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THE ANTIGURIC AELALICREIFS UF SHIUELLA PARAYSESHIWTRIAE:
FLEANER AND BSUHERICHIA STRAINS

Bordet, Gruber and Durham, and other early inveostigate
ors ohserved thet a high tlter agglutinsting serum possesses
the power to sggiutinate not only the specier used fop
imunization, but sleo certain reletod straine, Hrumelede,
Cocpor end irvevost(loLh) add that serum agglutinstion ie
only reletively specific, for s serun may agslutinete not
only the homologous orgenism snd related streins, but also
unrelaeted etrainss

Using %yrheid serum e defimile serclestcal relatione
ship betwesn Shicells pafadyamnturina Flexner stireine end
the typhold peelllue wes demonedtrabted by Hiss(1904 ).
Andreves and Inren{l919) reported the agslutinetion of
Shigella paradyseonterice Sonne in Flexner W serum to a
relatively high degrees 2hisella alkealescens has been
found to share entigenic components with Fleaner type
gtrains ¥,V, and X by Neter(lod8)s Thet a high titer
rabbit serum for e pathojenie ovgenism, Shigells ahigae,
may szglutirate strongly an epparently unrelsted none
petho enie orgsnism from the intestinel flors of rebblite
was repcrted by Ingells(l9dT). She sttributed the result

to the existence of a haptenic frection cormon te both



organlsme.

Iristencen, Bjoien and Kjeer(lod6) found 164 paree
coson baeldlus sirsling to Le aggiutinetec dn high titer
O pore of the Salwonells group stralng.: In no instance
sere the peracolon bacellll agglutinated in the more apecifie
H Salmonells sers. Dudgeon{lofd) reportes that ceriein
hemolytie Bacterium gell straineg were sggiutinated in
high d4iiutions by ten human typhoid sntisera,. He found a
hemoliytio Baote o0l and o non-hemciytic Bact. cold alrain
to aggivtinete o higher titer in » humen parstypheid
werur then the Iszolated organism.

A puxber of lnvestigators have reported on the presence
of minor sggiuvtinire for Beet. sell in the mere of animals
fmunised to straing of Shigells floxnerd.

Fark{lfOd) jeolsted e Beebts #oll strain from s gese
of dyeentery whieh produced abundent agglutinins in animald
sera for & Vaoaner Nanile Suwibturds 4 sorum pi'epared
sgeinst the Flexner strain aggiutinated the golil culture
to & high titer,

Kubu, Gilderpeister and Volthe(l0ll) found & Bect.
eoli strain, sultivated from the sicools of dysenlery
petients, to agglutinete to a high %iter in & dyrentery
entiserums On Purther investigetion a number of Flexney
entizors vwore found to rosot in bigh dilution with Bact,

poll ecultures, e authors tormed this reaction 'parsge



agglutinetiont, a phenomenon which is charscterised by
the agglutination of organlisms other than the known
oticlozical sgent in lmune sera. They expleined the
renctlon by susgesting thet s Bects ¢oll culbure by close
sgsociation with the dysentery becillus in the bedy of a
petient had ite receptor apparatus modiflied to resemble
the pathogenic organiens

?arsgglutiﬂaaibn waz the theory usel by Culberteon
{1929} to explein the sgsiuvtination in high titer Flerner
antisera of certein Bact. coli orgenieme isclateld from
dysenteory cnsen.

Andrewes and Inmen{l019) tested a strain of Daet,
coll in wonovelent Flexner antiascrs, types V, W, X end ¥,
findirg the eoll antigens to egglubtinete 1336 in cthe W
serum, indrevcs $1018) reported that certein strains of
Bact. ooli agglutinete to the end titer irn e Flexner ¥
BOMiNe

Slevers{1037) found & number of Flexner cultures o
agslutinete in five Dact, coll entisers in &« dilution of
1:160, but upon ebgorption of the sore with the Flexney
orgeniems, coll agglutinine were not reruveds Abeorbing the
Flesner sore with Bsots coll snti ns, he noted that
Floxner sgglubining were not removeds

Kayashi (1938) testel eix strsins of Baseb. coli,

whieh he had gelecte! after many experiments, in monow



valent sntisers of the dysentery races, proparved by the
uge of ten type streins of sokl, five of Vetanebe and
five clessified ns milk reces. His sgglutination resulis
are given in chart l. Upon absopption of the dysentery
sers with the coli strains showing sggiuvbination to high
titers, he found three coll eultures whish eompletely
sbeorbed the Flammer egupiutining from the Liree type sera.
Bact. 00li M48 absorbed ajglutinine from the milk rece
type 1V serumy strain NP rewoved the aggiutining from
milk race serum Lype ¥y culbture Aty 16 ebsorbel fully
the Yatansbe type 1V serume The three Deet. coll cultures
gave bisghemlicael reasctions tyrical of their group. The
author staced thet one may £ind entizenic veriation ia
sopme @0l struine which csuses them to behave serologleslly
as identical to cortain Flemer type stralnee

Hayashi bested the eultural resctions of the Flemer
etraine, millk race types 1V snd V, end found them %o
exhibit blochemical varistions wileh tended to relate
them culturally So the Bact. ¢oli group. The Vatanabe
type 1V slse geve oultursl resctlons which approximsted
those of the coli streins. Beceuse of the biochewical
variation found in the three Flexner Lype mtrains, the
investisator concluded that sueh veriation might be the
rouson that the three eultures of Bact, scli are seroe

logieslly ldentical Lo the Flexner races mentioned aboves



From the discusslon it is seen that Bact. coli streins
W4B, HBY and Aty 16 are identical anﬁigenically to types
1V end V of the milk races and type 1V of Vetanabe
respectively, and that these strains are related through the
cuitural varistion of the Flezuner races.

Moekie(1959) investigeting the specificity of the
agglutinin reaction for Shigella dysenteriase, tosted
thirteen strains of Bact. coll in three mon vaslent Flexner
rabbit antisersa. In one instance a Bacit. coli culture
agslutineted to titer in a Flexner serum. 3ix coll strains
gave relatively high titers,l1:1280 end over, in the threﬁ,
sera. The remaining organisms agglutinated in dilutions
from 131160 to 11640,

Absorption of the Flemxner sera with the individual
coll straing veriously affected the titer for the
homologous dysentery sntigen. Meckie reported that eleven
¢oli strains were asble, in et least one instance, to reduce
the homologous titer of e Flexmer serum fifty percent or
mores It may be noted that a reduction in titer of fifty
percent refers only to a drop in titer from ocne serum
dilution to the next highest dilution, (ne coll aulturé
was able to remove completely the agglutinins for the
homologous Flexner strain, Pour colil @rganiama‘redueeé the
homologous Flexner titer to one-eighth the originel titer.

In one-half the cases the dysentery titer was not affected.
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The individuval coli stroins always removed the corresponde
ing coli agglutinins from the Flexner scra.

Hackie prepared monovalent high titer sers for the
13 coll straing snd tested the Flexner baecilli by agglube
ination and sbsorption. The Flexner antigens asgglutinated
from 1:160 to half the serum titer, except one Flemner
strain which agglutinated to the full titer, and which
absorbed completely the homologous colil sgglutinine from
that serum. Absorption of the Bact, c¢oli antisera with one
or more of the three Flexner cultures reduced the homologous
titer of eash serum fifty percent or more. The Flexner }
streins were antigenically dlstinet from one e¢eli strain,
for they sgglutinated only in low dilutions of the coll
serum and uere able to absord only thelr own sgglutinins,
failing to rerove the coll asgglutinina,

The agglutinogenic e¢ross relationshipe which he obe
served might be classed as instances of paragglutination,
however, if this phenomenon is dependent upon the alter-
ation of receptor apparatus, it seoms unlikely, Kackie
reporterd thei the strains of Bact., ccli were cobtained
from patientes who never afforded cultural evidence of
imfactioﬂvby Shigella flemmeri,

The euthor stabed that heterologous absorption
presents strong evidene of fundamentel sgglutinogeniec

similarity. He concluded that the general uniformity of



regults obtained by reciprocal agglutinaetion end recip~-
rocal absorption in the monovalent entisera sre strongly
suggestive of a fundsmentel antigerie relationship Lee

tween strains of Shigells flexnerli and Bact., colis



HISIORY AND ANTIGINIC 8TUDY OF THE FLEXNER RACES

The most complete serologlcel classification to date of
the antigenic composltion of the Flexner group of dysentery
bacilli was published by Androwes and Inman in 1910,
Previous to thils time confusion existed in regard to the
relatlonships between the strains of the Flexuer group
and the relationahips of Flexner cultures to cther
dysentery bacilli,

In 1800 Simon Flexmer reported the lsolation of a
bacillug fro- casss of dysentery in the Philippines which
he belleved to bo identical to the bacillus of Shiga,
Turing the next few years Strong and Musgrave{1900),Eruse
(1900} (1901), Duval and bassett(1l902), Wollstein{(l903)
and Hies(lP04) reported the isolation of dysentery bacilli
closely resembling the strains of Flexmer and Shiga.

Hartini and Lentz{l902) estabiished clear serological
differsnces separating the non-mannite fermenting bdbacillii
of Shiga and Kruse from the mannile fermenting group,which
included the strains of Flexnmer, the pseudo-dyssntery
organisme of Kruse, the cultures of Hiss and Russell, Strong
and Musgrave and othsr investigators.

The first eulture isclated by Kruse(l900) was found to
be identical in serolegical and cultureal reactions to the

baciliug iscleted in Japen by Shiga. The dysentery strains
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isolsted the following year by Eruse(loOl) snd referped to
by him as pesewdo-dysentery oprganisus,fell into the growp
of mannite fermenting orgscismeg. ents discovere. iLhe
importance of the sugar elehohol, mamnitoel, as & primary
differenticting mediux for the sepsration of the Shigs end
Flexner beclllis e results of Ferk, Colling and Goodwin
{1004) substanticte the weork of Hartini and lents,

ne of the first nmen Lo suggoest a working clessificabte
ion of the dysentery bepllil wes Hies(l904)s On the basis
of fermentation reactlons in glucoee, malicss, manmnitol,
gugrcze and dextrin ke divided them inte four groups, lie
stated thet the ergenisms bolonging te the groups differs
entiated by ferventation tests were also distinetly sepe
arated by merked differences in ths egglutinstion t-ste in
high titer sors., Group 1 was repreented by e Shigella
shigee straing Groups 2,5 and 4 wers mannitel fermenting
ergandenss Ihe feult of tude elsssiflcation is Wwi the
mannitel fermenting becilii give inconastant resctions 4n
relioes, suorere snd dextrin. Norsover, se Torrey{iv0s)
reported, the blogherienl resctions do nol parallsl the
gsorologienl findinga.

Eruse in 1907} presented his seraiogicel classiffication
of the psoudo-dgsentery groups He divided the uroup inte

olght reeces by sgplubtination apnd absorption tests, finding
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thet each race differed from the others by the presenco of
an unshered major antigen'e gouponent, He desligented sach
race by Yetter, from & to H, lHis classsification 42 not used
in this country now, dut her marite tho dietingtion of
being the first to spply serological mothods t¢ the pammite
ferconting group and to p&int out the antigenie comploxity
of that grouns

fndreves and Trmem{1019) drawing from a large aswrge
of material, roported that the Flexner group 48 a heterows
gensoue group in thet well merked serologleal dAifferences
exist amoeng ite various strainss A marked tendengy to
group sgslutination wae also found %o be present amongst
the Flexner races. By agglutinstion, using monovalent
rebblt sore, by agglutinogeresis end absorptlion, indleetw
lons were given for the existence of al least four dlstinet
antigenie somponente, all of whiech ere somronly representsd
in any given strain, mk to a very differnt degres. These
components ere the V,U,X and & antigons,

V, ¥ and Z stralns behave slrost ay distinet spocies
because of the preponderance of e single antigenle compone
anty Tech remiires for 1ts adecuste agglutination & serum
belengling te its own race, However, ecsch may agglutinate
to some degree iIn the sera of the athers.

The X race iz the most sharply def'ined of all in

rogard So aggiutlination, for it will egglutinete only with
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its own antlsorum., The X antiserum is least sharply defined
8s regard agglutinogencsis, for it will agzlutinate V, X
and 7 races.

The Y race oontains a more svenly balanced mixziure of
the V, W end % components with a smaell smount of X, The ¥
g8ireins form a distinet serclogical race, but less so than
Vy Wy X and Z, diBfering somewhat among themselved., The Y
straing are weal'ly agglutineied in the sers of the other
raced., the suthors belleve the Y race to be of a more
primitive antigenie strusture than the others,

Two subrrnces V2 and Wa vere found to exist. They are
essentially membeora of the V and W races respectively, but
conta'n so large a proportion of the second gomponent as
to modify thelr serologicel behaviour.

Getiinga(i9l9) and Murray(l9l8) cobtained gimilar
results from their lnvestigstions, conciuding that the
Fiexmer straine of dysentery bacilli fall into four
antigeunlc groups.

Aoki in 1921 presented hie general classificalion of
dysentery baecilll, Iindluding the bacillius of Shige and the
lactose fermenting organiems, His claseificetion is based
on crosec sggiutination tests only, and he considered 43
straing, The dyscntery bacilli are divided into eight

tyres, desipnated by Roman numerals 1 o V11l,
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Ih 1925 he added three more groups meking eleven in
alls Groups 1 to V1 contelin pseudoedysantery{designated
paradysentepy in this ecountry) strainsg group Vil ine
oludes beellll wilch poagulate miik snd show very changoe
able gharactersy group VA1l esorresponds to Shiga'e bacillus.

Aggording tu Ackl the relationship betweon the
individuel groups In regoerd o agglutinetion is as followsy
the four subgroups 1, Vi, Vil and Vill sre shierply defined
inter se, and are eesily distlinguishable frowm the otheorsy
Gypos 11, 111, 1V and ¥, on the other hend, vary in their
mitusl resctliong and 1t is sometimes difficuil to differe
entlate Detween themy Sypes 1X, X and X1 are aleo sharply
dafined and stand aparﬁ from the remaining streina,

Using the five Haglish type etraine, V, ¥, X, ¥ and I,
and moneospeciile high titer sera, Davison(lDe0) presented
the result ) of bis eross ageglutinetion oxperiments (chsrt 11)
The ¥ rece Lo seen Go aggiubtinete in V, X, ¥ and X sovay
the X surein ls agglutineted only wibth the X sotiserump
the U strelin appesrs specific as dooa L¥s gerum. Sixtye
twe eultures lsclated frow eseecm of Flexner dycentery smd
té;tad in “he wounovalent sers shiowed more erogs aggilutin
atlon than Che (L pe altralnse Wy, X epd ¥ sera froguently
agggluiinstel Lhe same guliures. Fifteen Flexner straine
were not sgslutinated by auy of the tgﬁﬁ sora leadling Devison

to ecnclude that there are more than four dletinet antijene
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dilutions of other type sora, and othey Lype straine
sgrdutinate more or less strongly im L soerum, vhe results
of these luvestigstors Indiesio the complexlity of the
antivenio charasteristics of the Plaumer dysomtery orgenle
levime

Femper{l933), and Sartorius and Prese(ldst) investige
stel further the intermeilate rucos, L.¢s those which are
not typleslly of any o o race; of the Flexner groups Many
stralng were found vhieh seemad to have two or more antigene
10 gorionents in slmegt equel swmound, modifying thelr serow
logicnl behavicour so that specifis type elassification was
1nposeihle,

he most minprle explmnabion of the antienic makeeup
of the Flexner basilill wss pub ighed by Boyd(i93g). From
serolozicel procedures he conciuded that the Flexner Sypes
¥y ¥, £ andd Z ench posecss & distinctlive type antigen and
ghare sonplex group sntijens They do not, secording te
Boyd, possess minoy guantities of sech ather's Type antie
gense A Lype spocific serwm, FMlexner 88, was abeorbed with
& Flexner straln,Y8i, believed to be a pure group strain
devoid of type antigen, The Borwlogous titer remalned the
same eftaer sheorption. The agslutining for ¥V, W, X and &
gpecifiec atr ing, present bDelfore sbaorption, were csf.vmpléuw
ly reroved, Ye rspeated the sxuperirents with two other group

streing 100B end P1198, obtalining the same resulis,
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In conclusion Topley end Uileen atete that although
he Andrewves and Iomen olaseificstion comprises the majoye
1%y of the Flemner strulng, thore ars occaslensl types

which appeasr to be sntijenically distinet,



AWNTIGENIC STUDY OF ESCHENICHIL STRAINS

The Bescherichis coll grour ls & heterogeneous group
winieh in¢ludes a variety of related specles wldely dige
tributed through neture as intestlinal parssites, snd water
and soil inhabitants. Bacterium coll and Bacterium coil
wutablie arc mombers of thils group, although Bact. cold
mutabile is usually referred to as a paracolon buclilus.
The latter organlesm was first described by Massini in 1907

e

ags & non-leptogse fermenting organism of the colon group
which gave rise Uo lactose fermenting veriants, the varlants
gshowing no tendency Lo revert ot the parent forun.

Bacts coll dlsplays serologlcaily an extrome heterw
genieity of anti enic factors. Lepper(l921) reported thet
each strain of Baet, coli is practically specifie, as the
Bact. coll sera agglutinete Lo titer eomiy the homologous
orgenisng, hetervlegous strains sgglutinating in iow dilutions.
working with 196 Bact., coli strains, Bredenbroker (1857)
arrived at similer conclusions, declaring that there are
many serologlcal types, Slevers{l937) preparved five high
titer Bact. coll rabbitv antliscra and tested them with 87
atraing of Bacbs. coll. He concluded that i$ 1s impossible
to elassify or divide the coll stvains Iniso specifile

groups as ondy the homologous strsins will agglutinate
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30 titer, while tie heterologous cultures sgglutinated in
varyicg degreess

Investigeting the antigenic maitesup of Bacts coll snd
parscedon bseilii, aerrold end Guldver{i®Zi) stated that the
parscolon slralng are more homogensgous serciogleally then
Bact. soll stralne, Sightesn of forty thwvree culiures Irom
the pearacolon group agglutineted So Citer in two mers,
and sll the atraing agglutlaaied at lesst 1:80. The Luek.
oeld sors were found oo be elmosl streln speciflec, we only
2 few heterologous alralng geve lov oress agglutinetion
in ¢hosy mera, ey add what there L8 no esrralation in
the Baebts cell group belbwesn lermentation snd serological
rosehlondy

he facts roporied above heve borve oub e general
gtatment made by Yackie in 1915, thet isouns sers bo
various Sacts cold Cypes have boen found Lo oxert ritile
of no setlon on other wiraing wihlch gorpespond in the
Toersoentetlion resctions, Lith peregoldon becillii he found
e reguliy dilfleront, the serum ol one strain agoiviinated
glnilar pUreine Lo a goyresponding degreo.

Sudgewn{ifLd) foand forty nine slow lactose fernenting
guliures 5o aggluiduate Lo o high Giter in antlisera proparedi
againegt thvee of the guralinss Abzorbing the ssrs with
e seme sirsing, he noted that any sliow lactose Lfermanting

orgenism reroved ite own sgzlutinil s from the antisera and
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also those of the other strains, From his resuits he conm
ciuded that these organisms are antigenlcally of one groups
The forty nine culitures were tested in Bacts coll antlsera
and found to agglubinate te a marked degree.

Dudgeon and rulvertalt{1927)tésted fourtoen slow
lactose fermenting straina in a& high titer serum prepared
with oné of them, bthe homologous organlsm agglutineting
1:5000, Agglutination wae positive for the thirteen strains
in a dilution of 1:1000, The serum was then absorbed with
bwo related strains resulting in the removal of agglutinins
for the fourtesn strains. Thoy also found that Bact. coll
snd slow lactoss fermenting cultures are closely related
antigenically. £ high titer scrum of & siow lactose
fermenter agglutinated the howologous orgarism 138000 and
a Bact coli strain 1:1000. A Bset. coll serum agglutinated
the nomologous organism 1320,000 end the lactose fermente
ing strain 1:1000,

In 1921 end 1924 Dudgeon reported cn Bact. colil
gtrains, hemclytic and non-hemolytic, isoleted from infect-
ione of the urinaty trect. The hemolytic urinary strulns
are more closely relsted to sach other serclogically than
are the nop-bemclytiec urinsry streins to eoch cther, The
nemolytle and non-hemolytic vrine bacllll may show some
cross egsiutinstion when treated with the twoe aifferont

types of sers, In one instance a non-hemolytic Bact. eoll
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was found to agglutinaste higher ir = hsmolytic sntiserum

then the homologous strain, The cowmmon type of hemolytie
urirary Baet. celil furnishes an antiserum which ip pertiale

ly er completely dessturated by other hemo ytie urinavy
gireing, Thie antisnvum is not asbsorbed by non«hermolyhic

Haote z¢li. A panefierclytic Baot, coll sorum ie not dew
patureted by hetarologous nonehemoiytic streing, the aggintine
ins heing absorboed enly by the homolognus sulbure,

The parscslon beeilli of Herrold and Culver and the
glow lectose fermenting atrsine of Imdgeon and Pulvertalt
give seroliogical rreptions which indient those streine to
he wn exgeption toa th well mewn antigeris diversity of
Beot. ooll cultures, From the reports of the suthore 1t sde
seer thet these straing are glosely related sntijgenleslly
g2 shown by their behaviour in high titer sers, The
Aogrrintione of ihe bioghemicsl t2etes of the paregoion
and the slow lusetose Cormenting culturag seem to Indlicete that
the investigrtore were working w»ith Beet., eoli muteblle
orgenianms.

From the foregoing reports Bact, ¢oli struins have
been shown bo he sntigenieally diverse, with no imown
method of elessifisation, The Bact, ¢oll mutedile cultures
appear o fore & more horogensous seroleglesl group then de
the Bephb. coll orgenisms, The Baet, eolf and Bect, poll

matubile strsire wre related sntigenienllys
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SHICGELLA FLEXNLIRL ABD BACT. COLI S51R/.1HS

That naturel becterial sgglutinine are widely, yet

unegually distribubed in the sera of animels has long deen

knowns Kackle end Finktelateln{l9i0) reporied thal 4t haa
long been recognized thet the naturel sotibodles are apecific
for various typas of sntigens, The ocnurence of natural
agglutinatien of basteris by normal semun hes: e abiribubs

d %o the naturel sgglutineling sntibodies analogo e the
fmmune agglutinins By verious workers.

In reviewling the lit@xaturﬁ the nead for fwether
investigation on the agglutinin eontent of normal rabbis
sara for stralng of DBaet, coll, Beoab, eoli wulubile and
Shigella fleaneri 13 seon necdesar; before any delinite
atatenent can he pade concarming the sublegt,

04haon{loa0)} reportsi that the range of titers fLop
HBacts 201l in normal rabblt sers 49 lowe He tested five
siraling in seversl sera findlag only ome ssrum to asgslutine
abe tho eultures in o Allublon of 1:18,

Magkle and Pinkeletsin(lpil) tested two strains of
Bact. coll in normal rabbit sera, One straln sgglutinaied
in 2 1¢4 d2iution, the other culture 414 not agglutinate.

Pesting nowvmal PebbLt eera with Flexnsr stralrs, Nruse

tyren A, D snd B, Gurgdorf{1986) found the A and D rac &
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to agglutinate in dilutions from 1:10 to 13100, Tho H type
strain gave positive results no higher than 1:25. Gibaon
(1922) found a normal rabhit sermm to agslusinnts o Flesmer
¥ eulture %o 1:128.

Ingalle{l837) published the fact that a high nercente
age of rabdbhilt szra agglutinated various strains of dysentery
taellli in o dilution of 1:20, However, she did not test those
cultares %o hisher dilutions,

Jordan(1937) reporsed that whils 4n genersl the bacterisl
apecles which agglutinated in relatively high 4Allution in
one serum bohaves in a simllar manner with other serums,
Individual differsnces are noticed, His findings indlcste that
Bact., coll culbtures agzlutinate only in low dlilutione of

normal sera, if at all; Flexner &yaantﬁry shraing appear

to agplutinete 23 hizh sy sny other orgenism so hested,
In comparing the agslutinin econtent of normBRl rabblt zere
to the sera of other animsla, Investigntors agree that
the agslutinin content of »abbit geora is low, |
In order to demonstrate a rise in titer for an organiem
testad in en lrroune serum, it 1s necessary to know first
the agslutinin titer forr that orgasism in normal animal
serum, For as Tiitehie (1018) stated, figures obhlained
by teating & series of lvrune sera ars of grsatest
value when these figures are conpared with the reeults

ebteined with presumably normul sers, the s:ame technigue



belng amployed in euch suries,
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laterials

Flve Shigella parsdiysenterise Flexner stralnas,
designated in the collectlion of the bacteriology departe
ment of the University of Uregon Hedlcal school as 3.
peradysenteriae Plexner 352, 35624, Warden, W and 7 were
used in our ex erimental work, The 352 strain was roceived in
1931 Irowm 3he Hooper Foundation, whiech in tura, had recelived

% from the Alabame Stais Dapriment of Henlth in 1930,
he strains Varden asnd 3524 were lgolated locally from

n 1935 and 1935 respectively., Ths

| el

cases ol dyseniery
Andrewest type strainsg o and Z were obtalned upon reguest

from the Frarke, Davis and {o. laboratories 1n 1939. The W

3
2
4]
A

strains were rocelved late in the course of our work
and eould not be completely studled et the time.

Forty three Bsclt. coll and 58 Baclt. coll mubabile
sultures were from the stock ecllectlon of ths bactsrlology
depertnent,. The oxact origin of each of thess straoins
cannot be glven, but 1t 4is known thal the wmajerlty of them
were 1solsted from fecnl specimens., 3ix Bact, coll cultures
snd one mubtablile strain were lsoleted from patients at the
¥ultnomah County hospital in 19308.

Fonovalent high titer rebbilt sera wers rrepared for
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the Plaxnor dysenbary steains, Bact. zoll putabile abralin,
169, and for tho Deet. ccll strsing Nayfield and Hel., Normal

serum was Caken frow sach robblt previous %o lLmsunizalion,



Pecal strain

Register
Rebarson
Grunswold
Williams
Ra».

4]

ﬁallmaﬂ
Samson
Holt
Swan

2
Halen
Hogan
Burey
Hillman
Isaascaon
Dagl@
Petorson
Ealy
Harner
33B

S8

310

S48

228

22C

AnS0on

ey
Q);-‘*GH-

F astraing
Loclwood
hiilman B

Bordan

Ueine gtrains
Mayfield

Eaateﬁﬁum coll

Langesen

Iake U
Cruse
¥a?tiﬁ
.M ibu"" ran
har
Eoralanﬁ
Flymn

Gordon

Bacterium ceii_mmt&bila

Blood eculture Food
286 265

Sputum strain

Unkmown origin

Grady
Martin 2
darita
Holstron
B=2W
Maxhill
Greowblew
Williams W
Biliagur
Hillew

Earry W

J.Mebelico

Unknmown origin

14G 2857
a2 2628
450 Z694
70 ZeaR
&4 2691
100 2594
1013 20694
i1Q0is 269P
10284.k. 331
1045 269=5
3T7=1 3SB1A
1394 412
153 Sparks
CL83 ields
199 Duncan
218=-1 locore
2472 Hogen

s 3
)



Methods

The cultural characteristics of the Flexner straina,
the Bact. coli snd Bact. coli mutubile sirains were studied.
The Flexmer culbures were inogulated to tubes of lnctose,
slucose, mannitol, suerose and maltose. They wers found

> give coumslistent reacitlons, forming acld in glucosse,
mannitol and melbose. Indol formation was varisble, as was
the methyl red roaction in glucose phosrhate broth. The
resulta are shown in tahle 1,

All strains of Bact. coll and Baet., coll mutabiis
were sitreaked on Endo plstes and inceulated in lactose, glucose
mannitol, sucrose and maltose medis. The strains are
grouped in reapect to the cultural recctions which are
recorded in tables 1l and 1ll. Bacl. coll organlsms form
nine blochemical groups, the majorlty falling into the
Lirst two groups,. Bact., coll mutablle culfures exhiiblted
rore veriaticn, resulting in the fermation of fourtesn
groupde

Care was talen to insure the use of smooth strains of
Shigella parodysenteriase Flexner and Escherichie for the
preperation of antisers, and for the antigens for
ggglutination and absorpticn tests. A loopful of each

L sy veray v 5 T o A Tranes on A= G oo g . B £ &
culture wap suspended in broth, streaked on an infusion
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agar plate and incubated for eighteen to twenty hours.
Discrete ceclonles wsro emamined by the use of a hend lene.
Smootl, round, glassy colonies wers picked and replated
until subeultures were uniformily smooth. One smoosth colony
was chosen and transflerred to an agar slant for stoclk,
After & lwenty hour ineubation, trenefers were made from
the stoek slant te infusion agar slants for the preparation
of the antigen for agglubinaiion teste, snd, in eight
instances, for the preperation of the iwune sers. All
cultures were tested in .85% sodium chleride soluntion

for apontsnecus agrlutinatione

Standardized entigens, prepared from the smooth infus-

';‘1’

ien agaer cultures referred to above and treated with a
aolution of rhenol, were used exciusively for the sgolutine
gtlon tests, The growth was susvended in 857 solutiosn of
sodium chloride ecntaining .25% phenol and stored at ise
box temperature. The suapensions were stundardized to the
density of the Ba3#, nephelomebter tube number 3, containing
approximatsely 900,000,000 beeilll per cubie centimetsr,

Honovalent high titer rabblit sers were prepared by
injecting intravenously increesing doses of killed cultures
of baelilll sztarndardized to the BaSQ4:tamda“d nuber 4.

Injections were gilven every four daye in graded doges

of .lee, «3cc, .5cc and lee. Six days after the last inject.

ion triel bleedings were made end the titer of the serum
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deverninel., I tho ltor was sulllclently high the snimale
wars Dlad €0 death, the ssrum preserved with 3:10,000
merihiolale, and slored in the foe box,

Reguletion eaggiutination Ltubsa wore used. Jarum
dilubions were made with o857 Nall and ranged usuelly

from 3330 %0 1:10040, each dilution being double the wao

t&

1 She proveviling bubs. & conlrol btube, Lesting lor apue
tunecus agglutinstion of the antigen in ssline, was ingclude
ad in each Leat, ne-holl cuble centimeter each of serum
dilution and antigen were mixed snd incubated for four snd
ong-hall hours in e water Dath kept at the constant Cempe
areture of 5:5° Ce The tudes wore imserseid to Wwo«thinds

the lepth of the eontained fiuld, genorating convestion
gurrenta in order te assiet mixing. Thoe roesgding rocorded

of

L

wae thai mede afber reflrigorator storage. The end poin
the reactiocn has been gonsidered %o be thel dilublon in

waleh @slinile, slthough Incomplote, ciumping is visible
to the nekoed eyes If & hand lone wes usoed 1t 1 indicsted

on the tatlas by the lotler Le

Living antii ne woro used throughout for absorbiug the
pora ond care wes teken %o sonsider Cheir complete snoothie
nGE8e Infuslon sger slent cultures were suependsd 4n

saline and Bleke bvoltles wore Ilnoculated with Uhe suspension.
e bottles were fncubated for twenty hours, the growih

suspended in seline, ecentrifug-d, and Ireed fron modium
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constitusnis by sgain washing the eella in ssline. Faoked
gelly were used in all suvsorption Lostvs and the mini
absorblng dese of Lhe homologous bacillil determined fop
eanl: 36

grrus o Lo abaorbed weae sdded %o the cells amd

.

Qnougt #aiine added Lo glve o Jinad dllutlon of 1310, The
suspension of Jlving collis and diluted seruw wes held in
the water bath at 40°C for two howrs and pleced in the

lee box over alght. Mo sorum and bacteris wers spparated
by centrifuge and the supermatant fiuid tested in serisd
dliutlon wilth the phen.lisoed antizen correaponding o the

Gudlture usod for albsorptions I the Liter for the absorbing
strelin was posaitive in « final dilution greater than Jss0
Wi soruwa wag reabserbed wuntil the Lister feld to 11204

Ususlly Two absorptlons sullicel.



TABLE 1V
LGGLULININ TITERS FOR PLEXUER STRAING IV NORVAL

JABEIT BERA

Hormal sera Redo 189 Mayfield Werden 3B
Strains
S5ZA 1320 1:40 1:40 L 1320 220

m
0

5 1:20L 1:40 L - 1240

S
N ®
o O

Warden 1:20 1340 1320 1:40
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Agglubinin Titers in lormasl Habblt Sera

Tables 1V and V indlcete the asgglutinin contont of
Live normal rabllit sera Jor siralis of Shigoells paraew
dysenceriae Fleaner, Bact, coll and Bools osoll wubsbiles
Although e larger nusber of Sacherichla siraine werse
teater 1o Ghe sers AL 1o sean Chat the $icers for all
the cultures show only amelii varlaiions

Flexner sitralng agaiutinateéd in dilutions of 11l
%0 3380, the wajordiy ol stralns resctlug 1o sorum dllutions
0o higher then lisGe The large nuwmber of Rscherlshls
strainsg beeitad asere found Lo resct with the sgglutinine
in normal rebbil serss In seversl inslances Esgherliehila
eultures 4ld not react al all wilth one of Lhe serums.
In owier instesnces the titers for several culituras were
as bigh as 13160, these sbtralins reactlng slrongly wild
all the normel sers tested. Jhe grealcal nunber of streins
aggiubinated in dilubicne no higher bhen 1120. Ho Qiflerw
ence was noted in Lhe eggiutiniy titers for Bagl. eeoll
end bBect. coll mmbabile in pormal rubbil seras

ihe sers were found to difier somewhsi in lhe normald
aguiutinin contents Lere R.h. and Meylield renched with
the beoterlied antisene o spproxinule.y e sune AOLI'S0.

serwn 199, however, gave eonsisitenitly higher titery vwith



the sane antigens and the agzlubinaitlon was more marked,

o

for in wmany instancss complebe agglubination occurad,

It was necessary st $timea to ugs the hand lens for

; % i W "t e o . I S -
accurate readings. The asgglutination of stra’nsg in normal

e
=)

serum was of an exceedingly granular nature, not usually

found in high tlitsr asera.



Antigenic Relationzhips of the Flexner Strains

TABLE V1

v

. 2 A BT =TT NI TN ety arey Wy
AGGLUTINATION TITERS OF B FLEINER STRAIME I8

FLEXNER MOWOVALENT ANTISERA

Ak

I

Strain SE2A Serum 352 Serum Varden Serum YW Serum 7 Serum
1:10240 1:1¢0 1:81920 1:5120 1:80
352 1:10240 1181920  1:20430 1:1380 1:10240
Larden  1:10240 1:1280 11400890 1:2560 1:380
40

i
€0 1:409¢0

8

£10

W

'
D3

s &40 1240860 1: 8120 1:30
1:5120 1:80 1:10240

L+

The Shigella flexnerl sirains 3624, 352, Warden, W
endl 2 woere tosted in the high titer sera of theze stralns
by eross agslutinstion and shaorption, The results of the
agzglubinotion teste sre given above In table Vi,

Strain 3528 agzlutineted in the homologous serum
1:10240, end in the W sn? Werder sere to titer and higher.

Culture 302 agglutinated in 1%s serum 1:81920; to titer

-

in the EB2A and Z serums and £o half $iter in the ¥erden

Y

serum. ‘The Warden strein agzlutineted 1:40080 in the
nowmologous serumy to titer lr the 3528 serum and te halfl

Llter in the ¥ gorums
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The Andreweosn! type strain U aggiutinated 1In the W
entiserum in the dilution of 1;5i80 and In thoe S42A and
Verden sera to the siter of those sera. he Androwcs! Z
gulture agglusinetod 1310240 in thoe homologous serum, end
o badl titer in the SG. serus.

From the sgglutination resuits the SS24 and Narden
avrainsg appour o be membere ol Ghe U racey suilture J0
b0 L long o the 2 Pece. ihe abtrains S04, S50 and Varden
are net as specilic sustigenically as the Jndreowest Type
gtreins o and 4. (e three culibwres ssen to Leve a mixture
of ancigenle couponents whleh nllew thom o crosn fhadntine
sbte to & marked degres in che thres sers of those slreinse

heciprocal apsorption tests either sonfirum or deny the
antigeniec relationships found anong ebtralns by sgglutination
saperisenlas

feble V1l indigates that the spesifie antl_eanle
gomponent of sbrain 362 ils different Iron Lhal of JH3BA,
se sbsorption of the o0z serum wiih SBEA antlijgen dld not
afrect the b2 tiber, and abgorpilon of Lhe SLLA antlserum
with eulture 468 did mot alier the 4024 titer. Thatl the
two steeine share group eonponenie is evideni by Lhe orese
sgriutinetion resulis. ihe Larden sggiutindn coutent of
the 558 serus remained consiaui, howvever lere ves & epail
reuction follewing the sbsorption of SL2A ascrur will OB

Reeliproonl sbgsorption of antisera J62 end Werden by



PABLE V11
RECIFRGCAL ABSORPTION OF FLIXNER SERA BY STRAINS 352, 5524

Seruns 362 entigen 3524 antigen Varden antigen
352 serum 13819020 1:640 1:1280

352 absorbed
with 3524 1:81920 o 1:1280

TR eSS

3528 perum 110240 136240 110230

3524 absorbed
with 382 0 1:10840 128120

TABLE vill

35 - g Y o i T P “u v » PNy o %y ) @Y B TR NIT R AN »
RECIPROCAL ADSURITICHN OF PIEXNER SFHA BY STRATHS 352 ,WARDEN

. - - - B - 3 = ey . i
Serums 452 sntigen VWarden antigen SH2A antig@n

352 serum 1:81920 12860 1:640
352 ghasorbod
u;;h “g:ﬂ@g Az § 920 > 43320
arden serum 1:00480 1340860 1:81020

warden absorbe _
ed with 358 4] 1240880 1:85120

R}m}.&:w{a L ABSORIPTION OF FLEXHER SHERA BY SIRATNS 352@, WARDEN

3524 antigen &(Wden ﬁwt1>m“ B2 eﬂti &n
gorum 1:10240 i:10840 " f %

5524 qb&arbﬂﬂ

with Warden 6 (¥ 13320
Lerden ﬁari 1:8120 1:40960 L220480

Tarden abesarhDe-
d with 3524 O 120480 13320



those strains shows in table V11l that the orgenisms are
net of the sume Flexner race., Warden removes ilts own
ggglutininz from the 352 serum, but leaves the 352 titer
unchanged. Similarly, sirain 25 movaes ite own apglutine
ing from the Warden serum, but does not absorb the specific
Warden agglutinins,. The two stralns share group antlsenie
conmpononts whiech account for the cross agglutination. The
3524 egglutinine are partially removed from the 352 serum
by the YWarden strain, and re’uced markedly by the absorpt-
ion of the Warden seruz wlth the 352 organism.

Pable 1X zives a different picture, for the 3524 and
flarden strains appesr 50 be related through a apeclfice
antigenic component. The VWarden strain agglutinated to
titer in the 352A sorum snd upon ebsorbing the serum,
Tarden yvemoved conmpletely the szglubinine for itself and
for the homologous organlsm, Absorbing Varden sorum with
3624, & part of the Warden asgglutinins were removed, but
a large portion rems ﬁgﬂ. It would soom that the Werden
gtrain carrics the specilic antigenic component of 3524
arnd elsge an additicnel component apscific for itszelf. The

sgglutinin titers for 352 in the two sera veore reducel teo
the sunme éa:rec by the heterclogous sbsorption,

+

N The indrewes! Uype ¥ strain was use’® by ancther
nember of the laberatory to abeorb serum Z, resulting in

the reroval of I agglutining, but no decrense in the 2



agplutiein tilery The 562 streln was tesved in the sbe
sorved sorum end ne reduclion in tiver was evidont,
ndleatling el obl 13 5 o Lype siraine fne W sergs was
sbsorbed wilth ithe Z type antigen, Z sggiubinines being
rauoved, end Lhe & sgglutinins remaining. Flexner straing
witl. and warden agglutinatec in the absorbed & serdm as merkede
1y ss they did in che unabsorboed ¥ serum, indicating thet
culfures JILCA apd Warden are W type straine,

From the loregoeing osxperiments each sirain appeare
Lo llave & apecille autigeanic somponent and uvne o more
additions’ componenius which spe shared by ell the elrsine.
sUreln SDEA s closely redated L0 atrain Uarden, as the
Harden eulilure vas avie Lo absorb eonpletely the J62A

aggiviinine fros the S824 aerum., Strain 552 is distinet

from Lhe aqultures 3824 ami Uarden as e houologon

sgaeutining of sorum J5¢ are aot absorbel Ly J624 and
Warden antljeng, nor can e 38 CuATUrG PeNCVe LUZA
ar sard<o sgglutinias Crom che J684A end Yardou wonovslent
gorde

e resusbe ol the absorptlion Leste coniisce chs
obgervetion wu fror ke rogults ol che agglutianation
Seals Llos he Jolhk and darden sbtroins sre ol ong Fliaxney
TAUG, deCe LB L, mod Lhe J0Y sUrain of snoshor distinst
race, Sype He Jhe aggiutinatlen and absorptlion esperlinente
indicute to some extent the entigenic complexity of the

Flexner groura



Aggiutination of Hecherichia Straine in Iigh

Titer Flexmor Antisora

FLIoy Bact. ¢oldl silralus vwere teslew in lhe bilgh
viter 332/ scrums (ose cullures eggiubtluating to s
relutiveldy nlgh titer were tossed 1o antlsers 352 and
ardan, Tho rosults of these experiments are rogorded im
sables X end Xll, From the Fifty sitralns, ten cullures
which gave goumpsratively high titers in the threo sera
were sologted gnd testod in type antlisera ¥ snd 2, The
aggiutinin end tltera of thileo gruwp in the five sure ere
glven in teble X

irty elght Dacgt, cold wuteblle sireing vore tLested
in & eimiler menner in the Flemuer antisers 3824, 352 and
vardene e aggluslnsclon regulis ave glven in talle X1
and Xidils Pon Dacle colld mutabile gultures wore selected
for testing in the W aud 2 type seres [hose resulis are
inelwded In table Xl

four Bact, ooldi strelns apd five Lects, coll mutabile
atralrs egulutinesed froz one-sighth to one~fourth the
Citer of Lhe JOCA serume Ihes¢ titers were the highest
observel in this serums Twoenty two Bagt, o00ll and sleven
Bacte cOll mutablle gultures gsgglubinsted in dilutions of

S024 serum from 1:160 to 11640 Tne colil strain and
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Strain

Holstrom

S4B

fayfield
¥urry
Hols

Harper

.-J”Ju’l:‘ o £0]

.

;«4
ot

S AL A

TUm

L3 l&h%O
1:640
1:840
d:1280
1:1280
1:160

- .

sl280
180
L2860

13320

TaBLE X

i%ﬂ .i.-( ..: .s.{i...a S IL& I.ﬁLT}L}E SR .Lk.u«...l.l-vwéuw

Serunm
382

1:81920

1380

Serum
Warden
13140860

1240

uarum
Xs bl‘ﬂo

o ey

o R g
Ty £ '
g (3
) ™=

@
o

Serun

Z
1:10240
1:160



TABLE 1

BACT, COLI MURABILE AGGLUTININ TIVERS IV PLUXNIER ANTISEHA
Strain‘v Serum Serum Serum Serun Serum

1528820 1%8%o20 ¥3E08B0  2.Hae0  1sfomeo
1045 1:320 1:20 1340 1:320 e
T84 l:e40 1:1280 3128
Hogan M., 1:1280 13120 13160 1:80 13160

i

1025 M.E. 138560 1:16 1180

E-22)
et

S0 43160

le80

Rl
o3

BN
0

Loeckwood 13640 1:40 1320
Hillmen ¥ 1:640 1:80 d:818
Sparks 1:2860 121280 1:640 1:160
199 1:1280 1:2560 131880 1:160

e
€3
3
Lh

W
£
(5’!
2
)

Borden 12285680 tlslee0 11840

FO 4340 i g 132560 . 1240



TALBLE 31

AGGLUTINIF TI1ERS OF 40 BACT. COLY STRAINS

Strains

Swanso

o

Gordon
¥illiems
Puryy W
Hller
Sorelond
Hartin 2
Reglster
Willlams W
o Hebelie
285V
Gredy
Sperks V
Hebereon
Mexhill
ieke U

B

Halen
Ebhey
Gruneuald
Jrewblew
dsmson
Yarta

Bel lman
Richerds
Hertin
3ea

Daly

IN FPLEANER AWLISERA

Serum 3884 Sevum 3852
1:81920

1:10240

1:3520
1:80
13640
1:40
1:640
L1320
1:80
13160
ls0eQ
1:1680
l:380
1:80
1320
1:640
1:160
1:640
1:160
13320
116806
1:80
1:160
1:80
1:80
1:80
1:160

- 1380

1:80
11160
1:40
1:80
1:40
140
1:40
1:80
1140
1:80
140
1:80
1:180

1380

R e,

1:40

Rl =g

(0
8

!

1:80
1:40

Sorum Yarden
1:40060

1:40
1340

1:40

FOU-BRR A

s

R ]

1:40
1140

1:20

A AW

1:40
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TABLE X111
AGGLUTIVIN TITLRD OF 28 BACT. COLI HUTADILE STRAINS

IN FLEANER ANLIBIRA

Stralus Serum Shih Serum 558 SJerunm Verden
1:10240 1818520 1240880

-

266 S—
268 1340 S— e
269=5 st

2625 1:20 1:40 1340

13924 1:80

Fislds 1:160

3814 -

Duncan e n v

285% 1:20 1:40 1:40
100 1:2C

269J 1:80

2’%?"2 1%5:’38 - o 1;%*‘3
269=1 2332@ i ¢ 40 on cpom e
260M 1:40 1:40 1240
2C0Pr 1:640

183 1:840 - o -

1018
1537=1
G163

a%

1:40 1340
1340 s

Pt ot o
# o0 ew |
bR Rl |
Cﬁﬁ)wg

l:éﬂ > o o

5 bt H
480G 1:160
146G 1:320 PRO— -
412 1340 - e wem n 5o
2694 1:80
331 -
268P = e e o
1013 o oo 140 : kil

219-1 1586 l;ég o wa g



eisght wutsbhile sgtrains failded o agplubtinates The renalne
ing snligens, approxivately £ifvy percent of the total
nupber, agslutinatel in dilations Lrom 1320 to 1:160C,.

e Baebe coll sireln and ope Beolis cell subabllie
gtrein sgglutineted in lavden serum 135180, onoe
eighth the titer of the serume Piva Jact., coll culbures
snd twe Bast, coll mulsbile straing rescted i dllutions
of the eorum from 1:640 Ho 1:7880, Thrae mutablile siraine
aggiubinated do dilutione from 13160 Lo 135%20. Sixtoeon
Beots ooll antigens «f the forty tested in the Varden
soerue did not amyiutinate; ten Zact, poli mulablile antigens
el’ the Ltwenly four siraing tested d4id net reset in any
dilutions The remaining eulturea agglubtineted in dilutions
o8 1120 %o 1380,

By obsorving the agsglubination titers of the ten
strains of Bset., coll and the ten atrains of Bsot, ¢oll
autabile In the W and ¥ type ecra, no corrslation wae
found between Fleammer aggzlutinln type speeificity and
Ducherichis agglutinetlon tlters, for the streins of

B gy

csoharichiia whleh agglutinated markediy in the ¥ Syp

fu

i

seprur salso agglutinated gbrongly in the & Lype asorum,
Generally speaking, the s:me resulis ars seen in the
3584, 3557 and Varden snilsora, ss the Dagt. coll and

Bact. toll mubsblle acrains which agslutinated te high

titers in one serum ssewed to do the sams in the other



153 §

two serss There sre sxceptiong in o few cases (o this alatow
ment, for corteln strains sgglutinated maprkedly in only
one earum and low in the remalining sare,
The Sscherichis end titers wure not ap high in @
snd I seray, 11040 the Lighest, as the end titers In he
other three Flewner antisola.
In the gtudy of the antligenie male~up of the Floxner
gtrains, 1t was conciuded that 3524 snd Wardsn streins
were of the W rece, and the 3862 atesin = nmembar of the
i races Frop the tables 1% will be zasn that Rscherichia
gultures may e.ciutinaie to & high titer in the 3824
gerum and Lo 8 low titer, or net at sll, in the Yarden
sorum, In other instances, certsln sntigens sgglutincte
strongly in the Warden snd 348 sera, snd weakly in the
3524 serums In other worde, the sggzlutinatioun of Easchode
1ehin straing 4in the Flaxmer antisors is not relateld te
the type speeificity of the Flaxner siralns, I the
fischerichis snd Flexmer atrains shere astigenic components,

the sntigens snre of a group nelture,



Abgorpition of Flemor Antisera with 35

Escheorichis S4reins

w0 Bepls cold straing, Rehs und Rayflield, and une
Dagte c0dld mubtabile siralo, 190, which agglutinsted te
gl titers in Ghe Flewner sers, wers sslected 1'or abe
gorption of the Flexner antlsera SEZ2A, 56T end Vardun,
The findings of Lhe sbaorption teets ave given in tabies
KivV, WV snd IV,

ibe Flexnor snlisoers vere {irst abesrbed with the

£

i

F
i

homoiogous orgsniesma until Sitera fell Lo 1320, then
tested with the Zscherichlia sntigons, In every instance
the Flexner pultures removed the homwmclogous aggiustiniaos
and the agglutinins for Lhs Eschericinils strains,

Upom sbaorbing the Flexner agpnilsera with the Hacheriehis
organliems, Uhe absurbing cultires was Jound to rencvé
ite oun sgglubtinins end lower remarkoedly ibe titer fop
the olhisr Lwo Uscherichia sirains, yet leave unarlecioed
the titer for the homologous Flexmer strain, In table XV
£t will De noted that safter the f"arden sorum was absorde
ed with slraing 190 wnd Hoglield, the Lerdsn Liter dropped
bo 1320680, Poceuse ol the fect Lhat the origloeli Clise
of the serus wus high, and because of the necessliy of

using & large abuorbing doss, the drop in titer 19 not
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a

of faporlance and within the limile of experimental error.
The same cean be statel converning the decresss in titsw
for the 388 orgsuiem in the JO0C serum following the abe
gorption of thel serum with stralo 199,

The RBlaee Eschorichle streins appear Lo by releted
sutigenically ss the)y guve gcnsletently high egglubinin
titere in the Flexneor antisers, end oceclh wes sble to
gbeorb conpietely 4Cs owrn aggiutining wund almost gompletee
1y the aggiuticice for the two remaining cultures froo the |

high t1ter Fle:mor scra,
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Bagt
gbreling

sruse
el
Neylield
Nadvw

Bacte coll
mutabliie
gtraing

+ 8¢
BEogan X,
4088 Helle
Sperks
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414260
331380
12660

133860
1:1880
1:8660
1:8880
1:0850

b
ﬂ w
<G

(s B = - 3 - L. [
2L ngg done with the

coll et

8 from

e mutavile

s #w

S e b

Py ¥

absorbis

the soruw

strain in

FABLE X321
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2620 esbksorboed
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mutablle, 180

13840
31850
13380
11060

l:1880
4380660
1:20

138560

of the high it

sre g1

o, 109, wes sbl
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1:%3
1:1200
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er Flexner serunm

Sgct. coll muteblle gtruln, 109,

Cruses The absorbed perum wes
g organisms and seven udditiopal

ven in teble XVil,

e to abascrd partiadly
Bact. toll orgens
to the completo

tigens From the

rosults the putabile strain, Sparks, 1a nost

¢losely related to the mutablle organiem, 199,
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e BBCte COll SOkain, Uiuse, pertially remcved the
sgagiubining from vhe obLL gseruw foy one Sects coli culture
snd ope Jeele coil mulabl.e ¢uldture, i complelaly iop
itsell,

From the {indings there i3 no ovidence Llndicating
Gy e Jacl. ©oll muteblie strelis Jor: & pore LOWow
stnevus pruup entijpauionll; thapn do dhe antigenicelly
diverse Bucle. ¢odl etraine, I- ds scen Lhe. Lo Beol,
gudd sud Dact. cvil mutabile cullures share aptigenle gome

m gmy o . g pale by
*&%-&Lé-!ww [+ T . was el & seemen Whsur g
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Agglutination of Miesmner and LZsceherienls Strains

in Epchorichie Sers

Blgh Liter snilisera prepared sgainst the Baot. coil
sbralos Halde end Nayfisld and the Bacts coli mutabije
strein, 199, were teoled with stroins of Shigells perae
dysanterise Flener and cultures of Buots voll and Sects
soll mutablle,

e antisera were tested [irat with the straine weed
Lo dw Wsliallon by homclogous aguiatinniion and cross
Bggiubination. the presults of the Lests are recemisd in
fable AVIii, and 4t is evident that the three sulbures
share anviqenic components ae shvwn by the streong crosgs
sggiutinations he patablile sirain 190 sgalutineted to
Liter in Lae Rebs ahd Maylield soras The Dacts coll
anblaon Mayfield sgglulinebeld o halfl bitew in the N.i.
SO A dn o bLdas didusion 9 serun 4DBe Mle coil sireln
Rohe Bgrivtineted Ligher fhan tlter in Lhe Neylfield serum
snd in e high Allubici of the serum i80e. The homologous
Citer of the seruwm A9P9 1s unusually bhigh, being 13300,000

ioe finel Cisers of the Shigella fleaneri atrulne,
warion, oLRhy SO, U skl 4 werd Lvws Lomparing the titers
of these culitures in pormal esuld fomnme sere 40 is seen

boat oanly in four dnsbencos do the lmune sers Lilers
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PABLE AVILL

AGGLUTIVIN TITENS OF & ESCHINICHIA STRAINS AHD & FLEXNER

e

BURAINS IN BIGH TIIER ESCHERICHIA SERA

Escherichia Bact. eoll | Bact. coli scrum, Baeb. ¢cli mut,
strains sorum, Hel. Hayfield serum, 199

Relo 1:10240 1540060 1:81920
Mayfield 15120 1:20480 1281924
199 1:10240 1:20480 1 3300000
Fleaner

streins
3524 0 1:80 L{1:40) 1:80 L{1:40}
352 0 1:40 (= ) 1380 L41:4)
Tarden Q2 O )
W 1340 L{1:40)% 1:20 (1:20) 1:20 ({1:80)
Z o 1:20 (1:20) 1:20 ({1:20)

& Pinel titer of straln in corresponding
neormal rabbit serum '
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sxceod those of the normel sera tilters. The Vandan orgabe
fem did net aggiutinate in any of the seras The l,A. serunm
reseted with one Flexner strasin only, and in s low dilute
ion. ihe flve Flomer guwlitures aegglutinsted no higher then
1:80 1n the Bacts. 01! and Becl.: co0ll muitablle sera,

The Baoct. coll and Bact, coll mutablle streins whieh
gave marked ggglubinetlcon In the Flexmer snlisers wore
agein Yested ln the Lecherichla sera, In order to maie
8 nore gonclusive gtudy of the entigenie relationshipa
of the Facherichis strulirs in owr goliection, 18 sddition
&l Baet, coll epd £ BHact, coll omteblle stralns wore chosen
st random and eniigens prepareld from them, These sntigens
ware alsce teated ir the three antisers. The a;;luti;:biﬂﬁr
rosvlie are given in table X1X.

From the {igwros in table L1X, giving the end tivers
of & number of Bacherichis straine in sera Red., ¥aylield
and 199, the antigenlc dlversliy of the Escherlehils group
is evident. Four Bect. coll streins, Vurry, liller, Halen
snd Pillman, ond three Dact, colil muteblle streins, Hille
man Mubs, Sparks snd C163 rescted in high dllutione of the
three serc. n some instances these stralns agglublirsted
to the titer or higher of the serum in which they were
testad, In ezsct opposite to the bebaviour of the afore
mentioned gtreing, other cultures were found which 4id

not agsglutihate, Pive Bect, coll and three Bact. coll

1



Bact. coll
sbtrains

Holetrom
S4B
Isancson
Gruse

5 "'2‘17
Hogan
Furry
Harper
Swanson
Gordch
Hiller
Horoeland
e Hehelie
Heberson
Leke U
Halen
Ebber
Grunewald
Samson
Peteraon
Langessn
228
¥illman
Holt
Billsgur

Baet. coll
. Strains

1045

T84
HGL,;‘BE’E Ee
1028 H.Ba
loekwood
Billmen M,
Sparka
70
Duncan
G153

G222

480G

2604

AGG LIVl TITERS OF

Baet. coli
gerum, Re.hA.
1310240

e . A

B e e

1:40 L
1:80
1:280
1:10840
1320
1:40060
1:80
122580
ia%é
1:102840

Oy

1310
1:20
1320
1520
13320
1:8120
1340
140860
1:40

1380

TABLE X1X

€2

ESCHERICHIA STRAIRS IN 3

CHERICHIA SERA

Bact. cold serum,
Hayfield

1:20480

1380
1:40 L
1:40
1:20
1:40
140960
1:20
1:20
18400960
1120
1320
1:80
1:10840
1320
1:80
1:20
1:20
1310240
1:20

Al g

140
1340
1320
13640
1340860
1:20
1:5120
1:20

1:40

Bact. co0ll mut.
gerum, 189

13300000

1:80
1140
1:20
1:160
1:160
120480
1320
1240960
1380
123520
1:10240

140960
1:40

8 S8 Ao

1:80
1:180
1:40
1:28860
1:81920
1:20
1340
1:20480

T e

1:80
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auttebile cultureos fslled to react with any ¢f ithe gerse
Some of the crgenisme agglutinstoel ip one of the thuree
gers and mot 1nm the rensinlng teo, or in two of the sore
and not In the third, In such cases the finel tLiters wers
low; not ebove the tliors found in the normel rablLit
serumae the Bact, coll antigen, Leke U, sgglutinated to
a higher tlter in Lthe mutabile serum than it 4id in the
two culi soruas, The roet of the cultures agglulinsted ﬁﬂ
gpproxizately the sume degree in the three enitissral the
titers renging frow 1:20 %o 1180 usvally end Infrequently
g0 1:160,

It is seen thst those cultures whileh aggliulinated Ge
& high titer ifn cne soerus 4id the same in the ollier Lee
sera, These straine whieh sgalutipsted low in one soarum
slee sgglutinsted low in the remelining serc. The Bact, eoll
strains reocoted egually se well iz thoe mulab . le sere 2
they did in the ¢oll sers. The mutadlle stralns do not
appear te be more easll, sgglutineted by the 198 serum

]

then they do by the R.A. and Keyfleld sers,

I3



Recliprocel Absorpiicn of Dscherlichie Sers with

Hecherichia B%ralng

e reclirucel sbeoritlon vesulis of the bact. cold
streins leyfleld sl leds vnd the Bect. colil mutebise
straln, 100, i the corresponding Eesherichis antisers
Gre ghven Lo Levdas Ly K1 and Kddke Tebies EAdll, XXAV
anc. R4V ahww the results obteloec when the howslogous
orgenlism woe used for abgorptlion.

The DBasel, coll Hel, culiure i eble to reduce th
sgg-utiniy titers Lfor the three cultuves In the three
gera %o the pormel suggiubinin levels. from these Lipuings
40 de ovident thet ihie lehe orgenism contalps the antigene
ic cumpenents of the 199 and Heylleld culbturesy By cross
aggintingticn 1€ wes secn bhel the Hede strsin reacted
glyrongly In the hiterclogous seras.

ihe Bects coll mutsblie sirsin 169 removes the
pggenbinice for iteell and fede from the Lhrses sera,

The Heylfield wgsiutining sre removed from the 199 and

Heds sora by Lhe 109 orgunlism, bul nch eultirely from the
Fayfield serwun, {we Eayfield sntigen stlll sgglutinated

21840 4x 3l serwn alter absorption with 1906, lhess ree

gulle show thet the Hedse and 100 orgenismg are cble to somplete

1y sbswrb sgglutivine for sech oiher, howevor, the Vejye



Strains

199

i{&ﬁﬁ

el
&

fayfield

Strains

R<4.
196
Mayfield

Htrains

3@2&3?1\1@1(1
199
Raelio

85

RECIPRUCAL ABEORFTION OF EBCHERICHIA SERA

WITH S5CUMWICHIA BTHATHS

TABLE XX

Bact. coli mmteblle Serum, 189

Serum 199 Serum 199 ebe Serun 199 ab-
unabsorbed sorbed with gorbed with
11300000 1:40 1:1280
1:819280 1:40 1:2860
1:81920  1:20 1:40

TABLE XXl
Baet. coll Serum, R.A.

Serum Re.4. Serum He.A. ah= Serum B.A. abe-

unebsorbed sorbed with sorbed with

199 - Fayfield
1:10240 1:80 1:640
1:;10240 1:40 12320
1:5120 1:80 1:20

LABLE XX11
Bact. coli Serum, Mayfield

Serum Meyfield Berum MHayfield Serum Mayfield

unabsorbed gbsorbed with absorbed with
199 Rele

1:20480 1:640 0

1:40960 1:20 1:20

1520480 1:40 0



field orgunism Aiflers somewhini and sesms to heve a
sposdiic cumpduent ol shared by 1BE, DUl conLelocd in
the antigenic make-up of the HeAs straln,

The Uayfield sntigen reduces werkedly the agglutinin
Liters of 196 sud l.de In the three sora, bBub cannol e
vove complotely the sgglutinins for them. In absorbing the
sere with Mayfleld, the titers for HelAs and 190 fell lowe
gl 1u the sbaorbed Nehe corum, ond Lo Lhe some dogree in
the absorbed 190 mid Hayfield seras, It would appear thetb
Helly and 199 gontaln specific entigenie componente not row
Lo the Feylfield entigens The Neylfleld culture is re-
lated %o the 190 and N.Ae struins through simdlar group
entlgens.

¥rowm the preciperocsl sbsorpiion results the mutabile
culture, 10§, and the cclli atreln R.A, appecr Lo be sntle
gonlcaliy ldenticel, with the excepllion Lhal the N.is
gulture 1s a'le to rerove completaly the Hayfield agslukin
insg from the Hayfield serum, and 1090 refuces the titer for
Meyfield from 1120480 to 11640, The 109 and l,A. straine

gontain a speeilic sntigenic comy onent not found in the

ayfield orvganiam,



Strains

Hayrisld
SH2A

362

Hedo

199

TABLE XAV

AGGIUTININ TITrRE IF NAYPILLD SERUK ABSORBED

MayTfield

13;20480
1:80
1:40
1:20480
1;40960

WITH FLEXNER STRAINS

layfield ab=-
unabgorbaed sorbed wilsh
Mayfleld

1320
1340
1300
1:2560
1:5120

Hayfield ab-
sorbed with
SBEA

1320480
0
1:40C
1340980
1340960

TABLE XXV

5862
1320480
1340
1320
1:20480
1:40060

87

layfield ab-
sorbed with

HOLOLOGUUS ABSORPTIOR OF H.h, SERUN#

Strains

R‘Q ék‘
myfisld 1
199

Sﬁm R‘ﬂt

Serum R.h ab~

unabsorbed sorbed with R.le.
1210240 1:20

s5 1:20
l:1 1320



AUGGLULININ T1lesks 1IN 199 SERUY

Strains Serum 199

wmabeorbad
199 13300000
352A 1:80
352 1180
Rehe 1:81920

Mayfielqa 1381920

TABLE XX111

WITH FLEXUER STRAINS

Serum 199 ab-
gorbed with
199

1:0
1380
1:40
1:40
O

Serum 199 abe
gorbed with

3624
132300000
o
1:80
12160000
1381920

6e

ABSORBY L

Serum 199 ab
gorbed with
352

13300000

#Flexner, Warden strain not used for absorption ass 1t
did not agglutinate in Escherichia antisera



sbsorption of Feocherlehias Sora with Flernor Strains

Abserbing the Escherighia soera with the heterciogous
1zells flexneri sirains, no antigenic relationshi
between Fle.ner crgarisus and Boct. eoll and Bact, coll
matabile strains wae reovealad,

Tables XX11l, X1V and XXV record the results of
these preciprocal sbsorption tests. In ne Instance vere the
Flezner alralns capsble of sbsorbing the Eecherichla
sgglutinins, ss the specific tifers remsined at the
origivel high level, In sbsorbing the Hscherlchila sera
with the homelogous organisms, no tconslstent drop in
Fleomer titers was evident,

The reciprocel sbeorption tests here further validate

the results of agolutination of Flexner cultures In
Eschorichia sttisers, s8 in nelther instaence wgs evidonce
given for antigenic relaticnships betwemn Memer straine

ond Hvcherichis ztralne,



Gomparetive Agglutinin Titers of Racherichia Straine in

Flegrer and Excherichin Zers

In gomparing the recorded agglutinin $itere cf a
pumber of Zscherichis atrains in high titer Shilgells
flexnerd and Ragherichia sera, it iz seen in table XV
that the culbturen divide intoe three groups, The first
group eoritains those Recherighie straine which agplutine
ated markedly in the six sera, Group 11 cultures rescted
strongly with the Flewner antisers, btut not sbove the
normel agglubinin level in the Techerilehis sora, Group
111 strains eppenr to lock the ablility té agslutinete in
the dysantery antiscrs, yet rescted in amoeedingiy high

diiutions of the three Fscherlehia saore,
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DISCHARTON

In this paper certein Pfacts stand out promlnently.
First, norpal rabbit sere are shown often to have th
capaclty to sgg utinate a wide variety of grem negative
Inteatinel becillli, including stralne of Shigella flemneri
and Escherichia coli, The titer of such sera, however,

s gemerally low, ravely reaching with any of the antigens
in A1lutions above 1:80,
Sgeond, the gers of aniwals lmmunized with verlous

crease
s k4 ¥
& strikingly

s

Tacherichis

titer fo

v Ingroaned

shtraing,

flexnerd not only

the homologoun

sU0W 8

® e SN - - - , g
2 organisms, bubt also whow
. . b Lo
ability teo agzlutinate certain

atimilete

Esoherichia agzlutinins the various type s of Zhigella
flexneri exhibilt no sigrnificent Affference om these
sera the homelogons organism snd often types of the 2ame
species, will re'uce the Escherichla sgglutinin titer al

least %o the level of the normal titer,
Third, the snimales imwunized to the strains of
Tacherichia vhich are agslutinsted to high titer by

-y
LY

At
Radwa

anra . do noi
the lather eb
oreceution we

rroduce sora with azglutinin
ove the normal level,
= haken te use culitures vhich



appecred by the hnown criteria to be In the smooth “hnase,

A pardial $ 7 dissoclation of the Eachariehla cultures

mg eonsidare! as one poesible factor in the marked
arslusinnsion of sertain Bact, coll and Baet. enll rmteblle

straing in the Flexner sntisera, and yet, the same antigens

=

sere found to sgglubtinate only in low 4ilutions of the
Macherichia antisera, with the exception of two mutabile
streing, o fact vhich lands assurance to the helief that
only @ phase cultures were nsed,

The fallure of the Hzcherichis mera to agslutinate
Tlexner strains sugzests at cnce that the relaticnships of

el

& ,
ot yms cannat L

Hbe
a1}

tii

two orgsn

gxplained on the basis of

simple cormon snilgenie componants, Other factors muct

Exemining the possible factors involved in this
»elationghip, one of the flrst gexrlanations which rresente
ed d4taelf was that ~f en snarmestic reaction. This resction
is essgertially the production in presponse to & heterclogous
antirenic stiwuiuve of an amntibody thet haa been proauced
in the bissues on SOMe Previous 0CCES1ON.

fhe pabbits whieh we immunized bHo Shigelis flexneri
streing had not been nreviously imrunized egainab
Kseherishia cultures. Teble V shows that in a number of

ingtences the normel rebbit sers was unable G0 aggiutinate
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gertain Taschorichia cultures, but whem the rebbits vere
fmsunized to Shigelle {lexneri strains, the lmuune sere
reeptad in strikicogly high dilutions with the coli sad
matabile antizens, Certsin Es¢hoerichis cvitures »hich
ezslutinated only 1110 in the normal »rebhit sera, gave
positive tests iz tha correaponding Floxner antisers to
titers of 1:2680, Comparing the asgglutinln titers fo»
ahigells flsumerd strsinsg in nermal rabbit sers and
Teeherichis sera, no dofinites difference was acticeds

If the snasnestic resction i3 due %t non-apecifie
stizulation of the egglutinils forming mechsnlem, thero 18
noe aprérﬁnt reason why Fleommer asgiutining should not be
ptinmulatod by the injection of Zacherichia antigans, &
the Hscherishia agslutinine ore stimulated by the shigells
flesmerl antijens, for the normsl titers for the Flaxnor
‘braaniuzu are a3 high ss some of the normal titors for
the Dschardohias strains,.

In order to atudy further the possibility thal Lact,
0l sgzlutining night be produced by none-specilic antigene
1o stismlatbion, E%aﬂdnnﬁunpubiianal thosis) lmunized
rabblits %o horse serum and hwman ssrum, fhe Linal titers
for a mmber of Bact., coll straine Sested in the imame
sera were ne hisgher than the titers obisined from testing
the same strains in the sorrespending normal serum,

indicating st lesat, that goll agglutinine 414 not rise
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regponee S0 the shove montioned ammegpeciilic antligonse
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#

“he apnamiestic resclion, as sn explanstion for the
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She facte would somm 50 Lndicale en avbual sutigenie
*elatlonghl; woan stralins of Shigollas flexneri and
sehorlelley winlng hovever, thae fellure of the Lechorighia
gora %o agiiubtinuate tho Flemer suntigona eaboeve the noraal
agglutinin lovel suggests that such relationsilp is not
a2 slople one, he poasidility of u definite relacicnship
hrough the interactlon of releted deep and aulace antigenw

ic oumponente presents Lbtsell, In Lhis hypothisals, wu

o

proguen up I S b o = el o & Ela.m  iflad " 4
conforming S0 he experimentsl evidence, the higella

. &
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entigon vhich 18 aerologloally similar to s surlace antipen

belomzing e certaln herichia struinme Se¢ diagrom Je
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T T T

Flexner bacillus | Escherichia bacillus

Diagram 1

the Shigella flexneri antlsera would sontein aggluiine
ins gtimudated by both D and § antigens, the D agglutinine
reoacting by sgglutination with those strains of Sschierighis
which cerried ¢ similar I surfsce antigen, and being abe

sorbed from the Flexmer antisers by the same Zschefichia
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strainse In sbgording the Flemer antisers, any ome of
the Pechorichla culturss eould roduocs ths titer for the
other two atrains to Whe level of tho normaal agglutinim
tlterz, Indicuting sercloglcel similardty, resulty which
iaght bo expected 1f the hreoe Dscherighla atralns wore
cloaely reilnstsd Liuough theisr D surfacs antigens. By
un and abasorption %esta; using tha Esaherichia
orgonims and the corrsoponding antisera, definite evidmnge
vig given that thesge strulns ars antigenically si=ilar,

I% is possible that the agslutinin fiters for the
dhilgelia flexneri stralns in the Flexnsr antisers would
aot be changed by Eicherichia sbacrption, feor the 8
saglutinine, responaible in every cease for the Flexner
agslutinetion, would net have been »enoved, The resiprosal
ctgorpticn results of tehles V11, V11l and 1X record the

Atdoonic relationshipe which ¢ould he explained »y this

Lypothoulis af dependont on the § antigens of the Fle.ner
Dacllily

84411 following closely, the feet that the Flexner
organians do not aggiutinate sbove the normal level in
the Escherlebis fmaune sera might be explaeaines by
suggesting that the D antijens of the Flexner sultures
gan not 0020 in sontect with the D sguliutining of the
Escherichle sera due te thelr position in the bacterisl
c®lle
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However, we have sean thel the Nscherichia ayssutinine
() of the Flexuer anlisers csn be reduced %o the normal
Eiter level by absorpblon of the sere with the homolgous
Flesmer streln or related Flexper straius. (ne would not
anpect Uils To Lappen unlese Uw U anitligens of the Floaney
baclllii wore wiposed to the D sgplutinirs of the autigers,
yet the Flexner sbeorbing organism is an intest hecterdal
well, the a*%a*.ﬁuﬁu antigens cnly bedng in contuct with the
ST,

s thecry, in its present fotm, does nol seus to
explelr sdoquatoly the regults of our sxperimental wurlk,

There iv o i.nualhi;,i't; thai & dufinite mntijenio
relutiovship betvesn strains of Shigella £lemeri snd
Sechar-ickla misht le ax;inineﬁ by arsuming that the
sharing of en sntizen wrr.mﬁdx undy %o a haplbene consonenb,
he {wots wonld then require that the dysentery buclilli
roasesg 8 whole sntigen of which the haptane componand
anly ie ehared Ly certaln of e eclen beellll, If this
vere Lrue, the L:;Ll.e'.'Lcl'._li‘. ptralus would be incspabia of
stimnlating the production of aggiutini.s which would
reaect with the Fleanor -;arér-uim.;s, for an lecleted hapteme
is net agglutivogenios Huullrem, ossession of & hapteng
by mowme of the EBacis colld '.mm; Lacls woll sutatlle cultures
would allow Lhem to sgglutinste in Flesmer sntisore snd

abgor® the aj lutining with which they resct, as thoush



they were whole snbtigenn.

In tulble JOV1 tho comparative uggiutinin titers fop
6 series of DBact. coll and Bect,. ocoll mubtablile sultures
in high titer Shigelln flecneri and Techworichis sers are
recorded,

in order Lo redete the saporivextel findirgu to the
gugfestoc preeanse of & sharec kuplenic freaction, Greup 1
stralng may Ve vosumed G0 cmxry an lmoleled heptenehy,
secounting for the high sgglutioin titeres 1n the Flexner
antisere, and in additior, s complote Lecleriel entigen
or antigons specific for Oroup 1 streins which we shall
designete with the letier Ay Group 1 cultures, then, are
endowel with tho copponants hi. Group 11 orgenidus nay
be wesuwed Lo carry a similar heptene, h, be (hat of Uroup
i expleining the warkel sagsglutization In the Flewmer
satigora, bul differing Irom Group 1 in ihe specifie
Eschorichiias antigenlc coupcoents <f the bacilli, which
gccount for the lack of agglutination iz the Lsehsrichia
gorag eowponenbe which we shisll call By Grow 11 organiens
ar: gsesentlally hB, Ths ihird group culiures ere saon to
agalutinete o as high tivers ln the Lascherlichic sera s
d1d thowee of Group 1, thersfore, the Zschorichia ankisens
rosponsitle for suoh sgslutinetion may be called A, axd
ginece the ugslutinin titers wers low in the Flomuer antle
gore we msy presume tho! the psptenis fraction carried by



Groups 1 and 11 is not present in Group 1lll. Group 111
streoing ere given the entigeniec component a; e may
mention thel under the assumptions of this hypothesis the
antigons of the Flemner bacilli sre ecomposed of a protein,
P, with the haptene fraction, he

Any one of the three Nscherlehia atraine used te
sbeorlt the high titer Flexner sers is seern to remove the
sgsintinine regpronsible for its ownm agglutinstion and to
reduce to the normel titer level the sggiutining for the
other twoe sirains, Such regults gould susily mean that th
three Lscherichins orgenisms are closely relsted anti;eniaé
8lly, and that the same isolated haptene wight be cerried
by the three strsins. By eross sgglutinetion and reciprocel
sbesorption teats of the three Escheriechia straing in the
Becherichlie sera, {t is evidont thet thear orgsnisms are
related through their specific whole antigens,

We have seen tha' the sbsorption of the Shigella
flexnerd vern with the homologous and releted strains
reducsd the kEecherichie sgulutinin titers to the normal
level, Ihie would be roseible 4if the haptene frection of
the Flexner antigen wag similar e that of the Hecherichie
cultures wh'ch agilutimsted In the Flexpmer sere and thus
was able %o abeporb the Xescherighis agglutinine I'row the
BErBe

A good inddesntion 4s given, by the results recorded



in teble XiV1, that the haptene fraction which we have
assumed to beleng to the Lscherichia streins of Group 1
and 11, is not the sawme in all the culturess It could be
thet the isolated Zecheriechis haptene differs suong strulns
by & eenfiguration of the chemiesl grouring, yet remains
ainilay anuuaﬁ to the Flexner haplenle {frsction te sllow
for the marked eggiutinstions

It 4o & well Imown facl that the strains of BDects
eoll are sntigenieslly diverge-«to the point vhere they
ere practicslly type specific, therefore, in referring
to the specific antijenic componente e A and D ss we have
done, it is well to heop in mind that the actuel situstion
is not sc sinple, but that such designations are sufficient
to £1t our hypothesia,

Additionel experimentsl evidence in suppert of the
haptene theory is neceasury belore 1t can be mecepted
without rescrveasions Jullanelle{los?) veported on the
snticenic relationshipe of Dacle. sovogenes streins 0 a
strain of Poeunccoccus type 1l and 8 culture of Priede
lsnder's buclliuse lle concluded from a series of testis,
thaet the impunelogicel relationsnips of these oyganisms
dapends entirely on the structure of the capsule, end
the rosulte eonfire the prineiple thaet immunclogicsal
similerities srong blologicelly unrelated organisms

depends entirely upon similardties found in the speeifie



carbohydrate of the capsulice. Ue did mot exapine owr
Eschierichia cultures for the prescuce of a capsule, or

try tc extract specifiec cerboligirate componanta. It
would be intercsting to attempt such progedures and Lest
the resulting extracts In high titer sera of the FPlexner
and Zacherichis etrains.

Barnes end Ulght{l936) extracted a seoluble subutance
oz au enespsulated gtrain of Beet. coli which rescted
with & fmeumococcus type 1 horse serum. Sulth(l927) iso-
latoed 2 specific soluble substance from encspaulated Bact.
eoll streine uhich provec to be carbchpdrate in nature.

He added that the soluble apecific substance of the coli
capsule remsiug in the capsule and does not diffuse out-
ward inte the medlum.

Tomcick{1927) extracted 2 specific substance from the
sapsules of & number of Bact. coll strains, each extraet
reacting in high dllutions with the homologous serum.

Ihe isclated gubstance proved to be non-aggiutinogenlie.
dosaya(1931) reported that sera prepared fropm certaln
orgonisss may contain two 41ffsrent polyesecharide preo.-
eipitable antibodics, one spocific for the homologoum
organiam, the ether non-specific apnd reacting with a

number of unrelstad strains.

Ingalle(19587) stated thet three or moro polyssccharides-

om other words specific haptenes--may be isolated from one



e

organism, and it is seen that the chance for crose resctions
would be grest indeed. Landeteiner{l936) has gons further
and fecls that identiesl haptenes are not necessary for
cross reacticns Detween otherwise unrelated subs tCanees,
but that werely sinmiler woleenlar grou-ing sufices,
Fleding such e marked sntigenic gimilarity betvean
the tiwree Kscherichis cultures which we chose to use fer
sera proparation and absorption tests, it would be interest-
ing to tost the Group 111 streins of table XXV1 by atsorpte
jon iz the three Hscherichis seras already in ztock and
rote 1f the high sgglutinin titers denote specific antie
gonie relationships. Further informetion eould be obtaine
od if edditional sera for Group 1 and 111 streins wepe
prepared and the organiems tested by reeiproeal shsorption

and aggiutination methods,.
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WHMARY

- g ]

Eighty eight Escherichile cultures and five Shigelle
flexneri cultures, the lstter ineluding two stralns bolonge
ing to the W race of Andrewes and ome belonging to the Z
race, were bested by eagglutination In normal rabbil sers,
high titer Flexner sers and Escherichis Immme sers.
Reciproeal abacrpblon experiments worse carried oubt with
three of the Flsxner and three of the Escheriechls sirsins,
The threc Hascherichie strains appeered to be closely relate
ed antigenically throush speecific and group components.

Formal rabhit seraz sre shown to have the capaclty to
sgglutinete ¢ majority of the Escheriehls and ¥1exnesr
cultures. The titer, howsver, of these normal sera was
low, Of & total of 164 tests carried out, enly 18 showed
e maxzimum titer as high se 1:80, In 8 of these the titer
regched 1:180,

»

The sers of animals Jnpmnized with the Flexner culbures

o
m

not only showed a grestly incressed titer for the homologous
organisms, but also shewed a strikingly inereassdéd abllity

to agglutinate certaln Escherichism strains. In their
L

e R e il ; o % T, b DN ) =
gapecity to stimulete Dscherichia sgglutinins the varlous

types of Shigelle flexneri exhibitec no significant differ-
ences. Absorpbtion of these serr with the homelogous orygen-

ism, or with strains of the same type, reduced the Escher~
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ichis agglutinin titer at leest to the normal level,

The sers of snimels immunized to the strains of
Escheriechia which were aggiutinated to high titer by the
Flexner sera, did not give agglutinin titers for the latter
above the hormal level, A

In sesking for an explasnation for the above resulta,

iree hypotheosss were critically examined. The failure of
the Escherichis asra’%a aggiutinate Flexmer atrains
suggestes that the reletionships of the twoe organisms
carnnot be explained on the basis of simple common antigone
ie componenta,

The concept thet the agglutinirs for Bscherichia
-gtraine in Flexmer antisore wero the resull of none
gpecific stimuletion of an alireedy existing antlbody
forming mechanism, the so called anesmestic phenomenon,
seems inadequate to account for the ?eamiﬁa. The fallure
of the coll antigens bo stimulaite dysentery agglutinins
is not explained by this hypothesis.

There is the possibility of a definite relationship
betweon strains of Ischerichias end Flexner through the
interacticn of relsted deep and surface antigenic come-
ponentss, In this hypothesis the Shigelle flexneri organe
isms may be thought of sz cerrying e deep antigen which
is lmrunclogicelly identicel to the surface entigen be
longing to certain Escherichis strains. This supposition

falls short, howover, since it does neot sccount for the



abaorption of Ischerichia aggiutining from the Flexner
antigers by the homologous or relsted Flexmer bacilli.
It might be possible that & definite antigenic re
lationship betwoon these strains could be explasined by
agssuming that the sharing of an antigen extends only to
& haptene component, The facts would then require that
the dysentery bacilli possess a whole antigen of which
the haptene coumponent only is shared by certain of the
Escherichia bacilli, Cur own experimental data appears

to be adequately explained by this hypothesis which is
therefore offered as & dasis for further study of the

rhenomenon herelin discussed,
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