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ITTRGHUSTION

Infant gastro-cnteritis has been of interest to varlous
investizators for wany yoarse A multiplicity of suspected
viral and baszterial agonts has boon cited as rosponsible for
many deaths azong nowbora and infantse [Tuuerous agents have
boon ineriainated, soue of whicsh have attracted the attention
of vorkars on both silas of tha Atlantle,

Soveral ycars azo the guostion arose as to whathsr tvo
special sarotypos of Laszharichia sold could be responsibla
for the dissasa. Those types wore often found to ba the
dominating orpganisa in sporadie and epldezle infant gastroe-
enteritis, Tho two serotypes in guestion have been desize
nated as 055 and Olll ascording to Kauffaan (1950). Invostie-
gations in the past regarding tho pathogoniclty of wmany
orzanisas have been quastioneds <Sorious consideration has
been given, therefora, to tho toxic sudbstances obtalnod froa
basterial cells by cheamlcal fractionation methods.

Tho polysaccharides of Ze gald vere obtalned in 1323 as
a "rosiduae antigen" by Zinsser and Parker. Their final
product gave positive cardohydrate and nszatlive protein
tostse It also precipitatad hoaologous antlsera, but was ine
capadle of inducing protective antibodies in rabbits. Sudth
(1927) confirmed this information,
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Bogvin and Hesroboamu (13937) prepared a glucolipid
antizen froa Je g0lie Tha dacteria wore extracted in tho
cold with trishloracstic acid anl tho rosilue reouoveds Aftor
dlalyzation to remove tho aczld, the carbdohylrate was presiple
tated with alcolhiole This substance showed laounological
astivity 23 xivq and in wit=a.

Vong (1933) isolated the polysaccharide of Z. goli and
obtained frastions, first by acld hyldrolysis anl then by
alkaline hylrolysis. Tho procodure consisted of a hydrolysis
vith tvo por cont asetis aczide Tho final extrastion was
eoanlatad in alaohole Aftar drying tha presipltats appoarad
as a 119 vhite powdar. A coapleta chsilzal study rovoaled
a substance whish could bs hydrolyzed by mincral aclls to
sinple hexose suzarse Tho two fractlons differed only in
zinor dotails.

Ona of the early siudles concorning the physiolozical
effoat of baszterial fractiions upon tho blood of rabbits was
desrribed by Dalafield gf ale (1934)e A close parallel was
gshoun t9 exlst batwaan fractions which wore antizanla and the
production of a hyporglyzealo-toxic state in rabbilts. All
frastions vera assuzed to gsontailn polysascharides but no une
altarai protein, Tha products ware producsed dy tryptlc di-
gastion followed by alzohol precipitation. The graater tho
toxicity of the fraction, as domonsirated by injestlon into

mice, the bettor fzmunizing agent 1t besaze whon the sumwe



aniznls wera given subsoguont injoztions of the fraction.
Vhen rabdits vore lawnizsd vith ths saze antizen, furthsr
1njaztions £21123 to proluco tho chiwalaal chiviges 1a the
bloold found to oc2ur in tho non=iimina anl.xl,

A zatertal was 1solatad by Zonnls (19372) froa Nal
1afucion broth sultures of Jalaanalla Lophasy by praszipita-
tion with alsohole Tha matorial wis not characstsrized chonle
22lly as a polysascharide, thouzh it proved to be noa-proteln
in nature., 7Tho frastion producaed leusopenia in rabhltse Tha
effast vas wore pronounced in reducing the nuabors of polye
zorphnuslear lauwiosytes, though 1t was apporent that soze of
thoa survived tha effests of tha toxia., Thoe loukocytes vere
not markedly affected in the iamune aniuals, whils ia tie none-
izmuno sorious loukopenis states wera obsarvads Theso roe
aztions suggested the possibility that the laultopenia ol
typholl, whizh is aszozpaniocd by deplatlon of tha wyolopolostis
elaaonts of bons marrow, mizit Lo duo to this fraction. 1In
addition, tie lack of inflamatory e-2llular infiliration in
the vizinity of typhoid basilll gave furtihor substantiatlon,

Yhile worzing with tho sane organisa as Dennis {(gn. gite.
19372) Morgan (1740) 1solated a substanse froa 2. Lzohos
which later (forzan, 1741) provad to bo toxls for rabdhits.
The i3 yiva dostruction of leuiocsytes was used as a moasure
of toxicity. The toxie fraction was obtained by alzohol proe

eipitation froa an squeous soslution of the disinta;rated



orzanlsas anl purified by dialyzation in ooellophane bazs,
The resultant toxls material wvag troated by tho weithod of
Sovag (1733) to rouove the protein, A 1lizht gray colloidal
solution vas oblalnoed whion the driad amatorial was rge
susponlad 1n distillad vatere Dosazes in milce gave thd

follovwing raculiss

13 Dase Thar of Aoaa T Eakalltdeg

3 4 100

2 4 75

1 2 50
05 b 25
0e2 L 0

In rabbits, do30s of Ok to 0.5 g por kg injocted intrae
vanously caused prostratiosn vwith dyspnea and marked diarrhea,
terninating 4n doath,

Saith (1932) dissovared that, aftor five or six ine
Jactiona of a typhoid filtrate into rabdits at a tiww whaen
ths animal showed a very high titer of antihodles in tha
sarua, thors would follow a typiczal £all in thoe white blood
coll eount. ‘Horgan (Qoe glbe 1940) enzounterod siailar
results vhon f:imunlzoed aninaals reastad sharply to injootion
with a sizilar frastion. This ehanga constituted a dlile

nution in tho number of noutrophilase An intarasting point



to be ohseorved here is that anlaals possossing a high antle
body titor to the toxie fraction werae not protected froa
furthor lysls of noutrophilas unon subdbsequent injestions of
hozologous antizen,

Tha leutopaniae effest of basterial fractions was sumaare
1zed by Olitzki (19%41) in four stateuentss (1) A gonoral
loukopenia consisting of a dacrsase in both neutrophilas and
lyaphocytesy (2) Lyaphorenicelauiopenia due to a sharp doe
eroase in tha lyaphoaytas, assosziazted with an insroase in the
neutroshilasy (3) Polynusloosis due to a sharp riss in
noutronhiles, assosziated with a mild decrrase in lrmphoeytaess
(%) Goneral leuiinaytosis due to a riss in all types, It vas
dotasrainod that a lewzonenis resistance, whish was due to the
astivity of noutrophiles to resist lysis by a toxie frostlon,
@o1ld ba devaloped by active iaminization with the frastlon.
This was not notad in all bantarlal fraztions tested.

A fraction vas prarared by Favorite (1942) thad, uron ine
Jection into huian adult voluntears, caused chllls, fever
anl muscular ache, followed by a lowcorenla vhish was aluost
entirely due to a loss of neutrophiloss A return to norual
vas noted followzd by a lzuiosytosis, Blood ehealstry values
ghowved no =hange in total nrotein, urea nitrogon, eraatinins,
ehlorides or glusoso., Hizh titors of azslutinating and pre=
eipitating antibodioss wara found to be present, As was the
cazo in the studies of Morzan (op. 2it. 15%41), titers of

eirsulating antibody did not sseas to dbe rolated to the lavol
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of tolerance exhibited by the aniual whon 1nfsztoed with the
toxic agntizen.

Tho most recont work was carriad oul by ilarys, €% ale
(1950)e A polysaccharldo sudstanzs vas isolatad froa an une
typed strain of . g£2ll whizh prasusably é13 not sontain tho
"M antizon of mauffzan (1971), Tizacticns in radbits to
tids satarial weras invostizateld vwith Anloraetling rosultse
oys (1271) da.o ived sorua agjiutlining for shiaop erylirce
eytos wilch wera previsusly senciticel using a polysaczharille
of Se 221 as tha anti:on.

ater 2% al. (1257, althousch not wor.'nz with a polye=

sazcharide fraction of D. g2ll, sbowed that sozatls antljons
presond in fluid eulture ucifa can b2 alsorbod on tho eryth-
roxytaos of many specles ol anl.alse In a lator stuly, ater
2% ale (1972) cemonstrated spasifis heaagslutination and

hazolysis of erytiiwoeyteos proviously sensiticzed with tho
soaalls antizens of €59 and Cllle in a suvseguent inveostie
getion, Vetor g% ale (1952) 1nhibited the wmodiflcation of
erytirocytes by alding huun or anicsal sora or by tha
adiltion of e;z yolk or various fractions of rat liver.

Tho scriousnass of tha problaea of epilisaic gazirge
entoritis, vhers 057 and Cl1lL wers tha sucpaeted causative
esontsy led tho author to concider cortaln fraztlons of thcse
orgardsss whizh ight ba rasponsinlae for thcir toxis reaction

in tho lwost, To arrive at a clearor understanding of tiho



active prinsciple 1nvolvel, and to obsarve the eflasts of Lhat
principlo upon various organs of thoe host, this staly wvas

undertakan,
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In reporting his famous worx in 1586, Essherich describde
ed a now bacteriua which was found to be present in the 1ine
tastinal tract of evory aauaale e hald the orinion taat
diarrhoal disgase was due t3 a redistrilution of 1atestinal
forus and not to a sps>ifie pathogene Iavestigztlons since
havo disaovorad strains of Ze 8oLl knoun to iacite diseasa of
diarrh2al nature vhen pregsent in the intestinal tiract of
infants anl experizentally in adulis. (Lanzet, leading
artisle, 1352)

51nse tho condition of diarrhoa ia infants can ba proe
duzel dy many azanss ani clinical coniitions, a clariile
eation as to thoe various causes is necessary. Crowley g% ale
(19%1) suaaed 4t up vory well by outlining six major catee
gorles into which any case could be placeds Tha first in-
cludes those eases dua to an outdroak of salionsllosls or
dysantarye. Such infectlons are easily identiflsd and cause
little troubla for ths bastoriologist. Thoe s230ond group ls
characterizad by a high mortality rate, a rapnld spread among
infants vith loss of weight, anoraxla, toxazla, dlarrhea,

vouiting, and dohydration. Adults ars not aflacted.



The third 1s one in which onz may ses diarrhea but usually
no vonitings A fourth in which adults as well as children
ars affectaed seecxs to be coxzon, and many times cannot be
traczed to any spezific agent. The fifth type may be referred
to as the influenzal, whcre mothers of infants and tae
hospital staff are coamon victizs. The last group is charac-
terized by both adults and newborn showing stoaatitls in cone-
Junction with diarrhea. Tials group would sugsest a viral
tiology (Lizht and Hodes, 19%:3).

Infantlle diarrhea, more accurately termed gastro-enter=-
itis, has been recognized for wmany years as one of the in-
portant causes of death in infants. Because of epido.udcs
shich have occurred in many countries of the world, particu-
larly assoclated vith hospitcl wards viere crowded conditions
prevalled, rmch interest has been aroused resarding the cause.
It was not until 1945 that colifora organisas vere sceriously
considered as causative azents. All vork ineriminating such
agents 1s not yet couplste. There are still wmany woriers
who take a ¢im view of the sltuatlon, even though the evi-
dence 1s overvhelulinge. |

The literature is abundant with references alluding to
the causes of infant diarrhca. A4s early as 1392 Jensen gt
ale in Denuaark reproduced a disease vwith dlarrheal symptons
in calves, He further infectad cclves by feeding cultures
of E. goll isolated from diseased calves. I{ was belleved

that races of E. goll existed which were pathogenic for young
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calves, ovon thouzh stralns of sush orzanisus were present
in all norzal aniialse

Lovell (1237) confiraod thesa findings and produced a
co.xaoreial rolyvalant antissrun against ge 2211e Tho saue
tachnisus was applied to human infants by aaburger (1920)
vho ¢lainad succoss with antisera prepared agalinst Ze 39lle
II1s work was not confiraed by sudsequent ifvostizatlionse
chortly alter Haaburger's declaration, idaa (1927) desaribed
¢olifora bazilli which he balleved to be rolated to dlarrhoal
d1scase in calvose Aeferring to thace stralns as "Dyspepsio-
£014", ha proffored a theory of "alluentary intoxization" and
desaribsd colifora organisas as related to dlarrheal dlcsoasde

Followinz tha above work, several exporizenters prefore
entlally selostad the filtrate of broth culturss for exani-
nation. Filtratas froa culturss isolated in connsstlon with
cacog of srouring calves wors studied by Saith g8 ale (1227)
and wore found to be toxls for calves ona moanth old when
given intravenouslye. This was not true whon ths sauo file
trates were injortad intraporitoneally into gulnea plgs, even
wvhen tha dosa, toxis for calves, was increased many tlues.
Fecdinz large nuubers of bacteria to gulnoa pizs and calves
had no anparent effact,

Saith 2% ale (1327) furthor discoveraed that when certzin
strains of L. gqll froa the 1leux of calves sufforing {ron
diarrhea or ssours wore growvn upon agar plates, uutations

ocourred in which eapsular substance was loct, virulance was
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reduced, agslutinaedlility was inersased, as was susseptibility
to phagooytosis by louszosytes. sSalth (1927) &lso stulied tho
interrclations betwean baztarial toxins and ecapsular substanse
eoxapared with normal protective faztors in tho gulnea plze

Huch confusion exlsted as to how each strazin or different
orzanisa belonzing to tha colifora group coull be spnz2ifically
1iontifiode A tiualy clarificatlon appoared whon Stuart gL zl.
(1733) 1213 tho groundvork for subsoguent saparations of tho
colifora froa other groups of bastsria. Aczcordingly, organe
i1s:3 of the sano gomus could have varying sarological rae
actions and at tho sama tizo be bLlochaulcally ifnsepurablo,

St111 attoapting to diszover tha causatlive agent of
diarrheal disease ia infants, Crowley gh al. (194%1) exazinod
the flora of 97 norzal ialfants. Tholr results raevaaled {0
per cont Laztanhasillug hifitis, 10 por cent colifora bastoria,
4 por cent streptosocci, and % por cent staphylococel.

In comparison, 3% infants 111 with a dlarrhoal diccase
in two difforsnt outbreais showed lastodacilli, 30 to 50 per
cent, colifora, 31 to 55 per cont, with streptozosci and
staphylosocel exhiditing little chuanges An L. 2214 etlolosy
was not suspectad in thase outbraaitsy but 1t sacze signifie
cant that the zolifora orgznisas incsrsased at tho exponse of
other species proesant ia noraal stools.

An increasing nuaber of woriers dezan to obssrve oule
broaxs of gastroeentaritis fn infants, arriving at little by

way of a definite causo. Lozdoke g gle (19%3) on th> eve
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of tho diszovery of Le 331l as the aoont assoziated wita
gastro=-ontoritis in inTants, obsarved an epile:ie in vhizh
there occurrsd 22 2114 anl 23 sovere cases will: throa doatise
Yo agont was found Db foz22s injesxted into badby fwilss mizo
proved fatal to a much grezter dogres than did fezes froa
noraal infantse The dicoase appearoed scloctlive for infants
abovs anl below norual bHirth welzht,

In 19'%%, whon Kaullaann began tha long task of extonding
the workz of Stuart on gite (2230) hs bdrought forth hls publie
gation rozariding tha sarolozy of tha 201ifora groupe iloro
definite lizitations were plased uron tile varlons sirains
arcordinz to tie oscurranca of soaatla "O07, tha fla ollar "i7
and eapsular or "envolops K"y antljons. Tils partlsular worlk
male possidbla the present stuly as 1t proved the exlistence of
many separata strains of Z. g2lle Tho nushsr of strains or
"0" sroups of iauffiann has been extondsd by fnlpscinlldd
(19%5), Vahlne (19%5), eni Wraaby (1748) to include at loast
125 sorolosically distinet strainse Orsizov (17251) oxamined
stralns of Je gall belonzing to O-sroup, 25 isolated froa
ecases 9of infant diarrhaae lie corrolated strains found al¥
nacropsy in nowborn calves with those fouad ina infants wita
gastro-enteritis, anl indisatoed that thoy vers prodably
fdonticale Tovar hafora had any eolifora organisa prasent in
anizals bosn suspested of boinz pathogonis for huzang on an

epidonla scalao.
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At the tias when tush of thoe evilencs 1na favor of a
baatorial etlolozy vas baing advanced, many investigators
bozan to thinkt in teras of a virusecaused diarrhes. It was
only natural, in tho adsonco of a doflnits agont, to explaln
the epldozis in torus of soae viruse Lyon and Folsoa (1)41)
eorrelatad outbroaks of onidauias diarriea amonz newoorn
babies with the sizultanoous oczurrenco of virus influaenzac
acmong adults,

Licht and Holes (172%3) were the first to isolats a
filteradble azent froa diarrhseal stools of infunts and to
produce a diseass in younz calves by nasal alainistiration of
the viruse.

Ctheor atteunts to produce dlarrhoa experizentally with
a virus were mada by Zuddinch and Dodd (19%4)e An attoopt
vas male to produce dlarrhaa in rahbits by feading sus:-ensions
of exnarizontally infasted ocornea froa other rabbdbits haviag
elinical oye infections. After an insubation poriod of scvea
days tho aniaals dovelonsd charactoristie dlarrheal stools.
Vhon portions of thasa stools were fod to noraal rabbits, no
syaptoas vare odbservede The viral azent which was sunnosad
to ba tha causa of the corneal infeztion was also eradited
with produsing both stozatitls and dlarrhea in infants.
Gwahs, takan froa the stool of dlarrhaal infants, proluced a
diso3sa of tha cornia when rabhits vwere oxporiaantally ine

fastoed,
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Roloan gk ol. (1O04), lo invosiizating an ernilenie of
diarrhoa anong studonts, falled to recovaer a £iltaradlo asent
but were ahHlo to tranczit ths dissace to alult hiazn velune
tazrs by having thox inhols a 24t of filtered naso-pharynice
2) vashinzs or 1liored stools froa pallonts chouvling o
diconsas  Turther, thoy vore unadloe to substantiats thae vork

£ Lirht 2% ale g2 24k. (19%3),

Govits (1242) doubtad tho virus aature of tha as2at
studled by Li:zht a2t ol. 22 2% (1243) as 16 conld not alveys
b3 inzctivated by bollin: for five mimitas,.

On the other hand, Cordcon g% al. (1747) Laolatel a

filtorahla 2xont froa tho f2203 and throat washings 4n an

[

Y r. >~ .3
outhranlr of zaztro=-antoritiz saong {nfants and acshiovad the

troneatissian of tho dlszase ia 22uld vwoluntsore by the orul

roite,  Iveaver, fnotilation of this £iltrata into enhryo=-

1

atad o;os by threa QifToront routos fo2illad to shovw evldanco
o2 virug crowth vhan taztod by fooding 322 Indoatel o528

to adult voluntoars,

It canmot be danted thot 11 oany of the stillas vhora

»s

Pe 2211 h1s Hoan the euepastald agent, tha preca
vir2l zcont has not Yoon zioqataly iovestizated, TE nicht
avan %0 rozgeinlsg tont a vir:s is assacliated i
strain of basiarii. H22271l2ss, many othor eaueass of dicrs
Th2a have dean souzht,.

For exazpla, Xeitell (1770) in te sourss of a siudy

conzerning an eopiieais of diarrhea affecting both adults and



infants, discovored that in many cases the inlants' sora
gave 1insroased titars to cold ag;lutinins and streptoencsus
de Gey both findings sugsoesting to hia a virus infestion,
i@ d1d not attompt to isolate a viral agaonte

Tho ghiiella and Saluanella gonora, along with many other
bastsria, have beon suspectod as ths responsidble azents in
infant gastroe-entaritis. /uong thase are the paracolon group
(fushin, 17%9), the gonus {ro%3ug (lfushin, 1950), the gamus
T1ahe » (lushin, 1992), Alizaldzanes fLao2alls (4vid.), end
Esaudogonag aerusinega (1bide).

Graoepositivao bacteria have playsed a zinor role in the
causation of diarrhea in coaparison with grasencegativee Ouch
organisas that have attrasted some attontlion have beon the
staphylocosel (ifartyn 1749, Crowley et ale 1741, and Draper
et ale 1741), and tha streptosos:i, certain strains of wileh
were shown by Gale (17%4) to produce enzyzas chanzing tyro=
sine to tyrazlnas, This substance whon fed to younz rats
proiuced diarrhcas The cultures wera bota hozolytlis group D
stroptosooci, and wvere found to exist as tho predoulnating
organisag in the stools of infants in eortala oulbreaks in
Saabriigey Taglande S1illar studioes involving tyraaina veras
carriad out by Daack (1947) and Dack gt ale (1747) who falled
to obtalix evidonse of toxisity with tyraxine fod to huaan
voluntasrs £o2p Q3.

Cortaln strains of L. goll have mors recantly been shiown

to ba assoclited vith sporadle anl epldexic gacstrowantoritis
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in izfantse oarvly woriz carriod out in Grezt Tritain and tha
S$a2aniinavian eountrizss has been voluzinouse lany ean be
eited, sush as Josuwxos gk ale (1949), Oray (1747), Tray ot
ale (1943), Cathis gk gle (1951), Crovloy g% al. (19%1),
Christianson g ale (1948), Gilas ey al. (175%)), Giles gh ale
(1)42), lolzel gh ale (1947), Xauffzann (1952), Kirdy gk ale
(1250), lazausson gk ale (1950), Fayne gt ale (1971), Lozers
et ale (1951), Sevitt (1942), sStavanson (1952), Taylor (1771),
anl others.

The twvo praedozinating colifora serotypoes found asso-
eiated with epidounics of gastro-enteritis have baon nuned by
many investizators and pressent a confusing nos2noslaturee 7The

irst roforred to as typo 1 was called Zaztarlug goll, var.
neazelitanug by Sray (1049), Zaztarias goll type alakg by
Gilos g4 gle (1043), type D 433 by Taylor (1951), Daziaziug
£all, Be Gs Te by Rozars gk ale (1951), and 0111 Dy, O111 Dy
Hyy and Cl11 By Hy, by Kauffaann (1950), Tho sacond type roe
forroel to es typo 2 has bean nazed 2Ziatariug $211 type Data
by Giles ot al. (1548), and 055 Bg, 055 By Hy by Zauffaann
(1950)

The initial dissovery of a spozific serotype of L. galld
(to bs referred to in tils thoesis as Ol11 or Olll By) asso-
clatod with infant gastroeenteritis vas mads by Dray (1745).
A group of organisas was considered vhleh was referred to as
Dackariss cold vare aganolitanume A strain, 4903, was found

to be responsible for an epldeils of suzaor dlarrhea in



17

infantse Tha straln was not found in tha stools of norua
{nfants to any siznifizant dogree, and was recovered froa b2
out of ¥+ cases of suaior diarrhease A seainal odor was noted
upon culture on artificial milla, a pheno.enon which hag bsen
noticed by otlhors.

Applyinz the technigue of slide agzslutination, Uray and
aaven (1A42) dlszovarad positive cultures of tho gpeclal
sarotype, %233 (0111), to bae presant in £7,5 peor cent of tho
eaces studiede Only four per cant of tie conirol group veore
founl to hardor thae orianisze A spocifis antisarua propared
against tae strala ef Zray, 4922, wvas used 4in all tests.
Biochazis21 saparation of thils straln froa other coll vas
eonsidered impractizal, if not Lapossidlaes Tho azglutlnation
studies coanrised a sroun of WO eases dlagnosad as gasiro-
entaritis, Tho mean age of thae infants was Tive months.
Twenty=cloht of tha caces wora sevoro and a Jdofinlte odor was
ascribed t> the foces. It 4s interesting to note tiust horo,
as in other epllaaies arparently due to the saze orjanisa,
fow gross losions wera noted at post worten.

In an outbrasax of iafantile gastro-entsritls in fAbordeen,
Caotland, Giles and Cangster (1J43) rocorded that the majori-
ty of ths cases c£iadled was unrslatad end that no coaloon
sourca of infe=tion 2ould ba doflaitely estadblishade Tvo
ward outhroais ocaurred 1a which 4t was possible to trace the
1nf3stion froa patient to pationt. Of tha 159 cases, 65 were

gonsidersl to ba of dletatie orizin, 93 appearad to belong to
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tho prizary infestive group, ani tha reaaining 92 showel
cl2arly 9 b3 a couaon straln of e 2218, The lattor wore
sorélogicnlly ho.15en"010.

Confirzing tha work of Iray Qp. site (1945}, Becuules
gt ale (1949) studied tho rola of spocifis strains of Z. g2l
in epldeuis infant gastro-onteritise. A yoar later Fayno and
Cookx (1952) studted the incilisnce of a anesial serotypae of
Le 2211 froa a group of infants over a ono yoar perisd. (in
1~72stization of gastroeentsritis 12 an orphans' hous,) The
clinisal condition of the bables was unier constant obsers
vation., Dasztening 2014 O111 1 was 1eolated froa L0 of 337
roestal swads tolzane he orranisa was often present in pure
culture on the svad plate, All tho strains conforaed bio=-
chaaisally and seralazisally to timse of Bray one. gite (1947),
Tan out of 15 iafants in ona groun showel the strain ia thelir
stool but oxhidbited no clinieal symntons.

Sxaith ek ale (19990) associated tho suprosed causctive
prent of 11 enildonls with that Aesizncted 059 B5 Hs by
Zauffzana gJe ¢ite (1990)e This type had replaced the 0111
variaty present 4n an earlicr epidenis in the sane goographle
cal arca. Titers of antisera acainst 055 anpeared to be very
low or norative when tasted by basterial azslutinations Dy
the use of mora rocont tosts those sora would, in all proba-
bility, have shown highor titors. (Teter gn. gik. (1952) has
shown that low titers of antibodies in tho blood of huwaan

voluntesrs infestal with 075 (exporiaentally) could not be
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dotestad by tha use of i basztorial oz lutlinxtlon tosf, but
vere sulfizlontly hish to causa tho hainplatination of slheop
erythrocytos that hzd boena praviounsly sonsiliized with tha
bollad z2alturae filtrate of Z. 2211 09%.) Cases were treated
witi chloro.weetin vith g75d results, Tha fast that treatod
1113ran (thosze vho had razelved antivistic) shoved waight
inzroasos over untraated 1s of iatoraest in viow of ths presen
kaouwledza of growth stimilation dua to injostad antibiostics,
Suffisiont nushers of InTants wvore Ctraated to anka tha ode
sarration valil,
Tartharing tha soarcsh for infostions dua to Dl g2l
D k33 (2111), llotor g% ale (1250) atiazptal to diczsover
vhethor typa D 433 48 prascad 4n sporadls cascs of infant
diarrhea as woll as in infectlions such as pyolitls, perito-
nltis, uoningitis and otitis modlae Sullural stulloes vere
irried out to daotoralna vwhathor thoss snoclal sorotyros ra-
35123 2511f0ra basztaria 233073ing to thoir raactions on
various nalla. Tho prasenie of D 433 in tha upper resplira-
tory tract of inants was Lravectizatade In this rezard, tha
orzaitsa was found in flve infants with non-epidezis diare
rh2a. %11 tho straing 12312161 wore biochaidzally eoliforn
and wero aszlntiactod by opesifls anticora propared agzalinst
trhe D W33,
¢t shhuld be montionod that this sorotype was not foud
in 33 additional infants exhihiting diarrhaal eraptons,.

Straing of Ze 2231 1solatod froa cases of peritonitis,



pyelitis, moningitis, otitis media, and septizonla were not

of tihis speclal type. An infant, upon being fed a culturs

of D 433, exporionced diarrieca and welight losse Lxposure to

tha patlient's own strain of L. 2011 Tallsd to producse oy:ploise
In draving soze izportant conclusions, !later af zl.

(1951) rosorded four pointss (1) Twvo sorotypes of e g21i

wvare found to produce sroralis ersns of Infant dlarrhoaa,

(2) Contaet uwith thosa ssccial types lead to gruntass of

gastroecnteritis. (3) Thaere 1s a earrisr stata in infants as

t

tha organis=ss had bezn rozovared froz tha uppor raspiratory

<r

ract from whizh they eould proliea an ailr-horne infostion.
(%) Thrse states zay da alosely assnialatod wilh enidoale dlare
rhoal dlseasze of infants,

In Ingland, Taylor (1971) male extonsiva investizations
inta oubthreaiks of infznt gastriecnieritis. Jiring a cingle
study, one hailthy bady exzrating 079 wzs alnltted to a
rocileatial mirsary, and soon an oaldraak of jastiro-sitoritls
occurral 1n which tha »eta tyre orzanisa (057) was 13olated
froa all of fivo sisk infants. Tha orzaniza was also iso-

atad froa six of saven hables shoving an 1aoreased stool
froqguaney, anl froa two of flve infants with adbror.il =tocls
hut wvith no inertns2 in frequoney. Taylor esnsluded that

this and othor apldoxiss were due to a specinl type of L.

In the soas yoar Cathilas ef ale (1971) roported on e
stuly of two years duration in vhizh they rocoversed D 433

(0111l) in 25% cases of infant diarrhea.



Very latearecting anl eiznificant rasults vers publisied
by Tozers (1291) and ozers 2% z2le (12591) vhea they reported
on tho 1ncidenze of cross contanination with infant dlarrhea
vhon the patienis vere 22:lined in a cubleled varde 41T s
founi to be contzzinnted with colifora organicsig dus to
routine astivitios 1a the vards All tid articles ascocslzated
vithi tho Iafoatbs vore aloo contunlnated o a 1100 Louore
The diceaze was stoa to spread ropidly froa cublels to cublcelo.
Toa treatzont of floor wops with fivoe per ceant phoaol falled
to provent cir contaainatlon of elcan cublelese IE was o=
sarvod thet a sinzls cusiclo coull be couplalely conteaudnatod
within 13 hours after adulssicn of an infant harboring a type
strain of Z. 2011, and that this orgaalsa was ablo to romain
viadle 4a the dust of tao rcoa for 27 dayse ihls worx
eortalialy canhasizold tha close assosiation of botha types of
Ze 3ol wilh oucdreans of infant dlarrhea, ospecially in

haczitals vhero istlante contact babtuwean pationts 18 unavoile

After studlas on tie cpread of such organdisas witadn a
hospital in bagland, Hogors gx ade (Ahide) furthor rovoaled
ocbsorTvations mada on the rapidity with vhich those spoclsl
tyoas of colifora organisus could bo traced {roas ons hospital,
xnown to hardor tha organisis, to a sacond, then to a tiird,
and still a fourth, each succeading ons praviously kiown to
ba froo of tha strains.. I an atioapt to prevont furtler

gpread of the dlszaco, tha authors recouuonied bastorial



exaalnntion of stools froa all infants entqring a hos;ital
for trcatuant of a dlarrieal coniltlon, voalting, or doth,
In adiition, the stools of oach novhorn infant choulld be ex-
2aineld bactoriologizally,

In the Unitad States, Ferguson and June (1572) wors
intarectad in the possibility of adult iafestion with 0111 Ty
when thr oroinlsis wvars insrstel, Mola volintesrs wore
zalacted Tor th stuldye Ona group vas feld vorylnge muiliers of
the or: niez; a s2oonl Zroup morved as 3 221trile Uhian
73042004930 organlsng or zoure wors Inzastel (sirain C111),
sy7.antoas silallar to haztarial fond rolconin: uvora i1,

antitias 12s3 than tha above minhez of hazteria fail~g to

3. 2 oA -y . . L e -
roluse cignifizani emrtons. Thae zontrol o~ganlsy, f21 to a
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rosicinnt to matural 1nf22tlon with D111 Dy strzin of L. gall.
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Stulias eonzoralng thy Dhellng of the 2807 35 gtrain to
Irimn voluantrars hive zlas dHeaa wnalort o nr2 resantly by

Juaz 2% . (12 sresa)s Lhen thls wort hag boaa miblished,

thora 1e 11ttl2 doubt thot fladings siallar 65 thines of

Tarunon gf 2. 29 2i%. (1992) will howve beon aadae
Tocant worit hy Moilza 2% ol. an avoncon (1277) has

allel gronter Lanatus to $ha 1d22 of an 2111 and N95 etilolozy



of infaont gastroecnteritis. Ilodiza ¢t al. (1952), over a
period of soven months, observed 95 casas of diarrhea 41 which
80 por cent showed a specifiz coliforze Cne hundred and
forty-six Infants not sufforing froa dlarrhoal dissace showoed
the organlsas Clll to bo prosent in 4,7 por cont of tha casos,
Minoty=tires adults 1n the sa1d hospital vere showvn not to
concain tihe organisz by bactarial culturess Tho raported
aortality azong infants was only 10 per cent, ths low fizurs
beinz cradlted to tiw usa of chloroaycetin in treatasnt dure

ing tho eplleaice

‘.‘n "! ‘\Q: ;an

iistopathologie findincs in the e¢as50e of infanis knovm to
ba infectod with 0111 or ©57 have booa varied, Tha wost
constant finding has boan a &1ld fatly change in the liver of
infectad infants,

Giles ¢% al. (1943), in an epiiasic of infant gastroe
enteritls, fouad that aumong 92 casos harboring a ¢ouuon
strain of . g011 the liver was tiio only organ to show cone
sistently soxzo evidense of dazage. <Changes in this orzan
varied froa nild fatty change to a scvers nocrosise The
peripheral portion of the liver lobule was wmost aflfoctod.

The spleen and kidneys were often foud conzastods Only a
fow cases appaeared to have dsfinite naphritls. Ironsho-pnsu-

monia was notod in a faw casas but was considored terainal.



Tho prasonze of moninzoe-cncephalitis in infants suffore
17 with a sinilar conlition was reported by Christansen i
ale (1946)e Giles gb gle (1949) 4ia a sizilor investizatlon
found no sush leosions 1n a largse nwiber of casos.

Soxula (19%3) earried out extoncive siudiss upon infants
dead of a dlarrhoal discase in which 0111 anl 059 wers the
suspasted ajoats, Ths patholoziecal findings closely parallole
el tiosa found by othors mantioned aboves The intestines
manifested 1ittle change witi no ulsers of tho aucosa and
only slizit lymnnadanopatihy of the mosenteris lyaph glands.
Only tho liver consistently showed patholozical echaniose
¥ost naried were fatty chanzae, congostion, and Jaundice, in
that ordere Tho fatty echanres appoarod poripheral in the
liver lobula. T7Thora was usuaally evidenza of carly prolilore
ation of the colls foraing tho dilo canalisuld. Tho thy.us
gland was saaller ia evory case, as wora the supra-ronals in
8030 castesSe A spleenamo’aly was observed in souae. uaphysena
of tie lungz with atelestasla vas noted 4n four casos. Thase
ganoral findings only inlicate a toxeala end wasting con-
dition and are 1a no way specifis for any gsivoa disonce entlie
ty. Those findings are not uncouxzon to many wasting disaasos
of children.

in exanalnation of 1ntants dead froa a dlarrhsal discase
wvas made by #irdy ek ale (1950)e In four of the patleats no
grocs chanzes wors obscrvad in the intestinos, othor than a

conzastion of the mucosae lesentorie lyaph nodes ware norial
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or only slizhtly enlarged, lhere plasaa and protein hye
drolysates weras givan as troatzent, little fatty change was
notad in the liver. JChanges in the braln were lizited to
mild eongostion of the pla=arachnoild vessels and edoxa of the
zeningas. Thero wera no lesions to coapare with those found
by Christonson QQe g4t (10435).

Few othor 4investigations have baeen mada in tha eaco of
known epileaies of 011l or 055 infant gustro-enteritis. In
an investization in whish the author took part, finiings
sizilar to those eitod above wera obssrved, Only ono c¢oso

out of 13 showed any approclahble patholozical manifestations,
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Tha strains of Z. 2ol used in this stuldy were obtainad
tarough the kindness of Dre We We Forguson, Division of
Laboratories, ilchigan Jepart.ent ol ilealth, Lansing, iiclde
gans The stralns wera ijontifiel as 0111 Iy, and G595 35,
nuzhered 5373 and 13027, rospastivalye. Saveral transfors
vora aade froa the original cultures to brain hoart infusion
agar (Difco Laboratories) to insura the purity of the cultures,
79 orzanisug worad transiorred weokxly and obsarved throushout
tho coursa of tho stuly for rouchnass of colony srowtn,
Orizinally, both strains wera isolated froa the faces of
huaan infunts 111 with gastro-entoritis,

Dilozhoaical tests were carried out in duplicato to check
tiie cultures for typical reactions, It was fouad that they
foruonted maltose, sorbltol, dulaitol, doxtrin, rhaainose,
arabinose, nanitol, lactoss, and xyloss. *0 foruontation of
sucross or inulin was odzcorvode Indol was not forzed, jela-
tin wvas not liguefied, end eitrate was not utilizeds They
veroe Vozos-i'rosizaucr nazative and mothylered positiva., After
bloshexnizal exanination, the organisns were agzlutinated by
noans of group specifie antiscrae All eultures wers obaervad

to ba purse.



Tha bazteria for fractionation wors grovm in nutriant
brota at pil 7. att2apts woroe mada to grow tho organiszs 4n
a syathelia mellany Lub tha ll:iteld growth obtainol was not
adojuatz for the purposes of tho stady. luny workars, wiler-
taizing siallor studles, hava us2d variosus ¢ypas of orlinary
z2dia vith surresse Hars g% ole (1990) wtilizod tryptls
dl:est azap catisfastorily. VWong 2% zl. (1933) used an
oriinary azar madiaz,

To grow tho cultures for fractiosnatlisa two motiods were
usade Thoy differod only 4in tha azount of mediua containad
in a ginzle flasik ond tha typa of shaxse exployeds Ia the
first method 500 ml Lhrlsnaeyar flasks vore useld in whiczh vas
plicad 250 @l of nutrient brothe After seading, the flasks
vera shaZen contimuously for 24 hours, in an incudator, at
37 . Tha constant asitation was aszomplished by m~ans of a
Dorell shazars ilethod two involved six liter flasxs that
contiinad threz 1litors of zeiia sashe Thosa wore siikon on a
platforn=type mashing at 37 2 for 2% hours. I{ore growth por
volua2 of zedia resulted froa growth in tha larger flasis,

The rapid rexoval of the growth from theo mediua required
tho uens of the Sharples centrifure. Sp22ds of approxiaataly
12,000 rpn vere required to makae tho separation. Only a
s:3all poreantase of the grovth was lost in tha first contrle

f2-ition and this 2oulld b2 raslaized b a second centrie
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fuzrationes The ors-.nilsas vere solleztsd froas tiia rotor vwith
a spatula and susrendad in dlsiilled vater at a ratlio of
gbout one to 1C0 peris water. Tho water surzponclon of Lade

teria va

4]

rlacod 1n a watsr bdath at 556 S for one-nalf hour.

-

Af%er washing tho eolls thres tioes by sentrlfugation, tioy
vara ¢uiresteld $irad tloas with ellyl ether, and finally air
drial. During tha ehioeal prozelurss throujihoul the ctuly,
ti3 daztoria wora kept froa as uch contazinetion as poscibdle
b7 tha uzo ef 2laan Zlazsimre ond earofal covoringe The
drisl dactarla vere rlaced in a mortar and ground thorousily
vith sanl untll ol:70325:47 exaainatlion Jullod to rovaesl
intaet colls, This poriod varlad froa bateh to bateih.

Thoe disintezratad ce2ll fragzents vera sxtracted throe
tinos with distilled wotere The supernatant 1liquid was
saved each tiue and the sndiuent dilscardeds IL was assucod
at this point that tho wmaterials sought were water soluble
protuctse This provel to be ths casoe. Ilays g ale (1790).

The vater extrast containing the izpure wator-soluble
polysascharide frastlon vas shakkan with a aixtura ol chiloro=-
fora and aayl alsohol after the wmethod of Sevag gh ale (1733).
The ratin of chlorofora to alzsohol was 0.1 part to 0.25 part,
aspactively. Tha total uixture was shaken for a perloed of
45 to 60 zimutes, by hand, in a soparatory funnole The
pixture was centrifuszed in 59 nl nortions at 3,000 rpa 1n an
International Zentrifune, type Flel, for 10 aimtese A

gansratisn of tha chlorofora froa thz watar layer was noteds



At the intorfane a galatinous-apnesring meubrane wasg forced,
This lay-r econtained intast protein zaterials and vwas
diszardade Tho forzation of such a layor indicating tho
prascnog of protein substances 1s, aczcording to Sevas ¢f% ale
(ene gik. 1933), a tast for protein, sensitive to one part in
40,000, The agicous frastion was traated in the above maansr
six tiooes after which no gslatinous meabranse was noted at the
cshloroforaw-vatar intarfacee The chlorofora was found ia tho
bottoa of tha tubas Finally, tha adbsence of thae golatinous
layor inllcated thzat all of tho protoein possible had boan roe
movad froa the mixturee A nozative Siuret reastion (Table I,
soluan 2), indicating the adsence of the peptile liniage,
substantiated tho odservation that little intaet protolin ro-
mained.

The water layer, froa the above extractlions with chloro-
forn, vas precipitated with two voluaos of ethyl alaohol, 95
por cent, which contained a trace of sodiua asetates A fino
whito procipitate anpoared and was recovered by centrifu-
gatione This precipitate was dissolvad &n distilled wator.
(A ratio of about 10D parts water to ons of procipitats.)
Procipitation of the polycazcharide materisl was carried out
for a total of five times, Any sodluent appoaring in the
ecntrifured vater solutions was discarded each tine.

The final prasipitate was extracted threo times with

alsohol, three tiaes with ether, and dried by evaporation.
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The fimal mitorial anpeared 29 a light brovn povdere The
polysascharile was welzhind accuralely, and portiona for
La30dlate uss were dissolved 1a wara s2line solution. In
cold sallne colution it formed a c2lloilalelize susponsion
which did not sottle out upon stindinge Othor polrsascharildos
havo becen reported as boing collolizl, nauoly those of ilorgan

e,

(1940) who 1solated thom froa a culture of Se £rnhoga.

White albino rabbits, wolzhing froa tvo to three kg wore
usede All aniiials had a noraal toaperature prior to use in
any exrperl.snt. IUlood saaples for total and differentlal
lowzocyte and erythrocyte counts, dlood glucoss and hoio-

2lobin datoerminatisns werse taten froa the narzinal ear veln.

ranaration a2 Snosifia Antiser

Livinz and hoat-killed vacelines wers prozared in saline
solution (0.85 por cent sodium ehloride, pi 7.0) froa . goll,
sarotypas 011l Ty and 055 Bge Whorever the words "salline
gsolution" appoar tirouzhout the study, the above specifli-
cations apply unless otlervisse stated, :iHabdlits wers injactod
intravenously with gradually inereasing dosas of vaselno, on
alterncte days, for periods of six to twolve days. All

anl.ials voro rostad for at loast one woek prior to bleadl.g.
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Blood was tuiken froa tha heart and $ha sorua saparated fron
tho elotse All sush sora wvera chasized by bacsterizl tubo aje
glutinution for titers snd weroe phonolized (Del por cent) for
presarvations Tho warlous antisara vwere waxds froa the blood
of rabbits 1:xmunizad with eliher boillad (100 C for ons hour)
or living susronsions ¢f orgzaniszse Son2 sera were proparad
by inlesting a mizture of boiled orsanleas (r-ranarel as
above) and tha speslfis polysassharida antizones Sera wade
froa rabhits rozoiving only bolled orginisus contained only
0 antiboliese (Zoiling of Clil or 0595 sitrains destroys tho

3 entizen, so that no B antibolles rosult froa injaction.)
Gera made froa rabbits roceiving tie 1living cullturs contalned
both 0 and B antlhodiss. (These sullures wera not hoateds
thoreforae, the B anltigen was not doestroyed, and upon in=’
Jectlon produzed B antibzdics.) Scra preparod £roa rabbits
reocoiving only polysazcharido antizon contained both O and

B antibhodisse (Tho polysazcharide cntizen was not made froa
boiled orzanisase.) As thoe culturos utilized were foud to be

R

non-notile, no consiieratlion was zada regarding i antlbodlese.

AY conepAp? Ottt An
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211 crythrosytes wera collacted and stored 4in Alsever's
solation. The solution vas males by dissolving 2,09 por cent
dextrose, 0.3 por cont citrate, and O42 per cent soifun

chlorido 4in distillod water. (ilsaver gt ale 19%41) <ZTho



orythrocytes voere vashed in salino solutlon soeveral tlacs by
sentrifujation, and resuspended in Alsever's solutlon. Vashe
ed cells were storod 1ia Alsovar'!s solution at %+ C until usode

Calls showing homolysis wera discarded.

genafbizatiay of Urythrosvteg frog Vaslou
x0ec428 0L Aadaals b Balrgagsiarile

Pacizad erythrocytos were added to a knéwn polysaccharido-
saline solution to maike a five per cent susponsion of collse
Tha tube containing the mixturs of erythrocytos and poly-
saccharide wvas placed in a water bath at 37 C and incubated
for one hour with frequeont agitations At the end of ti:s
poriody tha cells wers thrown down by centrifugatlon at 2,530
rpa, and the supernatant f£luld removad, The soncitizod
pacited c¢olls wero thon washed three tines with saline solution.
Finally, the scnsitizod washoed erythrocytes wore diluted to
approxlaately one and ona=half per ecant with saline solation
and used proaptly in hamazslutination and hooolysls oxperi-
montse A final dilution of polysaccharido one to 1,000 vas
found optiaal for sonsitizing erythrocytes.

ion Zast

Erythrocytes wors sonsitized with tao dosired polye

sa2charide or sulture filtrata. Thoso were both boilod and
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unhizated,) Serdal Ailutions of antisora £ bs tastad womo
a2le 10 salinag salatisne Tuonty«2iva huniredths ol sallaee-
serua zmixtare w23 rlasad i eacsh tube (lannle Conirol tudes
inrluaizd (2) no corua amd (M) norual rabdhly soruae Tiaally,
321 tuado roselval 0,25 al of sonsitiued aryliwosytes and uas
shaizan thorou iilye 7Tha tubes wara th2a plaad in a wator
hath at 37 C for two hourse Tho rozeiion was roald at 30
zinutas, one hour, anl tio hoursz.

Aftor the final roaling, tho tuhas wore coatrifused at
apnroxizataoly 2000 rpa and azalan reade A positlve tost was
1nd22at0d by a diss at thoa dotliosa of tha tudae, broadsr than
tho control, anl having a sorrated eliza. Tho dis? woull not

s1lp froa position vhon tha tubdba was tiltel,

Y- ~m L 3
;;1_12: T'rfw's <2 ~

Trash gulnoa piz gorun (pooled froa the blood of cevoeral
antl:als) was usad as a sourse of couaplazmb. Defore eash
tost tha eaaploment was titratod with normal shaep anld husn
arythrocytzs to dotoct tho presence of lysing for noraal
shoop and huaan blood eslla. The lovest dilutlon of comploe
mont whish showsd no hezolysis was selected for uce. Docaunse
the tosts condustad werae of a prellialnary nature, 1t wvas not
eonsldarad faportant o standarliza tho coanlonont in torus
of nintim: hoaolytie docas £ norzal sheosp erytlrocytoce

Coma diffarensa in hezolytia titars was noted, duo priiarily



to diffaranzes 1a saaplos of coaplezonte Cerizl dilutions of
sora to ba tostad weors mado ia tho dasired concenirzation of
complezont (0625 ml was elled to eash tubes Iahnde The
control tudes contzinad (1) hoatad serus but no guinca plz
souploazaty (2) gulnoa pig compleasnt elon2e Tuonty-fiva
huniredths wl of a ong per cont suspension of gansitized
ghweop or hwaen erythrosytes was alded to eaznh tubes The
tuhas wara shaokon and plased in a 37 C wator bath for one
hour, aftor whizh a finzl reading was talon. The hoaolytis
titer wvas read as the hizhost dilutlon of sorus in whizsh
hoaolysls odzurrads Tho hozolysis of norzal shog) or huacn
erytlrocytas 1 tha precconzo of gpozifls antlsora was invostle
gatad provious to the bozinning of each toste No hounlysis,
dur to srocifis antisera alona, was noted in dilutlons of

antiscra of one ¢tn one hwdred or greatere

AveYy 3;{ ok

All haztarial tubo apclutinatisng weora carriazd out
aacording to tho taclidque for the VW1idal tast for L. Srnicsa
(i1lal, 1595)e O1lida agglatinmatlons ware parforaed by
plazing a szall asnount of the culliure, dillulel in a snlins
solutlnn, on a c¢lean glass sllde anl rixing 1n a drop of
srealfls antlsoruce A7zlutlnatlon waas observad dy indlirect
11zt a3 a slunping of ths ca2lls within a perlod of onas to
tvo ninutas. Reaztlons ocourring altor two ninulas vore not

considared slznifiszant.
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Polysaccharides for tosting vwarse made up in saline
solution to tho desired concaentra‘lon. (4 1-1,000 dilutlon
gave good rasults,)

To perfora the test, saall precipitin tudes (Durhaa
tuhes) warae fillal to about onoetnird with tho spoxifis antie
serna to be tosted, The polysacsharide solutlion was layaraed
caraefully upon tho seruid so that no mixing of the two llgulds
ocrurrod, Tha presipitin tubes were plazed &in a spozlal raczlk,
so construatod that 1t vas not necessary to rosove the tudes
in ordor for roadings to bo mades All pracipiltin tudas wvore
incubatel at 37 C for 18 hours and then read. A dofinite
eloudy layor at the antiscorunepolysaccharids intsrfasoe indie
sated & positive tast. A calinsc-antiserua conirol, run at

tho sazs tiae as the test sa=zple, vas included.

I3 Y373 »nd In Vitng Tests of Polysasaharide

Io xiyg tests were made in rabblits by intravenous ine
1aztion of krown azounts of the spacifia polysazcharlde
susnpendad 4n saline solutions DBlood sazplas taikzen for study
vare collazted in paraffin-linod tudbos containing sufficlent
honarin to prevent coazulation of the blocods The tubos vere
stopperad with paraffinecoazted corkse The blood was collect=-

ed froa the aut nmarzinal ear vein as 1t flowad fraaly into the



tubo, and gently mixod to provent cocjulation,

I viiza tosts for tho 1lysls of poclymorphmaclesr hewide
cytes were condusted using freshly eollectod cord blood frona
hizaan nowborn infantse

Tudes for tha collectlon of blood were propared as adove,
and delivered to tio obstotrizal sactlon of the hospiiale Tho
blood was collaected 4in wexzelinad, horarinized tubes froa tho
cut unhilizal cords and placed 1ediately in a 37 © wvater
bath. <Camplas of cord blood wosre run in two diffarant hosple
tals. [ive nl of bdlood was takon froa each of sa2veral nove
horn infantse Thrua ceouapleto coll countls wore mads on each
saapley tho total counts were avora:ad, Biflorontial counts
vars also carried out in triplicatas and averazed.

Two mZ of polyecazzharida in tuo cc of saline solution wvas
placed in each five nl of blood saxmple, aixed woll by gontls
rotztion of the tube, and thon placed in a walter bath at
37 ¢ for one hour, At the coaplstion of tho 1ncudbation
porlod, triplicato couants (as above) were mado and tha final
averazo counts of all saaplos obtalnods The results shovn in
Tabla VI are an avarcoZe of the several soparzts blood sanples

{nvectigated in the exparizont.
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An adequate chivaical charactorization of the final
polysaccharile was not carriad out due to laai of tho nocose
sary ojuipzont and tha dotailed chenical excalrnationg roe
quireds Fow bactorial polysaccharides with ninor exceptions
have beon adognately studiaed cheaically. Howover, basis
chexlcal tests indicated that the natorial wasg carbolydrato
in nature vith many nuclel containinz nitrogeon in tholr
structures layworth gk ale (17043) found that in an O antizen
prenaration froa Je Lzohoca there was 20 per cent of a solu=-
ble nitrozonous constitusnt prosentes This type of matorial
would not be recoved by ordinary ds-proteinization methods.

Hays ot ale (1950), usinz tho saue mothod as was usod in this
study, 414 not report the por cent nitrogen present in thoir
polrsascharide rroduct.

From the resilts of tho chenical exawinatlions shom
(Table I), it oan be reasonadbly concluleld that there 4s a
earbohydrate nuclous prasante Intast protein is not prosent
as indicated by tha asbcense of the gelatinous layer, L3vald
et al. one Site (1933), and repeatod nogative Blureot re-

actions, itrocen-sontaining coapounds, probably peptlde in
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noture, are prosont to an epcreclablo extonts The pourcentage
of nitrozon present in each preparation (as noted 4n Table I,
colian 3) 1is hizh vihea cozpared witia polysasshorids frociions
of othors such as Uong gk ole (1933). ilowover, these woriers
did not frastionato a stralia of L. 22018 known to possess tiw
D anti_one. It should ba broushd to iind that tho preosone

of various chweatzal constituonts 1a polysaccharide fraztion
denends groatly upon the asthod of isolation, and no rasults
can ba coarared on an equrl basls unless Yho saze strain of
orryonlsa 1s fractionatold and tiho sane motiind of extraztion

13 aanloyeld. Tho chonleal sudbstances that ean be isolatad
froa a given orzaniss, evon by a sincla methoad of isolatlion,
ara muwrous and should not be connaraed with tiose isolated
by otier matholge Thorelore, the fratlong dilscussad in this
gtuly are not eozpared chosizally with othor . gald fractions
obtalnel by sinilar or differont zothods.

Phenolis substanzaes wore fouxl to ho present as indle
catol by a positive "illon's reactions All orgarde coupounls
hish econtaln thio hydroxy phienyl group give thae Millon ree
actions Tha tast 1s sencrally considored ona for the azino
acid trrosina. Dosoxyribomuslels acid was found present to
a sgizgniflsant decrea (Olsche test). FPhosphoroas and sulphur
vore also stronzly positive. Thae prasonce of phosphorous-
containing nuclei, acsoriing to Raistrick gh gl. (hid.),

soons to preclude a ceoertain dogree of toxizlty for anlualse



They strossed the laportance of phosphorous anl sulphur in
tha diolo;ically active nolacula,

ieferconce to Teble I, coluan 7, wlll shov that tin
substances wore hydrolized with sulfurle azid and, upon
neutralization, ylelded rodusing sugarse. Thosa suzars vocre
not charactorizod ags to their gpe2cifis naturos Further chonde
eal analysis of such matorizls shonld ba undortaiion to give
mora exact inforaation resarding tholr strusturse Uatil such
is ti» cace, ona ¢an only charastarlzo thasa materials as
inyare polysazzharidos.

Untll nmore workers unlertaixs tho 1solation of polye
sascharide fractions froa tho e g211 knowim to possess the B
antlizens, 4t 13 $ha oninlon of tiha autihor that the prasonoc
of thosa entljons, whiea roadar the bacsbtarial colls O ine
azzlutinadle, is of treaendous laportance both froa the chomie
cal and 1amnolozizal point of viowe As no ona Yo date has
1solated the D antlzong, 1t nmizhil Yo woll to coasllor thaa
a3 a choulaal entlly, wiilzlh, with careful ehenlzal extraction
nathwls, coulld ba foolatade Thore 1s no Inilzation at thls
point to consider thas as bolng ontirely of a polysascharide

3e
b ¢ 7u Rogbuad: P
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Zofort of Polysacaharllie on SaLbils

Tntravansus Anjastion of 08 mz por Lz body wolzht of
tha polycazcharila in snliaa golation provsd lothal in each
of fiva rabdvliss. Table IIT eontains a record of the lowio-
erta eount, orytiwrosyts exind, LHlood glusosy, and teaporalture
aftor injostion, of two rabdits. Rabhit nuidbor 2 1s Includad
17 tha zhove fivo. It can ba scon that a dozo of 0.2 o por
s of polysascharile provod lethal to rabbit number 2; wiille
rabbit myvar 3 survived a dosa of Qo mg por ke Ia radbit
nrthar 2 a narked reactisn davolonald withln tuo Lo threo
hours and vas chnrastarinad by prostratlion and dlarrizae. The
pariphorzl ciranlatisn was dornressod as evidontasd by a palo-
nosa and blunins of tie earse D2alh oecsurrad 22 hours aftor
tha ongsal of tha syuptouse Tha haart dlood was subsoguently
sollastad froa four sthar rabbits that had dean dnlostod with
a lathal doso of tho polysassharida and exaninnd. There
existod a oarzod lenzonenia and an elevated blood glucosa.

The normel blood glucose for radbhits 1a froa 90 to 119 ng
par 120 &l of blood. (lays gk ale 1270)) The tompersturo
rosa only slightly 4n each rabbit, Tissues vere taisn of

various orzans aftser death and fixed in 10 par cont foraaline
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As muech as 19.0 mg of tha polysaccharide adalnistored
pas 53 to norzal radbits failed to elicelt any notiseadle
rosponsas Similarly, bady mice fod in the saze mannaer showed
no obvious roactions.

Injections into non-iamune rabdbits of O.% w3 of poly-
sascharide par ks body woiziht 413 not prove letial to any

radhits injoctad.

Chanzas 1n the Cells and Glucose Lovel of Vonous
Tlood of Norizal and I.auna dabbils Following
Intravonous Injaction of Polysacsharide

Vihen O+ oz of polysassharide por kz body weizht was ine
Joctad intravencusly into noraal rabbits, markad syaptoos
ocourrad. After a twvo-hour poriod, saaples of blood showved a
lewzoponia ecsconranied by an inereacsad blood glucose. The
leukopenia was charazterized by a disappearance of polye
aornhnucloar colls froa the bloode About 2% hours after ine
joction the rabbits daveloped a louzoeytosis, charastorized
by an inerease of tha polyzorphmclear cells. In 72 hours
tha blood pisture wans essentlally noracl, (Rabblits 1 and 3
forrnd in Tables II and IIl.) (3ce f£izures 1 and 3).

Tvo hours after injection of polysaccharide thae blood
glurose increased in pronortion to tho sizas of the injocted
dosa of toxis material (saa fizuro 2).

Tosts wore madae to deotar:alng whothar a rabbit having

antinnites asainst tha ecell vaccine or tha polysaccharide



vould raacst 1a a anner sizllar to tho non-injostad andzale
2abbit nuaber b (Toble IV) was injasted intravenously vith
ona rl doses c¢ontaining two nz each of tiw poalyaaccharida
froxs 0111 on avery oth:r day for a total of nine timos.
These 1njoctions waere givon in praparation for the tast,
rosults of walzh ars givan in Tabla IV, A chack on tho blood
two hours aftar each injactisa shoved the usual losukopania
and inarsased glucosa. Aftor the above sorias of injaztions
with polrsaazharida froa C111, tha antaz) was restal for a
p371531 of threa waulize ‘ntidolias ajaiast tha polysaccharide
1njoztad wers tactod for and dezsnotratad by bacterial age
gluatiantion (Table XIV). It 1s showm that thy polyaaaczharids
antizeria oontainsi 0 and 3 antibolles, as livinz, Intast
haztoerial ¢3lls wora ag2lntinatod.
A sooond corias of 4njactions of C111 nolysascharil

vas thon given to rabhit midder &, tho resulis of whish ar
suziarizad in Table IV (sea fizure W)e On tha first day,
two hours after 1nj22tinn, a charaztaristls laimopenta vwas
frinde Approxizataly 35 per cant of tha lowzozytes had dise
apnaarad, 42 par cant of whish were noutrophilass A louto-
eytocis vas noted o tho day after tha inltial injection.
Two hours oftor 1niaction o tha sacond day an even mora
mrritod leulzor2znla was produceds An €5 per cent redustion
oasurrad in the total nuoher of lowiocytos, assozizted with

©2 per ccat reduction in noutraphllese Tha resalts on the

third doy vers ciznilar to those ghoves o inlnction vas
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given on the fourth dayy howevor, a =112 lawosytosls wus
founde On tho £1fth day an iasroasae in tha fotal loukosyte
sount was ohsoryad two hours oftar iInjeation., Thls rize wvas
dus t5 an increasa in the 1lrzphozyts lavol, as an acltual d0e
eroase in tho nuzdars of nautrophiloes odzurrals Tha radbult,
(nuzber B) oa tha sixth day, on3s 23ain presontod a hich
lavrosyto enund but was not injestade A fol2ranes to tho ine
Joactlions bozan to bHa shount by tha saventh day, 2s tio poly-
sarczharilo srotiead only slizht changes in tha total loulocyts
sount, roprocontal by an eight por cont rolduztlion. The loss,
thouzh s3all, vas mede up entirely by noubrophilos. nnnle
natisn on tho elshth day revoslad a norasl Hlrod pladturas A
blood gluzose debrralnntion on the sevonth doy, and tro hours
after injection, howaver, sghowed the usual incraasee o
apnaront toleranaas had been established for tils zozhanica,

The saxe anisal as adbove vas restad for a porliod of
eirht weaizs and niven a 2,0 o doss introvanonsly of thn saue
rolysacehnrides. Vithin two hours an oxniination of tha Llood
ravoalad a lekonania and an dnorocsed %lood gluzosos thote
over tolarance the anizal had previovsly vas no longer In
evidconza,

& rabbit (nuaver 5, Table V) wvhich had boon proviously
given a e¢all vaceinoe prenarad froa e gold 0111, was injocted
tntravennisly with 0111 polyasecchariie (Q.% 03 por k3 body
walzht), thres and one«half weoks after the last intravonous

inicstion of ecll wanasins. The dlood serna fron this anlual
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at that tlas pocsossad an asslutinatlion tilter of ono to 8.
Thio rogponsa of the rabblt to tha injostion 1s tudulited 1a
Table Ve Two and ono-half hours after the injoction ¢ lou-
zopenla was establishod, characterized by the discppearance
of polyaorphmuclaar colls. 1In additlon, tho lyuphocytes ware
markedly reducode The total lewsosytes wore raduced about
70 por coenty the lymnhooytes, 53 por centy tha polyaorphe
mizlonr colls, £5 per esnt, The blood glucose increased
sharplys Aftor a perlol of 11 hoursy a2 oild lowiocaytosis
oxistod with a ceontimicl Inzroazed b»lood gluzoss. Uitidn a
Dreliar porlilod a dofiaille low:iocylosls ocsurired, asroapanied
Dy a noerly aotiaal blond gilucosde A CoWnlALo r2lwrn U

nomanl was achlavod 1a 72 Lowrg alftor tho injestlion of tha

polysascharidoe flonocyius estiuations reosuliod ia no d-:fintte
condluslonse Lowwosloblin valuss worgo nobt siznilisunlly
altarcie

-
.

Takan L t:11435

Lysis of Lawtocytas g Yiiz3 by 0111 Foljysacchoriie

The tachalgue exployad by dennls gh ale (1932) and Uays
8% ale (1270) wus usel to doforuing ths ability of tho poly=
sacchiarida froz Cl11 to lysa lowiozytos 4a ziisQe Freshly

collast=d cord bloosl of filve humsan Infants a2t birth was mixed
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with polysaccharide in saline solution. After a two-hour
period of incubation at 37 C, the results fouad in Table VI
vere obtalned.

A 42 per cent reduction in the total nuzbers of leuko-
cytes occurred coupared to the nuuiber present in the control
saiiples The neutrophlles were reduced 83 per cent, whille the
lyuphoeytes showed a 39 per cent apparent increase.

The polymorphmuclear cells obscrved in blood films made
at the teraination of the incubation period wore interesting.
These tells were found 1n various stuges of dissolutions
Soma appeared greatly ballooned and othiers appecared broken,
with a pouring out of the granular naterieles Other colls
possessed only a nuclausy the cytoplasm had passed out through
tie fractured cell walle. The copious aznount of debris found
was accounted for by the fracture of the leukocytss, in this
case neulropiiles. Lyaphocytes appeared essentlially noraalj
only a few shoved any alteration in wmorphologye The erythroe

eytes vere intact in all saiplas observed,.

Agglutination and Precipitation Tests

Followlng the preparation of antisera, nade by injecting
a rabbit uith the polysaccharide from 0111 or 055, it was
nacaessary to deter:iiine 1f the cntlseora contained both the
somatic 0 and the Mexnr2lope” B antibodiess As a pure 3 antle

serum has nevor been prepared, 1t was thought that possibly
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ona made by injoctions of polysaccharide would ba freo of O
antibodiess To invastigate this possibllity an exporizent
vas ade in whishi an antisarua wag preparod by injocting a
alzture of C1lll polysascharids and organisas, that had booen
proviously boiled (011l organiszs), into a rabbit, vwiils a
soz2o2d raubit rozeivel only the polysazcharidee I tho polye
saczharila wero purs B antizen, only B antlbodles would ba
producals Dy the same rule, 1 thy polysaczcharids woroe pure
B antizon, mixing 1% with a doilald culture woulld sunnply an
antizan couplote with doth O and 3 antijons. Cuch an antisen
wion injazteld 1n%o a radbit vould rosult ia en antisorua
havinz both 0 and B antibodles, The rasults of such an
experizont c¢an ba scon ia Table VII,

As is evidant, tho boiled orcanisus wera azglutinatod
in a 1 to 2950 dillution by th2 polysassharido-coll vaccelne
antisorus, the uzheated to 1 to 320 dilution., Antisera proe
pared azainst the polysaccharide alone agglutinated tho
holled or-anis.s In a 1 to 6% dflutfons IIad tha polysace
charide antizorua eontainad only 2 agz;lutininsg 1t would not
have a7:lutinated the boiled oranlsas, which possessed only
0 anti:en. Tha B antizan on tha bactaria had beon dostroyod
by boilin: for onc hours (Xaulffuan, 1750) It was, thorafore,
conalulad that the polysascharide was nade up of both 0 and B
anti_ onse

Having estadlishol that the polysaccharile was made up

of both 0 and 3 antigons, which upon injactisa woild produes



L7

0 and 3 azolutining, a procipitation roaction was investle
gatad to detorzing 12 tha 03 antison of tha polysascharile
vould pracipitate cell vacaeinae antisora possessing 03 procipie
tins, as voell as thosoe having only O precipitins. The
asswintion was nale that the injextlon of bollad orjanlous
into rabdbits foraoed pracipitins speczifis for tha O antizen.

4 praciniiin reaztion took place batwoen the c¢9ll vazcine 03
antisorua and thoe polysazshwride O3 antisen (Table XII), iove
ever, unoxpacted results were oblalnad whon tho polysazsharide
03 antizan fallnd to preaipitate the cell vascine O antie
gomuze Tha possidility wvas thsrofore prasented that in-
Joztion of Hoiled orzaniszs into a rabblt does not proiucas O
pr2aipiting. It uight slso be eoncludied that only tha B
antiraen prosent 42 tha nolysacsharide is able to ellalt tho
proszipitation reasction. OSineca only one anliil was used to
produso thils antisoruz, 1t 223ht be possible that tho aniaal

used was nodt eéanable of produsing O pracipitins,

Iamagzzlutination and ilouolysis Txporisonts

‘any workors in the past have shoun that erythrocytes
ara eapabls of adsorbiny variosus antizona vhilech rendar them
agzlutinable by spoeific sorua antibodye. Toastlons of tils
tyna hava baen reportad by Hoozh 2% ale (IO47), fravehonlo
a% ale (1947), #2adlovroox gk ale (1043), Hays g% ale (1950),
Fishar (1990), Fisher gk ale (1951), and Teter gk ale (1972).



Polysazzharilsg froa varisags spacios of daztaria have
2cn adcorhaed by tho red blood cells of many spesies of
arlialse Th2 polysazshinrlde antigons of an untynad strain of

Se 2215 havae boon adsorbhod by the eryliraeytas of anlinls as

onently a8 1271 by uys ¢h Blee {Tava'onriio gne gite (10%7)

"

adscrhad thio polysaceharides of varlous bacltoria onto lnuaan

) &~
t7re 0 crylirozyies,.

et

Ts dotorzine whathor tho polysazehariles froa L. g0L%
€111l anl 055 e¢2uld ba odsordeld onto tha rol colls of various
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ha orythrosytos of a exry rabbdit, doz, zan, che3p, axd
atdsken voro vachod and sonsitisol with tho polysazcharids
froa C11le Tho rosults are precsontad 1n Tabla VIII wlileh
glres tho reactions for tho antizeons of Z. 223l Cllly howowvor,
tha toct was rencated for the soroiypo C959 vwiil sizilor roe
11tse A li%o reastion was carriod out by Ustoer gf ol.
(1992) usinz the antigons presant ia culture filtratoes froa
th 0111 and 079 that had boon bollod for one houre It can
ba obsarvol that tho wvarious blood colls adsorbed tho poly-
gaccharilao anti;en and worae agslutiaztsd by houdlojous antl-
sera $o0 z2hout tho saso titore intiscra contalinlng O ond C3
antibolies wera o;ually effeztiva in pralusing houag lutine

atione
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Adsorbtlon of Two intizeong Sixultaneously

In orlser to dotoralno whother rol blosd cells are canable
of adsording the antizens of polysazzharides 0111 and 0959
slmitonoously, the folloving experlzeont vas carrled oute
Shoep rod cells were molified by (a) iacubatlon with tho polye
sazehnrila froa €111, () fncudbabtlon with the polysazzharido

[adad .y - bl 1 b
froz 077, and (2) 4ncubztlion with Uha polysaisiiyridss Sroo

ora poosantal 1n Tabla 1.
2l LIo02 2211g troaatnl as i o 2nl b abave vare aszlubie
retod by theldr homolozous antiscerae Scolls thot had alsorded

Iutinaied by elthar antlsorua, indle-

g
ot ]
]
-t
5
\J
+3
W
f)
i
U

cating that cach cell had 23s00bod both antlzonse foneated
experlisonts gave ¢l llur rooullse loraover, when ¢21ls prow
parad as In a anl b vers nlxed tojallhsr, hesnpslutination

vith a singlo zatlscrua (022 for CL11 o> 0790 caused oily
nartial axglatination of tha bBlozd 2211z A3slutinalion of
ealls ronclticed as in @ proiuced a eomplais reozstion using
olilior anllizsorune Turthnr eviianta of tha elmltonoons ade
sorbtinn of antlzans yas galnad whon gsansitinced co0llz, as in

abed 20113 ond oanlutineted with

o
C

g or b, vare ztmed with unlyr 9
thna hoolozous sntisarmiie 01y partlal azziadtinatlion vas
ohsorvaly Inlinling that only the senslfizad en2lls worse in-

volvele



ot
&0

The Cubscquant Troatoent of Shean Jad Tlood
vells with Folysazchoride

If the polysaccharidae antizens eould ba adsorbed onto
red colls inderendently and siaultanoously, the question
arose as to vhothor tho presence of ono polysascharids on
the red eoll vould exclude the adsorbdilon of anothere. A
blocizing effoct alyht bo preseat to prevent subsequont ade
sorbtion of the nolysaccharide antizonse 710 investijale this
quastion, reopeated experiients vare uadertalzen in whizh wvashe
ed shoop rod cells wore first treated with ths polysaccharide
froa C1l11l followed by the polysazsizride froa 059 and vige
¥2raae Tho reactions are shown in Table X. Alaost identisal
titers vore produced by the various roactions. o blositing
of heanzzlutination was noted in any roezctions 5Dlood cclls
traoatod with one antigon dil not heuaagslutinate with tiv

heterolosous antlsorun. Titors wvera siullar to thoso oblzaine

ed vhon shaop rad blood eells verse troated siawltancously,.

flanazzlutination and Ilounolysis by
Ad3ition of Comnleoient

Tieher 20l Zeozh 4n 1950 renortad that eryihrooytes
conoitlz2l b7 bastarial anti-zons wouild wnlarco lyals in the
pres329 ¢f 2oarlaent. To detoraine vhethor this somo
phonoansnon eould he denonestrated nsine the aniisons of L.
2oLy (polynzacharidag) 011! and 0355, the follnuinz exnerizont

w28 vdertalion.



Shoop and Maian erythrosylos vors soaciltized by the poly-

accharide antizons froa 0111 and 057. To carry out a tost,

t

sensiticed erytirosytes (having adsorbod spocifis polyasce
charide) ware added to tubos contalning two-fold sorial
dilutions of thoe hoaologous antiseruz. Complozent made froa
poocled sora of scveral gulnea plgs was added in a final dl-
lutlon of 1 to W to each tubo contalning senslilzed <oytiroe
eytes and spocific anticerun, Tha tubes wera seally shnxon
to inmre nixdineg and then vora inzabhntad in a votar batil atb
37 C fav orna houre Lysis ozzurrad in tudas contalning chaap
erethirosytos but folled €5 tolze rlazs in fahes eonbalalng
huzan rod cells, Lysis of sheep or husnn errthrocytes dlid
not oz:nr in tho nbheeonse of eoxnlennnd, Whon eouplonant wg
cired vith gencitized erythrosytas of an or shoep 1In Lhe
absenae of anticerum, eoxrlzmant dilutlisns of 1 to 20 and
grontor @13 not czuse lysis of thy erylthronyics,e A flual dle
Intinn 0 1 to 40 of son-lazant wos celartod, thoraTfore, as
ortimun for hannlyeis tasts. Antlsora anployed i tho
haisnderats tosts wore hoatod at 5 C for 32 mtmutes in order
to Aasiroy commlanont roraslly precont 4in sarul,

Tahlo I 4-2222%03 that henoliytle titers wore highor

than sosressonlins hozassladination titors,  “nbisorn usod

11 £hane omarlaonts vora prodnzed froa e2ll vazelies usod as

4
- - - da
entirang, owvlyasis cxnerlients vera also coaliried uclng
- BN - . - e wy o2 - B
anticora nrarored asalnst tho soocifis nolysassiharlie anlizens.

Hemolysls titors 4n these cases wore consisltently lowvor tiww



wvhen cell vacclina antlisera vare eaployede The houolysis test
appeared to be more sensitive than the hemagglutination re-
action. It 1s interesting to point out that no lysis of
hunan blood cells took place. Durinz the test hunan cells
wvers washed in the sans manner as sheep cells, but apparently
small amounts of contaainating serua reiained to block the
reaction., Weter gt gle (1952) have shown that szall aniounts
of serua present with human red cells in th2 sensitizing
madiun czn pravent the adsorbtion of antizens onto the erythroe-
cytes. il2aazglutination reactions, on the other hand, were
not affezted, nopeated teosts yilelded the sume resualtse It
vas also noted that treataent with more than one polysac-
charide antizen did not prevent the lysls of sheep red cells

in the presence of homologous antlscrua and cozpleaent.
The Effect of licat Upon Polycaccharides

Teter g% ale 9n. cite (1952) showed that in order to
pade an antizen froam 0111 or 059 active (so that it would
scnsitlize erythroeytes for hemaj;zlutination), boiling for one
hour was necessary (Table XV)., It has been shown in this
thesls thot boiling of polrsaccharide-saline soluiions was
not necessary in order to render thea actlive for red cell
sensitlzation. An experiuent was undertaizzn to deter:iins
viether bolling of polysaccharide antigens would prevent then

from beingz adsorbed by erytiwrocytes and vhetiier they would be
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abdle to act spez2ifisally in hemag;lutination reactions if
aisorbeds Table XIII shows the effazt of hoaat upon thae ale
sorbtion of the polysacscharide froa 057 Heaagglutination
titers of erythrocytes sansitizad with the boiled polysac=
eharide antizens froa 097 were noarly equal to thosa of the
unbollad, Howevar, 1t ean also be obsarved that vien a
culture filtrate was ussd for erythrosyte sensitization, 1t
vas nocessary to boil 1t in order for tho antizens to be ade
sorbed by the erythrooytes. A test using unhsated filtrate
showed a titer of 1 to 100 dilution. It can bo observed froa
Table XIII that the polysaccharide antizens produced detter
sonsitization of erythrocytes than ths boiled filtrate.

Batholony

Five rabbits, all of vhich were noraal half-grown aniuzals,
ware glven doses of polysaccharide in excess of the asount
znovn to be toleratead, ELightetenths mz par kg body wel:sht
proved fatal to each rabbit injecteis The anlaals wore
prostrate within a few hours following the injectione The
aninals were nazropsied soon after death and sestions of the
various orzans taken for histological exaninations These were

fixed in 10 per eent formalin.



Gross ixoamination

Tha lesions found upon gross exauination of each anil.isl
vere t..ose suzzostive of a ratier sovere toxeula. The anizals
were blsedinz fro: the nostrils. 4rean wataery feces coveredl
the hind parts of three of the rabbits,

Tha lymph noles, partisularly thoss of the bronchial
area, showsd a norikad degres of hyperoxlae Tha spleon vas
also vory hypareais but otharvise gexnerally noriaal 4 appoare
anco. Petashial hexorriazes vors sadn in the thyaus gland of
three aninnls,

A =113 hyporezia was noted in tha intastlaas unon boing
opcnad wiilsh suzzested the prasence of eatarrhal eateritis.

The hoart in gll rabbits was flabby and lizhter than
norzal 1n colors

The condition of the lun:s varied froa ncarly noraal to
8520 in vhizsh areas of exphysema could be dotectede The
econdition vas zore pronounced in tho basal lobase

Zxaulnation of sevaral livers revaaled sizll foeal areas
of nearosis well Adlstribdbuted ovar the orzane The organ
appeared generally lighter in color than the norzale.

The kidneys, with the exception of a sli:chitly adharent

e2psule, wore grossly noruoale



X4crosconie Exazination

Iaimoh p2dzse Mony of these were hyporaxie and sona showe
ed zinute hexzorrhazese.

Snlaone The splssn was congestsd but no other changes

vera ovservod,
ned n28e Sastions of intestine shousd a hynore

socretory epitheliua with an increass in the mizher of godlat
ecells, iasses of mucin wara pressnt covaring the columnar
enithellal cells, A dofinits inzre2se in tha siza of tha
iatastinal eanillariaes vas seone

Livaerne Hiarosyonis exanlnatinn showved the result of a
toxis resastione Areas ¢of nerrocis were s2attered throughout
ths section, and wers assoclated with the inner third of the
lobules, chiefly in the reclon of the contral veins., Thero
w33 ooazulation, sas2atiosn ani somne lijuofastion necrosis
prasant in the liver cord colls, The portal canals woere
conzaosted but the areas sround thom weroe fres from necrosis,
The sinusoids, wheon not 4disruptad by nezrosis, vere fillad
with orythrocytass Fatty changzas vers pressnt in ths hepatle
ezithaling of lobules whors 1little nerrosis had tzken placs.
Throzbl were found in many of ths eantral veins, Other veins
ghowed norazl erythrosytes ia tho luten with an ozcasional

on3 eontaining fidbrin,
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$3d2a9vge Coagzulation necrosis was visible in ths proxie
mal and distal convoluted tuduless OSoze glozerull were
hyalinizade Muslei, vhere recoznizadle in the tudulos, di5e
playad pysnosis, karyolysls anl karyorrhexis. lMany convoe
lutad tuhules contained debris and ozzasionally albuzinnus
cactsa,

Lizce The lunzs 1n tares cases shovwed euphysesnas Thils
eonlition eoald hava been tarzinal. Haaorrha?e was presont
in areas surrounding cany of the bdbronchiolas, which contalned
rmamarous aryithroeytese The capillarias of the lung contained
pint staininz aatarial having the appexzrance of hyalin.

There was no inflaamatory cellular infiltration of tha clvooll,

Hanrt, Vacuolatad arsas aszong the dbundlos of flvars
inii2ated fatty change. Thess wera not extencive, Lizited
nazrosis wvas saon in siasll fozal areas and where present the
bundle fidaers showed loss of striations Oneasional henorrhage
was prosant to a mild doasroo in the buniles of fidberss In
such areas the fibors apnoared to have undergone myolysise

Azain no inflanmetory cellular infiltration was sean.



DISCUBEIVT OF RLGULTS

Icolatdon of Polvgacatarddes

It was recognized at the beginning of the study that a
wethod of isolation must be utilized that would produce as
11ttle dagradation of the fractions desired as possidbla,
Many nothods used in ths past have involved strong acils or
ali¢allis or extree teaperatures. Tha mothod choson for this
study was =114 and tihe polysaccharides obtalnod were not
subjoczted to acids, alalls or hizh touperaitures. For the
disruption of the bactarla, the grinding watiod of Lingner
and rorrastor (1937) was usede. Good results were obtainad,
Judzed on tha bacls of zlerossopic exaaination of the
fractured cells,

Inasauch as the polysaccharildas froa 0111 and 0595 reuacted
chezlsally and blologiszally so nearly aliks, discussion of
tha polysasaiarides will apply to both, unless othorwica
stated.

Purity of tha Polvsassharile Fractlons

Various azants have bean usod to extract tha O antizens

of tho Le golde Anong those are, to montion a fow, trishlore



acetie aeld, trypsin, glysine, dlethylene glyool, phenol, ani
guanidien, folloved in most cases by alsohol presipitalion.
Thosa preparations hive nol boon dsaonstrated to be purs
polysacaharides, but mixtures of many choxlsal groups suzh as
D=glucosauina, phosphollpins, glusuronis acids, polypeptides,
phosphatldes and soms sulphurecontaliains nuclel. All of
thesn, howaever, hava baen positive to tha llollsch raastion,
althouzh this would not nacessarily prove that they were
cardonydrata 4n theo strict senss of thse word but worely would
1adizate the prossnca of the cardbolydrate radlicale In the
lolissh reastion, tha carbohiydrate radlcal razains intast as
an aldohyda group procent in a now groupling known as a
furfurale Raistrick gf al. (1934) stated that there 4s no
Justifisation to assuie thal basterial fractlons obtainod dy
presant nothods ars pure polysaccharides, In addition to
wvhat has alrealy bheen said 1n discussing the blocheazisal
aspacts of tha frastions, a few points are to be made roe
garding their purity. Fow polysaccharides have besn 1sclated
that can ha tormad pure carbohydrata. Tal ef gle (1O43)
atated 41 daearibing antigens 1solated from S512211a dvaol~
gggggg.thnt the louropenia prosont, in tests eonnducted, vwas
prodazed by a sonjuzatad protein and an uniezraied polye
saacharide frastion, both suhstances having a phosphorous
groun attacheds, Reaoval of this group rendered the fractions
inactive. Tha fractions of 0l11 and 055 have been shown to

posscas this groun.
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Ralstrick gk ole (193%) produczeld a frastion froa [ige
Lo24u3 azrteraiig whish eontainad tho spacifis polysaczherile
i an "antizenizally” pure forz, thousgh uzry spllt or dosraded
protein produszts vers prozonte It uns esmphasizad that tla

ractions wera cortainly nod pure substancas chesloully, Dut
wara considered to be phosphalldo as vell as polysascharide.
Thelr exact structure 13 still a mattsr of conlocture.

Delafisld gf ole (1934%) claized a fraction that was a
polysascharide, containing no unalierad protoine Iouaver,
eliored protein proiusts wers in eviloncse

Tays ph ale (172050) found tuo fraztions frox Lo 22dd o
bs of a polysazsharilse nuture but poccacscing many olhar choale

cal nualzile Ta2z fraztions from 0111 znd 0795 coxzpura chonle

eally vith thoso found by cthor iavestizators in zost respaets
4n thot (1) thoy contaln redacing cusars 4n easlly dstactabla

azounts, (2) thoy do not zsontaln undazralded proteln, (3) thoy
possess phonoliz subdstansoes, and (%) many nuslel conialining
gul-hur end phosphorous with (5) molorato azouuts of nitrogen
in varisas noa=profein arrangcuacnts.e  Huguorin ond ftasey
(1219) £iatad thet an antlzon of Sl Lonmagea eontzined 90 to

63 por eonb polrssnesinrils, 15 por cent insoluble polypaptido,

4]

10 %0 20 per cent of a colubla nitrozenous constltuent, and
3 to 4 por cont of a solubla nitrozenous constituent, and 3
to ¥ por cent of a lipoid couponant, D=-glusosazine was

contained as a unite.
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A preparaztlon by ‘orzan z% zl. (19%1) proved to bo a
polysazcharids-~protain cozmplox whish was both toxlz for rabbits

and also antizornic.

Injzction 0f Polysacahirllo Trastions

teferance to Tablos II and III indisutes that tha nost
aarkzed reaction of rabdits to intravenous injaction of polye
saccharlda 0111 or 055 was a ranid rodusztion of the lauko-
gytos of tha vanmus bloode The granulocytes are affectad to
tho sreatast enxtante A qulzit riga in the blood glusose level
wvas also markod,

Lauzoponis effaxts of varlous bazterial frastlions, sone
of whish have baen polysacsharide in nature, wers firet reporte
21 by Kzlaer (1991), Xanthask (1892), Loewit (1392), and
Solzahzider and Jaz2ob (189%). The loukopenia in aost cases
was £olloved by 2 rica in blood glueonse lavelse lora recent
worx (roferred to elsevhors) has offerol siuilar findinzs,
tha rracont stuly not exceptad,.

ot all fraoztisns havo heen elize in thelr seloctive
srtizn unsn cortain colls of the blonode Thoss reported in
tiils study vere more prononnzed in reducing the nuabers of
poly=orplimizloar leuwzosrtes., Such results ecan prodably be
atirivuted to tha phagosytis action of the noutrophilas, as
29115 graorally considerad to be nonephagocyvtos are not

roduced in ap-reziable miahars,
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Tha fast that larzo dos59s8 of nolysiccharide vhen fed to
rabbits and mize d1d not produse symptoms szoms to indieate
that the matorizl was eithor (1) not absorbed frou the di-
gostive tract, or (2) inactivated by dlgestive enzyaes prosaent
thsre, or (3) not absorded rapidly enousch to roazh a toxls
lavel in tha bloode The possibility of the detoxification of
eartain aasunts by tha liver should not bs ovorlookad.

Ctulies upon tho blood of aniunls that incaestod the frastlons
ore not ialicatad,

Tha salostive dacstruction of the sranuloeyias of tha
blood has Hoona ranorted by Donnis 9o 2i% (1929), Morsan gpe
aite (1010), Pavorita gne 204 (194%2), and Hors g% ol Qne gik.
(125), Tha various aschanisig racronsihle for sunth n re=
actisn hava ench boen quoctiennde The poesidility of the
racpsnse b2inz Jua to an atrenalin inerense vwad coasileored.

In tue napers by Trey 2% ale. (1513) and Prey (1214) the results
2% 1223c%ins radhitas and hanans with edronelin A1l not parale
121 thio £indinzs of tha present stidye In hoth investle
£ations 2n 12 7iate rol-tivo anl e»solute rise in all louko-
artns osir=ad unon indarticn of 1-1200 4ilutinn of adrenaline
"5 Youzoronia wng odserved in any ease and the inerease in
lauzoaytes vas immediate,

Other eonsilar-tinns as to the eauss of tho esllular
roonongs ~ust dba mantionad, Leuonsnias prodused by the ine
Jantion of nuslels adid derivatives hava besn renorted by

o2n 2% ale (1928), These studies indicate a highly specifie



stiaulatory eoffect, 11.iCad to tha granulosdytes of ths bloode
Injoctions produced marusd insreases in tis total circulating
neutrophillese 70 louioponia or roduztion ia any otier ¢ollu-
lar element vas notode In another study Doail 2% gle (1035)
failed to produzo reactions in rabdbits by tho Inteavaioas ine
Joction of 203,700,000 living organisase Only mild transicat
constitubional and hoaatoslosic raactions wara odsurval,

Haay vorsers hove atiizptold o prolusse louiioponlas
sizilar to those prolucad by tho solycassinxpilos of C111 und
057 by tha injositon of varlous protoin zabelonzes Ints
radoltse Notoble adong theso was Wisezan (1221) who clalnise
tarald cuch protalns as 33 aivualne loreign protain
variety of sourses, wiaen gilven Inlravenoucsly 1n radbilis, hus
exhibiteld thae cozxon preperty of stiuul:ting lyuplopslasis
11 as sp22ifiaz a zannor a8 the nuclele aclds (Qo2n gh 2le
ore 2ite 1020) appoired to fncrsase thd uyeloll elazanlis.

The responsa of rabhits injastad witi tho polysziccharide
froa Cl1l or 097 (Tablas Ii=V) does not siculabte rasulis od-
talnad by woriers vith protoln sivstances, wiillae injscilon
of various polycazeiarida fractions Dy a eonslloradbla number
of porcons has ravealsd siailar renctlons.e Therafore, 1t
do2s nod anpear thut protain sudbstanszes prodiuse resilis
sounarabla to thosa found upoa indastlon of polysaccharlde
fractions introvenously into rabbite. HMoroovar, the hypore

As 8

tatoe roportad hera has rot baon obsorved in protein-

glycaids s

injscted enlnclse However, the hyperglycenla reported eould



63

be due to an adrenalin responce, thoush this is not compati-
ble with the leukopenia observeds

Historically, the first case of a bazterial agramilo-
eytosis in thils couniry was reported by Lovett (1924%), in
which Bazdllug pyosrancoug was the infecting azents Iater,
Meyer gt ale (193%) failed to produce an agranulocytosis by
injectinz bacterial toxins into rabbits. A toxin froa
Pe procranenas was the only one fonnd to he active in thils
nannere No doubt, investizations would show that tha in-
effectiveness of thece fracztlons wold he due to the method

£ fractionation.

Alteorations in the leuwonenic res e hove been studled
extansivaelr, Tables IV and V show the remlts of injecting
nolysaczhoride Into cell vaceine and polrenzchoride immune
rabbits, Imvmanity to the lewkopeniz or hyrerzly-e.ila waos
not observades The response of the vazeine iamine rabbit
(Tablo V) indiented sone attemiation of the effect of the
pclysaccharides £tudies in vhich no Lznnlty could be demon=
strated to a leultopendc recponss are thoce of Favorlte gt al.
gne ci%e (1O42), Hays g% ole 22 cite (1950), and iorzon gk
2l. o3. git. (19%1), thouzh Morzan gave no inlieation of the
tize betveen the last 1rtmanizing dose and the challencing
dosae Vorkers claining to have produced an izmunity to
cellular and chexical changes of ths blood are Dennis cf al.
oze cit. (1939), Delafiecld ot zle. o3. cite (1934), and
011its71 ct 2l. 20e 2ite (19%1). Any consideration, however,



£ the toxle or famne response to injoation of basterial
fractions must ba taeapared by the raallzation that the toxie
and 1zmunizing substances prosent in sush fractisns saniol
assuxzal to roproasont the total toxis and izmnizing potontie
alities of the intast bastorlal eslls, .wever, injaection
of whola organisis has beon shown to produse little chanze
in tie Dlood of rabbita (Coan ek ale 02 glte 1335),

The ralucstion in the nuadors of leukocytes in yitro has
bosn roportod by Dennis 9a. gite (1939) and lays gpe Sibe
(1950)e Tha dastruction of leukocytes in each case took
placoe at the exrpense of tha gramulocytess A roduction in
granulocytes has beon showa to take place 13 viirg in tho
cord blood of infants (Table VI)e Tie effect was marked and
tha eellular dostruction was coanlete in tho colls affostode
An Intorestlins quection arisss as to whother infants suffere
ing froa a gastroesntoritis dus to Clll or 0995 show a lowioe
ponia at any tizoe during tho course of the dissaso, Thouzh
ths author has no inforantion in this recard, it is very lio-
ly that tho absorption of the bacterial eondo-toxin is relative-
1y slov so that a loukosytosis davelops without a leouitoponie
statoe Lore a huian infant injostod with a large dose of tho
polysazreharide frastion froa either 0111 or 099, it is
reasonabla to assuze that lowriopania, follovsd by a louiioe

eytosis, would rasult.



Volwulnonus materizl 1s found in the literature deoaling
with hexzagslutinatlion reastions. Usgually raoferencs 1s made
to diroct bactarial or viral heaagzlutinatione However, 1t
has bean shown that the antizens of many miceroorsanisas are
capable of belnz adsorbed by red cells, thus rendering thea
az3latinablo by spozifis antisora. This type of reaction
has boaen 2alled indlrect haztorlal henagjlutinations Heogh
gt al. (1047), Middlebroox gh gl. (1043), Hays gt ale (1270,
Fishor (1970), ilays (1951), Fishor gk ale (1951), Neter gk
ale (1552}, and others, have demonstrated the phenomenone

Totar (1752) and TNetor et al. (17752) roported a houaage
glatinatlon roaztion, producad by adsorbing the ssludle
antizens present in tha filtrate from €111 or 055 cultures,
ontd erythrocytose Thesa antigoens wero not descrinhed choule
callye. ster found that adequate sonsitizatlion of orythrow
eytes for tie inlireet haamagzslutination roastion occurred
only &f the culture filtrata was heated at 190 C for one
hour (Tadla V), The cuthor stated that the mechanisa of
renlaring tha 0 antizon sapadle of adsorptlion by rod cells
mizit bs dus to the lnactivation of the B antijen by bolling.
Two conzlusions 1a til3 rezard ean ba drown froz tha rasults
0f tha prasent siulyy (1) 3 anstizon €id not appear to be ine
astivatad by boilin: as boilad polysazeharile suspansions

sazzed to produca roastisna equal to thae undbollad (Table



XIII); (2) 4% mi_ht Yo assaised thal heatlng of the culturs or
culiure filltrata to "innstlivatse" B antlzan brings abdbout a
2021%1cd Sractionation of tha protoin froa tha polysuccharilo,
allowing tha polyscecharide {ractions to be adsorbad oanlo
orytarosytes.e It mizht bo ol fatorost to test bolled cullure
filtratos of the two sarogroups for tho prasenss of polysice
CiiarliGSe

Tha O 1nagzlutlaability of Le 2331 strains tanl posscss
tho B antizon (Kouffzann, 1950) has baon rocoguized for soae
tize (Tuble XV). Thils reactlon, thousht to DS dua to tho
presance of a 3 aailgon on Uie surlasza ol tho corgandss,
razults 1n intarforonzs with 0 azzlustination anid erjyiirosyto
ganaitizatlone Zauffuaan provel tha abssiuca ol a capsile,
£in22 a9 gwolling ocsurred vien tao organlsa was traatsd with
a spa3ifiec antisorude Antl_ong praosont 1a tho six sero-
aroups of Le 2211 containlng the I antijen wora raeferrad to
as "snvolopa® antijonse The sero-jroans Cill and 037 possoss
tha Dy and the Bg antizena, respo:iivelye Tha ssTo- TOups
aontionad can also e fouuld to possess an i aulljon, in which
caga thoy are 2otila.

Various szrolozical raaztions vitlch hava bosn roporteld
by Yeter 22. Si%e (1752) havo bean possibla dus to ths ad-
sorption of the O antizen froa bolled filtrates oa tus
surfaze of tha erythrocytese IHowewor, in the present experi-
sonts thers was good inZlsation that ei-ilar reacstions vere

dua to tho B antizen as 1voll as the O anticen. Ueter also
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point2d out that the adsorpiion of ths O antizans froa eulturs
filtrates by erytiroecytas was blocxed by tha pressnca of
solubla 3 antizen 4in tho f1ltratas The polysazcharilo entie
gens 412 not exhihit this fallure €5 be adszorbod by oryiiroe

eytes, even thoush thoy have beon shown (Tadle VII) to possoss
the B antigen in serologlzally active fora.

Lrythrocytes sensitized with the polysaccharide antijons
showad eonsistantly highor homagslutineting titers than rod
¢2lls treated in the saue manner with heated cultures or
h2atad culture filtrates. It should be exphwacized that at no
tize during the fractlonatlon prozescey in the prepuaratlon of
tha polysaccharidae, &13 tha tompeoraturoe riso above §5 C,
Cultura filtrates, on the othsr handy reguired beiling for
ona hour 4n order to destroy tha blocking effect (mantioned
abovs) of tha 3 antizan,

Ths presenta of tha 3 antisen in the polysascharida
frastion was doxzoasiratad vhon, wirad with bolled organisas
and injeztod into a raddit, taore was producad an 03 anti-
serude 1he D antlnodlss could coso only froa 3 antlizen
prasant 4n ths polysaseharlla, lnaszuch as B anllzsn vas
dastroysd by boiling 1n the bastorial calls indz23tade Tha
abova antisermua azzlutinatad living orzanisas (Table VII),.

As pure 3 antisera h:ve not bgen proluced, the sxact
1iontlty of the B antizen 1is uninoun. Whatier 1t exlists as
a coating on tho surface of the living bactorial coll or is

distrincuted throushout are mattors for furthor investization.



It appears that a goneral dlstridutlion of tha antlizon throu he
ouat thie basterial soll would explaln most satislaclorily its
prasnaza in tie polysaccharila fracstlons, and also in culture
filtratns,.

In 21l heanszlutinatlon reastions an optland sorus dle
lution vas obsarved for a:;clutinatlione Coaplate inhibition
of haxay:lutinatlion vas not odaarved to be duo to a low
eoncontration of seruds For cny civen ontiscorum, heoalslu-
tination tosts using sora prolused agalnst the vacsine, showw
el consigtently hizher titers than sera produced azalnst the
polysazchariiec.

Tho len;th of tiie ¢is crytihrocytes were exposed during
sonsitization end tho conzeatration of the polycasciarilo
vere izportant. The sonsitizatlion tlues reported by ioys Q.
gite (1290) appsared optizun for use in this studys Noter
one gite (1352) foudrl tha saus intervals for sencitlsing
erytirozytas to bo satisfactory, ucing bolled calture fil-
tratese Joazrantrations of polysasaiarile used to sonsitlce
erythrozytos woera hizher than levels found Yo ba opiiiun by
Tiays gne clte (1351)e IZongar poriods for sensitization than
one hour A1l not appexr to insreasae tha haussslutination or
hasolysis titers, expleying tha sase antlcora.

Froa obecarvations made durinz thls stuly, it can ba
postulatod that only a 31all portion of ths totcl arca of a
givan erythroayta 1s covered at any ons tize by a polysace
charile adsorbod to ite Indications that tiis aijht bo tie



casa ara precentad in Tadles IX and X, vhore 1t was da.aon-
strated that more than ona polysasszharide could be adsorded,
eithor simultananusly or subsaquontly, by erythrocytes. The
facts precented saca to indizate an adhorence to cortaln
colloidal principles. Vhethor the polysactharides astually
axisted as colloids cannot be stateds Thou:h the total
muabor of polysazsharldes that can be adsorbad by a sinjle
erythroayte has not baon detoralined, Hays g9ne Slfe (1991) suce
gca2aded in adsorbing four at ona tize and in denonstrating
thair presence as spe2ifis antigens in hezagzlutination roe
astions,

Kravehenio (19%7), who raported the raeastion of polycace
charides with erythroaytes, stated that huaan erythrosytes
apparently coabing with spasific polysaccharide by adsorption.
In explaining tho phenozonon, the formmla of Freundlich vas
givon, 1n which X e Ka", whaore X is the azount adsordel per
gram of adsorbinz substance, ¢ is tha concentration in
solution, and K and n ara constants. iia postulatad that if
this rule held, crytirosytas should be abla to adsorb poly-
gassharilde and transfer it to other erythrocytes or to a suse
paniing modiuae. A futuro test of the principle would de of
intaraeste

Savoral problaus arise as a result of the invaestisations
into polysasaharide adsorptiong namsly, (1) what i1s tho minle
aua asnount of adsorbad rolysascharide neszessary for hauagglue

tination to ocsur in a hish titer antisaorua, (2) what 1s tho
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optimua anount of polysazcharide that must bHe adsorhed on
the erytiwosyte surface to dbrinz about thas hizhast tliter
possibla, (3) howv muzh of tha orythrocyts surface is ozsupiod
by the prosence of one polysaccharida, (%) is tha polysace
charida bouni strongly to the erythrocyle surfasze, or could
it be eluted &0 homazzlutination with spacsifis anblserua
vould not d9 »nsslhla?

It would anpoar thot the ansver to wany of these probloxs

li03 in thoe fialls of collold chealsiry and Lzxmnologye.
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SUITIARY ATTD COTSLUSIONS

Tha isolation and propertios of tho somatic antizens of
Sachordiaiia soll, saro-groups 0111 3“ and 059 Dr, ara
describods Thase antizons ara shovn to possess spezifis polye
saceliaride substancaes, as well as other ehoulcal grouning
containing sulphuar, phosphorus, and nitrogone. Fhonolls
grouns ara prosonte

abblts injected intravenously shiow a marked roeacstion,
vhich 13 charaztorized by loukopoenia and hyporglysamiae The
louizopondia is due essentially to the loss of granulosytos
froa ths bloode

Jabbits f.aunized by injastions of tho spoecifis polysice
charide antizon develop a tolerance to repaated injoctions,
but vhen givon a perlod of rest, and azain injocted, dovelop
a louzoponia and hyporzlysesia egual to that of a noneliinune
anl:le Frostration and dlarrhea eare also notode Rabbits
famnizad wvith ths ecll veaecine of 0111 3y, vhon restad, and
tiian injectod vith a nonelctinl doso of tho spocifis polye
szocharide, show tho charastoristis louliopsnda and hypore
tlysoziae

The leui:osytas prasent 1a ths 2ord blood of nawdborn
infants cro lysod in yitsa by ths polysascharlda of 0111 Dy

Tho loss of loutiocytes 13 principally onae of gramuloaytoses
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Rod blood colls of wany plg, ciuicien, doz, cow, and
gheep are shown to bacoio sansitizod by the polysaecharide
antiz2ns and azzlutinated in the prescnce of houolojous antle
soruie Prenarations containing tho B antizen are effactive
in rondoring erythroaytes a-zzlutinable by their specifice antle
sora, A polysaccsharidle lacking the B antigen was not propared.

Lrythrocytas of ehesn are showvn to adsord ore than ono
antizen either sisultancously or in successions [0 blocling
of roactions, dua to the prosense of more than one of ti
polysassharides on the erythrocyte, 18 notod.

Polysaccharide entizens adsorbed on sheep orythrocytes
are shovn to coudine with spo2ifls antibody, and, in the
presencae of coaploaont, produce hemolysis. Titors of houolye
sis reactions are gonarally highor than are tihoss of henage
clutination reaztions,

Cell vacaeina antisera are mor9 eflfective in producing
hizhor titers in the heaagzlutination resction than polysace
charidae antiseora., DBolled polysascharide preperations appear
to have as good sonslitizing ability for erytirosytes as un=
heated rrenarations.

The intravenous 1ajection of polysancharile antizen from
0111 Dy into radbdits in lathal doses eausad changes to ocour
in varlous organs. Acong these, tho prineipal effe:ts in the
livor aros (1) fatty chanzes, (2) coazulation and eassation,
and liquefastion nesrosis, and (3) throadbl ia wany of the

eentral veinse In the iidnoy nearosis of the proxizzl and
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distal convoluted tubules oscurred., Potoczhlal hezorriajes
are found 4n the thymus glande A ecatarrial enteritis is
produced in the intostine., fAtelectasis and ennhysena are
shown to ossur in tha lunz.

It appears that frastions such as are describded would de
useful in the dlaznosis of gastroecntoritis in infants, pare
ticularly in hospitals whore basteriologlieal prossdurass are
not feasiblas It 1s probhadhlo thnat antiboldies could bho denone
stratel to bo presont in tha blood of infants suffering froa
gastro=entoritis of e5lifora orizing by utillzatlon of the
hamazzlutination or hazolysls reastions, in wiilsh a polysace

charide preparation ui;ht act as the sonsitizing antizene
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TADLE II

RESPOTTSE OF A YTOTUIAL RADDRIT (RAZNIT TROIR 0¥2)
TO IWiRAVITIOUS IIyasTion sI".{
g_‘ M om PO«JYO \IVAI b\IJU

t s ‘Y ag H !
Rabbit ¢ Tize of TotaJ.]' sPer 1 trer ¢

vtaagiC ~ ]

réalz:utﬁ';x bafore fn 7,000 66  W,620 33 2,310

body vt 3 hours 2,300 82 1,835 14 322
6 hours 4,200 49 2,058 51 2,12

2% hours 20,000 12 2,400 83 17,600

48 hours 9,800 36 3,528 62 6,276

69 hours 7,500 40 3,000 53 3,975

loukocytes to the nearest 100

Erythrocytes to tho moarest 100,000 per cmm blood
3ilomozlobin 4n graas per cent

%31ucose 1n graas por cent (blood)



TA3LZ IT (eontimucd)

77

.s

] 3 ] $
t IIb.” 3 Clood sToxnoratura

=rre=rees

Poz: : Al : Erythrocytosz

Contiibooluta: T $37nc o
1 7 5.8 X 105 Wel 102
o2 5e5 X 127 1,0  210,0
0 ) 4,8 X 10° 13.6 142
0 0 4,7 X 10° 13,2 134
2 195 3o X 10° 12,2 105
7 525 3.1 X 10° 19,1 97

102,0
1030
104.3
1747
102,2

301
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TABLE IIIX

ROOPOTISE OF TTONIAL DAD3INS ( MUNIiS TWO
AT TIIRCD) TO ITTTRAVITIOUS IJTLSTIod
OF Ee 2001 099 POLYGACIIARIDE

Rabbit ¢ Tize of _ . JTotal ]:W:W
Rabbit 2 before inj. 8,800 S 5,012 W0 3,520
048 nz/ig
boly wt 2} hours 2,100 65 1,400 33 700
6 hours 75700 b1 3,200 59 %,500
24 hours - - - - -
dead

3?2"’2}3 bafore inje 5,200 70 3,060 23 1,1»56

body vt 2% hours 1,300 82 1,055 1 182
6 hours 4,400 2 1,050 76 3,3
25 hours 15,200 % 2,128 86 13,072
48 hours 10,100 L2  W,242- 50 5,050
72 hours 64500 53 W,420 30 1,950

1Loukocytes to the nearest 100
2Zrythrocytes to tho nearest 100,000
Jilemozlobin in grans par cent (blood)

l"aRLu.c:osm in grasus por cent (blood)
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Anpde o

TA2LE IIT (contimued)

- e

ng af cotuba. Lryt,hroc,,ruesz : zm.-"‘ "1%3;.3; ] 'rc.;.:;zigﬁzie
6 573 53%X10° W0 1 123,0
0 0 5.1 X10% e 223,0 105,0
3 2 4.5 X 100 1345 1040 103.0
2 104 6e5 X 10° 14,5 115 102.5
8 1h 5.6 X 10° 13,9 139 10340
0 0 S X 10%° 13,5 104 103.1
0 0 5.2 X 10°  13.0 9 192,0
8 808 bt X 0° 11,9 87 9940
2 130 %5 X 10° 12.1 85 9345
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R““”I’"l TODL FCUR TDWIIETD U ITH C11l POLYS.

T5

A v

APV V]

2 ag

WUOlOHANIDE e
IL..nO v TO FUARTILD IZI’ SSTIUNS OF POLISACCHARIVE
s ] s :
Dose & Day 1Time of Count:Total Loukocytesza N}
i ] i
1st before
injestion 64500 %0 2,720
2 hours 2,470 82 1,968
2nd  before
injaction 13. 900 6 1. 110
2 hours 24700 51 1,377
3rd Dbefore '
injoction 9,700 3 3,298
2 hours 1,200 g2 90%
Yth we 12,700 69 89255
5th  befors
injoction 8,420 59 4,956
2 hours 10'700 70 ?"*90
237 s R 15,100 33 59738
7th  bdeforoa
injection 94550 42 3,990
2 hours 8,700 45 %,002
Oth == 74100 b2 2,982

1ritor of rabbit nunber % e 1/640
zbeukocytos por oax of bLlood



TADLE IV (contimmed)

53 1,295 1 2720
N 120 3 953
34+ 4,318 1 107
5o 3,350 1 Ch
60 94050 2 302
o 4,693 -
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TARIG V

DU PIVE LLOTTLRIS) VITH Be CORYI C11Y VACCINE -

RoGPOITLE Ta ITDAAVEG0US IMIJLo L0 oF

Ee SOLI 0111 POLYACCAAIIDEL

Dafora
injeocetion

2k hours
11 hours
2% hours
43 hours

72 hours

64309 P 3,672 %5 3,128
2,009 76 1,520 a2 4o
3452 15 1,275 g5 74225

124520 32 4,00 63 8,500
95000 o1 Ly 500 47 4,230
79202 53 4,175 42 3,02%

12 na polysaccharide intravenously
2Loukocytas to the nsarast 120
3urythrosytes to the nearest 100,000
hﬂb ea as graa per aont (blood)

53100d glusasa in gas per 100 ml of bdlood
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43 X 107
Ye3 X 10°
ll'.l X 106

Rootal

3 si:-vlnszog) ! Tg a0 ﬁxr\“nng

101l.1
101,0
102,1
102,2
102.,1
102,0
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v
D TMEATED E. COLI 011X

rrem g r¥Ty
ok ANTICERA

AGGLUTIUVATION OF DOILID Al
DY TVO DIFr LRa

. Antiserua = boileds = Boiled 8 Unhoated
Organ;fms‘Plus s 0 glll ’ 1 “?0111
1/20 # #
1/40 # '
1/80 £ £
1/150 0 4
1/320 ] 4
1/640 £ -
1/1280 4 -
1/2550 ¢ -
1/5120 - -

1Serum preparsd by injesting polysaccharile of
0111 4into rabbits.



TABLE VII (econtimiad)

Polyégzggarido : ngfloéq : 9}11 |
1/20 # 4
/40 ¢ ]
1/30 # ¢
1/150 4 4
1/320 # -
1/540 £ -
1/1230 - -
1/2560 - -
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fﬁh:.i.u th o -aaIL«J O ULLL—AJ) I&I e wuLI

Cll1l POLYCASCUARIDE ANIILGET

87

Ty === = :
3 : 3 3 3
Cow s Rabbit & Dog ¢ Man s Shoop s Cihilckon
1 H H 3 2

€111 Antiscra
1/1C0

1/200

L S Y S U G N

1/3200

W RN NN N NN
NN NN N NN
W RN N NN NN

1/5400 -

1/12300 - - - - -

1/25520 - - - - -
Serum Control - - - - -
Saline Solution

Control - - - - -

055 (intisorua) e - - - -

t W N R RN RN NN
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T;‘h; L’z IX

ST TLIATLSOS AL luJ“ TIOT O T/ POLYSASCIIARIODS
ATTISCTS O7 ;. ConLI 0111 A 055
DY w‘._..e. u) L' JJJ Cu 3

~od .,J.ooa

$ Po;zg_‘_;,,:}.xrigg Foly ;;mn;: rila_: Pol SE‘E;}"Q’ ap ;39
o1
1/100 # - £
1/200 oL - £
100 # - #
1/300 £ - #
1/1500 £ - ¢
1/3200 y - 4
1/6400 # - 4
1/12300 - - -
059 1/100 } p p
1/200 - # £
1/400 - £ £
1/300 - £ 4
1/1500 . y y
1/3200 - # £
1/3400 - £ -
1/12300 - - -
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E- - e e e e st e ey
~ Azzlutliaation o0 ua:mr; a3d BiA004 valls by
Ee Col4

Le 2014 ~nt1 era aftﬂr Troataent vith
Anticara e . In
3 1055 followaedsllll followed
i Q23 3 Ly QUL i Dy Q79

e o 0 W

o1l

0111 |

1/130 # -

1/200 4

1/430 £

1/320 £

1/1530 ¢

1/3200 o
1/5+0 - -
1/123%0 -

0
59 1/100 -

]
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¢
s
'

:

!
L S S O S
N N RN NN
N N N "N N




90



T4A3Ls XI

cers.ga mwo\mz‘}wf a~e Lo Rat s X233

Snrym g e sy g pery Ty
sddalih zu'uuLL P4 LY

A YN zJu.uIaJ \Ja LNl aiiWUed Ll

SLAUTSIRLL u.) W .L-J T N lJJLuv RO ;IJS ATEIZLIS

Antiscral Homgglutination of & semnsglutination of

pgcific: 0111 Polysacchkride (I 055 Polysaoczaride
or ~rne
Antigon : Husan : fhoep : Iyazn : Shoon
0111 1,600 - 3,200 - -
05111 6,400 12,800 - -
055 - - 1,500 39200
0359 - - 1,600 1,600
Controls
Coaplazont® = - - -
Saline only = - - -

#1440



N

TADLI %I (20ntinuoed)

Hazolysis of 099 rolye

flomolysis of Ol1l Foly~
saccharido Sonsiti:zed ] sascharide vonelticod
[l prede oicavic ke s Ipeeblmgardag
3 ] (]
Humon H Sheon F Hsaan H g£hoon
- 2,800 - -
- :()"600 - -
- - - 51,200




T.2L8 XII

PRECIPITINT RUSASTIONN OF ANVTICURA, PRIPARID FRO
BOITED AMD I*"il '{' B 0111 LY 05"5 Ce COLI

vy % A v -
U :.& FAN qu u), h - 1 iu KJJ “,.1 va ..nsl..)u

ATTL l"S 231 0111

lﬁntiserum made from living culture

2¢mtis«arum nade froa boilsd culture
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A graph to show tha loukocyte and gluoose
rasnonsa of a rabbit to the intravenous
injoztion of O.4 mg of tha polysascharide
froa Ollle Rabbit nuaber 1, Tadle II,

Pigwre le
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Fizure 2. A graph showing tha louloscyte responsa to
injections of tha polysacciarides froa 0111
and 099 in two rabbits, muubers 1l and 3,
Tables II and III.
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Fizurae 3. A graph shouing th3 lyaphogyte response to
injection of OQo¥% ug of polysascharide froa
0111 cononared to tase polyzorphmeclear
louitonyte response to tho sino injection.
Habbit nmuaber 1, Table II.
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A groph 1llustrating toloranza to injactions
of the poiysacenaride from Olile Tihe solid
1linoe represents ths totzl louiosyts level cach
doy before injestion and two hours afters. 7The
brosen lina reprasents the total leukocytes
cach day preccding each injactions A final
approxiantion of the two lines indicates a
devglogg? tolerance to tha injoctions, (sce
Tadle I
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