone- Baso- Howino-|Bkin
Ho. |ingseted [Injsotion . an® nds mwenters cytes coytes philes philes | Keaetion
10 | Co 118 | Befors 103.2 |12,400| 2 20 ] B 1 )
do. 103.2 (11,400 | 2 3 80 2 1 4
After L03.6 [20,800 | & By 56 3 1 b4 #lighs
- Hdeon
do.  102.8 [11,800| © a8 €9 6 0 0
do. 103.8 | 14,400 & 26 88 ? ¢ 3
11 do. Before 102.2 (18,400 | 8 28 84 é 4] 'y}
do. 103.9 (13,800 | o 27 58 ? 8 4
After 103,85 (13,000 | 6 44 a7 3 2 8 51ight
i, 103.1 |18,400 | © 25 7 & O 0
do. 102.9 11,000 | 4 30 61 -] O 0
13 do. Bafore 103.4 (10,400 | 3 20 52 g 4] é
do. 103.8 [11,000 | & 31 54 9 1 2
After 103.0 (17,800 | 4 %4 BO 6 1 5 $1ight
Bdans
da. 103.1 | 9,400 | 2 Ba 432 A g 1
do. 108.8 (10,400 | 6 &2 28 3 1 8]
‘13 | Co B6% do. 108,00 | ~ - - - - - - Hone
d@. 1‘33-8 Lo - - - -
14 ao. Before 104,0 |16,600 | © 54 40 2 0 4
do. 108.4 (13,800 | O 80 48 2 4] O
After 104.4 [16,000 | O 59 32 7 2 1 Blight
Adamn
d0. 108.5 (13,800 | O a8 87 7 O O
4. 102.1 |18,400 | O 50 44 6 Y 0
d}ﬁo hod - - - - - - -
16 %’ ﬁgg. - - - - - - - &Q,
da. - L - - - - - -
17 | % ﬁc@i ol R '.h - - - - - “.A
dﬁt hd Rd b - - - L L -
18 T Before 103.4 (11,400 [0 40 56 2 0 2
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TABLE V1 (Oomt.)

Total
Yompersture | MOwSo- ,
Rad~ rore 'W%Q‘ mﬂnmunamnqhﬁmm ]
Bis [Haterial pr After Reotsl| per Sng- lgmpho~ Monos Baso~ Zosinoe| Skin

So. |Injested Injection °F g montere oytes cytes philes philes | Esactien

27 |Comtrol |1180 X 103.4 | 14,800 |

-]

¥ot
hﬁﬂm

&
8

9130 AH  105.4 | 12,800
1180 P 103.4 | 14,800
9146 A  102.8 | 11,800
2080 P 103.4 | 13,600

28 dn. 1140 P 103.2 | 148,800
9140 AN 103.3 (20,800
2100 PH 203.5 | 18,400
2:40 AK  103.5 (18,800
2143 PH 103.8 | 17,000

HABNE TOSR
248BE 83BER B
22888 8888
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marked in the control as well as in the test animales that ne definite
gonclusions oould be drawn.

¥hile the intradermal injagtions ¢f eulture filtrates and cotton
extract filtrates resulted in definite temperaturs inoreasses in the test
animals, skia reactions, physical signs, and white blood asll counts wors
too variable to be of dlagnoetic wvalus., It was, therefore, eanalqéaa
that rabbite are nat suitable animale for intraderml skin tente for the
detection of the endotoxin yreduded by texigentic strains of 4. gleasaese.

b. Twsate with Chickens, Bunysa and FreDemsld (2) reported that cer-
tain strains of A, aeragenes and 5. goli ver. pgidilsaticl are capedle of
causing mortality in turkeys. Their pathogenicity tests showsd that deth
organisms when recontly isolated from Surkeys were capable, by intravencus
or intraperitonsal innoulation, of preducing disease and death in yeung
or adult turkeys. Other workers have reported that young chickens ars
als” susseptible to infeotion with eertain mesmbers of the aoliform grean
of bacteria. In view of these reports, ysumg chickens vere studisd as
teat snbjects for the deteetion nf ondotoxin in enltures of 4. glosges and
in Soxigenic filtrates from extraets of stained cottoen.

(1) ¥aterisls Tested. Viable culture suspensions of texigenie A.
gloagne (Cu 56L): xilled eulture suspensione of toxigenic A. gloagss (Cu
B6K): eulture filtwates from toxigenic A. glescee (Cu BEF and Cu 11F);
toxigenic gotism extrnet filtrate (Co B6X);: normal eotton extrect filtrate
(Go 44=8B); sterile Sryptoss broth ()| and imotonic sals solusion (8).

(2) vethods of Administration and Doesge. Oavage, 0.50 ml and 1.0
ol; intraderml injestion, C.AD ml; intravensus injection, 0.80 nl; in-
trapsritonsal injsation, 1.00 ml; and inhalation exposure to dontaminated

cotton dust.



Tast Bo. 1. Fifty-six chickens were employed in this test series.
These chickens were obtained at the age of one day snd held under obsere
vation in an elsetrie brooder for 7 Ms prior to test. They were fod
A balanced staryer mash, watered, and their enviromment wae maintained
in a sanitary condision. All uﬁiciél vere strong amd ,imu}.ew At the tire
of test. |

Five-tonths ®1 of each tast substanee (Cu BEF, Cu B6L, Cu BEK, Co
56%, Co 44«83, T, and §) was aduinistered to six 7-day-old ehicks by
gavage. Fourteen unincoulated chiocks were retained as sontrols., All
birds were obmerved throughout & two-week period. Home of the chicks de-
veloped any abnorma) signe or symptoms during the obasrvation period. 4t
the end of the firet two-week period, 1.0 ml of sach test material wvas ad-
rinistered %o the same hirde as in the initisl experipent. All birds wers
obgerved for an sdditional 10-day perind following the second serles of
injeotione. Home of ths birds develoned amy abnormml signe oy symptons
of infection or intomication following the segond series of injeoticns
with larger doses of the test materials.

At the sermination of the experiment all of the birds reeeiving vi-
ables culture suspensfone, representative dirds receiving the sther test
materiale, and contrel birde were killed by ethar an-sthesia and autopsied.
All groes autopsy findings were nsgative. It was concluded that young
chiocks are not wusesptible to infeation or intoxication with toxigenic
strains of A. gloacae or their produats when the test raterials are ad-
sinistersd by gavage.

Zsst Ho. 2. Theor tests were undertsken in order to aseertain vhether
young chicks were susseptible to infeation or intoxicstion with A. glokose

or its products following other avenues of edminietration.



Forty-nine chickens vere emvloyed in thie teet saries. These chicks
wero obialned at the age of one day sand held in an eleetric brooder for
24 hours wvithout food. Shey vere kept or u balonoed asterter sash and wa-
tar, and their anvironment vas maintained in 2 senltary condition. %he
ehicks wors kent under obmervation for 16 deys before test mnd all were
strong and heaslthy at the tire of test.

#ach test sudstance (Cu 56L, Cu 66K, Cu 11F, (o BER, o 44-5%, and
?) wan adeinistersd to three chicks by intradermml injectisn and to three
birde by intraneritoneal injection, sweent in the omse »f the eix birde
rogeiving Cu B8F. This filtrate was administered to three birds by intra-
dereal injecetion, to twe hirde by intravencus injfectinn, and to one hird
by intraveritoneal injection. Intravenocus injeeti-ns ware found to be in-
practioal, hence this method of edminiestration wes nat emloyed for any
of the other tsst materiale. SHeven uninocculated bLirds wers rotained as
controls.

The birds receiving s killed culture susveneion, cuiture Filtrates,
cotton axtract filirates and sterile tryptose broth wars keut under ob-
sarvation for a nerlaed of two wesks while the chicke reosiving live eul-
ture suspenglions wore kewt under obassrevation for 32 deye. Hone of the
birds develoned any symptoms or reactione indieative of intorioation or
infeetion following the intradermal, intravemous, or intraceritonesl ed-
minletration of the test subetances. Rezpresentative birds from each group
were autopeied at the end of the final abssrvation -eriod. The grose cutou.y
findings wors nogrtive.

It was concluded that 7 to 38-day-old ehickes are not suscestible te
infection or insoxication with toxigenie A. gipagas or its vroducts.

Zask Ho. . These studies were undersaken in order to aseertain
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{1) Materials tested. XKilled oulture suspemsion of 4. cloagss
{Cu 11R);: oniture filtrates from toxigenic A. glosgge (Cu 11F and Cu 86F);
toxigenic sotton extract filtwates (Co 11li and Co BE2E}: normal cotton
oxtraot filtrate (Co 44-8E); sterile tryptose broth (7); and sterile iso-
tonic melt solusion (8).

Each mouse was injected intradermally with 0.135 wl of eme of the
test satertials., None of the nice developsd any skin resoctions ar cther
gyuptous following these imtradermal injeotions. It was concluded that
white mice are unsatisfactory for eskia teste, sincee they de not respond
to the intradermal administration of materials sontaining she endosoxin.

3. Ssrolomioal Hethods.

a. Shwartzman Reastion. Shwartzman (25, 23, 84) firet demonstratad
a new phenomenon of loeal skin reactivity to Bagillns truhesus culture
filtrates., The reactivity vas induced in rubbits by intraderssl injes-
tisne of the filtrate folloved, after g 24-hour interval, by the intra-
venous injeotion of the same filtrate. The loecal remctions appcared at
the site of the skin injections: they vere fully daveloved within 4 %o 5
hours after the intravencus injeetion: they weres extremely severe and
shoved pronowneed negromis of tiesue vith rupture of blood vessels and
extonsive lecal heaen'w. The resstions in different rabbits veried in
sirze froa Ixl on to 434 on. Adout 78 peroent of the anlmale tegted de-
veloped severe looal hemorrhagic reastions. %The remaining animals vwere
snontaneously resistant to the phenomenon. The toxie facter inducing the
reanction was thernmostable. HRydrogem ion concentration did net inactivate
the skin preparatory fastors throughout a pE range of 4.0 %o 9.0. There
was no change in the hest resissance of the prevaratory faotors at any ni

within this range. Shwartzman (28) reportsd that the mechanism of this
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hemorrhegic reaction differs fron basterial hyrersusceptidility in (a)
losal peactivity, (b) short incubation period necessary vo induce the
looal reactivity, (c) the short duration of the stase of reastivity, (d}_
she sbility to induece locsl reactivity by = single skin injsction, (e)
the waverity of the resction, and (£) the necessity to mke the second
injeetion of the toxie agent by the intravennus route.

In prelicinary etudies previously reported (14, 2B1) it was reveale:d
that extracts of stained cotton, incriminated in cutdreaks of acute ill-
ness, killed omnlture suesnensmions, and culture filtrates of A. glosese iso.
lated frow thie cotton contained a thermostadble, endotoxin-like substance
eapable of eliociting the Shwartaman reaction in radbits. The results of
thees nproliminary studies were suffisiently encoursging to warrant addi.
tional investigation of the Shwartsman phenomencn as a specific routine
test £y the deSection of this endotoxin in eulturs filtrates end in ex-
tradte from stained cotion or other meterials inerimiaated in futures out-
breaks of fllness.

(1) Animals employed. White mice and rabbits were employed in these
teste.

(2) daterials tesbed. The materiale tested imoluded killed eulsure
suspénsions and culture autolysates of toxigenie strains of 4. glopcge and
othsr closely related microorganises, filirates from saslin: extracts of
stained and of norvel cotton, wvacuus distillation concentrstes from salime
extraots of cotton, storile tryptose broth and isotonic salt solution.

The identifying aymbols and the desaription of these materials are given
in Tables IV and V. Rach test substance will be refsrred to by eymbdol
throughout thase teets in order to simplify the tabular data.

{3} ‘Technigue. In demonstrating the Shwartszman phenowenon, sensi-
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TABLE V1

Shwartzman Reaction in ¥loe for the Detection of Emdotoxin

mm-g_gmmam

Bomsitising Injeetions

Kouse Quantity Quantity

Ho. Haterdals | ul | ¥aterials wl Reaction
1 tu 117 0.128 | Cu mv 0.38 None
3 G0 11% do. Go 113 dn. do.
a Cu 867 do. ou S&r do. do.
4 Co 563 do. Go BER do. do.
5 Co 44~8E do. Go 44-68 | do. do.
6 Cu 11K do. Ou 11K dn. do.
7 T do. t do. do.
8 8 do. s do. do.
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Tablé: VIN

Positive Shvartsman Resctions Produeed with
Killed Cultures and Culture Autolysstes of
A gloacus end ixtracts of Stained Cotton

56

tonsitining ,
Injeotions Reasting Injeations Reaetion
ot -

| ity
S Quan- =l an~
bit | Weight tity por tity | Do
Ha, kg ¥aterials wml laterials kg ul  |gree Type

29 3.17 ’Gn 11K Q.26 Ou 11X 0.94 3.00 4+ H8" (aled)
34 345 *| Cm 10F¥ do. do. D.42  1.B0 4+ HE

41 2.6 Ou 11K do. Ga 11F 0.89 1.80 &+ Ry

ar 3.01 de. do. Co 118 1.9 &.00 - Ho reastion
38 | 3.91 | Go 11E do. | Ou 11X  G.B1  1.B0 | 2+ HY (died)
37 Z.80 Cu 11K do. Go 118 .22 8.00 | - o remetion
a2 d.91 do. ds. Cu B6X 0.34 1.00 - do.

45 | 288 | CuBK  de. | OullX 034 lu0 | - do.

40 J.64 Cu 11k do. Cu 58K 0.48 1.80 A+ HE

42 | 3.60 | Ou 86K do. Gu 118 0.42 1.60 + By

21 2.54 Cu 1K do. Ou BEF 049 100 23+ HE

a6 343 Cu B6P do. Gu 31K 0.43 1.50 2+ BN

48 .54 0w 11K do. Cu 56F Q.38 1.38 B+ HE

80 2.92 Cu 56 do. Cu 11X (.80 1.8 3+ HRE

4 | 273 | CullX  do. | CuB6F 1.83 5.00 | -~ Wo resetion
49 2.68 Cu B6F do. Cu 11K 0.42 1.78 2+ H

49 4.10 do. 4o, da. Ced2 1.78 3+ HE

65 l1.48 Gu 11K do. Cu 66F 2.70 4.00 4+ HY

* = Hemorrhagloep H = Negrosis.



PABLE VI {Gont.)

faneitising

Injestions Reaoting Injections Renation
Cuan-
tivy

Rab- tman- L (nan-

bit | ¥eight tity rer tity | De-

Ko, kg Katerials ml Haterials kg rl gree Tyne
43| 2.43 | Cu 86X 0.95 | Cu 56K 0.41 1.00 | 4+ HY (dled)
66 | 2.2 do., éo. do. 0.43 1.00 | 2+ HE
31 | 8.04 do. do., | Cu B56F 0,49 1.80 | 4+ ¥ (dled)
39 | 3.88 | Cu 56¥ do. | Ou B6K 0.88 1,80 | 3+ HN (died)
46 | .44 | Ou 56x do. | Co 58E  3.08 5,00 | a4+ hH
47 | 23.53 | Co B6E do. | Cu B6XE  0.89 1.80 | 3+ EN¥ (dled)
25 3.34 Cu 10F do. do. (.29 1.00 - Ho reaction
27 | 3.7 | 6wl do, | Cm 1MF 047 178 | 4+ WN
3 | .54 | Gu 12F do. | Ou 86K (.43 1.80 | + RN
40 3.28 Co 118 do. do. 0.38 1,00 - o resction
B0 | 2.95 | Cu 86X do., | Co 118 2.84 7.00 | ~ do.
86 | 3.12 do. do. én. 2.56 8.00 | - 4o,
62 | 1.94 | Co 1% do. | Ou BBE  0.51 1,00 | 3+ i (aled)
20 | 2.64 | Cu 8ErF 48, | Cu 56F  1.12 3.00 | 4+ do.
49 | s.81 | Cu 86K do. do. 0.88 1.20 | 4+ BHK
38 | 2.08 | Ou S6¥ do. 0. 0.30 1,60 | 3+ HE

101 | 2.88 do. do. do. 0.49 1,40 | &+ M6 (dled)

143 | 3.3 do. do. da. 0.80 0.84 | 4+ do.
119 | 2.84 do. da. do. 008 0.128 | ¢+ H¥

130 | 2.60 do. do. do. 0,10 0.38 | 4  HE (died)
121 | 2.88 do. do. do. 0,80 | 4 do.

0.80




TABLE VIII (Gons.)

+8

Seneitising
injections Keucting Injections Henotion
PWan-
_ tity
Rab- Gunan- al {nane
bit |Weight v ity por  tity | Dee
Eo. kg Faterials =l Hateriale kg nl gres Type
138 3.96 Gu 56¥ 0.286 | Cu 56F 0.30 0.890 4+ ¥ (dled)
m 5.“ dﬁt do- d@n Q-QB . 1.&3 4"' ﬁﬁt
123 3.70 do. do. do. 0.850 1.8 3+ B
140 2.75 do. an. {1:10 1.0 0.378 ] 4+ HE
dilution)
Cun 56F
129 2.87 do, do. Cu B6F 0.06 C.143 | 4+ HE
1358 5.0} da. do. do. 0.6  ©.30 4+ HE
1&3 2.98 do. do, 4o, 0.30 0.60 &+ HY (ﬁiﬁéx}
14‘3 3..15 &"o éﬂc &ﬁ. 0.3{} G.N 4+ do.
184 2.43 do. do, (1:10 0.26 0.80 - #o roaction
dilation
Cun 567
2()1 203? “o &ﬂt &9“ @-3@ f?cm - aﬂ‘o
B& 319 Ca 1YF do., Gu 11P 0.47 1.5 4+ KB
i8 3.32 Co 11X do. Go 118 1.39 4.80 - Ho reaction
1»9 3;&3 d‘c 600 dﬂ: 3-98 Q.Gﬂ had M.
31 40% aﬂ- é@' Mu 3030 1(}.00 - ﬁ,@.
59 ‘clﬂ do. do. do. ).an E.W - do.
71 2.94 Go B6X do. Ooa BER 1.582 4.80 - do.
0. | .48 4o, do. do, 2.33 8,00 | 3+ BE (dled)
&2 1.94 do. do, do. 2.06 4,00 - Eo resction
2.82 do. do, dg. 2.02 B.75 4+ BE

oz




TARLE VIII (Gons.)

a9

SBensitising

Injeetions ﬁanau% Injections Resction
Quan~
ity

Halm - sl (aan-

bit | Haight ity per Mty | De-

Ho. kg ¥anterinle al Faterizls kg wl gres Type
£9 2.04 Co B6%s 0.3 o BE¥g ©.98 2.00 4+ i {ated)
lg KN ] w do,. Cu 11¥ {1 o443 1.B0 - 45 reaction
B3 A48 do. 8. do. .80 3.-?& . 2 Wi
54 2.54 Cu 1P do. Cu 56 0.38 l.38 3+ HM

lé% 1.%6 o, do. (131& .20 340 + HY

dilution)
tu BEY

1?? 3.46 &’30 ’éﬂ. ﬁ.ﬂ. 0-8{} G:m 3 + I‘g{
15 4.78 do. do. go 118 1.88  9.00 2+ HE (died)
15 &-33 GG llg dﬁ. aﬂ 11? {3.35 10% A+ do.
35 20"2 C"u 1“ &ﬁl 30 m 3:2{) 5.{}3 4+ Kg

B6 B.24 {u BE&F da. Cn BEXE 1.38 4.50 - ¥o renction
24 3.92 Co BEE do. Cu B6F 1.02  2.00 4+ W (dled)
17 4.44 Cu BOY do, o B6% 202 2.00 4+ da.

40 3.08 do. do. 8o 112 1.98 8.00 - Ho reaction
4a 2.97 Go 117 d0. Cu 567 QB0 1.80 4+ HE (ﬁiﬁﬁ}
63 1983 g“ w flﬁo . GD 135 30?3 5.@@ - ?%Q l"ﬁaﬁ‘iﬂﬂ
66 | 1.58 | Co B8Ry  do. Cu B6F  0.47 098 | 3+ N (died)
#? 2.08 Ca 5&8F do. Co B6X. 0.99 2.00 S+ HN

103 e B6K do. Cu 56Y 0.8  1.80 3+ AN (dled)

2.93




PABLE VIII (Cont.)

Bensitising
Injections Reacting Injectione Heaotion
Lann-
tity

Bab Gt ml Qann-
bit | Welght ity rer Sty | Dee

Ho. kg | Haterials =l | Faterials kg ul | gree Type

91 | .52 | Co 562 035 | OuB6F 0.50 1.08 | -  Ne reaction

(aied)
2B | 2.2 do. do. [(12)0 0.30 0.45 - Ko reastion
dilution}
Cu 569

163 | 2.46 | Co 118 de. do. 0.20 0.80 | - do.

172 2,88 Co B8 do. 4o, .20 (.80 - 80,

kal ‘.m 60 llge do. do. 0.30 G.Eﬂ - do.

140 3-40 Qe % éo. do. 0.230 0.70 - do.

159 215@ do. é@o &ﬁ. ﬁ.m Gom + 1]

42 2,90 Go 118 a0, Co 865 2.08 6.00 - Ho reaction
45 .30 Co B6E do. Ce 118 2.03 6.80 2+ HE

68 2.4 Lo 1m do. ee m 3.8? G.OG 2+ HE

70 | 2.08 | Co 568 do. |Oo BEBg 0,99 3,00 | 4+ HH (a1ed)
n 2.04 do. Go 868 1.9 4.00 + R

Co G6Eg
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positive reaponse could met be elielted from 28 (31.1 pereent) of the
animals. These figures sonfira the resulte reported by Shwartzmn (22,
a3) vho found that approximmisly 21 to 22 percent of rabbite are spon-
tanoonsly resistant to the nphenopenon. Of the 28 rabbite, frowm which
a positive reaction sould not bYa obtained, 14 (50 percent received pre-
paratory or reseting injsotions of cotton extraet filtrate (Co 11R).
This sxtraot was known to posgess an andotoxin of low potemey. %he sge
or sige of the radbbits did not appear te influencs the reaction.

Zast 2: These studies vore carried out in order te demonstrate
that ths eontrol muterials need in ow:r studies would not elicit a poei.
tive Shwartzean reaction. Physiological saline was used throughout this
investigation for the extSraction of the toxin from the coston and tryp-
tose phosphate Yroth was used in the preparstion »f culture antolysates.
A saline axtraot of normal ocotton was alwo included in order $o provide
evidenoce that sxtractable fractions of this cotton were montoxic. The
¢ontral substanaes were injeeted separately as doth pretearatory and re-
sating factors. They were alsn injegted for eross reactions with eech
other and with Enown texigenic substances.

The materials injeoted for both direet and eross reactions and the
resulte obtained are recorded in Tadle IX.

Forty-five rabbits vore amploysd for these tents. Fesitive Shwarts-
san reactions could not bs obtzined with any of the control msateriale, re-
gardless of whether .auto. were exployed singly ss bDoth sonsitizing and re-
seting factors, or in cross reactions with each m&in or with kmown toxie

. mterials. It was concluded that aterile tryptose phosphate broth, iso-
toniec salt sclution, and saline extracts of noreal nomesntaminated cotton
are incapable of elleliting a positive response vhether emsleyed alone or

in conjunetion with known toxigenic meterials.



TaBLE IX

Sheartsman Heaotion. Tests with Control katerials.

Geneitizing
Injections Beacting Injections Regotion
Guan-
tity
Rab-~ “aan- rl | Gman-
bit | Welght tisy per | tity | De-
Ko, kg fmterials| ml Hnterisla) kg ml groe Ly ne
23 2.81 b 0.28 7 1.77 | 8.00 - Ho resction
3? 3065 Gu 563‘ &0. ’ 3&“ ﬂnf)ﬁ - &ﬂ'
28 3.86 2 do. {u 86¥ a.ga 1.50 - He reamttion
{ased)
18 3.48 ® do. {0 588 1.78 | 6.00 - fieo yegotion
21 2.98 Go 56% do, 2 8.71 | 8.00 - do.
a7 3.84 by do. Co 44-55| 2.08 8.00 - dn.
:ﬁﬁ 3'6‘4 ’30 %&g dﬁu ? 3‘63 ﬁn(}f} had é&?.
36 244 T dn. 8 2,22 | 2.00 - do.
a7 2.36 T do. Cun 117 (.60 | 2,00 - do.
4‘{} 3;{)(} G’h 1“ aﬁo ? 3'3\5 B.C‘ﬂ - Gﬁo
41 G 18 ? d@o .QQ 1lf3 2;&1 ﬂeﬂi\ - ﬁﬁt
a 4B ﬁu lu da. 'f 1-0 aﬁ 3;@0 . - do.
18 4.74 0\1 56K da. T 1.6& BOO | - 4.
21 | a1 ” ao. Gu 11K [ 087 | 1.75 | - do.
36 5»59 g éo» e’u m Q.‘Q lim bl &9-
34 401(} G" 11&; da. f 1.93 8.9(? - aﬂo
22 2.82 8 do. 9 1.78 5,00 - do.
25 2.09 Gu BEF do. $ 4.30 | 9.00 - do.
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Tost 3¢t This series of tests was undertaken in order teo ascertain
vhether imwune serum prepared for toxigenic strains of 4. gloacae would
neutralize the toxic skin preparatory factors preseat in killed eulture
suspensions, and culture filtrates of the organisn and in extraets and
extract concentrates from steined cotton. It meemed reasonable to assune
that the Shwartzman reaction could be made a more specific test if the
imsune sera for known toxigenie mmterials from stained cotton or eulture
autolysates would neutralize or prevent a resction with these materials,
while permitting & reaction with toxic sudstanees from other microorgan~
isms. Immane seruam was mixed with killed oulture suspensions, culture
autolysates, siained cotton extracte, or astained cotton extract concen-
trates in the ratio of 1 part toxigenic material to 3 or 4 parts of serum,
In some caees the serum filtrate mixtures were incubated for one hour at
room temperature and in other cases at 37° ¢ for 18 hours. The tempera-
ture and the length of the inmcubation did not apvear %o influsnce the
resulte. Both enlture materials from known toxigenice strains of A. gcloacae
and from other closely related strains of bacteria known te give a posi-
tive Shwartzman test were employed in these tests. The serum-filtrats
mizxtures were used as preparatory or sensitising injections. Zighteen
rabbite were given the preparatery injections with serum-filtrate mix-
tures. Fourtees of the eighteen raddits failed to show a positive Shwarts-
man reaotion following the intravenous injeotion. A positive reaction
was elicited in four rabdits in spite of the serum newtralisation of the
toxigenic mnteriale o%we«oah In order to ascertain the effeet of the
dilution factor, eight rebbits vere given preparatory injections with
toxic filtrates which had been diluted with sterile isotonic saline in

the same ratios as with sarun and incubated as in the case of serum. JFour
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of the rabbite receiving the toxic filtrate-saline mixtures gave the
positive Shwartzman reaction, while the results obtained with the re-
meining four rabbits were negative. The materials employsd, the quan-
tities injected, and the results obtained in these teste are summarigzed
in Table X.

Shwartzman (23) reported that toxie filtrates from B. typhosus
cultures diluted 1t4 were consistently able to induce local skin reac-
tivity. Since the results of the studies reported here were somewhat
varisnble, it is believed that the dilution factor may have influenced
the results.

It is also apparent that toxie skin prevaratory factors may be neu-
tralized with immune serum, Additional studies on the effect of dilution
and serum neutralization on skin preparatory factors should be carried
out at some future time when rabbits are more readily available.

Tost 4: ¥From the resulte obtained in Test 1, it was evident that
more consistent results could be obtained when autolysates from toxigenic
ocultures of A. gloascse were employed for the intravenous or reacting in-
Jectione in the Shwartzman test, and cotton extracts or extract concen-
trates were employed as the sensitizing or preperatory injections. The
culture autolysates wers found to be of more constant potency, thus mak-
ing it possible to adopt a standardized reacting dosage for the test.

Shwartszman (22, 23) recommended the use of 1.0 to 3.0 ml per kg of
body weight of the toxie substance liberated by typhoid bdacilli for react-
ing injections. This dosage is too high for A. gloacae endotoxin. The
following experiments were carried out in an attempt to standardize the
Shwartzman reaction for the detection of endotoxin in culture filtrates

or extracts from suspected cotton or other similar wmaterials.
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in order %o mecomplish standardization of the test, it was nscessary
to ascertain (a) the winimun remoting dosage which would elicit a strong-
1y positive Shwartesan reaction in rabbite without causing the death of
the snimsle and, (b) whether the preparstory or sensitizing injection has
any influence on the toxioitsy of the remeting injection. All rabbits were
selected for uniformisy of weight in these studies. S5ix rabdbits (Fes. 119
to 124, Table XI) vere given preparatory injsetions with 0.28 sl quanti~
tiew of sulture sutolysnte Ou BEY¥. Twenty-four hours later sach sniral
regeived one of a gradually ineorecaning series of intravenous dossgesn.
Thess dosages ranged frow 0,08 to 0.50 nl per kg. The resulte of these
studies are summarived in Tadle XI. It was found that 0.08 ml of Cu 567
par kg, vhen enployed as e reaoting injection, elicited a 4+ Shwartsmen
rexotion without resulting in the death of the animnl. An intravencus
dosage of 0.1 ml per kg, while producing a strongly positive reaation,
also resulted in the death of ths animal.

The folloving axperinent was designed $o ascertain whether the sensi-
$izing injection hae any influence on the toxicity or potenay of the re-
asgting injeetion. Two series of animmls were employed for the tests.

The corresponding animule in each series were selected for uniformity of
welght, One series of animals regeived preparantory and reacting injeo-
tions for the Uhwartzsan teste, whils the animnls in the seecond received
only the same intravenous injections as the corresponding animals in the
firet series. The materials and quantitiuvs injectsd and the results of
the test are shown in Table XI. The last ton anisals ia Table XI were
ineluded in thie test. %he niniwum intravenous dossge producing death
in this series of aninmsls receiving a prior semsitizing injection was

0.3 nl var kg of body weight. The minimun fatal dosage for the animale
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source and type of cotten and the inecldease of mucoid baoteria in the
gotton are given in Table V.

All test materials were used as preparstory injeections, and the
toxigenic cnlture filtrate Cu BEF wae employed for all reasting injec-
tions during these studies.

The results of thase teats are shown in Yables XII, XIlI, and XIV.

Shwartsran (24) and Freund and Hosmer (8) have reported that culture
filtrates from other microorganisme possess preparatory fastors which
will induce local skin reactivity in rabdbits. This ie confirmed by the
data reported in Table XII, which shows that filtratea from coliform eul~
tures Cu 4F, Cu 7P, Cu 10¥, On 14F, Cu 19F, and Cu H-35K possess prepara-
tory factors wvhich will induce local skin remetiviiy in rabbits, which
&ave a positive Shvarﬁzmnn reagtion when the sensitizing injeation with
these filtrates uan:rellawad by an intravensus (rescting) injeettion with
a texigenic culsurs filtrate of 4. gloages. While these results are in-
dfeative of test non-spesificity, 1t is believed that they do not detraot
from the general usefulness of the test. The test should only be employed
for the detection of the endotoxin responsidle for this acute respiratory
illnesn, after the inclidence and identity of the toxigenie strajn of 4.
gloagae has been determined.

In eummary, it may be stated that theee studies on the application
of the Shwartzman phenomenon revealed that (a) a heat-stabdle, endotoxin-
1ike substance is liberated by toxigenic strains of A. gloacee! (b) o
similar toxic substance is present in filtrates from saline extracts of
stained cotton inoriminated in outbreaks of acute illnees; (c) radbits
may be oross sensitized with filtrates from either mource; (d) the toxie

preparatory faators present in culfure filtrates, and cotton extraat fil-
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trates may be neutralized with homologous fmmune atmpnu (e) this endo-
toxis substance is not present in saline extracts of normsl cotton, ster-
fle tryptose broth or isotonie emline.

¥hile the Sheartzman remction is non-specific in that culture fil-
trates fron heterologous tyves of bacteris contain toxic factors capable
of inducing the reaction, it is believed that the test ie useful when en-
played in conjunctien with other teste for the deteotion of the endotoxin
responsible for acute illnews among cotton workers,

b. FPhagocytic Tests for Endotoxin. The general term phagocytosis
refoers to the phenomenon of the ingestion of particles of foreign materials
Wy living cells. However, in the restricted sanse considered hsre the
tarn refers %o the nower of leucogytes to ingest or emgulf bacteria. 7Phug-
oeytesis omn be rendily demenstrated "in vitro,"® where mensured axounts
of bacterial suspensions osn be added $o known gquantities of phagocytes,
along with any mmterial the effeet of whioch in promoting er inhibiting
phagoaytosis is to Do studied. Many studies relative to the practical
application of the phenomenon of phagocytosie have been reported.

Huddleson, Johnson, and Hamann (9) proposed a method for determining
the opsono~eytophagie power of bBlood for Brucelle. They use the tern
"opsono~-oytopbagie” to indieate the phagocytic aetivity of dlood in the
presence of serum onsonins and homologous leucocytee. These authors rec~
ormmend this test as one inder to the suseeptidility or immunity %o Brucellas
infection.

Rabetein and OCotton (17) employed a modification of Huddleson's
opecno-cytophagic test in their etudiee on Bang's discnse imsmnity tests.

delch and Hunter (28) studied the effect of chemical antisepsis on

rhagocytosie. They provosed u method for testing the soxisity ef antisep-
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tics based on the inhibition of the phagooytosis of artifieially opsonized
stanhyloeoesi.,

Hany studies have bean directed toward amalyzing the effect on phago-
eytic aystens of various chemieal compounds and of purely pb&siul enti-
ties suoh as heamt, osmotie pressure, ete. (29). Althoogh conflicting re-
sults have baeen obtained, it is known that eertain chemical substances
exhibit s marked inhidbitory effect on phagocytosis.

A marked leusocytosis has been demonstrated in experirentelly indnced
cases of acute illness resulting from exposure to contaminated stained
cotton dust or a fine miest of & filtrate from a toxigenioc oulture of A.
Sloasgpe. It was considered pomsidle that the sndotoxin liberated by this
micgroorganism might exert an {nhiditory effeat on the phagoeytie notivity
»f lencocytes, in which case a phagosytic method could be develepsd for
the dstection of the endotexin,

The method developed by Veloh and Hunter (28) for deternining the
effsct of chemical antisepsis on phagooytosis and the methed employed by
Rabstein and Cotton (17) for determining imsunity to Bang's disease were
szployed in theee sxmw.'f

¥eleh and Hlunter method. The method of Welch and Hunter (28) depends
upon the ability of the normel gulmea plg or human leweoayte to engulf
artifiolally opsonized staphylecocei in the preesnce of incremssing con-
cantrations of the germicidal substanee under teat. All tests tske place
in the presence of 40 percens fresh guinea pig or bhuman bleod. The meth-
od is as follows:

Whole Blood: Fresh human Blood drawn by venipuncture was imeodiate-
1y wixed with sodium oitrate in the nroportion of 5.0 ml of blood to 0.2

nl of 30 percsnt sodium citrate in isotonic salt solution resuliimg in s
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final concentration of 0.78 pnercent citrate.

Antigen: Ssaphylossocus gureus (P. D. A. strain 209). Saline sus-
consions from 48-hour nutrient agar slant cultures artificially opeonliszed
with fresh sterile one percent chrome alum. The antigen is diluted to give
a eorrected Oates reading of 1.04 before use. This reading corregponds
to a bacterial count of 500 million staphylocecei ner ml.

Haterials tested: Filtrates from Sryptose broth cultures of A. gloscae
(Ca 11F, Cu 56F): filtrates from saline suspensions of killed sultures (Ou
11K, Cu B6X); extraed filtrates (Oo 44-5H, Co B6E) from normal and stained
cotton; wvacuum soncentrate (UCo BBXZg) from extraet of stained cotton, ster-
1le tryptose broth (T) and sterile isotonie sslt solution (5). The mate-
rials tested are deseribed in Tables IV and V. Gerisl dilutions from 1:5
to 1:160 were prepared from each filtrate.

Fechnique of test! One-tenth sl of filtrate dilution, 0.2 ml of
fresh citrated (0.78 percent) human blood, and 0.2 ml of stendardized
antigen were uixsd and rotated on a shaking machine at 4 r.p.n. ina
372 ¢ inoubator for 30 minutes. Swears wers prepared in the sane manner
as ordinary blood smears and stained by floeding the slide vith 0.5 ml
of 1.0 percent methylene blus in absolute alaohol far one mimute. Une nl
of buffered distilled water (pH 7.2) was then added and the staining con-
tinued for four minutes. Tho slides were carefully washed in running
water. The smears vers examined microscopieally to deter=mine the nusber
of staphylocccel ingsated by each of 25 leucocytes. %he degree of phag-
aeytonis was ostimated as follows:

Ho phagocytosis = no organisme engulfed.
#14ght phagoneytoeis = 1 to 20 organisms engulfed.
Hoderate phagocytosis = 20 to 40 organisms engulfed.

tarked phagocytoasis = over 40 organiswme engulfed.
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The results of a representative series of tasts are given in Table

xY. "St.uec ns inhidbition of vhagoeytosis ocourred with any filtrate i~
lutfon above 118, the rewdlis are recerded enly for this dilution.

TABLR XV

Results “'Mﬁejue Teots for lindotoxin
(Yeloh and Hunter Method)

Flsratens Tested m of th"“ (M?m‘}
118 dllution Hegative S5light loderate Harked

Ca 11F 16 62 16 16
Cu 11X a8 82 20 0
Cu 5&¥ 40 44 12 4
Cu 856K 16 53 20 12
Co G6R 8 éc 16 16
Co BEg 88 13 0 e
Go 44-B8 16 66 20 8
7 8 €0 a0 13
48 28 34

8 0

It 1s ovident from sthe results given that $he wvaomum distillstion
concentrate Irom an extract of stained cotton (Co 56E4) was the only sud-
stanes texted which csused marked iahibdition of phesgoeytesis. The oul-
fure filtrates, siained cotton extrast filtrates, and the control materi-
als, 9.g., norsal scotton extrast, steriles Sryptose broth and eterils iao-
tonis salt solution <48 not axhibit any marked degree of inhidition of
phagoeytosis.

Habstein end Ootton method. The method of Rabstein and Gotton (17)
differs fronm the Welch and Hunter method (38) as followe: A standardized
saline suspension of a homologous migroorganism instead of artificially

opsonized staphylococel is employed as antigen; equal guantities of anti-
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gen, citrated blood, ani test substange are ecunloyed in the tes$, anc
the tast mixtures are not agitated during incubation. Details of this
mothod are ax follows!

Blood nrevaration: Fresh human dlood (0.78 pereent sodium citrate)..

Antigen: Saline suspension from 24-hour potato-carrat-dextrose agar
slant culture Bo. 66 of toxigenic A. glgages, standardized to turbidity
of Tube No. 16 of MaFarland seale.

Test matorials: Culture filtrates, cotton extract filtrates, vacuum
concentrates of cotton extracts, sterile tryptose broth and sterile lso-
tonic salt aclusion.

A deseription of the materiale tested is plven inm Tables IV ang ¥,

Teghnigue of test: OUne-tenth ml of whele dPlood, 0.1 m)l of antizen
suspension, and 0.1 »l of the materisl to be leswted were placed in clean
¥assarmann fudbss. The contents of eagh tubs were thoroughly mired and
the tubes placed in a water dath at 37° ¢ for 30 pinutes. Sedipentetion
of the blood cells takes place during the inoubation neriod; hence, the
cells werse resuspended by sheking after the pariocd of incubmtion. & urep
of aach cell saspsnsion mixture was plaged at one end of a thoroughly
sleaned and polished glase slide. The cwmears were zade by placing the
and of ancther glass slide at an angle in contact with the drop of cell

. sussension and pushing across the surface of the slide sc that a thin
blogd cell susmension file tqrminatas neay the opposite end of the slids.
The elides were dried rapidly in a curremt of warm air. The blood film
spears were dipped in chloroform for 2 to 3 seconds and dried. The smears
were thon stained in toluidine blus® for 1 to 2 ninutes and washed in run-

ning water. The sialnes emaars were dried on a flat surfsoe without blot-

Sing.

*Toluidine Blus, 0.5 gw; “thyl Alcohol (954), 10.0 ml; Phenol, 3.0 ml;
and Distilled water to make 100,00 ml,
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The degree of phagoeytosis was ascertained by the mieroscople exam-
ination of 25 lencocytes in sach bdlood film and determining ths mamber of
picroorganisme engulfed by eaeh lsucocoyte.

A nrotocol of a representative series of tests is shown in Table XAVI.

TABLE XVI

Fesults of Phagocytic Tests for sndotoxin
(Rabstein and Cotton Hethod)

Feterials Tested llegree of Fhagocytosis (poreent)
113 dilusion Hegative 35light Hoderate FKarked

Ou 11F o & 32 8
Cu 56 0 &6 28 16
Co 56% 0 48 40 12
Oo B6Yg 36 a4 20 0
Co 8% a "2 20 0
Co 8ig 4 44 28 24
Oo 44-5% 0 72 28 0
o 70 0 64 36 0

T 0 80 28 12

5 0 60 28 12

As in the previous test, the only substance whioh exhibited a marked
inhibition of phagooytosis was a vacuun distiliation concentrate from an
sxtract of toxigenic stained cotton (Co BE4g).

The vacuur distillation conocentrates from saline axtracts of stained
eotton are hyvertonie, since thay are prepsred by concentrating isotonic
saline extracts of stainesd cotton 20 to 30 times. The most probadble ex-
planation for the inhlbition of phagocytosis by this material 1s that i3
was dus $o the hypertonicity of the concentrate rather than the endotexin
present in the material. The walidity of this sxrlanation is further

enbanced by the statement of Zinsser et al (30) that hypsrtonic sodium
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(2} Vaounm-distillation-concontrates from saline extracis of
stained, nrocesssd stuined, and normel ootton -~ These cuncentrabdss wers
eremared as wraviously desoribed in this peper. The nuwber, typs sné
souree of sach concentrate are giver in Tablas ¥,

(3} Filtrates from PT-day tryptose Breth cultures of straine of A.
glosone and othar olosely related microcorganisms -« The culture filirate
purber, ececizs of orgenism and soures ayve given in Tudle IV,

(4) Filtrates froc saline extraots of stuined, nrocessed sinined,
and norsel eotton (Teble V).

Gerun esployed: The serum seployed for these studies wee obtalned
throagh the fmmanisation of rabbits with Berkofeld filtrates from a toxi-
genic vtraln of A. gloscps (Gu 86F). The sorun wan ssentically obtainsd
and prasared for use without preeervative.

tiethod: The proceduare followed in these tests vas eassentially as
follows: 0.1 ol wae placed 4n the dotton of each of nine 5.0 mm preci~
pitation tubes. Two-tenthe nl ef tha preciritinogen, both undiluted and
that dilnted with sterile rhysiclogicnl (fectonic) saline throughout s
range from 1:5 to 11320, was then lald ever the serum with a capillary
plretta. One tube contuining 0.2 nml of undiluted nprecivitinogen and L.l
sl of vhysiologles) szline and m sscond tube contemining 0.1 nl of serns
ant 0.2 n1 of rhysiologlies) snline were srerared for eontrols., The tubdbes
wore incubated for 20 minutes xt 70 ¢ snd then obuerved for ring formu-
tion. The tubes wers then thoroughly agitated teo insure mixing of the
praaisitinogen and the cerun, inoubated for an additional 2 houre ad 377 ¢
sl stored in the rafrigerator at 57 § over night. #insl sxarinntion far
nracinitates was then mads.

Taats with Lancelfield's nrecivitinogene: Fheses testa woere carried
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sab in order %o ascertain whether tests emcloying iswmne eerun homologous
for known toxigenic straine of A. glgagas vere speeifie fur these algro-
organisms or whether positive tests oould alee be obtained with culture
extracty from other elosely releted epecies of Baoteria. Frecipitinogens
wore prepared from two toxigenic strsins of 4. gloatas, Hoe. 11 and 58,
gix strains of 4. gloagme, Nom. 49, 63, £22, 539, 961, and P63, not known
to bo texigenie, and seven strains of other celiform Bacteris (Table IV).

The date recorded in Table XVII are charscteristic of the resulls
obtained in 2 series of repeated tests. The only nositive precipitation
tests wore obtained with preeipitinogens prevsared from She two kmown toxi-
genic strains of A. glospas, Hos. 11 and 86, and one strain of A. glopcae,
No. 961, abtained from the American Ty:s Culture Collection., The tests
with 611 other cultures were nsgative. It is bollieved that this teet,
vhen carrisd out as desorided, is specific for tShe detection of texigenio
strains of A. gloacpe.

Toste with vacuum distillation concantrates frop eotton extracis:
Vaouun distillation concentrates from saline extraote of 7 samples of ocon-
taninated stained eotton, ineriminated in outbresks of illneps, § samples
of stained ootien processed for destruction of the endotoxin, and from 6
sanplen of norsal cotten were employsd in these studies (Table V).

The results of aonc series of studiee with this type of preecipitinogsa
are shown in Table XVIII., %They are charsoteristio of the data cblained
in n series of repeated Sests. Fositive precipitztion tests vere sbinined
with vaeunz concentrate precipitinogens from all samples of cotton inerim-
insted in outbreaks of aocute 1llness. Reactions cecurred in preoipitine
ogen dilutione as high ae 1:00 and 1:160. Positive tecsts were also ob-

tained with precipltisnogens derived from extracts of nroooased contanimat-
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“wgalte of rrecipitation Tosts
rrecinitinogzenst {(a) Filtrates frem 7-day tryptosze
broth cultures. (b) Filtretos froo ectton extrasts.

Jorums Homolozous for texigeaie A, ocloscas,

Culture
M ltrate Cottoneixiract
i'rooiple #iltrate
+inogens Proeipitation Freeipitinogens "raeipitation
Cu 4F - Gp B8 -
Gun TH¥ - o T2 -
én 1o¥ - o 8E -
Cu 31¥ - Go 112 -
fu Jal - Co 433 -
Gu 1u¥ - U0 44nbi -
Cu 26¥ - Co 40 -
Yu Bedof - +0o B -
fu &8¢ - 0o B6K -
fu BEY - Co &w‘di?}él -
gy 837 - Ce S8PLp -
Cu 2227 - Co BEPiy -
Cu B29¥ - Co BBPE, -
Cu 9OLF - Co BOFEg -
fu POEF - Co TOE -
Go Tk -
o TRE -
Co To& -
Co ME -

*Two extracts froz saw semples.
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iserininuted in outbrssks of seute illness comtain a similar extractable
sabstance {(endetoxin), which ie preeipitated by sera from rabbits iswane
fzed with sulture filtrates, with killed eulture suspensions of the ore
ennism, or with vacuum distillasion coneentrztes frem extrasts of the
stauinad gotton.

Data have been nresentod whieh indieste thet the regular preciplta-
tion test is n practiosl, sensitive test for the detection of the ende-
toxin. Howover, numerous workors have propssed modifications of the pre-
eizitation test by vhick 14 ls clalmed that the teet may be simplified
and 1ts seneltivity incremsed. Thewe modifications imvolve the coating
of the precipitinogen or extractable sadbstunee on foreign bacterial cells
or on eollodion perticles, whish {n turn aye smployed as antigene fer a
reatine agglutination test.

Camnon and Marshall (4) proposed a method for deteradning the preci-
nltative titer of antireya, whioch invelves the costing of the precipitin.
ogen on unalforn sollodion yarticles contalned in o standardiszed suspension.
The antiserum, rethey than the aatigen, is diluted and the teast is carrisd
oul ne an agglutination test. The authors employed this tesi in the study
aof selubls proteins and protein antisera. It is claioed that the methoed
is sharply speecific and delicats snoungh to dsmonstrate the presence of
precipitine in woak sera.

iisler (7) amployed the methods of Oannon and Harshall in studies on
the adsorption of Baeterianl auspensions #m% sutelysates of nneusceocei,
msningocosel, and gomecnsel on sollodien particles and s dewonstration of
their reactivity with apseifia mizaara.} na ﬁmrm&, that enllodion par-
ticles combined with autolysates of pneurocogel, meningoveeci, and gono-

csagl were agglutimmted when the snevensions were mixed with spseifie
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entisern. The phensmenon of incressed titer offectsd by ues of ecllodion
parsiclo-autolysate antigene wae odbserved with hoth lew und high titered
antisern, Bisler found by experiment that the most satisefmctory titers

wers obtained by allswing colledlon mrtieles to rersin suispsndsd ia aut-
olysstes. o supgested that the parsicles should Mot be weshel fres of
exesss andigen cince antigenie enbetences other then protain wmight be present,

Jones {10) reported thas m@ans&»@ soneitizsed with bovins serun and
subsequently vaebed until bovine serum ns longey remmined in the washing
eolution, agzlutinated when lov concemSrations of bovise sntiterus were
added.

Eoberts snd Joncs (19) develsved a method which involves sonting the
colls of a cuspension of Zprratle mergescens with serum antigen and observ-
ing the agglutination of such cells upon the sddition of the animml serum
bsling tested. I3 was ealled the "B, A.* Method. It 4o olaimed that anti-
bodias oan be demonstrated with this method within 24 hours aftar the ine
Jeotion of & single dose of matigen. The suthors resort that this method
ie more convenlent and tha bacteria maauzﬂsm.auapw»w gréeantar suspension
stability than %hs eollodien yearticles recommended in the swihede employed
by Cunnon and Hewehnll (4) and Zisler (7).

Roberts and Jonen, in & subsequent paper (20), reported on ths appli-
entton of thsir bacterial sgglutinstion (8. 4.} mothod for the detection
of antibodies for the 5t. Louls tyype of ancephalitie virus in the dlood
of man sand snimals.

Aftey & raview of thase methods, 18 vas concluded thet the precedurces
recosmenied for the nreraration of susnensions of eollodion partinles to
be used for sgxlutimation-nrecipitation tests were too involvad to bBo prac-

tieal for rontine purposen. Therefore, it wan decided $o investigate the
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"B, 4.* bueterial agglutination methond of Eoborts and  Jones (18) for the
detection of the andotoxin in toxigenio filtrates from oultures of 4.
aloacae and frowm extracte of stained cotton.

Roberts and Jonse *B, A" wvethod., Details of this method are as
followe:

Freparation of cell suspension: The cultures of $. margescens vers
grovn on neat infusios angar slanta inenbated at 377 € for 24 hours. The
eslls were sormpod fror the ngar elante, suspended in sterile isotonie
galine, filtered, and washed twios with additional saline by ecentrifuga-
tion. The cells were then suspended in distilled water and Xilled by
heating in flowing steas for A0 minutes.

Costing of ecelle with nresipisinogen: The a4intillad water suspension
of killed cells was added to sach mmterial to he tested in the ratio of 1
part of oell suspension to B parts of the filtrate to be tested. The
oeli-filirate mixture was 1a¢nh§toé for 18 hours at 3%% C and then ceatri-
fuged Yo resove the cells. The cells vwers washed twice with storils sa-
line and then diluted with the same material to an opasity eguivalend to
8 reforence atandard consaining 0.30 mg of ground nyrsx glass per ml,
This standardiszed oell suspension was centrifuged at 200 r.p.m. for 5
minutes to throw down tho largsr cluamnss of cells.

Pochnigue of testsg: One ml guantitiem of serisl dilusions of sorum
from 1:10 $o 1:15,340 vers placed in agglutination tubes. Five-tenths nl
of the sepeornatent cell suspension was added $o esch werav dilation tube
for the agglutination test. Lauch test series nf tubes and antigen and
serum centrsle wars incubated for § hours at 40° O followed by storage
in the rafrigerator at 5% G over night.

¥uterials tested: Culture autolysate filtrates (Cu 11F and © u 56¥F);
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filtruntes from extracts of econtaminated stained esatton (Oo 56% and Ca BY);
vaonum conesntrate from saline oxtract of stained gottom (Co B6ie )t and
filtrates from extracts of normal sotton (Co 44-85 and Go Y0Ej. The de-
sgrintion and source of the test materials are mmm- in Tables IV and V.

Serum! Fooled sera from raddite insunised with Berkefield filtrutes
from a 7-day tryptose broth eculture of ¥o. 56, toxigenio 4. glopcpam, wers
émployed §n all of ths agelutimasion-precinitasion sests.

ZTest serics I: Two sets of teate were prepared us outlimed. Ume ;ées
of tubes wae incubated at 407 O and the gecond set at 37° & for 2 hours.
Both sets vere storsd in the refrigerstor at 65° O over night.

Tho test set-up vhich was inoubsted at 40° C failed te show any sig.
niﬂmﬁt agglutination in a;mr dilntion. The test set-up whioh wae incu-
bated at 37° ¢ gave low titer agglusimetion {1:40 dilutien) of cells ad-
sorbed with culture autolysades Ou 11¥ and Cu B6Y and with filtrates fronm
raline sxtructs of stained cotton. However, celle adeoarbed with filtrates
from sxline extracts of normal cotton, Co 44«58 and Co 708, did not show
any agglutination. The results of this test series were ineonclusive.

Post soriee II: The proeedure varied as follows. All series of
tubes were prepared in duplisate. 7T o 0.08 ml of packed dead oalls was
added 2.0 ml of eanch filtrate or material te be adserbed, and the mixture
vas ineubnted for eighteen hours at 3%% C. After inoubeticn the cell-
filsrate suspension in one set of tubse was centrifuged to remove the
excess filtrsse. The packed adsorbed cells thas obtained were diluted
2 the proper %urbidity without washing., The cell«filtrate mixtures in
the second set of tubes were diluted to the proper turbidity for antigen
without centrifuging %o remave the excess filtrate frowm the cells. These

yrogedurss were suggosted by the work of Xieler (7) who suggested thed ano
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Results of *B, A." Agglutination Tests for Endotoxin
Test Series IIl.

]
Amtigent Sorun DAlutione
Conted Antie
Cella of gon  [Gerum
54 mareos- Conw | Cone
. m 1;& 1:8 lulﬁ 2:32 hst 1:130 h%ﬁ hﬁlﬁ o .

proper turbidity ﬁwm

Gells

Contod

with

Cu 1P Ze B» 3¢ » - - » - - - -
Gu S&¥ G S e & - » - - - - -
¢e 568 Je .2 2 2e 2o & - - - - - -
€o 533‘ 44 4o e Se - - - - - - -
Co 4488 40 3¢ Bs Re * - - - - - -

0408 ml packed 00lls ¢ 340 m)l of filtrate diluted to proper turbidity
for antigen.

Cells plus

Ca 11F de B¢ 2¢ o 4 - - - - - | -
Gu 56°r S¢e 8¢ Se Zeo 2o * - - - - -
Co B6R S¢e G 2o i . - - - - - -
So 565, 4o 3o B¢ 2o o : - - - - | =
Ro 44«88 [3e¢ 30 2 o - - - - - - | -




K

tical with those employed in teet series II and 1II | esxeeyt for the faot
that G.5 ml of antigen (comted cell suspension) was added to 0.5 ml of
each serum ailution rather than 1.0 »l «s outlined in the original *3. A.*
sgglutination method.

The results of this tset series are in agreement with the results
obtained in test series II end IIl: hence, they are not Lincorporated in
this regort. FPesltive agglutination tests wore obtalned with both toxi-
gonie and non-toxigenic materisls.

Teat series Vi In this test eeries killed cells of §. mapcesgens

were costed with immuns serum and tested with dilutions of the filtrates.
This test suries wes ocarried out as follows! A saline suspension of killea
cells of i. parcegesns vas proparsd as previously outlined. One-tenth =l
of packed cells, obtalned by centrifugation, was placed in each of two
centrifuge tubes. Four ml of imsune radbit serum were added to the packed
gelle in eash tubs., After thorough sgitation of the serum-cell suspension
the tubss were incubsted for 14 hours at 379 §. f%wo types of antigen were
nrepared {row sorum-coated cells as follows: (&) One tudbe of ths eeil~perum
suspension was centrifuged to resove the excess serum. The nacked cells
thus obtained were diluted %o the propor turbidity for antigen without
washing the ¢ells: and (d) the esll-serun suspension in the remaining
tube was diluted to the proper turbldity for antigen without removal of
the excess serum,

berial dilutions were prepared with each of the culture sutolysates
and cotton extract filtrates te Be tosted. Five~tenthe ml of each cell-
serus antigen wee added to a like quantity of ssoh dilution of eaeh fil-
trate or sutolysate. ALl tubes were incubnted for 2 hours at 379 G, and

stored in the rofrigerator at 5° C over night.
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igglutination of vaeh tyne of antigen ceourred inm all serial dilutions
of each filtrate or autolysate as well as in the antigen contral tubes.

In all of the five series of teste with the *B, A.” agglutination
method, the test set-une wers incubated for an mdditional 2 hours at
B56° © before they vere discsrded. ¥hile the higher incudstion tempera~
ture inovessed the degree or intemsity of the reaotions, it did not change
the character of the resulis in any of the five teste.

It mset be oconoluded from the extremely variable results obteined in
these studies that the "B. A." agglutination test recommended by Roberts
and Jonaes (19) for Heteetion of nminute amounts of serum antibody by ag-
glutination of sntigen-coated baneterial cells” is appareamtly not apulie-
able for the detection of the endotoxin produced by toxigenie strains of
L. glopoas. The veriable results obiained are certalnly nct comparable
to the sxeellent results obtainsd with the ordinary precinitstion tests.

3. Investigation of Xethods for the Treatrent
of Stained Cojton to Destroy Toxigenic
Strains of 4. gloseas and thair indotoxin

Previous stadies have indicated that the exposurs of stailnsd cotton
on two successive daye for 4 hours at 176° C in dry heat did not destroy
those microorganisme and their toxie prodmets. Also this eterilisstion
nrogedure was apparantly too drastie, since it resulted in the deterior-
ation of the sotton fihera. 4 sterilization process involving the appli-
cation of molst heat for destruetion of these baecteria snd bthelr toxie
nraducts wight be emploped without injury t» the cotton fibers.

A llefted manber of studies wes carrisd out on the utiligasion of
sanerheated etean under vacunwm for the treatront of contaminated stained

eotton. Details of the process will be reported cleswhers.
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¥our 10-gur samles and ene l00-gn sample were obtained frowm & bals
of stained cotton, which had besn inerininated in an outbreak of acute
{1lnawe, for these processing studies. Muplicate sampler were ales with-
drawn at the saume time for extraction with physiclogical saline, mo that
the cotton could ba tested for the presence of smdotexin bLefore nrocess-
ing. A goantitative bacteriocloglical examination wae mede on anch of the
5 samples prior to and after processing. Hach of the 5 estton eamples
was processed for at least 70 mimmiss with superhsated stear under vacuum.
Afsor vemoval of & onesgram portion from esch processed sample for the
bacterinlogical exawmination, the remsinder of each sample was extracted
with saline in order to obtsinm filtrates for toxia tests.

The inoldencs of mucold baoteria in esch of the § eotton samplas bdoth

bofore and after processing is given in Table XXI.

TABLE XXI

Iacidence of }ueoid Baoteria in Processed
and Unprogessed Ztatined Cotten

Incldence kucold Bacteris
Cotton

Sample Befors After
Ka. Type Cotton Frocessing Processing

5671 Stained Sotton 3,700,000 tone

56Pg do. do. do.
56Fy do, 30, 000, 000 1,900
B6F4 dn. 70,000,000 43, 000
5675 do. 190, 000, 000 Hone

It in obvivas frow these results that the processes smployed destroysd
all of the viable microorganisme in samples 567y, 88Pn, and 96P5. while
ths organiens wers not comnlstely dostreyed in samples B6Fy and B8ig,

their narbore were greatly diminished.
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pies were tested for the presence of endotoxin by means of the Shwsréaran
rexation and precinitetion tesVe. The procedurss folliswed were the pawe
w2 thous outlined in previous sections of this theeis. Iseorirtions of
the cotton extractr, extraet concontrates, end culture filtratss employed
for theer taste ars glven in Yadles I¥Y nnd V.

The results of those tenie are contualned in Pables XXIL and ¥Xiil.

Yhe results of the Suwartzmsn test (Twble XXII) show that the toxic
vrocucte pressnt in the stained eotton (rabbite los. 102 and 103} were
not entirely destroysd durizg prosaseing. The only srocsesed cotton ex-
tract which gave z negative test for toxin was 0o BE0Yy (rabbit He. 11€).

The rosults of sthe precinitetion tests (Tabls XAIII) indients that
while tho toxin ia the procoessed eotton sarmles wae grastly diminished,
i% was not entirely destroysd. The preeipitstion titer for the processed
sotton extraet concentrates (Co BEF%)q, 56iTge) ranged from 1110 4 1:20,
while preeipitation oocurred with unvroocsesed cotton concentrates (o
BEZa1, B6XNaz) in dilusions from 1:80 to 1:160. 7The eoancentrats o 708e

frox normal contauinuded cotton did not precipitate.
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TABLE FXIII

Preeipitation Tents Tor letection of ®adotoxin
in Processed and Kon-processed Stained Cotton

Cotton

AExsract

Goncen- Procipitinogen Dilutions

trate

Precipi- [Undi- Antigen|Serun
tinogens [luted 118 1410 1420 13140 1180 11160 1:22() Control |[Uentrol
Co B68y) | 4+ 4+ 3+ 3+ 2+ B+ + - - -
Co B€Bg2 4+ 4+ 4+ 4+ 23+ 3+  + t - -
% 56}:&31 M" 8"’ t - - - - - - -
Co B6iBgg 4+ B+ B+ o+ - - - - - -
@n m L 2"’ + - - - - - - -~
Go BBPEgel 4+ 3+ 2+ + - - - - - -
GD ?Q?g—g - o - o~ -~ - - - - -

- It is coneluded fyom the results of these studise that preasssing pro-
cedures omploying ths aprlicaticn of m;mud steam under pressure,
while aot destroying all of the viable miercorganisms and their products
in contaminated stained cotton, do Bring about a diminution of these
bacteria and their produots.

There war no aprarent injury to the cotton fibers. It is believed
that this mathod for processing contaninated gotton offers sufficient

vropise 3o warrant further investigsation.
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sotton has the Pollowing sharasteristios which are similer to those of an
sndotoxing

1. It is thermostable -« it will resist boiling for 30 minutes
and when present in stalned ootten it has been found to resist hesting
with super-heated sbeam uader vsouum at 121° o 137.6° Ca for 50 mimutes.

24 It inoreases with ege or subolysis of oells in breth sule
tures (14).

3s It stimulates the formation of egglutininsg end preeipitins,
when injeoted inte rabbits.

4. Its toxis skin preparstory fastors (Shwartsman resotion) may be
noutralised with lew dilutions of immume sermua.

8+ Although indusing severe inflammetory lesions and systemis
symptome in humans fo lewing intradermal injestion, it dees not affeet
miee, rabdits or shiokens when administered by tho semw route.

8¢ It induces o mariked leuccoytesis and asute illness in humans
following inhaletion (14).

Y+ 7he minismu lethal dose is smeh grester than the m.leds of an
exstoxin.

8s The texin doos not affest the phagooytie sstivity of leusocoytes.

9 It was demonstrated by msans of the Shwertsman reaction that
¢imilar toxis preparatory fasters wore also present in etrains of igober-
dehia coli, stypical E. soll, Citrobester, etypleal Citrebastor, A« aprogence
and other &rains of A 0JoORORs.

Hone of the charscteristice or coxdbination of sharasteristics out-
lined ie sufficiently spesifie for this endotoxin to be of use for its
detection ia culture extreasts, sulture autolysstes, sotton extrascts or other
suspaeted materials. Bowewver, the presipitation test, although timw~conswa-
ing and requiring large quantitios of immune serum, is apparently a specifie
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and relisbls teszt for the detestion of 4this endotoxin in suspected
materials.

Sinee thiz ondotoxzin doog not give rise to diegnostic sympboms or
lesions in sxperimental animals, it camnot be dotested through its phare
neacologionl aotion, sxeept tihrough sdministration to human eubjeets,.
However, it is beliswed that blochemioal studies on the nature mul compo=
sition of this endotoxin might provide additional means for its detestiom

and ldentification.
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gavege, intradermal, imtravencus, and intraperiteneal injeetions or by
inhalation of oontaminated eotion dust.

An extensive series of studies was carried cut on the evaluation
of the Shwartsman reaction for the deteetion of the emdotoxins White
nmice wore found unsuitebls for the tests Two bundred and twentyeons
white rabbits wers smployed 4n these studiese It was found that eprroxe
imately 30 per cont of normel white rabbits are not susesptible to the
phenomenon of leeal skin reeectivity to temic materials. 7The results of
the studies with the Shwartsman resstion indicate (a) that an endotoxine
1ike substance is present in filtrates from broth oulturss and seline
suspensions of killed sultures of strains of A. olomeee isolated from
stained sotton, (b) that a sinilar texie substance ia present in riltrates
from galine extraets of stainod eotton insriminated in outbreaks of acute
illness, (o) that rebbits may be sross-gensitised with the toxie produsts
in killed oulture suspensions or sulture filtrates of the organisn or
with filtratss from ssline extrasts of stained cotten, (d) that sterile
tryptoss broth, sterile plysiological saline, and saline extracts from
normal nen-oontaminated eotton do not eontain this toxie subsbance and are
ineapeble of elieiting the Shwarteman phencmenon, (e) that the Shwartsman
resotion is noneapsoifie, sinee eculture filtrates rrm closely related
spoeles of baoteria are eapadle of indueing loeal skin reastivity to
intrevensus injections of filtretes from voxigenis sultures of A+ closces,
and (f) that the spesifioity of the test may be inereased through the uge
of gorumensutralized toxlo materials as eontrols. A standardised test
provedure is proposed.

It was eonsidered possible that the endotoxin liberated by this
strain of A. sloesae might exert an inhibitory effeet on the phagooytio
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sotivity of leusceytes, in visw of the fact that a marked lsucosytosis
has been dememstrated in experimentally induced sases of seute illness
resul ting from exposure to oantanminated mm cotton dust or a fine
mict of a sulfure filtrate of the organimm. Altheugh two differest pro-
eodures were employed for studying the effect ef the endotoxin on phago-
sytosis by louscoytes, the theory eculd net be substantiated.

Prooipitaticn tests were found to be apseifis and relisble for the
deteetion of the endotoxin in oulturos and in extrasts from stained oot~
ton ineriminated in cutbreaks of seute illmeass.

Aulubimtimmigiwst@ wothods involving the couting of
xilled sells of 3, marceseons with the preeipitinogen (texis culture fil-
trates or cotton extrasts) followsd by agglutinetien of the coated cells
with immune serum are uasatisfactory for the detection of the endotoxin,

A mothed, involving the use of superhested stesn under vasuum, for
the treatment of stained eotton to destroy tomigenic strains of 4. oloases
and thelr endotoxin was investigated.
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VIe CONCLUSIONS

It is coneluded that the Shwartsman test, while non-speeific, is
a useful method for the rapid detestion of toxie factors in ocultures
isolated from stained cotton, or in extracts from steined cotton inorim-
insted in outbreaks of asute respirstory illneass Furthermore, precipi-

tation tests afford ascurate specifiec methods for the detection of the

endotoxin.
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