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In 1938, Stusyrb, Griffin and Daker(d) published the first of
& series of investigetions on the releticnghips of the coliferwn
bacteris. Stusrt and associstes contimmed helir studies(?) with
& roport o dhe antigenie relstionships of the colifors Wm; and
in 39L3 an sccount of thaly studies on the biochemical snd sutigenic
relationships of the peracolon bucteris was published(d), To meny
besterioloziate tho letier investipation was of particuley isportunce
pince, wabil mow, the perscolon orgeniass hed reseived bubt Little
gystomatic attentlon sl as o group hed Leen poordy defined, In
Stuart'e disocussion of this group he propoeocd that the ters ®paracolon®
be limited to slow or noneloctome~ferannbing ¢olifors culbures widch
had boen 4sclsted from fecvemy cultures with similar chavecteristics
but isolated Irom sources obher then feces stould, sécording to tids
author, be oailed “sbberant coliforn® strains. For the purpose of
our future discussion, however, the ters prrscolmm will be defined
in & move i;mmnl sonse sud will incinds sl slow-lachose-fomenting
coliforz streins regerdless of their souree of isolubione

Tewonomieslly, the parecolon baeilli belon: to the fauily
Entercboctariscesc. Derpey's Momusl of Dotorainative Sasterialony,
éth odition, ) asseribes thie femily as being composed of grave
negetive, wolile or nogenolile rode wideh grow woll on extiflicial
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media and all species are said Yo forsent glusose, fovuing acid oy
acid and pas, The antigenis mﬁm al the Satercbacterisgese
iz described as & nossic whdch vesulis in serologicel isterrelationshipe
aaony the severel geners, The fenily is classified into five tribes
ol elght penere {Teble I,

Fron the polnd of view of the nadical bectericlogiste we are
concerned primarily wilh genera composing the tribes Cscherichwse,
Zelmonellose, and Proters, In the tribe Salmenellese sre clessified
noat nf%MMﬁthg@hﬂmgmg to the genera
Selmonells and Shigellass The tribo Necherichese 48 cosposed of three
geners, Secherichie, ferobucter and Klebeiella, A single genus
Probeus iz clessified in the tridbe Protese (Table XI). With the
exception of Ylebsiella, the other geners are canposed lergely of
guestionable or non-pathoseuie mpociess Agesrding to Dergey's Nanual
of Detersinetive Dasteriology, d) the slassification end 4ifCerentistion
¢f the gemere Zecherichia, Aerobacter, Klebsiells end Proteus is
confined to Yochemiosl methodse 7The paracolon bacilli are apparently
closely relsted to the fscherichis end lerubepber and in an sppendix, (b)
2 claspificetion of the perscolon becterie is given as proposed YLy
Pepmnn, theeler eod Stuert(®), Acesrding to vis aysten, parecelon
baoteria ave olassified blochaieslly sod pleced in e single genus,
Paracolobsatruns The penue Parecelobrolran sontuins thres spacles,
the nazce of which were devived Iron etloting end related nomel
celiform species (Teble III). The first and type spocies wos colled
Py seropemcides sfter lercbecter m;zm and L. clovcess the second



PaBOConsp JoU Bear
pejusnIny Lredex 9S0RIwT
sueloused Teuue u wenmy

_.%__.E I aﬂ!ﬂm I .ﬂﬁu T
_ wamm YISO gagunl
l.__:an.um Qﬂuu.r.w SUSTTAZ
ax 5“ 84

SOOTXY,
Arprdiex —

DOBOGIOOSD BAIN sumbyc ofteixo I0

pogumRISy Hupd fpoz STTERTD BogTseINd QAT
GO DBOIINT sEULORT JERLID I 8205007 Jumag

[

seqemIed quuyd owes fepypoered Twuwiue Sy
gel puw P 20 DIow Jupany eeoontd Ioengy .
STTIO=ROUN X0 o7 TIow Fapol Judmais sarielien wman

PRAVETIDJOIQOIVRE:
fyyumy ouy JO GBQTRY PN mIsULn ery o3 foy

T TEvL



Lo

STTOToeLy BoTeb ue
20 13958960409 TOTEIRET

rAIgReaeasy

TITA pasnyuos LYI9R0 SuUINIGE Suny
U 30 aeaq LISUTInesdTEDD

pus teulysoqut fliogearises iy uwi
Arpuanbesy polojun U  SSTIROUMUD:
*esepyd pyGomu M Uy pegernedeon:
ta9ontOlay O JwTTum gng

FOTIAR,  CCOTIONOI UOTIBGUITG I

TPy 11T st

ZB90U000E I TOSRIRd
TOPIFIIENLIAT G090UT ROTE

TPOYTY 8 ud
Aym@nbox; *sTIjct=G0u <
OTTIOn  toangeu Y POYNGTISTD
gr éﬁ.ﬁ.ﬂ ..3 lnﬁi

o080 BE

tﬁ tﬂoﬁﬂﬂn& uﬁu ? 3«-

I eBeideY DUn SPosnTE JuouIS;

SATRORGoIsy 1T sTman

*dnex3d porooesed auy zo worgteod
ey e
TP TIAOE,
BOTIY @) Jo wIenep oy o} fay

MM TEVL

UOTLUYRaEmILY V8002 SOTE

sy sorpoad gou few Jo Sey

| *HOQIS0 3O OOINOS ITOE Se PYOS
STITI IO BYTRF SWTYTIN jou fou
ao m@. *8Ingea U7 pPOgRATIS Ty
fyzpye  +(*o3e Ssyymsds
ﬁwﬂﬁ& uew 0% drualonyed

O[SERBC 8% puUB BS0AY UT

oo SRS I
potd gou JOUTGLE!

Tl snotssupoad sed puw prow

aﬁn auo 1097 puy esotmy? juonaeg

STOTIRURe: [ swmy



De
faBLe 11T

Kay &0 the Spedies of the Cemug
Parecolobscbrag {Dorman, ob aley 19Lk).

Shert rods cherecteriszed by sonsistently delsyed fermentation of
lavtose (oovssionally negebive). Antigenic relotionships to other
generz ig the fenily are common, oven with respect to ssjor antigens,
Type 8000io8w=wl, aerogencideg.

Is  Aeetylemetliyl enrbine) produced,
cherscters similur to A, serogenes i. Parscolobactirum
and 4, cloacse, sercgeneicon

Iz, ﬁcﬁ;ﬂrsﬂmﬁ earbingl not produced
fe Clbric sedd utilized sa sole
source of carbon, cheprscters s Paracolobectrmm

sinilar to Us intomsedium, interasdiug
By Oitric scld not ubilined 28 |
sole souree of cerbon, 3. Parscslobectrum

charectere gimilar to U coll coliforme
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specioe P, intermadiun wes nemed after ischerichia freundidi and
Ee intermedivag the third spocies P oolilosme wae nened after
Tschorichis coli.

Jorusn's classificatish syetenm of tle parecolon Lecteriz sppenrs
to hove considerzbile =merit end most certainly wes o forwsrd step in
daternining the texonomio position of this zroup »f corgenisss, Roomt
atigenie sbudies on the Sseherienis,'® 7r ), and nore secentdy
thoee an the Dlobslalla-ierchectart?s 10) ang Prateus W(u}, seen
to indicete, however, thel future ¢lassificotion systoms of the parae |
colon prouy wlll most certainly include & #syztem of snbisenie anclysis
es well ap biochenical methods of differentistion. The results of
the aforementioned antijemie stuiles =ales it sppsar that the Zecherichis
and the Klebglelle-iercbacter groups are w in e process of anbipenmic
wyatenagstion similer %o that whieh hss been 8o successiully spplied
to the elassificetion of the Salmonells snd Shigella, Keaffmenn(12),

a proponent of the antigenie mothed of claseificciion, doss not agreo
that the Interobaoclsriscess cun be elusnified in the manner suggested
by Derpey's Memul of Detemslustive Seetoriolog™d, Keuftmmam
stotes, "The inderchacteriapess are nade up of a series of interrelsted
beeterial types which do mti lend thansclves to sharp diviaion indo
bribes or inte groups. The transition from growp Lo grouwp is grodusl
and interaediste strains are found in oil osses. lewvertheless, the
faily is o6 large and umseldly st it is desireble to divide it
inte groops for parposes of prectical clesailication., Within the
fadily ove feuns deuse venters composed of bloghouwdeally homogenecus
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streine wideh ave serologicelly related.® From this statement it
would apoesy likely tret Ksuffmans would plsoe most of the Selmonells
ad Shdpolla in the “dense cembars of hi:a;*:‘mﬁ.m:!,;' hamagzananas sod
serologically relsted etralme® snd from the results of nore rocenmt
entigenic studles 1t would slso anpeer thet many of the Secherichde,
Klmgmn, derobacher and roteus straing osn ba dafined in 3 sinlley
nanners fauwllmennt's yeference to transitional snd intermediste Lopms
might woll desoribe the tamonomic Ipuliﬂm of the pearacelon group.
Keaf foerm belioves, however, that porscolon cultures whien are in
otiwr Doapoots fynlesl Zschorichie and widch oan Le serolesically
typed as Sesherichdia should no Jonger Ve considered & paracolon Lub
rether o trus nember of the Cseherlolda groups A8 previcusly eonsidered,
howevoy, nany paracolon beeilld show little biochenicel resesblases
to tyrieal “meharichia =ad only e few of those heve been subjlected
to snticenic snalysis. Aecently severzl parecolon biochemipel proupe

sssoviated wilh humen disonse have Loen the subject of sptigenic
tavostizetiont®3s s 25}, tne mesults 0f these investigstions have
egbablished that ab loest one of the parscolon zroups (the Arizoma
group) can and does regularly produce disesse in men snd sninals’iS),
It is interesting to note in this cormection that the paracolon
bacilli of the /riscona group heve Llagellsr and sauetic sntigens in
caguon with the Belmonells group, a feeb wbhich probutly indicstes a
elose taxomonic relvtionabin Lo this grouwy of basteris. A11 of the
parecolon studies mentioned bere followed the originel Stuart, Wheeler,
Rustigion end Siemermen report of 19L3 whiich dealdt with the Wdochenicel
end entdgenic relationshipe of the parecolon baeilli, There agpears



&

Y
%o be 1ittle doubl thet the resulis of this ebtudy acccaplished much
in the stinuletion of the parscolon investigstions wideh followed
alony Lotk blochenmienl end swbipenic linese In thelr studies Stuard
sned his associotes wade no stlenpt Lo eatobllish an snbtizenic mysten
by whiech the paracolon ovganisus sighi be clessified, bub rothey
described cortain broed anbigedc mlaummlzipﬁ withdn the grovwp.
Three naracolon groups were osbtablished .’m this iavestigetion,
parpcolon uerobacter, wmluu intersediate and parscclon escherichio.
Of thoee, caly the paracolon serpbacler group renclag Lo be sbigenmiealdy
tnvestiostea(2® 175 180, 14 35 gosowhet swprising thet this mzp.
has remained until now to be autigendoslly investigeted minece
sppiventiy it containg members of medical importunce. The i;;arm
sornie cher g:mup en estsblished Ly -mm‘i??’, conmisted of 10 styeins,
The suthors classiflied this growp inbo twe divisions oun the bosls
of the DUVAC renctions (indole, metlyl ved, Vages-Proskauer snd
citrete tente)s Lech division was divided further inde types on the
besis of other biochenicsl vevobtions (Table IV). In the first
division, conmisting of L0 cultures, there were esteblished )
| Wioshexical fypes and in thw sevond divislon, contelaing 92 styains,
1 typep ware recopnizede The luvesticetorz found that the two
parscolon serghacter divislons could be emally difierentisted on the
basis of cmpsule fometion end guantitotive bmazimml activity, Oaly
aldtures of the Jret division were found to be fragently encepsulsted
and in 40 cage wers copsules desoustraied ln cultures of thw second
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TABLE IV
Clagsilicciion of parscolon nerobociers (Utasrt, et wley 1943}
Mvision I (Froguontly encapguleted)
Culbure lLectoss Ousrose Indele VP Citrale OGolotine Motdlity

L6131 » J10% a3 - ®  +3 310 4
na & 310 T * * 1 * 3=10 >

Divislon I (non-encapsalsted)

$

» Ll ;-«llr-laﬁ

32011 w il » Udd - + ™
3 g Urds e Uel0 - ¢ LU0 L LUdd
35611 w edd  + Ul - # el «Ueld »
3Ta g Ul ~ Ul - v p Ul - Uedid e
37511 w Ul - ¢ U0 U0 e
i w el @ Al - + 210 UL e

ﬂ.gwms indieate mmber of da;ru ineubstion bafore
positive pesulis, either vcid or agid end gos or other
degired reactions,

¢ swe culbures positive otlere negeiive.
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division. In comparison of Wlochemiesl cchivity cultares of the
fivst division were more active in every respect Lhan those of the
aseond divieion.

In their antigenic studies of the parncolon serchecher, Ghe
m&m prepered seruns with & single representalive strein fram eseh
of the Miotypes exseph two, audiling one inach divielon sad sggintination
Yeste were performed in sn affort io revesl the serologiec homo- op
heterogenelly é;ﬁ? {he biobypese Ou the Lewis of Lhese serologic studies
fhey reported Little serologic hasogeneily in the ldstypes of their
first dvigion, but implisd that s high rercentage of the straine
constitating esch of the types in thelr second divisionwere “sublgon-
ieally identical or closuly relabed! axzce in the preperetion of
their serums, Stusrt and his coeworkers used live culiures o3 anbtigens
and tested the strains in cach bickype only with the serum prepered
with the 4ype shrain it ie sbvicus thet their study cennot be scceptod
as & basis for determining coaplete endigenie relationships, The
mothods esplayed by them were not given in sulficient detadl o deters
mine whether ogslutination was of the O or the H types It swems
most probebly dhot somz titere were duc ehdelly o Hy other to O
antibotion,

In this growp of paracalon sercbagber cwltures considersble
nedicel Loportence wes atiached to cortoin Liochemigal Yypes which
the suthors had classified in the second divislon. Jiotypes 320L1
and 37501 were more freguently isclsted from gestroecheritis patients
than sny of the othey Yypess Type 32011 wag recovered from & lsborstory
Sechnicion euflering fro gastroeniuritis and whoe it wag implied
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contracted the disesse while woyiting with the perecolon ssrobecter
groups Type 37511 wes oonsideved impovtant by the investigators
not only because of its Irequency of leplstion, bub alse hecmuse of
i%s resanblance to Selwonells. Or occasion blotype 37711 bad remeised
umpcogndned for sonetime snd had beon reteinoed with other laboratory
stock culbures sz & wnddontified Saluonclla spocien,

i esapayison of _ﬂ:m Wiocheuiorl rouctions, motlility and copsule
formation of the perscolon sevobecter cultuves (Tuble IV) with siwiler
charanteriabios desoribed for nomal lerchoeter aoropenes and A, olotcae
(Table V) eleerly indicetes the close relationstip which existe Letween
eacond divigion varscolon sepobrebor oultures end normel Ae closcoe.
Becorwd divigion oultures fsil 4o agrec with the biochemical charscberw
isties of A, closeae in respech to thely insbility to stback gelatin,
The loss of this biochemicel chareclerisiic, hosover, sppears nod o
oreglivle A, cisacse bischerdeal relationsiip since Kigler(?)
deaonstyrsted thet nany otherwise npral i, closere cultures were
uneble %o atteck gelnitine The sssoclation »f parescolon serobecter
blotype IDIL and 37511 with hunan gastroenterilis cases snd the
apparent reletionghip of these types to normal 4. closcie supgesied
thet 2 review of the Mtersture sdzht disclose the incrisdmetion of
Ay cimicu s & hamsn pathogens #s & result & mmber of imvestigetions
wore fomid which suggested that A, Chasose-liim besharis mighh De
the couse of u variety of humen diseases, Duchendn wrs !ﬁzzzgrﬁl{m},
reporbed on two food polsoning outbresks which they belioved were
probably ceused Ly A, clomese. UGilberdy Ooleman and tavians{®L) »
published 8 food polsoning report in which Shey believed the cause to
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be & toxic substance forwed by moubers of the lurobuctier-ilosces
group. Move vecently & sevies of pepers'els s ), nas mhown
that arpeniass reseabling A. closgse agy Ve the probubls esuse of
an agube 1llnest smong workers using low-grade streined sotton. In
these rovords 1% wag further sugpested that the seme orpanisas might
- also bo a i‘wtv:mr in the etiology of "Sagessoeis,” & respirstory
Aeorder due to the inhelstion of dust Cron supsyr cans waste, 1%
- would apperr frm thess peversl raports thet i, slosese =ay be ag
faldy cepable of produeing disesse in aem o3 the paracolon serebacter
types veported by Stasrt'>), It wee decided, therefore, thet @ mere
specific study of the sntigens of the Stuapt ealiurss would be desirable,
It was alsc considered desiralble %o ineclude in the study o lorge
mumbey of paracolsan serobacter sireing I .“z s variety of sources ss
well as seversl mowasl A, closcee atmins for camparative purposen

In order thet represontative cultures night be sbbsined for our
studr, lotters of requert were send Yo sewernl gengreavhienl locstionse
Paracclon umatar mxltures represendting blotypes 3011, 3TAN,
snd releted biotypes of the sscond diviaion were reseived from
Dr, Gy Ay Stusrd, Dr. W, H, Swing wes able to supply & large number
of cultures representlng those which hed besen received by the enterde
lsboratory, Communiceble Discase Center, ‘tla:uta, Gesrgis, for
identilicetion 28 possible pathopgerm. The source of these pultures
wore the seversl states sod Rexioo. Jr. Hector Collchen, lims, Pery,
furnished 8 mamber of cultures which he htd isoleted from pastroenteritis
petionta, and Or. Re Schoeller, ‘:‘f.ﬂ.?.i{;ﬁg, Tumilshed A, closcse sireing
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isolsted fram stained cobtons Obhier cultuves were received from
. M, Moowe, Lbe, NSC, USHR, Great Lakes, Tilinoisy i, Sstende
Harmooche, Homtevideo,; Uruguay; Dr. W, L. Saitk, Departaent of
tysioulbure, Selisville, Narylands Pr. 4. de lesis, RMio de Jenerios
Dey Go Vavels, Mendeo, J. Fay the ‘merlcsn Type Cultwee Colleetlon.



As o preliminery %o the establisiment of progedures for the
invoestipation of the parecelon sercbagter antlgens @ review weg nade
of perbinent lbturebure both revent snd tistorieel. Zarly studies
were munereus and meny of these most vertsinly played £n imporbant
wert in the establisiment of our prepont duy anbigenie concepbss
Only those historiocsl peports, however, which wre considered %o be
of fundemontal importesce will be imeluded in the present ruview, Ib
is belioved thot an exhsustive and detailed sccount of the mery othere
would lend litiles of value bto the presest Lnvestigsidon,

Acoording o Topley and ¥ideon'®®), nullock(®), and sthers,
Gruber and Durhem observed end described the aggiutinstion of baoterial
oells se early as 1096, The orgeniscs involved dn thedr investigution
wore nombeyrs of the colan=typhold rroup. Juriem postulsoted in 1001
thet beeterisl sntigenie relationshipe might be explsined on the
basle of an entigenic mossie withdn the becteriel cell. Im 1902
Csstellani demonstrated thed bacteris when mixpd with their own
immune serum would sbeorb all of the immune bodies which had beon
sroduced apednst then, Do demonsireted furtber that entigenically
siodlar becterie coulid be differentisted Ly an absorpiion technlque,
and, sscording to Castelisni'e sxpladetdon ss illustrated in the
following exmmple, 1L Seoterius No. 1 sbich conteing antigens & and I
and Bueterium No. 2 which conising sabigens 2 and © are sdxed with
either serum Nos 1 or Hos 2 Doth organisne will be spglutineted bDecause



16
of the comon snbigen A, If; however; the antiserun produced Ly
Dagterdun Uo. 1 is absorbad by Jasterius loe 2 the D entibody fraotion
will renein and thie antlesrun wiil atill azglutinaste Bocteriumm lo. 1,
but will not agclutinete Decteriws Nos 2¢ Similarly if Becterdum lo, 2's
sera is sbsorbed by No. 1 the C froctdon would vemsin, Cestellani
proved that if Bacteriun No. 1 and No. 2 were identisal la thedir
sntigenic oomposition then eliber orpanisn would sbeorb the anti-
bodies for itself snd for the other identicel hacteriun,

Until the report of ‘ﬂuw sad Reagh in 1903, it wes generally
consldered that endigens within & particuler booterial specice tended
to resain relatively constants Thess Lnwestigsbors found, however,
thet antigens of noymel mobile "hop cholers boedlli™ {now Jnows o8
Mh cholerse-auls) wore mem from those of the nonsaobile
variety. Frow lheir cbservetions they concluded thot motile forma
muat contein two antigens, one entigen belng loesled in the flegellar
portion of the orgenisn end the other in the bodys These investipetors
alss desoribed 8 difference im Sthe type of sppiutinstion which took
plnce mhon notils aod none-motile cultured uwere studied. Jotile forwe

were found $o sive & rapid and fluffy type of cluaping =s compared
with the slow, grenulur type of apylutinstion abserved with non-motile
gulbures, Dayer snd Reagh reported further lmportaent observations

on flegeller eabigens in 150k. They detorsined, thet motile mmeﬁn

which nommally exhibited & flufiy type of agilutination noe loauger
geve this fype of 8 resction sfber boing lwsted ot 700C fer 15 mimutes,
They foumnd that houted cultures still rebsl ned thelr sgriutinetion
propertics, howewer, but the spzlutinstion wes slow ond in every wey
simdiley Yo Lbhetl obperved with nonemotile forus. It appesyrs fros
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thase observetions thut by 150L the essentiel fucts relating to the
theruel cherecteristice of [lagellar and gountic antigens e we now
lesow $hem had been esteblisheds

in 1917, veil and Felix, while iavestigating Proteus cultures in
comnection with the serologiesl disgnesis of t,phua fover, observed
thnﬁ two types of colondes occurred in theiyr cultures. Cultares
made fron one type of oolouy gove nooespecilic serologlecl resulis
and fnvarielly this type of colomy sipeared to be surrounded in 2
mist or cloud, The suthers eolled this Wype of colemy the “Hauch
" form,® meaning the ohelotion fom. The other colony btype did aot
show this peculisrity end wes specilic in regerd te the typhus fever
serologiesl reaction. This eolony wés called "Ohne isugh® or the
colony forn withoud exhelation. Uerivetives of the iterans ®lauch® an:
"Ohne leueh® are presently used Lo denote the dilference ba'l:wm:-z flageliay
and ponodie entigens. 1% hes not been defindtely estsblisied whethey
Wil end Folix sssogieted the "lHanch® or exhsletion formes with the
motility of Proteus cultures or the "Chne ileush® colony with non-actile
forms in Sheir 1917 studlese Their letter sbudy'?2), nowever, nade
whis sssociotion snd in presenteday terainology the term “Heuch® hes
been shortened to "A" forme meening baeterds with welledeveloped
flagellay snbizens, The tera "Chne lUsuweh®™ has m-v been shortensd
to "0" forme neaning nonswotile bacterie or motdile forus which hove
beon trested in sueh & asnner as to destroy the lageller sntigeng
lesving the remaindng Lody or O wtigens inbech.

Adowright in & serics of importent Mau{ 28, 29y 30), deserived

the ocourronoe of enbigonic changes not previously cbmerved in
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members of the typholdeparetyvhold groups According Yo ‘alaright
these chonpes were assoolsted with changes in colosy morpholesy snd
colony Lexbure. liommal culbures were obscrved to glve savoth coloniew
on solid nedls, diffuse growth in bLeroth snd stadle suspensions in
noresl physiclocdiesl salt solubtion. Verdaont fomms, on the other hend,
gowe rouch or prasuder Yype colonies on sollid medis, grenuler, uneven
Mz in broth end suspensioms prepared in olysioclogicel salt solution
were usutlly cubloeagglutineble. Arkeright further observed that the
rough type of growth sppeared Lo be sgsvelsted wilth 2 loss of antigenie
specifficity and while the R foras could be made o form gteble sude
pensicns in distilled weber or in @ sclution in which the asdt conbtent
wus loss then 0,55 percent the resuiting evspensions, homever, when
used for agplutinetion purposes gove nonespeaific resciione to e verlely
of immane serans. Soooblmilough varistion (8 -~ R vardisction) ss
originally described by Ariowrighd now appears to be very comwon in
its sccuwrrences Thig Yype of antipenip varlcotion ma recularly dn
the enterle bacterisn end sppesrs to be sssociabed with the sometic
entipons and nomel especie virulente. Omooth culiures on the othey
hend usually exbibit & much higher degree of pathoperdcdty thom the
correspanding rough 4ypes.

sndveve’ 3l 32) reported on snothier iuportent fora of antigeniw
veristion in 1922 snd egain in 1925, In theso investigations only
the 0 or {lsgeller snbigens sppesred $o be iavolwved. Andrews found
that sone of bis colonles contained 5 andicons complebely different
from thowe found in other colonies in We same culture, This ¢ffect
wan denenstrated by chesorbdng the honolosous serus with orgenisus
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derived from & single colony. When @ lapge mdboer of colonies wers
gubsequently tesbted with the sbsorbed serun orpanisms from sone calonies
were agclutineted but orpendeme from other colondes were note The
vopults of these axperiments saggested thel the agplubinsbed oPganisas
nuet contain an sntigen nod present in those arhgindir used for seruws
aboorotion. It could slee be sesumed thel evparisss which felled 4o
sgpiutinete in the sbsorbed serus wore either sisdlar or identicsl
o those ﬂ&ﬁ in She sbsorphbion. Leter indrews dmonsirete these
asswmpbione to De trus. It wes groved thet the origlusl homologous
perus contelned two typees of I entibodiess The mmapmﬁim i entigens
wore found to occur in two types of Leeteria wathber thon 28 an sntigenie
conbinaticn in & single bocterium, Hither type of flegellsr antigen,
however, wes found cepable of siving rise %o the other. In addition
it wos ghown thet pure culiures of either type. would in & ehort tine
ghow evidence of the prescuce of the other antigenic type. Flageller
veristion spperently occursed relher repidly snd equally well with eilher
satigens Andrews compsred his two typus of flsgeller entlgens with
the § antigens which occurred in other Selmonella species. One
of his antigons wes found o occur somonly in several Salmonella
speciss bub the other H sntigemic type ®pesved $o be quite epecific,
Purtber investigotions were carried out whieh proved tlwt amy of the
Selmontlila were diphsgic in respect to thais U sntigens. Usually one
of the nonegpecific flageller ardizens found 1l eech species wus slsy
found o ocour commonly in s group of culbures. 7The specific type
sntipen, howewer, was wsually limited te one culture or &b the uost
b0 2 fou of the cultures studied. This curious varistion of flageller
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sntirens ss Tirst recoguized by Andvews is now known o ocour in the
nejordity of Salmonslls s;;%eﬂim sad nust olways be deken into secount
| when identificstion of sembers of $his group is atlespled, Honophaeie
tymes, on the other hend, do occur in certain Salmonella spescies snd
in these only @ eingle flagelley antigen hes been desonstrsted. The
H endipen in monovhasic types ie usually of the soecific verioty.
Certein terms have been introduced Yo deseribe i antigen warishion,
partieularly the torms phase ) and phase 2, Fhase 1 usually densbes
8 {lagolley sntigen of & mpecdfic typas. The %erm phose 2 is uwsed in
cotmeotlon with noneapecifie flagelliar anticens or those whdch have
& wide renge of relationsiip to otheyr -’i’-al&mmlla B000Le8,

Andrews last cowmnicetion on the diphasic nebure of the Selmonella
antipens, mm(m introduged sn snbigemic eluaiﬂu&m systen lop
the Salmonells, “hite divided the various Sslzonells specles into
groups on the basis of thoiy O snticon velotionships. Gech O growp

wag fardher divided into 4ypes on the beels of thelr Il antdgenn,

A1 of the emtigens weed for oleseifiostion in this sysies were labeled
and an entigenie forouwla woas sseribed %o each individual type. Later,
hafﬁn&m““ﬂ proposad &8 similar sntigenio systen of c¢lassilication

for the Sshaonella, but sade use of different anbigenic labels
particulerly in rewmect to the H antigens, The gystens were so
different in this respect thet diffienlties were lanedistely encountered
in making astigenic comperisonse In ey resmete the fauffmam
systen #ooesred Lo be more ﬂmus than fhite'as end wes ¢ ventually
edopted by & specisld subecommitbec of the Internationsl Soclety for
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Hiersblology in 193ke The sdopted system hag becuwse known ss the
Foulfmwswinite Scheme. Somatie sotizens syve now identified by nesns
of Ronen muserals, Fhase 1 flogellor enldgens ave sccorded suell
lotters and phase 2 anmdipens ere lebeled with sreble numersls. |

The finel adoption of the Keuffusnpehite Schems by interneticsal
sgrecnent no doubt stimulabed the studies on Sslmenells elessification
end fdentificntion which followsd, Submequent reports Ly leaffisann
tn Gersmg'I%s 36 37}, sgusrds snd Draner in U, 8, 4,038 39, WO
end mony ot ere have done wuch o extamd the utility of the Salmonella
clagaification gystem ond hes further devonglrated its procbliesl
application in the fleld of epidemiologye & roview of the bsoterisclociecsl
textbooks of this period, however, revealed but 1ittle interesd in
the new systes of Selmonelle classificctlons Topley sond Wilson,
howaver, included the classificotion syslea in thelr 2nd editdon, 1936,
and recorded Cifty speddlicelly named cevologlesl typess Ia thedr
3rd gdltion, 1PLG, theee seme suthors while not in sccord with tho
assicnment of specifiec rank %o the anbigenie {ypes belisved thut it
wis “slmost incunceiveble that ay indernationel comsitiee on nomenclature
appolnted in the fudure would sugsest such chenges in definition se
would necessltate the degradstion of the generie term Selmonslle to
speciflc renk, and the numbering se veristies of «ll the present nmed
topries,® ma,tmam(m} delined the premest concept of Selmonelle
classificstion in these words, "Ny internationel sgreement, awmlogioalw
relatod types sre considered to belong to the Salnonells group oven
if their behavior differs from the sbove properties (fermentation of
lactose or sucrose, ligueficstion of pelatin, or producticn of indole).

No ovgenisn possessing abberant eullursl or biochemlesl properiice is
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to be included in the Baluonella grouwpy unless it conteins O and H
sotigens fypicel of the Solmenella group.® OCwrrently, aod Ly intere
nationel sgreenent, nine welledefined O groups have been recogniseds
On the basgis of lagellsr sntigenm, 190 specilic types have been
clagsificd within these prows, & aisccllanpous growp contnies 19
additional types. This growp 18 sade up of streine showing & variedy
of someiic sntigens not conteined in the othey O groups. I% scems
probable thal this miseellensous group will furnish sddltionsl welle
defined O groups in the futures Teble VI suam-wizes the entigenic
clasalfleetion gysten of the Selmonellas aw currently rscognised by
immtiam REresnent.

oup,  ‘storically the Shigells gesnus has

conmanded 2 prominent plice in medicxl Llitersbure. The two principel

species Sh, shigee {(dymenterise) and Shy scimibell (embigus} were
sarly recognized se the cousative agenls of beeillary dysentary in
man, In the beginaing, Vhese species nre‘ erslly dilferentiated by
meens of serologies) methods bub as the dipesse somtinued to be etudied
olher dysentsry bacilli wers isoloted which appeared %o hove little
or ao reletionatiip to the dlsemical Lecillery forms. 3Some of those
showran® atraine were referred to a8 pora-shigs bacdlli or pavew
dysentary beedlli, In aone osses, however, guch sireins sppesred Lo
be more clossly related te & Yype iscloted Yy Flsamer Ao 1700, sad
which is now koo ap Sh, flemmeri, Saly ddiferentistion of the two
groups was principally beaed wpon the ability of the Flener group

to feragnt mannitol, She shigaeg, She schaitel and the pere-obigoe
produced scid from glucose but falled to fement munmdtol, The

Shs Cleomerd group on the other hand in addition %o ferménting glucose



PRALL VI

salaonelle
¢ Antigenie Sehese Dwserised
Inbernatisnsl Systas 1950,

Rgpresentative Nos of Typos i Amtigens
Type in Crounp Group 0 intigenn phage 1 phoge 2
&, puratyphi 4 ) 8 A Iy I, AI 8 -
3¢ paretyphl O ¥ BOI, IV, ¥V, KX ] i, 2
S. cholexso-guls © bie] ¢ VI, v & L 5
Be m.‘hi 25 - | — ‘.".".', .“t a e
Ss anstan 30 E IOX X B 6
Se abardean il A 5 § i 1, 2
2. ptlonds i O XX, X v s
Se flovida 3 b1 (3‘.}, Vi, BV, v 4
5, shanghas 3 3 L, v L 6
e kiroo Kisce mI b 1, 2
£s pemons * OOIIX ¥ i, 71
Se cheapalin

and othore 1z

lotes {}MMwhm
e ghiowt o plhsse 2 indicstes only e single
phisge hes been denonsirateds



e

usually feruented samdiol. In 1719  ndrew's end Imsen's publication
on the atdpenic structure of ihe Flewwr hma:lllimﬂ ofiored cotw
eldersble inmight inte the mtigenie plebure of this growp. They
deseribed fouwr types of anbigens which they believed Lo be present

in 21l stroing of %f%zg Flewney prouy end velerred to these antigendie
conponerts us Yy Wy K, end %, According to thelr view ihe fowr
compononts were represanted in gvery strsin, Lot lodividual strains
dflered fron ecch other in thw quentiSative amouwnt of eech antigenic
goaponents  Soydls :Lmatigu%msﬁ‘g’ &3 introdused & new gonception
of satigenie behovior ia the Flexmer group. de Lollieved thet antigenic
varisiion oocurred sosmonly in this grouwp end demonmbtrated thet
antizeaie verdstion was cherscterised by loss, pertial or coupls o,

of tyse speedfic antigung wnd en e parend imrune of cemuon or group
anbigan. ii‘hwlwam} eondirned Dovd'es obscrvebiony snd extended the
six component sotigens eeteablished by Joyd %o nize andigenic conponsnie.
tg in the case of the Sclmenells, the Intermstionsl Congress of
Mieroldology in Hio de Junedro, 1950, adopted en internetionel definition
of the Bhigelle group, cnd ¢ gysten of classllicotion znd nonenclature
- 88 wells Agcarding to this report the Shigella grouwp s divided inte
four mein subwzroupss They consist of Oroup 4 [meanitol-negriive)

and the three other groups 5, €, and U (shieh contsin, for the acet
pert, menvibel-positive streins). Withia groups &, 5, C pod D sve
contelned ¢, -0 which are charzeterived Yy the rosweselon of distinet
snbigens. In numbering the types within a group srabie mumerals are
used in order to avoid confumion with Andrew's snd lomen's eorlier
dﬂai.ﬁnaﬁien af ¥V end Re Table iYII, fillustrates the Shigella ﬂﬂﬂi‘iﬁn‘%‘im
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ayeben adopled ly the Internelional !ika:‘s&;;malﬁ 1950,  Though &% nay
gppear from this Comaission’s reperd that the Shigells group is now
walll vecoonived and completely systenatized certein -weboers of dhe
Comrigeion, however, do net believe thie to be trus. Fdwerds and
Ihi.ncu‘g} heve shetod, "there is still wueh %o be leerned sbout botls
the Belnonells mud the Shisella growse, The sotigenie relstionships
exieting between these two grouws snd their relstionshipe to othey
groups of enterie bactoriz sye in need of further clarification,

The siyyeical, chemiosl and serologic properties of the hest-lebile
ganmetic antivens should be imnmgﬂ&"

Recently seversl new Sldgells snligemic types bhave been WM,
(b6, 174 LB) and Pwing, Sdwards and Hhacka(l2) raported tha first
gocourrence of an ensspanlated Shigelle spocies, the capsile of which
ghowed entizerde identity with one of the Xlebsielln tywes, This
perticulor repord anong others witieh heve i.kmm Uhdgella antigens
to have relutionship with cerbain of the coliform groaps ia of
perdiculor Saxencede intereat, ’Hnatia{m) dempnelrcted that the
nomatie eatigens of Shizelle elkalescenn, Ty I, were ldentiesl to
thone of Bschorichis O group I, ?rm%m—n‘i'ﬁ} confimod Veusie's
observrtions snd extended tiva Goli O prowp rels tionchin to other
She slknlescens and Diaspap, types, Tha ecetablistment of these
importent relationships bebween the goners Shigells and Sscherichis
would hove been impossihle were it not forthe recent amtigenie
gratenstigation of tho Dacherichis preup,.
ie Orouwps Our serologiesl knowledre of the

colifomm group ie of recent orisin, -‘-.’m!':'(s2> i his execllent review
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of the esliforn boeteris quobted a renazic of Van Loghen to ewphagize the
state of cur serological knowledoe of this group in 1939 "Sas individe
welle Senchnmen dor Coli~lazillan bed serologischen Unbersuchwigen et
bekaratte Stellt nen eln Dewmnscrum I nil ednen bestimsten Cold-ttamme,
damn findet nmn selten endere Coli~ftaw welche von diesen Serum
agglutindert werden,™ Parr concluded thal “either the nmsber of kinds
of B woll is vory considersble or Lhe sorologleal verisbility is wery
grests® s recently ss 196, Topley and #1000{%5) emphasized the
extrore heteropeneity of eatigendie Ifectors foumd in the eoli proup and
iede referencs to the serelosicsl investizetions of Meokie(53) eng
btusrt and ssscedcten(®h), On the otber hend the iuvestizations by
Dugeon, et s1.$55), Lowed1(56), snd sttnl®7) gemsed to indteste that
certain coli cullures, perticularly those obtalped frox diseage processos
- nay be clessified into antigenicslly hamsomeous growpe. In 1943,
Keuffenn and Perad{5?) peported the results of thelr study an the sold
- flore of hesltly indlvidusles Followin: this paper & sevies of poblics-
tions appeared all of whioh deslt with the antigens snd the aniigenic
benevior of the Sscheriehia group'ss O» O 020, g sesults of these
investigations made it eppesr cbvious thet thelr final objective
‘would be the esteblishment of an satigenie system Ly which the Eacherdchias
group would be elsssified,

* The behevier of individual coli cultures im serologicel investi-
petdons io well kmowns If sa Suoune soran is prepared {rom & certain
gold strein it is rere %o find ancther coll strein which will be
eg-lutinated Wy this seras.
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Ageording to the findings of Seaffasnn, Kudpeehilds and Vehloe
{6y G5 D) 410 serelogy of the Zacherdchis growp could be besed upen
the determinstion of thres types of antijenss These were the O (somatie),
H (fisgellor), and a new K type snbigen. The L antdgens were described
a8 envelope and copsuley sntigens and could be differentisted into
three digtdnet types, Ly 4 and 5, L and B antigens were described e
thermolablle ypes and were usuolly of the envelepe variety. A sudigen,
in contreat to the L and D exvelope iy ee, wee described as Lhernoe
sbable snd anpoulorelike in natore.

The discoveyy and descripiions of the L ssiipens by Reuffmenn
in 1513 hos eewved to clapiiy meny of ibe serclogie lrvegularities

oz previowsly reported in investigstiong of the Sschericiva

% groug. Keuffmann found thet these entigens oould be
denonstretod in & mejority of Dscherichis cultures snd sspecially Shose
igolated fron patholopical processes. Coll sisrsing contedning L
spbigens were not usuwally sgglutinated Ly thedr homologous O geruns,
It was demonsirsted, however, that such cultures could be nade to
ag-lutinnte 4n o normsl menner if they were first heusted at I0PC for
3 or 2 hours before being used in the ag lutinelion tests This pretective
effedt on O azglubiontion was presimed So bDe due %0 @ thepmolebile
suwrfoos sntizen suwrrounding the U anbizen. When redbits were imwwised
with living eculbures contedning L snbi-en bthe resmulting seruss were
Lfound Yo contafa both I and O anbtibodiess Emuffmamn was able Yo
produce & pure L serus by sbhaorbing LY serus with & beiled homolorous
eulture, The serm resalting from this ehmorpiion procedure contained
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only I satdbodies and demonsiysted thot ihe anbibody-bindinge capecily
of L antigen vould be conplebely destroyed ab & belling bempersture,
B antigens were desoribed ly Kndpschdldt in 19L6. These
antigens ware found to be similer in ney vespects to the I snbigens
bub could be distingalshed from them by thelr ability
to bind antibody alber heet treatoent. In this respect
3 axdicens copoared 5o Yesesble the typhoid vi-sutigen of Pelix sad Pitt{3),
The Ti-anligen a8 {irst desoribed seused frequently to ceouwy in freshly
isolated typhold eultures. Cultures conteining fully developed Vie
antigen were not sgrlutinated Yy typhold O surung. When such euldures

were bolled for a few nimmtes, hosever; the Viegntigen eppenred to be
destroyed and O appiubiontion could theon Le demcnstrsted in the uswel
mamers Antibodp-idnding capeeily of Vieantligen, like the U antigen of
Kaipschildt, wss found to Lo unelbered ty the hesd trestamcut, Inipe
schildd found that the preparstion of pure coli B serur offered grester
dfficonitien then Keyfimann hed experienced in preparing pure i serausg,
Esulfusan found 1% to be poseilble, however, to produce pure U serung
in certoin ¢mnsee by sbsorbing 0B seruns with cultures of the suue

0 grouap, bubt without & X anbdigen, or Ly the cbeorplion of OB seruns
with hested euliures of the shue U group, but containing & diflerent

3 or L sntigens
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The third @ antdgen was designeted by Keuffearn s an 4 4ype
antigens This antigen was desoribed as ususlly belng egsociated with
Tagher, cultures in whish eepoules could be readily denonsirated.
% Like the L and I antipen, A tyve anbigens were siown
to prevent nommal 0 agrlutinmtion, but unlike L and 5 aniigens, 4 4ype
espsular antigens were resistant to tesperetures of 100°C for 2} hours.

Kripeein1dt{®0) axtended Keuffusm's eorlier studies oo & forms
and digeovered thet encepsulated ooli etraing frequently pove rise Lo
non-engapsuleted verisabe which he celled X minue forom. Veriant
strains of this type were readily agylutinsbed by pure O gerums, Juring
the course of his investigelions, Fmi schildt demonstreted 13 dfferent
£ sntigons,

W(Bj continned Kvdpschildtte t%w sad »eported seversl
nem & sntigens. In o few cases he desonsirated thet variesh £ rimus
forns ndght still remain © insgolutineble by virtue of eontsining e
sanll but sufficient mmownt of 3 antigen. The suthor found, however,
that 4 entigen could be desbtroyed Wy sutoslaving et 1209C fer < hours
and thet O inagrlutineble cultwres would show typical O sgolutinetion
following this trestoment. _

Reuftaenn ond Vahlne! &) gave conciderstion to the identification
of flagellar entigens in the cold groups They experisnced weo particulse
difficulties in doteratning s Sotel of 21 different types
Their procadure of study wes sisdlar in nmy respects
to thet used in investigetion of the Suimonelie U entigens, lNone of
thelr enltwres gove evidence of the occurvence of diphesie flagelier
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forme. Yany of their strains appesred 4o be poorly motile snd 4% wag
aften fouwxt nocessery to nake serisl sub-cultures of gortoin siroine
in seni~fluid sgor U-tubes in order Lo cbiain setively motile cultures,
Taety=rive well~defined O grouns were originslly described by
Ranffaenn and s co-morkers. The final esteblishment of these groups
W%u followed thelr imvestigetions of the X antigens, fov
antil the neture of these O laterfering entigens ned been

axplatond 1t had been found inpossille to determine tue O relationships
of the various obli streings. With the determination of the firet 285
’ 0 growpe it wae then possible to syrunge & dlegnostie satigende achuma
for the Fscherichia group, Typs deteralnations were based upon Oy K and &
sndigons, Jlecording to the preccnt antizenle schena there ere 27 O groups
end 93 wellw-defined entigenis types {Teble VIII}e The present schens
dove not cive & true indicetion of the lsrye mumber of coli sniigens

which heve alvecdy been investigsted but illustrates only Lhe starting
| point for ¢ corplete enbdpenie clossificetion syaten which will {ollow.
To dabe approximstely 125 Cold U groupe Love Leen dthemimd&g}‘ Taw
epddeniologicel velue of coli typing hes now been folly established
(&g, 66, f’?;‘, snd from these peporte it spuesrs thet twe gerologice types
of 4y poli, coll 057 end coli U111, heve definitely been
ineriainnted as cousalive sgents in infentile entoritis
(63, 9), It seems likely also thot now coli types mey in the future
be found to be sssocisbed with other humen disesses. In cerbein aninal
dipesses colifoms buoberis heve slso been found §0 be importent, iwasyyl70)
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TAWLE VIIT
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hos assotlated cerbelin eoll O groups wilh Lhe occurrense of "white
seours® in new-born celves. In ecologicel studien, Sears, Urommles
and Tendyses(™) and Sears ind Dromdes' '™ ubilised tue sntigenie eysten
of proup clasgifiestion in thely ecoll Luvestdgetions, Oy this sethod
they were able to observe nomuel eoll 0 group ehanges in the feces of
soveral individusls over @ 2} yesr periods Olarte, Varels and Velen-
anolal?3s T g1g0 used the cols andigen method to study colifoss
eultures iseloted from husen feges, rals, and Lutter. These investipstors
alse followed the coliforn chénges which occourred in 75 ohdldren from
birth bo 1 year of age. |

A pyevicusly mentioned the esbeblisiment of an sntigenic fosmuls
for the cold group hes made popsible sn entipen camparison of thie
group 4o obther gonors wideh include the thipgelle, the Salmonells, and
the Kleboiells pgroups., There io 1ittle doubt thot these rocont cold
investigetions heve been of grest iapowbtence in the esteblishnent of
new gerslogle concepts and the estoblisiment of {axoncsic relstionships
whish il be fowd uselful in fubure claspificetion mystens,
The gorms Proteus hep sitained mexiical

mrominence cldefly becouse of the entigenic relstionahlp of seyialn

 mesbers %o seversl rickebteisl dieseses, Yelix and ihodes(?5) attesrted
e H onbigen investigzatdon of the 3 Proteus X streins in 1531, and

found thedir oulbures to be releted, but net identionls Considerabls
speculetion hop 8lways surrounded the peculiey sntigenic relk tionshiss
abown Ly the Proteus X streins to the tazonouicelly wwreleted ricketteisl
orgenimms, Ksuffuenn end Perch{T6) peported on the naturel cocurrence
of Proteus X19 streins in Denmerk snd during the course of thely
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investigetion thay were sbile %o eslablish on antigerde formuls fopy e
thres wallslmown streins, X9, 12, W, Tiype doterinciione were baged
upon Proteus O and H antigens. These suthors found thet the Proteus
I straing could be divided inte 3 speciflc O groupe. The U anbigens
ware found o e reloted, but could not be esslly differentisted Ly
ag;mtimﬁ.m techniques, Starting with the serclogic expminstions of
the I styuins .‘.“mh{u} extended these Lawvestigstions so o8 to inelude
other ‘roteus cultures. Twenty-five different O groups were esbtablished
Protous with Proteus 117 bodng selaected as the test stwain fov
@ O group 1; X2 ar the test sirsin for O group 2 end XX wes
selocted to pepresent Proteus O group 3. In 8 conbinued investigstion
of other Proteus antigens, 8L additionsl Frobeus U groups were ‘esbeblished,
Perch domenstreted 55 pertiel ¢ antigens, 16 H entijens and 31 pertisl
ii sptigenas The comnleted and extended antigente acmﬁ of the Proteus
group consisted of L9 O growps md 90 enbigenis tyves (Teble IX),
Seuffmemn end Peyrch biive confined thelr Profous investiostions to the
ochesienl types desipnsted as Froteus wilgsris snd Proteus mirabilis
and heve net o= yet extonded thelr studliee to the other recomized
species, P, morgund and Fe retigeri. The complete recogndtion of the
anticons coupomine the Froteus growp smeit furiher repovis on P, :garg{tam
gnd 7. vetigeri, Oertoin rether definite and fundsmentol ocontribubions
neve glrecdy beon mads, howevery Ly ihe dnvestipotions just reporteds
These concera the gensmel neture of Proteus sntigens end in particular,
antigens of the flegellar type. It hae Deen noted, &‘o& exmaple, thet
in some cultures the presence of flagellsr antigens mey inhibity O
agriutinetion end thet thie inldbitory effect mey be exbibited even by
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ldving eultures. Cortnin Probeus cultures wore desonstraied to
stimulete I agrlutining, even after being hested st 009C for 2 hours.
The enthors recamendad the use of boiled, rnd saline washed cultures
when prensring O serass, Usbural phase veriation could sot be
dananstrated in the Proteus group but 2 guenditetive varistion was

Protevs observed, This varistion sonsisted of o pertisl loss
ShaBC
ghud.es of one of the oomponont parts of & single H sntigen.

1% wee found possible Lo induce phtm in goue esliures by prowing

culiures in 2 nedimn sonteining [ imeuoe serum. The induced phase,
howevey, showod no inelination to revert to the nopasl phess snd differed
from the nopaal b conteining & new H zobigens

Serology-—idebsiells Orouwps Recently, Xeufmem(%s 12) nos
proposed that the gemus Klebsielles and thel the gemus Aecrolwcher
sould be united into @ single Klebaiells growp. Xauffsemn's wecent
proposal heg had considereble support in the peast snd chdefly upon
the grounds that the two genews have sisdlor caltural, Bochomical snd
gerolosienl oroparties.

Sxpwts veview of $he coliforn bucteria5?) potated out thst
Tlebeiella prewnorde wes tie firet colilorm bacterium o be deseribed
and wouldy therefore, give this genus pricrity in future questions of
dlessificsiion. The sssociation of the Mlebaiella with human digecse
hes given this group sdded importsnce. The lserobacler genus, on the
other hand, i coemonly sspocioted with eeoll, milk and Inbeptinal
conteminetion end sppears to be yerely found in disesse, 1% appesrs,
thercfore, thet the chlel dilfersnce in the twe groupe iz thelir source
of isoletlon end habitat, Seversl investigators in the pest have
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TALLE IX

Divgnostic Proteus Antigenic Schema Sumssriged
{Pe vulgeris, Py mirabilis only)
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demonstrated the close relationshilpy whieh existe bebweas cartain
mbl.i.alla and Aerobacter a“aruxm{w’ ’3‘3}. » Mﬂ{al* 82, 53)
subjected the Klebsiella to anilgende study md domovstrabed
that the spesdficity of this grow of organimms (the Friedlinder
grodp) resided in thedr individusl cspmuler substences He was
dule do closeily the group lnto three speedliic types A, U and C,
A fowrth group wes found Yo be hetorogenevus sod was galled
grow % Eovards(??) partislly confimed Julisnelle's work by
typing 50 strains of encopsulsted baeilll and ¢lessifying L3
strains Lo Gwe esrologic groups. o was unabls to type seven
of his culbures., idwords alsc investigated five lerobucter
gbrains end found thes to be serologically idembtiocsl to Gype &
Friedlinder bacdllis Two other serobecter oullures wers ziso
idantified with olher members of the Friedlfnder growps In
Julisnellels inwestigetions the somallc antigens of both Klebeislla
end Aerobscter streins were sbudied sud, socording Lo hils results,
these srgenisme reacted ln specific nanney in thelr normel
encapsuisted state, but becens antigenicslly identicel with a
lose of their capsules. vullonelle obtzined noneencspsulated
streins by conbinued eullivebdion of encepsuleted cultures in
bonologous antiperums. Hopeencapgilated verlanbe obiuined Yy
this wethod were inmverishly rouzh snd were callad 2 atrains.

Raulloson's imatiﬁatmw’ 12) were supported and
extendod by Droske’10) end ss & resi of these studies the
Triedlander, Aerogenss and devebecter mroups were coasbined into
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a single group wideh these subhore ealled the Xlebsislla group.
EsufTuern defined this group as being conposed of serclogienlly related,
Orasenocotive, non-motile rods, which usually possess cupeules.
Mocherdenlly the Klebmiells were said o rarely pwoduce indele, baub
often fermented lactome, Host oultures wers sodd %o give & positive
Voges-"roskansy renction and & negalive nethyl red teet, and secopding
to the subhor the amejority nave growth on somonion eilrebe eoars

intizeniesally, EKsuflmann found the zembove of the Klebsiells group
to contein 3 different anticens. These he believed to be of the K,
| ' 0 snd R fopess The X antigens, es found in the Klebeiella,
ﬁ are eepsulay snd siadlor In olhwy respects to the A entipens
of the Becherichia, The 0 sntigens are gonstie and correspond to the
R antigen of Julisnslle. Agcording to Neufinmenn, R sxtigens occwr in
a1l azooth streins, but will not msnifest themwelves in agplutinstion
reactions if the O santigens sre fully developed. Ha was shle to isslete
agepguloy strains by & combdnetion of variwmd solection and condinuous
passaze of encesuisted cultures through 0 per cent bile broths
Esuffmerm enphasized thet the Friedlii-der streine investigsted by
Julismelle retuslly contained 0 antizons even though their existence
hed not been discovered Ly that investigetows

Kauffrenn esteblishied » diagnostic anbigenle schema for the
Klsbsiella group which wag besed uwpan © and ¥ antigens (Table X)«
Three well~delined O groups have been established, Eleven espsuley
types ware defined within the 3 O growpe; 3 obther Yypes were determined,
but not sseipgned bYbecsuss of an insbilily to determing thelr sompdie
anbigens, Since the esbablislment of the EKoulfmenn schemn, 37 new
cspmuler typos have been eddoa(19; L3),
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Keuffnann found Klebsielle O group 1 to e identiesl to coli O
group 1y aud Flebsiella O grouwp 3 was Ldentified with cold O group 5»

e riotie-- Sinee Klebsielle sotisoruwis gonbain both & and O

entibvedies, fschoxdiehiz eobigens 019 end OF may be umed

%o detec: O mntlbodies of the BU meruas, iimikm{sm

gonvioered he
Loufimann clsasiiiestion systes sod s:pparted him propossis with cerbain

reservationse Udp subhor bellaved st the syetem is nob sufficiently
Anclusive es yot sad suggests thet Lt be supplemented by divieions
into subgroups, ong eontaining certsin Frisdilinder wryenisss, anotber
asrogencs and posslbly 2 third containing wecbere of the A. clongse
groupe Drooke! ) Lavestigated the vicchendesl cetivity of 100

by sloacame gultures and found they could Lo clearly differenmticbed
from Rlebslells on the besis of plyoerel and inositel fermentetion aud
by thedr action spon gelatin, Urooks {ound scaw of his straine to be
mobile bt none were observed to produce cspsules. Table XI samariges
and illustrates the besie Lloghemicel and cultural festures which bave
perved So differantiete the Llobelelila and 5, closcse grouws sgcording
to Drookies
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TARLE X

Hagnostic Tiebsiella lntigenic Schene
{from Keulfmsym 195L)
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TARLE XI

Jifferential Teatures of Ulsbsielle and Ay closess groups
Swmarized lecording to Orooke 1951,
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In owr yeview of mnterqbwtnmm serology mnd classifioation
Vit hes besn establiehed thet the srevelling amystems of antipenmic
snslyaie ‘:‘zﬁe Leen besed upan & study of bioechesisally definsed
becterinl groupe, The mh and Sdpella groups ave so defined
and nore recently the Proteus, Rscherichiz and Klebsielle growps have
also been clasrified in this manner. In the Klebsiezlle growp, there
ppnears to Lo some Joubt ss Bo the iwmclusion or sxcliusion ol cerialn
igvobacter species snd in partisuler the incluasion of the &. clossue
group, 1t seens olwious, therefore, tiwth our hloshesdeel and culiurel
study of nerccelon serchocter straine should inglude much test procodures
es will clearly delinente the Lecterial proup or groupe with which later
artigenic investizstions will be somcernsd, lrosie’s metbods(86) axa
resuits {Table X1} elesrly differentiste Klebsiella and Ry closnse
strains, For this resson sone of hisg procedures will be utilimed, in
addition to othey tosts in our clsssiflication system, It moems quite
pogeible thet gome of our parscelon strring nay be bischemigelly
related Yo the Xlsbeiellz sroup on the Sﬁm hand and to the &, cloncne

group ont the other,

reguested and obteined from 8 variety of sources snd goographicsl
lscations. As cultures were recelved in the lsboratory they were
immediately pleted and sbeserved for purily, pigeentation and eolony
varistion (S, sige end shepe). A1l sultures showing evidence of
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cantexinetlon o colany veristlon were sel sside for special study.
Speelal inveetigetions ingluded imulotion of voriaents and in the cese
of contaminsted culbures olbompbs were also mads to rasover the oripginal
perecolon strein whenever possibdle, Since 2 possibility always extsbed
that gone or sll of cor enltures nipht eontaln both Meochesical and
entizenic yorients our etudies wore somiuctod using srizinel cultures

Lthout colomy isolsfion. The exceptlonsd circusstences will e
Mseussod Later, dorpholagies) examinations were made (rom sger culbures,
broth and broth glucose media. lraw stein and speels) capsule demons
stration techniquee were emloyed for this .pm-peem_ dar biochesicel
and cultursl series ponglisted of wne humdred thirty-five culturss,
Twenty-one cultures in this growp were received from Or. Os A Otuard
and represenbed 2nd division paracolen ncrobscter strainp, Three
nommal Ay clorese sbraing were obbzined fros the imeviesn Typs Sultupre
Collectlon and were imeluded in our test series for comperutive purposes,
Peoranr etﬁirﬁn designeted ales as A. closese wers obteined from Dr. R
Sehneiter and represented his toxie cotton studless The vemedming
3107 prracolen serohacher sultures represented strainag obteined from
other sourees. In ine amjority of cases informetion sccempanying
these eultures indieated that thay hed been ieelated frou human feces
md An e course of a seaych for entorie puthogens, It wes not
always possible to obbtain Durther informsbtion, but in & fow instonces
cultures were liontified sg heving been recovered from children
sufforing with enterdtis, Table XIT zives the results of var euliurel
and biochemieal gtudies,
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Fron the teble 4% will be noted that all of the Gdusrd paracolon
parobecter strelng conform with the Liochemivel reacti ng of normal
ke closcne eultuves encept in thelr regulerly :imln:gd lagbose fernenbobion
. and thedr delayed or segetive liguefection of gelstin. Hone of Stumrb's
eultures or the &, oloscee shreins femented glycerol nor Gid Yhoy atbtack
inomitol, and in no cose was capsale fornidion demonstreted. in thope
respectn =11 of the sbowe culbtures emforaed wilh the descripbion of the
A, closcse group as dotercined by amokm{%}. As bes beon previousdy
polnted oub, hovever, thers appours %0 be & guanbltetive bioehesicsd
di fforencs Lebween Stusrils paracolen nmbsmr siroing sud normel
Le Oloocse cultures. Thwree of the Selwmeiler cultures wore similor e
he elopeese but & fourth culture differed in sepeule formetion nd the
formentation of plycerol and inosilols In the large group of parscolon
zerobacter culture, 107 streing were VP positive end fermented lactose
after prolonged i cubstions Yinely-eeven culbures in $ids grouwp conforsed
 with the generel description of A. closgse. Two culturee in this group,
howevey, produced indele. Ten gireins devisted (rom the dlwragter of
the group by foraing cepsules and fersenting inositols OF the 107 strains
tested, 103 were motile, O of the ten cultures showing eopsuie formution
bnd inolltel Temmentetion sve included in thiz wotile group. It
is impossible o estimete the munber of these cultures which ghould
be claseified in Stasrt's first division parecolon serobucter as
conperotive division I cultures were nmet evailsble. Sinee Stusrd
was unvile to demonstrete encspeulition in second divieion straing,
however, md frequently ocbserved cepsule formedion in his firet
diviston culburss, it aay properly be sssuned thed some of owy
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Blochemieal and Cultwral Hesctions
of 135 Paracolon Aerobocter and A, closese streins
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encapguloted straing would probebly be classified in his lst division.
This pwoup sypeaprs alse {o be related bMochesieslly to the Klebsiells
group on the besls of capsule farmaiion snd fewmeniation of glycersl
and Anoaliol.

In o8 wach a8 slow lastose fementotion appesrs 0 be the most
important sharscteristic diffeventieting purscplen serobacter styain
froa normsl Ay clossse cultures 1 wes believed desireble

to Luvestipnte the possible occurrence of lactose
feraenting veriaste in both growps. Sears snd Schovlndek(?8) demonstrated
vonglusively thet repdd lactose femmenting veriants as well as sucrone

and rellinose lermenting veriwnts cowld be isoloted from 2 streinm of
Shigells sonniis These subhors also reported that the sbdlity of

thely varimt culture to femment any one of the osrholydretes wae
indopendent of ite sbility to ferment the obther two carbolydrates.

Bhepssn and Maglll) reported four femseatative variant types in thelr
sbudy of recently isolatod 5. eoli snd A, serogenecs ouitures,

M exporinents followed the penersl procadures a8 ostlined Ly
&-mé?g}. Five of Stusrt’s parocolon mmhr culturss wore selected
for vayisat studies, These cullures wore seeded in lactose bLroth and
as smvaa formentation could be detected inoeulstions were mode fron
edch tube to supsrabte petri dim containing fndo sgar. Inoculsted
piates were incubsted both abt roon tempereture snd st X790, Flates
wore cbmerved over s period of tidrby days. Secondary ved dsughber
colonies wers observed in three of the Gtuert cultures axewined,
Subsequent selection, ifsclsation and r@latim, of these varisnts
evostually produeed cultures with the sbililty to ferment legtose within
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b3 hourss The other two Stusrt stesdns, however, feiled to preduce
laotose fernenting veriants even though secondery dawshior colonies
weres observed and isolated, & similer atbenpt wee ande to isolsis
isctose femmenting varicote frem our larger group of parscolon
sercbecter sbtroing, Five cultures were selected from this group end
- gtudied se previously deseribed and in every case repid loctose
Termenting verlents were obtaineds Twe cudlures of Whls group showed
evidence of veristi.n within L8 bouwrse. Colomies from these particiler
sultures werw mixed and lndividuel ccolonies wove either rod or shite
in oolors Isclutions from the red colonies Lo loctose Lroth geve
promot femmentation, the white colonies oo the olher bond were slow
lectone lfementors end ususlly gave ree to red secondery solonies
within ten daye.

Three A, closces cullures, showing noruel Ibctose fermentotion,
were examined in o ainiler moenner but with o vies %o e¢stublishing the
prepence of alow=lectore fersenting veriantss In every ceese, such
veriente could be demonstrated. Originel plstes uvsuelly gonteined
sl';‘ﬂl white colonies or red colonion showing white nonelactose
femonbing wadgea, Isolatiome from either the white coloniee o
wadres peve subovllures with slow=lagioee fersentior cherscteristics,

Botdlity studies were carried out by the smployment of » semiepolid
agay modium {(beef sxtract broth zad 0.2% ager)s  Young cultures were
%}5 imoowiated inte thie medimm %o 2 Jepth of sbout I e

the tobtsl length of the eolumn being sboub 5 eme Culbures
were ineubsted st both room temperature and 2% 37%C. Obeervetions for
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- motility woere made st Drequent intervels wnd mﬂlﬂy st 25 hour
periods. It was not wmisusl to note greester Llageller acbivily ot
rom tempersture than ot 37%. Most of the siruins tested geve definite
evidene of metility withdin 2 hours ss sould be deaeustrebed by o
slight hase of growlh extending from the lime of inoculstion. Bone
 eultures Tequired 2 or more deys to exhibit this bebavicr but onoe

| sterted the motile foms progressed »o ddly down to the bsee of the
seni=nolid ager column, When motdlity had once been esteblished, 1%
won found thet Durther enhencemont woe possidle only within certain
Umits by addtionsl sestsl paasesess Jerial subewliures in notdlity
agrr were aoconpliahpd 'E:a:f heatiag the wper two-tddrds of the wolillity
agar and pouring thin portion out of the tube without disturbing the
lower thind of the tube's contumts, Ususlly subouliures were mede

at 2 hour intervels and were contimued unbll 3 or L pesseges had been
mades On the everage, cultures obteined thelr meximen motdlity rebe
during thds period ond further passages res:lted in no ineresse of
notility rote, ‘

Daring owr notllity studics, euitures whioh had besn recorded ae
negetive were observed for o thirty day period for the possible aypearsnce
of motile verionts, In no cugse wes voristion of tids $ype cbheorved.

4 fow sultures ehoving sluggish aotility on inltisl trizle were plated
and thelr colondes sxeainnd for the porpose of isoleting nonemotile
vurlactse In two inslences nonenotdle variants were isolated. In

esch page parent motile colonies apposred to nsve & wi«r suriazes
roughness thon those of the corresponiing menemotile variety. Isolstlons
made @ smooth -aalgnim snd subsequently bested in wotllity ager,
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geve no evidence of motdlily even altor & prolonged i cubstion period.
The rougher colondes on the other hand proaplly becenmt motdle when
tested in o sinmiler mannor,

These lindted blochesicsl end oultursl observations which hove
been nade on both A, ¢loseas end pa&amlon nerobocter strsins sppoer
to indicate thal varistions nm this group of arpanisng arg gonsiders
gbls and thet such varistions may be considered noemal when one
cospures the liwlbs which heve been previously esteblished for other
beoberial proupss KeofCarmn(32) nas noted that the production of
non~ugtile veriants withia the Splagnelle group appesrs to be nearly
slwoys 1mwuﬂ.bhg ertein eultures like 8. gsllinerum end
Se pullorum beve only been found in the nedwaotile stage, Certain
strains of S, paretyphi B and 8. Wﬁ heve been demonstrated
to contain noneutotile verlante end these sbreine hove ahiown no evidence
of reversal %o the melile fom even thoush eultured throush seversl
peusrationse It 45 2ot kmowa whether blochemieal verlations uey
becone irreversible, bul a8 such is the osse this loss might account
for an laability to dmmcsstrate Isctose fevaenting varimnts in sowe of
ouy culluress
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gt Lacetiation,

In our investdgstion of parecolon coercbsster antigens cousideration
hsg been given to the Ldentificstion of the well-kmows O, H and X tyoe
anfipens sg recognived and discussed in our serclogic review. Atlention
has slso been given {o the possitle exdsteonce of i antigens end the
alphe type antizen of Staap and Stens(5?), The latter two sotigens
which probably not teking » direct part in an ldemtificsiion gystem have
besn recorized ss posgsible sources of ervor in thig lnvestigstion.
Rece::t iethods snd procedares and perticaisrly those developed by
Keuffmenn 2nd his sssociates beve buen sdepted with certoin modificeticns
o the present serologic study. Basic Selmonslle and Shisells
lovestigational meotlinds have slse been considered in the establlshment
of our procedurcse

In the prepearation of thoramostoble sometic aptigens only emooth
cultures were uped, OCertoin eulbures showlng evidence of roughness
ap indiested Yy sutesgplutination in selt solution or non-specific
agzivtinotion 4in nowel rabbit serums were oot included in our sabigenie
invagtigation for obvious ressons.

3 M; 0 satigens wers preperad from 20«24 hour boef exbeoct
paptone broth cultures™ whlech hod bees hested st 200%C for 2} hours.

ALl O antigens were preserved by the sdiition of Uuk percent formelin
and wore stored in a refrigerstor, Antiserums wers prevsred using
young robuits wedghing frem L5 pounds, Prior %o immunizetion esch

" Foraula for culture nediz and wethnds are duscribed in
fppendix I,
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vabld wos bled from an esr vein and the Llood tested for the presence
of normel agolubinins, Only andmels showing oo evidenes of preforsed
anbibedles were weed in owr fsmunlzetion experimentes MAdnals were
usually piven & sevies of fouy intﬁm"-us amtizen injeetions in the
anount of 0.5 g0, 1a0 ooy, 15 oo, and 2.0 oo Injections were glven
at 3 ts L day lotervels. One week followlag the lost injoetion
andmals were bested for agslutinin $iter snd o4 theb tise 42 %he tost
seruns were considered sufficiently high in titer the anlmals were
bleds ‘ninsla showing = low tlter were siven one or more additionsl
enftigm injeetionse, I sppesved, however, thet adiiiional injections
rarely 1 ever stimulzted sn logremse in ecplutinin diters and
congldering the poeasibility thet pwolonced iwmunisstion mmm
might eoneelyebly increase nanespecific resulte our originel injection
schedule wea ususlly followed, '

~ Borans were hendled in such a nenner 8¢ 40 Svoild excessive
conbemination and were presesvad By the addition of an equal quentity
of Us Pe glyoeral, 211 seruwas were stored under refvigerstion.

In owr sbudles of O sntizens the folloming procedures were
adopted, O mnldgonc were propered from all sstisfoectory culiures
received, O seruns we?'a prepered in groupe weing 10 or sore straiss
for this purpose., Only one growp of soruxs wers produced 2% any one
$1ey 2ad these were tosbod with the Mio:nm sabigens snd 1) other
antdgens of he test series prior o the selection of olher straine
for the following serua group. The O mntizene in each succeeding proup
were represonted by strsins which hed given no evidesce of O antipenie
relstionabips S0 the membors of the previous antigen group. In this
memmer ¢11 of the O enldgens constituted in our enliures wers
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jovestigated and the U relotionshipe of the veriouws streins deteruinsd,

Agzlubination testa for O entigens were routdnely incubated  in
& water both ob & bemperetlure of S0PC for & peried of &k hours, Readings
were mode without the ald of megnification,

Ag wight be expecied sose of the oultures in ensh sntigen group
gove oross resctions with other nmembers of the sese groups In thesa
gases Lhe antdgenie reletionships of such strains were investigeted
by means of the agglutination absorption tecimiques

In the perfomsnoe of O u,;aimtinétim teste, 1120 dllatioms of
e seruserlycering aixiure Aere wade in saline solution conteining
05 porcent phemol, These stock dilutions were dhe starting peint
for all of owr titrations. Urose ag lulinetion tesls were conducted
&} a Liu0 dilution s=nd where cross srslutinetions were observed,
titretions were started ot 2s30s ALL plock dllublons were prepered
in sufliclest quentitics to vonduet oross mgplublnstion and tibretion
tests on o1l ol the aobigens under lovestizsidone Table IIIT illustrates
%50 O antigen relstionships of (he Lfirst group of culieres Lested,
Uroup I comtelned 17 O satigens, 12 of which represented paracolom
serobacler stralns of Stusrt's second dlvision. OF these, 7 wove
identifled by Stuert »s bietype 3WLL, The L remainming cultures,
whiich included biotype I7LLL, were said Lo be antigeniecally related
Lo blotype 32001, ‘arocolon savobsclter eultures, lo.'e 2556, 979 and
Srill7, vepresesied slrains obtulasd frou dher sources and culiure
ATCa22 (4. cloacae Jopdan, dmsrican Iype Lulbare Collestion) was
inciuded in the OJroup I sulbuwes for compsrotive pw;mubts,
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is will be noted from the tables alrains representing Sbuert's
biotype 32011 were by no seens hamogoneous in yespest Yo thelr O
andlgense On the contrery of the § stroine tested, § different O
anbigens were demongtrsted, Cross agolubineiion resuits indieste thet
C6 and C7 mre identicel, Oume of ibe 32011 culiures, SRC, sppears to
be identical or closely relabed to the L, closcas eulture ATORR%. Five
strainay 3771, 32021, 2556, 979 wmwi DpTAlY, geve ecross sggiubiusbion
reacticas and also spoear to be idenilesl or clesely relaleds The
baenbity of 2l) anbigen relaticastips were coalirued Ly reciprocsl
sbsorption tests es showa in Twble IV (for dstails of metood see
Appendix 1)«

Group Ii O ssptigens {Table IV} were reprosenied by emlt.w
wideh bad feiled to0 sggiubingte in Urouwp I seruss, This growp
conbedned 11 mesbors, 10 of wideh were selected from the large
parecolon serobogier culture group, 2Ll conforsed to the general
blochemiconl description of Stuart's paracolon serobscter Jdivision 2.

0 antigen ATCYG2 represented A, closcse (M, Levinew-laericen Type
Sulture Collection) and like ATU222 in -Sa-e;;ﬁp i was incladed in

draup 1L for comperative purposus, Like Yhe obher sesbers of Troup I,
howgver, ATCICZ was not agelotinabed oy any of the Urowp I parscolon
serobegter serums or with A. closgee ATC222 serwss I will be nobed
thet & distinet © antigens wore found in Group II culbures., Cultures
Jiﬂ?ﬁ, 150, and 5159 appeer to be Ldenticel and represent pue of

the O subigenie types in tuis groups Cultwres 2370, CB6 snd 2IV

eppear 4o be reliled and represent & socond O entigenic types Lulbtwres
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PLBL and 5563 else sppesy to Lo relsted and represent & third
antigenic & pee OCwWlbures B33, KIS, end BEITY sppese 46 o unvolated
Yo any of the other cultures or to esch olher so represent digtinet

O antdgenic types L, § and 6, As in the « ape of froup I enliures,
reciproesl sheorption tests were ubilised os proof of sntirenlc identity
in Oroup Y1 styeine, Ny thds method 813 of the welstionships of the
Group II oultures were proved and sll of $he mombers of each groes
egplutinetion group wero demonstrated to. heve fdentiecnl O antdgenss
In this connection it will be of inbterest to rote thet in the cross
agrlutinetion group ATCR62, B1SH, M5O there wae oboerved a pronsuncad
di fference in apriutination titers betwemn ATCP62 and the O mtigens
W10 end 7199, Sueh o Gifference misht heve indlested & parbisl
0 antigenis role tionship, bubl ebsorplion experiments indicsted thst the
difference vonld be expleined on the quentitstive besie, It wes found
on seversl cccasions thet certein wticens when weed for absorption
mynoses vequlred geveral timen the ohsorpdion dose of other
- gualitetively identiecel sntigoms. This feet is perticolerly dnportent

in a2 smch as sgplutinetion titers sve feequently ueed e an indew of
probeble identity, In the csse of ATCOG2 the houmolopous titer was
detertined to be 1311290, O snticens F160 and F159 were sroiutinmeted
by ATOVE2 serum bo a Siter of 1e320, v

Oroup 11T ¢ antigens (Tohle AVI) were represented anly by

parscslon serobacter ouliures snd from 2 voriety of sourses, ALl of
the mntigens in Gwvoup IIT had feiled to apglutinete in the sevums of
Greup I or Growp I1 evitures, Included in this growp were 10 sbraing
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a1l of which eonforned to the gensral bioschermicsl deseriptien of
divigion 2 parecolon serchacter types. Aovording to the table 3
stigenic Yypes were recormined, Oultures 1TV, 31V, SIV, 191V, 231V
and KI0AS cach weprosents a digtinct O embigen. Individually they
heve no evidencs of antigenic relationshis to sy other meshorgs of the
proups As in the gesme of the muﬁm croups, snticen ldentity wae
ertsblished by reciprocel sbeoration teste, lethods wers siniler in
every respoct to those previcusly described,

Ormp IV O antdrone of nore probedbly A0 mixnm f?uhia wWiT)
were vepresenbed by cultures whieh had feiled Yo sgglutinete in the
peeare of the 3 previouely deseribed -roupe. Grouwp IV muma'

7 meshars, & of which were parscolan rerohacter streins fros verious
sources, One salbure, S04, wae received from R, Schasiter sl
represcnted one of his ™onde cobton™ A, clonese sirrins, Blochemicslly,
dhie rroup of 7 enlbturee did not eonform to the genersl sharacheristics
of other 1, flosses culiures, 211 of the nembore of this proup
formenbed inositol end rlryeersl with neid and gop formetion, Feur
EKlebeiella-like cultures, MU87, LIV, &IV, and 22IV, were non-motile
bt were enoapsulated, Culture lﬁ(ﬁ.ﬁs wes of partiew)er interest
bosruse of 1tes sntigenis peletionship to the Facherichis snd Flabsiells
groupe, This peculisy antigenic relationship w1l be discumsed leber,

In grouwp IV, & therosteble matigenic types were recornized
Coltapes F187 ond 221V were releted snd represent one of the mndigenie
types. Hs will be moted =1l of the sepluvtinetion $iters demonstrated
by this grouws weare low in comparison %o the titers of the sreviously
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described groupss They coupare favorsbly, however,; %o ths titers
given for Llebsielle stains by Lewtfaam(}?),

Loreview of bLhe O sublgens contelned in aur perecolon sersbeachere
ke closcae Uroups I, II and III reveals thot 25 distiaet satigenic
typos have boen recogaiiedse Iy meens of those 25 serums, it was
fowl posuible So iype the O sutigens conlelined in LM0 peracolon
serobscter strelusy all of which confgimed biochemdeally te the general
deoripidon of Stuart's second diviglon culiuwress uroup 4V paracolon
sprobecier suliwes sppedred to e wuelited Licohemleedly or
serelogically Lo Uroups I, LI and III, Group IV conbaluned 7 streing
end O of these cvabteined specific autigens of the cspeular Lypes

J snklgan reletionslips of the pavecolen serobaglelw.s ploscss
o Selmonella and Shigella groups were luvestigebed by ithe esplayment
of podyveleat Oeluonellis @nd Sligella serwsse The
togiyuse mdmthi exalnstass of owr J suligons
wore essentislly siadler Lo those used by Ndwerds snd Bwing'CM in the
sxozination of Jelmonelle sad Shigelds soligens« Dobh slide and tube
agglubinetdca provedures were esployed, lome of ouwr U auligens were
sgelutineted by palyvelent Salsonella or Shigella seruma,

Jbtalned fyom Dre e Be Edwurds srd Ir. B, M. Md'ﬂg
Gomxmmicable Disssse Conter, Atlants, Oeorgis.



TASLE XVII
Cross Agolutinetion of Heat Gtable intigens in Oroup IV Cultures
{2} hr, 2t 3009C)
‘ Intiserans
Andigons By H 067 gEIv el e kv 63%
i P '% Q - - s
.Iv e - L] s Ao
&1y e oy o A poient m
m el B v e ey <astir

i g



Gis
one hundred twalve sold O seruss and She corresponding hasclogous
entigens were aveilsble for thils conparstive study. Farecolon serabacter
straias were lnvestigeted accordlug to the selbods of

ghor el Lo
Kool iuenn ™ 12). e our U antigens were lested with

¢oli O seruns, only ome of our peracolon cerobsoler sntigen Lypes wog
found to be sgulubtinsted. The Group I streins, lios's 37701, 30521,
2556, 279, sd Brylly, all of wideh hod besn fownd to e identicsd in
vespect Lo thelr O entigen, were agglutinaied by coll OFL serusse
Subsequent Meciprecel agglalinin abworpiion bests proved the O santigen
dentily of cold OF) sd of theoe pai‘ucoiﬁa serobsgler slrains. ' ke
cold O mutipguws were bested wilh parecclon aepcbuctier suruas, positive
agoiutinstlon reaclions wel'c observed Lu severil Lostoicoms These
results apemred Yo luiicate 8 coli-guracolon sercbacter relationship
wobch had not been cheerved in ouwr previous esiss This cue-sided
sgplutination effect illustrated in Table AVIIL, Ae will be nuvted
Iron the tabde ‘mli 091 geve the Yypical and the expected reciprocal
erosing with cullure 2550e In conirusi Lo those wesulbs, Lowever,
cultures 35613, 3 and 3700 =are shomn to sgzludinete cold O sntigens
022, 030, and 015, but in tuwrn were oot agglatinabed by the corvesponding

coid U serumse Toese resuids might possibly be explained Wy ihe assaumption

thet the parlicuisy parscolon ssyrobegter straing jovelved contsined
sabigens similor %o coli 4 forwe and L5 tlls were the cuse such
becleries would copbedn fwo types of eunvicens, & suriec A-lype antigon
and & subsurfece somatic autigen. carecolon sevobecter seruns produced
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by such slraine would, thereforsy contain two antibodies and would
properly be designsted as em AOC ssyuns The U anbibody in such » serus
sould cause She agplutinetion of ¥he velsted oold O eabigen, bub the
coli O surEx o the other hand would not emuse zgplutinetion of the
10 satigen bLecouse of the pretaciive offect of the & amblgens Parther
cemimmm will be given %o thls nebler in our discusmion of the
£ andioons, | |

Thirty-alx speciiic Rlebeiells Yype straine were oblained from
Dr. Reulfseonn end Dp. Sdwerds. Theose were employed as antigens
ial L o eccordlas to the teclniques of Kaa:mgm(”}. ALY of
o bthe antigens were observed for evidencse of egglutinstion
by mecns of the slido test. Parasolon sercbachter serums were used in
& diludion of 13, None of the Croup i, IT or III scorums spgglutineted
our Kebsiells antigens. One of the Jrowp IV seruns, however, jsve
avidenoo of apglatinstion end sntigenic yelationship 4o certein
Klebteiella strains. Thie reletionship will else be consldered in say
discussion of ¥ amtdgens,

Lasbigens of Grope 1y 1L end I, Tho charecieriotion of the
K antigens have elready beon discussed in our yeview of the serology
of the coli proup. Ielelly, however, ¢l of the K anbigene are
characterissd by their sbllity to inhdbit O sgplutinetion. X antigens
inelude the thersolubdle I end U enwelope anddyems and the copsulax

hetype sntigen. Our culdures wore tested for these entigens by sems
of the slide sgglutination technigue using JMving ewlbures suspended
in 0,05 perecent sodius chloride solutions C(uiltures were grown oo basie
aer mediva conteining O.1 percent slucose, which, sccording to
feuttoomntl®), allows PWI1 develepment of the £ antigens, Verying
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dilutiond of the hasologous O seruns were mdxed with our basteriel
suspensions and sbeerved for evidence of agglatimetiens In all casea
erpiutinetion cocurred noraslly. In & fow instences, however, it
sppenred thet living orgeniems were moye sensitive to the action of

0 serums then the corresponding bolled antigens. These obwerveilons
sppesred bo exclude the cocurrence of the thermolebile L eantipgen in
our cullures, To detect and muls oud the snd B sntigens, however,
requires © sonewhst different techniques Lntpechtlds(?) hed sclved
the problen Yo 2 certain axtent by isolsting A minus fomme fvom bis
ecold euiluress Loter ’&hlmm} found thet sose culiures whieh
eppetred Lo be A minus forms ecteslly conlained & esall mamount of £
entigens. Ve loe reporbod, however, Whot 4 antigon could be destrayed
by hesting et 120°%C for 2 hours leeving the O antigen intact. We
sttensbed both of these methodsy Lut pince none of the cultures
belonging Yo Grouwp I, I1 or III were found to produce cepsules i%
sesred evidend thut A antigen, Lf present, sust coour in /4 sdous-lilc
forass Ve wers unsuccessful im our sltenste Yo produce A fomme or o
isclate fros our culluros colonies hoving chapscheristics corresponding
to Inipschildt’e ? minus forms. Ten of Slusrt's peracolon sercbacter
straine were suboclaved and used Lo lommlize snlaels, lwi in ho vase
were denonstreble spglubining observed elther for suioclaved or boiled
anbicens. The ssbigenic properties of ocur sullures sppearaes Lo be
totelly destroyed by thiz trestment. These resulta suggest the
possitility thet the antigens in our bolled culbures {(Orowp I, II end IIX)
say be of the 4 type rether then trus O sntigans. When these resulis
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ere considered along with the one-slded sgrlubinetion results observed
with certe.n ooli antigens and p. serobagler serums it sppasrs lkely
that some of our cunturu"my heve surface sadigens of the 7 Yype even
though cspsule formetion could ot Le denonstrated.

Ia eomnociion with our subtoclsaved endizen experinents cerdein
obseyvations were nede whdch sre o dete unaxplaineds 211 animels in
this experinant were inovulated in & sinilar mammer &g thet used and
previously descrilbed for C anbigens. A4 the songlusion of the
immpdpetion schedule tenst bleedings were nide and in most cases
sulficiently high titers for sutocloved anbigons mere obleined, Defors
the final bleeding, however, a1l of the animals becuse negetive for
agglutining, (Chen the jmwunisstion procedure wee coutinuad, however,
all of the enimsls vesponded wilh e rapid incweese ia titer, with the
agelutinin ressining in the blood for sppraxinately 72 hours following
sach injection. At the end of 72 hours oll of the sninuls agedn Leoume
negative, When L3 hour positive sexuns were tested mith vericus
subocleved sntigens all of the antigens were found %o e vesdily
fgalutineted end by any or all of the geruus useds

In o contdmued investigaiion designed o establish the presence
or sbsence of K antipens in the Stuert culbures s wmodificstion of
% Edward's phase suppression tecinique woe wtd1inealdh),

In our nmodificstiong, however, flsgellar anbligens ware
gongldeved only in so far as thay were sble 4o aid in the separction
of AU apnd O forms. Agein considering the pomsibility thet cur O goruw

night actaally be KO gerums it wes believed bhot cultures conteiming
both forms could be selectively separated under ocertedn mum.-
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To this end, varying diluticns of our 0 serums were mixed with
wotility ager end following ¢ cooling period were ipmooulsted with the
homolopsus orgenigass Orowth wes ususlly observed to ocowr proapily
and after L0«72 hours, motdle forss hed sproed frem the point of
inoculstion to the base of the tubes Tranafiers were made from the
base of motility sger columns to fresh sntigen mediuom and 4in oll cases
such snbigens were found ¢o be sorelosicelly roush., Our results
sppeared %0 be siziler to those obtained by Julisnellel®?) in nis
Klebaielle experiments. While the resulte of this study are incon~
clusive, the method ie offered a8 e M&iﬁi& means of sepiretine
£Q and 0 fomme in future studies,

In our previous conslderation of Growp IV culturee it wes noted
that copoiles hed best demomsbtrated in all of the streaing in this growp
end for this resson esuld Yo exweted o conteln AD
autigens, lome of our Klshsiells cultures were agplubtinated
by Qroup IV seruns, however. ‘

One of the Jroup IV cultures, ESCLL, wes found to have an wntigenic
roletionshnip o coll 019, Antdgen 5561 wes nod sgplutinsted Ly wolid
U39 seruas, bub 5561 serums weve found te egglutinate coli 019 satigen
to & titer of 1:1200. According to Keufinean’s entigenie studles on

the Klebsiells g:roupw* 12}' gll of his Klebsiella O Grow [ seruns
were sbls o egplutinete Kecheriehts etrain 3180 (cold 039)s It would
eppesr, thersfove, that our perscolon servbagter culture IS61Y hes both
tiochemdonl and serdlogicel relationship 4o the Slebeiella group I

ut differs from ihm group in respect to nmotdlity.
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w F entipgen relationabips were invesbtigstoed in s
slailcr manner o thed deseribed for the thermcstsble semetic antigens.
Prior to the prepsrstion of ¥ seruns, however, all of ths notile
cultures in our series were subjecled to serisl passages in wotility
agare A hea heen provisusly desceribed; most of ouwr cultures atlained
magiaus mobility after 3 or L serisl pessepes, subcultures belng
made ot 1620 hour intervels. The nejority of our struine were able to
move Shrouch & 10 en. colunn of metility eger in 15 hours when onge
the flageliar mutigens hed becows fully dewvelopeds A few eouliures,
however, were wieble to appromch Lhis atﬁ.ﬁw ead drgved approximstaly
wmﬁiﬁﬁtﬁm&iﬁmaﬁdﬂwm‘mm&mmmm
Jeagth of tines, Leter serologic sxperiments on these mﬁnalw,aﬂm,
however, demonstrated them to be antigomieslly egusl to the mare
motile stralins,

Following molilisy enhancemani, culbures were inoculeted into
boel extraet pepbone broth end tnoubsted at 3L°C for 10 hours. 411
of our H culiurss were kﬁ.im and preserved by the addidion of Q;h
porcent fomaldn. Ag in the ocase of D aﬁ:ﬁigam, H antigens ware
prepared in epproximately 100-150 oc mmountes These quamtities were
eonlouln ted to serve for both snisal Lssunizetion and later cross-
agplubinetion experimente. 411 of the U sntlsens weve carefully
observed for evidence of serologie Toughness snd sil snimals used in
the production of il serums weve Sested fov norsal ocourring H sntiw
hodies and the alohe antibedy of Steap end &;ﬂmﬁgh lone of owpy
test aminels showed servlogle evidence of either nemmally cocerring
i ebtibodies or the presence of cloha antibody. The Yekelisdd alphe
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ebrein was used in the test for elphe antdgen, As in the Wum
of O serums, young redbites weighing fron Lef poimds wero givem m peries
of four intrevensus andigen injectlons, The dosege schedule wes 0,5 oo,
140 co, 1.5 no, snd 240 co.  One wedk afber the last injection muimals
ware blede This sehedale was found o resalt in high $iter serums mad
of & quality wholly sstisfscbory for our lsber tests, ALL H serums
uax?a mixed with en ewguel wolumme of O, Pe glycerel and stored. Gbock
seran dilutions were made with 0,85 percent sodium ehloride solutione
dilorofors wae added to the stodk dilutions as s sterilising and
preservetion agent(87), Crose titreiions were perfowed begiming
with & dilublen of 1110 and contimuing to the titer of the serum.
Agzlutination tests were inoubated in & water bath 2t 0% and resd
&t 2 hour and st k hour perivds, OSomatic agglutinetios wes found to
interfers, in sous ceses, with tests reed laber then o & hour perdods
Usuelly, homwever, mﬁhmw&hulmmtﬁ&imm
oven al & dilution of 111000 or higher. Table XIX shows the E antipen
relstionships of 17 strainss O thess, 13 represented Stusri's pare-
colon serobucter cwiiures. The rensining | cultarés represented
Ay cloccae and payscolon asrobscter 3ﬁmim from sthor ssurces. As
#ill be noted in the tahle, H mﬁi\vm show & greated degres of interw
relationship then was svident in the 0 snligens of the same group of
streing of Table XIII, One sulture, 70811, :ave no evidence of being
releted to any of ihe other culbures in the series. The i mbigens
of cultures 5 and O appesr %o be identicsl and unrelsted to the
other stralns, Cultures ATG222, ATCPGZ, and €3 slse sppenr to be
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identicel and wweloted to the other cultures in the groups The
receining sdoven calltures show cansidernble H antigen relationship,
but fell inie Unee divisione as indicated Wy the enclosing Lreokets
1o Peble Ik The four strains of bLrocket 1 give oross resctions
praciiesdly to the honologous titers of the serums not only with each
olher bub also with the cultuves of brockel 2 and bracket 3, The
four cullures of brschet 2, though giving pood oross resciions with
each other and brackel J streinsy {2il cunpledely %o cross with the
three antigens of bracket 3. Thome latter glve good resction with
the fowr mwubers of braciwt 1. These opparestly encaslous resulls
a;pp#&md te be explainsble anly on the essumption thet strains of
brecizet 2 snd Yhose of brecket J sre related esch to & different
4 entigen o partial i antigen of cultarres inciuded in bracked L.
This reletionship euggested the posszible oceccurvence of phwse veristiom
of the flagellar antigens of bracket I euliures. .

in an elifort 40 veveal phase veristion in the four eultures
ol bregked 1, 4 eotigens were prepared {rom gingle colony isolations

N from oulture 8558, Theoe wores used for sbeorbing 2556

%ﬂ enbiserat.. &g iuticetion tests wilh these sbsorbed
serune indicated Lhat the colonies were of bwo entigenic fypes in
respect %o Lheir U antigens. %able X gives the results obtained
with these sbsorbed serame and single colony anbigens prepered fron
culture 2550. BSubseguently cultures 37711, 53¢, end 779 and thedr
homolojous geruss were siallardy investigoted with exactly the sane

Possilse



TABLE XX

Fhase Veristion of Oulture 2556

The

H Anblgen - s
Unrbsorbed 2556 {phase 1)
2656 5120 fféo

% (oese 3) 135 %0

Absorbed by
2556 (phese 2)
2560
2560

HEKR
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Tids rvelated grouwp of 11 culbures, therelore, sppears to Ll
inte 3 subegroups. The first ls composed of cultures SRC, 3771,
25496, and 977 {bracket 1) all of which ars diphasic and iduntiml o
each other in both pheses. The seeond subezroup (bracket 2) eonsisty
of eulbures 63411, S6221, 43511 aad 37711 which have U matigens identiosl
o one of the phager opcurring in bBracket 1 culbures, Arbitrerily we
shell erll this sntigen phese L, The third subegroup 3501L, CF and
32021 {brescket 3} each contpin ¥ entigens ideniical Yo thst vccuyring
in the other pheee {phese 2} of the diphasic group,

Fuyther iovestiqstions of the diphesic and monophasice cultures
in this growp were made enmploying the pheose suppression technique of
sard™®) g modified by Bdwerds snd Dranee(0T), In tis proceduve,
previously ebsorbed serusy were used for suppressing phase 1 or phoss 2
H antigens. Deteils of owr method sre ss follows: Tubes containing
spproximately 5 cos of uaﬁmty ager ware heated at 1009C uatdd
liquefisd snd were then cosled to 509C, Sufficient ehlovofors sterilised
1120 dilution of each sbsorbed H serun wos added to tubes of motility
modiva to give & final comcentrstion of 1:500, 1:100C and 12000,
Tt wes realized thet too little serum might £241 to lmnobllize the
desired phese mnd thet two large an mount would poasilly ilmeobilise
both phases through the sotion of somelle 2giutinine, Serus-sgor
ulxtures were insguloted with tha homolosous culture YWy plercing the
surface of ihe medium in each tubs to & depth of 0.5 em. Inoculsted
tubse were inoubsted et 349C, Umally the desired phase could be seen
to leave the ares of inoculetdon within 2k hours and usually srogressed
$o the buse of the tube witiin L3 hours, Sub-culture materisl wase
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obtained from the base of the tubes Ly esveNlly heeting the upper
two-thinds of the nediun with the flase of 2 ssell bunsen burner.
Pouring the hested medium proved to be 4Aifficudt bul with practice wes
sccomplished quite essily leaving the lower one-third of the eulture
relatively undisburbed. Usuelly s wm:ﬁ' neRsage wes neces=ary in
order Lo be sure that sll treces of the suppressed phass were shsend,
Pregparatla of ¥ sutigens followed the [finsl nemsages ond were coupluted
in the usupl nenner,

» Uhen the phege suppreasing fechnlque wes gnolied to the stady of
previously deseribed culbures, the resalts were in every vey sinmtlay
So those siven by the solony seloction and serws sbeorpblen techuiques
menbioned above, These same bLecliniqgues were clso spplied % the
remaining eultures in tis series, Onlyone of these latier cultures,
however, {eultare ATG222) was found to be diphesic, Oulture 962 snd
€3, sppenring in Teble XIX to be identicol to ATC222 were found o
sontain only one H sntigen in sommon with ATCE22 and both were found
%o be monooheaice Toble XXI 1llustretes the resulis which desonstrated
phage verintion in eulture ATC2EZ end indicstes the B entigen relations
ships of thet culture and eulbures 962 and C3,

Then diphasic unebsorbed li serwse were nixed with motility ager
8o 2¢ to give finsl concentrations of 12800, 151000 and 122000, and
_ subsequently Anoculsted with homelogons diphasic
m,_ caltures, one phase wes usuelly suppreased st
the point of inoculobdon in emch cese. Suvecesaful phese suppression

by this wethod inverishly ocourred ot the higheet dlutiom, in
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Phase Verdatiom of ATO22Z

% Anbdcens | we———eti Soyan ATC222 v - —
Logoafoed Yy Abgorbed ly
Unsbgorbed  ATOR22 {phese 1)  ATC222 {phase 2)
B ey B2 g
F e, L oy
I e B 2560 e
Kp0222 9 2560 - 2560
sToRaR/oye 2560 P 2560
96e 2560 e 2uis
— 2560

) - 2580

¥ aTepea/yta, ATC2Re/Cw-indicstes i phese of ATC222
sppresses by sorums 962 end CJ.
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investigedion of individuol phese tiders in several diphsele unabsarbed
serume indiented & conpidersble dfference in sgolulinepen scbivily of
the two I mbigen cospononbe. Whethor this sctivity cen be expleined
on @ quslitetive or quantitstive bosis ressins to be investigsted. It
appesrs, however, from the resulis of ouwr experiments thet this
difference can probably be better wplained guantdtetively. Table IXIX
illustrotes the resulbs obboined when [I seruss were prepoved fyom i
phases obtalned by suppression. It will Le noted thst Il sexum 2556
phase 1 shows @ titer of Li6kO for i entigen 2556 phase 2 end Lhe
smme irregularity io noted as occwrring with the other H entipens end
seruns in the table. It would appesy thad both ohases ere represented
in the fmemmising antipens bub thet he effect of the seppressed phese
in eech ceee has boen greetly reduseds In the cese of the yelsbed and
trudy nemophasic eultures, however, @ similer effect wus not noteds
H seram ATC 902 feiled to agglatinebe ATIE22 phese antigen even thoush
serum ATCERZ phase 1 wes shown Lo sgglubinete ATUSGR to & biter of 136D,

) recspitulation of the individusl end spocific | eatlgens whdeh
are contrined in tids group of 17 cultures revenla thel six H entigens
heve been demonmtroted. Flve oulturcs in this group werw found to Le
diphasic and these were found to contsln four of the six gpecifie &
entipens dostribed for the group.

Time has not sllowed 3 complete exsminstien of all of the ¥ sndipens
in our culbure peries, 411 of the 5 ecntigens contained in Oroup I
cullures were complotely inwveetissted exespt in the cese of suliure
BrTil8e Ay cloncoe APCOGZ which was placed in the Oroup IT enltures wos
glso complately cumineds The wix § anbigens which wore found to



TARLE XX

e

Antigenie effect of the Supprassed Fhase
in nemophesic cullures obbalined by phase suppresgion

2556 2556
phass 1 phase 2
5130 &lo

&0 5120

ATCERZ ATCRGR
phase § monophasic
o -

5120 5480

5120 512
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peeur in Oenyp I culbures were nleo desongteated in & few cultuves
eontedned in Oroup IZ end XX, 28 wee the vase in previously
dosoribed 0 antigzens, H entigen relotionshdp could not be demonstrated |
in Jrvoup IV cultures. This legk of O or © auntigen reletionship
wakes il aopear thet Orowp IV culiures have Little in common with
Growp I; I and IT1 streioe, Fubare dinvestdgetions will be necsssayy
in order thel the H snbigens comteined in droup II end IXI sultures
asy be completely identifieds There osn be little doubb thet samy
mere apeciiic I mtigens will be discovered and dhwi the cherecteristic
diphesic netwre of this group will be more fully realized., Teble XNYIX
farther illustrates the peculiewr £ mabigen bLehovior of two other
cuilbures ool oroviously described, WTllg and S5IV, and compares then
with the diphesic edliuve ATCR22 snd the monopheeic cultwre ATOPGE,
Caltures SA70 and MAh2 wre entered in the table in order to illustrate
the complox interrelstionsbip of thely & matigens. From the tobls it
will be moted thet ATCER2 and ATCPER show peciprocel crossing end os heos
been previously shown sre releted fhrough I anbigen phoges. i entipen
ATG222 i not aprlutinsted by either TLLD or YWy SIV seruns ond
gppears to bo unrelzted to these stroins, B entigen ATCPEQ, however,
ie agglutinated to the titer of the serums Ly beth Br7ll9 and SIV.

B serum DpTll9, however, fells to appludinste H anbigen SIV. These
resulbs appear %o be simdler %o those elresdy dessribed as securring
io our other diphesic cultures. Cultwres Drilll and SIV appear %o
have an [ antigen in common with the nomophesic gulture STC962 bub
each mppesr o olep heve enother H anticen which is specific in neture.
I tids asswsption 1s tras them 1% say well be ihet this grouwp will
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prove to contein both grow and speciiic antigens end simllisy in sany
respecte to the nsjorily of cultures found in the Scimonalls groude
In the tebla culbure FILZ is shosn t0 be sgglutinated by all of the
1 serums and oppesrs in this respuct So be identicol o ATCPER, Culture
876 apposys to be relsted So ATC222 end SIV. This illustration
together width the X antigen reletionship slreedy dusoribed in Table
| XI%, serve to point oub the complex noture of the X sabigens found in
Wuis growp of Locillde

touttnom®32) and reren{3l) have demcnstreted thet H sutigens
may affect O agplutinetion in the Lolmonella and Froteus group
respeciivelys Perch reporied complete inhibitian of
O agglusinetion of many Proteus cultures snd demonstirseted
he O imbizens in question appemred te e protected by H antisens,
Tris effect han clso been desonstrated with some of our 4. closcas

end paracolon seroboecter culbures. The obeervsiion is mede here becswme
in ouwr exporiments O egglatinstion wes completely inbibited and the
effect wos desonotrated both by alide mnd tabe tests. When much
calbures were used in Lhe mwatim-orﬂﬂw,thermmmtiw
offect seemed alus %o be evident and fmvariably the O titer of sach
seruns were found Yo be low,
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The investigation reported here hes hed fo one of i%e prénciple
purposes the establisiment of un endigenic foymuls Ly which the perescolon
seyobecter proup of Santercbacterisceze mey be clagsified. Specifically
we have been concerned with parscolon serebacter streins which Stuers(3)
hes pleced in his second divielon, This division vombains, ameng others,
the Motype 32001 which was regerded Ly Stusrt se & probeble csuse of
gmmﬂm in man, & fach which hap given prachiesl justificsiion
for 2 further study of this grouws

Stusrt'e investigetional resalite have indicated that second
division paracolon serobscter strains ave both blochemieally nnd
mntigenically homopenenus. A8 hag boen pointed out, however, Stuart's
entiszenic studics were not of the type which differentisted Oy I and.

K sntigenic components and, therefore, ¢en not be used ey & besis fov
the detorminetion of true antigenice rﬂatimms

The similexrdity of perscolon sersbecter streins o Lerobacier
assrogores snd A, closcse wes reooomised in Dormen's pmpoul{i‘} to
clessily sl slow-lectose fermentlinp serobicher cullures in 8 new gonum,
Parscolobsctrum, For the sake of expedisncy, Demsan's clsssilicstion
tystem omn be spuroved bubt its finol socceptance swelis experimental
oroof thet the members of ths new geous are not normel verients of the
slresdy existing genera {Asrcbocter, Sscherichis and Klebsiella),

gauttneont®) has shown thst sercbecter scrogenes belougs to ke
Zlebsislla group on both biocheaieal and serelogioal grounds end his
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cosrorker Brooke’%) has been sble to Mochesieslly differentiste the
Klabsiella snd the 4. clonsus gonere.

1 comparison of the blocheaiesl sad eulturl chaprcteristies of
Stuertts parecolon sercbecter streins end thone of lerobacter closose
(Tabls XII) indiestes thet a sirong blochesmiesl »elotisnehipy exdste
between Lhese groups. O spprosch Lo an anligenie study of the Stusyd
straing, iherefore, incladsd @ cospsrelive lovestlgetion of geveral
Ae cloogae culbures znd 2 b yge wmber of é@m} paragolon serobucher
sireing. Parscolon aerobacter culbures oblained from & variety of
gesgrephicel locstions have been inecluded in cur sbudy for comprrative
PUIpOBeSs |

A seralogical review of the Inbtercbecterisvese esteblished thed
provelling satigenic clessilication gystens are Lssed upon & study of
well defingd Lloghenigal proups. Ouwr dnitisl investigetions, therefore,
stieapted the estoblisiment of e blothedeel group snd made use of tho
test proccdures wideh Droolke had found weeful in differentisting
Klebeiclla and A, cloacto,

ul b Doy Our biochemleal sud culbural
atudy consioted of an exsminotion of 130 strains, OF theme 120 were
pavecolon serobactuy streing, Z1 being obteioed from Dre Ce 4. Stusré
md 107 received rom other sourges, A, closise wes represented by
3 imewican Type Culture Cellectlon strains end L strains obiained fyon
Dre R Schoeltor's "axic cotton® studies(Z3),

The resulls of cur eultursl siudy, (Teble II), indicsted thst
our serles of 135 eultures could be divided inte two distinet biochemlesl
groups. The lerger group, consleting of 12L strsins and inciuding both
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parecolon serobecter and fe ¢loscso gultures conforaed 4o Drooke's
genwrel description for A closcie oxcepl lox werying degrece of lactose
forasntetion, The sssller group, contsalning 11 streins, included 10
peracolon acrobacter cultures and sne sirein designebed by Schneiber
sg A, closcee, This growp o1l prodused .caﬂgmﬂn andy, like EKlebsiella,
fermented glycerel and incsitol with scid and ges formstions Host of-
these were found %0 be motile and fn ihie mugpect differed from
Klebeiells o5 the lstter wes defined by Xeufhmean(®s 12}, In pertisd
confimmation of our results, Reordkeen{T?) nas roported slow-lactose
fermenting variants to ccour in some of hig Klebsiells cultures,
Aocording bo our vesulis, therelome, two Ulothesicsl end ewlburel
groupd have been recognizads Gne of these conbaing the najority of
our adltures and sppesrs %o be relsted to A ;almc,m,. The othur
Wiocheadenl group, which containg but & few eulbwres, sppssre 4o be
releted to the Kldbsiells,

Dur sntigenic studies have followed the general methods end
arocodures which heve slresdy been esteblished in lavestigeiions of
Salmenelle, Tscheriehle and more recently Ulebslelis, Accordingly,

3 meln growpe of enbigens were taken inlo ccasiderstiom, ihe theruostable

gsomsbie or O mtigens, the envelope mud ocepsulsr X ambigens ond the
flagellay, [ sntigeas,

types wore esteblished in the second and ameller group of 11 streins,
& sutdpenic types were debersined, The specifio antigens ia the
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serond groapy however, cannot Le propesly called U saligenms siace
copsules wore demonsbpaled In nll cases. Jone of the antigens in
this grawp (Teble XVIL1) gove indicetion of entigenic ralalionabily to
wa:ib&niumm%ﬂmmrmmm?ww af the
25 specifle © autigens demcmstrotod, 11 oewurred in the Mawt srowp of
17 oultures testad (Pable XIIT). Theme 17 cullures wers of perticulay
interert since they fseluded § atwaine mmm'w Jtacrd sy blotype
Jemls OF the 11 O antigende fypes estiblished in $his growp of 17
cultares, § wore conteined in JMOLL stealus. One of these cultures,
SRC, wes Sound to hwve identiesl O matiguns of L. uloscme, AU022%,
mnmmmmwﬂwmmuumwm R 4
remultn Lndicrte thel bhe J230AL proup 1s eatigenieally heterggencous
in conbrast %o Stuartte fiadings of Losogensdiy, The remafning 1k
0 antigenic t;pem wore found to be reprecented Ly sue A clossss culture,
170962, snd yy 13 obher pavecolon serobaster strakne (Tebles X7 snd IVI).

J onbigen veletiongion o obhor geonobds The present study dtd
a0t ldow 6n uxhrastive Luvesticeblon of @1 posaible O snbigen yelation
giipae S cbhe pl wes nede, Lowever, o dunonstyode wejor auntdgenic
redobionalion whenever posmible. Ialyvalent Salmomells snd Sblgalla
0 sorums falled to agrlutdnete sy of the cullures Lo ond jPadolon
sarotaciorel, clontes group when these wore jpupered ss O amdigens.
Likvwino our pevsgolon Serobnsclar-i, oloscae aeraw [elled to agglutinate
represuntalive Tlebolella erdigens. These remilis podn %0 sxclude
the andigons of thepe I genmre fpon our culturos,
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i more thoroush exmminction of Dscheridia relstionshdps wes possille
ainoo bobth coli U gerwss end entisens were svellable to us. In oup
studies of the eross agrlutinetion of sew cullures with acheriehia
it wes found thedt the O antigons of our culbaves JTTIL, 32021, 2556,
979 und Be7il9 (Teble ZTIL) were identilcal Yo those of eoll 0Fi. Other
O anbipons Ln our cullures were nod agpiutineted by coll seruas. Soms
of the gold anbigens, on the other hand, were syrlutinsted by cerbsin
of our perscolon sercbegber seruss. Tids peculior antigenis relations
ship (Table AVII) lead 4o eu investigetion of the possible occurrence
of L entigens in our cultures, Thoush the mﬂlﬁt of these studies
heve bBeon inconclusive gertoin ebeervollons have boen nade widch sugpest
girongly that die sasstic eatigen of Wiis group of orgerdasus is cetually
en A-type rethor than o true O snligen as leuffasnn hes demonstreted
for the Kebsaiells,

Gerbain of our test oultures {(Tsble XVII) were found to be
encapeulated and one of theee strains, H501L, wes found to contein
the amme U anbtigens os Klebeiella O group 1s This feet coupled with
the previoualy centioned biochonicsl pelationships of this susll
proun of cultures appears to indicrte o defimite Klebsielle reletionship.

w; i entigen relationships were iavestigeted euploying
techriques and nethods simileor in mosi respeois to those long used in
Salmonella studies, The first group of cultures studied (Teble XIX)
consisted of 17 strains, OF these ? reprosented Stasrt's 33011
Motyps and two were the A. closcte gbreins ATC222 snd 962 included
for compuretive purpeses. [he pesults of crows sppluliastion tests
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with this grogy of entigens indiceted o much higher degres of intere
relotionghips than had been noted in the case of thely O antigens.
Carboin of the Stuart wbtrains gove no evidenos of 1§ andigen reletionship.

Ifvepulorition in certein il antigen relstionshipe suggested the
possible ocouwrrence of phese varistion in some of our culturess Oy
the employsent of the well kmown Salmonells techmiques this wos proved
in the case of 37711 and 550 of the Stwad cultures ss well ea Jor
the A, closcece culture ATC2EZ wilch wes found to be diphssisc, one
phose belng cosmon to the monophssie culbture ATCPGZ. Host of cur cultmres
appesresd to be truly monophsais, but further etuwiies will be mecessary
in oxder to esteblishk whether such streins are veriant forme of
dighegic parents. The problem of induced phoses is ales in need of
investization aince such forss frequenily eiow §i antigen relstionstips
whigh are wob demensireted in the naturally occurring phoses.

We balisve that sur study constitubes the first Jdemonstration of
diphegies in this poracolon sercbagter=), cloasse group of orpedomg.
It should be noted aleo that thls grovp sppears So be umrelated Lo the
Salmonella, Idke Selmomells and Proteus, hiowever, O sntigen sgziutinetion
hep beenn shown to be Lahibited Ly the U endigens of certiin of our
sulturess As closcos culbure, ATGR22, hes showm this effect wiileh
oppeate to be indspendent of motllily enhencement. we hove shown
thet even poorly motile cultures agy stimulsie the Jevelopment w:
hizhly potent Il serums ond thet sueh cultures any exhibit complete
follure of O agplubinetion. This % pe of i sutlgen behavior is in
need of further investigetion. It seenms entdrely possible thet &



854
mntigens mey becose so sltered in the processes of naturel and induced
varistion thed thely characteristics uof motility would be losts 1%
seans convelveble thud veriants of t;';ia type might retein full £ satigen
ag-lutinogen power and yot respond to the honologous serums by agzlutinating
in a% granular aspner snd Lhus gxhibit = L o § Hype resciion.

In = spocial considevetion of the Stusrt psracoloa esrobscler
phrains 8 recopddulstion of our experimentszl resulbte are given hore.
Tlochemlcslly smd culturslly a)ll of the culbures couprising the Stuerd
group {Table XII)} were found %o be biochemically inmctive ss cospered
with noresl A, closcse streina. 431 of Stusrt's streine show delayed
loctose fevmantetion bub 1% wes noted in his comneotion tiet 4. clescae
froquently vequived L3 hours in order to show positive rewults. Mo
Aifienlly wis enperienced when ettennts were msde to recover slowe
isetose fermenting varisate from nomal s cloacas perents, Our resulis
sppear to indieste thet the Stuard streli g aye in all probability
selectod vordmte of norsel L. clonces parents, The U satigens
conbeined in 13 of Stuart's strains were shown to be somposed of 11
detinet mtigenie dypes. Of Shese, § were found to be conteined in
9 streins which Staert identified ss his biotype 32001, Four of these
straing, O3, OF, C6 and O7, were stebed by Irs Stuart 4o hove heen
teoleted fron & gestroenteritis epidewic which hed ocourved 4n Celifemiel’¥),
It ia of portienlsr interest to note thet these four culbures wers
foums! antigenieally to belomg in three distianot somatic groupse This
finding seaw Yo opposs the assumption Lhet these orgenisms wore
stislogieslly related to the epidemie,
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In o coupddorstion of the flageldor atigens coniained in those
cultumes 1% becozes upperent that Stoert's resuwlts whleh heve indieuted
neay entigenic haogenelty in his 3211 straine can be explained Ly
$he interreletionship of & few, but relatively common scourringy !
amtigens, The dmmtrzmﬁ,m of the ceourrence of phese veriation in
the Jtuert cultures hos tlso served to explain en additdonsl possibllity
of rinding B enticen reletionshiss in Wnis groups Our studice heve
not indiested whether or not $he diphesis: revesled was of the group
and specific types. It should be reslised, however, thet caly @ relotively
fen culbures heve been exruined,

o definite conclusions cen be drown from this study &8s 1o the
relationships of bioiype J2NL 4o A, clomene singe A. vlosces hes been
raprosented ly enly two knewn cultures, ATC222 and 962. Ouy sxoerimental
regulis appenr to indicate thut Sivard's paracolon serobacter :tram»
have a8 such antigenic reloation %o normal A. cloacse straing s they
have to ench ofher, A definiie sonclupion in tids watter ewaits a
ngre exterwive investization of the snficens contelned in & leargey
group of nomal M. closcas culiures,

The prosent investigelion hes ghomn thot 4% is 2ot only m‘lﬁa
but wholly fessille to clamsifly parsoolon sersbocter ind A, 6loccse
by meens of antigenie suelysis. 1t should be pointed oul, however,
that such & gystan is depondent won the esteblistment of 2 wall-defined
Hochemiesd and calburel groups Accordingly the following definition
is proposed for the A, closeme zroups Oram-negstive short rods, wually
notile, mnd noneencepsuloleds Voges-Coreicauer test pomilivey weblyl
red tost negotive, Olycsrol is fermenbed with snid formetion and
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inssitol is nobt sbtecked, lLactose ie ferasented, tut is ferasnted
slowly by swue streing md such straias moy clso show corresporiingly
slow growth on ciirete nedles The :Ifw closome group is u.i&ulydil@ﬁm
in noture and grows well on crdinary medin, ‘Tim groep ls cherscierised
by gontadning & large number of speolfic ihbersosteble scuaiic amtigemas.
Bome streing soy be diphssic,

It is suggerted baud in fatwre lnveetigoiions where orgenisse
resnebling .- closcae sre encountered, especlelly if sssocisted wilh
disesse, esch culbuwve should be biochemieally and culturally studied
and defined sccording %o our deflinition. Amtigenmic typing of The
Movheuical group should grestly fasﬁlmn-m the deterzinstion of
pothogende strelas ocourring in the f. closcae group.

1% wuld appeer premeture 4o site b the eoteblisiaent of an
entdgorde scheme for the 2. closcme group thouch the dede swmerised
in Table XXIV suggests sush & gystem gould he devised. Ib will be
noted tmt only 12 specific O anligens Lawve Leen listed in the teble
even thoush ouwr experimendal results have demonstirated he ocowrrencs
of 25 debinet eonetic snbigme. The H antdgens of the remsining
13 ¢ groups have not been defindtely mﬁi:liahud sy heve aob aa yet
been invesbipated,
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TANLE XXIV

0 snd U ‘nbdgen Helstionships Suwarised,

Thernoetable H
Gulbures ) Antigens intdgoens
Gty i ¥ of
ATGR22 1 k13
Rl e v 2 3
Golay 3 1
5681 b 3
63513 5 3
b 14 & |
] 7 2
35611 3 2
32021 9 2
kg 9 kR
2556 2 1s2
o7 b4 12
c3 1 3
ch 1 5
&7 i1 b3
To8LL 12 &
#

This form is used to indicete the diphesic
nature of fthe sobljens, o implicetion is
intended ss o thelr growp or mpecific meture,
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The present study hes ando ¢ comparissn of parscolon
sarcbuotor &nd L, cloooae slroins by means of biochendgel
ond entdgenie methods,

Speciel consideretlon hes been given %o the stwly of

Stusrb's gastroenteritia biotype 32011 snd reloted eireins,

A yeview is given of the prosont antigenic symtens of
clogellications

Biochemigally, parocolen sercbaocter and 4. cloacse cultures
fséuld‘bn divided inbo two groupse The majority of our
culbures, 12h from a total of 135, evpeered to be relsted

Bo the he closgee groups The rensinder, consisting of 31
struing, sppoeved $o be move clossly relsted to the Klebsielis,
Twenty-five somstie andi ons were recornised 2e ovowrring

in the Wa:mlm-&. closcag group,

Huspt's hlatypc 32011, wvepresonted Yy 9 streing, was found
to contein § distinet somstie mtwizmc Four stesine in

this group wore recoversd from on opldesdc and were found

to contedin 3 distinet U andigons.

Jbuert's findings of neer antigenic homogenelily are explained
by H antigen interprelationshipn, Mphasic variction wee

dememstreted in both pirecolon serebscter and A. oloscse culiuros,

A peyiisl entigenic sohome is pres:nteds 1% euphagived Lhed
the snbigenie syeten of snelysis cen bo profitebly utdlised in
future epideniologieol lnvestiations fowolviag this group.
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APPENDIX I
Gulturs ¥edis Formllos, Heagenbs and Jesic Procedures.
Iy, Fermentsbion media
he Desic nediwa
Bael extrmed, Difoo 3 g
Peptone, Difeo 5 e
Watilled water 1000 eo.
p@i 6&‘3"‘""7

indrade's indicetor is edded mmd the bLrokh distributed
in lurhem formentation tubes in 5 co. aoounbs. Sterile

isotion 48 at 15 lbe pressure for 15 mingtes.

Be Cearbohydrstes are prepered in 208 water solubtions and
gterilised ty sither filtretiom or 8% 1D 1b. preseure

for 1D winutes,.

Cs Complete medium iw prepered Uy sdding sterile garbo-
hydrete solution to besic mediwm in sufficlent guentitice
10 egual I% earbohydrate, ALl medie weve incubated and
chaerved for eridence of contamineiion before beiny used

in teats.
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11, LieVP Uediue snd Test Resgonts

b Peptoue, Mfco ' 7 Za
Glucose | ? &
MPgtassivm phosphate 5 ge
distdliled weler 1000 wos

il 6yBee? |

Storilised et 15 1ue for 17 mimtes.
Cultures ere ineubeted i roon temperature for R days
for the V.Pe test and © days for MeB.
B, VP Reapent DWemrs 88 modified by Levine et el,
Crontine C.7. Bl oo
10% Sodiwa hydroide e ee.
Add eguel portions of the reagent sod L0 b, culturs,
The uixture i¢ sersted Yy thoroughly aglieting sulbture
and resgent. An eogin plnk color sppesring in & fLew '
sinutes or sppoaring e late sz 23 houvs is consideved
& popitive reactiom. |

Co NI Zempent
Hethyl Hed sl e
95% slcohol 300 oe.
Distilled water 200 ec.

£ drops indioetor solation is added %o 5 ml, of 5 dsy
ealture., Red color of indicetor is resd sz pesitive,
yellow color se aegative reactions



1132, Hmt}’ ﬁgﬁﬁ'

Deel extrach, Difco ' 3 g

Peplone, Mieo B e

Lgay | 24

Distilled water 100 goe
DI BuBwa?

Sterilized 2t 15 1b, for 17 winubes,

Tubed in colums of 0 to 10 ome

Mediun fe inpoulated by cerefully brecking the upper
surfece and piercing medium for a distenct of ebout

1 an, Incubstion 48 carried oub wih tubes maintoinsd
in an upright Mt&m.;

IV, Indele Nediua And Test.

A.k, L 3

Bacto teyptone, Difco ID g«
Metilled water 1000 e,

Hedium tubed in 3 co. macunbs and sterilized ot

15 1, for 15 mimates.

Cultures are incubsted ot room lemperaturs or st 379C,

Kovagts reagent
pdpetiylemino-bonsaldelyds 5 ga
fayl #ledhol, reagent grads 75 ees
Ce Py Cong, HOL 25 oe.

2dd 5 dwops 4o § cce 2L bowr culture and shakss & red
surfzoe color in the solvent indicnbss & poaitive
rezcilon.



¥V, Hubtrient gelstin

Baef estbysct, DMlce 3 s

Peptone, Difco 5 g

Geladin, iico 120 g

Listilled wator N0 st
Pl Ggliwe]

Heselved lacredients wre tubed in 10 oo. sucunts and
sterilised ab 15 Lbe for 35 sdnubes. Sterile and solld
- mediwmw is mmﬁm by deep needle puntture and
ingubated st Toua Lemperstuves Gulbures sre observed
ab intervels for avidesce of Mquefeetion exd held for
a8 puch 88 JU deys. voore roon tenpersbare excesds
melling point of the medium, cuitures ere placed in @
rofrigevetor snd when cnllled ocbserved LJor ligueleotien.
VI, Uwroa Hedium
Ay Ures Agar Sese, fco

fgptone 1 ge
Vextrose % Ge
Sodiwe culoride 5 e
sonopotassiya phosphaic 2 Qe
Ureay e Fa 20 2é
vhenal red , Us0LE Geo
HMetilled waler K0 oue

Sterilise by filtration and dispemse in sterile M0 =l
bottlen.
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Ba Bacto sgor, Mifco 15 ge

Metilled sater 2003 o

Tube in 5 on. smounis, storilise st 15 1be for 17 min.

4. Te prepare complede mediun, nelt sger tubasg, cool to
S000 anwl add aseplienily 0.8 0. of #A¢%, Havden tubed nedie
in & slenb with decp buti.
Heawy visible inoculation is spread over sisnd and incubsted
ot 3?‘(‘.. Protoun splite £x;~s1:: an thip medimwm in from del
hrw, Other orpanieus we sive o slight posidive resction
in Ipom Zhebfl hes,

ViI. OSismons Citeske Apsr, Difoo

Hegnselws sulfate Ba2 s
Honoemmoulws phmsyhete 1 g
DiPotassium phospohels i g
Badium oltrade 2 &
Bioto sz £ B
Bpaors $hy=ol hlue e TR
Metilled woter 1000 g
DI Gy Domal]

Mediun 1 tubed im 5 eo. smounts and sterilised at 15 1b.
presaure for 15 min, Cooled with long slent. Slant ie
lightly inoenlsted with ne visidle incculum and ingubated
£t boith room tempereature and sf I7PE, Observstions are
aade for visible prowth and o geadusl change of indicetur
reaction, Headinge are nade aver a period of days, uwsually
¢8 long 88 5=10 days,
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VIIZe I8 Yodiume-Triple Sugsy Iron fgar, Fileo

Boef vxbtrsct 3 B
Yesst extroct 3 B
Pretocse peptone 5 e
Lactone b Ts B
Ssechrose 10 ge
Pextrose ‘ 1 g«
FPerrous sulliste , 0.8 o
Sodiam chloride § e
Sodium thicsnlfate : Ged g
Igap 15 g
Phenol red 2o02kize
Digtilled wateyr 1% e

QH ?-24
Tube in 10 oo, portions, sterilize ot 15 Ib. for 15 min,
Slasvh Lo p amnney 5o 2m 3o produce & gangrous batbs
Ldzhtly fnoculete slsnt and obed Lo base of azer bubl.
Ineubate ot both room tevpercture and 37°C, Perecolon
proup froquently pive resctloms similer $o 5 typhi with
bt the slightest indiestion of Hpd fovmation. (her
ghrains may pive a fypiesl colifors resetion bub without

loppe mounks of gee.
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IE Iatigen Medis and Method

Ry

Ce

e

Subrient Lwobth
Beef oxbruact, Bifeo - 3 ge
Poptone, Dfeo S O
Hetilled wator 1090 cee

pil GeB
dubrient broth for U anblgenp===Usually dispensed in
120 oee portions ia geres-cep bobiles. Sterilized ab
15 1bs for 15 =in, After inoculotion eulbures are
incubeted st approximetely 3L4°C for 2L hours, Cultures
are heoted in {lowing sben for 2% hourss Afiter
cooling, Gob coe of K3E fomaldehyde 45 added 2s &
preservative, Comploted sntigens are stored inas
refrigerator.
fubrient broth for Il anbigus-——-gane ca for U antigons.
Uadiun imoculsted fres molility enhenced culiwre. Cultures
sre incuboted at JL°C for 1617 hrs. Vormaldehyde is
added sa for O snbigens. Storsge is in the refrigerataor.
Hutriend Wroth for & amtigense--gome as J sod H sntigens
but Jel J dexlvose added (o enhenwe K anbigen developmeund.
Inoculated cultwres incubebed 1owl7 hrse amd killed Ly
the eddition of OuLf fomeldehyde. '
Hutrient agar fovr & entigenSe=ecs above Lut 1.57 sgar
added, Used for exaninotion of live cultuves Ly slide
tont and the capaule swelling tecinique.
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Be Medium for sbhsorpticn satigen 0 amd H sabigen.
Homt infusion sgar, Difeo

Beart infusion Jromse GO e

Teyprose W g

Sodiun chlardde 5 ge

haar 15 ge
il Tl

1. Dispensed in Slaie botiles inm 300 ces smountse.

Bottlep heve e surfece mree of mpproximetely 100 gge ue
Vedius is sterilised ot 15 1by for 175 win, Nediua is
inoculeted with 0,5 eo. bwroth culiure and spread evenly.
Ineubotion is at 3W9C for 2L houvs.

2. Cultures ars horvested in nindsum quandity of saline,
Gell suspension io centrifuged snd washed with saline.

Por O antigen, absorption cells are heated in flowing
stem for 2} hre. For I amtigens, cultures sre prepered
fron highly motile foras, hervested in & similay mamner

te 0 entigens, but are killed end presorved with 0.k
formeldehyda, |

3. Absorptlon dethode-elguble sbesorption fov both H and

O sntigens. 10 cce of led perum dilution mized with pecked
ocells fros 3 lleke bLobilens Allow to sband 2 hus. in
vrefrigevebor, mixture is centriluged and serm is poured
off, GSerum spein mixed with pociced cells froem 3 Dlake
bobtles and allowed to etend over night in refrigerator,
they are again centrifuged and the sovum poured offy Absorbed
gorums sve prossyved by the addition of 0.2 ve, chlorofom,
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X, Demonsirstion of Capsalss by negotive method.

Ay

Stadn
Uorner's ligrosin Solution
Higrosin 10 pe
Matilled waler 100 ot

Sedl for 30 minutos in a flask and when cool add

Oeb coe formalin os & preservetive. Pilter through
fine fllter paper end dlspense in sterile bottles or
test tubse in spproxinetely 5 oc. portions.

#x em squel smowst of becberial suspension and
migrosin solution on & slide, cower with & cover glags
end exsmine with oil ilmmeprsion lenps





